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ABSTRACT

A flood routing model based on the complete de $t. Venant equa-
tions for unsteady oue dimensional Flow is described in this
project report., The model eunables the user to determine the
degree of attenuation of the flood peak through a single viver
Teach as well as the maximum water levels reached by the flood.
The model dogs sat require the estimation of routing comstaats,
the physical characteristics of the river as defined for a
normsl backwater computation being given, and can therefore be
applied to ungauged watercoursas with more confidence than the
mere approximate flood routing models. The model is based on
an implicit finite difference scheme, being Verwey’s variant of
the Preissmsn Scheme. It uses the double sweep algorithm For
rhe solution of the difference equations and is therefore

restricted to suberitical flows,
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1, INTRODUCTION AND LXTERATURE REVIEW
1.l fntroduction

The ravages of Flooding threugh the ages have cost man dearly in
terms of 1ife and property. Villages and portions of towns
situatod on the banks of rivers have been wushed away. Fertile
landa on river flood plains have been destroyed by the deposition
of silt by the sediment-laden £lood-waters. Bisruptions to
communications and travsport 1links end essentisl services have
aleo resulted from severe floodung.

Knowledge of past flood events along a river provides the in-
centive for taking adequate flood protection measures and the
curtailment of developmeat on unprotected f£lood plains,  Where
cities have existed for centuries on the banks of rivers this
knowledge has accumulated so as to provide a souad statistical,
basis for flood prediction. JIn a developing couatry such as South
Africa flood records covering periods lonper tham sixty yeare at a

particular river gauging station are rare. Little historical
knowledge is therefore available for many rivers amd watercourses
regarding the probability distribution of the maximum flocd levels "
reached during a Eload event. .

As development in a watershed occurs, the run-off characteristics >
of the watershed change. Ia general the same storm event will
result in a rue-off hydrograph from a developed watershed with a
higher peak aund shorter time to peak than that from the watershed
in its undeveloped state, Furthermore, with the development in

the - there is i i vtilization of £leod plainms of
the watercourses for industrial, residential and agricultural
purposes as the value of the land increases, Without judicious B
flood plain management thia would result in drastic increases in
damage as a vesult of flooding.

Statutory limitations on township development in flood plains do

exist. Por any 8 g & townghip B

development in South Africa it is a requivsment of the Water Act i3

(No. 54 of 1956 as amendad) that the tweaty year floodline for
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the watercourse be determined. In gome provinces additional
restrictions are applied; in the Transvasl the 50 year floodline
is required by the Direciry of Local Government. Although theae
floodlines do not serve ss limits of the flood plain in which ne
development whatsoever is perwitted, apecial flood protection
measures are reguirad wheve the developer wishes to extend into
this area,

Through the use of the urban drainage models such as WITWAT and
ILLUDAS, better descriptions of the run-cff process within
developed catchments are being obtained, facilitating the design
of the stormwater systems for these areas. MHowever, the point at
which the stormwater systems .discharge into the natural -water—

course is generally the limit of applicability of these models.

Once the characteristics of the £lood hydrgraph entering &
particular reach of a natursl watercourss have been estimated, the
determination of the meximum levels reached by the flood is a
hydraulic problem rather thap s hydrologicil ome. In some cases
it is sufficienr to carry out a backwater computation using the
peak flow obtained from the hydrolegical analysia to determine
these levels, thus sasuming steady flow conditions. The effect of
a volume of run—off entering a river channeél in & relatively short
period is to create a flood wave which progresses down the river.
This unsteady flow condition can give rise to two affects ignored
by the steady flow assumption, Firstly, if at a.eingle point in
the river reach observations of discharge and Atage are made
during the passage of the flood wave, the stage discharge or
rating curve formed from a- plot of the results will generally
exhibit a looped form. Thue for any particular water level two
flows are measured, the higher during the period thar the flood is
rising, the lower when the flood is falling. This is explained by
the fact that the water surface alope is steeper before the peak
of the floodwave than it is after the peak. ‘The result of this is
that often the peak flow does not coincide with the maximum flood
level, the latter oceurring some time after the peak flow.

The second effect ignored by the steady state assumption is that

the shape of the flood wave changes as it progresses downstream.
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The degree of change depends on the shape of the inflow hydrosraph
and the properties of the river channel. The most important of
these properties are the amount of storage in the reach relative
to the volume of the flood and the travel time khrough the reach
relative to the duration of the flood. In the case of water-
courses with wide flood plains which drain developed catchmenis
charactetized by sharp-pesked run-off hydrographs attenuation tan

be significant.

The process by which the characteristics such as the speed, shape
and height of a flood wave in a channel @ve traced as these vary
with time is termed flood routing, The use of flood routing tech-
niques to determine the maximum flood levels or the peak flow
along & reach can lead to narrower floodline zoning along a water-
course and more economical design of bridges and structures within
the flood plain than would be obtained using simple time lag rout-
ing and assuming steady flow conditions, Indeed, in: the condi-
tions described above where attentuation is sigaificant, the

savings will also be significant.

A uumber flood routing techniques of varying complexity have beem
developed. At the one end of the scale are the simplified hydro-
logical zouting techniquea with which the discharge hydrographs at
intervals along the reach can be obtained. The Muskingum method
is & well-known and commonly used example of this type of routing
technique. At the other end of the scale are the so-cakled
complete dynamic models based on the complete hydrodynamic
equations for unstesdy flow and with which the discharge and water
‘tevel can be traced at all points along the reach for the duration
of the flood. Obviously the data requirements for these latter
techniques are greater than for the simpler techniques. However,
correct reproduction of flood wave motion using the eimplified
techniques is dependent upon having historical Flood data for the
reach in question with which to determine the routing constants
required. This pertsine especially to those simplified techmiquis
based on the kinematic wave equakion, discussed futher in Section
1.2,1, where the attenuation obtained in the solution arises

solely out of the numerical damping inherent in the technique.

st
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While calibration of the complete dynamic models is also not possi-
ble without historical flood data, in the absence of flood recerds
the complete dynamic models will provide a bekter simulation of
the flood wave motion than the simplified rechniques. Whereas the
routing constants for the simplified techniques have to be
"guesstimated” in these situations, the complete dynamic models
utilise actual cross-section data in the routing procedure,
although the channel and flood plain roughness coefficients have
to be estimated, and a hetter description of the hydraulic charac—

teristies of the reach is obtaimed.

The second disadvantage with the use of the simplified techniques
is that in most cases a backwatetr computation j8 still required to

detérmine the maximum flood levels along the reach. To carry out

this b, ion ion data and estimates of the
channel and flood plain roughness coefficients ere required, The
data vequirements for carrying out a simplified flood routing pro-
ceédure and backwater computation are thus almost the same as those

required for a run of a complete dynamic model.

A ;third disadvantage with the simplified models is that their
range of applicability is limited in comparison with the complete
dynamic models. The kinematic models are limited to relatively
steep watercourses where backwater effects are negligible and to
mildly sloped hydrographs. The simplified models based on the
diffusion equation, which are discussed further in Section 1.2.2,
have & far greater range of applicability than .the kinematic
models and are suitable for most £lood routing exercises, However,
the diffusion models do mot offer any real advantage over the
complete dynamic models in térms of computational speed or
simplicity of imput data vhen applied to natural chanaela of

varying cross-section,

The objective of this project has thus been to develop a complete
dynsmic flood roubing model for general application to single
channel reaches which utilises the actual cross-sections of the
watercourse in the routing procedure and frcm which maximum £lood
levels along the reach can be obtained. The model is based on an

implicit finite difference scheme, being Verwey's variant of the
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Preissmann scheme. As is discussed in Section 1,3.5, implicit
finite difference schemes are far more suitable than explicit
schemes for flood routing computations because the size of the
time step used in the computation is restricted with the latter.
Verwey's scheme is a relatively uncomplicated version of the

tried and tested Preissmann's scheme.

The model was developed on a Hewlett Packard HP9845T deaktop
computer but has beer converted to run on the Hewlett Packard
Seriss 200 and Series 300 machines as well, Running time on the
HP9845T machine 3is aboet 0,] ssconds per time step per Ccross—
section; on the HPY81§ machime it is about 0,18 seconds per time

step per crosg-seckion,

Data requirements for the model ire the river cross-sections, the
inflow hydrograph and the initizl conditions in the river, the
latter being in the form of the flow and water level at each

crass~gection,

The model is also suitable for inclusion in “3d or basin
model as the chanuel routing compoment, . < -  models are
being increasingly used by local authorities %.. che purpose of
determining floodlines for entire drainage systems snd, in addi-
tion, provide them with the facility to ytudy the effects of land
vse changes, canalisetion and the introduction of dams on the
system. Thkere are obvious economies to be obtained where flood-
lines are determined for the entire watershed by the local autho—
rity concerned by means of a watershed model rather than on a

piecemeal basis in individual townships.

Watershed models generally incorporate both the hydrological
and hydraulic aspects of flood determination. The watershed is
subdivided into subcatchments linked by chanmels. The hydrola-
gical characteristics of each sub-catchment are entered into
the model such that for any given stoxm event an outlet hydrow
graph from the sub-catchment ie obtained. Starting at the
upstream end of the uppermost reach the inflow hydrograph to
the reach is routed throwgh the reach using the streamflow

B S
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routing procedure, The outflow from the reach is then added to
the outfiow from the local sub-catchment to provide the inflow
hydrograph to the nmext reach. The process is continued, adding
any tributary ioflows that may occur, until the total of all
the routed hydrographs has been obtained at the watevshed out-
let. Reservoirs can be included in the model as reaches for
which, if necessary, different routing progedures can be
specified, Im watersheds where there ave a number of resexvoirs
in the drainage system, watershed modelling provides the only
relisble solution technique for determining the response of the

system to various storm inputs.

Heggen (1983) describes a modelling technique which
uses the Puls reservoir vouting and the Wuskingum channel
routing techaique. Other more soph’sticated watershed models

dre wentioned in Sectiom 1

In Section 1.2 of this report the various approximate Elood
routing procedures snd their applicability are discussed. The
so-called complete dynamic models are presented in Section 1.3
and in Section 1.4 the reasons for the selection of Vervey's

imp}ieit finite difference scheme are discussed.

In Chapter 2 the finite difference scheme of Verwey is
degcribed,  The de St. Venant equations governing gradually
varied Flow for use with natural channels are derived, the
digcretization of the equations is presented and the double
sweep algorithm used in the asolution and the treatment of the
bouddary conditions described.

In Chapter 3 the model is described with reference to the
preparation of data and the selection of the time step and
weighting coefficients., The effects of varying the time step
weighting coefiicients are presented and the various forms of
output are described.

The application of the model to two systems is described in
Chapter 4. In the applicetion to the Swartvlel estuary and
lake system & tidal condition is used as the downstream boun—
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dary copdition and the results of the model rune are compared
with messured dats. The second application is to a reach of
the Rietspruit watercourse in the Trangvaal, under conditions
of the 50 year flood. The maximum levels reached by the flood

ave compared with those obtained from a steady flow assumption,

A summary of the report is given in Chapter 5, together with

the conclusion.

1.2 A Review of Approximate ¥lood Routing Methods

The motion of a flond wave in a viver channel is a form of
gradually varied unstesdy flow; the two partial differential
equations deseribing this flow as fiet published by Barre de

St. Venaat in 1871 are as follows :

sA . S

2. X‘g=0 w1
1 fuu Su, Sb -

z t*gﬁx‘*ﬁx*sf {1.2)

Where A = cross~sectional area, u = mean velocity, h = depth of
flow, g = gravitarional acceleration, Sy = friction slope, S, =
bed slope, x = distance along the chatnel ead t = time. In
this form the equations do not include for lateral inflow to

the channel,

Bquation (1.1} is a of the ion of mass in
the system and is CLermed the continuity equation. Equation
(1.2) is derived from considarativns of the comservation of
momentum aad is termed the momentum equatien or, more Yrequen~
tly, the dynamic equation, since it is seldom a true statement
of momentum conservation, These equations are derived in the
form used in the medel developed in this project in Chaprer 2.

The de St.Venant equations caumnot be analytically integrated
because of their non~linear nature and numerical integration
techniques offer the only solution procedure fur practical
situations. While all flood routing models use the continuity

ENEY
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equation in a form similar to that given by equation (I.1)
different groups of models can be distinguished by the number
of terms considered in the momentum equation, Following the
nomenclature of Weinmana and Laurenson (1979), models which
retain all terms in the momentum equation are called complete
dynamic models., These ave discussed in Section 1.3. While
being the most complete, thase models are also the most
demanding on computer resources and approximate models which
produce results gt considerably less expense have been
developed, On the other haand the approximate models are
limited in their generality and accuyracy and with large memory,
high-speed desk top computers common in engineering offices the
complete dynamic models are likely to become more popular. The
group of models in which the inertia terms 1/p 89/g and Y/y
Su/ 4, are omitted from the dynamic equations are called approxi-
mate dynamic models, diffusion analsgy moedels or Kkinematic
wodels corrected for dynamic sffects, depending on the form in
vhich the equations are expressed. These models are discussed
in Section 1.2.2, Further simplification of the dynamic equa-

tion resylts in the equation
Sg = §g (1.3)

which Forms the basis of the kicematic wave models, also used

extensively in overland flow modelling.

By using & general channel flow formula such as the Chezy or
Manning formula of the form

Q = K/S7 (1.8)

Where @ = uid is the discharge and K is the conveyance, and by
expressing the conveyance in terms of the uniform flow where Q4
Qo = K5, (1.5

o

au expression of Lhe following form is obtained.

5g
2= g
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By substituting for S; from the dynamic equation, Weinmsna and
Laurenson (1979) obtain an equation for a looped rating curve
which is useful for illustrating the differe ces between the

various flood routing modela :

(1.8)

kinemstic wave

diffusion analogy

complete dynamic wave |

A typicel looped rating curve is shown in Figure 1.1.

992
\—steady flow

rating curve

y

looped rating

H gj curve
3 ul
2 g
&l
w i
2 &l
o =
= |
gi

Discharge Q

FIGURE 1.1 Typical lnoped rating curve
1.2.1  Kinematic models

The combination of the continuity equatiorn and Equation (i.3)
yields the kinemakic wave equation

189,49,
c %t T 0 a.n

in which the coefficient ¢, called the kinematic wave speed,

can be determined at a particular croas-section at distance x

Ay
A
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along the reach from the Kleitz-Seddon Law
¢ = 519% RO
(aix " Fs (iox

where Bg = 9A/y, ia the surface width at section x, The deviva-
tive (42 in this equation must be determined from the steady
flow rating function in order for equation (1.7) to be equiva~
leat to the combination of the continuity and uniform flow equa-

tiona,

Cunge (1969) bas developed an explicit Finite difference acheme
for Equation {1.7) which introduces a weighting coefficient
in the finite diffevence approximation of the time derivative.
The scheme is similar to the box schemes used in the implicit
complete dynsmic models, discussed further in Section 1.3.4.
The kinematic wave equation is, applied at a point within the
four point grid as shown in Figure 1.2.

Time t o™ o
(nsN)AY ' =
At
1Y IA'/Z

na -0)AxloAx

B iAx {i+h)Ax
Distonce x

FIGURE 1.2 ional grid for ki i¢ modeln

Using tha superseripts n and n+tl to denote the value of the
variables at time lavel nat and (ntl)At respectively and the
subseripts 1 and i+l to denote the value of the variable at
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distance ibx and (i+lMx respectively, the discretized form of

the equation is :

o+l on ek nt1 o+l oo

1o -l « (- e)efl; -05y) ¢ Gy - O * 95yq 9
=3 At 24%

-0 (1.9

In which <-i> E <:-:> where <c> is tha average valuve of ¢ for the

reach and is independent of time., By introducing the travel
time parameter
ko= A%/, this equation can be reduced to she classical

Muskingum equation by McCarthy

o+t o W T 1.10
ofil m e @+ ot vl .10
ot a A

K + 88 e + & Kk(1-g) = A&

Where ¢ = ——2 4 . LR (e -5
k(1-8) + 22 K(i-) + 42 x(1-9) + &

gnd C) + Cy + C3 =1

The value of k can be determined from observed floods or by
means of Equation (1.8)., The value of B can only be determined
from abserved floods, Simce these values have not been deter-
mined from physical considerations, extrapolation is risky.

The kinematic wave equation, equation (1.7), does aot enable
attenuation of the Flood wave to be represented; the attemua-
tion obtained with the Muskingum method is numerical, due to
ita being a poor approximation of Equation (L.7). Cunge ghows
that the Muskingum equation is also an approximation of the
diffusion equation

50, .80, , s
5t X O
* (1.11)
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Where D is the diffusion coefficient, if the parameter 6 is evalu~

aked from

8- gl -—2 0¢8¢”, ¢

s
BSqte (112)

The diffusion equation allows for flood wave attenuation and

relates it to the physical characteristics of the river. It is

discussed further in Section 1.2.2.

By retaining the time derivatives in the kinewitic wave equa—
tion {f.7) and using finite difference approximalions for the
space derivatives, Koussis (1976) shows that equation (1.7) may
be written as an ordinary differential equation with a

Muskingun type solution given by Equation (1.10) but with coef-

ficients
R S apeBE g
R e s e A
<erdt N
Where Y = exp (= Fri=yy) and €1 * Gp + C3 = 1 (1.13)

Koussis shows this to be a generalized kinematic routing model
reducible to other well-known kinematic models, the Muskingum
and Yalinin-Miljukov models, by appropriate selection of the
routing parametere. In the flood routing procedure proposed by
Koussis, dynamic effects are considered by introducing a looped
rating curve of the form given by the Jomes formula,

MR (8

to give improved estimates of the travel speed parameter <cd for
the sub-reach, The procedure is an iterative one since the travel
speed parameter <¢> is Eirst estimated for the subreach and the
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hydrograph is vouted through the subreach. The stage hydrograph
is theo obtainsd for the downstream end of the subreach and used
to compute the relevant segments of the looped rating curve at the

end of the aub h The slopes of the ioop: 4 xsting

curves then yield the improved .:lue of <cd> for the reach.

Weinmann and Laurenson (1979) describe this model as a kine-
matic model corrected for dynamic efflects and show that it
gives the closest approximation to the complate dynamic model
of all the kinematic madela. Weinmaau has developed a general
computer program which allows the user to select the kinsmatic
model version and the input and output options that best suit

his spplication.

Peterson and Verhoff (1982) have developed an equation of the
Muskingum type which is still more general tham that used in
the Koussis model (Equation (1.13)). The gemerality results
because the coefficients were not obtained Erom an approxi-

marion of a differential equation (Equatiom 1.7) but from

h ical approximations of the conservation of mass.

Puang {1978) presents ar alternative approach ko the solution
of the kinematic wave equation to those which reduce to the
Muskingum form. By expressing equation {1,3) in the form

Q= 1.15)

Where ¢ and m are routing coefficients whose values depead on
the channel properties, the continuity equation ({.7) can be
written as
4

=1
T + amA

8A

e

{1.16)

The reach is divided into a number of sub-reaches for which the
coefficients  and m are asgumed to be constant. These coeffi-
cients are determined by application of the Manning formula to
the typiesal cross-section for the sub-resch. A method is given

for determining the values of © and m from topographic maps

.
i §
«F
T
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when data on discharge and flow area is not available., For
natural channels, where the values of ¢ and m vary with the
flow area, sn appropriate set of routing coefficients ave
selected at each time level based on the flov area at the

previous time level,

Huang preseats two finite difference schemes for the solution
of equation (1.16), termed the linear and non-linear routing
procedures.  In the linear routing procedure the following

discretizations are used :

SA L ol _m
e G- a2 e

.
8A o+l ot
BT i AL Jex

(1.18)
wet _reantl ,n -1
A [_(Ai Al /2]

(1.19)

By sgubstitutinmg these equations into equation (l.16), an

.

explicit equation relating the wnkaown 471 ta the kvown values
"

Ayt 47 and A7, ds obtained. The solution thus proceeds

without iterstion.

In the non-linear procedure, first developed by Li, Simons and
Stevene (1975), the continaity equation is first discretized

using equation (1.17) and

§ o+t n+1
8-l - e (1.20)

before the following subatitutions, nbrained from equation

{1.15) are made :

att LIS RV
Qg = (ygp)
at+1 nefm
Q =a 4 )

(1.21)

The resulting equation is non-linear in terms of the unknown

+ . . ) .
A%} and must be solved iteratively. Using the linesr solution

i
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as the first approximation, Huang presents an iterative proce-
dure which converges rapidly, three iterations usually being

sufficient.

In a comparison of the nom-linear and limear routing procedures
Huang found that for time steps of 15 minutes the solution ob-
tained using the rwo procedures agreed quiet closely. When a
longer time step of one hour was used & unarked difference
between the two solutions appeared, that from the non-linear
procedure being closer to the solutions obtained using the 15
minute time step., Huang thus recommends the use of the linear
routing procedure with short time steps. The method is simple

and has been succesfully incorporated into a watershed model.

1.2.2  Approximate Dynemic and Diffusiou Analogy Models

Where the continuity equation and the indicated part of Equa-

.‘ﬂ

tion (1.6) are soived directly by the same numerical methods as

used with complete models, the resulting models are called

i

approximate dynamic models.  However, since these models

require eimost the same computational effort as the complete N

models they do ot hold any advantage over the complete models

o

except that they have simpler equations for the coefficients in

S

the solution procedure and are thus easier to programme.

Diffusion analogy models, on the other hand, are those where
“the continuity and simplified dynamic equations are combined
into a single equation of the diffusion type, expressed either
in terms of flow depth or discharge. For example, written in s

terms of the diacharge the equation is

%% . g_g -p %:§ (1.22)

Where ¢ is the convection speed and D the diffusion coeffi-
cient, both being constants. The diffusion method was derived
by Hayemi (1951) for applicarion to flooding in irvegular river
channels. The convection speed ¢ in this equation is not

strictly a typical alue of the wave speed averaged along the
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reach and over a certain range of discharge; it depends also on
the degree of attanuation in the reach., Ths success of the
method dapends on a knowledge of ¢ 4aad I for the veach; e
disadvantage is that these parameters can vary significantly

with the magnitude of the flood.

In the variable parameter diffusion method developed by Price
(1973) the parameters ¢ and D are defined as functions of the
discharge by correlating values of ¢ and D calculated for a
aumber of recorded floods with the average peak discharge along

the reach in each case.

1.2.3  Applicability of the Approximate Flood Routing Methods

The relative importance of the various terms inm the dynamic
equation depends on the characteristics of the inflow flood
hydrograph and the river system under comsideration, In flood
routing computakions the inertia terms are generally small and

can be igaored withoot significantly affecting the solution,

For example, a typical reach of the Rietspruit has a bed slope
of about 0,4%. A flocd with a 50 year recurrence interval has
a peak of about 200 cumecs and results in values of the terms
5 anugg‘: of about 0,01% for a point mideay on the risinm,
limb of the hydrograph, not significant in comparison with the
bed slope. Figures given by Miller and Gunge (1975) for situ-
ations where the inertia terms were expected to be significant
show that in fact they could have been omitted. The approxi-
mate dynamic or diffusion amalogy models would therefore seem

to be sufficiently accurate for most flood routing purposes,

However, in situations where the maximum water levels reached

by the flood are of interest, omission of the convective accele~
ration term 3%}% results in the incorrect representation of the
backwater profile under steady flow conditions. The dynamic

equation with the local acceleration term omitted can be
written

(1.23)

s u? - -
-s—}—{-(h-rz—g) + si Sc [
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which, under steady state conditions, is the emergy equation
s P 8y

for backwater profiles. Thus by omitting rhe-‘é g term the

influence of the velocity head on the steady state water sur-

tace profile is ignored.

in & comparison of the Muskingum—Cunge, linear diffusion and
variable parameter diffusion methods under conditions typieal
For flovding in British rivers; Price (1973) cancluded that the
Muskingum-Cunge wmethod is geocerally as accurate as the linear
diffusion method in sll circumstances and because it is simpler
concaptually preferred its use ta .he linear diffusion method.
He found that the variable parameter diffusion method has some
advantage in acocutacy where therve is inundacisn of e large
Elood plain and when a sequence of floods with a wide range of
peak dischargas is being routed, However, the advantages of
the variabie parameter diffusion method were outweighed in many

cases by the more complicated computer programming required,

The distinguishing feature of the kinematic models such as the
Muskingum~Cunge model is that the discharge is always equal to
the normal discharge and is thus a single valued function of
rhe depth,  Backwater effects are thus completely ignored in
these models, Weinmann and Laurenson (i979) show that for
chaunels with well~developed loops in the rating curve, errors
of up to 25% in the computed peak flow caa arise with the use
of a kinematic model., They conclude that :

L. The omission of the accelaration terms in approximate
models will not significantly effect the accuracy of the
flood routing vesults in noomal circumstances.

2. For slowly rising hydrographs and moderately steep
channels a model of the kingmatic type cao be expected to
give vesults thab differ only slightly from the ones
obtained form more complete models.

3. in channeis of flav grade or with steep hydrograpbs, or
both, the pressure term gk is significant and a kinematic

type model should not be used.
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By cousidering small sinusoidal perturbations to the equili-
brium flow using lipeavised equations, Ponce, Li and Simons
(1978) found the limit of applicability of the kinematic model,
to be given by

M

Sovo (1.24)

Where T = wave periad of sinuscidal pecturbation, equivalent in
practical situations to the Flood wave duration, h, = wniform
flow depth, u, = uniform flow veloeity, T = dimensionless wave
period of enateady component of motion. They found that for at
least 95% accuracy of the kinematic wave equation the dimension-
less period T has to be greater than 17l. Thus for mild
che snel slopes the period has to be very long for the kinematic
model to apply. Similarly the limit of applicability of the

diffusion model was found to be

(1,25)

They conclude that the diffusion model applies for a wider
range of slopes and periods than the kinematic model with the

added advantage Cthat the diffusion model does allow for

physical attenuation,

For the example of the Rietspruit meationed above, and which is
discusged further in Chapter 4, the Flood wave duration would
have to be more than eight hours for the kinemstic wmodel to
apply and more than one hour For the diffusion model to apply.

