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1. Introduction

1.1 History and purpose of the model
The introduetion of personal or micro computers in organisations involved in
water management and hydraulic engineering stimulated the demand for easy-to­
use computer modeis.
Water authorities require a dynamic management of'their extensive water
systems and related infrastructure to provide water for industry, agriculture,
domestic supply, fishery, energy and water quality control, taking into account
reduction of damage due to excess ofwater, etc. Inhydraulic engineering a
proper design and operation of river based structures and improvement works
requires also consideration of larger parts of the overall water system.

The use of real-world models suiting a wide range of users and their applications
bas become a prerequisite for optimal design and management.

Various educational institutions stressed on having free access to a hydrodynamic
user-oriented computer code. The Department of Sanitary Engineering and Water
Management, Faculty ofCivil Engineering, Delft University of Teclmology and
the International Institute for Hydraulic and Environmental Engineering, Delft,
stimulated various organisations to contribute to this model development.

Three institutes in The Netherlands, viz.
• The International Institute for Hydraulic and Environmental Engineering

(mE), Delft;
• The Rijkswaterstaat (Public Works Department}, Tidal Waters Division, The

Hague;
• The Delft University of Teclmology, Faculty of Civil Engineering,

thus collaborated in providing the engineering community with a PC-program
package for unsteady flow computations in networks of open water courses. The
computational core of this model is based on the FOR1RAN computer code IMPLIC
which is originally developed by the Rijkswaterstaat. To improve its user­
orientation this implic code bas been fitted with a user interface written in ms­
Basic. At the same time computational procedures were updated and more
options for structures were included.

In 1992 version 2.0 was completed. Inthis version the package was extended
witb water quality modelling. The water quality part was developed by the
Agricultural University of Wageningen / Department of Nature Conservation in
co-operation witb the InternationalInstitute for Hydraulic and Environmental
Engineering (ihe). Especially as the relationship betweenquality and flow gets
special attention nowadays, a package suitable for modelling both aspects makes
DUFLOW a useful tooI in Water Quality Management.

Inthe Water Quality part the process descriptions can be supplied by the user.
This special concept enables the user to create different types of water quality
models. Two predefined eutrophication models are included inthe package.

The package as a whole is called du(tch)flow. ft is intended to serve both
practising engineers and students and is available at nominal costs.

Access to the souree code is only allowed to those institutions who will contribute
a substantial extension to the model package.

Editic:n 2.1, December 1995
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A free student's version is available, which includes all options, but is restricted
in the nurnber of channel sections and structures. Information on purchase and
users rights will be supplied by EDS, Leidschendam, The Net:herlands.

This chapter gives a general overview ofthe capabilities ofthe model and is
intended for those who have to decide whet:her to use duflow or nat.

Chapter 2 gives an account ofthe physical and mathematical background; it
provides advanced users with the necessary information on the assumptions and
met:hodologies underlying the model.

Chapter 3 describes the use ofthe model; it can be consulted as a reference guide,
although the more experienced users may find enough information in the
additional screen messages and menus. Those who are using duflow for the first
time are referred to appendix B (Getting started) where a worked out example is
presented step by step.

Chapter 4 describes a nurnher of (simplified) real-world problems in various
areas of application; on one hand this chapter is also part ofthe scientific
account, on the other hand it is helpful to beginning users since it shows how to
solve several types of engineering problems.

Chapter 5 gives conclusions and suggestions for future extensions.

1.2 Types of users
The duflow program package is designed for various categories of users. The
model can he used by water managers and designers and has proved to be a very
useful tooI in education. Since it runs on IBM-compatible micro-computers it can
be operated in almost every scientific or engineering environment.

In engineering education the major advantage is the short learning time due to its
menu structure and screen-oriented input and output.

In water management the model can be used to simulate the behaviour of a
system due to operational measure such as opening or closing of sluices,
switching on pumping stations, reduction of pollutant loads etc. and thus to
optimise the day-to-day management decisions and to evaluate management
strategies .

In a consultancy environment the model can be used in the design of hydraulic
structures, flood and salt prevention and river training measures.

1.3. Designconsiderations
duflow is designed to cover a large range of applications, such as propagation of
tidal waves in estuaries, flood waves in rivers, operation of irrigation and
drainage systems, etc.

Basically free flow in open charmel systems is simulated, where control
structures like weirs, pumps, culverts and siphons can be included.

As inmany water management problems the runoff from catchment areas is
important, a simple rainfall-runoff relation is part ofthe model set-up. The
selected numerical scbeme allows for a rather large time step in the computation
and for choosing different lengths of the elementary sections.
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Water quality is an increasing concern in water management, e.g. problems of
algal bloom, contarninated silt, salt intrusion etc. More often than not water
quality bas to be described bya (sometimes large) number of parameters, so

duflow allows for a number of quality constituents, and it is able to model the
interactions between these constituents. There is an abundance offormulations
around, so there is a great freedom for the user in formulating the production or
destruction ofbiological or chemical materials. To test such a formulation there
is the possibility of a simple box model. For common users a number of pre­
formulated interactions is available where still the coefficients can be influenced.

An important topic in water quality problems is also the interaction between the
bottom layer and the water mass above; duflow distinguishes transported
materials that flow with the water and bottom materials that are not transported
but that can be subject to similar interactions as described above.

duflow can direct results to disk files which can be approached by other
computer programs (ground water flow, economie analysis and structural
design).

For immediate inspection, the results can he graphically displayed on the screen
in time or space. Optionally output is given in the form oftables, while all output
can be directed to the (graphical) printer.

duflow is e:ffi.cientboth in terms of computation time and required memory, thus
allowing the processing of large models. Computation time is usually in the range .
of minutes up to one hour.

1.4 Options and elements
Inthe duflow system a model, representing aspecific application, can be put
together from a range of elements. Types of elements which are available are
open channel sections (bath river and canal sections), and control sections or
structures such as weirs, culverts, siphons, and pumps.

For instanee an irrigation or drainage system consists of a network of (small)
canals; water may be locally transported through pumps and siphons, and in the
network the discharges and levels may be controlled by means ofweirs.

Incase of a flood wave in a river the discharge imposed at the upstream
boundary of a river stretch is transmitted through a sequence of river sections
which may he separated by (movable) weirs.

Boundary conditions can he specified as:

• water levels and discharges. either constant or in the form of time series or
Fourier series;

• additional or extemal flow into the network can be specified as a (time
dependent) discharge or can be computed from a given rainfall, using a simple
rainfall-runoff relation;

• discharge-Ievel relations (rating curves) in tabular form;
• concentrations and loads of all the transported materials in the quality model,

either constant or in the form of time series or Fourier series.

Wind stress which may be significant in extensive shalIow networks can also be
included. All time series can directly he defined or can be read from an extemal
ASen file.

Editicn 2.1, Dea:mba- 1995 3
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A bird's-eye view of the netwerk provided by the program allows a quick check
ofthe netwerk including its orientation and the connections between the nodes.
Simple shaped cross-sections can be specified with only a few data. Two types of
resistance formulae can be used, viz. Marming and De Chézy.

For more complex cross-secrions (natural rivers) the width (bath width of flow
and width of storage) and the friction factor and the hydraulic radius can be
specified as a function of the water level.

Storeo" width

Flow width

8ottom I"vel

Figure 1.1 Cross seáimal distributian

A range of control structures is available induflow:

Weirs with movable gates can be modelled for overflow and underfl.ow
(submerged) conditions. Transition between various flow situations such as
overflow and underflow, sub- and supercritical flow in either direction takes
place automatically.

During execution ofthe program the height and width of a gate can be modified
depending on the actual computed water level(s) at a pre-defined location inthe
system and according to a pre-specified procedure (trigger conditions). Thus
various strategies of' automatic' gate rnanipulation can be specified.

A Culvert is represented as a weir by takinginto account also the friction. Pumps
are automatically operated depending on the upstream level only.

Siphons are defined as circular pipes and the flow depends on the water levels at
bath sides. Friction losses are taken into account.

4
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Figure 1.2 Sketch c:J: a hydraulic struáure

1.5 Structure of the duflowpackage
The duflow system consists of three modules which are controUed by the master
menu. The interactive input module (pre-processor) and output module (post­
processor) are written inms-Basic, the non-interactive computational module is
written inFortran-77.

The data prepared by the input module are stored inthe network and boundary
files, which contain all information on computation, network characteristics and
hydraulic conditions. Results ofthe computation are written to the result file and
can be used for further processing.

Flow and quality can be simulated separately or simultaneously. Using the first
option the necessary hydraulic variables are stored on disk and read during
simulation of quality. Another option available enables to simulate the processes
only. In that case transport is eliminated.

Physical problem 0

U
U

FS
e L
r 0

simulotedbehaviour W

schematization
.___p_re_-_pr_o_c:_e_ss_o_r_.j~boundary c:onditions

~c:o-m-pu-t-a-:-tio-n-al-~~0 0
module

...-------"1 <, 'aS
post-processor

Figure 1.3DUFLOWpackage
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1.6 Software and computer specifications
The minimum requiredcomputer configuration is an ibm-compatiblePC (XI, AT
or 386-class) with 640 Kbytes internal memory, a graphical card (CGA, EGA,
VGA, OLIVETI1 OR HERCULES graphics), a hard disk and preferably a
mathematical co-processor.

For special applications of duflow the computational module can be made
available on other computers than PC, for example SUN,HP9000 or VAX.
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2. Physical and Mathematical background

2.1 Introduetion
In this chapter an outline is given ofthe basic equations used in DUFLOW and the
numerical procedures used to discretize and solve these equations.

Paragraph 2.2 deals with the equations for unsteady flow in open channels. In
special paragraphs the use ofboundary-, initial conditions and structures is
presented.

Inparagraph 2.3 the mass transport equation and numerical solution applied in
the quality part are discussed. Special attention is paid to the use of boundary
conditions and process descriptions.

Paragraph 2.4 gives an outline ofthe numerical methods used. Finally in
paragraph 2.5 some practical considerations for the application ofthe model are
grven.

The equationspresented in the sequel are often given in the form valid for a
network. Ina network any section connects two nodes, one of which is always
denoted as 1and the other as 2; it is determinedby the user which node is taken
as node 1 andwhich as node 2. Discharges and loads are taken to be positive if
transferring mass from node 1 to node 2.

The numerical method is based on the use ofboth the mass conservation equation
and the equationof motion in the section, and the use of the conservation
equation (stating that the sum ofthe discharges is 0) in the nodes.

2.2 Flow

2.2.1 The unsteady flowequations
The DUFLOW package is based on the one-dimensionalpartial differential
equation that describes non-stationary flow in open channels (Abbott, 1979;
Dronkers, 1964).

These equations, which are the mathematical translation of the laws of
conservationof mass and of momentum read:

BiH+qJ=oa a:
and

qJ +gA. àl + qaQv) + gjQjQ =b]'W2 cos(<b-;)a a: ac C2AR

(1)

(2)

while the relation:

Q=v·A

holds and where:
t time [sj
x distance as measured along the channel axis [m]
H(x, t) water level with respect to reference level [m]
v(x, t) mean velocity (averaged over the cross-sect:ionalarea) [mis]
Q(x, t) discharge at location x and at time t [m3/s]

Edili(Jl2.1,~ 1995 7
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hydraulic radius of cross-sectien [m]
cross-sectional flow area [m2]

cross-sectiorial flow width [m]
cross-sectional storage width [m]
acceleration due to gravity [m/s'']
coefficient of De Chézy [m2/s]
wind velocity [mis]
wind direction in degrees [degrees]
direction of channel axis in degrees, measured clockwise from
the north [degrees]
wind conversion coefficient [-]
correction factor for non-uniformity of the velocity distribution
in the advection term, defined as:

a = ~ Iv(y,z)2dydz
Q

where the integral is taken over the cross-section A. [m2]

This mass equation (1) states that ifthe water level changes at some location this
will be the net result oflocal inflow minus outflow. The momentum equation (2)
expresses that the net change of momenturn is the result of interior and ext.erior
forces like friction, wind and gravity.

R(x, H)
A(x, H)
b(x,H)
B(x, H)
g
C(x,H)
w(t)
l/J(t)
cjl(x)

y(x)
a

For the derivation of these equations it bas been assumed that the fluid is weU­
mixed and hence the density may he considered to he constant.

The advection term in the momentum equation:

(4a)

can be broken into

(4b)

The first term represents the impact of the change indischarge. The second term
which expresses the effect of change in cross-sectional flow area, is called the
Froude term. In case of abrupt changes incross-section this Froude term may
lead to computational instabilities.

Inchapter 3 is described how to manipulate this term.

2.2.2 Discretizationof the unsteady Oowequations
Equations (1) and (2) are discreti.zed in space and time using the four-point
implici.t Prei.ssmann scherne.

Defining a section LUi from node Xi to node Xi+l and a time intervalll.t from time t
= f to time t = rI, then discreti.zation ofthe water level H can be expressed as:

Hi"+8 = (1- (J)Hi" + fEli"+l

at node Xi and time t + (JLit

and

(5)

(6)

8



Pnysical and mathanatical backgroend

in between nodes Xi and XI+l at time t.

Ina similar way other dependent variables can be approached.

The transformed partial differential equations can be written as a system of
algebraic equations by replacing the derivatives by finite difference expressions.
These expressions approximate the derivatives at the point of references (Xi + 1/2,

('+') as shown in figure 2.1.

n

t
n+l

n-+e ---------1-·
M

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

---- ...-_.
I
I
I
I
I

i+1f2 i+l x
Figure 2.1 The Four PoiDlPrcismaon scheme

Equation (1) is transformed into:

nr: H" e: erBO • 1+112- 1+112 + 1+1 - 1 = 0
i+U2 Ilt !l.x1 (7)

and equation (2) into:

{ Q::'1 e:_Q;" Qn+l)
11+1 n • (".e n-t6) A ° 1+1 A ° 1Qi+U2 - QI+U2 gAI+1I2 HI+1 - H, 1+1 ,

Ilt + !l.x, + Llxt +

g(Qt':j2IQ,:1121) = b" ( "+1) s(<t>1I+1_ "')+ ( ). t Wt+l12 CO 'I'
C2AR I+U2

The * (like in B':ll2) expresses that these values are approximated at time ('+8.

This discretization is of second order in time and place ifthe value 9 = 0.5 and it
can be shown that in this case the discretized system is mass-conservative. In
most applications, a somewhat larger B-value, such as 0.55 is used in order to
obtain a better stability (Roache, 1972).

The values indicated with (*) are computed using an iterative process.

For example, a first approximation ofB is

(8)

which is adjusted in subsequent iteration steps:
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B. = (B" +B"+l.•)

2

where ~1.· is the new cornputed value of B"+1.

So finally, for all channel sections in the network two equations are formed which
have Q and H as unknowns on the new time level r+"1:

Q"+l N H"+l N H"+l N; = 11 i + 12 1+1 + 13 (9a)

(9b)Q"+l N H"+l N H"+l N;+1 = 21 i + 22 1+1 + 23

2.2.3 Boundary and initial conditions
For a unique solution ofthe set of equations additional conditions have to be
specified at the physical boundaries of the network and at the sections defined as
hydraulic structures. Structures are discussed in paragraph 2.2.4.

The user-defined conditions at the physical boundaries may be specified as levels,
discharges or a relation between both. For instanee a (tidal) elevation H, a
discharge Q, or a so-ca1led Q-H relation. The selection of boundary conditions is
discussed in more detail in paragraph 2.5.

At internal junctions the (irnplicit) condition states that the water level is
continuous over such a junction node, and that the flows towards the junction are
in balance since continuity requires:

JJ

LQj,j +ql =0
J=l

(10)

where:
i indication for the junction node
~.I discharge from node j to node i
ql additional or lateral flow to node i

The above equations are solved at each time step. They are transformed into a
system of (linear) equations for the water levels by substitution of the equations
(9a) and (9b). After the water levels are cornputed using a standard solution
method for systems oflinear equations, the discharges are found by substituting
the cornputed water levels into equations (9a) and (9b).

Equation (10) is not used in nodes where a water level is prescribed as boundary
condition. In such a node no equation is needed because the water level is already
known, Discharge boundary conditions are taken into account as the additional
flowqt ..

To start the computations, initial values for H and Q are required.

These initial values must be provided by the user; they may be historical
measuremmts, obtained from former computations or just a first reasonable
guess.

Additionally wind stress and rainfall conditions can be specified.

10
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2.2.4 Structures

2.2.4.1 Generalabout structures
Various types of control structures can be defined such as weirs, culverts,
siphons and pumping stations, which cover most of the control structures existing
in real-life systems.

At weirs and other structures discharges and levels can he controlled by
manipulating the gates. DUFLOW allows for specification of such an operation
using the so-called trigger conditions: depending on flow conditions at specified
locations in the network, parameters such as the width ofthe weir, the levelofthe
sill, etc. can be adjusted during the cornputation. These conditions are treated in
more detail in chapter 3.

A common characteristic of structures is that the storage of water inside the
structure is negligible compared with the storage in the open channels.
The definition of flow direction in a structure is the same as the definition in
ordinary channel sections, flow from the begin node to the end node is assumed to
be possitive.

Any structure is defined between two nodes i and j and the discharge inthe
structure is denoted simply as Q.

2.2.4.2 ~eirs
The discharge over a war depends on the water level at bath sides, the level of
the sill, type of structures and the flow condition (free surface or submerged
flow).

Figure 2.2 shows the seven hydraulic conditions of flow over a war that can be
distinguished, where it is assumed that Hl >~. IfHl < ~, the picture is
symmetrical with figure 2.2 ex.cept for the loss coeffi.cient, which need nat be
symmetrical.

The genera! equation for the discharge over the weir is
where:

B width ofthe war,
Jol the discharge reduction or loss coeffi.cient,
H depth over the sill,
MI difference inhead.

These quantities, which may he different depending on the actual type and
direction of flow, are given in table 2.1.

Editim 2.1. Dec:anba- 1995 11
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ïï : HO<~<tHO
HJ<t~

tHO HO

'iJ: HO < Hl < t HO
HJ > HO

Figure 2.2 WeirFlow cxnditicos,eoveredin DUFLOW
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flow condition Il H MI
I Ilo HO H'.'+l-HO

I

II Ilt ~Hn+l !H'.'- 3 t 3 I

m f.Lv ~H'.'+l !Hn3 I 3 I

IV f.Lv Hn Hn+1_Hn+1t t j

V Ilt H'.' H;n+l_H;+l
I

VI Ilt HO Hn+1_Hn+l
t j

VII Ilo HO Hn+1_Hn+1
t j

Table 2.1 Coefficians in equalÏm (11)

The parameters are defined as:

Hl> El; water depth over the sill, respective1y at the beginning and at the
end ofthe section

HO heigbt of gate opening
Ilo loss coefficient, gate flow
f.Lv less coefficient, free surface flow
Ilt loss coefficient, transition between J.I.oandf.Lv, i.e.

u, = u; +2(:~ -1)(J.lo - .uv) (12)

Note that these formulas are approximations ofthe rea1 physical situation and
can be calibrated using Ioss-coefficients Iloand J.1,..

Equation (11) is linearized and brought into the form generally used for
structures :

Qn+l _ N Hn+1 +N Hn+1 +N
- 1 t '2 j 3 (13)

2.2.4.3 Culverts
Culverts are govemed by the same flow equations as weirs, only with a friction
term added. This resistance is thought to he coupled serially with the weir, at the
upstream side.

The equation for theresistance is based on the De Chézy formula:

Q=AC~R~ (14)

where MI is the head loss due to friction, and L is the length ofthe culvert as
prescribed bythe user. The quantities A, C, and Rare defined in paragraph 2.2.
The resistance formula is linearized as:
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or

Serial coupling means that a dummy node I is inserted between the nodes i and j.
The formula for the discharge between the begin node i and the dummy node I is
based on the resistance formula:

and the formula for the discharge between node I and the end node j is equal to
thew~rfurmula: '

Qn+l _ NHn+1 +N Hn+1 +N
- 1 1 2 j 3

Hl is eliminated and the following result is obtained:

Qn+l _ FN1 Hn+1 FN2 Hn+1 FN3
- I + j +-----=.-

F+N1 F+N1 F+N1

The general expression for the culvert is:

Qn+l _ N· Hn+1+N· Hn+1+N·
- 1 1 2 j 3 (15)

where the coefficients for flow in both directions are:

2.2.4.4 Siphons
A siphon is a fully filled closed conduit to transport water over obstac1es (hills,
structures). In case of flow the equation for Q is the same as case VII in
paragraph 2.4.2 combined with resistance in the same way as in paragraph 2.4.3.
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Start level

LStop level"""'_L

Figure 2.3 Operatica levels cla siph<ll

A siphon is infu1l operation when the upstrearn and downstrearn water levels are
above user defined start values. The siphon runs dry when at one of bath sides
the water level is below an user defined switch-of! or stop level.

2.2.4.5 Pumps
Like a siphon a pump is assumed to he infu1l operation or not at all.

Inthe flow state the discharge is simplya constant Qp prescribed by the user. It is
assumed that Qp is positive, i.e. carrying water from begin node i to end node j.

Operation is controlled by the water level at upstrearn or begin node i. Ifthis
water level drops below an user defined switch-of!level (stop level) then the
discharge is set to zero; if it rises above the switch-on level (start level) given by
the user, the discharge is set to pump capacity Qp (see figure 2.4).

Note that the switch-on level must he higher than the switch-of! level. For
reasons of stability itmay be necessary to define a reasonable additional storage
capacity by introducing an extra section at node i.

H

-

Stop level -

Start level

I
I

Qp Q

Figure 2.4 Dependeace d"pump opernti<ll<Il upm-eam water level
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2.3 Quality

2.3.1 The mass transport equation
The quality part of the DUFLOW package is based upon the one dimensional
transport equation. This partial differential equation describes the concentratien
of a constituent in an one dimensional system as function of time and place.

ó(BC) = _ ó(QC)+~(ADa:') -» (16)
ot OX OX OX

where:
C constituent concernration [gIm3]

Q flow [m3/s]
A cross-sectional flow area [m2]

D dispersion coefficient [m2 Is]
B cross-sectional area [m2 ]

x x-co-ordinate [m]
t time [sJ
P production ofthe constituent per unit lengt:h ofthe section [g/m.s]

The production term ofthe equation includes all physical, chemical and
biological processes to which a specific constituent is subject to. Inparagraph
2.3.4 a detailed description ofthe way the processes are dealt with is presented.
For the time being in this paragraph the overall production rate for constituent C
is represented using the lumped variabie P.

Equation (16) has to he solved numerica11y. The solution teclmique selected is the
method used in model flows (Booij, 1978). Inorder to apply this method equation
(16) is rewrittEn as:

os ó(BC) p=o (17)-+OX ot
in which S is the transport (quantity of the constituent passing a cross-sectien per
unit of time):

S=QC_ADoC (18)
OX

Equation (18) describes the transport by advection and dispersion. Equation (17)
is the mathematical formulation ofthe mass conservation law, which states that
the accumulation at a certain location x is equal to the net production rate minus
the transport gradient .

.Inthis form the transport equation closely resembles the equations for the flow so
that similar numerical approximations may he applied.

2.3.2 Discretization of the mass transport equation

The numeri cal method used to solve the transport equations (17) and (18) was
adopted from the model flows (Booij, 1978). The method is unconditionally
stabie and shows little numerical dispersion. Furthermore the method perfectly
fits to the discretization ofthe flow equations. Similar to the flow computations,
adjacent sections may be different in length.
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In the flow computation the discharges at each end of a section are expressed as
(linear) functions ofthe water levels at bath ends. Here we express the transports
at both ends (SI and S2) into the concentrations at both enels (Cl and C2). To obtain
such expressions we apply Galerkin's method.

The mass conservation equation (17) is integrated over the seetion, multiplied
with a weighting function '1'1 or '1'2:

results into:

In each section we distinguish two weighting functions:

Cis asswned to vary linearly within the section Ax, i.e.:

C= '1/ lCI + '1/2C;Z

in which Cl and C;z are the concentrations at the beginning and the end of the
section.

Solution of equation (20) for i = 1,2 results into:

-s +Ar iJBlcl +Ar iJB2c2+QICI+Q2C2 _ A D c2 - Cl +
I 3à 6 a 2 1.1x

Ar Ar
--p'--P, =03 1 6 2

Ar aBlcl Ar aB2c2 QICI + Q2C2 C2 - Cl+S +---+- + +.A:zD +26& 3 & 2 ~
~ .1x

--P, --P. =06 1 3 2

Inwhich indices 1 and 2 refer to the beginning and the end of the section.

In equations (24) and (25) discretization with respect to x bas taken place: the
quantities S and C are still continuous functions of t.

Discretization ofthe equations (24) and (25) with respect to time using a time
step ~t results into:

Editim 2.1, Deoembc:r 1995

(19)

(20)

(21)

(22)

(23)

(24)

(25)
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S+ (1- 8)s: L\x (Bt ct - B; c;) L\x (B; c; - B; c;)= +- +- +
1 B 1 3B t1t 6B t:.t

eç;C;+92;C;+(1- 8)Q;c;+(1- 8)Q;c;
+ +

2B
_ A D ét; - ét; + (1- B)c; - (1- B)c; _ L\xP. _ L\x P-

I L\x8 38 1 6B 2

(26)

(27)

The indices + and - refer to the present and last time step respectively. The
wei.ghting factor with respect to time is e. Using a value of e= 1 results into a
fully irnplicit method, Inparagraph 2.5 some practical considerations on the
selection of a are given.

Unknowns inthe above equations are: c;, c; , S; and S; . Normal1y but not

a1ways (see secti.on 2.3.3.4 on "decoupling"), c; and c; are equal to the

concentrations in the adjacent nodes so that st and S; can be expressed into the
concentrations at the nodes just Iike the discharges are expressed in the water
levels at the nodes by (9a) and (9b):

sr: N 11+1 N n+1 N, = nC, + l2c'+l + 13

sr: N n+l N n+l N
1+1 = 21C' + 22Ci+l + 23

Using these equations together with a mass balance over the nodes results into a
set oflinear equations which can be solved, see paragraph 2.4. The figure below
shows at which locations inthe system. matrix of the set of equations for C the
subrnatrix N given above fits in. The coefficients Nu, Nl2, N21 and Nn are found
in the matrix E on the left hand side, the coeffi.cients N13 and N» appear in the
rigbt hand side (F):

i j

ir * * r· *=
jl * * Ol' *

E • C = F

Fi.gure 2.5 Struáure ct"the set ct"equatims

18



Physical and mathematical background

2.3.3 Initial and boundary conditions

2.3.3.1 Initial conditions

To start the computations, initial values for all state variables (concentrations)
are required. These initial concentrations must be supplied for each node. They
can be based on historica1 measurements, obtained from former computations or
from a first reasonable guess.

Inthe last case the user should rea1ise that the first part of the simulation period
may result into non realistic results. The time during which the effect ofthe initial
conditions is perceptible is controlled by the transport rates and the charact.eristic
time constants for the react.ions. As a rule ofthumb for a single sect.ion, ifonly
advect.ion is taken into account, the impact. of the initial conditions is completely
gone after three times the residence time in this particular section.

As the exchange rates between the sediment layer and the overlying water are
rather low especially for the concent:rations in the sediment reasonable initial
values have to he used. If no reasonable initial values are available it is
recommended to perform some initia! simulations from which the results, at the
end ofthe simulation period can he used as initial values for a next run,

2.3.3.2 Boundaryconditions
The way boundary conditions are treateci inthe quality part of DUFLOW is more
complicated than for the flow part. Therefore this subject is discussed here with
some more detail. Inthe first place we have to distinguish between two types:

- the physica1 boundaries ofthe system.

- the internal nodes in the system.

At the begin or end nodes inthe network, inthe flow part, a water level or Q
boundary can he applied. Inthe quality part at these locations a concentration
boundary can be used. The different combinations of C and Q-H -boundaries are
shown inthe next paragraphs .

2.3.3.3 Physicalboundaries of the network

~ * L.ll__ s_e_c_ti_o_n_i__ 2__J1 "jde

• Il-boundary combined with Csboundary
If the flow direct.ion at node j is towards the environment: S2 = Q2C2

Ifthe flow direct.ion at node j is into the network for 82 equation (27) is used
and inthe mass balance equation for node j an additionalload equal to Q2Cb is
added. Where Cb is the boundary concentration.

• Q-boundary combined with Csboundary
Ifthe flow direct.ion at node j is towards the environment: S2 = Q2C2
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If the flow direction at node j is into the network for S2 equation (27) is used
and in the mass balance equation for node j an additionalload equal to Qb Cf, is
added. Where Q" and Cbare the flow and concentration at the boundary
respectively.

• Fixed concentranon boundaries
If a C-boundary is defined at node i, without using a H or Q boundary. The
specified concentration Cb is substituted in equation (27).

• Dead end sections of the network
If no H, Q or C boundaries conditions are specified at node j; S2= o.
Physica1ly this situation represents a dead end section of the network.

Incase ofphysica1 H-boundaries, Q-boundaries and combined Q-H
boundaries, a concentration boundary for every defined dissolved sub stance is
compulsory.

2.3.3.4 Internal nodes

1 Cd' o,

~*11 section i 21 nOjde 11 section i+1 21

• Q-boundary combined with Csboundary
This situation represents a discharge with a flow rate Qd and a concentration
Cd at node j in the network. If Qd is positive (flow into the network): in the
mass balance equation for node j an additionalload Qd Cd is added.

If Qd is negative an additionalload equal - Qd.CI'IDd. is added to the mass
balance equation for node j. Where:
CI'IDd.=Cl,;H if the flow inthe network is positive (from i to i+ 1)
CI'IDd.=Cu ifthe flow direction is from i+ 1 to i

For the calculations ofthe mass transport in section i and i+ 1, two options are
available in this case.

• Ifthe calculation is performed using the option decouple (see calculation
definition, paragraph 3.4.1.1, Decouple = Yes).
52.,1= Q2,1C2,1 ifflow is from i to i+ 1

51,1+1= Ql,l+l •Cl,i+l if flow is from i+ 1 to i
This means that the dispersion coefficient in the section downstream the
discharge is set equal to zero (0).

• Default this decouple option is not used and the mass transport is
calculated using equations (26) and (27).

This decouple option can he used to prevent flattening of steep concentration
gradients at nodes where a discharge is located.
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In case of a Qeboundary at an internal node, the user should either define a
concernration boundary for every defined dissolved sub stance or define no
concentratien boundary at all for that internal node:

• Q-boundary combined with c-boundary for every dissolved
substance. .
Water flowing in- and out ofthe model as defined above

• Q-boundary, no c-boundary.
Water flowing in- and out ofthe model contains no dissolved matter,
c=O. This feature may cause confusion but is added 10 enable the
user 10 model evaporation.

2.3.3.5 Loads
At all nodes in the network an additionalload can be applied, which means that
this laad is added to the mass balance equation ofthe node. A load is expressed
as a mass unit per second. The user should pay attention to the use of proper
dimensions.

2.3.3.6 Structures
In structures no processes take place. Mass is only passed between the connected
nodes.

~ * L..ll__ s_e_ct_io_n_i__ 2__J1 * SIruQ~ur~ 1 section i+ 1 2

If:flow is from i 10 i+ 1: SI =S2 =Q. c2,i
If:flow is from i+ 1 to i: SI =~ =Q.CI.i+I.

2.3.4 J»rocesses

2.3.4.1 Genera)
In DUFLOWthe mathematica1 formulations describing the processes can be
supplied by the user. They have to be supplied in the model file (*.mod), which
can be created or edited using the user interface (see paragraph 3.8). For this
purpose a special process description language has been developed. The set of
process descriptions supplied by the user can be compiled using DUPROL.This
compiler converts the descriptions into data, which are read by the calculation
part ofDUFLOW. Inthis w.aythe user can changethe process descriptions or
defi.ne a new set of descriptions without changing and recompiling the souree
code of the calculation part of DUFLOW.A fu11 explanation of the syntax of the
language and the use ofDUPROL is given paragraph 3.8.

In the computational part the process descriptions are combined with the
transport equations. Actuallythe lumped variabie p introduced in equation (16) is
filled in. Inthe preceding paragraph it was shown how the nurnerica1 solution of
the mass transport equation resulted into a matrix equations. In this equation P is
in the right hand side ofthe equation, which means that all process descriptions
are eva1uated using the values of the state variables at the previous time step.
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This explicit evaluation ofthe process description does have some consequences
for the time step to be used. This subject is dealt with in paragraph 2.6.

Ifmore then one variabie is defined in the process description file, for each
variabie the matrix equation is solved. This matrix equation is solved using LUD
dec:omposition. Using thismethod the left hand side matrix bas to be manipulated
onlyonce.

2.3.4.2 Bottom variables
In the process description file two types of state variables can be declared. Water
type state variables have been dealt with in the previous part of this paragraph.
For bottom state variables the transport part of equation (16) is nat calculated. In
this way for each section a bottom state variabie can be defined to describe the
interaction between the sediment and the overlying water column. The depth of
the bottom layer and the transport across the water/sediment interface must be
supplied by the user inthe process description file.

cw Section overlyingwater column

water level

'1, Active sediment top layer

Underlying sediment layer

In this example we consider an active sediment top layer. The thickness ofthis
top layer is considered to be constant in time. Ifalso the porosity of the sediment
is asswned to be constant the exchange flux of a dissolved constituent between
the sediment interstitial water and the water column can he expressed as:

where:

Fa the exchange flux between water and sediment [g/ m2. day ]
Ea diffusive exchange rate [m2/day]
C,. the constituent concentration inthe overlying water column [g/ m3]

c" the constituent concentration in the sediment [g/m3]

H" thickness of the sediment top layer [m]
por the porosity of the sediment top layer [-]

The description ofthe exchange flux bas to be added to the differential equation
describing the processes ofthe constituent. Both the depth ofthe sediment top
layer and the exchange rate should he declared as a parameter.

In principle more complex descriptions also can be used to describe the sediment
water interactions. Another example is given in eutrof2 (see appendix D).

Ifnecessary the sediment can be subdivided intomore layers. The exchange
between the distinguished layers can be expressed in the same way.
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2.3.5 Options for computation
In DUFLOW four options for computation are available, see paragraph 3.5. Flow
and quality can be calcu1ated simultaneously or separately. In the last case the
flow conditions (information like flow, flow width, etc.) are stored in the *.dmp
file and read during simulation of quality. Different time steps can be used for
calculation of flow and quality. The time step used for quality must be a multiple
ofthe time step used for flow.

Dt(1Io",

I I I
Dt (quality)

For calculation of quality the flow is averaged over NfI_ (flow) time steps, where
NfI_ is the number of flow time steps in one quality time step.

Using the option Box only the processes are simulated. Actually the transport
related terms in equation (16) are eliminated. The processes are simulated in all
sections of the network. Hence this option enables te evaluate the relative
contribution of transport compared te the processes in the entire network.
Furthermore this option can he useful1y for testing during model development.

2.4 Solvingthe set of equations
The network as a whole is a system of sections and nodes, where each channel
section and control structure is considered as a separate item. Each branch and
node ofthe network has a unique identificati.on number, assigned by the user. The
structure of the system is implicitly defined by the user specification of node
numbers at both ends of each section.

The number of unknowns is in principle equal te 2*J+L where J is the number of
sections and 1 is the number of nodes; in each branch the unknowns are the flows
at both ends and at each node the water level. At structures the flow at begin and
end node is the same.

The number of equations is also 2*J+I; for each channel section j two equations
are derived, following from the mass and momentum equation (9). At structures
only the momentum equation is applied (11, 14) as the mass equation can be
negJ.ected because of the no-storage condition. At each node there is a balance
equation for the flows (10), since it is assumed in accordance with the four-point
method that the storage of water takes place inside the branches, and not at the
nodes. At boundary defined nodes an additional condition can be speci.fied; thus
there is one equation for each node .

.Since the numericalscherne is implicit, a set of linear equations has to be solved
for each time step.

QI and Qi+l represent the discharge through cross-sections at the begin and end
node of each section, and Mand Hi+l represent the water level at these nodes.

After substitution of equation (9, 11, 14) into (10) a system oflinear equations
results in which the water levels are the unknown variables:

(30)
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This system of equations is built up in the program section by section. For the
channel section with nodes i and j, the coefficients Nu, Nu, N21 and N22 in
equation (9) contribute to the matrix coefficients Mü, Mij,Mp and Mo respectively,
and the coeffi.cients Nl3 and Nn to R,and ~respectively. For control structures
similar conditions hold.

Inthis waythe structure ofthe network is recognisable in the structure ofthe
system of equations, see figure 2.6:

i j

i * * * *• =
j * * * *

M • H = R

Figure 2.6 Struáure ei'the set ei' equatims

Inmost cases the matrix N is sparse, which means that most elements are zero
with non-zero elements scattered over the entire matrix.

The solution met:hod is based on LUD decomposition. For details ofthis met:hod
the user is referred to nwnerical handbooks. For instanee (Nwnerical Recipes) a
comprehensive description of lud decomposition is given.

2.5 Practical considerations
Inthis paragraph a few suggestions are given conceming practical modelling
aspects using the DUFLOW package. These suggesti.ons are valid for any open
channel network and are described in even more detail inthe literature. Here only
a brief outline is given.

Defining a model for aspecific situation requires decisions like:
• extent of the computational region, in space and time;
• nature of boundary conditions;
• schematisation of charmel sections, structures etc.;
• space and time discretization;
• type of quality model selected and level of detail used in process descriptions.

Extent of the computational region. in space and time

DUFLOW is a predictive model, especially suited for the simulation of changes in
existing systems. Sirnulation results ofthe actual situation can be verified, which
is not the case for the simulation of the new situation.

Extrapolation of simulation results for quality to new situations also should be
done carefully. A model might give an outstanding description ofthe present
situation after calibration. But due to changing circumstances inthe new situation
the relative importance of certain processes may change. For example after
reduction of the extemal phosphorus load the release of phosphorus from the
sediment may become important.
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Inparticular the boundaries must be chosen with great care in cases where a
change in the system may effect a boundary condition which in turn may
influence the hydraulic conditions and quality in the region of interest. Since the
same boundary conditions are applied in the present and new situations, this may
lead to erroneous results in the simulation of future changes. So one should take
carethat: '
• either any change in the system does nat affect a boundary condition;
• or the boundary condition does nat influence the state in the region of interest.

For example if a dam is planned ina river basin and one wants to predict the
change in flood level at a location downstream ofthis dam, the upstream
boundary should be chosen so far upstream that at that place no influence of the
dam is expected.

The downstream boundary must be situated so far downstream that a wave
ref1ected at this boundary is damped out at the location of interest. These choices
can be verified by variations in the model: in case ofthe upstream boundary a
computation with and without dam can be compared; in the case of the
downstream boundary two computations with different locations of this boundary
can be compared.

Nature of boundary conditions

When the location of a boundary is determined, the next choice is what type of
boundary condition (water level, discharge ofH-Q- relation) is to be used. The
best choice is that quantity or relation that is least sensitive to the state in the
model itself.

Thus the upstream boundary condition in a river is preferably a discharge
whereas the downstream boundary condition should be a water level ifthe river
flows into a lake or sea, or a H-Q relation based on uniform flow ifthe
downstream boundary is somewhere along the river.

Note that a dead-end (Q = 0 permanently) is the default boundary condition in
DUFLOW; such a boundary condition does not have to hementioned explicitly in
the program input.

When simulating quality a flow boundary in combination with a concentration
boundary is used at the upstream boundaries of the network. At the downstream
ends a concentration boundary condition is not necessary as long as the flow
direc:tion is directed towards the environment. Inthis case the upstream
concentration is not influenced by the boundary condition. However if for some
reason the direc:tion of flow changes a concentration boundary should also be
provided at these boundaries of the network.

Discharges at internal nodes in the network can be simulated using a Q and c
boundary. However ifthe flow ofthe discharge is small compared to the flow in
the receiving water also a load can he used.

Schematisation of channel sections, structures etc.

Very detailed schematisation of a network is seldom necessary due to the nature
ofthe equations involved. Usually small changes in cross-sections have only little
influence on the state in a region of interest.
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It is useful to start with a rather crude model and to test the sensitivity of the
model to small changes in cross-sections before going to a detailed description.
This is also true for structures.

For instanee it is not efficient to model every bridge or other obstacle as a
separate structure. It is better to introduce an increased charmel friction to
compensate for this resistance. Only structures that considerably reduce the
cross-section should he modelled explicitly.

Ingeneral the level of detail used in quality simulation depends on bath the nature
of the system and the type of issues subject to modelling. The time and spatial
sca1es of the variations in the concentrations are important in this respect. These
scales are controlled by the rates ofthe underlying processes and the variability
ofthe discharges and the environmental conditions.

Of course also the desirabie accuracy of the results plays an important role.

Note: at both ends of a structure a norma1 section must he defined, in other words, a
structure can not be located at the boundary ofthe model.

Space anti time discretization

For space and time steps similar arguments apply. Very detailed description is
often wmecessary. The space step must he such that changes in cross-section are
reasonably wel1followed; furthermore the space step must he a small fraction
(say 1/4Oth, or less) ofthe wavelength, if any. Also the time step must he a small
fraction ofthe wave period. A sensitivity analysis giving the influence ofthe size
ofthe time step is always recomrnended and easily carried out.

The selection of space and time steps also influences the numerical dispersion
introduced by discretization ofthe mass transport equation. This numerical
dispersion leads to an additional smoothing of concentration gradients. The
numerical dispersion for the solution method used can be approximated by:

E_ = u (1-20)uAt
2

(31)

For 9 = 0.5 this results into a numerical dispersion equal to O. A value if9 < 0.5
however may lead to a non positive solution, which may cause instabilities. A
value of 0.55 is recommended.

As the production terms are calcu1ated using the state at the preceding time step
the se1ec::tionofthe time step used is also restricted by the process rates. As a rule
ofthwnb M should he less than half ofthe characteristic time constant ofthe
fastest process.

Inthe spatial schematisation first nodes are selected at the boundaries of the
network, at junctions, and at bath sides of a structure (immediately adjacent to
the structure). Subdivisions ofthe branches are applied whenever a branch is
longer than the desired space step; denser subdivisions are applied in a region
with rapid changes in cross-section. Neighbouring river sections with different
length are not disadvantageous with regard to accuracy since the Preissmann
scheme is used.

Finally it must he stressed that applications by users without a proper
understanding ofphenomenon and/or without reliable verification increases the
risk of erroneous results .

26



Physica! and mathematica! background

2.6 Limitations of the model
There are a number of inherent limitations inthe equations and methods used in
DUFLOW. The most important ones are summarised in this paragraph.

The equations are for one-dimensional flow. TIUs means that water bodies with
significantly different veloeities inthe vertica1 carmot be modelled. For instanee
the model is not suitable for stratified waters. Also the flow must he directed
roughly parallel to the channel axis. Differences in flow velocity between the
main channel and the flood plains cao be taken into account by distinguishing the
width of flow and the width of storage; however, if there are differences inwater
level between the main channel and the flood plains, it is better to model the two
as separate (parallel) channels.

As mentioned, vertica1 density differences are not taken into account; also
horizontal density differences are not modelled because the density is assumed to
be constant throughout.

Although the equations underlying the model are valid incase of supercritica1
flow, the numerica1 solution method does not support supercritica1 flow, except
inside some structures. Because subcritica1 flow is assumed there must he one
boundary condition at each ofthe boundaries ofthe network.

The size of the application made by the user is restric:ted. Like inDUFLOW 1.00 a
network up to 250 sections cao he used. In order to estimate the memory needed
for an application the program DUFDIM can he used. This program gives a rough .
estimation ofthe memory needed for the available computational options. Also an
estimation of the maximum number of time steps to he calculated is provided, see
appendix A. An extended version ofthe program without this restriction is
available. For more information about this version please contact EDS.
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3. Usageofthe program

3.1 Introduction
This chapter is intended to be read by those who are using the DUFLOW package
for the first time, but also is referred to appendix B (Getting started). More
experienced users can run the program using only the information available on
screen. Nevertheless the experienced users will find in this chapter a convenient
reference book.

Paragraph 3.2 outlines the menu structure and the various conventions on how to
use these menus are outlined. Inparagraph 3.3 to 3.9 all the menu items and
selections are discussed in detail.

The program is fully menu driven and user oriented, including flagging user
errors and generating default values. Default values are also substituted when the
actual value is meaningJ.ess or unlikely. Still no guarantee can be given that every
error will be detected.

It is advised to save new data regularly to avoid loss of data ifoccasionally an
error causes the program to stop. Control is always retumed to the master menu.

The installation ofthe program on a computer is discussed in appendix A and is
assumed here to be completed.

The package is started by entering

DUFLOW..J

After display ofthe introduction screen the "master menu" which controls the
program is shown.

3.2 Conventionsand menu structure

3.2.1 Conventionsfer the use of the program

3.2.1.1 Conventions
• One character answers (like a choice in a menu) do not need a .J touch.

• Answering with only ..J means:
Question: default answer ( first choice between brackets)
In tables: accepting the displayed value
Inmenus: choosing the high-lighted option

• Using tables the highlighted bar shows the actual value to edit.
Use the cursor keys to move over the screen.

• Use ~ (Backspace) and re-typeto adjust values (displayed at the bottom of
the screen).