1.3 Gomplete Dynemic Models

The two methods in geneval use for the numerical solution of
the complete de St.Venant equations are the method of charac-
teristics, based on the characteristic form of the equations,
and the finite difference methods, which are based on the

partial differential equations as derived.
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1.9.1 The method of characteristics

Abbott (1975) dascribes the method of characteristics 2s a tech-
nique wheredy chs problem of solving two simultaneous pastial

differential equations can be replaced by the problem of

solving four ordinary differential equeticas.
The characteristic form of the de St. Vepant equations ave :
dax
@I (1,26)
fg% + {u+c) 3%) {u+ 2e) = -g(8; - 8.)
{L.27)
:—’é =uw-e
(1.28)
8 8
(ﬁ*' (“'C)}S_x')(u'h) =g (8, - 5 )
(1.29)
Time t
tu M
N L
tr ]\R
] R
Distance x
FIGURE 1.3 Basis of the characteristic method
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Characteristics can be defimed as lines in the (x,t) plane
along which disturbances propagate. The differentiation
operators in equations (1.27) and (1.29) are the tatal
derivatives along the characteristics. Equstions (1.26) and
(1.27) define the so-called forward characteristics and
equations '1,28) and (1,29) defining the backward characteris~
tics. The solution of the characteristic equations is obtained
at the intersection of the Forward and backward characteristics
by integrating along the chavacteristics. Thus for any point M
in the {x,t) plane ghown ir Figure 1.3 ab which the forward and
backward characteristica from poinmts L and R respectively inter-
sect, the coordinates of point M and the values of the unknown
£low variables wy and gy can be found Erom

B
He=xg 417 (ev o) de
1

t
= M -
w, * ZQM up ¥ ZCL + ltl. g(so sf) dt
Y
xM='xR+ICR (u ~ et

E,
7 207 v < 2o ¢ S 0CS, - spde .

In taking integrals along the characteristics, no approxima-
tion is made compared to equatious (1,26} to (1.29). The
approximation arises in Lhe evaluation of the integrals,
usually by means of the trapezoidal rule. Four non-lineat
algebraic equations are obtained which are solved by iteration,
Slnce the value of the co-ordinates (xy, ty) obtained {n this
vay must be determined for each intersection point a variable
grid of points is obtained in the (x, t) plane ag is shown in
Flgure 1.4, This method is referred to as the variable grid
method,
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Time t

Upstream boundary
Downstream boundary

Distance x

FIGURE 1.4 GCharacteristics on a variable grid

Liggektt and Cunge {1975) provide an algovithm for the solution
of the characteristic equations with rapid convergence and a
good degree of accutaey.

The variable grid method requires two kinds of interpolation
when applied te natural chaonels. Firstly the geometrit and
hydraulic characteristica of the channel are known or defined
only at a limited number of sections but are needed at any
point of the (x,t)-plane. Secondly, the computed results must
be interpolated to obtain hydrographs at any peint or free

surface profiles at amy time.

Abbott (1979) deseribes the chree~point mathod of characteris~
tics, with which values of Lhe dependent variables can be
obtained at Fixed grid intervals, and the four-point method of
characteristics, Lhe latter being generally superior to the
three-point method for machine computation.  However, Abbott
and Verwey {1970) recommend Lhe use of implicit finite diffe-
rence techniques rather than the mathod of chacacteristics for

flow in natupal watercourses.
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According to Cunge, Holly and Verwey (i980) the original
variable prid method of characteristics is not widely used fot
industrial modeliing because of its complexity and the need to
interpolate. Characteristics on fixed grid are employed
somewhat move fFrequently but the method is complex and more
costly than finite difference methods, without offering any

improvement in accuracy,

However, the characteristie method does have two important
fields of application. Firstly, it is used 4s a standard for
other methods, since its solution may be brought as close to
the Lrue solution of the basic equations as is vequired.
Secondly, it is used as a means of vepresenting boundary
conditions in methods which cannot compute 21l flow variables

at exterior or interior boundary poinkts of the wodei.

1.3.2  Finite Difference Methods

In finite difference methods rhe differential squations of Elow
are replaced by algebraic finite difference relatiomships which
are solved at a finite number of grid points in the (x,t)-plane
termed the computational grid.

There are .wo basic types of finite difference achemes. In the
explicit schemes the equations are arrasged to solve For ane
point at a “ime, generally making use of the values of the
dependent variables determinad at the previous time step at a
few adjacent points, In implicit Finite difference schemes a
system of equations at the new time step involving all the
points in the reach is solved simeltsneously.

Liggett and Cuage (1975) describe in datail a number of diffe~
vent schemes of each type, namely che Diffusive, Leap-frog,
Lax~ Wendvoff and Dromkers explicit Schemes snd the Preissman,
Vasiliev and Abbott-Ienescu implicit schemes.

b L
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1,3.3  Explicit Finite Difference Schemes

The explicit finite difference schemes are the simplest to
program, but are subject to limitations on the size of the time
step used in the computation, as is discussed further below.

In the Diffusive or Lax Scheme the diseretization of the
derivative is as follows

S5 _ bl pon, (L= 8)n n
A o e wane PR R

5E (1.31)

and

13 n n
ax = g = i)
23]

With ¢ = ! this scheme is unstable; with { = O the scheme repre-

sents the so-cailed diffysive scheme,

Using this discretization in the de Sk, Venant equations the
galution at the point (1, n+i) for depth comes immediately Erom
the continuity equation and for velocity from the dynamic
equation. 1t can be seen from equation 1,31 and Figure 1.5(a)
that the solution at the point (i, a+l) is dependent on that at
(i-1, n) and at {i+l, n), The solution at Lhe bdundary points
nmust therefore be determined using the characteristics wethod.

In Lbe Leap-frog scheme centered difference approximations are

vsed in both distance and time i.e.

(1.32)
SE L m
T = i~ By
Z6%

e




“2he

The Leap-frog method is probably the earliest one ever used for
ona~dimensional Fflow modeliing., It produces values of the um~
kaoowns ar all poinks in the grid snd is of second order
acecuracy, A disadvantage with the method is that the selukbion
obtained is a saw-toothed line since the points where the depen-
dent variables are computed ave aliernately odd and aven, the
sclution st the odd points being independent of that at the
even points, The discretization for two adjacent points is
shown in Figure 1.5(b).

The Lax-Wendroff scheme was first applied to the open ‘channel
unsteady flow equations by Houghton and Karahora, It is &
second order scheme which is not dissipative - it does not
smooth out initial perturbations in the flow and the inirial
conditions provided must satisfy the flow equations as
closely as possible, The scheme is described in detail by
Liggett & Cunge (1975) for application té a trapezoidal channel,

Time t
{a} {(b)
ne+t ‘\\ +
n -+
-
i-b i i<l 0 i+ iv2

Distonce x

FIGURE 1.5 Explicit discretization schemes
¢a) Diffusive (b) Leap~frog
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2i-2 2i-l 2 2i+ 2i+2
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FIGURE 5 Bxplicit discretization schemes

(a) Diffusive (b} Leap-Ereg (¢) Dronkers
In Drooker's explicil scheme, developed mainly for tidal flow
computationg, diEferent discretizations are used in the dynamic
and continuity equations.

For the dynamic equation

Sa_ awet_ ognet By n _ 2m
wx " Pageg T Vi b W% T Yaier T Yaie
Adx 28x (1.33)
2n-1
and fu 2041~y
e i 21

24t
while for the continuity equation

Su, 2nkl | 2m Sy 2me2 _ 2a
x " Maien T Uai 3 OFE " Yape T Yais
25 78t {2.34)

It can be seen from the above disctetizations, shown graphi-
cally in Figure 1.5(c) that the differcnce equations cover
three time~steps, Erom level (2n-l)At to (Zu+Z)At, and four
distance steps, fram (Zi-2)4x to (2142)4x. [ is obvious that

this scheme 1is wvalid only when [low variations and river
geomekry vatiations ave slow and gentle in apace and time.




The major disadvantage with explicit schemes is that the time
step used in the computation ia limited by the Courant~Friede-

richs-Lewy condition for stability ¢

[uo + /gho) 45 < 1
(1.3%)

Huang and Song (1985) describe a second instability in the
charactecistic, diffusive and leap~frog schemes given by the

Koren eguarion :

ae < Yiez 1250
= o

o uo
where u, aad c, are the initial velocity and speed of the
shallow water wave respectively. They Ffound that this
stability criterion can be increasingly relexed the more the
energy los- term is treated implicity. The Koreu stability
criterion becomes very restrictive when the Froude number)

1 Ug A
given by -2 is small,
- 0

The combination of the two stability criteria given by equation
1.35 2od 1,36 defines the zones of stability and instabiiity in

the selectizn of At and Ax shown in Figure 1.6.

At //
Time step »
@;\/\"‘\
SEX
A7
N
VL
Z Koren

At max, e
condition

Stable

Ax
Distance step

FIGURE t.6 Zones of stability and instability for explicit schemes

P S
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In explicit finite differeuce schemes special atteation must be
given to determining the veiuve of the unknown dependent vari-
ables at the boundaries. The wethod of characteristics is the
only gemeral tectinique for finding these boundary values. The
general rule for the number of conditions specified on the boun-
dary or initial live is that it must equal the number of charae-
teristics originating on the boundary or initial line. Obvious~
ly two conditioms will always be required along the initial
line. 1In supercritical flow situations two characteristics ori-
ginate at the upstream boundary and two upstream boundary condi-
tions must be specified; no downstream boundary condition is re—
quired, the solution at s point on the boundary being detex-

wmined from the characteristics intersecting at the point.

In subcritical flow situations the forward characteristic origi-
nates at the upstream boundary and the backward characteristic
at the downstream boundary, One bow.dary condition must there-
fore be given at each boundary and the other determined usiang
the equation for the backward characteristic at the upstream
boundary and the forward characteristic at the downstream

boundary.
1.3.4 Implicit finite difference methods

The implicit wmethods of Finite differences were developad
because of the limitacions imposed on the time step using
explicit schemes and huve mo limit on the time step, providing
that a sufficient number of points on the hydrograph are
obtained to define it adequately.

4 uumber of implicit schemes have been developed; generally
these differ in the discretization of the terms in the equa-
tions, A system of linear algebraic equations is obtained foxr
all computatiosal poiants which is solved at each time level,
with the boundary conditions linearized in the dependent vari-
ables closing thi system. Generally the matrix of coefficients
is s~ z, with noo-zerc elements banded on the diagonal and
£ar  wot g8 of solution such ay the double sweep wmethod

described in Section 2,2 can be useu.
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The Preissmann, Avein and Vervey schemes are so-called four—
point or box schames with Lhe Elow equation spplied at a point

centred within the four point grid as shown in Figure 1.7.

Time ¢ v dt-w
{n+1)at
1-©
At
]
nat
Axj
{n-1)at
Xi-) Xi Kisl
Disfonce x
FIGURE 7 Four point grid for box schemes - a.7)
At the point M the average value and the partial derivatives of
a function £ ave expressed by
- - n - o+l - n n+{
£ =« (1= P - 8 £+ [SRET] LA w1 - @) Bray * W08,

n a+l

S ¢y gy D H Tyt B e
8x ax Ax
H
el _ L0 ntf _ § N
£ _ i S S P Bl ¥ 2
Too- oW P it [
(4.37)
A feature of the box scheme is that centred difference approxi- L
mations are ueed for both time and space derivatives whereas Y
other schemes use combinations of forward, ceatred and backward =
difference approximations. In the scheme of Amein and Fang

(1970} @ = ¢ = 4. Geverally in the Preissmann and the Verwey
schemes ¢ = % and § <6< )
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In the Preissmann scheme the discretized flow equations are

linearized in terms of Ay and AQ by putling

n
it Ay
(1.38)

n+1 n
9wy Ay

and developing the tetms of the equatiocos by means of power
series expansions with second and higher ordsr terms neglected,

The continuity and dynamic equations at each point reduce to

the form

AgNY, b BiAQy L = C Y, + Dy Q; + Ei

and (.39
Fyb¥ipq ¥ 0ghQuy 7 ByAQu,y + T 80; + J;

With the boundary conditions linesrized fm y and ¢ the system
of equations is solved at each time step. Using the known
values of the previous time step the coefficients A to J; can
be computed snd the set of equations solved, providing the
second approximation ko the unknowns. The significant feature
of the scheme is that in most cases the second appraximation is
sufficiently accurate and thus ounly one iteration is required
at each time step.

In Vervey's scheme the equations ave written in terms of ¥

1, w1t and QfY) and are of tne form

+ e 21+ p ol

1M " By

R
* 80 ey ™ By

a1 i Tt

RANEICAEEE A N (1.40)
in the FEirst iteration the coefficiente are evaluated by
approximating the velues of Y‘i‘* and Q"' wich che kuown
values ¥} and Qf . The coefficients are then adjusted using

+ o e
the values of Y8 and o} obtained irom the fivst iteration
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and the second iteration carried out, As a rule two iterations

per time step are needed Lo give a sufficiently accurate

simulation.

In the scheme of Amein the equations, in terms of y and u, are

wricten
akl ookt ne),
FOT 00 Y U = 0
n+l ookl

atl oovt
G0 U7 Vg Ugyg) = 0 TN

The solution proceeds by assigning trial wvalues to the un-

knowns, usually the values from the previous time step. With
theee trial values the vight hand sides of the equations will
be non-zere, acquiring values known as the residuals, The

residuals snd the partial derivatives of Bquation (1.41) are

telated according to the generalized Newton iteration method by

5Fx’. L1 GFi 6Fi
5, it aw Ut e Tw, Wi TR
and (1.42)
86, 86, 486,
t i, 5%
ol PR o Bl 4 R,
FL; LR OB, 2.4
Where Ry,i and Ry, j are the residuals associated with the

functions Fi and Gi respectively and

R AT Yy

" e Y
. (1.43)
Where Yi,k and Ui,k are the values of the unknowas after the
& ireration,

The system of equations (L.42) are solved and revised values
Eor the unknowns are obtained and the ptocedure is repeated
until the difference in values of any unknown in two consecu~
fails The

number of iterations required to provide a reasonable solutioa

cive i{teration cycles below a tolerance limit,

is not stated.
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Other implicit schemes which are not based on the box or four-
point method are the Vasiliev scheme, the Abbott-TIonescu scheme,
the Delft Hydraulics Laboratory Scheme and the Gunaratnam-

Perking Scheme,

The Vasiliev and Guparatnam-Perkins Schemes are similar to the

box schemes in that the values of the dependent variable are
determined at each grid point. The discretization is different,

however,

In the Vasiliev Scheme the discretization of the flow equaticns

is based on

SE o+l on L SE et et .
Y £)/88 5 55 (e £l /20

The scheme is applied to the continuity equation im its vspval

Eorm bub with the dynamic equation io the following form
8, 208 2 y2yp 82 .
Fr i w"t c* uh)p o L

Whare ¢ = /g and @ = N“.‘sisnance and slope terms. For N compu-
tational points and 2N gnkunown dependent variables a system of
2N - 4 equation is obtained. 7Two boundary conditions and two
characteristic equations written for the limit points i = 1 and

i = N close the system, which is then solved using the double

sweep algorithm.

The Guraratnam-Perkins scheme is a fully implieit scheme which
links together three consecutive points i-1, i and i+l using

the discretization

SE  1ntl _on Zecut! o, oot _on
rri GNP TLUER 65 ElEUR I N S
8% Al

&

As with the vasiliev scheme, two boundary conditions and two
characteristic equations are required to close the system of

equations,




The Delft Hydraulics Labovatory and Abbott-Ionescu schemes are
similar in that the computational grid is divided alternately
into "y-points" at which water stages are computed and
"Q~points” at which the flow is computed, The Delft scheme is
based on the cotcept of computational cells at the centre of
which the water stages are computed and which are linked to
adjacent cells on the left and right through discharge laws.
In both schames the space derivatives arve the weighted mean of
those at time 1level ndt and (n+1) At using the weighcing
coefficient B :

LE

4 i
el oo b v =00, -

) /28x

where 0,5%8$1,0 in the Delft scheme and 0= 0,5 in the Abbott~
Lonescu scheme.

Iu the Abbott-Ioncscu scheme the coefficients of the discre~
tized equations sre evaluatad at time level (n+})at, requiring

an iterative solution procedure, In the first iteration the

valys of the coefficients are evaluated from the flow varia-

bles at time level nAt, The set of equations is then aclved

using the double sweep algorithm, In the second iteration the
coefficlents are evaluated at time level (o+d)At using the
values of the Elow veriables at (ndt) aand those at (n+l)al
obtained from the first iteration. As for Verwey's scheme, two
iterations per time step give satisfactory results,

1.3,5 Comparison of explicit and implicit schemes

Price (1974) compares the accuracy and efficiency of the Leap-
Erog explicit method, the two-step Lax-Wendroff explicit method
the four point implicit acheme of Amein and the £ixed mesh
characteristic method, using a monoclinal wave Eor which the
exact analytical solution of che full equations is known, The
monoelinical wave bears & strong tesemblance to a Flood wave
and in very long rivers the front of a flood wave may take the
form of a monoclinicel wave. Price found the explicit mathods
became unstable when the time step exceeded that given by the
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Courant-Friederichs-Lewy condition and the characteristic
method became unstable for time steps in excess of ten times

this value. No instability was recorded using the implicit

wethad. In rhe comparison Price adopted 3 40 metre wide pris- :
matic channel of bed slopes 0,001 and 0,00025, typical of .
British rivers, and of 100 km length. MHe used distance steps
in the range 2 500 wetres to 20 000 metres and time~steps in
the range 180 to 14 400 seconds. In all methods used the Lt
smallest errov was achieved for cthe smallest value of the

distance step,

He found that the implicit method is markedly more efficient
than any other method for a similar acceracy, the veason being
that the least ervor was obtained with tha implicit method for

greater time steps.

Chaudhry (1979) lists the g and  di 2 of

explicit and jwplicit finite difference stchemes as follows :

1. Stability - Explicit schemes are conditionally stable; the
Qourant~Friederichs-Lewy condition wust be satisfied.
Implicit schemes are unconditionally stable,

Z. Ease of programming -~ the explicit method is easier to
programme.,

3. Heonomy ~ with the larger time step allowad with implicit
methods lese computer time is requived in the computations.
However, seen in the broader context of the total cost of
preparing the model and analysing the vesulta, this aspect

is not always important. L

4,  CGomputer memory requirements ~ usnally more storage is S
required in an implicit method than in an explicit methed. S
5. Simulation of special cases - where conduits have closed M

tops, eg. in stormwater or sewer system and tailrace tum- '

nels, the free surface width can become very small and the N

size oF time step must be veduced accordingly - the impli- A
cit schemes should be used in these cases. On the other e
hand implicit schemes usually fail to represent supercriti- o
cal flow so that when the Froude number becomes greater K
than one during computation the resulta may be unstable. *
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6. Simulation of sharp peaks - because of the smaller time
step explicit methods are generally wmore suitable. With
the same size of Lime step computatioval time with
implicit schemes would be greater.

7. TFormabion of bores and shocks - the explicit schemes are
more suitable For the analysis of transieats in which a
bore forms,

1.4,  Selection of flood routing method

The selection of the flood routing method used in Lhe model has
been based on the requirement that the model provide both the
stage and the flow ab all points along the reach. A secondary
vequirement is that the madel be suitable for inclugion in &
watershed modelling system as the channel routing component.

The MOPSET wacershed model described by Muang (1978) uses the
kinemaric method for routing floods down matural chanmels. The
kinematic method is the simplest of the flood routing methods
bub its range of applicability is limited, Since it is based
on 4 single-valued stage-discharga veiationship at all points
in the teach the Kinematic method cannot reproduce the dynamic
effect of FElood wave propagation nor any backwater effects in
the reach.

Akan and Yen (1981) provide a method for routing Floods through
channel networks using the diffusion analogy model, In a
comparison with the complete dynamic and kinematic methods
applied to the same channel network, they found the diffusion
apalogy model to be nearly as aceéurate as the complete dynamic
method and faster sad cheaper in computation than the kinematic
method, However, although Che diffusion analogy model will
simulate rLhe backwater effects at channel junctions ete., its
exclusion of the convective scceleration term 3%’% can result
in ipaccuracies 1in the water surface profite obtained,
@specially in pabural channels wheare differences in the velo~
oity head at adjacent sections can be signlficant,




35~

McMahon, Fitzgerald and McCarthy (1984) descvibe the BRASS
(Basin runoff and streamflow simulation) model which incorpo-
rates the complete dynamic channel routing mocel developed by
Fread {1978)., The model is capable of simulating lateral in-
£lows to streams and dendritic (branched) river systems. The
disadvantage with the use of complete dynamic routing models in
a watershad model is thab the dynamic routing models are large
progrums requiring considerable core memory allocation For
execution. Watergshed wmodels such 4s BRASS are thereforve
divided iato segments with a root segment which vesides in
memory throughout a simulation. A second disadvantage is that
the complete dynamic wodels are genevally somevhat slower
computationally than the approximate models. The models based
on explicit finite differeuze schemes are slower because of the
limitations on the time step imposed by the Courant-Lewy-
Friedrichs condition, while those based on implicit finite
difference schemes are slower because of their greater comple-
xity. However, with the rapld advances being made in computer
technology and high speed 32~bit computers becoming increasing-
ly available in desk-top form, these disadvantages are not

considered signifieant,

The model developed in this project has therafore been based on
the complete dynamic form of the de $t. Venant equations, An
implicit finite difference scheme cai be seen to have advan-
rages over an explicit scheme for application to a gemeral pur-
pose flood routing model where the flow is generally subepiti-
cal in that relatively large time steps cen be used in Lhe
computation. The Preissmann scheme has been extensively used
in industrial models. The [ormulation of Lhe coefficlents used
in the scheme is extremely complex, however, and Verwey's
variant of the scheme has been used for vhis projest.

Although the model developed in this project is for application
to single chanpnel reaches, the solubion technique can be
applied to dendritic channel metworks after some modification.




Cunge, Holley aud Verwey (1980) and Joliife (1984) describe the
application of implicit finite difference schemes Lo channel

networks,
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2. DESCRIPTION OF THE FINITE DIFFERENCE SCHEME OF VERWEY

The de B, Venant equations are derived for natural channels of
irregular cross-section in Section 2.1 of this chapter. The
discretization of *he flow equations is presented in Section
2.2 and the double .w. ep algorithm used in the solution of the
set of equations obtained from the discretization is presented
wn Section 2.3. Finally, the treatment of the boundary

conditions is distussed Section 2.4,

2.1 The de St. Venant Eguations For One Dimensional Flow im
Natural Channels

The de St Venant equations are based on the following hypo-

theses:

i) The £low 1is one-dimensiomal i.e. the velocity {is
uniform over Lhe cross section and the water level
across the section is horizontal.

ii) The streamline curvature is smai’' and vertical

accelevations are negligible, hence the pressure is
hydrostatie,

1ii) The effscts of boundary friction aad turbulence can be
accounted for through resistance laws =analogous to
those used fov steady state flows,

iv) The average chanvel bed slope is small so that the
cosine of the angle it makes with the horizontal may be
replaced by unity.

The co-ordinate system and definition of terms used in this
report are shown in Figure 2.1. Twe physical laws are used to
derive the equations for unsteady f£low in open channels,

congervation of mage and conservation of momentum,

With reape~t to the control volume shown in Figure 2.1 the law

of conservation of mass can be formulated as follows :
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Figure 2t : Definition Sketch
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Nett mass inflow into control volume = change in mass

storage

poE ~ (0 + £ « oA + $har)ix - pasx

ot
89,84
Bmree

Expressing this equation in terms of water level by using

A Sady

5t &y 8t

and putting 8, = 3% the contimity equation is sbtained.

5Q sy _ 2.1
W% .

The momentum equation can be derived by equating the-sum of the
nett vate of momentum entering the control volume and. the
forces acting on it with the rate of change of momentum within

the coutrol volume.
Net rate of momentum entering the control volume
=Qu =~ (Qu + %(jﬁ) bx)
X
LTV
&x

Three types of forces are considered to act ou Lhe control

volume, namely gravity, pressure and friction.
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Gravity : Fg = pgaAx sinx = - pgASo
v 33 SF,

ressure : Fp = - E
u » @, + ) e

4hog<h<x)~n)d (x,m)dndx

o =

Mg
= pedx g (W0x-m)o(x,nddn

h h
8
- -nzAX|-§ Setmyman + 7 (n - n)%% (x,m dn!

f
sh
= eedklg e v - %% {x, n)dn|

The second term on the right hand side of this equation repre-
sents an {increase in the pressure force as a result of a change
in the width of the channel; in prismatic chanpels it is
assumed to be zero. In non-prismatic channels as the channel

widens or aarrows the baoks contribute an edditionzl pressure

Eorce which exactly cancels this term.
Thus £, = P8 Six
14 [33
Friction : Fg = pgh §gbx
where §; is the friction slope.

The rate of change of momentum within the conktrol velume can bs

written as
Rate of change of momentum =%-§- (o Ax
Combining these elements gives the momentum equation

_80u, o oalh
D7ayi = pgASOlX = pBATIAX + pgAS bx

-5 G

Ba% "

fi‘

Tpe

e
o
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Dividing through by P aund Ax and rearranging gives

89 , B0

3 6x+gA—xégA(s'sE)‘0

When working with natural channel cross sections it is conve-
niedt to choose Q and y, Lhe water level, as the dependent
variabies.

Putting b = y -y}, where Yp is the bed level,

Sh, 8y _Syb 8y
hen §x "k T ex "Bk T %o
Futhermore Ethe velocity « can be expressed as Q/A.

In addition a momentunr correction factor B, called the
Boussinesq coefficient, should be applied where working with

compound cross-sections with non~uniform velocity distribution:
P -
=7 u, hde/(u 4) ,B = 8(y} (2.2)

Where the subscripts 2 denote local values of depth-avevaged

velocity and depth at position Z in the ctross-section.