• Toggling the = key recalls the last 10 given answers.
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• Hit Esc to leave the present item of the program, so from a table to the choice
bar at the bottom of the screen, from the choice bar to the menu, from the
menu to the previous menu, up to the "master menu".

Conventions lor the text in this chapter:

• "brackets" Text in double brackets refers to terms that are shown by DUFLOW
on the screen.

• Bold Bold characters (ex.cept headings) refer to answers to be given by the
user.

Definitions :

Levels

Structure

All levels are related to a user defined horizontal reference
level. Positive values are above this reference level.

Distance between "Bottom level" and water level.

A part of an open channel corresponding to an elementary
step x in the numerical scheme (see chapter 2).

A flow control structure such as a weir, culvert, siphon,
pwnp, etc.

Junetica between two or more sections or physical boundary
of a section.

Depth

Section

Node

3.2.1.2 Menu structure
The menu structure of the DUFLOW package is shown on the next page.

3.2.1.3 Useof the menu
The interface towards the user consists off three parts:
• menus (see paragraph 3.2.2)
• checklists (see paragraph 3.2.3)
• tables (see paragraph 3.2.4).

30



Usage crthe program

1 lDput:-----I F Flow data

ic Calcu1atim ddinitim
L Locatimsfor output

C Caltrol Data Q Quality.' variables for output
S Special ca:11:roldata
MMcnu input

----i Liuitiallevels
'1Jnilial cmditims Q iuitialdischarges

M Menu input flow data
BBamdary cmditims
SStruaure caJtrol
MMcnuinput

~

1Jnilial cmditims
BBamdary cmditims

Q Quality data E Extcmal variables
P Parameters
MMmuinput

S Save as ...
Dmeasured
Data
M~menu

F Filcnamcs spec:ificaticn

Mquali1y~EEditModel C Ccmpile
deve10pmem M ~ menu

QQuit

3.2.2 Menus
The following keys are defined, 10 go through the menus:

Home, End
PgUp,PgDn
t,l.
Esc
.J

Navigate in the menus
Navigate in the menus
Navigate in the menus
Go to the previ.ousmenu
Select higblighted item

Items also can be se1ected by typing the character indicating the item.
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3.2.3 Checklists
Checklist are displayed for instanee at the next items:
Input - Flow - Boundary conditions
Input - Flow Structure control
Input - Quality - Extemal Variables
Output - De:fineroutes

A checklist is used to select one or more items from a list. A checkmark (...J) in
front of an item indicates the selection of the item. A checklist knows two modes,
the command mode and the se1ecting mode.

In both modes the available commands are displayed in the status bar at the
bottom of the screen. The commands available are listed below:

Command mode Select mode

<space>
A
N
PgUp,PgDn
Hl)me ,End
t,!.
.J

Accepting actual choice
Print selected items
Make a graphic representation of the selected items
Erase all defined data and create new
Add new items
Go to select mode
Navigate in the checklist
Navigate in the checklist
Return to previous menu
Select or de-select the indicated item
Select all items in the checklist
De-select all items in the checklist
Navigate in the checklist
Navigate in the checklist
Navigate througb. the checklist
Returntothecommandmode

.J
P
G
N*
A*
S,t,.1-
PgUp,PgDn
Home, End
Esc

* These commands are only available when the checklist is followed by one or several tables.

3.2.4 Tables

3.2.4.1 Commandleditmode
Tables are used to Enter the actual data.

A table can be used in two modes; the command mode and the edit mode. The
available commands are listed below:

Commmd mode Edit mode

Esc
+-, t,~,..l.
PgUp,PgDn
Home,End

Retmn to the previous menu
Go to the Edit mode
Print the displayed table
Make a graphic representation of the related data
Enter the defauh values
Look at several variables with their description
and defaults
Navigate in the table
Navigate in the table
Go to the following tableIRetum. to the menu
Go to the Commanding mode
Navigate in the table
Navigate in the table
Navigate in tbe table

Esc
t,+-.E
P
G
D
V

PgUp,PgDn
Home,End
.J
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Ins
Del
.J

Enter the previous value
Insert a new line of data
Delete a existing line of data
Accept the displayed value

The edit mode enables the user to enter the values into the table. When the
highlighted itembas several selection options, the program will show a piek list
on the right side of the screen. An item also can be selectedby typing the name of
the variabie to be selected.

The available cornmandsin the edit mode are listed below:

Table Piek list
.J

Tab,
.J

Enter the actual highlighted value from the piek
list (indicated with *)

Go to the piek list
Navigate in the table
Navigate in the table
Navigate in the table
Retum to table
Select the indicated item, go to the table and enter
the selected item.
Navigate in the pick list
Navigate in the piek list
Navigate in the piek list

Tab,~
t,-l­
PgUp,PgDn
Home, End

t,,1.
PgUp,PgDn
Home,End

3.2.4.2 Defaultvalues
This command can be applied in the next menu items:
Input - Flow - Network - Nodes
Input - Flow - Network - Sections
Input - Flow - Initial condition - Levels
Input - Flow - Initial condition - Discharges
Input - Quality - Initial condition

Entering a completetable or a part of a table with defaults values is possible.
After selectingD(efault), when indicated, a popup windowappears. After
entering the popup windowthe next commands are available:

Esc
~,t
.J

Erase the popup window
Navigate through the popup window
Fill the table with specified default values .

An example of a default popup screen is given below:

When a default popup screen appears, it is filled with defaults values for the
specified items by the program. The user can change the default values by using
the two next actions:

(YIN) Enables to turn the default option on or of! for the specified items
on the main screen.
For those items the default value should be used, the user can enter
the desired value.

Value
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After completing the default popup screen, the default values will be entered in
thetable.

3.2.4.3 Timeseries
The use of time series can be fO\ID.dinthe following menu items:
Input - Flow - Boundary condition
Input - Flow - Structure control - Continues
Input - Quality - Boundary condition
Input - Quality - Extemal variables
Input - Measured data

The following possibilities are' available to enter time dependent functions :

Constant
The input variabie is constant in time.

Fourier series
The input variabie can he formulated as a Fourier series.

N

Y, = Yo+LYl cos(kwt - <1>1)
1-1

360m=-r;
Value at time t.
Meanvalue.
Amplitude of kth component.
Component number (1 ~ k 58).
Number of components (~ 8).
Cyele first component.
Phase of kth component (degrees).

Time series
An equidistant time series which covers the entire simulation period
plus one "Time step Quality".

"Start data"
"Start time"
"number of values"

"start of calculation" is given as default

"time"
Non eq. series

A non equidistant time series needs 10 cover the ent:ire simulation
period. Numerical values should he entered for date, time and actual
value. The values used by DUFLOW will he calculated by means of
linear interpolation.

Import file
The input data will he read from an external ASCII file. The file name
must he entered (including extension). The path where the file is stored
must he entered. Two type of data files canhe read:

the minimum number to cover the whole
calculation plus one "Time step Quality".
format: yymmdd hlunm

Time series A record ofthe data file contains only one variabie
value. The file itself may he of a free format, values
can he separated bya blank, [Tab] or [Return]. After
importing the "start date", "Start time" and "interval"
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have to be specified. So these items must not be stored
at the extemal file. The default values are equal to
default format in calculations definition (see paragraph
3.4.1.1).

Non equidistant time series:
A record of the data file must contain date, time and the
actual value. It is strongly recommended to use the
default otherwise the chance of errors is large.
During the import the data will be written to a DUFLOW
input file. When later on changes have been made in the
ascii file the DUFLOW input file will not be updated.

3.2.4.4 Useof "Print" and "Graph" commands
The "Print" command is available at every table in the program.

The "Graph" command can he applied at the next items:
Input - Flow - Network - Definition
Input - Flow - Boundary conditions (checklist and individual table)
Input - Quality - Boundary conditions (checklist and individual table)
Input - Quality - External variables (checklist and individual table)
Input - Measured data - Individual table

The commands P(rint) and G(raph) enable the user to direct the output to a
printer, plotter or disk. Ifin "Hardware configuration" (see paragraph 3.9.1) no
printer or plotter is defined, DUFLOW will send the output to disk.

Print" P
F
P
F

S
~,t

=directly to printer.
= directly to file, the program prompts for a file name.
=graph is send to the connected plotter.
=graph is written to a HPGL file, the program will

prompt for a file name (without extension).
=graph is shown on screen.
=enables to edit the layout ofthe graph.

Graph"
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3.3 MASTER MENU
The master menu is displayed at the start of the program and after retuming from
the accessible submenus. Ifan fatal error occurs, the control will also return to
master menu.

At the top of screen the current data directory and the name ofthe project are
displayed. The menu is displayed below:

I=Input Starts the input module and displays "menu input" (see paragraph
3.4).

C=Calcu1ations
Displays menu calculations (see paragraph 3.5).

O=Output Starts the output module and displays "menu output" (see
paragraph 3.6).
Enables to make graphs and tables of the results and measured
data, which are stored in the result files (*.res, *.rek and *.msr).

F=File names spec:ification
Defines the nameof data directory, project file, input and result
files (see paragraph 3.7).

M=quality Model development
Inthis part the user should supply the process descriptions. These
are stored inthe model file (*.mod). After compilation a *.mob file
is created which will he used by the program (see paragraph 3.8).

S=Setup Enter information concerning the hardware configuration, colours
and limits to data size (see paragraph 3.9).

Q=Quit Terminates the DUFLOW program and returns to MS-DOS
command level.
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3.4 Menu INPUT

To edit or create a input data set. For creating a new input data set, start with the
definition of a project and file names using "File names specification" in "master
menu" (see paragraph 3.7) and continue with the control, flow and quality related
data using options "control data", "flow data" and "quality data" from the input
menu. For editing, the files inthe defined project can be selected.

"C=Control data"
Control data determine how the calculation will be carried out and
which results will he preserved for output (see paragraph 3.4.1).

"F=Flow data"
All flow related data like the network description, nodal points,
sec:tions, initial conditions, boundary conditions and structure
control should he entered using this submenu (see paragraph
3.4.2).

"Q=QuaIity data"
All quality related data like the extemal variables, parameters,
initial and boundary conditions should he entered using this
submenu (see paragraph 3.4.3).

"S=Save as ..."
Special function to store input files (see paragraph 3.4.4).

"D=measured Data"
Enables the input of measured data for state variables and quality
intermediate results defined as function identifier inDUPROL (see
paragraph 3.4.5).
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3.4.1 CONTROL DATA
DUFLOW2.xx Input - Control data - Menu
Data· direètory. C: \DUFLOW\EXAMPLES\ .Control .data··:·RIEUT~.CTR.
Project EUT~{)Fl

.M Menu..iIlput

.. ," ,-..... '-- ',-. ..' -_ ',','..-,.-' '_-.

L Looatiolls fqr output < < .....
.Q Quality variablt;!s fçr output· ..
S special cont.rbl data ...

"C=Calculation definition"
Modify data controlling the computational module (see paragraph
3.4.1.1).

"L=Locations for output"
Selects the locations for which output will be written to the result
files (see paragraph 3.4.1.2).

"Q=Quality variables for output"
The program will show the checklist with defined state quality
variables and intermediate results of func:tion identifiers. The
available commands (see paragraph 3.4.1.3) can he used to control
the desired output.

"S=Special control data"
Inthis submenu additional control features are available (see
paragraph 3.4.1.4).

3.4.1.1 CALCULATION DEFINITION

Inthe table (below) the general calculation data have to he entered.

"Identification text"
For identification of a nul, one line oftext can he specified.
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"Start of computation"
The start date and time of the simulation.
Format date: yymrndd = year month day (each taking two

positions adjacent to each other)
Format time: hhmm = hour minute (each taking two positions

adjacent to each other)

"Start of output"
The start date and time of writing data to the result file. This
enables the user to skip the output of the first part of the
simulation. This can he convenient if the initia! conditions do not
represent the physica1 state ofthe system at the start ofthe
simulation.
Format date:
Format time:
Default:

yymmdd = year month day
hhmm = hour minute
equal to "Start of computation"

"End of computation"
The end date and time ofthe simulation.
Format date: yymmdd =year month day
Format time: hhmm = hour minute
Default: equal to "Start of output"

"Time step Flow"
Time interval used for ca1cu1ation in the hydraulic part. Chapter 2
gives suggestions for the choice ofthe hydraulic time step.
Format time: hhmm = hour minute
Default: 0010 (10 minutes)

"Time step Quality"
Time interval for the quality part of the model. Chapter 2 gives
suggestions for the choice of the quality time step. The "Time step
Quality" is rounded to the nearest multiple of "Time step Flow".
Format time: hhmm = hour minute
Default: 0010 (10 minutes)

"Output interval"
Interval for writing data to the result files, starting at "Start of
output". The "Output interval" is rounded to the nearest multiple
of "Time step quality".
Format time: hhmm = hour minute
Default: equal to "Time step Flow" if only flow is

calcu1ated and equal to "Time step Quality" if
the quality model is also used.

"Resistance formula"
The channel friction (see paragraph 3.4.2.l.3) can be calcu1ated
using
• the formula of De Chézy. The "Resistance" coefficient C in the
definition ofthe sect:ions is from the basic fonnula:
v=C.JiU
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• formula ofManning. The "Resistance" is the Marming
coefficient k (lIn) from the basic formula v=k*R2I3*IlI2. Inthe
actual ca1culation C=k*R U6 is substituted in the formula of De
Chézy. The value of C is calculated for each time step during the
simulation.
Default: ' De Chézy

"Calc. of advection term"
Option T (Total) includes the so-called Froude term (see
paragraph 2.2.1). Selecting D ('Damped') the Froude term is also
taken into account, but its absolute value will not exceed the
friction term. Using N (No) the F roude term is neglected.

"Extra iteration"
At each time step the level dependent parameters (like flow area,
storage area and hydraulic radius) are ca1culated from the
situation at the previous time. These values can be adjusted using
the 'new' values computed for the actual time using an extra
iteration (see paragraph 2.2.2).
Default: Yes

"Theta (0.5 - 1.0)"
The factor controlling numerica1 damping (see paragraph 2.2.2).
Default: 0.55

"Decouple"
Option N (No) considers dispersion at both sides of a node. Option
y (Yes), only dispersion in forward direction is taken into account
(see chapter 2). Decoupling only takes place at those nodes, where
a discharge is located (also see paragraph 2.3).

"Theta (0.0 - 1.0)"
The factor controlling the nwnerica1 solution of the advection and
dispersion equation (see paragraph 2.5). The value zero (9 = 0) is
for mathematica1 reasons nat allowed.
Default: 0.55

3.4.1.2 LOCATIONS FOR OUTPUT

Inthe table (below) the locations for output have to he entered.

"Monitoring output"
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This option enables the output of various variables for sections
and structures. Up to ei.ght "Structures" or "Sect:ions" can be
selected. The results will be written to *.mon file.
Various variables for channel sections are:
Hl, H2 Levels at begin and end (m)
QI, Q2 Discharge( s) at begin and end (m3/s)
Al, A2 Flow profile area at begin and end (m')
BI, B2 Storage area at begin and end (m2)

V Velocity inthe middel of the section
WIDTH Storage width
R*C2 Resistanceterm (F=( IQI·v)/( R*C2»
For all structures:
Hl, H2 Levels at begin and end (m)
Q Discharge at structure (m3/ s)
For weirs and culvert only:
V Velocity inthe structure
A Flow area at the structure
MU Actual value of MU
Formula Number ofthe used formula (see paragraph

2.2.4.2)
For siphons only:
V
MU
FULLINOT
For pumps only:
ON/OFF

Velocity in the structure
Actual value ofMU
State of the siphon: I=full, O=empty.

State of the pwnp: I=on, O=off

"Output locations"
Output is written to the flow result and quality result output files
(*.res and • .rek). In this menu the locations, for which output has
to be written to the file, can he selec:ted. Only the selected data can
he used for represmtation in tables and graphs inthe "Output"
(see paragraph 3.6). Onlythe existing sections/structures can be
selected. Only ifthere are more than 8 sections/structures All can
be selected.

3.4.1.3 QUALITY VARlABLES FOR OUTPUT

Ifa process description file is edited and compiled correctly in "quality Model
development" (see paragraph 3.8), variables can be selected for output. From the
displayed checklist state variables and intennediate results defined as furietien
identifiers inthe DUPROL process description file can be selec:ted for output.

For the available cornmands see paragraph 3.2.3.

3.4.1.4 SPECIAL CONTROL DATA

.' " -- ,. :---::".' -:- ... _ . ,..... :.,.

SPECIAr. •••··CONTR<>t····DATA······. '. ..

Create intermed:i.a.te flow fil~ .... .. .•... Yes /. . ...
Alpha·(co=. fpr velocity distributiOn} ..::.·...•..·.,.·••1~03•••.0.....•tl•..•••·.·.'·.. .
Minimum.itimest~psbetwe~n triggers ..
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"create intermedia te flow file"
A dump file will be generated during simulation using option Flow
(see paragraph 3.5). The intermediate flow result file (*.dmp) will
be used to simulate transport if option "quality" is selected inthe
"menu calculations". Inthis *.dmp file information about volumes,
flows etc. is stored, which is read during quality simulation. This
enables the user to perform a number of quality simulations using
the same hydraulic conditions.
Default: No

"Alpha (corr. for velocity distribution)"
Represents the influence ofthe velocity distribution over the cross­
section, see paragraph 2.2.2.
Default: 1

"Minimum number of time steps between triggers "
After a trigger condition is affected some shocks can occur due to
a sudden change inthe structure operation. To prevent the next
trigger from reacting to these shocks, the check for this next
trigger is omitted during a specified number of time steps.
Default: 3

3.4.2 FLOW DATA

"N=Network"
Jwnps to "network" (see paragraph 3.4.2.1).

"I=Initial conditions"
Jwnps to "initial conditions" (see paragraph 3.4.2.2,3.4.3.1).

"B=Boundary conditions"
Jwnps to "boundary conditions" (see paragraph 3.4.2.3).

"S=Structure control"
Jwnps to "structure control" (see paragraph 3.4.2.4).
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3.4.2.1 ~1rYV()FU(

Inthis menu the network definitionbas to be entered. The "menu network"will
store the information in separated two data files (*.nod, *.net). These files are
indicated at the top of the screen.

Selection items are:
DUFLOW 2.xx Input :..Flow - Network - Memu
Data direct.ory C:\DUFLOW\EXAMPLES\
Project EUTROFl

Network data : RIVER1. NET

MENU INPUT - FLOW DATA - NETWORK,.

D network.·Defiriition···
N Nodes
S Sections
C· Cross-sections
U strUctures

M Menu.input - floW: data

"D=network Definition"
Jumps to "network definition" (see paragraph 3.4.2.1.1).

''N=Nodes''
Jumps to "nodes" (see paragraph 3.4.2.1.2).

"S=Sections"
Jumps to "sections" (see paragraph 3.4.2.1.3).

"C=Cross-sections"
Jumps to "cross-sections" (see paragraph 3.4.2.1.4).

"U=strUctures"
Jumps to "structures" (see paragraph 3.4.2.1.5).

3.4.2.1.1 ~1rYV()FU( DEFINITI()N

Inthis table (below) the lay out ofthe network bas to be entereci.For each section
begin and end node must be given.

Crientàtion af network;
Oo'{)O· .. f:r<>m N tq YaJcts

The network may consist up to 448 nodes. For the sections numbers the numbers
1 - 300 are available. For the structures the numbers SI - S148 are available.

Awarning will he given when the network is inconsistent.

The option "Tab" displayed on the screen, enables the renumbering ofthe
network. The user should keep in mind that only the nodes are renumbered and
not the sectionnumbers.
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The options are displayed at the bottom of the screen, for further explanation see
paragraph 3.2.4.

"Orientation"
Enables the user to change the orientation of the entire network.
The orientationis measured clockwise from North towards the Y
axis indegrees.

y-axis
North

CIC angle trom N to -y-cxis cw,.

x-axis

Fi.gure 3.1 Oriallatic:n afthenetwcd:
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3.4.2.1.2 NODES

Enter all data related to a node .
DUFLOW2..xx . Input .. Flow .. Network - Nodes
NODESgeneraland flow ·related parametez:p

Node X-Coord. Y"Coord. eatchment
(m) (m} Area (ha)

"X - co-ordinate"
"Y - co-ordinate"

Co-ord.inates inthe horizontal plane of a node relative to the
ongm.
A plot ofthe network can only be made ifthe co-ordinates are
available. The input ofthe co-ordinates is optional. If entered, the
length ofthe sec:t.ionis calculated using these co-ordinates. Ifnot
entered, the user must supply the length of the sections in
"sec:t.ions" (see paragraph 3.4.2.1.3). Ifthe nodes co-ordinates are
changed during the input session, to obtain the default length of
the sec:t.ion,press 0 at that particular sec:t.ion.
Unit: meter

"Catchment area"
To he used in combination with the "rain"Boundary condition.
The "catchment area" is asswned to drain into the channel system
at that node.
Unit: hectare

"Run-off factor"
The fraction of the total precipitation that discharges to the node.
Unit: dimensionless
Default: 1.0
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3.4.2.1.3 SECfIONS

Inthis menu all sect:ion related data have to he enterecl.

SECTION'

...bottom levet~-

Fignre 3.2 Secti<m

DUFLQW..• 2;xx·

~~:i~~~c:eTc:. 6r lel.·.· •. W±lldC:on" .
•.• Ê8fi/ dJ.-.fY ~e9.<df:r. .• (1(l"-6Y·.

"LertgtIl" The length of the sect:ion.
Default: The distance between "Begin node" and "End

node", calculated from the co-ordinates.
Unit: meter

"Direction" Angle measured clockwise from the North to the positive section
direct:ion (from "Begin" to "End").
Default: Direction from "Begin node" to ''End node"

calcu1ated from the node co-ordinates.
Unit: degrees (360°)

"Bottom level"
Level ofthe lowest point ofthe cross-section with respect to the
reference level.
Default: The last specified bottom level inthat same

node.
Unit: meter (positive is above reference level)

"Resistance" If in "control data" De Chézy was specified then "Resistance" is
the Chézy coefficierû. IfManning was specified "Resistance" is
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the coefficient K (=l/n) in the formula ofManning: v=K*R2f3*Il12.
Distinction can be made between resistance experienced by flow in
positive direction and by flow in negative direction.
Default: In positive directions the value at the former

section; in negative direction the value for
positive direction at the same section.

Unit: De Chézy: mll2/s
Manning: m2f3Is

"Windconv" Wind conversion coefficient * 10-6. Sheltering from the wind by
dikes, buildings etc. can be simulated by specifying a lower value
of "Windconv.".
Default: 3.6
Unit: 10-6

North

«End node-

<ICangle trom N to section cw,..

«wind direction-

Figure 3.3 Dctiniticn of winddirediOll

3.4.2.1.4 CROSS-SECI'IONS

This menu enables to enter all cross-sectien related input.

,-

..I

Figure 3.4 CrossSedicn

3

Editicn 2.1, Decanbcr 1995 47



DUFLOW

The specification is shown in the table below:
. ltip\1.~ - Flow - Netwerk ..~.:Cross,..sections

c.oe
iz~oo
20.00

0•.00:-
12.00

.••~2.0tl 34.003.00
0.00

"Cross-section, Profile"
The profile oftlle cross-sections is specified by the Width-of-flow
profile and the Width-of-storage profile at the "begin node" and at
the "end node". These profiles may be composed of up to 15
depths, where the first line always gives the bottom width. The
table is terminated by entering a depth of 0 meter.
Note that the width above the last specified depth is assumed to be
equal to this last width.
Defaults: The width value at the former depth, but for

"width at end node", ifgreater, the value at
begin node and for "storage width", ifgreater,
the average flow profile width.

Units: meters

Inthis table two additional options are available in command mode:
"Copy" Enables duplication of an earlier defined cross-sectien by replying

to "Give number of section to copy from". The cross-sectional
data displayed on the screen will be replaced.

''Hydraulic data"
Gives an option to overrule the implicitly calculated hydraulic
specification of the cross-section.
Innormal cases the program will calculate the actual flow profile
areas(A) and the hydraulic radius(R) from the specified profile:

-Bottom level»

Figure 3.5 Calculatim d"hydraulic dláa

The "Resistance" given in the table "Sec:tions" is valid at every
depth.
Inthe ''Hydraulic data" table the user can specify these parameters
as functions of the depth.
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DUFLOW 2.• xx Input - Flow - NetWerk - Cross-sections.
CROSSc..SECTIONHydratilic data
Depth to FlowArea (m2).
bott. (m.) begin end

SEC'rION 1·
Hydraulic •Rèsistance te oz' k)
.Radi.us(m) Pos. ·di:r; neg. dir.

30.. 00
30 ••00

0.00 30.00 ·.~30.0'()
6.00
3·8.00

0.00 {l.00 0.00
1..00
3.00

11.00
45.•0.0

0.68
1..85·.

30;00
30.•00

Ifany change is made in the colunms of "Flow Area", "Hydraulic
radius" or "Resistance" then all implicitly computed values ofthat
item will be overwritten. Press "Defaults" inthe command mode
to reset.
This table contains an extra "Print" option, "All" will print all
select.ed cross-sect.ions.

For further explanation about options see paragraph 3.2.4.

3.4.2.1.5 STRUCfURES
"Type" Various types of structures can be specified:

"1 = Overflow" A short weir with free overflow.
"2 =Underflow" A short weir with 'forced'

underflow.
"3 = Culvert" A weir with additional friction
"4 =Siphon" A circular pipe to carry water

over obstacles
"5 =Pump" A pwnping station (can switch

on and oft)
"6 =Elliptic culvert" A weir with additional friction and

an elliptic cross-sect.ion

Weirs and culverts have rect:angular cross-sections, except for the
elliptic culvert. Structures with a more complicated cross-sect.ion
can he simulated as two or more parallel structures with the same
begin and end node.

"Width" (Options 1,2,3). The width ofthe rectangular flow opening.
Unit: m

"Sill Level" (Options 1, 2, 3). The level ofthe bottom ofthe rectangular flow
operung.
(Option 6). The level ofthe bottom within the elliptic culvert. The
part ofthe elliptic culvert cross-section below the level that
contain water and is a part of the flow profile.
Unit: m

"Gate level" (Options 2, 3). The level ofthe top ofthe rectangular flow
opening.
Unit: m
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"Length" (Options 3, 4, 6). The length of a culvert or siphon.
Unit:m

"Diameter" (Option 4) The diameter ofthe siphon.
Unit: m

"Mu...." (Options 1,2,3,4,6). Mu is a correction factor for additional
hydraulic effects like contraction, internal friction etc.
"Mu pos. dir": Mu for flow in the positive direction (from

begin to end).
"Mu neg. dir": Same innegative direction.
Default: 1
Unit: dimensionless

The table incommandmode contains an extra "Print" option, "All" wilt print all
selected structures.

"Mu submerged flow"
(Options 1, 2, 3, 6) Mu for the submerged flow situations.
Default: 0.83 * mu-free surface.
Unit: dimensionless

"Chézy" (Options 3, 4, 6) The Chézy coefficient for the friction in a culvert
or a siphon. The friction inthe structures is always calculated with
the formula of Chézy.
Unit: mlll S·l

"Capacity" (Option 5) Discharge through the pump from "begin node" to "end
node".
Unit: m3/s

"Start level"
"Stop level"

}
}

(Options 4, 5) Switching levels. The flow in a siphon starts if both
levels at begin and end are above "start level" and stops if one of
them sinks below its "stop level". For a pump "start level" and
"stop level" are related to "begin node".
Unit: m

"Horizental rad(ius)"
(Option 6) Half ofthe horizontal axes ofthe elliptic cross-section
of the elliptic culvert.
tmit: m

"Vertical radius"
(option 6) Half of the vertical axes of the elliptic culvert.
Unit:m

"Inside level" (option 6) The levelof the lowest point of the elliptic cross­
section.
Unit:m
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UNOERFLOW STRUCTURE

« END NODE»

«silI level :::0-~

Figure 3.6a Weir wiIhmdaflaw

Figure 3.6b Pump

Editi.oo 2.1, December 1995 51



DUFLOW

Figure 3.6c Siphm

sill
level inside

level reference level

Figun 3.6dElliptic Culvat
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3.4.2.2 INITIAL CONDITIONS
DUFLOW 2.x.x Input - Flow - Initial cond. - Menu
Data directocy C:\DUFLOW\EXAMPLES\ Initial·cOnditiöns. : R.IVER1..BEG
Projëct EUTROFl

MENtrINPUT - FLOW DATA ..,INITIALCONDITIONS

''H=initiallevels''
Specify the initiallevel at individual nodes.
Unit: meter (with respect to the reference level)
With the extra option "Defaults", the user enter values intwo
ways;
• option Levels enables to enter absolute levels with respect the

reference level;
• the option Depths enables to enter a height above the specified

bottom levels. The program wi1l calculate the values with
respect to the reference level.

"Qsinitial discharges"
Specify the initial discharge at begin and end of each section. For
structures one value is given.
Unit: m3/s (positive values from begin node to end node).
The initial discharges are set to 0 m3Is ifno values are entered.

Additional options are available, for further explanation see paragraph 3.2.4.

3.4.2.3 BOUNDARY CONDITIONS

This table can be used to describe the conditionsat the physical boundaries ofthe
system. At these nodal points a water level or a flow boundary condition can be
used. This menu is also used to enter discharges. These can be specified at each
node. In the hydraulic part more than one discharge can be used at a nodal point.
In the quality part however the number of discharges is restricted to one.

In this menu also somegeneral flow related input variables can be supplied, like
rain, wind velocity and wind direction.

Ifone or more boundary conditions already have been defined the programs will
show the checklist in commandmode.When no boundary conditions exist the
program wi1l imrnediately display the edit modeto enter the specification of the
first boundary condition. For explanation ofthe commands see paragraph 3.2.3
and 3.2.4.

The followingindividual specifications can be entered in edit mode:
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Prescribed water level
Unit: meter
Controlled additional inflow to the network, a withdrawal can be
specified using a minus sign.
Unit: m3/s .

"Q add. Hrel."
Level dependent additional inflow to the network. Up to 20
combinations of a level and corresponding discharge can be
specified.
Unit: m3/s.
Precipitation, generating an additional inflow to the nodes. Is
related to "Catchment area" and "Run-off factor" (see paragraph
3.4.2.1.2):
Qadd= R * 0.001 * A *10000 * c /(24 *3600)
where:
Qadd
R
A

"Type"

"Level"

"Q add"

"Rain."

Next selection items are available:

=Additional inflow to the node (m3/s)
=Precipitation intensity (mm/day)
= "Catchment area" (ha)

c = "Run off factor"
Unit: mm/day

''Wmd velocity"
Wind velocity, uniform over the whole network.
Unit: mis.

''Wmd direction"
Angle ofwind direction, from North to origin and measured
clockwise (90° means wind from the East). Uniform over the
whole network.
Unit: degrees (between 0 and 360)

"None (erase)"
Erase the already existing boundary condition. Stop adding new
ones.

"Node" A boundary condition can be valid for only one node.

"Condition nurnber"
Nurnber to identify additional inflow to the network, used when
more than one additional inflow is defined, on a node. The number
(integer) statet here (flow boundery conditions) must agree whit
the nurnber statet inquality boundery conditions.

Default: 0

"Type of function"
Boundary conditions can he specified in five ways:
"Constant"
"Fourier series"
"Time series"
''Non eq. series"
"Import file".
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Additional explanation ofthe individual function see paragraph 3.2.4.3.

3.4.2.4 STRUCI'URE CONTROL

Ifone or more structure operations already have been defined the program will
show the checklist in connnand mode. When no structure operations exist the
program will immediately display the edit mode to enter the specification of the
first structure operation. For explanation ofthe commands see paragraph 3.2.3
and 3.2.4.

After selecting or entering new operations the following individual specifications
can be entered:

"Type of operation "

"Continuous "
The operation will be executed during the entire period of the
calculation.

"Operational parameter"
The parameter of the structure that will be affected by this
structure operation. Note that earlier parameter values are
overwritten.

"Structure number"
Specifythe structure(s). Take carethat the "operational
parameter" has a meaning for the given structure(s) (e.g. do not
change the sillievel of a pump).

"Type of function"
Continuous operations can be specifi.ed in five ways:
"Constant"
"Fourier series"
"Time series"
"Non eq. series"
"Import file".
Additional explanation of the individual function see paragraph
3.2.4.3.

"Trigger series"
A .scenario' that describes the variation of one parameter in one or
more structures depending on actual hydraulic conditions, called
"trigger conditions" . A .scenario' may consists of more than one
trigger series. The number of operations times and the number of
structures per operation may not exceed 16. Each "structure
operation" may have up to 99 "trigger conditions"

"Operational parameter"
The parameter of the structure that will be affected by this
structure operation. Note that earlier parameter values are
overwritten.

"Type of trigger condition" .
"Time"
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After the specified time has passed the next trigger is checked. If
at that moment the new condition is met, it is activated
immediately.

"H2 >Hl +Mr'
"Operational parameter" is executed if the level at "End" Node is
higher than the level at "BeginNode" plus an increment MI.

"Hl >H2+ Mr'
"Operational parameter" is executed ifthe level at "Begin"
Node is higher than the level at ''End Node" plus an increment
MI.

"Hnode > Htrig"
"Operational parameter" is executed if the level at a node
somewhere in the network ( "Trigger node" ) is higher than a
specified level ( "Trigger level" ).

''Hnode <Htrig"
"Operational parameter" is executed ifthe level at a node
somewhere in the network ( "Trigger node" ) is lower than a
specified level ( "Trigger level" ).

"Repeat other trigger"
A trigger condition which already has been specified can be
repeated by entering its serial nwnber.

''No more triggers "
The series oftriggers in this struc:ture operation is terminated.

"Structure nwnber(s)"
Specifythe struc:ture(s). Take carethat the "operational
parameter" has a meaning for the given structure(s) (e.g. do not
change the sillievel of a pump).

"Type of fimcti.on"
The way how the value of "operational parameter" will change
when the trigger condition is met can he specified in two ways:
"Constant"
A new value is assigned to the "operational parameter" until the
next condition is met.

"Time series"
The "operational parameter" will change according to the given
time series. The first value will he assigned immediately after the
condition is met. The last value will he kept until the next
condition is met.
Ifthe next trigger condition is met before the end of this time
series then the new "action" overrules the 'old' one.

"Erase operation"
Erase the already defined operation.
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3.4.3
DUFLOW .. 2. XX •

QUALITY DATA
Input- QuaHty - Menu

Data· directory.. C:\DOFLOW\EXAMPLES\
Project • EUTROFI. .
Model EtJ'I'ROF1.MOB

!nitiëll coriditionS·
Boundacy·cond1tians
. Extermd variélbles

. .. :.:Párameters

RIEUTLBEK
RIEUT1..BNK
RIEOTl.BXT

MENU INPUT: •- QUALITY· DATA

All quality relateel input can be editeel through this menu. Note that the selection
of a set variables for output has to be done in "quality variables for output" (see
paragraph 3.4.1.3).

"I=Initial conditions"
Jwnps to "initial conditions" (see paragraph 3.4.2.2, 3.4.3.1).

"B=Boundary conditions"
Jwnps to "boundary conditions" (See paragraph 3.4.3.2).

''E=Extemal variables "
Jwnps to "extemal variables" (See paragraph 3.4.3.3).

"P=Parameters"
Jumps to "parameters" (see paragraph 3.4.3.4).

3.4.3.1 INITIAL CONDITIONS

After entering "INmAL CONDmONS", the programs asks which nodes to select
for editing. Ifall nodes have to be selected, press .J.In bath cases the program
will show the checklist in command mode. The available conunands are
explaineel in paragraph 3.2.3. After selection ofthe state variables the user can
enter the edit mode to enter the initial values at the nodes. The available
commands for edit mode are explaineel inparagraph 3.2.4.

3.4.3.2 BOUNDARYCONDITIONS

This table can be useel to supply the conditions at the physica.l boundaries of the
system. Ifa flow or water level boundary condition is used inthe hydraulic part
ofthe model, a concentration boundary condition is assumed at the same nodal
point. The mass entering the system at this point is calculated from Q·e, where
Q is the additional flow entered at "boundary conditions - flow data" or the flow
calculated over a water level boundary. Ifno concentration is specified at a flow
boundary condition the concentrations of the flow entering the system is set equal
to zero. Inthe hydraulic part only one discharge can he entereel at a nodal point.
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In this menu also the loads bas to be supplied. The load is calculated from Q*C
[mg/l * m3/s]. In the quality model more than one additionalload can be
connected to a certain node. A load is not connected with any flow discharge on
the same node.

After choosing the "boundary conditions" from the menu, the programs shows
the checklist of already defined boundary conditions in command mode. When no
boundary conditions exists, the program will start with the first condition in edit
mode.

The available commands are explained in paragraph 3.2.3. After selection ofthe
state variables the user can enter the edit mode to specify the boundary
conditions. The available commands for edit mode are explained in paragraph
3.2.4.

In the edit mode the individual boundary condition can be specified by the
following items:

"Type" "Concentration"
The "Variable" normally will be entered like a concentration type
towards a node when bath discharge and mass are not negligible.

"Load"
The "Variable " also can be entered like a load type towards a
node when the discharge of water is negligible compared with the
mass.

''None (erase)"
No specification, to end or erase the already existing
specification.

"Variable" From the piek list, shown at the right side on the screen, the state
variables can be selected. For commands see paragraph 3.2.4.1.

''Node(s)'' A boundary condition can be va1id for one node.

"Condition nwnber"
Number to identify the boundery condition. The number statet here
(quality boundary conditions ) must agree with the number statet in
flow boundary conditions.

"Type of ftmction"
Boundary conditions can be specified in five ways:
"Constant"
"Fourier series"
"Time series"
"Non eq. series"
"Import file"

Additional explanation ofthe individual ftmction see paragraph 3.2.4.3.

3.4.3.3 EXTERNAL VARIABLES
The program shows directly the checklist of all defined XT extemal variables
(space and time dependent) in the process description file (see paragraph 3.8).
The dispersion coefficient is also considered to he an extema! variabIe although it
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is not declared in the process description file. The commands for comrnand mode
are explained in paragraph 3.2.3.

Inthe edit mode the individual external variabie can be specified (for commands
see paragraph 3.2.4), bythe following items:

"Type" From the piek list shown at the right side on the screen the external
variables can be selected:
• the xr declared variabie in the process description file
• d (= dispersion coefficient). For commands see paragraph

3.2.4.1.

''Node( s)" An external variabie can be valid for more than one node. More
nodes can be specified as separated by oolons(,) or a hyphen (_)
for a whole range (e.g. 3,5-7,10). Ifthe user wants to select all
nodes, then enter All.

"Type of fimction"
External variables can be specified in five ways:
"Constant"
"Fourier series"
"Time series"
''Non eq. series"
"Import file"
Additional explanation of the individual fimction see paragraph
3.2.4.3.

If an external variabie is not specified the default value given in the process
description file is used. Without specification, the dispersion coefficient is set
equal to zero.

3.4.3.4 PARAMETERS

The program directly shows the table of parameters declared in the process
description file. The available comrnands are explained in paragraph 3.2.4.1. The
first two lines ofthe parameter table are shown below:

aoe
ape
eO
ealg

"Default" These default values are located in the process description file
(*.mob ). Using this option will fill the entire table with the default
values.

''Edit'' The only item that can be edited is "VALUES". New values will
overwrite the old value, for this parameter.
The values ofthe variables under "VALUES" are used in
"CALCULATIONS" .
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DUFLOW 2;.)0(.

3.4.4 SAVE AS•••
'Ibis menu shows the status of the current project.

Leaving an input menu if changes have been made, the user is prompted "Save to
file? (Y?N)". If Yes is selected the changed data are written to the input file
displayed at the right top ofthe screen. IfNo is selected the modified data are
still inmemory and can be saved using "save as ...". 'Ibis option gives the
opportunity to write the data another file name.

Input - Saye as .•.."~.•.
AVAlLABLEDATA:
tryPe .of data

.... '. : ",,, :',' :..... .: ':":" ,'.::':'" .

t§:ded rodified. ,ilenain~.. .'.·.I§a-ve.
•:yes: RIEtl'Tl:.:CTR·· No···

..YOS !;~!' i:~~~T.~:
Yes· .RIvERLBEG

Control.data

Flow
Network data .. ..
Initial conditions
Bound..Cond.Istruct ètrL

Yes·
No

··jnvER~
lUVRRl

Quality... .• . .
Iilitial concllti.onk < .
BOun&ry cC>~dit:.ions· •••< ....
Ex:ternal varIä:bles .'.••••.....•
.Parameters

. ';'::': ..'-'.-:.::-." "'::':>:,:.

... - - ...

RI:8tJ'l'l:.~~K .
< RIBlJT:L:. BNK. ••....•..•...•.......•.-
. lUEuH.m···········. - _- -_._._ ....., ....._ .

....••.y~~ .,...........-, , ' ..

',.. . .:: - '.: _._ . ,",'-:-:-.:-".. ..lU_~ ~1?RM .

"loaded" Indicates whether the data are present inmemory. loaded.

"modified" Indicates whether the data have been changed and not have been
saved yet, leaving the particular input menu.

"Save" In this column the user can enter ifthe modified should be saved.

"Save as" If desired the name ofthe file, where the data are written to can be
changed.

When the data are changed and the user did leave the menu answering Yes, the
data will be written inthe current file. Nevertheless is it still possible to write the
data to another data file.

3.4.5 MEASURED DATA
This menu enables to enter measured data. 'Ibis option can be used for state
variables (e.g. Q, H, u, C etc.) and ftmction identifiers in the process description
file. 'Ibis enables to compare the results with measured data in the output module
(see paragraph 3.6). The entered data will he stored in a *.msr file.

The program will give a checklist of the already existing data series in the file.
Otherwise the program will start with the new measurement series 1.

The measurement series can be specified inthe following way:

"Type" Following items are possible.
"Level" Water level.

Unit: meter.

"Velocity"

Flow in section.
Unit m3/s.
Water velocity in section.
Unit mis.

"Discharge"
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"Concentration" State variables defined in model file.
"Load" Load in section calculated as Q*C.
"Function" Function identifiers declared in the model file.
"None" No selection is entered./Erase an existing

series. /Stop adding new ones.

"Variables" Select variabie for which measured data will be entered. The item
will only appear when "Concentration", "Load" or "Function" is
selected. Selection from the piek list can be done with the name of
variabie or pressing "Tab" for entering the piek list right on the
screen (see paragraph 3.2.4.1).

"Node(s)"
"Section" Measured data can be used for more than one node, section or

structure.

"Type of ftmction"
Several types offtmction can be selected (see paragraph 3.2.4.3).
"Constant"
"Fourier series"
"Time series"
"Non eq. series"
"Import file"

3.5 Menu CALCULATIONS

This part of "master menu" perfonns the calculations in the way specified in
"menu control data". Below the screen is shown, when the item bas been entered
from "master menu".

"A=A1l" Flow and quality are calculated simultaneous.

"F=Flow" Flow is calculated.

"Q=Quality" This option only can be used if an intermediate flow result file
(*.dmp) was generated using option "Flow". In this case the
necessary flow information for the calculation of the mass
transport is read from the intermediate flow result file. This option
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can be useful if different quality calculations have to be performed
all using the same flow calculations. This is the case if one or
more parameters of the water quality model are changed during the
calibration of the model, or if another process description file is
used to generate another water quality model.

"B=Box" Using this option only the processes as defined in the process
description filewill be simulated. Transport is not calculated. The
calculationswill be performed for all defined sectionswithin the
network. Boundary conditions (both Flow and Quality) will not be
used. Ifin the process description file flow variables are used, the
default values trom the *.mod file will be used. External variables
(time dependentand location specific) will be used as defined in
the quality menu "external variables". This option is useful when
developingand testing a process description file. Furthermore the
use ofthis option enables the exarnination ofthe relative
importance of the transport processes in comparisonwith the other
processes involved.

The result ofthe computation is stored in the defined result files (.res and .rek).

The calculation can be halted by pressing Ctrl S and aborted by pressing Ctrl C.

At the bottom ofthe screenthe progress ofthe calculation(s) is displayed.
Appendix F contains a list of errors.

3.6 Menu OUTPUT
Entered by select:ing"output" from the "master menu".

Enables the presentation of the results in graphs or tables, as function of time or
space.

The menu is shown below:

"T=Time related output"
Displays the results at specifi.edlocation as a function of time (see
paragraph 3.6.1).
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"V=tirne related - Various loc."
Enables graphs of several variables at various locations (see
paragraph 3.6.2).

"S=Space related output"
Displays the results at specified time intervals along a defined
longitudinal profile (route) (see paragraph 3.6.3).

"R=definition Routes"
To display space related output one or more routes or trajects
through the netwerk must be defined (see paragraph 3.6.4).

3.6.1 TIME RELATED OUTPUT
Entering the "Time related output", enables the presentation of the output as
function time. The appearing table is shown below:

"type" From the piek list the type of variables to he displayed can be
selec:ted.Level, Discharge and Velocity always can be selected.
The other available types are ciependingon the selectionmade in
"QUALflY VARlABLES FOR OUTPUT" (see paragraph 3.4.1.3). the
other types are:
"Concentration" All state variables.
"Load" Q·C for all state variables
"Function" All intermediate results offunction identifiers

as defineclinthe *.modfile.