With these changes the momentum aquation bacomes
(2.3

_2_9._‘5( )43A-x = 0

In this form rhe equation is generally referred to a8 the
'dynamic' equation since it 4is seldom a true statement of

momentum conservation,

The continuity and momentum equations presented above canm be
expanded to include for lateral inflow, which may be of the
Eorm of a distributed inflow Lo the channel fvom overland or

sources, ated inflow at Lributaries or

distributed cuflows due to seepage losses.




b2
Insofar as the continuity equation is concerned, for a
distributed inflow of q per unit of channel length a volume of
qAxAt enters the control volume during the infinitesmal period
At

The continuity equation thus becomes :

§ 8y _
Hoepg -y 2.4)
To the womentum equation wmust be added a term to aceount for
the additional momentum both enteripg and leaving the contrel
volume, The additional momentum entering the centrol volume is

pqu bk where g is the downstream compoment of velosity of the

lateral ‘mrlc:wil Upon leaving the control volume the veloecity
of tiie additional flow is the same as the chammel velocity, so
the mbmentum leaving is pqu px. Some authors (Liggett {I975])
and Cunge, Holly and Verwey (1980) irclude this latter term as

2 sepacate term in the dynamic equation. Hawever, examination

6f the comtinulty equation including lateral inflow shows that

the flow leaving the control volume includes the inflow to the

control volume. The term representing the nett rate of
momentum eatering the control volume, --'L‘%Ax , will thus

include For the momentum of the fateral inflow leavimg the

control volume and the momentum equatic: becomes :

%.243-% (T\i) +gA%§-sA5£-q‘*q'°

Other forces can be included in the momentum equation besides
gravity, pressure and friction forces, Wind effects can be
included where these are significant, for example, in the model
of th. Swartkops River and estuary in Port Elizabeth developed
by the National Research Imstitute [or Oceanclogy (Huizinga
(1984))

The model develaped in this project has been based om the
Equations (2.1) and (2.3) derived above, without consideration
of lateral inFlow or other forces.
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2.2 Discretization of the Flow Equations

Writing £(x,t) = £(idx, ndt) = £ for the general form of the
dependeat variables at the point (iAx, nAt) in Che computa~
tional grid the discretization of these variables and their

time and space derivatives follow the Preissmann scheme !

£la,e) = (1~ (1 ~ WEF + 01 - \k)f’i‘” LN RO P o))

8f _ mrl _ ontl - A0

x = S B Daxw (1 - (L, - £ 6

8E _ . o.mtl _ .n . n+l _ cn

FRRICMIER A SRR DI £) /8¢ 28

where 9 and ¥ are the vime and space weighting coefficients

" féapactiveély, as depicked im Figure 1.7.

With the St.Venaut equations as derived in Section 2.1

8,3 .y

=P we (2.1
and

89, 8 (&, 001

Brg o ragd-as o (2.9

the wass or comtimuity equatfon ie simply discvetized as

Eollows :
i+l u+1 0o a0 n+d s
0(Q g = Qp Maxg ¢ (1 - BQg,y = QD /bxg + Beyly o

gy

arl _.on 26 O I N e
BOy = Yiaq e & BeT T (1 = 9) (] Y/t = 0 Bt

(5.5) [

where "

L a+i - ‘=
Bsg e 8Bag |+ (1~ 0)Bay
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Grouping the dependent variables at time step Bk, i.e. the un-
knowns, on the left hand side of the eguation, mulliplying
through by 4X; and rearranging, an eguation of the Eollowing

Fotm is obbained.

n+1 nti n+1 nel
Ay Blyyy o ClQp g F DR T B
(2.6)
where
Aly =-8
até .
Bly = Bsy o (- axg/ae
ciy =9 (2.7)
4
nlg = Bsley whw la

- 1 - no_ ot n n
Bl = (1 a)(Qi Qm) * BIyy + By,
Before discretizing the dynamic equation as given by Bquatiom
(2.3} it is necessary Lto convert the Eriction slope Sp to a
ralation between friction losees and discharge of the type

Q=K /8

Yhere ¥ = K(x,y} is the counyeyance of the chamnsl. The value
ot K can bs determined Lrom auny of the well-known empirical
vesistance laws such as Madning or Chezy, Bxpre¢sed in tetms

of the Manning equation
R (2.8)

® =&

The dypamic equallon can now be w.'Lten as

s 8 50 4 Q
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The discretization of the dynsmic equation is complicated by
the presence of the non-linear term -:-; (9‘9;.) and gAQJ(-,Q!

In Verwey's scheme, the discretization of these terms is similar

to that used in the AbboLt-Ionescu scheme, as £ollows @

% 0 = 1) Rt ol /AT 8T o af /a7 e
where (2,10)
iiwe . ea;’” $0 - ol
ATl g - 637

and

a 22l gy, wo"” 02, /T + (- el )

i+t it
Wheve
] n+8 )
Ay T WAL H (- A

and Verwey uses

e
i

- BK"”

+ (=8 K}

since affectively Q’i‘*‘m:] corresponds o the gquare of the
geometric mean of the discharge at the two Cine levels, the
vaius of K*® used in the wedel has been taken to be the
geometric mean of n(? and K;‘H
used by Verwey. Thug, in the model the following discretization

rather than the arithwetic mean
has been used,

gAQé(% = ey [Wm [Qfq 1/CETL KT, + 1 = wel™ afls
ot |

The different discretization is only significant if ¢ > ¥ since
the value of K'i“"’ given by Vervey is depende.. on 4.




n 0 n+y
(yiN - yi] Ax. + gAY ivp

n+e n+'Q /Anw{ s v gA. nve [a(yn-w

o] aflrat ugsl -o

b

The discretized dynawic equation thus becomes

n o ame

YegnH! o gn . - o+ . n+B 0|
QI = G, a0 (@ = Qe+ [ n, /AT

ik

nly on a+] 0
[¢q1+1[qi+1|/(xl Kiag) *

e - ey
1

-
(2.13)

As for the mass equation, the dynamic equation can be writtem inm

form

n+{ n+y
s df e my ™™ v gl ue Tl -y (2.1
where

¥ e

azg = O e - BP0 gt (1 gy Tl ol re] g
B2; * - gaA?Iz

_ L gOh )0 0 wHin
G2q = ¥y /A8 ~ BTG IR+ ety vy 0GR
D2 = - B2

(zALS)
B2 = axg /e (9R7, + (1 - WIQD) + (1 - G)gA.ﬂ., 5, - 9D

Bly, ete, and A2y,

Equations (2,6) and (2.14) are
two iinear algebraic equations in Lerms of q"H y?*‘ . Q?:: and

For N computational

The coefficients Al B2y, ete. are knowa

functions of [low variables,

n:rcr every pair of peints (i,i + 1),
points there will be a system of 2N-2 equations £or 2N unknowns,

Wich the addition of the boundary conditions Lhz system can be
solved using the double sweep algorithm.

coefficients,
of the Elow
The flow

rhe equations for the
include the values

Lt pan be assen thal
Bquation (2.7) and (2,15),
variables By, 8, A and K at time leve{ (n+l)4c,

equations must therefore be solved iteratively at each time
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step. In the first {tevation these flow varisbles are approxi-
mated with their values from the previous time level, n 5 in
the second iteration the solution i# improved by using the
vesults of the Eirst iteration. Two iterations per time step
have been fouad to give a sufficiently accurate simulation in

most situvationz,

2.2 Double Sweep Algorithm

According to Stvelkoff (1970) the double sweep algorithm bhas
been in use as a means of solving the de Bt.Venant equations
since the early 1960's. The method takes advantage of the fact
that the only non-zero valuss in the matrix of coefficients

1ie in a band along the diagonal, as cam be seen below.
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With the boundary conditions linearized in y and Q the system of

equations for a single channel reach has the form

Ly Ly et e ‘!

ALy Blyiel) DIy ,;‘u Ely
42) p2y 42, o2 Qg+l £2)
aly 31z 01y D1y vt ey
AZ\z‘ B2, G2, 82, qy# B2y
“ Aly Bly Cly Dly vt ez

=

A2g B2y G2, 02y

! gttt e

Algay Bl Shyp Ohygf[9REH] Etna

Alyy B2y) S2ycy Doy || QRFM| ) E2e

Ry Ry W s
L R I N
(2.16)
where L Q‘;“‘ +ly yPt a1y 2an
and Ry QI 4 Ry it w gy (2,18)

are the left and right hand side boundary conditions reapec~
tively at the twe ends of the reach. The double sweep algo-
rithm uses tha banded matrix structure of the linear system of
aquations to compute the solution, with rthe pumber of opera-
tions proportional to N.
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Assume thal there is a linear relationship of the type

Qi+t = Fytl v gy (2.19)
2 kS
which holds at point {i,n+!) in the computational grid

LE thia iy true it can be shown that an analogous linear rela-

tioaship also exists at thz adjacent point, (i1, w+l} so that

Qpt = Frey v ¢ Giag (2.20)

This is done by subsituting equation (2.19) into equations
(2.6) and (2.14).

e+l ¥l L3 S -
(81 + AR Y « a1 Q] + piYTY = By - ALG (2,21}
(B2; + ARy + C20qPt] + 20t = B2y - A28 (2.22)

From equation 2.21 a relationship between yf*! and the depen-
dent variables at point i + 1 is obralned

. o1, Bl - 81,6
gl N R IR gy | Rputs Silds s JPYPI
i BT,ATE, T G TR ERGE, Y R TR
Equation (2.23) can be written as
AL i T R (220
where
o, Dt E1,-A1LG,
i 3 L I e (228

Ry ow - J Ly om - s
» Bli+A1iFi R Bl{*Mil’i i B\i*MiFi

Eliminating yJ* from equetions (2,21) and (2.22) gives

el Coly (Bzy + AZyFy) - G23(Bly + ALF) + y0fh

(DLjB2g + A2yE,) = D2 (Bl + ALiPL))

= (Bl{ = AL{S)(B2; + AZGF,) ~ (B2;- 82,G)(BL; + AL{F;) (2.26)
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Dividing through by (Bl; + Al;F;) and puttingej = (B2 + A2{Fj)

and expressing QY*! as a function of yrm one obtains

gt = - 02D o, B iy (2.27)
(e 0,402, i+t e H, - CZ,
1837625 ilty

i

which is velationship of the form indicated by equation (2,20),

where
. LogIym2,) ooy = BRG] .8
.- A .
e = = TEHCT) ¢ Oial T,

Thus it 1is shown that, if the relationship Equation (2.19)
exists ab any peint in the model, similar equations can be
written for all the following points. By linearizing the
boundary conditions in this form a set of equatiops for 21l

points in the model can be cbtained.

In the forward sweep of the double-sweep algorithtm the walues
of the coefficiancs are determined 2t all poirts in the model
as follows, The awcep is intidlised by determining the coeffi-
cieats Fy and G; at rhe ‘first point from the boundary condi-

tions, By combining Equations (2.17) and (2.19) one obtains

(

(*

I . (2,29)
1

o
[
o

The values of My, I} and J) are then computed from Equation
(2.25) and F, and G, from Equarion (2.28). The algorithm
proceeds in this mamner from gridpoints 2 to N as is shown in
Figure 2.2(a). To initialise the return sweep at the right hand

boundary, use is made of the.relation combining Equations (2.18)

and (2.19), namely

yar - 23 : [;__’(;N (2.30)

2t Rify

The values of Qg*l and y;:} can then be determined from Equations
(2.19) and (2.24) respectively and the rerurr sweep continues
with the values of Q; and yj being determined at each

successive gridpoint as is shown in Figure 2.2{b).

pRREe

T
L




Equations used in
forward sweep

F2,62 FN)GN

(2.29) 71181
2.29)

i-2 =3 TN

Equations used if:
return swesep

N2 i=N-|

i=1
FIGURE 2.2 Schematization of the doubis sweep algorithm
(a) Forward Sweep (b) Return Sweep

The double-sweep 2 : .:7hm is only applicable to suberitical

flows. Supercritica: Ziows can be handled with a single-sweep

algorithm, with two boundary conditions beins given at the
upstream boundary. Where the flow passes from subcritical to
supercritical through a continuous nearly hovizontal flow, the
two algorithmic structures have to be used in a single compu-
tation; rthe method of computation is described by Abbott

€1979).

pe.
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2.4

In order to solve the system of simultaneous equations in y and

Ivitial and Boundary Conditious

Q at time level (n 4 1)At it is necessary to know the values of
y and Q at all points at the previcus time level (adt), together
with the inflow to resch, Q™! 404 rthe stage at the down~

stream ead of the reach yF*l:

To start a flood kouting ocorputation it. is thus necessary to
define the inital conditions in the reach in terms of Q and y

at all points in the reach.

The boundary conditions sre gemerally specified in the form of
an inflow hydrograph at the upstream end of the reach and a
stage-discharge or scage-time relationship ar the downstream
end.

The values of Ly, Ly 2nd L, in the equation for the upstream

3
boundary conditions, Equation (2.17), cas then be . determined
Erom the ordinate of the infiow hydrograph at the applicable

time level as follows :

03 Ly = qftt (2.31)

The values of F| and G, required to initiate the forward sweep

can be obtained from equations (Z.29).

Where for the downstream boundary coudition the stage is given
as a function of time, the values of Ry, Ry aud Ryin equations
(2.18) can be obtained directly as follows :

-
R =05 By= 1Ry =yl

(2.32)
The values of ¥y and Gy are known, having been determined in
the forvard sweep, and Q4! can be determined directly from

equation (2.19).
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Where the stage is given as a function of the flow it is
necessary ta obtain a linear approximation of the funmction.
For example, a welr-type formulation

Q=1 ~ p¥2 (2.33)
where y, is the level of the weir crest, can be linearised

by usisg a first order Taylor series development :

Qg+l = of + (%R)“ R - YD (2.34)
M
& 1
where (g% = 2 YOR - 1) l2

Comparing this equation with Equation (2.18) gives

3 3
Ry =13 By v -3 YO -yt 5 Ry = @ -7 - st

By specifying critical flow comditious at the downstream end of
the reach the equation for the Froude Number is set =qual to

unity.

2
R = ggg?s”

and solved iteratively with the equation
QRA @ F“yﬂ” + By

This has the disadvantage that the speed of the camputation is

slowed while these equations are solved; the alternative is to

pravide the information as discrete points in a rating table.
The linear approximation to the rating curve in the region of

intevest will then provide the values of the coefficients.
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3. DESCRIPTION OF COMPUTER PROGRAM

The computer program comprises a data entry section, the main
computational section and ar output section and is described
under these headings in Sections 3.1, 3.2 and 3.3. The user
instructions and a listing of the program are given in
Appendixes Al and Bl respectively. 1In %he form prasented in
the Appendix B! the program has a capacity of 100 crose~
sections of 20 points each end 5 000 time steps. The programme
capacity is purely depeundest on the memory size of the hardware

and cen easily be altered to suit,

3.1 Data Input

The  input data rvequired for the model are the cross-section
data describing the reach, the boundary conditiens and the
initial conditions in the veach. The boundsry conditions
usually are of the form of an inflow hydrograph at the upstream
end of the reach and some deseription of the stage at the

downstrean end.

" 3.1.1. Cross-section data

Cross-section data for natural chanmels is arranged in ecabular
form with the distance along the crosa~section from some arbi-
trary starting point, the ground level and the Manning rough-
ness coefficient given for each point in the cross-section.
The data file containing cross-section data is set up using a
separate program. The user instructions for this program
and a listing thereof are given in Appendices A2 and B2 respe~
ctively. The data file structure is the same as that used for
a couventional backwater program, the principle difference
being that the order of cross-sections required for the back-

water program is the reverde of that required for the model.
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“he advantage of having the structure of tha data File the same
as used in a backwater program is that steady state initial
canditions for the reach can be determined and stored using the
backwater progeam. This aspect is discussed [urther i Section
3.1.3, A sample from a cross-section data file listing is

given im Table 2.1,

REACH NUMBER 2

2msiummannameate
CROSS RERC PoINT SECTION GROUND  MANNING
SEUTION  DISTANGE  NUMBER  DISTAMCE Level, N
Sesmn  zeszmsws  meneme  smesmsas sesmts  manamsa
1 8. 60 1 2.0 5.80 020
2 18.0 8.08e T .022
3 1868,9 #.00 .020
4 1019.0 $.00 . 920
2 168,88 1 8.2 5.00 048
2 9.0 3.45 + 848
3 95,8 1.80 040
4 100,90 1,80 048
5 120,80 2,85 940
6 131.9 3.40 + 040
? 203,8 s.ee .40
3 160,08 i 8.0 5.90
2 75,0 3.58
3 .8 2,20
4 s2.a 2.20
S 137.0 5.45
4 220,060 t e.¢ 5.38 .0d¢
2 tt.e 3,85 L840
3 13.8 1.27 948
4 22,0 i.6e 040
5 42,0 4.08 L0408 .
6 63,9 4,88 840
7 77.0 5.08 040

TABLE 3.1 Sample listing of cross~section data file

It is not necessary for the cross-sections to be spated at
regula? intervals along the reach; any spacing which adequately
describes the physical configucation of the watercourse is
acceptable, Generally for floodline determinstion the distance
step should be of the order of 50 m to 200 m, depending on the

[looded width.

& -




Reservoirs can be included in a reach without special treatment
provided that the spillway is given as LChe most downstream
section if it operates under free discharge ronditions; irs
discharge characteristic 1is then given as the downstredm
boundary condition. Cunge, Holly and Verwey (1950) describe
methods of treating weirs as internal bouddary conditioms in a
réach, This involves spécial treatment of the cnefificients at
the section apd the facility cammot be .béluded in a model for
general application. Where a reservoir or weir occurs in &
veach the preferved method is o divide the reach into two with
the reservoir spill.-¥ or weir forming the boundary between the
two reaches, The outilow from the upstrveam reach then becomes

the inflow to the downstream reach.

The most imporkant characteristic of a resrifvoir besides its
outflow characteristic is ite surface ares. to water level
relationship,  Since the watec level slope im most smaller
veservoirs is negligible it is not wnecessary to accurately
represent the ground profile beneath the spillway crest. The
cross~sections selected to define the basin should provide a
reasonable vepresentation of the surface area to water level

relationship above the spillway crest.

The most convenient source of cross-section data is large scale
topographic mapping (1:1000 to 1:2500) with conmtoers at 0,5 or
1 w intervals. This type of mapping is frequencly available in
municipal areas. Field sutveys should be carried out to define
bydraulic controls such as weirs and drainage structures in the
watercourse as well as to determine the chamnel depfu ~i peven-

nial rivers.

For larger rivers, where the objective of the flood routing
exercise is not Lo determine the maximum flood levels with any
accuracy but ko obtain information on the passage of a flood,
1:10000 orthophoto mapping with 5 m contour intervals will
often provide sufficient data for the exercise.




3.1.2  Inflow hydrograph data

The inflow hydrograph to the reach is usually defined by a
aumber of discrete points oa the hydrographb. With the size of
the time step given, the values of the inflow are interpolated
at corresponding intervals, The hydrograph can be stered in a
file for use in other vuns. A number of inflow hydrographe can
he added in the model either divectly ov with a ziven Lime leg.

This feature is useful where the outflow hydrograph Erom the
upstream reach must be added to the tun-off from the local

catchment.

It is intended that the model be able to use hydrographs geme-
rated by hydrological models such as WITWAT ar ILLUDAS when the
facility for storing outflow hydrographs from these models is

available.

Since the hydrograph is imposed upon a reach which is in an
initial state defined by the initial conditions, it is
necessary that the imitial Flow of the infllow hydrograph does
not differ substantially from the flow in the reach in this

inicial state.

3,1.3 Downstream boundary condition

48 was stated in Section 2.4 the doumstream boundary condition
can be speeified by giving the stage as a funckion of the dis~

charge or as a fuaction of time.

A stage-discharge relalionship can be given in one of three
ways, The first is merely Lo specify that critical comditions
occur at the downstream end of the reach, The second is to

give the coefficients of a weir-tv . 4 such as Equation
(2.33). 1n the third method ¢ siuts on the rating f

curve are given. .
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The most common form of stase-time relationship used in ome-

dimensional modelling is the tidal equation. The tidal equa-

tion used in the model includes only the semi~diurnal Lunar and

solar componente of Lhe tide.

Y = F + Aypsin 22_"1) + Agg sin ((2n(T + $)/1g2 @1
Typ)

where

Ay =
Asy
Tvz =

datum for
anplitude
amplitude
period of

Mz

mean sea level
of the semi~diurnal lunar comporent (M2Z)
of the semi-diyrnal solar component (52)

the M2 component {= 44 714 8}

Tgy = period of the §2 componeat (= 43 200 ¢}
¢ = phase difference between M2 and S2 compcrents (= 0 at new

moon)

A coustant downstreaw water level can be handled by putting the

amplitydes of the ridal components equal to zero.

3.1.4 Initial conditions

In order to initialise a run 5¢ the wodel the initial condi~
tions in the veach must be givem i rhe Form of the water level
and discharge at each point it the reach. Obviously this
initial state should be as consistent as possible wirh the flow
equationa in the model to minimise *he amount of computer time
spent in stabiiising the system prior to imposing the £lood
bydrograph on it, The mont direct way af achieving this is to
furnish an initial condition as & backwater cemve for a steady
state condition with the flow equivalent to the base flow in
the viver or some frackion of the peak Flow.

It is gtill necessary to run the model under steady state condi-
tions by holding the boundary condition constant for a number
of time steps to allow initial perturbations to dissipate or

o

. s P
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as given by equation 2.13 reduces to the discrete form of the

energy equation by putting

ol o qotl = =qn =
Qi Qiﬂ Qi Qiﬂ q

then
(B3 Q" Ay = QA Bk + gAlyiy ~ 72/ By

A L8, .
87 Gyt K’i> o

Dividing through by Sy and putting (@ fgi*®  sg

2
E‘sﬂ(

iy

er TRt gt YD e Y

Sy Sy m 0

]

u,
writing 3 + 1) and assuming that Biup ® By = B the
2

desired for. ! the energy equation is obtained :

1 A ‘
75 (Fupe = B v gy 4 Mg S =0 O

The values of y; and Qi at each poixt in the wodel obtained
Erom this vun can be stored in a fila i use as initial eondi-
tions with flood hydrograph runs, fivgsded that the initial
fiow of the flood hydrograph cevres-imag to the steady state

£low.
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3.1,5 Selection of the weighting coefficients and time step

With the welghing coefficients 6 and ¢ set at 0,5 the diserebi-
zation used in the finite difference approximation of the fiow
equation corresponds Lo a centred-difference approximation and
is thus of second order accuracy, However, for values of the
Courant Number greater than unity parasitic oscillacions appear
in the solution with @ = 0,5 which disappear with the aumericel
damping in the scheme for 8> 0,66, Ligzett and Cunge 1975 re-
commend values of 8 given by 0,6 <0< 1,0

A disadvantage with setting the value of 8 c¢lose to unity when
using relatively large time steps in the computation is that
the errors introduced in Lhe conservation of mass in the system
become significant. With € = 1 and ¥ = 0,5 the discretized
continuity equation can be wrikten :

\:rH

o+l _ okl okl _ o0 oo okl on
Ry - q et + [Es.rﬂ &y Yieq) 87 OF b

is i

s/ (3.3)

The primavy source of the ervor is that the net inflow to the
control volume is expressed only in terms of the flow at the
end of the time step, rather than the average inflow during the
time step. Similarly, the volume ¢hange is expressed only in
terms of the surface width st the end of the time step, rather
than the average sutface width.

The effect of varying © is demonstrated further in Chapter 4
with the application of the model bto two natural wakercourses
and a prismatic channel, The affect of varyleg the value of ¢

was not investigated,

The telection of the size of time step to be used it the compu-
tation should be based on obtaining a reasonable description of
the inflow hydrograph at the upstream boundary or a tidal condi-
tion at the downstream boundary if such exists.




e

The «aly definitive way to see whether a time step is too large

or not ir to simulate the same event on the model using succes—

sively smaller time steps. If the size of the time step eigni-
ficantly afEects the solution, it 1is too large. Generally
values of the time step beiween 0,01 and 0,25 can be used, the
lower limit in sicuations with steeply sloping hydrographs, the
upper limit for low-flow tidel simulations. It is shown in
Chapter 4 thali the degree of non-linearity in the relationship

batween flow depth and dwvea car affect the stability of the
computation.  Where the flow depth to area relaticnship is
highly nou-linear, as occurs aften with natural channels, the
size of the time step must be reduced to eliminate this inska-

biliey.

3.2 Main Computation

The flow diagram for the main computation is shown in Figure
3.1, The computation proceeds with the determination of the
section properties, namely the flow area, surface width, conve-
yance, apd momentum correction Efactor at all cross-sections

with the initial conditions imposed, The dependent variables Q

and y at each point at the end of the First time sLep are set
equal to tha initial values for the first iteration and the
coefficients Al to El and A2 to B2 calculated from Equations
(2,7) and (2.15) and Lthe double sweep algorithm is then
applied, From whish the Eirvst approximations to the dependeut Ty
variables at the end of the first time step are obtained. The :

section properties at the end of the first time step are ther
calculated using the [irst approximations to the dependent
variables and the coefficiests Al te Bl and A2 to E2 recalcu-
lated. The double sweep routine yields the accepted values for MR
the dependent variables at Lthe new time step for which the

. saction properties are then calculated, The program has the
5 facility to print these values after every time step, or if
specified by the usar, only after selected tlme periode, The 1
compulation then proseeds Lo the next time step,
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In order to limit the memoxy required in the computation the
values of the dependent vdriables and the associated section
properties st the two time levels required in the computation,
at rime level nit and (p+l)At, are retained in memory,
The

ice.
all information at previous time levels being overwrittem.
first step at the new time level is to transfer the values ol
the dependent variables Q and y and the associated section
properties from time level (n+l)at to time level nAt variables.
The valuas of the time level (n+l)bt variables are retained as
initial values for the first iteration «t the new time step,
The procedure then repeats itself, two iterations being carried

out at the new time level.

It can be geen rhat at each time level the section properties
at each cross-section are calculated twice. Initially the pro-
gram was set up such that any cross-section of Np points would
be divided ianto Np-1 sub-sections and the section properties
aid then summated for the

calculated for each sub-section

eross~section. Indeed the kinetic energy and womentum correc~
tion factors, o and B can only be calculated in this way.
with a

Obviously where the cross~section shape is complex,

large number of sub-sections, the caleulation of the section
properties in this maoner becomes the most time-consuming part

of the computation cycle.

An altermative wethod of obtaining the section properties is to

interpolate them from tabulated values, the table of values

being set up at the start of the run. It is only in thé esti-

mation of the non-linear functions, namely the area, conveyance

and the momentum and kinetic energy correction factors, that

inaccuracies ave introduced by the interpolation. These inaccu-

racies can be eliminated im the case of the ares and reduced in

the case of the conveyance by expressing these quantities in

te..1s of those which can be directly interpolated, namely the

surface width and wetted perimeter, and, in the case of the

conveyance, interpolating & composite Manning roughness value

for a water level ymwtl

For example,

for the cross-section.