"variable" If the variabie is pre-defineclthe program will enter the name of
the variable, otherwise the user can select the desired variabie
from the piek list (see paragraph 3.2.4.1 for commands).

"file" The program will enter the name ofthe result file made during the
project calculations. Anyother result file or file containing
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measured data can be entered. Ifthey are stored in another data
directory or drive then specify the full path. The result files in the
project have the following extensions:
.res results flow model
.rek results ~uality model

"Sections/Structures"
The section nwnbers and structure codes (i.e. SI) must be entered.
The selected variables wiil be displayed in the centre ofthe
sections or structures. The available sections or structures are the
ones selected in "locations for output". Type B after the section
indication number to obtain the beginning ofthe section and E for
the end.

When for the variabie only "Levels" are selected the results
wiil be displayed at the nodes, if "Levels" is selected in anyother
combination, the "Levels" wiil also he displayed at the middle of
the sections.

"grouped together"
"Variables"

"Locations "

Make for each location a graph or a table with
all variables.
Make for each variabie a graph or a table with
all locations.

After selection of the data, output can he directed to a table or a graph (see
paragraph 3.6.1.1).

3.6.1.1 PRESENTATION OF OUTPUT
T=Table The data be will displayed in numerical way and can be written to

a printer or file. Selection items are:

''Home, End"
"PgUp, PgDn"
~, t,,l,,-+
"PrirIt"

"PgUp"
"PgDn,..J"
''Esc"

Navigate in the table.
Navigate in the table.
Navigate in the table.
The data can be printed to file or printer (see
paragraph 3.2.4.4 ).
Show the previous page on screen.
Show the next page on the screen.
Return to ''time related output".

"File"
"G=Graph" The data will he displayed in a graph. Selection items are:

The graph will he written to a hpgl plot file. Enter the name of
the plot file without extension.

"Plot"
The graph will he plotted on the connected plotter device.

The graph will he displayed on screen.
"t"
Edit the "layout of the graph". The default settings for minimwn
and maximwn values and grid distance can be modified.
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"Axes'
This option is only available, when the variables are ofthe same
kind. In that case it is possible te make a choice on which side
the Y-axis has te displayed.
If two different variables are selected the option will net be
availablabecause both sides ofthe graph are needed.
Default is left.

«Esc"
Return te ''TIMERELATED".

3.6.2 TIME RELATED - VARIOUS LOC.

Entering the "time related - Various loc.", enables the presentation ofthe output
as a function of time. The appearing table is shown below:

DUFLOW 2.xx Output ..- Time rel. Vaiiöus locations.

"type" From the piek list the type of variables to he displayed can be
selecteel. Level, Discharge and Velocity always can be selected.
The ether available types are depending on the selection made in
"quality variables for output" (see paragraph 3.4.1.3). the ether
types are:
"Concentration" All state variables.
"Lead" Q.C for all state variables
"Function" All intermediate results of function identifiers

as defined in the • .mod file.

"variable" Ifthe variabie is pre-defined the program wi1l enter the name of
the variable, otberwise the user can select the desired variabie
from the piek list (see paragraph 3.2.4.1 for commands).

"file" The programs will enter the name of the result file made during the
project calculations. Any other result file or file containing
measured data can be entered. Ifthey are stored in anotber data
directory or drive then specify the full path. The result files in the
project have the following extensions:
.res results flow model
.rek results quality model

"Location" The section numbers, nodes and structure codes (i.e. SI) must be
entered. The selected variables wi1l be displayed in the middle of
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the sections or structures. The available sections or structures are
the ones selected in "locations for output". Type B after the
section indication number to obtain the beginning of the section
and E for the end.
When for the variabie only "Levels" are selected the results will be
displayed at the nodes, if "Levels" is selected in anyother
combination, the "Levels" will also be displayed at the middle of
the sections.

After selectionofthe data, output can be directed to a table or a graph (see
paragraph 3.6.1.1).

3.6.3 SPACE RELATED OUTPUT

Before this option can be used the output routes must be defined using "definition
routes" (seeparagraph 3.6.4).

"space related output" enables the presentation of output as function of space.
The appearing table ShOWIlbelow:

lV·timepoints.

''type'' From the piek list the type of variables to be displayed can be
selected. Level, Discharge and Velocity always can he selected.
The other available types are depending on the selection made in
"quality variables for output" (see paragraph 3.4.1.3). the other
types are:
"Concentration"
"Load"
"Function"

All state variables .
QeC for all state variables
All intermediate results of function identifiers
as defined in the *.mod file.

"variable" If the variabie is pre-defined the program will enter the name of
the variable, otherwise the user can select the desired variabie
from the piek list (see paragraph 3.2.4.1 for commands).
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"route"

"file"

One of the defined routes can be selected. The default route is the
first route defined in "definition routes" (see paragraph 3.6.4).

The programs will enter the name of result file made during the
project calculation. Anyother result file or file containing
measured data can be entered. If they are stored in another data
directory or drive then specify the full path. The result files inthe
project have the following extensions:
.res results of flow model
.rek results of quality model

"first output" Starting time ofthe output. Default is "Starting of output" defined
in "calculation definition" (see paragraph 3.4.1.1).

"last output" Ending time ofthe output. Default is ''End of computation"
defined in "calculation definition" (see paragraph 3.4.1.1).

"interval " Time step defined in days (dd), hours (bh) and minutes (mm).
Default: "Output interval" (see paragraph 3.4.1.1)

"grouped together"
"Variables"

"Locations"

Make for each location a graph or a table with
au variables.
Make for each variabie a graph or a table with
au locations.

After selection ofthe data, output can be directed to a table or a graph (see
paragraph 3.6.1.1).

3.6.4 DEFINITION ROUTES

To display space related output one or more routes or trajects through the
network must be de:fined. A route is not necessarily continuous.

The maximum number of routes that can be defined is 10.

Entering the "de:finition routes" the following table will appear;
Output - [)e#"~J:l.it:gml:t*t:~.s;DUFLOW .••2 .XX

"Route name"For identification of a route a text can be entered. The
identification will be shown inthe table of "space related output".

"Section"

"~ t",

To plot space related output the route(s) are defined by specifying
the sections (or structures), available are only those selected in
"locations for output" (see paragraph 3.4.1.2). Ifthe section
number is negative the section is placed in the route back to front
(The two most right most columns show the connecting nodes).
Terminate with entering 0 as section number.

Edit mode enables to modify the already existing route.
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"X" Enables to modify the given X co-ordinates.

".J" Go to the next route number.

"Esc" Return to "menu output".

3.7 Menu FILE NAMES SPECIFICATION
This option enables the definition of projects. A project links all input file names
necessary to perform a simulation. The input table is shown below:

To start DUFLOW for the first time, the required files to store the information can
be entered. The "Data directory" should have been already defined.

Specifyfilenameswithout extension. The extensionswill be added by the
program:
.PR!
.eTR.
.RTS
.NOD .NEf
.BEG
.BND
.RES
.MOB
.BEK
.BNK
.EXT
.PRM
.REK

for the project file
for the control data file
for the route file
for the network files
for the hydraulic initial conditions file
for the hydraulic boundary file
for the hydraulic result file
for the model file
for the quality initial conditions file
for the quality boundary file
for the extemal variables file
for the parameter file
for the quality result file

Ifone or more existing projects are available on the "Data directory", the name
of project file can be entered. The program will prompt:

68



Usage d"theprognun

"Read new project file? (YIN)"
Yes All required files for the project wil! he loaded.
No The files wil! not he loaded and the files have to he entered by

the user.

After entering the last filename or pressing Esc the program wil! return 10
"master menu"

3.8 MenuQUALITY MODEL DEVELOPMENT

The interactions involved without transport processes, adveetion and dispersion,
have to he supplied in this part of the program. These are stored in the process
description file *.mod. The resulting set of equations has to be compiled using
DUPROL. After compilation a *.moh file is created which is read hy DUFLOW.

DUPROL is not case sensitive.

DUFLOW 2 ...xx

"E=Edit" Enables the user 10 create new or edit an existing file containing
process description (*.mod). DUFLOWdoes not supply internal
editing facilities. Editing is performed using an external editor (see
paragraph 3.8.1).

"C=Compile" Compiles the process descriptions and generates *.mob file, which
is read by DUFLOW.

3.8.1 EDIT

3.8.1.1 S~AJ(

Some common rules of syntax:

An identifier (name of a variable) starts with a character and consists of a
maximum of six characters. Non alpha-numerical characters are not allowed.
The name of variabie dis reserved for the dispersion coefficient and should not
be used.

Comments start with /* and end with */. Comments are only allowed at the
begirming of the file.

A model file consists of two parts:
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• Declaration section
Inthis part the different variables are defined (see paragraph 3.8.1.2).

• Compound statement
This part contains the equations describing the processes (see paragraph
3.8.1.3).

The *.MOD must be closed with an empty line at the bottom, otherwise DUPROL
cannot compile the file correct1y.

3.8.1.2 DECLARATION SECnON
Inthe declaration section all different variables have to he defined. Five types of
variables are distinguished:

water

bottom

xt

parm

flow

Water column state variables. The flow has affect on this type of
variable.

Sediment state variables . For these type of variables horizontal
transport is omitted. Hence only the processes are calculated.
Exchange between the sediment and the overlying water colurnn
should he described by the user. The flow has no effect on this
type ofvariables.

Extemal variables, which are space and/or time dependent.

Parameters, constants and coeffi.cients used inthe process
equations.

Flow variables, supplied by the hydraulic part ofthe model. These
variables differ from the other variables by the fact that the
identifiers of these variables are built-in. The following identifiers
are available:
Z Depth of water.
Q Flow.
U Water velocity.
As Flow area.
Ab Storage area.
Es Flowwidth.
Bb Storage width.
dx Half of the length of section.
V Half of the volwne of section.
Wf Wmd velocity.
Wd Wmd direction.
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water,
bottom,

xt,
pann,
flow

default

identifier

Dimension

Description

Figure 3.7 S)D1ax d:the dcclaraticn sedicn.

Default Default values are used ifthe user does not supply values within
the other menus. For the state variables the default values are used
ifthe user does not enter initial conditions.The default value has
to be given inbetween brackets 'r and ']'.

Dimension The unit of the variabie may consist of a maximum of 10
characters, followed by , ;'. Longer names wi11 be truncated.

Description The description of the variabie may not exceed a maximumof 40
characters. Langer lines wi11 he truncated.

Below a part of the declaration section is given of the model description file.

i= ~~;~~~~~=;:~~~~=~oreXP1~i0!~gDUFLOW2. 00

j~/'~:~)f}:Ê:»~~~~ç)r.',,:):~~~~êr::>:t9;9:~':::.'. ., " ;' '-:::-'. .:. ..

tI~i~~<<i ..'.[~.oo.OJ ~ ..c;l. ;~~l biomass <
t::~~i:, \ :T~:~6d~::d~!~·· i~ +. . ..
~at~f(· ss [.1:0,(1)0) lIIg/l >. ..... .i~il~e-d solid~ ..•..... .....

pa~ .•••..·.lW···•..... (~. 0051 ...~.....·...<=.•.••.•·Nk.· .• ·./I· ..• •.•• ll.•••.••.•..••.••••••••••••••••••••••....;.Morig~~~d~stant•••••P·.·.~lgal•••••~rowth••·•..
péum . kh< L:~~i~~?~.=> ;Monod~çonstantN algalgrowth·
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*/
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Editim 2.1, December 1995 71



DUFLOW

3.8.1.3 COMPOUND STATEMENT

3.8.1.3.1 INTRODUCTION

In this part the process descriptions have to be included. This section starts with
, {' and should be closed '}'. All arithmetic expressions may be used (see next
paragraph). The way the differential equations for the state variables should be
entered needs some additional explanation.

For most state variables the kinetic derivative bas the following form:

s:-=klC+ko
cl

Inthis equation all first and zero order terms should be separated. For example
the following equation:

éC = ka{Cs - C) - kdL
à

should be rearranged like:

a:- = -k C+k C - k Là a a= s d

Intemally lumped first and zero order coefficient are used, which should be
defined by the user as:

kl{C)=-ka

ko{C) =+kaCs -kdL

Ifthe k, and kocoefficient are not defined they will he set equal to zero.

For non state variables a furietien identifier is used. The dec1aration of these type
of variables is implicit, which means that they may not be declared in the
dec1aration sec:tion.

Three types of compound statements are available:
• formuIa See paragraph 3.8.1.3.2
• if-statement See paragraph 3.8.1.3.3
• iteration-statement See paragraph 3.8.1.3.4

formula

iterate
statement

Figure 3.8 Syntax ci'the CCDIp<lmI.dltalanaJ!
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3.8.1.3.2 FORMULA

The general syntax of a formula is shown at figure 3.9.

state­
variabie

function
identifier

expression

Figure 3.9 Syntax c:J:Famula

k1 First order reaction coefficient.
kO Zero order reaction coefficient.
state variabie water or bottom state variabie.
function identifier

Identifier of a function.
expressten Definition of a function. A formula, defining the function identifier

at right side ofthe equation. This formula consists of! regular
mathematic operators completed with several built-in functions .
A function identifier is net allowed to appear in the right side of
his own definition. A function identifier must already have been
defined before it can be used in the right side of an equation. The
following operators are available (in order of priority):

Arithmetic :
o
/\ (to invoke)

*

Built -in functions:
sin( x)
cos(x)
tan (x)
exp (x)(ex)
ln( x)
log (x) C~og(x »
abs (x)( I x I )
rnin( x1,x 2, , xn)
max (xl, x2, .xn)

/
+

3.8.1.3.3 IF-STATEMENT
DUPROL contains a flow-control statement. The syntax of this statement is shown
in figure 3.10.
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if­
expressie

Figure 3.10 S)ntax if!tatcmalt

Example 2

Example 1 can he extendedwith an altemative executable statement if the
condition is false.

Example 3

If statements can he applied inseveral complicated situations, evennesting is
allowed.
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General rernarks concerning the use of if statements :

• Conditions can be defined using the following relational and logica! (in order
ofpriority):
>
>=
<
<=
= (is equal to)
!= (unequal to)
! (not)
AND
OR

• Also in an if statement every executable statement must be closed with a ';'.

• Between the '{ }' the user can define a block of executable statements (=
compound statement).

3.8.1.3.4 ITERATION STATEMENT

Infigure 3.11 a syntax of an iteration statement is shown.

iterate

tolerance
identifier

Figure 3.11 Symax tt itcntim statcmaJt

The statement exists of:

start value The start value of the variabie of the iteration.

toleranee ident:ifier This variabie (parameter) contains the maximum
allowed difference between the two succeeding iteration
results.

compound statement The formula which bas 10 be approximated by means
of iteration.

An example is the iteration ofthe wavelmgth at depth D:

Inwhich:
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LD=1.0 , start value ofthe variable;
eps , toleranee identifier;
LD= Function (Lo)

, function to be iterated;
pre ,11:=3.1415927;
L ,wavelèngth at the swface;
D , depth.

3.9 Menu SETUP

The "SEI1JP" is shown below:

''Hardware configuration"
Adapt DUFLOW10 your configuration (see paragraph 3.9.1).

"Colours" Set the colours used by the program (see paragraph 3.9.2).

"maximum data Size"
Specify maximwn amounts of data 10 be handled by Input and
Output parts (see paragraph 3.9.3).

"Defaults" Overwrite the setup of the three items with defaults. Ineach of the
three items there are "default" options for that part only.

"Master menu"
Return 10 the "master menu". Ifany change has been made the
user is prompted for saving the changes in the configuration file.

3.9.1 HARDWARE CONFIGURATION

To install the program see appendix A, for further explanation about the
hardware configuration consult the guides ofthe installed devices.

"Printer present"
IfYes is answered the program gives an option 10 print the output
10 the cormected printer device. Ifno printer is cormected the
output will he send 10 a file on disk.

"Printer port (LPTn)"
Defines the port name for the printer cormection.
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"Plotter present"
IfYes is answered the programs will direct all plot comrnands to
the connected plotter device. The plotter must be able to handle
hpgl files.

"Port (COMn,baud,par,data,stop)"
Ifdata is send immediately to the plotter the setting of the serial
communication must be given: port name, baud rate, parity( o/eln),
number of data bits, number of stop bits (e.g.: coml,9600,E,7,1).
These settings must correspond to the dip switch settings of the
plotter.

"Graphical card"
Choose the right graphical card from piek list.

"# lines on printer page"
When performing output to the printer the program gives a Form
Feed command after the specified number of lines.

"Path editor" Enter the name ofthe editor which will be activated in "quality
model development". (The editor program must be installed).

3.9.2 COLOURS
"Text colours"

Choose a number from the sample table for each ofthe three text
types. If 128 is added to the number the text wi11 be blinking.

"Screen graphics"
Depending on the selected graphical mode a number of colours can
be selected for the graphical output to the screen. The intensity of
the samples may differ from the rea1 colour inthe graphs.

"Plotter graphics"
For output to the plotter (or plotter file) the numbers ofthe pens to
apply must be given.

3.9.3 MAXIMUM DATA SIZE

"Maximum number of input data (# values)"
The amount of memory that the input part of the program
allocates to store the data. Ifthe value is too small than DUFLOW
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may generate a 'Memory Full' error or a (fatal) 'Subscript out of
range' error. If it is too large an error message 'Out of memory' or
'Out of string space' will occur after choosing "Input" from the
"master menu". The maximum value is approximately: (max.
memory size - 330000)/4.

"Maximum number of boundary conditions "
The maximum number of series that the input part must be able to
handle for each of the items flow boundary conditions, structure
operations, quality boundary conditions, extemal variablesand
measured data. This value is not critical; it may be far too large.

"Maximum number of lines to plot"
"Maximum number of output steps"

The amount of memory that the output part of the program
allocates to store the selected result data.
In"Time related output" the number oflocations is restricted ifthe
number of selected variables times the number of selected
locations is more than (3). The number of timepoints is tnmcated
ifit exceeds (4).
In"Space related output" the number of time levels is tnmcated if
(3) times (4) is larger than the number of selec:ted timepoints times
the largest number of sections in the selected routes times 2. The
maximum of (3) times (4) is approximate: (maximum memory size
- 200000)/8.
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4. Simplified examples

4.1 Introduction
The duflow package bas been subjected to two series of tests. The first series
contains academie tests in which one specific effect is studied in each test; these
tests are not reported here. The second series contains simplified actual cases
which are representative for the type of problems that can be handled by duflow.

Three selected problems are presented:
• Tidal motion in the Eastem Scheldt
• Drainage system inBangladesh
• Flood wave propagation at the river Meuse

Each subsequent part ofthis chapter treats one application and includes the
general characteristics, schematization, choice of boundary conditions and results
of computation. Optionally the sensitivity with respect to variations of certain
physical effects is discussed.

Most of the graphs are generated by duflow and give a clear impression of the
output options ofthe package.

The data of the discussed examples are available on a separate data diskette
which allows the user to verify the results and compute the consequences of
certain variations.
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4.2 Tidal motion:Oostersehelde

Problem characteristics

The Oostersehelde or Eastern Scheldt is an estuary located in the Southwestem
part ofthe Netherlands. This estuary is connected with the North Sea through a
storm surge barrier which was completed in 1986. Shortly after the completion of
this barrier, the eastern part ofthe closed estuary, which is part ofthe connection
between the port of Antwerp and the river Rhine, was separated permanently
from the main part of the estuary. Previously this part was connected to the main
estuary by two openings lmown as the Krammer and the Tholense Gat. Closing
the gates was done using sand which did nat allow for flow veloeities higher than
2 mis during this operation. The purpose ofthe computations presented here is to
investigate how seasitive the veloeities in the openings are to manipulations with
the gates ofthe storm surge barrier.

The Oosterschelde estuary is approximate1y 50 km long and 5 to 6 km wide. It
has a nwnber of deep gullies of 1 to 2 km wide, which are up to 30 or 40 m in
depth, and wide shallow intertidal flats inbetween. The area is shown in figure
4.1 together with the schematization. Inthis figure Slrepresents the storm surge
barrier which has 62 openings of 45 m width each, which can be closed in case of
storm surges. The maximurn cross-sectional flow area of these openings is
approximate1y 24000 m2 at mean sea level. Inthe case presented here, the
opening is reduced to 16000 m2 by closing some ofthe gates inorder to diminish
the velocities in the Krammer (S3) and Tholense Gat (S2).

The schematization used in this example is a simplified version of a more detailed
schematization which contains 250 branches and was calibrated accurately. The
present schematization has 11 open channel sections and 3 structures (S 1, S2 and
S3). The tidal seaside boundary value was taken from a gauge located in the
estuary entrance (near node 1 in figure 4.1). The largest difference between the
simplified and the extended model interms of computed water level was 10 cm,
usualiy the difference was nat more then 2 or 3 cm. Thus the simple model was
considered adequate for a sensitivity analysis.

Analysis

Two situations were considered:
• case a where bath the Krammer and the Tholense Gat were open;
• case b where the Tholense Gat was closed and the Krammer was open.
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Figure 4.2 shows the water levels in nodes 1 (seaside boundary), 3 (immediately
bebind the storm surge barrier), 13 (in the Krammer) and 9 (in the Zoommeer),
both for case a and b.

Figure 4.3 shows the discharge through openings S2 and S3; obviously in case b
the discharge through S2 is identically zero. It is seen that in case b the difference
in water level between nodes 9 and 13 is much larger than in case a, and that the
discharge in S3 increases as a result ofthe closure of S2.

i.•..- __!='-- .,......",=-:r=

11 1:'::':':'::

1.5 (\

\, /\ rt\J. \\J"~,\ . \ i'

1.. \\ (X '.\ ;' \\ . hl!.·
~\ /",//! \'<:.\, ' \\\\ "J f '\ ~I\ ' ,1

-,~ \ ~l ! \ '. //
~. ' ,'\ I1 \; " ,/ 'l,1. ',' , !I

l \ \\ /j \\',,'~,4 \ '\:vJj\ /it '\ /{ \ /t\ v/:'/ '~.'" /.fl ~ /j'-\:.// :.' ~/! ~</
\,..J . __ . ft

. ~'

r.•.---------__! ...:!::.~.,'------~"""""'.___

FiguR 4.2 Wmr levels asfimá.im d'time innodcs I, 3, 9 and 13 (f<rthicr locatims seefigure 4.1) Pand a: S2
and S3 qlal; Panel b: S2 c:losed

.. .. 14nnn •• ,a
Tl_

FiguR 4.3 DisdIarges in qlCIIÏng'SS2 and SJ as fimá.im d'time. Panel a: S2 and S3 qlal; Panel b: S2 clased

- .r>, .
/ .../ \.
j ~i \'

\

-

..

i
i
·r

i/,
j
i
;,,

~~ ,/'/
-.- \//:

-0-
"

i //
.~ /

i, '
V' ..ho_..

82



Simp1ified c:xamples

4.3 Adrainage system

Problem characteristics

A polder in the Southwest of Bangladesh is used mainly for riee culture. The
drainage system in the polder consists of a number of primary canals which are
included in the schematization (see figure 4.4). Secondary canals are nat
modelled explicitly and only their storage capacity is taken into account. At the
outer side the sluiee discharges into a tidal river.

Purpose ofthe study is to optimize the design ofthe sluice (cu1vert type).

First a compution was made for a rough estimate ofthe sluiee dimensions. Next
computations were carried out using dutlow to optimize the dimensions by
varying the invert level (sil1level), width and top level ofthe culvert.

The total area of the polder is 2500 ha, divided in eight subregions with different
surface levels. From these catchment areas the water discharges into the main
drainage system which has a storage area of approximately 6 ha in the primary
canals. The storage area of secondary canals and local depressions is assigned to
the nearest primary canals (tabie 4.1).
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Section area add.storage length add.with
(ha) (m2) (m)

1 215 29137 1600 18.21
2 ' 85 11519 900 12.80
3 80 10842 1400 7.74
4 80 10842 600 18.07
5 710 96219 2300 41.83
6 180 24394 1200 20.33
7 450 60984 1400 43.56
8 220· 29814 1400 21.30
9 480 65050 1100 59.14

------ -----
2500 338800

Tab1e4.1 Area, additimal stcxage,1mgtb.and the additimal width afthe sedims

The design drainage level inthe canals is 1.00 m above project reference level,
variations of a few decimeters are allowed. The maximum storage level allowed
is 1.30 m above reference level, the design drain is 30 mmlday.

The catchment run-off ( from design drain) is assumed to be concentrated at the
nodes. The size ofthe catchment area corresponding to each node is shown in
table4.2.

2500

Node Catchment area
(ha)

1 108
2 240
3 192
4 80
5 395
6 315
7 350
8 355
9 225
10 240

Tab1e4.2 Catcfnnentan:as

Afirst estimate ofthe sluice dimensions

The main parameters to he estimated are the sillievel and the width. First the
maximum discharge through the sluice is determined. The sluice is elosed when
the water level inthe tidal river is above that in the drainage canals. When the
sluice opens the polder water level wi1l he at its maximum of +1.30 m and at the
end of the opening period around the design level of +1.00m.

Jf the average water level inthe polder is assumed to be around +1.15 m then the
time of opening ofthe sluice is 7.3 hours (figure 4.5). Outing one tidal cycle of
12.5 hours an amount of 25*106*12.5*0.03/24 = 39000 m3 drains into the
channel system with an average discharge of 14.8 m3/s. Experience shows that
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the maximum discharge is appr. 15% higher than this average and equals 17.5
m3/s.
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To prevent damage to the (wooden) struc:ture the maximum veloci.ty in the sluice
is 3.5 mis. This maximum wi1l he reached shortlyafter opening at the transition
from sub-critical to critical flow since the level.in the river drops rapidly.

Critical flow is described by:

V = ~ ~ g (H - H au )

Substituting =3.5 mis results in (H - Hsill) = 1.87 m. Assuming the water level
just upstream of the weir to he + 1.15 m, then the sillievel is determined at -0.80
m. The corresponding width equals 5 m.

The top level.of the culvert, (in the model represented as the gate level.of a
submerged weir) is the third parameter describing the sluice. This level.is
determined by increasing the water depth at entry above sillievei. by 20%, which
implies that the water most ofthe time flows free ofthe top ofthe culvert.

Analysis

The duflow computations are done with a constant upstream discharge of 14.8
m3/s and a sinusoidally varying water level. in the tidal river. Two results are
shown. Figure 4.6 shows the water level.at bath sides ofthe sluice and the
discharge through the sluice during a tidal period. Figure 4.7 shows the water
level. at one ofthe extremities ofthe network together with the water level.
upstream ofthe sluice. This shows that after opening ofthe sluice a difference in
level. devel.ops between the extremities ofthe network and the sluice, which is
reduced to zero after closure of the struc:ture.
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Simplified ecamples

4.4 Floodwavesimulation: Belgian Meuse

Problem characteristics

The river Meuse (Maasj originates in France, flows through Belgium and the
Netherlands. where it ends in the south-westem delta area. lts total stretch is
about 900 kmwith a catchment area of about 33500 km2 (fig 4.8).

Figure 4.8 Ri~ MewIe

The river has a pluvial regime mainly fed by rain induced run-off in the upper
parts of the catchment.

Especially in the Belgian part ofthe river major hydraulic works have been
carried out to control water levels with respect to flooding, navigation and
hydropower development.

The system described in this section includes a river stretch of some 60 km from
.upstream Liege (Belgium)to Borgharen (TheNetherlands), with an average
width of 110 m and depth ofS m, various tributaries and diversions, six control
structures some ofwhich with movable gates and a number ofbridges. Flood
storage capacity in this river stretch is negJ.igible.

Edjticn2.1, Deambcr 1995 87



DUFLOW

---------~-_.
er

.- - - .-;._--~;
'6

==---'---0-' =

=<,
cr

::-------_._-_._-- .-

-Jo 0o C'f
N ...--- ---------

o
N... .c.z. .

...J-...o_.- ..._-- ---Qt- -
Ilo

-.---.- ar-
=:;
<--,--2-
~

os..;~---------_._-;...----_._----
>0.ca.

------------------..=....=---------~---~

...J
<z--·--1 .. -~--.--

;---_._- ._----~ -------- -
- . ~

<"0.-0 _ ••• _ •• __ •• _

::.:==o._--_ ..__ .~- ._._._-_ ..-
103
Z

z...coza­
::I

g . '_0' ••• _ •• __ .•...••

---------------~·~co~--~------~--~---r------------------------~------
_ . ....,

-----t'Cr-.-I--------
o
> ~

•--ar-
eo

t- -.

-..-----2'
::::I...

-------3----.
"I
al....,

--'--f---------------------.-z----...
(I)
Co

.._._-----~

-----_.;._ .._-_.__._- ----.:._,_--------------_.

::Io
------I--'-~r_t"--- ----.-----.---- -~----

"I

I---+-II....-------_·_--_·~---
"I
::I

==---.- ..- r.r-'
>...
==

o .._. .. _!-----rl!" .c =CI2:1 on
Q,. 0 _.!..------~--....;..Järr-- ----. cr

z

--------------------- -------_.

Figure 4.9 RiverMmse fnmAmpsin (Belsium) to~ (The Ncthc:riaJds),nttwcnand ImiP'udjnaJ
prUile.

88



Simplified cxamplcs

One ofthe objectives ofthe study was to detennine operation rules for the
existing weirs under flood conditions. Criteria were to be maintained water levels
(navigation, hydropower), discharges (sediment and pollutant transport) and
translation ofthe flood waves. Results ofthe computation may enable to develop
optimal operation procedures for the structures under high and medium flow
conditions.

Although rough indications for the operation of structures are given, their actual
operation is unknown. This example intends to derive such an operating policy.

For the actual study a detailed model was constructed which contains fifty
channel sect:ions, six control structures, sixty-two nodes, two major tributaries
and two diversions. An accuràcy check was made using a simplified model. This
simplified model is discussed here and consists of twelve sections, the major
tributary Ourthe and two diversions for run-of-the-nver hydropower generation
(figure 4.9). The boundary condition (figure 4.10) at the upstrearn end is the
1984 flood hydrography (at Ampsin, time dependent discharge), and at the
downstream end a Q-H relation (downstream ofweir Borgharen, steady state
rating curve). Cross-sections were defined as specified in figure 4.9, the De
Chézy roughness coefficient was set to 4S mlll/s.

11111.__..r....-.l..--L._..l.---L_....L.._L.-_..r...._-,---.J
I ~ ~ ~ ~ ~ ~ ~ m'~ ~._

UpllRam

Fipe 4.10Bouadary ocnditims.
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\
_»MII._-L._..l.-~_~~_....L..~~~_L.-~

:11..137.' 31.' ".1 4'.1 41.' iZ.1 43.' H.I iS.I f~.1
Nl.,.

DowlllU'eam

Analysis

First test runs were made to compare the accuracy of the simplified model under
the two extreme operating policies: all struc:tures opened and all structures
closed. The simulated water levels upstream the weir ofMonsin are given in
figure 4.11, the water levels at the downstream boundary condition in figure
4.12. It was concluded that for flood conditions the simplified model provided
accurate results.
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The weir at Monsin is operated such that the upstrearn water level is
approxirnately constant. The operation procedure as such is not exactly known
and only 24--hourlymeasurementsofthe water level are available (see dots in
figure 4.13). Some attemptswere made to reconstruct this structure operation
procedure using trigger coriditionsavailable in duflow. The results of one ofthe
test runs is shown in figure 4.13 indicating the computed water levels upstream
Monsin and the line connectingthe 24 hours levelobservations. Deviations are in
the range of 30 cmwith somepeaks.
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Simplified examples

A special complication was that Monsin weir bas a combined gate operation:
overflowin low flow conditions and underflow in high flow conditions. Special
care was taken for the transition from overflowto submerged flow condition.

The trigger conditions at Monsin weir for this test run are specified as:

Trigger Operation

No. condition H.i11 H'satc - ~ duration (hours)

0 55.18 00 2
1 H> 57.70 52.58 53.50 - 53.75 2
2 53.75 - 54.00 4
3 54.00 - 54.50 4
4 54.50 - 55.00 4
5 55.00 - 55.50 4
6 H< 57.30 55.50 - 55.00 4
7 55.00 - 54.50 4
8 54.50 - 54.00 4
9 54.00 - 53.75 4
10 53.75 - 53.50 4
11 H< 57.20 55.18 00 4

UVD. ATIIOIE7: t ilesMASLml.lESu~ IWISLJn.nSI
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--- IIMSLln.ftSl

e
1 S7.ZS

-A-A._ .. /\ ti \{\-f\-I\l-~:·~.:-·
V V V...V· '/ \} \,. . ••• ~•••••• ,; ••••• .-. V ·l . .

58.25

.,

721 1411 216. 2881 3611 1321 5118 51fa8 .... 7211 ~2I 541

Figur'e4.13 S~ ~ levels up!ItrcCI1Mmsin far a prcdc6Dedtrigga' anditi<n.
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Cmclusicns

5. Conclusions
The duflow package bas been extended for sirnulation of quality.

The model simulates nowboth the flow and water quality behaviour in channel
networks. Version 1.0 has shown to provide accurate results for a variety of
applications. Applications for which duflow is tested are: tidal driven flow, flood
propagation in rivers, irrigation networks and systems of drainage canals. Other
possible applications ofthe present model are oscillations and wind-driven
circulation in harbours, lakes and lagoons. Version 2.0 bas been tested on
different types of systems too, but real world applications still have to be made.

The package is operational on the now widely available personal computers
running under ms-dos. Despite the low requirements regarding computer capacity
the program can handle networks of considerable size, up to 250 sections. With
the file dufdirn the user can estirnate if the application can be handled by the
program duflow, see Appendix A.

For sirnulation of water quality the number of applications is unlimited. As the
user can define the process description in principle all types of models can be
made. Including, oxygen, eutrophication, sediment transport and models
describing fate and behaviour of heavy metals and·organic micro pollutants.

A possible area of application not yet covered by the model is flow in sewers.
Since closed channels (pipes) can be included without much difficu1ty, ideas have'
been developed to add a procedure for closed channels in the near future. This
will extend the range of applications to water supply and sewerage systems, both
in flat and inclined terrain.

Also from a water quality point of view this might he a very interesting option.

The contributors to the duflow package welcome any suggestions and potential
contributions which may lead to improvement, updating and extension of the
present package.

Interested organizations are kindly requested to reflect their ideas to the
contributors mentioned at the front page ofthis manual or to contact Bureau
lcim, The Hague, The Netherlands.
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AppcndixA

Appendix A Installation of DUFLOW package and memory
calculation

A.1. Program structure

The program is split up into a main program and three separate modulesfor
input, calculations and result processing,which communicate by data files on the
disk. The network file (extension .net)contains the network schematization,the
boundary file (extension.bnd) holeIsall time dependent data like boundary
conditions and control data.

The file CONFIG.DUF includes the configuration data and the names ofthe files
which are currentiy in use.

A.2. ConfIguration requirements

• ffiM-compatiblecomputer with MS-DOS640 Kb of memory
• Hard disk
• Mathematical coprocessor is advised but nat necessary.
• Graphical card: CGA, EGA, VGA, OLIVEITI or HERCULES (or compatible).
On ffiMps/2: use "mode co80".

A.3. Installing the duflowpackage
Your duflow package includes the file setup.bat. Since the files on the
distribution disks are compressed, youmust usethis program to install duflow.

Place the duflow installation diskette in your disk drive and type:
[8P.~*#:.1§~'1'p:g•••••~A-;~9'f~~.?.·.èieStl~~:i.9.z"(.:q#Ml"~'?••·•••<~~ti.nati6nJ>ath:> •.

Explanation
[origin:]
<destination drive:>
<destination_drive:>

Drive in which the duflow installation diskette is in.
Drive to install duflow to.
Directory inwhich the duflow files are to be put.

For example when the duflow installation diskette is in drive a:, and when duflow
is to he installed to c:\DUFLOW the command line wi1l be:

NOTE: the blank between [destination_drive:]and [destination_path:] is
essential.

Insta/lation on networks:

Use setup to copy the duflow system onto your network. Now the file config.Duf
can he write-protected (if desired). Every user can call duflow from bis own
directory by a bath file duflow.bat:
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@ECHO OFF

To make screen dwnps ofthegraphs the DOS command "graphics" must be
executed before starting the program.

Onmachineswith a hercules graphical card the command MSHERC must be
executed before starting duflow.

Settings

To insta1l the settings for your configuration choose "S =SE1UP"from the
"MASIER.MENU". (SeeParagraph 3.9)

A.4. Files
After installation the duflowdirectory will contain the following files:
duflow .exe Main program
setupdf .exe Setup program
iduflo .exe Input module
cduflo .exe Computational module
oduflo .exe Output module
dufdim .exe Program for estimating requiredmemory (refer to

sec:tionA.5)
duprol .exe DUFLOW compiler
newinits .exe Program for generating new initital conditions from

a previous simulation
bnm45 .exe
setupdf .txt
oduflo .txt
iduflo .txt
duflow .txt
duflow .fon Additimal files for JX'~
8x8 .fon
8x16 .fon
8x14 .fon
dfsetup .txt
8x16sm .fon
6x6 .fon
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msherc .com
config .duf

Device driver file for HERCULESgraphical card
DUFLOWconfiguration file.

csehel ·PD
sluice ·PD
meuse ·PD
eutrofl ·PD
eutrof2 ·PD

SETUP will also create a subdirectory with additional examples, the project files
(*.PRJ) of these examples are:

rizout ·PD Demo exarnple used in Appendix B: 'Getting
started.
Exarnple Eastem Scheldt, paragraph 4.2
Exarnple Drainage Sluice, apragraph 4.3
Exarnple Belgian Meuse, paragraph 4.4
Exarnple eutrofication model eutrofl, appendix C
Exarnple eutrofication model eutrofl2, appendix D

A.S. Memory calculation

The size of the application made by the user is restricted. Like in duflow 1.00 a
network up to 250 sections can be used.

Inorder to estimate the memory needed for a certain application the program
dufdim can be used. This program, which is included on the diskette gives a
rough estimation of the memory needed for the available computational options
(flow, quality and all). Also an estimation ofthe maximum number of time steps
10 be calculated is provided.

dufdim is started by entering:

c:\duflow>dufdim

The program prompts the user:
Number ofnodes: number ofnodal points in network
Number of sections: number of sections in network
Number ofstructures: number ofweirs (overflow, underflow and

culvert) in the network
Number ofpwnps: number ofpwnps in the network
Number of siphons: number of siphons in the network
Number ofvalues/crosssection number of depths to describe the cross-sectional

profile used in the menu "INPUT -FLow -
NEIWORK - CROSS-SECTIONS"

Modeldefinitionfile: name of the *.mob file providing the process
descriptions for quality simulation

Number of boundaries Flow: number of boundaries used in menu "INPUT­
FLow - BOUNDARYCONDmONS"

Number of boundaries Quality: number of boundaries used inmenu "INPUT­
QUALITY- BOUNDARYCONDmONS"

Number of output functions: number of output functions selection in menu
"INPUT - CONI'ROLDATA- QUALITYVARIABLES
FOROUTPUT"(in this are not included the state
variables)

The number of words needed for the application

Memory needed Flow
Quality
All
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A maximum of 50.000 words of memory is available. Ifthe estimated number of
words is greater than 50.000, the application can not be simulated.

DUFDIM also calculates the maximum number of time steps.

The following two exarnples give an indication ofthe limits ofthe model.

Inexample 1 the conservative constituent 'zout' is used inthe application. In
example 2 is the application EUTROF2given (see Appendix D). A model with 11
water state variables and 8 bottom variables. The names ofthe model definition
files inthe examples are arbitrary chosen.

Example 1:

Example2:

The application can not he done ifthe needed memory is larger than the available
memory or ifthe maximum number of time steps is equal to zero. With the
maximum number of time steps calculated, the user can make an estimation of
the maximum simulation time. For example inexample 2 the maximurn number
of time steps for the calculation option All is 48500 for Flow and 30000 for

A4
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Quality. This means that, with a time step of 30 minutes for Flow and 1hour for
Quality, it gives at least a simulationtime of 1000 days.

DUFDIM gives a worst case estimation.Ifthe structure of the network is rather
simple the memoryneeded can be mum less than calculated with dufdim. In that
case even ifdufdim indicates that not enough memory is available, it can be
worthwhileto try to run duflow.
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AppendixB
example

Getting started, an applied

A simple problem is entered and computed in a step by step approach in this appendix.
First of all the program must be installed correctly (see Appendix A).
The program is stored at the directory DUFLOW.
The program is started up by typing: DUFLOW

C:\DUFLOW> DUFLOW

The program will showan introduction screen.
Press any key to continue
The program gives general inforination ofDUFLOw.
Press any key to continue.
The program shows the MASTER MENU

Give in the wanted names of the project.
choice: File name specification

Enter new path for data files
Enter new name (without extension) .J -No adjust
The programs returns to the MASTER MENU
choice: Input

=-Same
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Now the data of the network will be entered
choice: Flow data

choice: Network

choice: network Definition
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After entering the data of the nodes, the following screenwilt appear.

.0,00QfromNtoYaxÎS· ... .

The program returns to MENU INPUT - FLOWDATA - NE1WORK
CROICE: Nodes

The program returns 10menu input - FLOWDATA- NE1WORK
CROlCE: Sections

The program returns 10MENU INPUT - FLOWDATA- NETWORK
CROICE: Cross-sections
Enter the data for the fust section

The program returns 10MENU INPUT - FLOWDATA - NETWORK
CROICE: Esc, because there are no structures in this problem.

Editim2.1, December 1995
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The program returns to menu input - FLOW DATA
CHOICE: Initial conditions

DUFLOW 2:xi.. htpnt" Flow ~Initial cond>-Menu
Data d.ïrectozy . .. C:\IlUFLOW\RIVER\ Initial conditions :RlEtJTl.BEGPïofod .. ........ . RIEUlT

MENUINPUT -l"LOV/DATA ~INlTIALCONDmONS

H iltiiial. ~~ .....
Q. nntial discbarges··

:.\:';. .: •••. •• •• 0"

M' Mêllu iliput - .tlOwd$

CHOICE: H initiallevels

The program returns 10menu input - flow data - initial conditions
CHOlCE: Q initial discharges

The program returns to MENUINPUr - FLOW DATA with Esc
CHOICE: Boundary conditions

B.,lIrl~!'jlilll:iif;;] ;; i i.ri~~~[·.=óf~~~=···
After the second condition, in which the level at node 5 is put as a constant to zero.
CHOOSE: None erase.
The program returns 10 MENUINPUr - FLOW DATA
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No structures defined, sa there is no need for entering structure control
CHOICE: Esc

The program returns to MENUINPUr
Before entering the quality data, the variables must be defined already.
CHOICE: Esc

The program prompts, if any changes are made:
Doyou "Wantto save the input data (YIN?)
CHOlCE: Y

The program returns to MASrERMENU
CHOICE: quality Model developntent

CHOlCE: Edit
Then the program will ask: Model definition file to be edited (eutrofl.mod)
The editor will be activated sa the desired process description file can be entered. The
result of the editing is shown below:
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pann
parm
pann
parm
pann
parm
pann
paan
pann
parm
paan
parm
pann
parm
paan
parm
pann
parm
pami
parm
pann
parm
pamlparm..

xt
xt
xt
xl
xt
xt

flow

{

umax
tga

3nC.'.

kmiil.. tmiJJ
vso
fdporg
·fdnOÏg
Icpip
·'fnorg
kiIui
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sèdo=vso'z:. . .
kO(PQRG)==fporg·Resp*apc'IIA-, .
kl(PORGFl.nîino-sedo*(l;;rdporg)~

kO(PAN()RG)==IIiiDö*PORG-Groei~A·apc+(.l-fporg}*Resp*apc*A+pf1ux1z~
kl(PANORGF-l~SI'z*(l;'fdpano)~ .

After editing the model file, leave the editor
The program will return to QUAlITY MODEL DEVELOPMENTMENU
CHOICE: Compile
The program translate the EUrROF1.MoD file into a EUrRoF1.MOB file.
The program returns to QUAlITY MODEL DEVELOPMENT MENU
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CROlCE: Esc to return to MASTERMENU

CROICE: Input
CROICE: Quality

CROICE: Initial conditions
Make a choice from the checklist. see below.

Three state variables of the checklist are selected now.
Press return to edit or look the specific values.
The screenwill fust display the default values, by editing the values can changed.

The default values are not changed.
CROICE: Esc to return to MENUINPUr - QUALlTYDATA
CROICE: Boundary conditions
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DUFLOW 2~xx Input..; Qo3lity - Boundary conditiens
DEFINEDQU:ALlTYBOUNDARYCONDlTION

•Concentratioà .al·
Concentration rih4 1·
COnc:entr3tiOn 001 1

. COncentratÎ()tt llOtg. 1
CODcentratión . 02 1
Col1èeDiration pailorg. ·1
Coneent:ratiOn ~rg 1
.ec:mcenttatioli ss..Coriceluratic:ni .. bod·

After choosing the desired variables, with Enter you can edit the boundary conditions:

..uIJÎt ••:•••ntg/j•••••••••••••••••·.

After entering the fust boundary, a second one is entered:
CHOICE: return

After entering the last boundary condition press Esc or return to the MENU INPUr -
QUAUTYDATA
The program prompts:
Changes have been made inboundary conditions. Save to file? (YIN).
Press Y so the entered data will be stored.
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CHOICE: Extemal variabie
On the screen appears a checklist, ofwhich the extemal variables can be chosen. For
example we choose ei, the dispersion coefficient.

extemalvariáble •.. linit: m21s

NOde(s)··

~~ ...
. .. ..