.

falling between two values yj and yyy) in the table of section

praperties, the area and comveyance can be calculated from

o+ o+l
[V W (aa?"+ Bep)(y; - y1)

and
S
i N‘.. i i i
o+l 1
where 855 | NI ana py™Pavs the interpolated values of the

surface width, Manning roughness coeEficient and wetted peri-
meter respectively, and Ay and By are the tabulated values of
the areas and surface width corresponding to the water level

A

Since the section praperties cen be directly calculated in this e, 4

manner the speed of cowputation is greatly enhanced.

3.3 Presentation of Results

The output from the model can take a number of forms. During

the computation the values of Q™! and y™! can be printed
after each time step or after a preselected number of time o

steps.

A plot of the inflow and cutflow hydrographs can be obtained,
useful in that it presents the user with an immediate impres-

sion of the degree of attenuation and the time lag in the

reach. For tidal computations a plot of the water levels at

both ends of the reach is also made.

Since the maximum water levels reached during the flood and the
maximum flows at each point in the reach are wsually also of
" interest these are printed togeLher with the rimes at which
these maxima occur.  Since flow reversals can occur during
tidal computstions, the minimum water lgvels and flows are
tabulated if the flow is tidal.




The results of a wass balance calculation are provided to allow
a check on the integrity of the computatiom, The error ia the
mass balauce calculation is generally larger for 8 « 1 than for

8 = 0,5, as has been explained in Section 3.1.4,




APELICATION OF THE MODEL

4.1 Iatroduction

The application of ke model to twa differenr flow situatioms
is presented in this chapter. In the First application,
described in Section 4.2, the Swartvlei Estuary is wodelled
under tidal conditions. The Swartv'ei Estuary is on the
south-eastern Cape Coast in the vicinuig of the coastal resort
of Wilderness and comprises a lake connecied to the sea by the
eatuary. Tidal propagation in the estuary extedds to the lake,
where the maximum tidal range is of cthe order of 20 millimetres
with a variation in the wean level between spring avd neap
tides of 100 willimetres. Cross—sections of the estuary have
been obtained and tidal measurements made at s number points in
the estuary by the National Resserch Imstitute Eor Oceanology
(NRI0) of the CSIR. This data provides aun uwseful check on the
model. e

In the second application of the model, described in Section
4.3, a reach of Rietspruit is modelled under conditions of the
fifty year flood. As this is an ungauged wabercourse it is mot
possible to obtain flood flow records for comparisen with the
modes . ideally a reach of watercourse with two relatively
close gavging stations is required to test the model under
flood conditions,  Cross-sectious of the watercourse between

the gauvging stations are also required, However, it is of

value to examine the behaviour of the model with inflow hydror
graphe of different shapes and uteepnass. The effect of the
steepness of the wave fromt on the stability of the solution is
demonstrated and the limiting effect of the non~linesr stage=
area relationship common to watercourses such as tha Rietspruit
on the size of the time step is shown by introducing the same

hydrographs to a wide prismatic channel.




67~

4.2 The Swartvlei Estuary

The Swartvlei Estuary and lake system is shown in Figure 4.1.
The lake has a surface area of nine square kilomerres at its
average water level of 40,7 m above Land Levelling Datum {(LLD}.
It is largely flat bottomed, with a bed level in vhe deppest
section of -1l m LLb, Four rivers drain into the lake, the
Diep, the Kiein Wolwe, the Hodkraal and the Raratara rivers
which have a combined catchment area of about 350 square kilo~
metres. The estuary itself is some seven kilometres in length,
with a surface area of approximately one square kilometre and
comprises three sectioms. Tha upper estuary between tide
gauges 3 and 4 is about 2,5 kilometres long with a main channel
about 50 m wide im a 700 m wide flood plain. The middie
estuary, between tide gauges & and 5, is 3,5 kilometres loug,
but with a more comfimed flood plain. The lower estuary is
about 1,2 kilometres long and has a dyoamic chbavacter as 2
result of the strong tidal Elows. ) .
Cross-section data for the estuary was obtained from the WRXO
veport on the hydrographic survey of the estuary (NRIG 1975}
and that on the hydraulic study of the estuary (NRIO 1978).
The 47 aross-sections used are given in Appendix Cl, To pre-
vent the occurrence of negative water levels Jduring the
computation a constant of 3 wetres has been added to all
levels. Land Levelling Datum (LLD) thus corvesponds to +3,0
metres in the model.

Manning rvoughaess values have been selected to minimise the
contribution of the areas outside the main flow chanvels bo the
cooveyance of the section. This obviates the necessity for
defining sepavate widths for tha flow channel and for the flood
plain, the former being used in the dynsmic equation, the
latter in the continuity equation. For the main flow channels
the Maaning roughness was varied between 0,04 and 0,06, while
Eor the Elood plain the valtes were varied between 0,f and 0,3.

o rm ’
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1k is a requirement of the cross-sections used in the model
that they provide an accurate representation of che water
surface area of the estuary, and hence tne volume in the
estuary, at all depths of [low encountermd while modelling, It
can be seen from Figure 4.1 Lhat the cross-sections are gene-
rally at right angles to the flood plain and not to the main
flow cbannel. Gonsequenkly the length of the main channel
between two croga~sections iz in some cases longer than the
distance between Lhe tross—sections, To take account of this
the roughness coefficieats used in the main channel have been
inereased accordingly. Once the correct surface ares represen—
tation is obtained fromt the cross-sections, the selection of
the roughvess coefficients provides the chief calibration tool
in the model,

For the upstream boundary condition the inflow was given as
Q= 2a%/,, lo the application of the NRI0 model to the estuary
‘gero inflow was Eound to result in a net outflow frow the lake
while an inflow of 2 m°fy, cw.iesponding to the combined ave~
rage annual tnflow from the four rivers to the lake, was fouad

to vesult in & constant mean level ia Lhe lake,

For the downstream boundary condition in tha model the ocean
tide levels were used, reproduced by the simplified tidal
equation given in Section 3.1.3 by Bquation (3.1).  The
amplitude used for rthe semi-diurnal lunar {(M2) component was
0,68 metres and for the solar companent (52) was 0,35 metres,
These amplitudes correspond to those for the nearest ocean tide
recording station at Mossel Bay, some 40 kilometzes to Lhe
west, Although the recording station at Knysna is closer, this
ig situated on the Knysaa Lagoon and therefore does not ceflect
the ocean tide.  Mean sea level at Lhe mouth of the Swartvlei
estuary is 0,16 metves above LLD. To this must he added an
aillowance for the wave set~up &b the estuary month. In the
calibration of the NR10 wodel a wave set-up of 0,13 metres was
assumed, making the local mean sea level 40,29 m above LLD or,
with the constant added, +3,29 m above the model datum,
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For the ini ..t conditions a constant water level of +3,75
metres and a fir. of 2m3/s was used at all cross-sections. To
obrain a corresv.onding level of the tide from the downstream
boundary condition che time of the I:i_de was set to -19,33
hours. The model was than subjected to a number of stabilizing
runs of 160 hours, approximately 30 tidal cycles. 1In these
runs the valyes of the roughness coefficients ware varied for

calibration purposes,

The NR{O modsl was 'callbrated using measurements obtained
during the spring tide of 15th May 1976. Since these measure-
ments are plesented in detail in Ehe BRIO raport (NRIO 1978)
they have been used ro calibrate the model developed in rthis
project,

It was found that time steps of up to 0,5 hours could be used
in the calibration vuns with § = 1| although oscillations appear
in the solution, With ¢ = L the evrors in the mass balance cai-
culation fov the rum, ia which the change in volume in the
reach was compaved with the net {nflow Lo the reach over the
period of the run, were found to be as much as 20%. The most
satisfsctory results in terms of smooth outflow hydrographs
were obtained with 8 time step of 0,1 hours and 8 = 0,6. GCompu-
tational time for & 360 hour run oa the HP 9B45T machinme was
about four hours, With the secrion properties of the cross~
section caleulated individually for each sub-section and sum-
mated, ss deseribed in Section 3.2, the stabilizing runs were
taking 13 hours to compute, making calibration extremely time-
consuming. The graphical ocutput from a 360 hour rua is given
in Figure 4.2, ‘The sprisg tide cycle and its effect on the
lake water levels ave evident in this figure.

The period of the spring tide eycle as determined by the simpli-
Eied tidal equation is 354,4 hours, After the stabilizing run
of 360 hours the tide state ia the model corresponds to 340,67
hours, since the initial tide state was -19,33 hours. Imposing
a further two tidal cycles on the model after the stebilizing
run carries it kthrough the spring tide condition. The water
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levels and flows in the estuary after the 360 hour run were
therefore stored as initial conditions and 2 25 hour run
carried out, startiug th a tide state of 340,67 hours., The

results of this labter -:w. were then compared with the measured
data for calibration purposes. The output from the medel for

this rue are given in Appéndix C2.

The tidal eavelope for the estuary is given in Figure 4.3. Also
showii are the maximum and winimum levels weasured at the
various tide gauges during the calibraticn tide. - It can be
seen khab the ridal wave is increasingly damped as it moves up
the estuary from the sea. The damping is shtronmgest in the
lower estuary and is only slight in the middle estuary with
littie decrease {n the tidal range. The iacreased flood plain

width of the upper estuary causes further damping.

The water levels as wmeasured at the various gauges during one
complete tidal cycle are compared with those predicted hy the
model in Figure 4.4. The agreement between the predicted and

measured data can be regarded as satisfactory.

Finally in Figure 4.5 the flows through the estuary mouth as
measured and predicted by the model are depicted. Again the
agreement is close. It was found that the £low through the
estuary mouth was more sensitive to variations in the roughness
coefficients than was the tide lavels at the various gauges,
The maximum inflow bto the estuary therefore provided the fixst
indication as rhe whether the roughness values selected were
generally too high or too low and these were then factored in
.the next run. The vesults shown in Figuves 4.2 to 4.5 and pre-
sented in Appendix C2 were obtained in this way, with factors
of 1,5 and 3 vespectively applied to the main channel and flood
plain roughness coefficients given in Appendix Gl. Adjustment
of individual cross-section roughnesses was then carried out to
a very limited extent to obtain a2 reasonable fit between

measured and predicted tidal levels.
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4,3 The Rietspruit Watercourse

The reach of the Rietspruit to which the model was applied is
located in the Brakpan Municipal avea, upstream of the com-
fluence with the Withokspruit. The catchment area is shown in

Figure 4.6,

The area of the catchment at the head of the reach is 37 square
kilometres. With two tributaries discharging into the reach,
one with a catchment area of 19 square kilometres, the other
with a catchment ares of 6,5 square kilometres, the catchment
area at the downstream end is significantly greater, being 73
square kilometres. Because of the size of the tributary catch-
ment relative to the catchment at the head of the reach the
reach vhould be divided into subreaches and the model applied
to the chanrel network. However, for the purposes of this
project the veach has been left undivided since the model: cam
only be applied to single channel reaches, Furthermore &
reasonable length of channel is obtained thereby which has only
gradual variastions in cross-section shape and which has @ bed
slope flat encugh to result in suberitical £low in the reach

for the range of flows applied.

Cross—sections along the reach were cbtained from 1:2000 topo~
graphic mappiag with contours at 0,5 m intervals. The water-
course consists typically of a wide flood plain with no
defined channel; the definition obtained from the topographic
mapping is thus zcceptable. The cross-sections used are listed

in Appendix D.

The Manning roughness coefficients were selected in the range
0,04 to 0,05 for the deepes* sectionma of the crosa-sections,
and between 0,06 and 0,08 on the flanks, The vegetation in the
Flood plain varies from extensive reed growth to a thick veld
grass. In some areas maize is cultivated on the flood plain.
The denseness of the vegetal cover to the flood plain varies

seasonally; veld fires during ¢he winter woaths can
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denude the flood plain, the vegetation only reaching maximum
density at the end of the wet seasou. The values of the
roughness coefficient used are considered representative of the
watercourse in the middle of the wet seasan.

Three inflow hydrographs were used in the model runs, each
generated by the watershed model set up for the determinstion
of flood lines along the Rietspruit. The representative catche
ment Eoxr the reach was assumed to be that at point A in Figure
4,6 where the catchment are. is 61 square kilometres, In the
watershed model this catchment was divided into 14 subcatchments
for which time-area relationships were developed, The three
hydrographs were gegerated using the fifty year, four hour
storm over the catchment, the difference between them being in
the form of the hyetograph. used and Lhe degree of attenuation
introduced in the chanvels and two dams upstream of the reach.
Hydrograph Nos. 1 and 2 were generated using a Chicago type
hyatograph from which losses in the form of initial abstrac~
tions, surface detention and infiltracion were deducted, Hydro~
graph No.3 was generated using a rectangular hyétograph with a
wniform loss rate given as a fraction of the rainfall depth,
equivalent to the run-off coeflicient used with the Rational
Method, ‘The three hydrographs dre shown in Figure 4.7, ‘The
use of the Chicago type hyetographs results in hydrographs from
the individual subcatchmente which have & higher peak flow and
ave of shorter duratiom than those obtained using the rectangu~
lar hyetograph. For Hydrograph No, 1 routing constants were
selected s0 as to give what was expscted to be the normal attenm-
uvation through Lhe water course upstream of the reach. The
influence of the two dams upstream is marked, with the run-off
from the tributary catchment downstream of theé dams causing an
isolated peak in the hydrograph. With hydrograph No. 2 minimal
d in the hed, with the dams left
out of the model. The resulting hydrograph has three distinct

ion was i

pesks. For Hydrograph No. 3 limited attenuation in the chan~

nels and in the reservoirs was introduced, resulting in

hydrograph with a single peak and almost Lriangular shape,

Ry
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For the downstream boundary condition an artificiel coatrol
section was introduced, This cross-section was selected s0
that with critical conditions occurring at the section the
water levals at the adjaceat section are close to the umiform
£low levels for the ramge of flows encountered, This is equi-
valent to providing a single-valued stage discharge relation-
ship at the most downstream section based on the uniform flow

rating curve at the section.

For imitial conditions a backwater computation with a steady
flow of 10 m3/y was carried out. Prior to introducing a flood
hydrograph into the wmodel it is necessary to run the model
under steady state conditions for a period to allow initial
perturbations to propagate out of the system, Using the results
of the backwater computation as initial conditions a run was
carried gut using @ constant inflow of 10 m3/s. With a time
step of 0,01 hours and a value of & of 0,5, the Elow stabilizes
after a period of 200 time gteps, The maximum deviation in the
flow during the run was less than 1,4 md/g. Using a value of8
of 1,0 tha initial perturbations were anot more rapidly damped
out, the flow stabilizing after the same number of time

sktepa and with the same maximum deviation ia the flow.

The first run of the model was made using Hydrograph No.l, with
a time step of 0,01 hours and a value of & of 0,5. Parasitic
oscillations appeared 1in the sclution during the initial
steeply rising phase of the hydrograph. A comparison of the
inflow and outflow hydrographs iz shown in Figure 4.8, The
front of the wave reaches the downstream end of the reach after
about 1,5 hours, At this stage the flow decreases Lo almost
zero and then oscillates wildly, reaching a maximum of more
than 360 m3/g before couverging to a smooth curve.

The outflow hydrograph from the reach obtained after the second
run, in which the value of 8 was set at 1.0, ia given in Figure
4,9, The dip in the cutflow hydcograph is again evident after
about 1,5 hours, but the oscillations apparent in the solution
with 8= 0,5 do not oceur.

Ll
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According to Joliffe (1984), instability in four point schemes
can occur whes the time gtep 1is large relative to the wave
period, when the wave Eront approaches an abrupt form rather
than a graduslly varied one, or when the cross-section has a
highly non-iinear relationship between the depth and croas-

sectional area.

To check the effect of the size of time step on the solution
time steps in the range 0,005 hours to 0,05 hours were used in
2 nuwber of runs with Hydrograph No.l as the inflow hydrograph.
With s time step of 0,005 hours and ® = | the computation
stopped as a result of small depths occurring at the downstream
end of the reach during the dip in the outflow hydrograph. The
upper 1limit Eor the time step was found to be 0,02 hours;

longer time steps resulted in unstable behavipur inm the model.

Since the wave front resulting from Hydrograph No, 2 is steeper
than that from Hydrograph No. 1, while that from Rydrograph No.
3 is the Fflattest, the effect of the steepness of the wave
front on the sclurion can be examined. The outflow hydrographa
obtained when using Hydrograph No.2 and 3 are shown in Figures
4,10 and 4.11, The dip in the outflow hydrograph is evident
with Hydrograph No. 2 but it does not occur whea Hydrograph
No. 3 is wsed. It can be concluded that the dip is caused by
the steepness of the wave front reesulting from Rydrograph
Nos. 1 and 2.

By introducing the same three hydrographs to a wide trapezoidal
channel the limiting effect of the non~linear depth-area
velationghip typical of natuyral channels on the time step used
in the computation can be examined, The trapezoidal channel
used is 3,41 kilometres long with a hase width of 100 metres,
side slopes of 1:1, a loagitudinal slape of 0,1% and a Hanning
voughnesa coefficient of 0,03, A distance step of 200 metrea

was uged in the computation.

For each hydrograph time steps in the range 0,01 hours to 0,25

houra were used and the minimum values of 8 which resulted in a
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smooth outflow hydrograph were determined.

ave given in Tables 4.1 to 4.3 below.

These values of §
Where acceptably minor

oscillations were evident in the solution the value of § is

marked with an asterisk.

Time step Min value of ¢
¢hy

0,01 0,5

0,05 0,6

0,10 0,6

0,25 1,0

Peak Dutflow

{cumec)

157,5
156,64
155,7
140,0

Peak Outfloy
for g = 1
(cumec)
156,2
152,0
149,25
140,0

TABLE 4.1 Minimum values of ¢ - Rydrograph No.l

Time step Min value of 8
{h)

0,01 0,5

0,05 0,6

0,10 0,6%

0,25 1,0

TABLE 4.2 Minimwm values of p ~ Hydrograph No.2

Time step Min value of §
{n)

0,01 0,5

0,05 0,5

0,10 0,5%

0,25 0,67

TABLE 4.3 Minimm values of § - Hydrograph No,3

Peak Qutflow

{cumee}

189,1
188,0
88,8
178,6

Peak Outflow

{cumee)

223,1
223,2
224,0
222,9

Peak Outflow

for 8 = 1

{cumec)

187,7
184,1
181,7
178,6

Peak OutFlow
Eorg =)
(cumec)
222,9
222,0
220,9
218,2

4 og

4
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Tt is evident that much larger time steps can be used with this
channel than with the natural channel. On the assumption that
the solution with a ime step of 0,01 hours and @ = 1 is the
closest to the exact solution, the solutions obtained with time
steps of 0,1 houts are within about 1% of the exact solution.
Solutious were obtained usiag time steps of 0,25 hours with
8 = | for Hydrograph Nos, 1 and 2 and with & = 0,67 for Hydro-
graph No. 3, although these solutions are somewhat damped, The
longest time step that could be used with the natural channel
was 0,02 hours, This Llimitation is therefore caused by the
non-linearity of the depthwarea relationship of the natural

channel cross-sections.

The effect of the steepnesy of the wave front on the stability
of the solution is again evident in Tables 4.1 to 4.3. Gene-
vally the value of @ required to obtain a swooth outflow hydro-
graph is higher with Hydrograph Nos. 1 and 2 thas it is with
Hydrograph No. 3.

The selection of the size of the time step and the value ofg
is far more important in flood vouting computations than it ls
in tidal computations, Where the time step is small relative
to the period of the flood wave rhe solution is insensitive to
the value of 6.. Unless the stage-avea relationship of the
agtural channgl is almost iinear, implying a well~defined
channel with no flood plain flow, the usz of shork time steps
and values of @ between 0,75 and 1,0 is recommedded for the
inicial runs. Lower velues of O can be tried should subsequent

runs be carried out.
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5. SUMMARY AND CONCLUSLON

5.1 Summary

Flood routing computations are requived tu trace the changes in
a flood wave as it progresses down a river channel. These
changes in the shape of the flood wave cam be significant where
the flood wave originates in urban catchments characterized by

sharp-p d run-off hy b and where the amount of

storage 1in the viver chaunnel is significant relativa to the

volume of the flood.

The passage of & flood wave in a river chaunel is a form of
gradually varied Flow described by the de St. Venant equations,
Generally flood rauting computations are based on simplified
forms uf these equations, the complete equations requiring
complex numerical techniques For their solutinn which are somé-

what demanding on compuber rasources.

The simplified methods can be classified according to which
terms are left out of the de St. Venant equations, In their
most simplified form vthe equations form the basis of the
kinematic models of which the Muskingum method is a well-known
and commoniy used examgle. Thes2 models incorporate artificial
damping of the Flood wave and the degree of atteouation is
dependent on the routing parameter @ and k. These parameters
must be ostimated from histerical flood data although in some
m¢thods they can be derived from the channel properties.
Because the kinemabic models aorve based on a single valued
rating curve, erroxs cam occur where the tating curve exhibits
a loop, 1In the Roussis model dynamic effects can be included
to a limited extent but, as Ffor all kinematic models, backwater
effects are ignored,

The approximate dynamic and diffusion analogy models include
the cvesistance Lerm in the dynamic equation aad can therefore

reproduce backwater effects. However, bocause the inertia

T
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terms are not included the effect of the variatiom in velocity
tead on the flow profile is not reproduced. These models have
greater applicability than the kinematic models and can be used

for most flood routing computa-ioms.

The complete dynamic models, those based on the complete de St.
Venant equations, can be classified according to the type of
numerical scheme used in their solution. The char:tteristics
based methods are not widely used for industrial models. They
do serve as a check on other methods since their solution can
be Drought as olose to the exact solution as is desired and are
also used to determine boundary conditious within other modele.
Explicit finite difference schemes are relatively simple to
program. However, restrictions od the time step used in the
computation brought about by the Courant-Lewy~Friedgtichs
conditions for stability severely limits their applicability.
The implicit finite difference schemes have no restriction onm
ttie' time step providing & reasonable .description of . time-
dependent boundary conditions is obtzined.  These schemes are

used extensively in industrial modeliing.

The finite difference scheme used in the model developed in
this prejact is based on Verwey's variant of the Preisswan
scheme, The Preissman scheme 1is well documented and iks
stability has been thoroughly investigated by vaxious .re-
searchers.  Although its formulation is extremely complex it
has the advantage that only one iterabion is required at each
time step. Verwey's scheme is simpler bunt “equires two itera-
tions per Etime step to obtain & satisfactory solution, The
discretized equations ave written in terms of the variables at
the Four adjacent pofate (i,n), (i+1,n), (i,n+l) and (i+l,m+l).
The scheme uses the double sweep algorithm for thz simuitaneous
solution of the unkmown dependent variables at all points in
the reach at the new time level. Ove boundary condition is
requited at each end of the reach Lo close the set of equa-
tioas, Usually an inflow hydrograph is provided at the up-
stream end and a stage-time (tidal) or. stage-discharge equation

at the downstream end. To initiate the run the flow and water
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level must be defined at all points in the reach. Generally
this is given by a steady state flow throughout the reach with

the associated backwater curve defining the water levels.

In the model cross-section data is arranmged in the form of &
series of distance, ground level and Manning roughness values
for .2ach poidt 1in the cross-section. Cross-section dara is
stoved on i file using & separate data handling program. The
data is stored im a form compatible with that used in a back-
water program developed by the writer. This has the advantage
that the backwater program can be used to compute the initial
water surface profile in the reach with a steady state flow
that is some fraction of the peak flow of the inflow hydrograph.
Reservoirs and lakes can be included in the reach, usually at
the downstream end with the outlet characteristic defining the

downstream boundary condition.

Toflow hydrograph dae is provided in Ehe Eo¥w of a series of
points on the hydrograph. Allowaisce has been made in the model
for conversion routines to convert hydrographs generated by a

hydrological model to the form used in the model.

A numbex of options are available in tbe wodel at présent for

ning the right haad boundary condition. Either & stage-

discharge relationship, usually in the form of critical condi-
tions, or 2 stage-rime relationship, usually a tidal condition,

can be selected.

Doth the weighting coefficient © and the size of the time step
affect the solution. For walues of ¢ less than 0,5 the scheme
is always unstable. With © betweenm 0,5 and 0,6 parasitic
oscillations appear in the solution far values of the Courant
Wumber greater than unity. Values of § between 0,67 and 1,0
generstily yield stable results. The value of the time step
must be selected to adequately describe the time-dependent
boundary conditions. Instability in Lhe scheme can also avise

when the time step is long relative to the flood wave period,
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when the wave front approaches an abrupt form and when the
stage-ares relationship of the channel cross-section is highly
non~linear, Shortening the time step in these circamstances

will generally eliminate the instability.

In the main computation the section properties have to be calou-
lated at all points in the reach for each ireratiom, i.e. twice
per time step. Inikially the model was set up such that these
values were calculated for each &ub-section ia & cross-section
and then summated for the cross-section. This wae found t. be
a very time-consuming part of the calculation and a routine was
devised in which a table of values of the section properties at
discrere water levels is set up for each cross-section. The
zanqiired values at intermediste water levels can then be inter-
polated., This routine was found to reduce «Hw computation time
by a factor of 3. ¢

The model is set up &#uch that the dependent variables are
continuously overwritten, only the current estimates of the
unknown dependent variables ai th ~aew time level and the krown
values from the previous time level being retsined in memory.
A printout of the solution after each time step can therefore
be obtained to provide a detailed deséription of the simula-
tion. At the end of the run a plot of the inflow and butflow
hydrographs can be obtained and the maximum flows and water
levels at each section are rabulated. The vesults of an
independent mass balance calculation are also printed, This is
based on a comparison between the difference in the volume in
the reach at the start and end of the run and the aet inflow to
the reach over the period of the simulatiom.

The model was applied to two different flow situations. In the
firat application the tidal motion in the Swartvlei Bstuary and
lake system was modelled. The estuary has been modelled by NRIO
and tide gauge readings at a number of points in the estuary
are available, A hydrographic survey of the estuary was carried
out by NRIO and with this data, together with the tide gauge
readings, @ check on the model could be made. Using a constant

iaflow of 2 m3/g to rhe lake and a tidal water level defined by
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the simplified tidal equation as the boundary comdition at the
sea the model was able to reproduce the measured water levels

to within about 50 mm.

In this application a time step of 0,1 hour was used, with a

value of the weighting coefficient 6 of 0,6, Errors in the

mass balance of about 1i% were found to oceur with this value
of 8,

In the second eapplication a reach of the Rietepruit was

modelled using the £ifty year flood hydrograph. The Rietspruit

catchment falls within the Brakpan municipal area and is gene—
rally zoned for residential development. The water course com-
prises a wide flood plain with no defined channel for which vy 3

cross-sections wece obtained from 1:2000 topographic mapping: N U
Three hydrographs of different shapes and steepness were i
genexated using the watershed model set up to determine the N w
fifty year flood lines along the reach, The steepness:of the
wave front occurring in the channel was found to affect the %
stability of the computation, For the steeper hydrozraphs an
oscillation occcurs at the froat of the wave which cam destroy : *
the solution. This effect limits the size of the time step to v

about 0,02 hours, The stability of the computation was alsc
found te be affected by the degree of non-linearity in the

depth-ares relationship of the crosswsections used. By imtro-

ducing the same hydrographs to a wide prismatic channel, time

steps up to 0,25 hours could be used in the computation without ot
any evidence of the oscillation at the wave froat. In a
comparison of the peak outflow from the reach obtained for time

steps in the range of 0,0l hours to 0,25 hours with wvarious

values of 6 it was found that using & short time step with ¢ = o ¢
1
1 generally yields results which are within 1% of those ob- o i
|

tained with the minimum value of § For which a smooth solution i

is obtained for the same time step. Using a longer time step o H
the wrror in solution with § = I increases, values of @ between '
0,67 and 0,80 being necessary to improve the solution. :




5.2 Gonclusion

A flood routing model has been developed which is suitable for
application to single channel reaches where suberitical condi~
tions prevail. It has the advantage over more simplified
techniques that routing constants do not have to be estimated,
the cross-sections of the water course with estimated Manning
roughness coefficients being entered in lieu theresf. Further—
more, since the wodel outputs the maximum water level reached
by the flood along the reach it is not necessary to carxy out

ions kLo i these levels, as is often

required with simplified models, and no additional data than

would be used for a flood line calculation is vequired.

In its present form the wmodel could be included in a mulriple
channel watershed model where backwatér influences between
chavnels ave negligible. Further development would permit the
modelling of dendritic channel mnetworks whare inter~chanmel
backwater effects are taken into account. In specific
applications the model could be expanded to include internal

bounddry conditions such as weirs, bridges ete.

T %
i i
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APPENDIX Al :
YUSER INSTRUCTIONS - FLOOD ROUTING PROGRAM : FLOW MOD

The model was written on an HP9845ST with 1,2 megabytes of
random sdccess wemory and the Struckural Programming and
Advanced Programming ROMs (Read only memory). The system is
connected to a Shared Resource Manager (SRM) with 64 megabyte
disc storage. TData files can be read either from the SRM or

from a local dise drive.

N Setting the DefasulX Mass Storage Device

After the program is loaded and the RUN key pressed the folle-
wing prompt appesrs on the screen :

Local (L) or Remote (R)

The user enters (L) for a local mass storage unit such as one
of the built-in tape drives on the HP9845 or a floppy diec
drive, The prompt

Enter the local device address (e.g. :17,0,1)
then sppears on the screen, to which the user can vespond accor-

ding to the type of storege devics.
For an SRM based system the user enters (R). The prompt

Enter the directory path
then sappears and the user enters the path te the directory in
which the data Files ave stoved or are to be stored

When the program is Te-run the prompt

CURRENT MASS STORAGE IS (CONY if OKAY -~ LEAVE BLANK TO RE-
ENTER)

together with the last entered storage device address is
displayed, 1f the address is atill applicable the wser simply
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presses the CONT key. To change the device address to user
first clears the line and then presses the CONT key; the
program then resumpa operation as described above after switch-

on.

2. Cross-section data eatry

The cross-section data file is read next. fThe user enters the
name of the cross~gection data file when the prompt ¢

Enter name of data: file containing eross-section data?

appears on the screen. The data file is created using 2 sepa-
tate program "BAUKDATA" for vhich the user instruction are
given in Appandix A2. The program assumes that the cross-
sections are ordefed from the downstream end of the reach to

the upstream end, s is rvequired for a backwater computation.

3. Bektting of the time-step, totel run time snd waighting
coefficient

These are enteved nhext with the appaarance of the prompt :

ENTER TIME STEP, TOTAL RUN TIME (HOURS) AND WEIGHTING COEFFI-
CIENF. The time step and total run time are given in hours.
The time step shotld be between 0,01 and 0,25 hours, depending
on the steapness of the inflow hydrograph and the irregularity
of the channel. Tor normal flood routing in natural channels a
time step of 0,01 hours is recommended., For prismatic channels
the time step can be incremsed to 0,1 hours. For tidal compu-
tations a time step of 0,1 hours can be used with natural
channels.

The only limitation on tha total gun bime is that it should not
exceed 5 000 time steps. The inflow hydrograph data ghould
span the total run time,




.

The weighting coefficient must be between the limits ot 0,5 and

1,0, It i desirable to have it as low as possidle so as to

veduce numerical damping introduced by having it greater 0,5, 2

However, if a small time~step is used, the numerical damping =
becomes insignificant and a weighting coefficient of 1,0 can e - 4
used., A practical lowar limit for the weighting coefficient is it :
about 0,67; values lower than this often result in parasitic ; E
oscillations appearing in the solution. .
! 4y Inflow Hydrograph Data Entry 5
- 3
"‘" Ll The following options are printed on the screem for the inflow
E. hydrograph data eatry @

. 8 INFLOW HYDROGRAPH DATA :
. & READ DATA FROM FILE : - -
ol 1. Illudas gemerated 8 '

' 3 2, WITWAT generated B

; 3. Generated by option 4 below -
"l 4, ENTER DATA MANUALLY g
1 select option (1, 2, 3, or 4) K
Con ok Options 1 and 2 : 1
N The first two options are not as yet operative. il
Option 3 : 2
L E Selecting option 3 causes the following prompt ¢ H
NAME OF HYDROGRAPH FILE? >
After the ame of the File is entered the opportunity is given :
. to factor the ordinates of the inflow hydrograph with the
prompt ‘;
K DO YOU WISH TO MULTIPLY ALL INFLOW ORDINATES BY A CONSTANT? ;
] 375}
To factor the ovdinates of the hydrograph as read from the data i : B
file the vser enters Y which causes the prompt ;
ENTER THE CONSTANT ‘:
I
i : i t
1 : s
B i
; e ;
"% . . ‘
= Y Y e o
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If no factoring is required the user enters N to the above
question.  This facility is useful wvhere the hydrograph is
generated using unit hydrograph techniques. The ordinates of
the unitgraph ave then stored in the data file and hydrographs
of various recurrence intervals can be obtained by entering «
factor equal to the excess rain For the associated recurrence

interval and storm duration,

Option 4 : Enter Data Manually

Where the inflow hydrograph data has not been entered pre-
viously and stored in a Eile it must be entered manually. This
is done by selecting option 4 from tle abave list of optiecnms.
The data entared in the form of time and flow co-ordimate pairs
with the following prompt appearing before each pair is

entered,

ENTER TIME (HRS) & INFLOW (M3/8) - (CONT WHEN FINISHED)

As each pair is entered it is printed in tabular form on the
scraen, Once all data has been entered the user presses the
CONT key leaving the entry line blank. The data can then be
edited, the prompt

DO YOU WYSH TO MAKE ANY CHANGES TO THE ABOVE DATA? (%/H)
appearing on the screen.

To correct the data entered tha user eaters Y and the prompt
ENTER NO. OF POINT TO BE OCHANGED - (CONT WHEN FINISHED)
appears. After the number of the poiat to be changed (say
point 5) is entered the current values of the time and flow
co-ordinates for point 5 are displayed in the entry line
together with the prompt

TIME, INLFOW for point 5 dieplayed below, change as required,
The user can re~¢énter the rsowordinate psir entirely or, by
moving the cursor to the appropriate position, change selected
digits, The next point can then be edited. To exit the data
editing moda the user leaves the eatry line blank and presses
the CONT key when prompted For the number of the point te be
changed.
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The inflow hydrograph cak then be stored in a data file. The
user is asked for-the mame of the fils.

ENTER THE NAME OF THE FILE IN WHICH ¥OU WISE TO STORE HYDRO-
GRAPH. DATA.

The length of the file name must obviously comply with the
vequirements of the skorage device, being a maximm of 6
eharacters long for local devices and 15 characters for the
SRM.

5. Specifying the Downstream Boundary Couditions

Pive options are available for specifying the downstream boun-
dary conditions wheih are printed on the screen as folluwe
RES BOUNDARY CONDITIONS

Stage-Time relationship giveu

1. Tidal Equation (M2 and 52 components only)

2. Water level at discrete time intexvals

Stage-Discharge relationship given

3. Critical conditions
4, Weir-type formula
5. Rating curve co~ordinates.

Select option (1, 2, 3, 4 or 5)

Only options I and 3 have been developed so far, these being
the most common.

Option L - Tidal equation :
The form of the equation and an explanation of the terms is
printed on the scrcen as Follows :

TIDAL EQUATION

LEVEL = MSL + Am2 * SIN (2 * PI * T/fm2 + As2 * SIN
(2 * PX #(T + Phi)/Te2)

B
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Where MSL = DATUM FOR MEAN LEVEL
Am2 = AMPLITUDE OF M2 COMPONENT
As2 = AMPLITUDE OF S2 COMPONENT
‘Tw2 = PERIOD OF M2 COMPONENT (= 44714s)
Te2 = PERIOD OF $Z COMPONENT (= 432008}
‘n. = PHASE DIFFERENCE BETHEEN M2 and §2 COMPONENTS

ENTER Msl, Am2, 492 (all in metrea) and the Phase Diffexence

(seconds)

The four valuee ara entered, separated by commas. To achieve a
constant water level as the downstream boundary condition; the
amplitudes can be entered as zeros. The hour of the tide is
then entered with the prompt :

BOUR OF TIDE (6 TO 3,125 end 9,375 T0 12,5 RISING, 3,[25 10
9,375 FALLING)

By means of the -alues of Phi and the hour of the tide the
state of the tide in the spring-neap-spring cycle aL the start
of the computation can be Fixed, With both values set to zero
the compuation starts with a apring tide; with Phi set at Ta2/2
and the hour of the tide set to zero, it starfs with a neap
tide. Similarly with Phi set to zero and the hour of the tide
set to half the spring-neap-spring cycle period of 354 hours,
the computation starts with a neap tide.

The values of Msl, Am2, Phi and the hour of the tide are prin
ted on the scraen. The user has the chance to corvect any
errors made on entering the data when the prompt

DO YOU WISH TO MAKE ANY CHANGES TO THE ABOVE DATA? (¥/N).

1f ¥ ie entered the user can re-snter the data for the tidal

equation in the manner described above.

Ry

Y .



Option 3 - Critical conditions :

If option 3 is selected, i.e. critical conditions specified at
the downstream boundary, no further information is required to
describe the boundary goudition and the initial conditions can

then be specified 25 dnscribed below.

6. Initial Conditions

There are thvs two options for entering the imitial conditions

which are displayed on the scresa as follows :

INITILL FLOWS AND LEVELS GIVEN AT EACH SECTION
1. Enter data

kN Read data from dise

%uter option (1 or 2)

Option ) - Enter data

The data is eutered in the form of thé flow znd level at each
cross-section. The program prompts the user with

AT SEGTION ...... ENTER FLOW, LEVEL

The value for the flow and level Ffor rhe particular section are
entered, seéparted by a comma, As the data is entered it ig
tabulated on the screen. After the initial data for all croas~
sactions has been entered the data can be edited, The editing
routine is entered by eantering (Y) to the prompt :

DO YOU WISH TO MAKE ANY CHANGES TO THE ABOVE DATA? (Y/N}

The data for any section can be changed by entering the number
of the section when prompted.

ENTER THE SECTTION AT WHICH EDITING REQUIRED (CONT IF FINISHED)
"he current values of initial flew level at the particular
section are then displayed together with the promp:

¥B1T INITIAL FLOW, LEVEL AT SECTION ...

ang the user can either re-enter the data line completely or
change nelected digits in the displayed data line using che

enrsor.
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The editing mode can be teiminated by leaving the entry line
blank when prompted for the number of the sectiom at which edit-

ing is vequired.

The ipitial data is then stored in a data Eile for possible use
in other runs., The name of the file is entered when the follo-
wing prompt appesrs on the screen :

ENTER NAME OF FILE FOR STORING INITYAL DATA.

Program operation then proceeds with the selection of the form

of the cutput for the rum.

Opticn 2 - Read data Erom disc

The name of the data file containing the initial data is reques~
ted with the prompt :

ERTER NAME OF FILE IN WHICH INITIAL DATA IS STORED

The file containing the ipitial data can either be created as
described under option 1 abave or it can be created using the
tesults of a backwaver run. This Iatter method i the most
convenient. The backwater prograw uses the crosg~section data
£ile and requires only the steady state flow in the reach to
determine the steady state backwater profile. The results
obtained using the backwater program are fairly consistent with
those obtained from a steady state analysis by the model and
thus the period required to stabilize the system prior to
imposing an unsteady condition on the medel is usually not

significant,

7. Selection of Type of Qutput

There are three possibie forma of printed output from the
model. Since the values of rne flow and ievel at all points in
the computational grid are not retained in memory. the printed
output provides the only detailed record of the run. The

options are displayed un the screen as Follous !
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OUTPUT TYPE
1. Flow and level at all time steps
2. Flow and level st selected time intervals
3. Flow and level at selected cross— sectioms.

Enter option (1, 2 or 3)

Option 1 : Flow and Level st all time steps

With option 1 the results of the computation at all croes—
sections are printed after ach time step. Where the time step
is small relative Lo the total run rime the amount of Cthe
print-out is excessive and it is preferable to select option
2 or 3.

Option 2 : Plow and Level at selected time intervals

The results of the on at all ions are

printed after a selected time interval, The time interval is
entered after the following prompt :

ENTER THE TIME INTERVAL (in hours) FOR OUTPUT
The time interval entered should obviously be 2 whole number of
time steps.

Option 3 : Flow and level at selected cross sections

This option gives the most compact form of output, The data
for up to five cross-sections is output at selected time
intervale. The cross-sections at which the output is required

arve entered with the prompt.

Enter the cross—sections at which output required
(Max. 5 - eg. 1,5,8,23,44)

The tlme intervai for output is then entered as for Option 2
above,
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8. Changing Data for a New Run
After 2 run is completed the user is given the facility to
changa part of the data and re-run the model. The optioms for

changing the data are displayed on the screen as follows :

CHANGE DATA FOR NEW RUN

k. Crogs~gections

2. LHS Boundary conditions
3. RHS boundary conditions
&, Initial conditions

5. Theta

6. . NO CHANGES - END OFF.

SELECT OPTION (1, 2, 3; 4, 5 or 6)

The program loops back Lo the list of options after each data
change, allowing more than ome set of data to be changed, uatil
the entry line is left blank and the CONT button depressed, in
which case the new run is started, or opition 6 is selected. If
uption 6 is selected program execution is %erminated. If the
entry line is left blank and the CONT bukton ie depressed the
type of output required is requested as is described in Section

7 above. The remaining options are described below.

option 1 : COross-section data
The new cross-section data is entered as desecribed in Section 2

above.

Option 2 : LHS Boundary Conditiony

The new time step and total run time ave First entered. These
are requested by prompt

ENTER TIME STEP, TOTAL RUN TIME (HOURS)

Both quantities should be given in bours, The inflow hydro-

graph data is then requested as is described in Section 4.

LA
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Option 3 : RHS Boundary Gonditions
The new downstream boundary coidition is entered as described

in Section 5.

option 4 : Initial Conditions

The user has the facility to use the state of the reach at the
end of the previous run as initial conditione” for the new runm:
D0 YOU WANT TO USE DATA FROM PREVIOUS RUN AS INITIAL
CONDITIONS? (¥/N)

If Y is input the program requests the name of the file im
which the initial conditions are to be stored, If N is input

‘the new initial conditions are input as described io Section 6.

Option 5 : Theta

Thi: new value of the weightiag coefficient Theta is requested
with the prompt :

ENTER VALUE FOR THETA BETWEEN 0,5 and 1,0
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APPENDIX A2
USER INSTRUCTIONS - CROSS-SECTION DATA IKPUT PROGRAM : BAGKDATA

This progrem creates a data file containing tbe crosz-sections
of a river reach required for use in the one-demensional flow
model FLOW MOD or in the backwater program GAGKWATER, The file
name is made up of the prefix YReac' and the number of the
reach, which can be between 0 and 99 inclusive.

The program begins with the setting of t.e default mass storage

device.

After the progeam is loaded sad the RUN key preseed the follo-

wing prompt appears on the screen
Local (L) or Remote (R)
The user enters (L) for -2 local mass storage unit such as one

of the built-in rape drives on the HP9845 or a floppy dise
drive. The prompt

Enter the local device address (e.g. :H7,0,1}

then appears on the screen, to which the user can respond accox-

ding to the type of storage device.

For an SRM based system the user enters (R}, The prompt

¥nter the directory path
then appears and the uper enters the path to the directory inm
which the data files ave stored or axe to be stored,

- { When the program is re-run the prompt
i? CURRENT MASS STORAGE I3 (CONT if OKAY ~ LEAVE BLANR 10 RE-
i ENTER) .
; together with the last eatered stovage device address is ® ]
] . .

i displayed. If the address is still applicable the user aimply b B
T presses the CONT key. To change the device address to usar
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First clears the line and then presses the COND key; the
program then resumes operation ss described abave after switch-

on,

The number of the reach is entered when the following prompt is

displayed on the screen :
Enter the Rear™ number - (CONT IF FINISHED)

The program checks whetber & data file for the reach number en-
tered already exists ab ‘the default mass storafe address and
reads the file into memory if it does. The main memu for the
program is then alsw’ “ on the ascreen as follows ¢

DATA FOR REACH ..

1. ' ENTER CROSS SEG.._.. DATA

2. PRINT BARD COPY OF CROSS SECTION DATA

3. EDIT CROSS SECTION DATA

4. {UN BACKWATER PROGRAM WITR DATA FOR REACH ...
5. ENTER A REW REACH

ENTER OPTION (1, 2, 3, 4 or )

Option 1 : Enter cross section data
The data for each peint in the cross-section is entered with

the prompt :

ENTER DISTANCE, LEVEL, MARNING N ~ (CONT WHEN FINISSED WITH

TRIS SECTION)

The distance given is that from some arbitrary origin in the
crose~section. The three quantities entared must be separated
by commas., As the data for each point is enteved, it is dia-
played in tabular form on Lhe screen. Once all the poiats in
the tvoss-section have been entsred, tha user leaver the entry
line blank and depresses the CONT «<¢y. The user then has the
facility to edit the data just entered :

DO YOU WISH TO MAKE ANY CHANGES TO THE ABOVE DATA? (Y/N)

¥

5 i, R

T

7
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Entering Y to this prompt allaws the user to change the data
for the cross-section just entered. Tt is only possible to
change data for othet cross-sections once all data has been
entered by selecting Option 3 from the wain manu, The editing
of data is discussed further under this optiom.

Once the changes to cross-section huve been made the next
crass-section can be enterad. The distance between the last
entered cross-sechion and the cross-secion wbout to be enteraed
is requested with bhe prompt

CHANNEL LENGTH BETIWEEN SECTION ... AND ... (CONT XF .,. IS LAST
SECTION)

If the last cross-section entered is the final cross-section in
the veach the user laaves the eatry line blank and presses the
CONT key, The data for the reach is then stored by the pregram
and the main menv i displayed, If a distance is entered in re-
sponse Lo the above prompt the dats at each point in the cross-

section is then entered as deseribed above.

Option 2 1 Print hard copy of cross-section data
A print out of the eross-section dats For the reach on the ther=
oal printey is obtained if this aption is seletted.

option 3 : Edid crozs-saction data

Three options ars available for aditing the sroas-section date
For a reach which are displayed as follows ¢

EDILING OF DATA FOR REACH .,

i INSBRT A NEW CROSS SECTION
2. CHANGE EXISTING DATA
3. DELETE A CROSS SECTION

ENTER OFFION (1, 2 or 3) - CONT WHEN FINISHED

Edit option 1 : Insert a new cross-section

The numbsr of the cross-section immediately below the one to be
inserted {a firet entered. The prompt is :

ENTER NO. OF CROSS SECTION BELOW NEW SECTION
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The distance from the adjacent lower-numbered section and the
data for the crong-section are then entered as described under
Option 1 sbove,

It should Ve nofed that the distance between the section inser~
ted and the adjacent higher-numbered section retains the value
of the distance interval into which the section was inserted.
The length of the reach thus increases by the distsnce between
the inserted section and its adjacent lowar-numbered section,

Edit Option 2 : Change exicting data

The user first enters the number of the cross-sectin to be
changed:

WHXCH CROSS-SECTION 00 YOU WESH TO CHANGE? (GORT WHEN FINISRED)
After a cross-section has been changed this prompt is again
displayed to alluw aay numbar of cross-sections to be altered.
Once all changes have been made the user lesves the entry line
blank and presses the CONT key. The program then reverts to
the Editing Menu.

When the user has enteved the number of the cross-aection to be
changed the following prompt is displayed :
DO YOU WANT 70 CHANGE THE WHOLE SECTION? (Y/N)

Entering Y in response to this prompt allows the user to com~
pletely redefine the cross-~gection, Data entry for tha cross-
section then follows in the manner described under Optien 1
apove. Entering W in responss to the above prompt allows the
uger ko change individual poinks in the cross-section, The
distance betwesn the section amd the adjacent lower-numbered
section can bo changed when the following prompt is diaplayed :
CHANGE THE DISTANCE BEIWEEN SECTION .., and SECTION ...

The currvent value of the distance is displayed In the data
epiry line. 1If no change js veqaired the usar merely presses
the CONT button; otherwise the new distance is eatered, The
next prompt is :

WHICH POINT DO YOU WISE TO CHANGE IN CROSS-SECTION ... (CONT
WHEN FINISHED)
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When the number of the point to be changed is entered the
current values of the distance, level and Manning toughneds
coefficient for the point are displayed in the data entry line
together with the prompt

CHANGE DISTANCE, LEVEL OR MANNING N AT POINT ...

The user can then change the values aé required, The data for
the cross-section is then printed om the screen and the next
point to be changéd can then be eptered. If the entry line ig
left blank snd the CONT button depressed wl"fn the prompt Efor
the aext point to be changed in the cross-section is displayed

A the next cross-section can be changed.

: Bdit Oprion 3 : Delete a cross-section

‘The aumber of the cross-section to be deleted is requested with
o W the prompt :

WHICH CROSS-SECTION DO YOU WISH TO DELETE? (CONT WHEN FINISHED)

B . Leaving the eatry line blank causes program operation Lo resume

with the menu for the editing options.

2 8
; ] It should be noted that deleting a cross-section results in the
[ renumbering of sll higher numbered cross-sections, If a numben
L3 of cross~sections are to be deleted they should be deleted in

N order of decreasing magnitude.

When ao Eurther editing is required the user exita edit mode by
leaving the entry line for the editing menu blank. The program

5 thed stores the data. If a data Eile umder the reach number
RN & already exists the user is given the optiod to change the reach
! number or purge the sxistlng file :
ENTER & KEW REACH NO, OR PURGE FILE Reac «..

The £ile muat be purged manually by typing in

PURGE “Reac X"

Where X is the reach number, and pressing the EXECUTE key.

5 Presaing Lhe CONT key thereafter will vesult in the new dats
R file bping stored under this name.

Option 4 : Run backwarer program with data for Reach ...
Seleating this option results the backwater program "BACKWATER"
being loaded.

e TR
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Option 5 : Enter a new reach
This option allows data for a naw reach to *e entered. Program N
operation resumes with the number of the new weach being

entered.