·:A
·:CQUstanf
:2:5<·· .

CHOlCE: Esc to return to MENUINPUT - QUALITY DATA
CHOlCE: Parameters

After editing the actual values, press Esc.
The quality data have been entered now.
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CHOICE: Menu input to return to MENUINPUf
CHOICE: Control data to enter general data of the model

Data directory
Project

C
L
Q -;
s
M

CHOICE: Calculation definition
After entering the calculation screen, the result is shown below:

The programs returns to MENU INPUf - CONTROL DATA
CHOlCE: Loc:ationsfor output

Ectitim 2.1, December 1995 B-ll
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The programs returns to MENU INPUT - CONfROL DATA
CHOICE: Quality variables for output

"....... cl algal~
..[ txid·••·. ~5 biotmlS$

. 004 . atlÜlÎIIlQIÛa
mtrate . .. .
órgariicnitr()g~fl .
·oxyeen.·.· ..
OrgniÇ ph(Jsph~ .
~tlIS··

The programs return to menu input - control data
choice: Special Control Data

Return to master menu by pressing Esc.
The program prompts:
Changes have been made in control data. Save to file? (YIN).
Answer Y to store the control data

CHOICE: Caiculations
The MENU CALCUlATIONS is shown below.

CHOICE: All
The program starts the computations for bath flow and quality.
After ending the computations the program prompts:
Calculations finished successfully.
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CHOICE: Master Menu
CHOICE: Output
The program will display menu output, like below.

Data.~ty :C:\Dt.:JFl,OW\IUVER\ .FlOw rèSults •...
~ > .. DR.ïËU'I'l •.•·•· .... .. ....... Qualityrësulf,s·

MENU.C>UTPU'r

. T Time re1~ output < .
.V tUne rel. ..VarlÓUS1oe. ....

.... :JUVEIt~S
·:.~I1U!K

.' ..' .... _._. -, '_ .'. -- ,-..... -_ ..,"', .

... .... S SpaCete~ out.putR. ctefinitiOri.Rbä .....
....... Ni Mast~DleIlU·

CHOICE: Time related output
The program will display the following table to be edited:

CHOICE: Graph
CHOICE: Screen

t..._w

'. . ....

..... .. ..

"

a " .. Ol • • ..- ....

The graph for the variable ~ will follow after this graph when Enter is pressed.
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CROICE: definition Routes
The program will display the following table to he edited;

CROlCE: Space related
The program will display the foUowing table to he edited:

CROICE: Table
The program will display the beginning of the table on the screen.

B-14
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Appendix C EUTROFI

EUfROF 1 is one of the two pre-defined eutrophication models included in DUFLOW. It is
a relatively simple model based on the us epa model eutr04. It includes the cycling of
nitrogen, phosphorus and oxygen. The growth of one phytoplankton species is
sirnulated. The interaction between the sediment and the overlying water column is not
included in a dynamic way. Sediment exchange fluxes of oxygen, ammonia and
phosphorus can be specified by the user. These fluxes may be location specific and time
dependent. reflecting temporal and seasonal variations.

The model is in particular suitable to study the short term behaviour of systems. For
example to examine the impacts of a discharge on the oxygen dynamics, or to explore
the effects offlushing on the chlorophyll-a concentration.

Incase the long term functioning of a system is of interest the other pre-defined
eutrophication model EUfROF2 is more appropriate. EUTROF2 includes three algal
species, so succession can be sirnulated to a certain extend Furthermore this model
also describes the interactions between the sediment and the overlying water column.

State variables
Figure C-l presents the principle kinetic interactions for the modelled state variables.
The model includes the following state variables:

A
- Porg
- Pinorg
- Norg
- NH4
- N03
- 02
- bod
- SS

Algal Biomass (mgC/l)
Organic Phosphorus (mg Pil)
Inorganic Phosphorus (mg Pil)
Organic Nitrogen (mgNIl)
Ammonia Nitrogen (mg NIl)
Nitrate Nitrogen (mgNIl)
Oxygen (mg Û:21l)
Carbon 5 day Biochemical Oxygen Demand (mg Û:21l)
Suspended Solids (mg/l)

Besides the state variables mentioned in figure C-l a number of output variables are
calculated:

- Porto
- Ptot
- Nkj
- Ntot
- Chl-a

Dissolved Inorganic Phosphorus (rog Pil)
Total Phosphorus (mg Pil)
Kjeldahl- Nitrogen (mg NIl)
Total Nitrogen (mgNIl)
Chlorophyll-a «(gil)

These variables are often monitored, so a direct comparison between measurements
and simulated results is possible for these constituents.
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N03

ORG-N

NH4

ORG-POBOD

Figuur C-I EUROTROFI State variabele ÏDla'adims

Preeess desCriptiODS
Inthe following part the equations, describing the processes are presented. The
explanation ofthe symbols used in this part is given in tables C-l and C-2 at the end of
Appendix C

Algae

(C-l)

Algal growth is considered to be limited by nutrients, light and temperature. Nutrient
limitation is described as:

(C-2)

Which means that the reduction of the maximum growth rate is controlled by the most
limiting factor. It is assumed that algae can use both ammonia and nitrate for their
growth. The uptake ofboth nitrogen constituents is controlled by the ammonia
preference factor (see eq. C-ll).

Light limitation is described using the depth averaged Steele equation:

(C-3)

in which:

(C-4)

C-2
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Temperature dependency of the algal growth rate is given by:

F. = e(T-20)
T ga (C-5)

Temperature dependency fo! all process rates is described in the same way as in eq. C­
S. The rate constant at a reference temperature of 20°C is multiplied with a
coefficient.,determining the change per "C difference from the reference temperature.

Two terms describing the loss processes complete the algal balance equation. The first
one describes the endogenous respiration, which is considered to be temperature
dependent. The second is a lumped rate constant including death rate and the effect of
grazing.

For internal computational purpose algal carbon is used as a measure for the biomass.
The algal-C concentration is converted to chlorophyll-a using a fixed chlorophyll to
carbon ratio.

Organic Phosphorus

dP v
__!!!!_ = -k . e(~-20)P - _§Q_(I- ~ )Pdt IDID mm o~ Z J dJ10lT o~

+~ [k e(T-20)+k ]a AJ porg ra 111 dM pc (C-6)

During the phytoplankton loss processes part of the associated phosphorus is released
as organic phosphorus, the remaining part is distributed to the inorganic phosphorus
pool. The phosphorus to carbon ratio is assumed to be constant. Doe to mineralisation,
organic phosphorus is converted to inorganic phosphorus; Mineralisation is described
as a temperature dependent process. Part of the organic phosphorus is present in a
particulate form and is subject to settling.

Inorganic Phosphorus

P..1.11-f Jk fiT-20) +K ]a A + }lID:
'\ porg JL ra 111 dM pc Z (C-7)

Inorganic phosphorus will be formed during mineralisation of organic phosphorus and
is also released during the algal respiration and die-off. Part of the inorganic
phosphorus is adsorbed to the suspended solids. The dissolved fraction is calculated
using:

(C-8)

The use of eq. C-8 implies that it is assumed that the equilibrium is reached
instantaneously. The sorption rate is fast compared to most other relevant processes.
Furthermore it is assumed that the linear part of the sorption isotherm may be used.

Organic Nitrogen

dN v~= -k . e(~-2°)N -..2!!....(1- I' )Ndt mm mm o~ Z J dno~ o~
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+fnorg[krue~-lO)+ kdlJa"cA (C-9)
Organic nitrogen is produced during respiration and die-off of algae. Like organic
phosphorus part of the organic nitrogen is associated with particulate matter and will
be subject to settling. Due to mineralisation organic nitrogen wi11be released as
ammonia De rate constant for the mineralisation ofboth organic nitrogen and
phosphorus are assumed to he equal.

AmmoDÏaNitrogen

dNH4 _ -k e(T-lO) Ol NB k e(T-lO)N - F D F. P. A
d

- 1fiI "it 0 K 4 + min min org J.lmax TrN la"c NH4
t l + NO

N
+(1-1. ""k e(T-lO)+k. la A+~ (C-IO)

tIO"B JL I"U ra dil "c Z

During the algal respiration and die-off part of the nitrogen included in the biomass is
released as ammonia The remaining part is added to the pool of organic nitrogen.
Both ammonia and nitrate can be used for algal growth.

The preference for the nitrogen souree is controlled by the preferenee factor given by:

(C-ll)

The nitrification rate is controlledby the oxygen concentration. using a Monod type of
equation. Depending on the value of KNO the rate can be limited at low oxygen
concentrations.

Nitrate Nitrogen

(C-12)

Nitrate is formed during nitrification. Depending on the ammonia preference factor.
nitrate can be used for algal growth. Denitrification. which is also controlled by the
oxygen concentration is included toa.

BODS

dBOD = -k fi,T-lO) Ol BOD - V.JO(1- f. )BOD
dt BOD BOD 0 +K Z dBOD

l BODO

532 (T-lO) KdNO }
+k.".aoeA - 4 14 k_e_ K +0 C(IfI1I

dNO l

(C-13)

Eq. C-13 describes the 5 day carbon BOD.which is also used for input. In the oxygen
balance equation (eq. C-15) the ultimate bod is used. A conversion factor is used to
ca1cu1ate BOD, from bodu, The bod.which is produced by die off of the algae is
converted to BOD,. Also the bod used as a carbon souree during denitrification is
corrected this way.
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(C-I4)

Part ofthe BOD is in a particulate form and will settle. The oxidation of BOD is
temperature dependent and is limited at low oxygen concentrations by aMonod type of
kinetic. '

Oxygen

d02 = k fJT-20)(C _ 0 ) _ k 9(T-20) O2 BOD
dt ,., ,., s 2 BOD BOD 0 +K X

2 BODO CGm'

_ 64k 9(T-20) O~ NH _ 32 k 9(T-20)A _ SOD
14 1riI 1riI 0 +K 4 12 ra ra Z

2 NO

32 48
+J.1maxFTFNF;A(-+-allc(1- PNH4)N03)12 14

(C-I5)

The mass transfer coeflicient for oxygen is given by the following empirica1 equation:

(C-I6)

or if k_, < k"".. :

(C-I7)

The dimension ofthe velocity is mis and the resulting Ic.,.. is in mlday. At low stream
velocity the use of eq. C-16 can result into extremely low value for the mass transfer
coefIicient.The user can define a minimum value for Ic.,.., which is used as a lower
bound for themass transfer coefIicient. The reaeration rate constant kre is given by:

k =k_
,.. z (C-I8)

The oxygen saturation concentration is also calculated, using an empirica1 equation:

Cs = 14.5519 - 0.373484T +0.0050 1607T2 (C-I9)

Additional to the oxidation of carbon bod the following oxygen consuming processes
are included in the oxygen massbalance equation: the algal respiration, nitrification
and the sediment oxygen demand sod can be supplied by the user as a time dependent
and location specific function, in order to simulate seasonal and temporal variations.
Production of oxygen results from primary production. In case nitrate is used as a
source for nitrogen an additional oxygen production takes place, because of the
reduction ofnitrate during·the assimilation process.

Suspended Solids

dSS vss <I>ra-=--SS+-
dt z z

(C-20)

Sedimentation is described as a fust order process. The resuspension process is not
modelled The resuspension flux should be supplied by the user. It can be entered as a
time dependent input variabie. The choice of the resuspension flux and the settling
velocity governs the level of suspended solids in the water column, which is important
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for the distribution of inorganic phosphorus between the dissolved and particulate
phases (see eq. C-8)

Output Variables

Inorder to make direct comparison of the results with frequently monitored variables
more convenient, the following output variables are calculated.

(C-21)

(C-22)

N kj =No" +NH4 + Aallc (C-23)

(C-24)

Chl=- a =acNcA (C-25)
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Parameters

Table C-I presents a list of all parameters used inEUfROF I. In these table also the
default values used and a typical range for some parameters is given.

Table C-I Parameters used inEUrROFI
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External variables
Table C-2 presents the external variables used in the model. All input variables
mentioned in this table are location specific and time dependent. For some ofthe
variables a typical range is provided. For the surface light intensity and the
temperature an example time series is given on the diskette. These series represent
actual measured data during a summer month at moderate latitude and canbe found in
the in the fileRIEUT 1.EXT.

Range
O.0;.2J)
O~()4).Ol
O;O-:O~OS
0.0;.3,0

Table C-2 External variables used in EUrROFl

Flow variables
The velocity is calculated from the flow and the cross sectional area. which are defined
as flow variables. This means that they are read directly from the hydrodynamic part of
duflow.

•~.•...••••••••••<•••(>rfi ·.· ·· i ·..·..· ) ··.···<••.·•••·••••i •••••••••••••••••••••••mmH!Il.•.11< > ho . >i
~ • ••..•.•> :·CtóSs·sec:ûonafatea ..: .: : : :.·.:·.·.:·:·.:.·..:.·::·.··m· : :.:..:..•.:..•.::.•••.•...•.:::•.:•••••....•••:..••.•.••..•••.••.•.•..•••....•.•.:.••..••.:••...•.•••.....•.•.••.:•...••.••..••.:•.·..···.:.••.•··.···.:.••.•·.:.:·:···..·:.·ll::•••0..:·:..0·..•.•.•• ·.0:..:.·..•.· ...•· :.·.·.•.•·: ..•..• :...... /.:z:.:••-;··2 · ? _ •••< .••••:.••:.•:.:::•..<: :::: .

Table C-3 Flowvariables used in ElTfROFl

. C-8
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Appendix D EUTROF2

Like the other pre-defined model EUTROF2is a eutrophication type ofmodel. The main
difference between this model and EUrROFIis the way the sediment water interaction
is dealt with. In this model the sediment top layer is modelled to, which enables a
dynamic description of the fluxes across the sediment water interface. As the sediment
act as the memory of a system with respect to the loading history, this makes the model
especially suitable for simulation of longer time scales. EUfROF2can be usedfor
example to study the effeets of reduction in nutrient leads upon the release of nutrients
from the sediment.

The water column kinetics are very similar to those used in EUfROFl.Also in this
model the cycling of uitregen, oxygen and phosphorus is modellecl.However in
EUfRoF2three types of algal species can be defined, which means that also succession
and the dynamics of the composition of the algal population cao be simulated to a
certain extend.

State variables
The following state variables are included in the model:

- AbA2.A3 Algal Biomass species 1,2 and 3 (mg C/l)
- At, Total Alga1Biomass in the sediment (mg C/l)
- SSw Suspended Solids concentration (mgIl)

S~ Solid concentration in the sediment (mgIl)
- TIPw Total inorganic phosphorus water column (mg Pn)
- TiPB Total inorganic phosphorus sediment (mg Pil)
- TOPw Total organic phosphorus water column (mg Pil)
- TO~ Total organic phosphorus sediment (mg Pn)
- TONw Total organic nitrogen (mg NIl)
- TON8 Total organic nitrogen sediment (mglNll)
- NH4w Ammonia nitrogen water column (mg NIl)
- NH4s Ammonia nitrogen sediment (mg NIl)
- N03w Nitrate nitrogen water column (mg NIl)
- N038 Nitrate nitrogen sediment (mg Nn)
- 02w Oxygen water column (mg/l)
- 028 Oxygen sediment (mgIl)
- BODw Biochemical oxygen demand (mg/l)
- BOOs Biochemical oxygen demand (mgIl)
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Sediment modelThe degradation of organic matter in the sediment can have an important influence on
the concentration of oxygen and nutrients in the overlying water column. Due to the
decomposition of organic matter nutrients are released to the interstitial water in the
sediment. Furthermore the degradation of organic matter within the sediment results
into a flux of oxygen from the overlying water to the sediment (or a flux of oxygen
equivalents directed towards the water column in case of anaerobic degradation). This
sediment oxygen demand can be a substantial sink for oxygen, while the resu1ting
release of nutrients can be an important contribution to the total nutrient load of a
system. Additionally the occurrence of anoxic conditions within the sediment may
dramatica1ly increase certain nutrient fluxes. Complex mechanisrns of redox reactions
and pH control the state and concentration of nutrients and metals and thereby the
release of nutrients from the sediment. The relative importance of the sediment water
interaction requires the incorporation of a dynamic description of the processes within
the sediment and ofthe transport across the sediment water interface. There are several
ways to model the sediment water interaction. In EUfROF2 a relative simple description
is used. A general outline of the concept used is given in this paragraph. In the next
paragraph a more detailed description of the processes in bath the water column and
the sediment is presented.

Like in eutrofl suspended solids are modelled is a simple way. Sedimentation is
considered to be a fust order process. The resuspension flux should be provided by the
user. Eventually the resuspension flux can be related to flow velocity or bottom shears
stress. Such relationships however are not included in the process descriptions7 becauSe
several relationships are available and the user should select the one most appropriate
for the water system 10be modelled. Sedimentation and resuspension are assumed to
occur simultaneously. The following equation describes the suspended solids
concentration in the water column:

ass; VSf F_-=-+-
dt Z Z

(D-l)

As the porosity and density of the sediment top layer are considered to be constant and
only one fraction suspended solids is taken into account the concentration of sediment
is constant and given by:

SSB = p*(l-POR) * 1000
(D-2)

Because of the sedimentation and resuspension. the sediment water interface is moving
with respect to the fixed coordinate system. The velocities by which the benthic surface
is displaced can be expressed in terms of the sedimentation and resuspension fluxes:

F_d
V =-----=::..----~ p*(l-POR)*lOOO

(0-3)

F_v = --,--_..:.:=--,.---
r p*(l-POR)*lOOO

(0-4)

In which the sedimentation flux F_ is given by:
(0-5)

The net displacement of the interface is given by:

0-2
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V~d = V~ - v, (0-6)
Because the depth of the sediment top layer is considered to be constant the interface
between the sediment top and lower layer is also moving with a velocity equal to Vod.

The equations 0-1 to 0-6 form the basis of the dynamic description of the sediment
water interactions. The concept is illustrated in figure 0-1.

WATER COLUMN

Fr Fs
Fd

Fb SEDIMENT TOP LAYER

LOWER SEDIMENT LAYER

For the description ofthe exchange fluxes a distinction must be made between
dissolved constituents (like ammonia, nitrate and oxygen) and constituent which can
be associated with the suspended solids (like inorganic and organic phosphorus,
organic nitrogen and bod). These last type of constituents are considered to be present
both in a dissolved and particu1ate form. For a certain constituent X the following
forms are distinguished:

Figure 0-1 Sediment model concept

( ) TXBPX = 1- I' -
B Jtbb SS

B

(0-7)

(0-8)

(0-9)

(0-10)
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Where TXw and TXB are the total concentrations of constituent X in the water column
and the sediment top layer respectively. DX and PX represent the dissolved and
particulate fractions. The total sediment concentration is expressed per unit of
sediment volume. The dissolved fractions in the water column and sediment are
considered to be constant and given by fdxw and fdxJ,. For inorganic phosphorus these
fractions are calculated using linear partition (see eq. 0-36 and 0-37). The
concentration of dissolved constituents in the sediment is expressed per unit of pore
water volume and the particulate constituent concentration are given per unit of dry
sediment weight in bath the water column and sediment top layer.

The total exchange of constituent X across the sediment water interface is represented
by the following fluxes:

The diffusive exchange flux:

(D-ll)

The dissolved fraction is subject to diffusive exchange. The difference between the
concentration in the interstitial water and the water column is the driving force for
mass transport.

The sedimentation flux:

(D-12)

As the particulate fraction is expressed per unit of sediment mass, the flux of
constituent X across the interface is equal to the sedimentation flux of suspended solids
multiplied with the particulate constituent concentration. The second term in eq. 0-12
describes the inclusion of pore water due to the formation of new sediment by
sedimentation.

The resuspension flux:

(D-13)

The resuspension of particulate X is given by the product of the resuspension flux of
solids and the particulate concentration in the sediment. The second term of eq. 0-13
represents the release of pore water during resuspension.

Transport between top and lower sediment layer:

(D-14)

or:

(D-15)

Because of the concept of a constant top layer depth there is a transport of sediment
between the top and lower sediment layer if the net displacement velocityVod is not
equal to O.lf net sedimentation occurs sediment is transported from the top toward the
lower layer. In case of net resuspension the sediment top layer is replenished with
sediment from the lower layer. The concentration in the lower sediment layer is
considered to be constant and should be supplied by the user. Diffusive exchange
between the two sediment layers is not taken into account. Hence the concentration in

D-4
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the top layer is only influenced by the quality of the lower layer ifnet resuspension
occurs.
The total transport across the interface is equal to the sum of the fluxes expressed
above. The equations describing the concentration in the water column and the
sediment top layer are given by:

ax; = Fm -Fxs +FXR +p
dt Z xw (0-16)

and

(0-17)

Equations 0-16 and 0-17 also can be used for constituents only present in a dissolved
form. For these constituents the individual fluxes can be expressed like:

(0-18)

(0-19)

(0-20)

(0-21)

or

(0-22)

The concentration in the interstitial water in this case is represented by XI and equal to
XsIPOR For dissolved constituents the concentration in the interstitial is also
influenced by sedimentation and resuspension. because of the inclusion or release of
pore water respectively.
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Process descriptions
In the following part the equations, describing the processes are presented For each
state variabie the processes in both the sediment and the water column are given. The
transport fluxes across the water sediment interface already have been described in eq.
0-16 and 0-17 and are not included in the equations below.The explanation of the
syrnbols used in this part is .given in the tables at the end of this appendix.

Algae
Inthis model three algae species can be simulated So the succession and dynamics of
the compositión of the algae population can he simulated to a certain extend

The overall growth equation for each species is given by:

(0-23)

The growth is considered to he limited by nutrients, light and temperature.

Nutrient limitation is described as:

(0-24)

Where DINw is the total inorganic nitrogen concentration equal to the sum of nitrate
and ammonia in the water column. The reduction of the maximum growth rate is
controlled by the most limiting factor. It is assumed that algae can use both ammonia
and nitrate for their growth. The uptake ofboth nitrogen constituents is tontrolled by
the ammonia preference factor (see eq. 0-40).

Because EUI'ROF2 is intended for simulation of long time sca1esa daily averaged light
limitation function is used. The depth integrale Steele equation (see Appendix C, eq.
C-3) is integrated over the daylight period. This means that EUrROF2 is not able to
descrihe diurnal variations in algal growth. The light limitation factor is expressed as:

FLJ = eIZ [exp(-alt) - exp(-aOi)]
&,ot

(0-25)

in which:

(0-26)

and:

(0-27)

I.is the average light intensity during the daylight period (L) and fis the fraction of
daylight during the day (equal to L/24).
The total extinction coefficient is determined by the background extinction of the water
and the contributions of chlorophyll and suspended solids to the verticallight
attenuation.