\
i

N
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APPEADIX B1 : PROGRAM LISTING ~ FLOW MOD
18 | “FLOK_MOD" | OME DIM. FINITE DIFFERENCE
20 | OPEN CHANNEL UNSTERDY. FLOW MODEL
30 | BASED ON de St Venant EQUATIONS AND SOLVED USING
48 | THE PREISSNAN SCHEME AS MODIFIED BY VERMEY
50 |
68t DIMENSION ARRAYS
7a |
80 OPTION BRSE
5@ CONM Ristance(180,20),Npc108), Level1(203,Nann(20),PathsL50], Devicasl201,Ry
h
186 DINM Reach(19@,29,3),Points(160),Lx(1@0)
118 | Section Propertiest
128 DIN Areal<18@),Arza2(180),Area(16887,Bsurii(198),Bsurf2¢108),Alpha2(100),B
surf(ieod
13¢  DIH Bwtal(100),Betal(188),Dx(1005,X(108), Yboy (108, Gg{ 186, 180
146 DI% Level (108,203,B(18@,20),Ar(108,20),P(108,20),A1phal100,28),Betal100,2
a> Polntenc20),Hn (108,20, Countent 100
{5 TIM Npiéioe)
1so | Boundary and Initial Conditions:
176 DIN G_1hs(S808>,0_rhs(S000),8_discrete(5080),Stage( 100, St age_out (100)
e 168 DIN G3tart<180>,YSrart<100), Y 1hs (50085, ¥_rhs{5000)
192 | Coefficients:
‘ 208 DIN RR(10@),B1¢188),B2¢100)
218 DIM C2{1063,P1<100),02¢100),E1¢180>,E2¢100),F(168),6¢100),H(10G), 1C10a)
° 220 DIN $<1DBY, h(lu@> K1¢180),K2¢188), Paral<108),Para2¢100>,Parad(10d)
s 239 | Main Variable:
: 246 BIN Q1¢188), uz<1ae> ¥1¢108),Y2(108),Gnax<180,2), Ynax{109,25,Amin(109),¥n
n¢iae>
286 ) Dupuy_controi:
266 DIM Cross_print(2e)
2@ 1
286 t DINENSION STRINGS
P« 290
¥ 300 DIt £ditsrgel
- i 316 1
320 | SET_CONSYANYS AND DEFFULTS :
330
348 PRINTER IS 16
¢ £ 356 |
366 Theta=.§
o 370 Psiw.S
= 988 N_factor=l
O 398 % Complete=i
E 400 5l
¥ 410 1
1 420- | MAIN CONTROL ROUTINE
8 436 | ;
P o~ 448 GOSUR Storage_device t SETS NASS STORRGE DEVICE
N 450 GOSUB Pata_lnput ! DATA INPUT MASTER ROUTINE
460,  LDO®
476 GOSUB Main_calc { CALCULATION MASTER ROUTINE
. 480 GOSU'B Dava_change { ALLOWS CHANGES TO DATR FOR MEXT RUN
49 ERIT IF Gp_ch#e"5" ! EXITS IF ND FURTHER RUNS REQUIRED
500 GOSUB Dltput_type ! SETS PRINT INTERVAL FOR NEW RUN
$18  END LOOP
5280 STOP
", s3@ [ <
b
¢
.
¢ g " ' B3
: .
- a“ E - ey ¢ S
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BATA INFUT Levels

1

566 Data_input?

~57e
Sae
5%@

69a

700 Main_calc:

’le

11€e
*y
1re

GOSUB Cross_wect
GOSUB Redin

t REBIMENSIONS RRRAYS

THPUT "ENTER TIME STEP , TOTAL RUN TIME (HOURS),Weighting coefficient THE
TAY, Dt 1, Tnax, Theta
666" De=Dyiszeee

GOSUE Lh_bound
GOSUR Rh_bound
GOSUB Infv_cond
GOSUB Output_type

RET

URN

SETS LHS BOUMWD.
SETS RHS BOUND. COMDITIONS
SETS INITIAL CONDITIONS

SETS INTERVAL FOR PRIMT OUT

COHDITIGHS

Level

1

'NRIN CRLCULATION

Run=Run+1t

MAT

G2=

MAT Y2

HAT
MAT
MAT
MAT
H=@

GOSUB Printhead
GOSUB Print

H=1

Yin
an.
¥
am

Rstart

=Ystart .
ax=2ER

ax=ZER

1ha(99%)

in=¢999)

FOR f=t T0 Nsections

NEX

N_iterations=2
Qsun_in=@stary(i)/2
Asue_out=Gstart(Iiizz
GOSUB Storage

50S!
T 1

UB Section_prop

vol_start=Volume

LOoI

B

EXIT IF NONn-i

HAT
Hat
HAT
MAT
MAT
MAT
FOR

Yisv2

Q1=Q2
fireal=Area2
Ki=K2
Betal=DBeta?
Bsurfl=Bsurf2
Iteral TQ N_iterations

GOSUB Loeffi.‘oms

GOSUB Sueep
FOR 1=1 YO K .ections
GOSUB Section_prop
HEXT 1
MEXT Iter
IF FRACTCN*DL/Print_int)=8 THEN GOSUB Print
IF N>1 THEN
Qsum_in=Qsum_in+g_ths(N)
Gsum_out slsum_out ¥o_rhs N}
END If
Neh+1
END LooP

Qsut_in=<Osun_in+6_Ths{Nn)/2>#Dy
Gsut out =¢usun_out FQ_rhs(Nnd 22> Dt
GOSYE Print_max

CALL Flat_hudracin, D1, d_lhs(¥3,d_phs<¥),

IF Rh_oc=2 THEN CALL Plst_hydrodHn,Del, VY _The(#),Y_rhas), “LEVEL

GOSUB Storage ! CALCS FIMAL STORAGE IN REACH

TELOKR

PRINTS HEADING FOR RUN
PRINTS INITIAL CONDITIONS

{CUMEC) ")

BETS No. OF ITERATIONS PER TIME STEP
INITIALIZES VALUES FOR MASS BALANCE

CALCS INITIAL STORAGE FOR MASS BRLANCE

INITIALIZES VALUES USING PREVIOUS TIME STEP

CMETRES)Y

B TIRT
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NS 7 (Y/NY',Edit$
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1750 Cross_sect

Vol_end=Voliae ~112-
G0SUB Print_balance
RETURN
CHANGE DRTR FOR HEMW RUN Level 1
ata_change} |
LOGP

PRINT PAGE," CHANGE DATA_FOR NEW RUH®,LINC1)
PRINT " 1. Cross_sections’,LINCID
PRINT " 2. LHS Boundary Conditions®,LINC1)
PRIHT % 3. RHS Boundary Conditions®,LINC1>
PRIN® * 4. Initial Condjtions”,LINC1>
PRINT 2 5. Thetat, LINCL)
RINT * NG CHANGES - END QFF"
LINPUT SELECT oFTTON ¢1,2,3,4,5 or 6> - CONT TD START RUN',0p_ch$
EXIT IF (Op ch#="") OR (Qp_ch$=rgs)
Op_ch=VAL:Qp_ca%)
SELEGT Op_ch
cAsE 1
GOSUS Gross_sect
CASE
Thpur “ENTER TIME STEP , TOTAL RUN TIME CHOURS)",Dti,Tmax
D=0t 1¥3680
GOSUB Lh_bound

ASE 3

GOSUB Rh_baund
case 4

LoopP
INPUT % DO YOU MRNT TO USE DATA FOR LAST RUN AS INITIAL COMDITIO

EXIT IF (Edit$="N"> DR (Edit$="Y">
B

E

DISP “ENTER ¥ OR N - “}
END LOOP
IF Edit$=nys THEH

MAT Ysvarysy2

MhT Gstart=A2

GOSUB Init_store

s
GOSUB Init_cond
1F

0P
INPUT “ENTER VALUE FOR THETA BEVMEEN B,5 AND 1,6 *,Theta
ERIT IF (Thetad=,5> AND (Theval=1}

BEEP
DESP “INCORRECT ENTRY - "3
END LOOP
CARSE ELSE
BEEP

GOTO 133g .
FND SELECT
END LOOP
RETURN

CROSS SECTION DATA Level 2

i [
PRINT PRGE," CROSS SECTION BRTA",LIN¢3>
INPUT YEnter name of data file containing cross_section data ?",Files
ON ERROR GOTO (770
RSSIGN #1 TO Files$
READ #1;Cum_np,Nxs
Nsectionssixs
REDIN Reach(NXs,2ﬁ,3),nistance(Nxs,26),Np(NXS),NFl(Nxs),nx(B:Nxs-i),Cuuh$

READ #1; Np(*) D), Reachi*)
RSSIGH ﬂl

OFF ERROR

MAT SEARCH Np, MAX;Hp




1870
#),Bet
1680
18%9
1968

2100

2250 R

2260

,35uwP
270

229@
2290
2360

0
51
Bes
k-

" ———

-113-
REDIM Level (Hxs,Hpd, Hncxs Mo, ArcNxs, Hp?,BCHxs, Mpl, PCNXs, Mp2, Alphaliss, i
alhixs, Mp>
FOR Mx=1 TO Nxs
ToNug-Hs+1
LxIY=DxCHx-1)
REDIN Level{(NpCNXD),PointenrtNpiix)?
FOR J=1 TO KpChxd
Bistance(l, >=Reach(Nx,J, >
Level {<IY=Reach(Nx,J,2)
Mann¢J)=Reach(Nx,J, 33
NEXT J
gar SORT Levell 70 Painter
=1

FOR 1i=! TO Mp¢Hx>
JsPointer<lid
Hsi=level (<)
IF Ti=1 THEN Wei=LevelldId+.081
E=t
LooP
EXIT IF I{+E>Np<Nx)
EXIT IF Leveli(I){dLevell(PointertIi+E))

TisIi+E-1
CALL Section_tabledl,Nx,Met,BCI,J33,ArCI,J4>,K,PCI 04> Alphacl, Iy,

Level(I,J > xlevel 14J)
WnCT, J J3oAncT, 1525 CARCT, 345 /PCT, F§YI<ararIk
3353541
NEXT 1i
Np1¢Id=Jj-1
NEXT Nx -
HAT Np=Hp3
HAT Dx=Lx
Ti=Nseztions
¥x=Hsections
RETURN

REDIMENSION ARRAYS el 2

edin t
REDIN Areal(Nxs),Area2(Nus),AreacNxs),Bsurfl(Nxs), Bsurf2CNxs),A1pha2tixs)
<Nxs)

REDIN ‘Betai(Hsxs)>,Beva2(Nxs), Dx¢Hxs), XCHxs?, Ybot CHxs)>

‘REDIN A2CNxs),BLCNxs) , B2CHXS)

REDIN C2¢Nxs)>,DicHxs), D2¢Hxs), E1CHxs), ERCNxS), FLNxs), GCNXs ), HCNxs ), Ik Hxs)
REDIN J (Moo KCHxad K1 CHus) s KBCHxS ), Paral (His ), Parazitixs?, Parad (Nxs)
REDIN @max<hks, 25, tmax{Nxz, 2>

RETURN

LHS BOUNDARY CONBITIONS ) Level 2

b_t bound.
PAGE,* INFLOW HYDﬁDGRHFH DﬁTﬂl“ LIN¢zy
PRINf » READ DATA FROM FILE % L!N
PRINT " 1. I1ludas genaratnd"
2. WITUAT generated*
PRINT * 3. Generated by option 4 below®,LINCLY
PRINT * 4. ENTER DATA MANUALLY',LINC13
INPUT " Select optien ¢ {,2,3 or 4",0p_inflo
SELECT Qp_inflo
CASE 1,2
CRSE 3
GOSUB Hydro_pread
CASE 4
GOSUB Hydro_input
GOSUB Hydro_store
cnse ELSE

INFUT "Enter 1,2,8 OR 4 70 INDICATE OFTION 1!",0p_infle
GOTO 2448

)
z
3

-
»
2

[




END SELECT “114-
GOSUB Discrete_hydro
MAT @_lhs=i_diScrete - -
REDIN™Q_rhsTHn) :
Lh_beui
2660 RETURN
2610 | 3 i
2628 | RHS BOUNDARY CONDITIONS Level 2 }
2630 | P o
2648 Rh_bound: 0 4
2656 FRINT PRGE," RHS BOUNDARY GONBITIONS *,LIN¢2) o
2660 PRINT " Stage-Time relationship given”,LINCI) : i
2670 PRINT * 1. Tidal Equation (12 AND 52 components onlyp?*,LIN(1>
2660 PRINT " 2. Mater jeusl at discrete time intervals’,LINCI) :
2638 PRINT © Gtage-Discharge relationship given®,LINCI) 5 :
2768 FRINT » 3. Critical cenditions”,LINC1> : s
- 2710 PRINT * 4. Heir-type formula’,LINCIS .
. 2728 PRINT * 5. Rating curve to-ordinates",LIN(1) .
N 2730 IWPUT " Select option ¢1,2,3,4 or 5)",Rh_be
. g 2740  SELECT Rh_bc -
"W ; 2798 CASE | .
4 ; 2768 PRINT PAGE;® TIDAL EQUATION :¢,LINC2)
RN ¢ 2778 PRINT "LEVEL= MSL+ An2*SINCRePIXT/TH2+AsZ#SINCCZIPIXT+RRI>/T52)",LINC2 .
o > o
2780 PRINT © where: MSL=DATUM FOR MEAN LEVEL"
2799 PRINT © fin2=AMPLITUDE GF M2 COMPONENT"
2800 PRINT © As2=ANPLITUDE OF S2 COMPOHENT"
2018 PRINT * Tr2=PERIOD GF M2 COMPOHENT (44714 s)"
2828 PRINT * 732=PERI0D OF S2 COMPGNENT (=4320@ s5*
820 RINT * Phi=PHARGE DIFFERENCE BETWEEN M2 AND 82 COMPON
ENTS",LINCL) 4 .
840 INPUT “ENTER MSL ¢m),Am2 (metres>,As2 (metres), and the Phase Differen e
ce (zeconds>®,Nsl,An2,As2, Phi )
285 PRINT * HoL= o .
2868 PRINT © An2= n"
T 2870 PRINT © As2e " .
. ] 2080 PRINT ¥ Phi= "iPhij" s* .
sk 2890 INPUT “HOUR OF THE TIDE (@ T0 3.125 and 9,375 TO 12.5 RISING ,3.125 T8
4 9.375 FALLING)",Tide_state
U 2960 FRINT LINCIT, " Tine of Tides *;Tide_svate;® h* : -
" 2918 GOSUB Edit
2920 IF Edit$[1,1]=9Y¢ THEN 2848 4
2939 Tn2=44714
g 2948 Ts2=43200 =
k 2950 . Tide_statesTide_state*3609 )
2960  ©ASE ELBE . # .
- 2978 BEEP : g
L 2988 DI6r * INGORRECT ENTRY - TRY AGATN - " 1 .
: 2996 GOTO 2746 k
3068  END SELECT
4 38le  RETURN
3026 ! .
3020 | ¢ S
goo 3840 | INITIAL CONDITIONS Level 2 L
sese | i
L 3060 1 "
387@ Init_cond: 0 2t
398@  PRINT PAGE,” INITIAL CONDITIONS :',LIN¢2) o
- 3 399@  PRINT PAGE," INITIAL FLOWS AND_LEYELS GIVEN AT EACH SECTION",LIN(2) e
318@ FRINT “ 1. Enter data’,LINCI) by
g 3110 FRINT “ 2. Read data from disc" LINC1) i
o1 a12a  INPUT *Enter option <1 op 23”,0p_{nit2
3130 SELECT Op_init2 e
3148 CASE 1 -
3150 FRINT PAGE," INPUT OF INITIAL FLOWS AND LEVELS",LINCZ) A‘
i 2169 FOR I=1 TO Nsections
» e 317¢ TI3P “RY SECTION ¥; >
2 2180 INPUT * ENTER FLOW,LEVEL",@stapt<I),vstart(l> 12
[ aise PRINT USING " 3%,4D,5X,4D,DD,5%,40.30"; 1, 0svart<I>, Ystarecl) "
) 3200 NEXT 1 .
f, 3210 GOSUD Edit
k 1

s P -



IF Edit$il,10=7¢" THEH 15—
L0Y

P

LINPUT YENTER THE SECTION AT WHICH EDITTING REGUIREER ¢ CONT IF
FINISHED )", Edit$
3z5@

EXIT I[F Edivgar®
1=VALCEdit$)

Ediv$=" “&VﬁLS(QS%art(I))&Comma!&VHLSCVstart(l))
DISP “EDIT INITIAL FLON ,LEVEL RT SECTIOI

EBIT Edits

GOSUB Strings
QstartCIXaVAL(SLR$LLd)
Ystart CIN=VAL(SIre<2))

PRINT USING * B8K,d40,5K,4D. DD BK, 40,507 I, G5t 80815, Ystart (1D

END LOOP
EN IF
GUSUB Init_svore
CRSE 2
GOSUB Init_-cad
CASE.'ELSE
BE

ER
INPUT "ENTER § OR 2 TO INDICATE OPTION ({7,0p_inft2

GOYO 3130
ENDZ SELECT
Q_tha¢id=fstart (i
Q7 rhscidadstant <Xx)
YoIhsC1daYstart (1)
Y_rhs{1)=Ystart (Xx)
RETURN

OUTPHT TYPE

3530 Qutput_type!

36508
3660

b
PRINT PAGE," DUTPUT TYPE : ",LIN

PRIHT * 1, Flow and level at all Time Steps®,LINC1Y
PRINT * 2. Flow and Jevel at Selected Time Interval™,LINC1)
PRINT * 3, Flow and leve) at Selected Cross_sections”,LINC1)
INPUT “Enter option <, 2 or 3%,0p_out

SELECT Op_out
CASE 1

Prine_int=1
CASE 2

INPUT “ENTER THE TIME INTERVAL (in hoursd FOR OUTPUT *,Print_

Print_int=Print_int 3609
CASE 3

LINPUT MENTER THE CROSS SECTIONS AT WHICH OUTPUT REQUIRED (MAX 5 - eq.
t$

1 5 8,28,44%,Ed{

3778
3780
3790

GDSUB syrings
FOR I=1 TG R}

Cross_print (1Y=YALCSYA$CIN
NEXT 1

[NPUT YENTER THE TIME INTERVAL (in hours> FOR DUTRUT “,Pript_im

Print_int=Print_{nt #3600
CASE ELSE
BEEP

BISP * ERROR ON DATA ENTRY - “;

GOTO 3588
END SELECT
RETURN

2>

CRLCULATION OF SECTION PROPERTIES

3920 Section . Pro: K

Step=
1F Y2<f><L6V91(1 1) THEK Y2(13=YQ
Nd=Y2¢I)-Level (I, 1
IF N=i THEN
CaunteriIyel

LS|
IF Y2¢I)<Y1{I) THEN Step=-1
END IF

(3%

; B
¢l -
P
i
it
% ;
v’y )
: E
&1
ﬂl 5
|
=Y i
!




LoaP -116~
EXIT IF Y2CIdd=Level(i NplIdd
EXIT IF ¢Y2¢EY>=Leyel(l,CountertId> AND (Y2(IX{Levsl(Il,CounterdId>+15}
IF CounterdId>1 THEN
IF ¥2CE)<{Lavel(I,CounterCld) THEH Step=-~1
LSE

IF Steps—1 THEN Step=i

END IF
CounterdId=Countercli+Step

END LOOP

IF ¥2CI3<Leve ) (X, HpSIo> THEN
J=Counterdl)
Dy=¥2<1d-Level(1,I)
Fabyrilevel (1, I+t ~Level<t, 1))
Db=(B¢I,J+19=BLI,J))%F
Baurf2CII=BCI, J)+Db
Area2(I3=Arc], J)+{(Baurf2<1)~Db/2) %Dy
Perin=Pel, JI+(PCT, J+63-PCT, 13 )#F .
Mah=tnatl, JI+Mncl, J41)=Hnll, ID)%F
K2{1d=Rreal 1) k(hrea2 (1) Ferind~{2/33/Nan
Alphaz¢I)=A1phacl, JI+<A1phadl J+1)~RTphall, J) ) *F
Beta2(IdmBetacl, dd+¢Betall, J+1)-Betall, >3+

§ ELSE
% 4148 R
4150 Dy=¥2(I>-Level(
. 4168 FsDy/(Level (I, J> Leva!(l,- 0
B 4170 Bsur2(1>=8¢1, 3>
. W 4180 freazd ) =Ard1, I3 4BRUR 244Dy
DR 4190 Perim=P(1,J>
4200 Man=Hn<1, J)
- 4210 K2¢1)=Rreaz¢ Iy <Areal 1> Perind ~(R43)/Man
. g 4228 Alphaz¢Iy=A1phacl, >
. 4230 Beta2(I)>=Betall,J)
: 4240 Counter{l3=Np<Id

R ¢ 4252 END IF
4260 RETURN
4270

CALCULATION OF YOLUME OF STORAGE IN REACH Level 2

.
o g t
e 4290 |
Storaget !
4319 Yolume=@
- 4329  FOR 1=1 TO Nsections-1
PRI 4358 VolumesVolune+(Rreaz{ 1) +Area2(1+1))/2kDxCI)
8 4340 HEMT I
N 4350 RETURN

1
. 4379 | CALCULATION OF COEFFICIENTS Level 2
. 43a8 | 3
: - 4398 Coefficientss: |
B 4400 1|
y 4418 Al=~Theta
4420 ClaTheta
4430 FOR I=1 70 Nazections
4448 KCI)=KECI24<1~Theta)+K2( D ¥Theta
4450 BourfCI)=Bsurft(I)#(1-Theta)+Bsurf2<Id#Theta
. 2 4460 fAreall)=¢i~Thetal*Areal {1 +Thet akArea2(1y
; 4470 Paral(I)=¢<1-Thata)*Betal(1>+ThetasBeta2(1)) #Q1CId/fireal])
4488 Parad(1)=9.81%ABS(BLCIID /(KIS #KRCIY)
4458 NEXT I
i 4580 |
g 4510 |
. 4520 FOR i=1 TO Nsections~i
4589 Dx=Dx(1)
\ 4540 AreasPsixfArealI+13+i-Psi)*Areall)
E 4550 Para2< 1>, 814 (Psi #Areall+13+¢1-Ps{>¥Rrealld)
3 4560 |
- 4570 |
;] 4580 PICII=Bourf (1) 8Dx DL ¥{ 2~ P.sa
£ 4350 D1¢1>=Bsurf<1+1)#Dx/ DL #Ps
- 4689 E1¢Id=(1= Theta)*ux<x>osi<x>*vx<1> Ci=Theda)BRICI+1>4D1CI#Y1CE+1)
2 4618 |
h
N 2 o Y .
or Ty )

Ei
.8




|
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IF Complete=a THEN | INERTIA TERMS GMITTED a
A2¢IdaC-Psi y2Dx* (Parad( I #Aread
D2¢I)=Para2<I)#Thet
E2C13oPanagC 135 (1o Thet adeC 1 (11 C1+3>
ELSE i COMPLETE DYNAMIC EQUATION
AR2¢1)=¢" Psi)#Dx# <1 DL +Parad3{l) #Aread-Parallil) H
B2¢I)=-Para2(I)#Theta 1
£2¢I2=Pe i #Dx#¢ L/ DL 4Parad¢I+1 0 4Aread +Paral (141>
D2¢1)=Para2(I)#Theta
E2¢1>aDy/Des{(1=Psid%Q1CI)+Ps{%QICT+1>)4Para2C I #¢1-Thet ad #¢Y (I =Y .
END IF 3
NERT 1 -
RETURN
FORWARD AKD BACKWARD SHEEPS Leyel 2
+ 4820 Sucept
4830 SELECT Lh_be 1 Left Hand Boundary GCondition
4849  CASE 1 1 @ given
. 4e50 Felyms N
P 4860 Q2¢1>=0_thsCH+1)
Ly 4870 6¢15202C1)
FRDE ¢ 4880 CRSE 2 ! Stage given
SRR 4890 F13=1E6
B 4988 v2¢1 288t age (D
: ] 4810 GCLI==F(1)#Y2¢1)
L 4920 END SELECT
Y 4930  FOR 1=1 70 Ii-f
4348 GanmasBL(I)+AERFCLY -
49858 A17asB2CI)+ARCII*FCITY <
4960 H¢I>=~C1/Ganma
g 4979 I¢I=-DECI)/Gamna
4980 JCD=CELCIY-RI¥G (1)) /Ganna
4950 KappasflfasH(1)+02¢1)
s0up FCI+5)=-CA1Pa* I C1)+D2CI )5 /Kappa
5010 GCI+1D=(ERCII-ARCII#GCI)-ATFa¥J(1) ) Kappa
L 5020 HEXT I
R Se3e ssLscr Rh_be | Right Hand Boundary Condition
- 5648  CASE | Tidal equation
3 i s0S0 T=N*Dt
5060 TiaT+Tide_state
: . 3070 ¥2(11aHaT+ARSHSINCRHPIAT L TH2) +AS24SINCRAPIR(TI+PhI D/ Te2)
L 5080 G2CIE)=FCI)#Y2C 113 +GCT1) - 3
: 5090  CASE 2
s 5108 ¥2¢11)=S1age_out (N>
1 5119 QZCT{d=FCIIINYRLIEI4GCTE)
5128 CASE 3
: e 5130 Loop
4 B 5148 B2¢I1I3FCTH 9#Y2CT14GCT)
5150 LooP 4
: $168 Froute=A1pha2<l{>#A2CT{)42¥Bsurf2¢11)/(y, B1%Area (11243 {
] 5178 1F Froude<.0f THEN Froude=.ot
5108 IF Froude>188 THEN Froudew10s ]
| 5198 EXIT IF ABS{i~Frouded<.@l <
s208 Dy={i-Froude)a2uiheaz<lid/Baun 211 ) x8GH( |-Froude> :
5210 1F ABS{Dy>SWds2 THEN Dy=Wds2»*
. 5220 ¥2¢11y=Ya¢11) Dy
5238 GOSUY Section_propl
: 5248 END LOGP v
i 3 $258 QEFCTO4YRCTED4GCI) '
) j 5260 EXIT IF AESCARCIIN-Q) 8¢, 81 ;
i 5278 END LOOP -
i 5200 PRINT © Q= "iGECI1),*Y= ";Y2¢I1),"Fr= "jFroude,LINC1) \
A $298  END SELECT
i 5306  FOR 1=1i TO | STEP -1
J 5318 IF I<11 THEN
- $ b E <
» “ o . - ot PR I

e 1
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Y241 SHCTI#A2C T+ I CIDRY2CI+1 40K 1)
Q2CIIF (ID#Y2CII4GCDD

END IF

IF Iter>l THEN
1F Y2¢I>>¥nax(I,2) THEM

Ymaxdl, $d=N*Dt i
Ynax(I,2y=v2¢1)
END IF
IF Q2¢I)>Gmax¢I, 2> THER
Qnax I, 1)=NaD 1
Gnax<I,2)=02¢1)
EHD IF
IF Y2¢1*¢¥mindI> THEN Yeind<Id=v2¢1)
IF @2¢IX<AnindY) THEN Gmin<1>=G2<1)

END IF
NEWT T
. 5468 IF Iter>l THEN
o 5490 O_rhs(H+1>=Q2¢Kx;
% 5508 YT 1hs(N+1)=Y2(1)
5510 Yophs CN+1 D mY2E8x)
8820 END IF
° i £330 RETURN
5548 1
5558 | PRINT HEADING Level 2
5560 | ¢
3 5578 Printhead:
g 5508 PRINTER I3 ©
u §598  PRINT PRGE
: 5660  Lines=o
[ 5618  PRINT "
3 K B628  PRINT LINCID," FINITE DIFFERENCE FLOW ANALYSIS"
e 5630  IF Completesd THEN
. 5640 INT * using the APPROXIMATE DYNAMIC EQUATIONS *
3658 ELS|
3 5660 PRINT * usiny the COMPLETE DYNAMWIC EQUATIONS ¢
$670  END IF
g 3680  PRINT *
5698 PRINT " DATA FILES i
§768. PRINT " Eross sections 3 "Fite#
$718  PRINT " LHS Boundary Conditions: "j
$726  SELECT Lh_bc
5739  CASE {
s740 PRINT “Inflow hydrograph: "jinflo%
5750  END SELECT
3 b 5760  PRINT * RHS Boundary Conditionsi
P 5778 SELECT Rh_bc
A 5768  CRSE 1
i 5790 PRINT "0utfiow hydrograph: ";Ousflos
bs sge@  CRSE 2
; seie 1F (Aw2=0) AND (Rs2=0) THEN
582 INT "Constant water leveli ":Ms)
5830 $E
X 5840 PRINT "Tidal variationi
5850 PRINT USING “27K, 18R, DD.2D,2A"; "Mean sea level ! "jMsiz® m"
5960 PRINT USING "27K, 18R, DD.3D,2A"; "M2 anplitude toviEm2g Y
5870 PRINT USING "2PX, 18R, DD.DD,2R"; "S2 anp!isude t "AsREY nt
: 5880 PRINT USING "27%,18A,5D,58%; "Phase Difference: "jPhij" s
' 5898 PRINT USING "2¥X,17A,3D.2D,2R,/"; "Tine of Tide T4 Tide_states36
00, " ht
1 s 5960 END IF
8918 CHSE 8
5920 PRINT "Critical Flow Conditichs!
- $930  END SELECT
i 5948  PRINT " Ipjtial Conditions 5 oMInteE
8- 5958  PRINT LINCI3;" THETR ! “;Thetaj" PST t ";Ps
. 5968  PRINT USING "1SR,Z.DB,X,5A";" TIME STEP : *;Dt/36@8; "hounrs*
$97@  PRINT
u
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| HEADING AT TOP OF PASE FOR SELEGYED
| CROSS SECTIONS
IF Op_out=3 THE|
PRINT USING ”/ 6A,DD,A,/ "j"RUN_";Run;""
PRINT USING 5
FGR_I=1 TO Rl
PRINT USTNG "#,3,9A, DB" "SECTION", Cross_print¢I)
NEXT I
FRINT
PRINT USING *#,8R";*TIME"
FOR I=i T0 A1}
PRINT USING "#,2X, 7R, 2K, 67, %"} “STAGE", "ELOU"

NEXT 1
PRINT USING "/"

END IF
RETURN
PRINT QUTPUT Levet 2
riny e i
PRINTER IS @
SELECT Op_out
CASE 1,2
PRINT USING %/, 10A,DD,R,25R,DD.3D,4R, 7 ";" RGN_";Runj®*;"
";HEDY /3600, " hours
PRINT » SEGTION LEVEL FLOW SECTION LE
FLOW *
TJ=INTuNsect {ons/2)
FOR 1=1 TO

15
PRINT USING “2¢2%,5D,5%,5D.3D,%,M6D.2D,4%81";1,Y2¢1),02¢1), I+1,v2(]
+x1,,a2<x+lJ>

6276 IF FRRCT(NSE:HOV\S/Z)()@ THEN

6289 I=Nsections -

62%8 PRINT USING "38%,5D,SX,5D.3D,X;kh. . ~ §Iy¥2¢15,02¢D
360 END IF

PRINT USING "#,3D,2D";N#Dt1
Al

6330 FOR 14=1 TO

6340 1=Cross, p»«n 14

6380 PRINT USING *#,X,DD.3D,4D, 20" Y2C15,@2¢03
6360 NEXT 1§

6370 PRINT

6389 1F FRRCT( ives~48>/625=0 THEN

6390 PRI b4

G4ee cosus P oav_page

6410 END IF

6420 Lines=Lines+

64304 END SELECT
644Bu PRINTER 18 16
6458  RETURN

6480 | e

847 | PRINT WAXIMUM STAGE ~ Fi it VALUES Level 3
6dap | WINIMA FOR TIDAL FL(LG ONLY

6499 | #%

6880 Print_maxi

6s10 PRIMTER IS @

€520 PRINY USING "@,K,//";*
n

€538 PRINT USING “K,~.
6340 PRINT USING “#,K";
€550 1F Rh_bcm2 THEN

MAXINUM STAGE fuiti 10N VALUES *
MAX THL NARTHUN®

€560 PRlNT USING “K";" HINTMUM® .
€870 ELSE
6580 PRINT
6598 END IF
6668 PRINT USING "$,K"j" SECTION STAGE TIHE ELOW I
IHE" I -
%610 IF Rh_be=2 THEN
6620 PRINT USING "KU;" STAGE  FLOW®
. o . . .
kS Pt N
- - i i - N . .

3 i




W o . H
Do :
=
E -120- \’
PRINT i
END IF o
PRINT USING “4,K";" <md Chours) Ceumee)  <hoursy? ¢ N
IF Rh_tic=2 THEN ; 1
PRINT USING *,K,s"3" > Coumecd® b
ELSE !
PRINT USING */77 i 4
END IF i
FOR I=1 To Ii i
PRINT USING “#,3X,3D,2¢8X, 3D. 3D, 2K, 3D.80>"; I, Ymax¢1,2), Ymax<l, 15, Amax< I
1,2), Qmax<I, 1) 1
§749 IF Rh_bcs2 THER 4 ‘g
6759 PRINT USING "7%,3D. 30,2}, 8D.8D"; YnincId, anind1) !
§760 ELSE £ .
6770 Pmm’ G
6768 END IF
6790 NEXT 1 o)
6888  PRINTER 18 16
6818 RET RN
26 .
ggig | PRINT MASS BALANCE RESULTS Level @ £
1 : .
€858 Print_balance: | R
6368 PRINTER 15 B ¥
€878 PRINT USING "//\K,¢s%;" 5
B8 PRINT UBING -‘-K_—“/n-u MASS BALANCE RESULTS: "
€836  PRINY USING "#,31A,7DZ,30%}" Initial Volume (1pEBM) 3", Vol_start/18
20 R
6968  PRINT USING “3X,21R,7DZ,80":" Inflow ¢1890n3) v, Asum_in/1080
6910 PRINT USING “#,31A,7D2.30%;" Fim\l volune ¢100an3> 1 %, Vol _end~1600 ]
§928  PRINT USING *3X,21R,7D2.3D,";" Quiflow  (160Bw3) !",Rsum_out,1800 4 o

6939 Yol_change=Yol _ end VD] stant 7
6949 PRINT USING *9TX, 12A, 24K, 128, /"3 " *
6959 PRINT USING *#,31f, 7DZ 3D";% Increase 1n Valume 1886n3> 1",VYol_change/1 B

6960 PRINT USTNG "8X,21R,702.883,/%;"* Net Inflouw <1880m3> ', (Qsum_in-Gsum_out)

6978 PRINT USING » B1R,71z.9DX,A";" Error 14, ¢Yo1_change~¢Qsum_in 5 E
-Qsum_outi) Yol changnlea,“y "
8960 PRINT USTNG *7/ K,;’/""

€990 PRINTER I3 16
7ea8 RETUR

roie ¢ 23 d

raze ! HYBROGRAPH DATA IWPUT Leval 3

7030 ¢ 3

!
78568 Hydro_input: | INPUT OF R H’GRAPH
7860 DIM RAc¢loB,2)
7078 PRINT PHGE
7080 PRINT ¥ _HYDRGGRAPH INPUT & “,LINCR

7898  PRINT *POTNT T Ting THFL

7ige PRKNT " _Ho. <h) (:umec)" LINCED

7110 t
7120 §

L
7ize LINP\‘JT "ENTER TIMECHRSY & INFLOWCH@/83- (CONT WHEN FINISHED)U,Edivs =

7150 GOSUB sv,Mn '
7i¢a ATy 1>-VRL(SU‘$<X>> .

7170 H(I,Z)=VHL($H’~3(2>> ¥
7180 PRIRT USING 719@;1,ACt,15,A(1,2)

7190 IMAGE  24,DD, 16X, DD, DD, 16X, 5D, DID

7280 Ial+l 3
7218 END LOOP N

7220 ger@=l-1 -
7288  GOSUB Edit

7248 IF Ediv$ls, 13="Y" THEN GOSUB Hydro_edit N f
7258 RETURN
1
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T27D 3 EEks
7280 |
7298 Hydro_add: 1 INFUT OF MUL “PLE INFLOW H/GRAPHS
7388 PRINT PAGE
7318 PRINY "NDTES TC ADDING OF H'GRSPHS'“
7328 PRINT
7339 PRINT LINCI);"i, ALL H’GRAPHS 7O BE RDDED MUST HAYE DATR GIVEN NITH THE s 4

A rxme NCKEMENTS, ¥ ;
RINT "2. ALL LAG TIMES TO BE A WHOLE WO. OF TIME INCREMENTS.® i
Asse nzn Hydre, 108,2),Lag<td), Tine<1@)
7368 MRT HydrosZER
7370 Setd_max=9
7380 INPUT “HOW MRNY H/GRAFHS DO YOU WISH TU ADD 7%,Hhydro
7398 FOR Z=1 TO Nhydro "
74¢0 DISP *18 H/GRAPH NO. ";2;"ON A FILE?";

rdle INPUT J4$ o
7420 IF J4g="v" THEN 7520
7430 IF Jag="N" THEN 7470
P4dn
7450 KNPUT YENTER ¥ IF H’/GRAPH ON FILE OR N IF NOT |1 Y, 148
7460 GOTO 7428
7478 GOSUB Hydro_ (hput
7480 GOSUB Hydro_stol .
7490 DISP CENTERTLAG TIME FOR H/GRAPH NO. “52; #
7500 INPUT Lag(2)
7519 £OT0 7560 - °
7525 . DISP ENTER FILE WRME FOR H/GRAPH NO. “52;" AND LAG TIME"
7539 INFUT sof1of,Lag(2)
7548 ASSIGN #3 TO *
7550 GOSUB Sum_1iled : N
7565 IF Lag¢Z>70 THEN Jj=8 o
7s7@ 1F Lag(2))@ THEN Jj=INTCLag(z)/T) EEN
7580 Tina(2)=(R(SetS, 1>-ACL, 15)/(SatI=1> a
7599 IF 242 THEN 7619
7600 IF Time(2)<>Time¢z-1> THEN 9648
7612 TaTime<2) n
7626 FOR J=1 70 Setd 2
7630 ACI, 1)=ACT, 134LaglZ)
7640 IF Set3_max<Sev3 THEN Hydra(J,1)as-1)#T R
2650 Hya|n<J+JJ,z>=Hydro<J~JJ,z>»a(J.z)
7660 HEXT
7670 IF sus _nax<Set3+Jj THEN Setd pax=Setd+J§ oy
7680 NEXT 2
7696  Set3uSetd_max
7788 MAT AmHydro
?710  PRINT PAGE ~
T728  GPSUB Hydro_print A
2736 RETURN i
2748 |
7758 | .
7768 !
7770 Hydro_edit: | EDITS INFLON H/GRAPH
P7ea  LOOP 8
7798 LINPUT "ENTER NO. OF POIRY TO BE GHANGED - ¢ CONT WHEN FINISHED )*,1 =
# 3
7880  EXIT IF Jsa'¥ i
7810 T=VALCIS) B
7626 Edie$=" "GVRLECAC, 104" ,  "AVALSCACT,2 :
7820 BISP "TINE , INFLON for Poine "i1i* d!sp\ayed below ,Change as required
¥ "
7840 EDIT Edivé
7830 GOSUB 8trings N
7868 ACT, 1YaVAL(STrEC1D) W
7678 RCI, 2yRVALCSLrs(2))
7080 GOSUB Hydro_print o
7898  END LOOP
7968 RETURN 4
7918 1 -
792e ¢t £
7930 | :
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7946 Hydro_store

Ceq22-
| SUBRDUTIHE TO STORE INFLOW H/GRAPH OM DISC
INPUT M- ENTER NAME OF FILE IH WHICH YGU WISH TO STORE H/GRAFH DRTA™, Inf)

os
7968 REDIM R<Set3,2)

7978 Records=INT{&%2#5¢t3/256)+1

7980  CREATE Inflos,Records

7993 ASSIGH #8 T8 Inflo$

809D PRINT #&jACE)

982 ASSIGN #6 TO =

8020 RETURN

2030 !

8040 !

895a |

aasa Hydro_print: | PRINTS INFLOW HYDROGRAPH
8070  PRINTER IS 1§

aeea PRINT PRGE

8858  PRINT » HYDROGRAPH i ",LINC2)

8168  PRINT "POINT TINE FLOK"
8118  PRINT * Ho, _thy (eumec)”, LINCLY
8128  FOR 1=17T0 S

813@ PRINT usxnu 815@; [, ACI, 1),ACL,2)

8148 NEXT

8158 IMAGE 2X, DD, 16X, DD BD, 16X, 58.DDD

8168 RETURN

817a 1

81gs 1

atse 1

8268 Hydro_read: ! READS H/GRAPH FROM DISGC

8218  INPUT "NAME OF H’GRAPH FILE?*,Inflo:

szza Sum_filed: | SUBROU7TNE TO READ IMFLOM H/GRAPH FROM DISC
9258  REDIN AC188,2)

5245 ON ERROR GOTO 8210

4288 ASSIGN #3 TO Inflos

8268  OFF ERROR

8278 Setd=1

828  |LOOP

8290, READ #33ACSer3,13,Ac5et3,2)

sghe ON END 43 GOTO 8230

8318 Se13mGet 3y

83ze  EWD LOOP

6338  ASSIGN #3 T0

8348 Ser3=Se13-1

8359  REDIM RAlSetd, 2>

8366  INPUT "DO YOU WISH TO NULTIPLY ALL INFLOW ORDINATES BY R CONSTANT ? ¢Y/N)
vyEdivE

8378 LOOP

838@  EXIT IF (Edit$C1,13="Y") OR CEditsL1,11="N")

8390 BEEP

g4a0 INPUT “ENTER Y IF YOU WISH TO FACTOR THE INFLOW HGRAPH OR N IF WOT 1
1748

84i@  END LOODP

8420  IF Edit$[1,1]=Y* THEN

9436 INPUT “ENTER THE CONSTANT',Const

8448 FOR I=1 TO Setd /

8450 RLI,2)=ACI, 25 %Const

8460 HEXT I

8478 END IF

8488 RETURN

B4%@ 1

8500 |

8518 Discrete_hydro: ! DISCRETIZES HYBROGRAPH

8520  MAT §_discrete=ZER

8338  REDIN Q_discrete(5000)

8540 TstepmIAT(A(Set3, 13/Duidel

9556  Hn=INT(Tmax/Di1d+1

8568  FOR I=1 TO Set3-1

9576 Stepl=INTCCACI+L, 1)-ACE, 133/D81)

2580 Astep=ACl, 1)/De1+1

8599 FOR Ka@ssep TO Stepl+fstep

8600 Dg=¢ACI+1, 2>=ACT,2))/CACI+1, 13-ACT, 1))

861@ 9_discreteckdn{K-Astepd*NqsDei+ALT,2)




strings:

Sets_old=gets
Set3 Tstep

@_discrete(Set3)=ASetd_old,2)

REDIN Q_discretecNn) '

RETURN

t
!
!
!
v i BREAKS TOMN A COMHA-SEPARATED STRING
i INTO COMPONENT STRINGS
Comma=POS(Edits,”, ")

IF Comma<>B THEM Strsc1)=£dit$(1,Comnal

IF Comma=0 THEN Stré&cid=gdit$

EXIT IF Comma=8
Edit$=EditFLConmatt] .
Comma=POSCEdits, ", ")
IF Commal>0 THEN
SlrS(IJ)=EdIt$[l tomma-11

5@PS(IJ)=EdIlt

| CHECKS IF ANY EDITTING TG DISPLAYED
1 DATA IS REQUIRED
Editg=t"

LOOP
INPUT "DC YoU WISH TO ¥MAKE ANY CHANGES TG THE RBOVE DATR ? (Y/N>“,Edit

EXIT IF CEd{t$0§,1]=5Y") OR C(Edit$C1,13="N")
BEEP

DISP “ENTER YES OR NO 11t
WRIT 2880
ERD LOOP
RETURN
1

STORING HND RERDING INITIAL COMDITIONS FROM DISC

| p
Init_store!

INPUT YENTER MAME OF FILE FDR $TORING INIT[HL DATAY, Init$

Records=Nsect{ons#248/256+1

CRERTE Init$,Records

REDIM Gstart(Nsections),¥Ystart(Nsections)

ASSIGN #5 TO Init¥

PRINT #5;Qstart (), Ystart(#)

ASSIGN #5 TO #

RETURN

!

!

! %
Init_read: !

REDIM @start(Nsettions),Ysiart(Nsections)

INPUT “ENTER NAME OF FILE IN WHICH INITIRL DATAR IS STORED",Inits

ASSIGN "5 7O Inft$

RERD #5;0start(*),Ystart(®)

ASSIGN #5 VO #

RETURN

{
3 MASS STORAGE DEVICE Level 3

Storage_device: i
Edit$=Pathsilevices
IF Edit$<On» THEN




—124-

9316 EDIT "CURRENT MASS STORAGE I§ (CONT if OKAY = LEAVE BLANK TG RE-ENT
ER}",Edit$

9320 IF Edit$s"" THEN 9370

9380 Colon=POSCEdit$, "t ")

93406 Devices=Edit#[Colond

9359 IF Colon>l THEH Path$=Edit#({,Colon-1]
9368 ELSE

9378 LoopP

9380 INPUT “Local (L) or Remate (R} evice$
9398 EXXT IF <bevices="L") OR (Devices: "
9480

9418 DIsP " L OR R ENPECTED FOR ENTRY : ";
9420 KRIT 1090

9430 END LOOP

9440 EF Device$="R" THEN

9459 Bevice: 1REMOTE"

9460 INPUT "Enter the DIRECTORY PATH “,Path$
9470 ELSE

9480 LINPUT "Enter the Local device Address { eg. 1H?,9,f >%,Devices
5490 Paths=""

9560 END IF

9510 END IF

9528 MASS STORAGE IS Path$iDevices

€730 RETURN

9549 |

9558 | PLOTS INFLOMW AND OUTFLGK HYDROGRAPHS
9568 |

9578 Plot_hydroiSUB Plot_hydrodhn, Bt1,& Ths(#),8_rhsc#),Yeitles)
95856 PUINTER 1S ©

9590 PRINT PRGE

9500 FIXED 1

9810 PLOTTER IS “GRAPHICS"

9620 GRAPHICS

9630 LINIT 2e,160,9,140

9649 LOCATE 13,95, XB 93

9652 Unox=9

966a MAT SERRCH G_lhs,MAX;Amax

9678 MAT SEARCH @_lhs,MIN;Gmin

9688 HMAY SEARCH &_rhs,MAX; @max1

9690 HAT SEARCH §_rhs,MINj@ninl

9700 1F Gmax<@max!i THEN Gmax=Qmaxi

9710 IF @min>Anint THEN @min=Qminl

9728 Tmaxs¢Nn~1>%Dt 1

9730 Xscale=INTCLGT(Tmax))

9749 1F Xscaled{! THEN

9750 IF Tmax<{=4 THEN Xstep=.5

9768 IF Tmax>4 THEN Nstepwl

9770 KscalemPROUNDCTnax+.5,0)

$780 BLSE

9798 Kstep=i@rXscale

2888 Xscale=i0AXscale®INTL(Tmax 10 Xscale+i)
%818 END IF

9920 Yscale=INTCLET(@max))

9838 Ymax=18+¥scaleXINT{Umax/184Yscale+l?

9840 If Amin>=@ THEN

9858 Ymineg

9860 Ystep=1@r¥scale

96878 E

98806 Yscale_minsINTCLGT¢=Qnind)

98906 i AnYscale min®INTC-@nin/t@~Yscate_min+t)
5508 BaYscale_min

9918

9928 BCALE @, Xscale,Ymin,Ymax

9936 ¥range=' Ymax Ymin

3940 1F YrangesYstep<d THEN Vstep:Ystep/z
9956 IF XscalesXstepéd THEM Kstep=Xstep/2
9968 AKES Kstep,¥step,8,Yain,4,5,2

9978 NOVE @,G_)hsCi)

9986 FOR =2 TO Nn

9998 LINE TYPE 5,

19080 ORAN (I~ l)&Dtl A_1hs(Id




18a10
iea2s
18y30
12040
10050
10060
18070
tepse
i8g9e
iélee
18110

10700

MOVE @,0_rhs¢i)
LINE TYPE t
FOR k=2 TO Hn
DRAH (I-1348t1,0_rhs<Id

Y-£1¥18 LABELS
CSIZE 3.5,.6

LORG 8

FOR YeYmin TO Ywax STEP Ystep
HOVE @,y
LHBEL U$ING "Ry Ry

NEXT

| ¥~AX1S LARELS

LORG 6

FOR ¥=@ TO ¥scale STEP Xstep
MOVE X, Ymin-trange/108
LRBEL ¥;

NERT ¥

I Y-AXIS TITLE

Hove 2
LABEL USXNG "#,K"3¥eit1es

¢ K-AKIS TITLE

I
| LEGEND

LDIR @
HOVE 69,
LABEL US!NE “h K

TINE

MOVE 48,95
LORG 5
LABEL “Run "{Run
HOVE 58,57
LINE TYPE 5,1
DRAY 60,97
LINE TYPE {
LORG 2
CSIZE 3.%,
LRBEL * UPSTREﬂN "RYtitlesL135)
MOYE 58,92
DRAN 60,92
LORG 2
LABEL " DOWNSTREAM "&¥titie$r1;5]
DUMP GRAPHICS
EXIT GRAPHICS
PRINTER I8 {6
STANDRRD

SUBEHD

(AR NNR RN RN RN AR RRR R R R RN
OPTIOH BASE §

CHQURS) "

IARARE

COM Distance(*),Npl%),Levell¢x),Nannce)

BIM AC20),K<28),P(20),R(28), XSGZB) ¥3¢28), Startx(18),Endx{18),Xx(20>

1% FRﬂCT(N51)< 6651 THEN Nsi-lNT(

Area=Ksun=pPsun=@

Aa=KsaPs=Wd=Beta=B=g

A1 pha_sun=Beta_sum=g

Srart=End=d

HAT A=(@)

MAT K=(@>

MRT $tartx=2ER

MAT Endx=ZExn

FOR J=1 10 NptNxd=1
K1=Bistance<l >

Nsi)

LELLELITE LTI g
Section_table:SUB Section_table¢l,Nx,Hsi, B, Area, Ksun,Psum, Rlpha, Beta)




K2=Distancedl,J+i)
YisLevel1¢J)
Y2ulevel1¢J+1)

AF CHsiz¥i) OR CHsidY2) THEN
IF Hsi<Ys THEN
Dy=Hsi~y2
Bx=Dy#(RE-K2) 2 (Y1-Y2)
Rs{J)=K2+Dx
Ys(JIy=Y2+4Dy
ELSE
RsCJIo=X1
Y¥5¢Jr=y1
END IF
1F Hsity2 THEN
Dy=Hgi-y
ux=ny*<xz K1y (Y291
NsCJ+1>aRi+hx
Ys<J+x>=Vl~»y
ELSE
Ks(J+1rex2
Ys<J41)aY2
END IF
Lx=isCI+1)=Rstd)
BaB+Lx
LyavsIHt)=Ysld
PCII=SORCLx*L+Ly*Ly>
ALII=LR*CUsi= (Vs I +YsCI+130/2)
R¢Y BSCALIIAPLIN)
KCII=ACTI*REIIAC2/83 /N
AreasArea+sAct)
- KsumzksumtK<L),
Beta_sun=Peta sum*K<1)“2/ﬁ(J)
Ripha_sum=A1pha_suptK<II3/ACTI~2

Psum=Psum+P<J)

- 11060 END IF
11070 NERT J

@ iteee IF firea<>d THEN

5 11@9@ BetasBeta_sums(Ksum~2/RAread

11180 fAlphas=A1pha_sun/(Ksum 8/Rreas2?
ittie ELSE

[ 1112a BetasRiphas1

Wit 11138 END 1F

R 11148 SUBEND

N=tMann (I +HanncJI+1)3/2 | MANNING ® GIVEN AT A POINT
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APPENDIX B2 : PROGRAM LISTING - BACVDATA

20 1 *HYDRO/BACKDATA: RENOTE"

40 1 UPDATE 1985-88-01 FJGG

60 OPTION BASE -1

88 COM Path#I581,Devices[50]

188 COM Reach<68,28,35,Np<60),L(68),Data
126 DIM Cp(6@),Bpc6B),Beachi6e,20,3)

148 DIN Ed{t#801

168 Edit_value=o

188 Com#=" o

206 PRINTER 15 16

228 PRINT PAGE;" BnckunTER FROGRAM_- CROSS SECTION DATA INPUT®,LINC2)
248 PRINT CHREC27)%

26a  GOSUB szarage_gev»ce

288 LOOP

380 LINPUT "Enter the RERCH Number ~¢ GONT if FINISHED >",Nr#
326 EXIT IF Npgarh

34e Nr=YRL (NP>

368 GOSUB Retrieve

380 GOSUB Options

408 END LOOP

428 SYOP

448

468

486 1

500 Options: t AYAILABLE OPTIONS IN THIS PROG
526 LOOP

S48 PRINT PRGE," DATA _FOR REACH "jNm;"",LINCL)

see PRINT © 1. ENTER CROSS SECTION DATR “,LINCL>

580 PRINT * 2. PRINT HARD COPY OF CROSS SECTION DATA",LINCI)
606 PRINT * 2. EDIT CROSS SECTION DATRY LINCH

628 . PRINT ¢ 4. RUN BRCKWATER PROGRAM WITH DAYA FOR REAGH "jNr,LINC!
648 PRINT * 5. ENTER R NEW REACH

66 INPUT "ENTER OPTION ¢ 1,2,3,4 or 5>” op

689 SELECT Op

700 CASE 1

720 GOSUB Data

748 GOSUB Store

768 CRSE 2

780 GOSUB Printoutt

869 CASE 3

820 GOSUB Data_sdit

846 GOSUB Store

860 CASE 4

864 Data=i

880 LOAD "HYDRO/BACKMATERIREMOTE", 1

900 CRSE 5

926 EXIT 18 0p=S

940 CRSE ELSE

969 BEEP s
989 YNPUT * ENTER AN INTEGER BETWEEN 1 AND S TO INDICATE OPTION fI° ¥
1000 GOTO 688

1028 END SELECT

1049 END LOOP

1660 RETURN

teg0 |

t1e8 !

11ze ¢

1140 Davai | INPUT OF CROSS~SECTION DATR IN R RERCH
1168 PRINT PAGE

118@ PRINT * POINT DISTANCE LEVEL MANNING v
1208 PRINT ¢ No, (€3] > N .

12260 PRINT CHR#(RP34"1"
1240 Np_waxs@
I=i

1260 LOOP
1388 Datal: 1 START OF BRANCH FOR RE-ENTERING A GROSS SECTY

T
2




-
PRINT L!N(l), Lross Sectiop Wo, ":I:®¢,LINCIY
IF I3t
DISP "CHﬁNNEL LENGTH BETWEEN SECTIONS";I~1;"AHD ;13" ¢CONT IF “ji-
X'“IS LAST SECTION "3
LINPUT " ", Ed{ts
1480 EXIT IF Editg=""

1420 LEI>=VALCEdi18)
1440 END 1F
1460 I=1
Hee Loop
LINPUT "ENTER DISTANCE,LEVEL ,HANNING N - ¢ CONT WHEN FINISHED WIT
H Tuxs SECTION )% ,Edivs
EXIT IF Edftg=ne
iS40 GOSUS Strings
1560 Reach(3,J, 1)nVAL(SLr$¢13)
{see Reach(l,J,2)=VAL(Str$(25)
1509 ReachCl,J,3)=VALISLr$<3))
1630 IMAGE 3%,DD,11¥,4D.D, 8X,3D,5h, S¥D,0DD
1640 PRINT USING 1820;,Reach<1,J,1,Reathcl,J,2%,Reachcl,J,3)
(650 J=I+1
. i 1480 END LOOP
e 1700 HpCIo=l-1 .
1720 1F HpCT2olo_max THEN Ho_max=hp<> N
U 1740 IF 151 THEN i
L ki 1760 PRINT "DISTANCE BETWEEN SEGTIONS "§I-15¢ AND*jI;" IS*;L<D
- 1780 END IF
R 1600 BRINT LIN¢2) .
: 1826 GOSUB Edit .
o 1840 IF Edit$IL, 1
ok 1860 GOSUB Data_ cding
1880 END IF ;
1500 IF Edit_valus=1 THEN 2000
1928 Cum_hp=Ctum _hp+Npdly
1948 1=i%1
1960 END LOOP
1980 Nx=1-1
: 2060 RETURN .
2028 -
e 2640
- 2060 |
-l 2000 Data_editi: | EDITTING OF DATA
S 2169 IF T>1 THEN b
o H 2120 Edi 6 $=VALSCLLTY)
- 2144 DISP * CHAHGE THE DISTANCE BETUEEN SECTIONSI; AND SECTION'i-1
y z1€a EDIT Ed
2180 LCLyavhLeEdiLs)
L] 2200 END IF
o 2220 Loop
= 240 DISP "WHICH POINT BO YOU WISH TO CHANGE IN CROSS-SECTION"jIj% (CONT W
E- AT i
. 2260 LINPUT Edit$
. 2296 EKIT IF Ediis=l . .
. 2300 Cp=YALCEdi LS : :
oo 2320 Edijt$=t “&VHLS(R!&:h(X,Cp,1))&Coms&VﬁLx<Raach<l,0p,2>)&CumS&VHL$(Reach 3
¢1,Cp, 35>
! 2048 DISP “ CHRNGE DISTAHCE,LEVEL OR MANNING N AT POINT 9jcp;
i 2360 EDIT * “,Edit$
2368 GOSUB Surings YR
L 2490 Reach(I,Cpy 1)aVALLSLA$CLY) o
o 2420 Reach(l,Cp, 2)sVAL(SLr$¢2)) f
. i 2440 Reach(I,Cp, 3)aVAL(SLA$¢5Y) i
L 2468 GOSUB Printout '
2480 END LOGP :
3 2566 RETURN :
d 2520 | B
i i 2540 | % )
y * » |
i 2568 ¢ at
s 2508 Store: | STORES DATA ON BISC ;
’ 266@ REDIN Reach(Nx, 20,32, Npthx),L (Hx> i
. 2628 Records=INT( (60X HX+E6¥Ni>/256) 11 .
N 3

g “ . - : . e




ON ERROR GOTO 2788 -12%-
266D Nape¥=*Reac"BVALECIN)
2698 CREATE Naws$,Records
2768 ASSIGN #i T0 Nanet
2720 PRINT #1iCun.np) e Np<x?, Lexd, Reachcd
2748 ASSIGH % TO
2768 GoTo 2928
BEEP

2800 PRINT ERRM$

2828 IF ERRN=54 THEN

2840 DESP “EHTER A HEN REACH HO. GR PURGE FILE “;Name$
2860 INPUT Nr

2860 GOTQ 2668

2908 END IF

2928 OFF ERROR
2940 RETURN
i

2969 |

'

2020 Printout:PRINTER 1§ 16 IPRINT& GUT CROSS SECTION DATA

3948 PRINT TABCS); "REACH HUNBER

aasa PRINT TAB(S); waa
3880 PRINT THB(S);“CRUSS"'TRB(ZB);"PD[NT“'TRB(GS);“nlSTRNcE"'TRB(sG);"LEVEL"'TH

B(E5); "HANNING"

3108  PRINT Tns<4)"SECTION" TRBC2B)§ "NUMBER" | TRBCE9) "H"

3120 PRINT TRAB(4)} ====t 3 TABRO) § “====ux{ TRB(3E); "=

rns(ss>~"~===--="

3140 PRINT LIN¢2)

alsa PRINT USING 31808;1,1,Reach(I,1,1>,Reach¢l,1,2),Reachtl, 1,3)

3160 IMAGE 5%,3D, 13%, 0, 16X, 50, b, &%,3D.D1, 94D.3DD

3260 FOR J=2 TO Hp<l)

9220 PRINT USING 3248;J,Reach(I,J;1),Reachd],,2),Reachtl,J,3)

9248 IMAGE  21%,DD,10%,5D.3, 8X,30.2D, 9XD.DDD

3360 HEXT J

3268 IF 1=t THEN 3328

3360 PRINT "DISTANGE BETWZEN SECTIONS ©;Y-13" AND"jI;" IS'jLCT

3323 PRINTNL!N<2>

FTABCED); “=san=ty

386@ STOP
1

ad4g0 1
3428 |
3440 Retrieve! 1 READS DATR PROM DISC
3468 Hane_reachtarReac VALSCHr)
2458 ON ERROR GOTO &
3560 ASSIGN #a To Name  peachs
3526 READ #3;Cun_np, NX
3948 REDIM Reach(Nx,ZO 32, NpdNxY, L<Nx)
3360 RERD 433iinCe) Lxd,Reachcs)
3588 ASSIGN &
S50 ore caraR
3628 RETURN
'

83649

3660 !

3689 !

3700 Data_edit: | DATA EDEIT OPTIONS

g7zo  Edit_value=l

3744 LOOP

3760 PRINT PAGE," EDITTING OF DATA FOR REAC ";Nr;"“.LrN(z)
3780 PRINT “ 1. INSERT A NEW CROSS SEGTION " LINC1)

3880 PRINT % 2. CHANGE EXISTING DATAY,LINC2)

3829 PRINT * 4, DELETE R CROSS SEGTIDN " LINCRY

3840 LINPUT "ENTER OPTION ¢ ior 2) - C(CONT WHEN FINISHED ", Ecit$
3960 ENIT IF Edivé=""

anee Op_edit=VAL(EdiL$)

3908 SELECT 0p_edit

3929 CASE 1

3949 IMPUT "ENTER No. OF CROSS-SECTION BELOM NEW SECTION *,Jk
3969 Jjmdk+t

3960 GOSUB Insert

4008 1=J§

d
1
-
L




. - g e

P

48 LINPUT " :11CH CROSS-SECTION DO YOU WISH TC' CHANGE ? ¢ COHT WHEH
FINISHED PU,EdiLE
4101 EXIT IF Ed{tra"
412@ IsVALCEdY

414n INPUT "DO w4 MANT TO CHANGE THE WMOLE SECTION 7 <Y/N>",Edit$
4168 gar

4188 EPiY IF (Editsil,11a%y#) OR ¢Edit$L1,11="N")

4206 P

422 lNPUT VENTER Y IF YOU WANT TO CHANGE THE WHOLE SECTIGH OR
N !F NOT ", Edits

424 END L

4268 IF Edibt‘"Y" THEN

4280 GOSUR Datat

4300 ELS

4328 GUSUB Data_editd

4349 ERD

4360 END LOOP

4388 CRSE 3

‘403 ki

NPUT “HHICH CROSS-SECTION DO YOU WISH TO DELETE ? ¢ CONT WHEN

44
FINXSHEB )".Ed1t$
RIT IF Edjré=r®

4456 1iaYALCEdiv$)

4480 LEEE+13aLCTideLldTiet)

4800 FOR I=1i TO Nx-1

4820 FOR J=1 TO Hpll+l)

4540 Reach(l,J, 13=Reach(I+1,J,1)
4560 Reach(l,J,2)=Reach(1+1,J,2>
4se9 Reach(I, ], 3)aReach(1+1,J,35
4609 HERT

4629 NpCYdmNplivs)d

4649 LSIdml(I+t)

4662 NEXT I

4688 Nxe=Nx-1

4700 REUIN Reach(N:i,20,3),HpCHxY, L ¢Hx)
472@ END LODP

4748 CRSE ELSE

4760 BEEP

4780 END SELECT

4909 END LOOF
4828 RETURN
4848

4660
4960
4960 Frintouy 1:PRINTER 15 8 IPRINTS OUT GROS® SECTION DATA

4528 PRINT TRB(18);"REACH NUMBER';N»

4940 PRINT THBC10)} "smmar2snaorrrmsst

4960 PRINT TRB(C18);“CRUSSY;TABC20);¢ REACH"; TABCA2)§ "POINT; TABC42) § "BECTIONY;
TABCSS; "GROUND" ; TABCES); "MANNTHG"

4980 PRINT TAB(S);"SECTION®; TABC20>; "DISTANCE"; TABCS2); "NUNBER" | TREC42); "DISTRN
CE*3 TABLBSY; "LEVEL Y TRBCED) 1

5660 PRINT TAB(9Y; TABC20Y; 3TABC32)} ="} TABC4Z) } "rummns
== TABLSS); "nmnamut ) TARCES) S Mawnmwnn

5020 PRINT LINCI)

sazt Distmd

3048 FOR I=1 TO Nx

5641 Dist=Dist+l<ad

5960 PRINT USING 5096;1,Diat,1,Reach¢I,1,15,Reach<l, ,2),Reach¢I, 1,8}
segn IMAGE 1ux,an 73,4123, 7%, DD, 6%, 4D.D, ' 6X, 50, DD, 4xD. 20D

stee FOR Js2 TO Hpgid

5120 pRIAT Us IO 5140} J,Reach<l, J, 1) Reachl], J,2),Reachdl, J,3>
side INGE 34X, DD, 6%,4D.3, 6X,3D D0, 45D.DDD

5160

s228 PRXNT Tianess

5240

5268 PRXNTER 18 18
5288 RETURN
[

&

o




1
InsertsMAT Cpatp
AT Bpal

5409 MAT Beach=Rea-ir
5428 REDIN Reach(N 1,28,3),Np<Nxt1d,L(Hx+1); CpCNx+1), BRpCNx+1), Beachthx+1,20,3)
5442 FOR IsJj+1 TO N1

5460 FOR J=1 T0 Np<I-1)

5488 Beachdl,J, 19=Reach<I=1,J,1>

5508 Beachil,J,2>=Reach<I~1,J,2)

5520 Beach¢l,J,3)=Reach¢I~1,J,3)

5540 HEXT J

5560 Cp¢IdaNpiI-1)

5560 BpCEd=LiI-1)

5668 NEXT I

5520 MAT Reachsdeach

5648 MAT NpaCp

5668 MAT L=Bp

5688 Nx=Ns+l

5768  RETURN

5728 STOP

5740 |

s760 |

578@ Strings: | BREAKS DONN A CDMMA~SEPARATED STRING
5609 | INTD COMPONENT STRINGS
5820 ComwazPOS(Edits,”, ">

5843 IF Comma<>® THEN Stré¢idsEdit#[1,Conmal

5860 IF Comma=d THEN Stré(1)=Edit$

5888 Ii=2

598  LOOP

5928 EXIT IF Conna=0

s948 Edit$=Edit$T0onnasil

5968 Coppa=Pus(Edits LS

5500 IF Comma<>@ THEN

6000 Str$(11)=Edit$LL, Conmatl

6028 LSE

6048 StrECIid=Edits

6060 END_IF

6060 IimI{+1

6109  END LOOP

6120 RETURN

6140 Edit: | CHECKS IF ANY EDITTING TO DISPLAYED
6160 | DATA 18 REQUIRED

6180 Edit$=""

£2a8  LOOP

6226 IHPUT D0 YOU WISH TO MAKE ANY CHANGES 7O THE ABDVE DATA # £Y/N)' Edits
6240 EXIT IF <Edies$C1,11a0Y93 OR CEciedll, 21=7R")

6260 BEEP

6290 DISP “ENTER YES OR HO 111"

6380 WRIT 2008

6320 END LOOP

6348 RETURN

636a |

6380 | MRSS STORAGE DEVICE Level 3
sdve | *
E1d

6420 Storage_device: 1

6440  Edit¥=Pathstdevices

6460 IF Ediv$<>"" THEN

6480 EDIT "CURRENT MASS STORAGE IS CCONT 19 OKAY)",Edits$
5500 IF Edit$=)% THEN 66@

6520 Colon=POSCEdits, "1")

6548 Device$=Edit$LColond

6560 IF Colon>i THEN Path$=Edicsll,balon-11

6560 ELSE

6560 LaoP

6628 INPUT #Local <L) or Remote (RY",L vices

6548 EXIT IF (Device$=®L") OR (Device$="R">

6668 BEEP

¢688 DISP " L OR R EMPECTED FOR ENTRY : 3
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WAIT 1868
END LoopP
IF Device$="R" THEN
Device$="IREMOTE"
INPUT "Enter the DIRECTORY PATH ",Paths$
ELSE
LINPUT “Enter the Local device Address ¢ egy 1H?,@,1 )" Devices
Path$=4e
END IF
END IF
MASS STORAGE 18 Path$ddevices
RETURN
i

EHD




APPENDIX C

SWARTVLEI ESTUARY
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:  SWARTVLET ESTUARY - CROSS SECTION DATA

REACH

DISTRMCE

2.00

109,80

160.00

228.99

3208.600

416,88

490.00

LR RN NG LN EATY

NG

CONOD BN~

LY FNT TN

NRA RGN -

GROUND
LEVEL

5,00
.02
0,08
5.08

5.98
3.45
1.80
1.89
2.85
.46
5.00

5.30

5.29
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APPENDIX G2 : SWARTVLEL BSTUARY - RESULTS OF TIDAL RUN i
FINITE DIFFERENCE FLOW RHALYSIS {
using the COMPLETE DYNAMIC EQUATIONS Ea

DATA FILES ¢
$ Cross sections

! Reac2

LHS Boundary Conditions:
RHS Boundary Conditiohs

Infiow hydrograph: QTHO

Tidal variation:

' Mean sea level ! 3.29 n
"2 anplitude i .80 p 4
$2 anplitude PR )
Phase Diffarencet 8 s .
Time of Tide £348.67 h w

Injtial Conditions Y INIT2_363
THETA § .6 PS1 ¢ .5
TINE STEP ¢ @.10 huurs -
RUN . 2 o “
SECTION 3 SECTION 5 SECTION 19 SECTION 36  SECTION 44 .
TEME .. STRGE FLOM  SYAGE FLOW  STAGE FLOW STAGE FLOM  STAGE FLOW
6.90 9.738 -3.87 3.784 3,686 -14.48 3,913  9.13 3.832 16.62
R 1.08 3.741 -4.22 3.803 3,893  6.16 3.792 18.19 3.427 2{.99
2,80 3.742 -2.88 3.777 3,795  8.17 3.718 17.94 B.191 19.62
3,00 3.744 -1.36 3.753 3,738  8.47 3.659 16,16 .116 172.37 "
4.08. 3.74%5 .60 3.735 3,695 8,43 3.61! 14.56 3.069 15.60 .
S.08 3.744 2,27 8.718 3,657 8.20 2,569 13,34 3.023 14,15 %
6.0 3.744 2.66 3.703 9,622  7.90 3,534 12.83 3.003 12,76
7.00 3.744 2.93 3.689 3.589 7.49 3.504 10.96 8.228 9.16
€.00 2.743 3,18 3.677 3,566 5.95 3,560 -8.44 0,679 ~14,68 5
< $.00 3.743 3.17 3673
16.90 3.743 2.47 3.708 B
. 11,80 3,743  -.08 3.745
12.00 3,745 ~£.97 3.779 f
13.89 3.747 -3.27 3.8i1 T
14.00° 3.749 -2.74 3.799
15.00 3,751 -1.G6 8.765
16,60 3,751  1.81 3.746
. 17,00 3.751 2,34 8.729 4
18.08 3,751 . 2.73 2.714
19,90 3.751  2.93 3,699
o 20.00 3.758 3.19 3.687 -
: 21,80 3,750 3.3t 3.677 %.
ZI.00 8.756 2.83 3,709 Y
23.8@ 8.750 1.33 B.741 : i
24,80 8.752 -3.84 8.775 :
25,80 8.754 -4.92 3,813 3.871 -3.83 3.862 15.17 3,648 20.96 ﬂ

Mo ol
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H
i1
i
MAXIMUM STAGE AND FLOW VALYES I
4
MARIHUN MARIHUN HINEHUN i 9
SECTION  STAGE TIME FLON TIME $TAGE  FLOW 3
<wd thours> (cumec) (hours) s (cumec) 5
r
1 3,758 25.000 2.000 . 108 3.738 2,800 i
2 3.753 25,000 3.196 21,1068 3,738  -4.155 H
3 3.754 28,000 3.318 21,000 3,738 ~4.917
4 3.789 24,900 3.818  21.008 3.702  -~5.949
5 3.813  25.000 3.318 21,000 3.671 -5.048 o
6 3.849  13.000 2.82¢ 20,808 3:626  -4.945 f ©
7 3.949  13.000 3.455 20,680 3,626  ~4.655 1
8 3.849  13.000 3.676 20.508 3,625  ~5.351 5 -
9 3.849 13,006 9.706 20,500 3.625  ~5.453
le 13,00 3.711 20,500 3,625  -5.468 . N
it 13.908 9.980 20,300 a.620  -6.321 .
12 3.869 25,000 4.586 " 15,500 3.601  -9,834 2T
12 3.863 25,209 4,963 18,700 3,595 ~11.691 .
14 2.866 24,900 $.538 17,200 3,591 -13.426
15 3.869 24,800 §.127 16,660 3.567 -14.614 -
16 3.872  24.800 6,588  16.¢0¢ 3,535 -15.515
17 3.878 24,600 7,988 16,500 3.579 ~16.453
t8 3.888  24.500 7,735 16,400 3.572 -17.732
1% 3.895 24,500 8,598  16.300 3.566 =-19,228
26 3.899 24,400 8.918  15.500 3.564 ~-15.708
21 3.982  24.400 9.143  15.400 3,562 -20.065 ¢
22 8.905 24,400 9.369 15,260 3.561 ~29,439 .
23 3.986  24.380 9,513 15.200 3.561 -26.872
24 3.912  24.308 9.755  15.100 8,557 ~-21.099 R
25 3.927  24.200 10,150 14.900 3,549 -21.850 °
26 3.99% 24,100 10.628 14,608 9,542 -22.666
2? 3.955 24,900 11,241 14,500 3.530 -23.571
28 3,971 23,980 12,146 14,400 8,515 «24.917 |
29 3.976 23,900 12,865 14,308 9.512 -~25.548 !
98 2.993 23,800 12,906 14,308 5.503 -26.872
3 3.999 23,800 13,339 14,208 3.507 -~26.744
32 5.994 23,700 13,714 14,200 3.585 -27.417
33 3.9%¢  23.700 14,415 14,000 3.504 -28.985
34 4,062  28.700 16,579 13.880 3.501 -33.395 N
35 4,005 23,600 17,511 13.788 -35.050
36 4.008  23,€90 16.725  ¥3.600 ~37. 268
37 4,009  29.680 19,239 15,608 -38.322
38 4,010 23,600 19.474  123.600 ~38,897
3% 4,857 10,908 20,883 13, 0. ~39.841
40 4.189 10,700 26,379 13.500 ~40, 187 .
41 4.176 10,500 20.841  13.400 -40.407
42 4,202  10.409 21,285 13.400 -40.618
43 4.225 16,400 21,774 13,200 -48.899
44 4,257 16,300 22,243 13.200 -4.118 }
45 4,296 19,300 22,451 13,100 ~41.198 1
46 4,310 10.308 22,847  13.100 -41.352 i
47 4,319 10,360 30,566  13.106 2,268 -43.199 {
!
:
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¥
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=
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FLOW

—— = UPSTREAM FLOW
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- — — UPSTREAM LEVEL
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5 19 15 20 38
TIME (HOURS)
MASS BRLANCE RESULTS:
Initisl Yolune ¢100003> 22488,708  Inflow ¢1oaanay 180, 020
Final Volune <100043) 3358978  Outfiew  ¢10@0m3) 58,876
Increase in Volums $1050m3) © 108,378 Het Inflow (1000m3) 121,124
Error f ~11,768 %
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CROSS
SECTION
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: RIETSPRUIT WATERCOURSE CROSS SECTION DATA

REACH POINT SRCTION GROGUND
BISTANCE NUMBER DISTANCE LEVEL
= = a=venm sn=mam=m

[-1:) 4 8.8 49,60
2 5.9 47.20

3 165.9 47.28

4 ite.e 49,00

19,02 1 8.0 49.88
2 t02.9 48.50

3 260,0 48,00

4 929.8 47.50

El 416.9 47,87

& 460.0 47,50

7 498,68 48,00

8 512.9 48,50

9 536.8 49,00

218.00 3 Q.8 49.08
2 59,9 48,59

3 222.6 48,00

4 272.8 47,90

5 344,90 48,00

8 346.9 48.50

7 367.0 49,00

428.00 1 8.8 50.08
2 1.8 49,50

3 56.9 49.06

4 244.@ 48,75

s 293.8 49.00

6 3086.0 49,52

7 318.9 50,8@

8 338.8 e, 56

9 343,0 51.00

ie 336.6 51,58

&28.00 1 9.0 51.09
2 16,8 59.5@

3 82.@ 50,98

4 187,86 49,50

5 250,90 49.8?

3 388,48 49,50

7 328,02 56,08

8 346.0 59.50

9 366.0 Si.06

19 378,98 51,50

828.60 1 2.0 52,36
2 6.8 52,00

g 27,08 51,56

4 39.0 1,00

5 €8,0 58,50

6 178.9 50.84

7 22,0 5@.50

8 382,98 51.00

9 950.9 51.508

18 367.9 B2.60

11 360.0 52.50

1228, 86 1 2.2 52.50

MANKING
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2 16.8
3 34.0
4 60,0
5 158.8
& 64,0
7 31g.0
8 345,86
9 389.0
8 1220.90 1 0.8 53,90
2 35.@ 53. 46
3 68.0 52.82
4 95.0 52.85
8 145,90 S51.25
6 178.8 51,70
I'e 192,98 51,97
8 235.0 $2.00
9 308,80 51.53
19 878.8 52.50
i 385.0 53.00
9 1420.00 1 6.8 53,82
2 47,0 3,51
3 96.0 5§3.27
4 142.0 52,88
5 159,90 52,28
6 167.9 52.86
? 212,08 52.43
8 260,08 52.29
¥ 282,86 52.98
18 358.2 53. 00
1@ 1520,680 1 .9 54,14
2 48,0 59.53
3 83,0 53.21
4 103,82 52,86
5 150.8 52.92
€ 196.8 52,58
4 238,90 52,72
8 307.0 53.00
9 340,09 $4.90
11 1620, 0808 1 @.0 §4.20
2 48,0 $9.87
3 68,8 53.76
4 92.90 53.29
5 108.2 52,49
€ 115.@ 53,34
? 127.e 52,67
8 i52.¢ 59,27
9 195,90 53.03
1@ 284,08 53,09
1 246.6 53,36
12 380.90 54.90
12 1726.00 1 8.8 55.89
2 44,0 54,79
8 a87.0 54,21
4 133,0 53,79
S 152,48 52.98¢
€ 168,08 53,52
7 212,98 53,24
8 230,0 53,50
9 278.0 5,00
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1820, 90 t 0.8 56,28 060 ; i
2 45.0 §5.57 .955
3 95.0 54,95 .850 * 4
4 144.8 83,91 845
5 156.@ 53.90 .40
6 164.9 53,71 .045 4
7 206.9 53.59 050
8 259.2 58.36 .055
9 288.0 56,80 068 N
1870, 06 1 0.0 96,40 869
g 2 42,0 56,18 . 855
. 3 87.0 54,99 .50 LI
: 4 136,09 54,19 045
o 5 143.0 53,44 .04 .
2 & 158.0 53,64 .845 LN
3 7 280.0 54.27 ,950
[ 247.0 55,71 055 e N
9 278.9 56,66 069 ;-
. 1s 1928,00 1 0.9 56,71 865 §
) 2 56,9 S6.11 .860
3 94.0 56,35 .655
D 4 148,92 54,59 .850
: s 157.0 $4,00 843
6 167.8 53,55 L0480
i 7 150.0 54,00 845
. 8 234.9 55,00 .059
SRR H 254,90 s5.71 .0S5 . .
19 272.9 56.90 .06
16 197a. 00 1 2.0 56,49 865
- 2 45,9 56,65 . 260
3 s0.9 64,95 055
4 128.8 54,54 050
X 5 182.0 54,50 .045 E
AN & 155.9 54,12 .048
] ? 168.8 54,50 045
] 8 175,8 54,69 .85€
. s 216.8 56.83 069
: 17 2070, 00 1 0.9 56,62 065
2 50.0 56,54 062
. 2 100.8 §6.56 855
4 147.9 56,43 .855
1 s 192.0 56,72 055
: 6 242,09 85,11 .50
1 ? 2v5.0 54,40 .045
] 8 282.0 54,94 .858
i 9 389.0 56,50 855
10 378.96 56,09 060
| 11 418.9 86,50 .065 ]
; , 18 2270.00 4 0.0 89,12 968 “}
] 2 28.0 56,08 .958 i
s 3 76,0 66.95 .058 !
4 1t7.8 56,36 045 i
5 142,90 $5.72 .048 :
s 155.0 56. 68 045 i
7 263.0 56,50 .e58 1
8 289.0 57,50 068 i
7
19 2370, 08 1 2.9 58.76 855 i
2 27.8 58.00 .0508 @
. UL e - ;
i y 0. s - o
i : o
P
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