(0-28)
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For intemal computational purpose algal carbon is used as a measure for the biomass,
The algal C concentration is converted to chlorophyll-a using a fixed chlorophyll to
carbon ratio for each species. The total chlorophyll concentration can he expressed as:

(0-29)

Temperature dependency of algal growth is described in a different way as in EUfROF1.
For the individual species an optimum curve is used to simulated temperature
dependent growth. The temperature limitation factor is given by:

(0-30)

Hthe water temperature is above the critica1 temperature for growth

Fn=O.

Three loss processes are included in the algal balance equation (eq. 0-23). The
endogenous respiration is considered to he temperature dependent. The second loss
term represents the die-off and the effects of grazing and is regarded to he constant.
Finally the sedimentation of algae is included. Although the sedimentation velocity of
the algae is low, the totalload settling to the sediment can he substantial. Together
with the sedimentation of dead organic matter (detritus and from man made sources) it
determines the organic and nutrient load of the sediment and controls the resulting
interaction between the sediment and the overlying water column. Once settled into the
sediment the algae are converted to henthic organic carbon and subject to anaerobic
decomposition. There is no transport of living algae from the sediment to the water
column. As the stoichiometric ratio for all algae species are considered to he the same
for the henthic algal carbon concentration only one state variable bas to he defi.neci
The following equation is used to describe the algae concentration in the sediment:

dAB = -K e(T-20)A
dt ddJ ddJ B

(0-31)

Orgmic Phosphorus
During respiration and die-off of the algae, part the associated phosphorus is released
as organic phosphorus, the remaining part is distributed to the inorganic phosphorus
pool. The phosphorus to carbon ration is assumed to be constant and the same for all
three algae species. Due to aerobic mineralisation in the water column organic
phosphorus is converted to the inorganic form. Organic phosphorus is both present in a
dissolved and particulate form. The dissolved fraction is assumed to he constant and
equal to fd.,.,w. The following equation is used to describe the total organic phosphorus
concentration in the water column:

(0-32)

.Inthe sediment organic phosphorus is only subject to anaerobic decomposition. The
total organic phosphorus in the sediment top layer is given by:

dTOPB = -K. e(~-2°)TOP.+a K e(T-20)Adt mmB mmB B pc ddJ ddJ B
(0-33)
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InorgaDic PhosphorusThe equations describing the inorganic phosphorus concentration in the water column
and the sediment top layer are given by:

(1)-34)

and:

dTIPB = K . e(T.-20)TOP.
dt mmB mmB B

(1)-35)

1norganic phosphorus is formed during aerobic and anaerobic mineralisation in the
water column and sediment respectively. 1t is also released during the algal respiration
and die-off. Part of the inorganic phosphorus is adsorbed to the suspended solids. The
dissolved fractions in the water column and in the interstitial water are calcu1ated.
using linear partition:

(1)-36)

(1)-37)

The use of equations D-36 and 0-37 implies that is assumed that the equilibrium is
reached instantaneously. The sorption rate is considered to be fast compared to the
other relevant processes in the phosphorus cycle. Furthermore it is assumed that the
linear part of the sorption isotherm may be used.

OrgaDic NitrogenThe behaviour of organic nitrogen is similar to that of organic phosphorus. Inthe
water column release during algalloss processes and anaerobic mineralisation takes
place. In the sediment the anaerobic mineralisation of settled algae and organic
nittogen are the controlling processes. The tota1orgaaic nitrogen concentration in the
Wàier column and sediment top layer are given by:

dTON B = -K . e(T.-20)TON +a K e(T-20)A (1)-39)
dt mmB mmB B IIe dI1II dI1II B

Ammonia NitrogenDuring algal respiration and die-off of the algae part of the nitrogen is released as
ammonia The remaining part is added to the pool of organic nitrogen. Bath ammonia
and nitrate can be used for algal growth. The preference for the nitrogen source used is
controlled by the nitrogen preference factor given by:
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N03wPNH4= NH 4w ------~----­
(KmN +NH4wXKmN +N03w)

+NH4 KmN
w (NH 4w +N03w XKmN +N03w) (D-40)

The nitrification rate in the water column is controlled by the oxygen concentration,
using a Monod type of equation. Depending on the value of KNO the rate can be limited
at low oxygen concentrations. The equation for ammonia nitrogen in the water column
is given by:

dNH4w = -K e<T-20) 92w NH4 +K. ~T_-2°)TON
dt niI nit (02w +K"") w mm mm W

-a"CPNH4:t[J.1maxjFTiFNj~jAwj]+a"c:t[Kdia +klUle~-20)] (D-41)
1=1 1=1

Organic nitrogen is hydrolysed to ammonia by bacterial action within the sediment. As
the decomposition processes in the bottom are considered to be anaerobic, it is assumed
that there is no oxygen in the sediment top layer. Hence no nitrification occurs in the
sediment. The equation describing the sediment ammonia concentration is given by:

dNH 4B = K . e<T_-20)TON
dt mmmm B (D-42)

Nitrate Nitrogen
Inthe water column nitrate is formed during nitrification. Depending on the ammonia
preference factor nitrate can be used as a nitrogen source for algal growth.
Denitrification, which is also controlled by the oxygen concentration is included too.
The nitrate concentration in the water column is given by:

(D-43)

Inthe bottom the only process is denitrification. Nitrate is present in the sediment due
to the diffusive transport from the overlying water column. The nitrate concentration in
the sediment top layer is given by:

dN03B = -K e<T-20)N03
dt dmB dmB B (D-44)

Cbod
Because in practice 5 day carbon bod values are used, the equation describing the BOD
concentration are expressed in BOD,. Inthe oxygen balance equation (eq. 0-48)
however the ultimate BOD is used. A conversion factor is used to calculate BOD, from
BOD". The BOD, which is produced by die-off of the algae and the BOD used as a carbon
souree during denitrification is correcteclusing this conversion factor. The conversion
factor is given by:

xCOtW =1-exp(-5K:~) (D-45)
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The oxidation of BOD in the water column is temperature dependent and limited at low
oxygen concentration by a Monod type of kinetic.
Water column BOD5 is given by:

In the sediment the settled algae-and benthic organic matter are subject to anaerobic
degradation. In reality the reaction mechanisms involved are very complex. In the
model only the initial step in which the organic carbon is converted to reactive
intermediates is included. This formu1ation is similar and consistent with the
degradation of organic nitrogen and phosphorus within the sediment. The reactive
intermediates however participate in further reactions. For exarnple volatile acids react
to methane. In the model the redox reactions oxidizing these intermediates are not
included, but these reduced carbon products are expressed as negative oxygen
equivalents that are transpOrted across the sediment water interface. This concept fust
introduced byDiToro and Connolly enables a dynamic description of the sediment
oxygen demand. A further explanation of the concept is given in the part on oxygen
below. The equation describing organic carbon expressed as BOD5 is given by:

dBODB
=dt

a K e(T-lO)A - ~ 32 K e(T-lO)N03
~ ddI ddI B 4 14 daItB daItB B

X_..
-K e(T-lO)BOD

bodB bodB B
(0-47)

Oxygen
Dissolved oxygen in the water column is described by:

d02w
dt

(0-48)

Additional to the oxidation of carbon BOD alga1 respiration and nitrification are
included as oxygen consuming processes.
Reaeration is described using a empirica! equation for the mass transfer coefficient.
This coefficient is related to the flow velocity and water depth using:

(0-49)

(0-50)

The dimension ofthe velocity is mis and the resulting k".. is in mlday. At low stream
velocity the use of eq. 0-49 can result into extremely low values for the mass transfer

0.10
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coefficient. The user can define a minimum value for ku-.which is used as a lower
bound for the mass tranfer coefficient. The reaeration constant k.e is given by:

k = k",.,. Z (0-51)

Production of oxygen results from primary production. In case nitrate is used as a
souree for nitrogen an additional oxygen production takes place, because of the
reduction of nitrate during the assimilation process.

The following equation is used to describe the sediment' oxygen concentration' :

d02B _ -K eCT-ZO) EODB
dl - bodB hodB X .......

(0-52)

As stated above in the part on BOD. the organic carbon and the settled algae are
mineralised anaerobica11yand expressed as BOD. Both reactions are considered to be
sinks for oxygen and quickly drive the oxygen concentration within the sediment top
layer negative. This negative oxygen concentration indicates that the redox state in the
sediment is rather reduced than oxidized. The calcu1ated negative concentration is
considered to be oxygen equivalence of the reduced intermediate products produced in
the mineralisation reaction mechanism. It is assumed that the reduced carbon
intermediates (expressed as oxygen equivalents) are transported across the sediment
interface and are oxidized to C~ en H20 in the overlying water column. The sediment .
oxygen demand is in tact calculated as the transport of oxygen and oxygen equivalents
across the sediment water interface and is controlled by the decomposition of organic
carbon in the sediment and the overlying water dissolved oxygen concentration. The
SOD in this concept is described by:

(0-53)
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Parameters
Table 0-1 presents a list of all parameters used in EUI'ROF2. In this table also the
default values used are given.

0.12
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External variables
Table 0-2 presents the external variables in the model. For some ofthe variables a
typical value is provided For the daily averaged light intensity, day length and
temperature a time series of one year is available on diskette in the file RIEUT2.EXT.
Light intensity and water temperature are measured atmoderate latitude.

Default Range

5;00
20;0

Flow variables

The velocity is calculated from the flow and the cross sectional area, which are defined
as flow variables. This means that they are read directly from the hydrodynamic part of .
DUFLOW.

Initia! conditions of some sediment variables
Table D-4 presents some typical values for the concentration is the sediment. These
values can be very site specific and the model is rather sensitive to the initia! sediment
concentrations. Ifno data are available table D-4 provides some guide lines, which can
be used as an initia! guess.

Editim 2.1, Dec:anba- 1995 0-13
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Appendix E File descriptions

Project file
The file is shown below, tae case described inthis appendix is EUIROFI (see
appendix C).

The file contains a list of the files needed to nm the complete model. When
entering "FILE NAMES SPECIFICATION" (see paragraph 3.7) the files cao he
supplied for the specific project.

As an extra, an example of a measured data file (MEASUR.MSR) is added to this
appendix. The name of this file is not stored inthe PROJECT FILE.

In general the positions in the files are in use as following.
• For integers the program reserves 4 positions.
• For commentsthe program reserves 4 positions.
• For a real format the program reserves 6 positions, including the decimal. If

the real format needs more then 6 positions, the format is written as a
scientific format.

All the values are separated by one space position.

Va'Sim 2.1, Decanba" 1995 E-1
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a
b
c
d
e
f
g
h

J
k
I
m
n
0

p
q
r
s
t
U

E-2

Con trol file
The concemed file for the project (appendix C) is shown below. The file contains
the input data entered in "CONTR.oL DATA" (see paragraph 3.4.1).

The following list gives an explanation about the items in the file.

Ifthe first line starts with: +, this indicates which run is entered in "identification
text" (see paragraph 3.4.l.1). The lines 2 till4 gives information about the
related project as comment.

"Start of computation" (date) in yynundd
"Start of computation" (time) in hhmm
''End of computation" (date) in yynundd
''End of computation" (time) in hhmm
"Start of output" (date) in yymmdd
"Start of output" (time) in hhmrn
"Time step flow" in minutes
"Time step output" in minutes
''Echo boundary" O=no
"Echo network data" O=no

O=no

1=yes
1=yes
1=yes

O=Manning 1=DeChezy.
"Optimize network"
"Resistance formula"
meaningl.ess
1 - "theta", hydraulic part ofthe model.
"Calc. of advection term" O=Total
''Extra iteration" O=No
"Alpha (corr. for velocity distribution)"
"Minimum # timesteps between triggers"
"Timestep quality" in minutes
"Theta ", quality part of the model.
"Decouple" O=No 1=Yes

1=Neglected
l=Yes

2=Damped.
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v
•

"Create intermediate flow file" O=No 1=Yes
Dependent on the specification in "Locations for output", severallines will
be inserted representing that particular specification. For instance:
"Extended"=A11;

··2
. . .. , ..

PVAIC·:". ,'>7': .... ' .. ", ·:'8·.'·

w "Locations for output", sec:tionnumber(s) or structure number(sX+300)
separated by a comma or a dash, or All.

x "Quality variables for output", selected variabie 1=a.
y "Quality variables for output", selected variabel.2=bod
z "Quality variables for output", selected variabel.3==nh4
aa "Quality variables for output", selected variabel.4=no3
ab "Quality variables for output", selected variabel.5=norq
ac "Quality variables for output", selected variabel.6=o2
ad "Quality variables for output", selected variabel. 7=panorg
ae "Quality variables for output", selected variabel.8=porg
af "Quality variables for output", selected variabel.9=cllla

Versi<D 2.1, Deambc:z" 1995 E-3
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Network me
This file contains entered data from:
• ''NEIWORK DEFINlTION" (paragraph 3.4.2.1.1) (a-d)
• "SECTIONS" (see paragraph 3.4.2.1.3) (e-k)
• "CROSS-SECTIONS" (see paragraph 3.4.2.1.4) (1-0)
• "STRUCTIJRES" (seeparagraph 3.4.2.1.5)

The following list gives explanation about the items in the file.

a "sectionlstructure" name by the user.
b section nurnber (+300).
c "BeginNode" ofthe section.
d "End Node" ofthe section.
e "Leagth" ofthe sec:tion.
f "Bottom level", begin.
g "Bottom level", end.
h "Resistance" , positive direc:tion.

"Resistance", negative direc:tion.
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J "Direction"
k ''Wmdconv''
I 1st "Depth to bottom"
m 2nd "Depth 10 bottom", etc.
n lst "Flow width".
o 2nd "Flow width", etc.
P lst "Flow width" at the begin ofthe section.
q lst "Flow width", at the end ofthe section.
r lst "Storage width" at the begin ofthe section.
s lst "Storage width", at the end ofthe section.
t Adjusted "Flow area" at the begin ofthe section.
u Adjusted "Flow area" at the end ofthe section.
v Adjusted "Hydraulic radius"
w Adjusted "Resistance" in the positive direction.
x Adjusted "Resistance" in the negative direction.

This is an example where no struc:turesare defined. The next part wi1l deal with
the available structures in DUFLOW. See "STRUCTIJRES" in paragraph 3.4.2.1.5.
The following structures are involved:
• Overflow;
• Underflow;
• Siphon;
• Rect:angularculvert;
• Elliptic culvert;
• Pump;

Overflow.

Below is shown an overflow example.

The following list gives explanation about the items in an overflow.

a "sec:tionlstructure"name by the user (no meaning).
b structure number (+300).
c "Begin Node" of the overflow.
d "End Node" of the overflow.
e "Length" ofthe overflow.
f "Sillievel", overflow.
g "Width", overflow.
h "Gate level", in case of! an overflow is set 10 999.0.

"Mu", positive direc:tionoverflow.
J "Mu", negative direc:tionoverflow.

Underflow

The next example deals with an underflow.

Versim2.1, Decemba: 1995 E-5
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S.TRU . 2éio 302b 4~ Sd·_••_ _.::,.Oe."'L 7Sf 9. 999 -(};2 Sh

MU l._f)E;;,gi (}~9'10jO.960k O.BOOl.

The following list gives explanation about the items inan underflow.

a "sectionlstructure" name bythe user.
b structurenwnber(+300).
c "Begin Node" ofthe underflow.
d "End Node" ofthe underflow.
e "Length" ofthe underflow.
f "Sillievel", underflow.
g "Width", underflow.
h "Gate level", undert1ow.

"Mu free surface", inpositive direction.
J "Mu free surface", innegative direction.
k "Mu submerged flow", inpositive direction.
1 "Mu submergedflow", innegative direction.

RectaDgular culvert
The next exampledeals with a culvert.

s~û .3:&< < ibal1 > <i;t / <1~ >i6:ti~ "i.8().~ . s.I}Ó~ •...i:.4di1····
Mij / dt~~# ·().~i~C>Ö'!i9~ ó8á:i~ ii,gll\ / .

The following list gives explanation about the items in an culvert.

a "sectionlstructure" name by the user.
b structure nwnber (+300).
c "BeginNode" ofthe culvert.
d ''End Node" ofthe culvert.
e "Length" ofthe culvert.
f "Sillievel", culvert.
g "Width", culvert.
h "Gate level", culvert.

"Mu free surface", inpositive direction.
J "Mu free surface", innegative direction.
k "Mu submerged flow", inpositive direction.
I "Mu submerged flow", innegative direc:tion.
m "Chezy coefficient", culvert.

EDipûc c:u1vert
The next example deals with a culvert.

The following list gives explanation about the items in an culvert.
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a "section/structure" name by the user.
b structure nwnber (+300).
c "Begin Node" of the culvert.
d "EndNode" ofthe culvert.
e "Length" of the culvert.
f ''Horizontal radius", culvert.
g "Vertical radius", culvert.
h "InsideIevel", culvert.

"Sillievei", culvert.
J "Mu free surface", in positive direction.
k "Mu free surface", in negative direction.
I "Mu submerged flow".
m "Chezy coefficient", culvert.

Siphon

The next example deals with a siphon.

STRU> 4~ <. JO,]? sf> > 9<:1. î.ooo~ i.ldt ().~s~ l.oJh6~ . >

:;::~~:i,;~i~:~~il~~iirJrlll~~l~1~l~~i~!!i;J It·'

The following list gives explanation about the items ina siphen.

a "section/structure" name by the user.
b structure nwnber (+300).
c "Begin Node" of the siphon.
d ''End Node" of the siphon.
e "Leogth" ofthe siphon.
f "Diameter", of the siphon.
g "Mu", in positive direction at the begin ofthe siphon.
h "Mu", innegative direction at the begin ofthe siphon

"Mu", in positive direction at the end ofthe siphon.
J "Mu", in negative direction at the end ofthe siphon.
k "Start level", at the begin ofthe siphon.
I "Stop level", at the begin ofthe siphon.
m "Start level", at the end ofthe siphon.
n "Stop level", at the end ofthe siphon.

Pump

The next example deals with a pump.

The following list gives explanation about the items ina pwnp.

a "section/structure" nwnber by the user.

Vc:rsim2.1,Dccc:mba-1995 E-7
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b structure number by duflow.
c "Begin Node" of the pump.
d ''EndNode" ofthe pump.
e "Length" of the siphon.
f "Capacity" , of the pll;IDP.
g "Start level beg.".
h "Stop levelbeg.".

E-8
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Nodesfl1.e

In this file all data related 10 the nodes are stored.

'* PUFLOWdata file :C:\DUFLOW\RIEUT1\RlVER.~ÖD

...
'Ir fi:1~. ~C:\DUFl:.O~\RlEUT1\RlVER~N()D.••·•...":
'* ··2·,00" .... •....
... .:" .."::. -.:-:",

+1"1 a. /0.01>
> 15. .....50óoP
..;2 ••....•.. idooö
3 . 15000.·

. 4·· •.. ... 2·00.00
iS· 2SÓóri . ..

. ., .

OÊio.~f 0.OÓ9> ..·..
:>:::OE.+~Ö.({:::'::': o.:~:ció.::;::::::.. :-:::

.: ~...... .> ~:C~~/~:~~..•....••..........
i 0 < . hE;hri > O.po >

The following list gives explanation about the items inthe file.

a Code.
b Orientation of network.
c "Node" nwnber.
d "X-Coordinate" ofthe lst node.
e "Y-Coordinate" of the lnd node.
f "Catchment area" ofthe lst node.
g "Runoff factor" of the 1st node.
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Initial conditions - Flow file
Inthis file all initial conditions related to the flow are storecl.

Input is entered by "initial conditions" (see paragraph 3.4.2.2,3.4.3.1).

program.vers~on: .2,xx

The followinglist gives explanation about the items inthe file.

a numberofthe section or structure (+300).
b "Initialievels", at the begin ofthe sectionlstructure.
c "Initialievels", at the end ofthe sectionlstructure.
d "Initialdischarges", at the begin ofthe sectionlstructure.
e "Initial discharges", at the end ofthe sectionlstructure.

E-IO
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Boundary conditions - Flow me
In this file all the boundary conditions related to the flow are stored. Input has
been mtered by "input" "flow data" "boundary conditions" (see paragraph
3.4.2.3).

Below is shown the boundary condition flow file (river.Bnd), inthe appendix C
(EUTROF1).

* DUFLoW>data file: C:\DUFLOW\RlEUTl \RlVER. BND
* Flow· .Bound.. ~ond.~j st:i:üct ctrL

~a
L_Co.ooood .:
.Q:___a ..

P.. . ci.(}QdO~ n ••

.prog:t;:am. ve~s.ion: .2 ;.xx·

The following list gives explanation about the items inthe file.

a "Type" of boundary:
H "Leve1"~
Q = "Q add.";
QH = "Q add.Hrel"~
R "Rain"~
W = "Wind velocity";
T ''Wmd direction" .

b ''Node(s)'' number.
c "Type of function" = "Constant".
d Entered value for "Constant".
e Condition number.

Below an example is given, dealing with a ''Level'' boundary type with ''Time
series" specification.

The following list gives explanation about the items in the file.

a Indication "Level boundary type".
b "Time step" inminutes.
c "Start data", inyyrrundd.
d "Start time", inhhmm
e condition number
f "Node(s)" number.
g lst value of ''Time series"
h 2nd value of "Time series"

Vcrsi.an2.1,DccaDba-1995 &11
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6th value of "Time series"
m 7th value of "Time series"

&12
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Below an exarnple is given, dealing with a "Q add. Hrel" boundary type.

Qg. a

!!I_C: O~g9d Ö~••9Be_L.:97"f_ O.96g o.gSh

01··· iLOI0QJl. 02a(}Iq.(}30~11.040Ö~1. OSOOI:l··

The following list gives explanation about the items in the file.

a Indication "Q add. Hrel" boundary type.
b "Node(s)"number.
c Indication "Levels"
d lst value for levels.
e 2nd value for levels.

g 4th value for levels.
h 5th value for levels.

Indication "Discharges"
J lst value for discharges.
k 2nd value for discharges.

m 4th value for discharges.
n 5th value for discharges.

In the example in Appendix C are no structures defined. In the part above are
shown some cases, now will be given some cases of "S'IRUCTIJRE CONTROL" (see
paragraph 3.4.2.4).

The first case of "S'IRUCTURE CONIROL" is "CONI1NUOUS":

The following list gives explanation about the items in the file.

a Indication "Operational parameter" in "Continuous":
WIDT = ''Width'';
Sn...L = "Sill level";
GATE = "Gate level";
MU "Mu(all)".

b "Structure" number (+300).
c Indication "Constant" time series.
d Value "Operational parameter".

Vcrsim2.1.Decanber 1995 &13
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The following example dealswith "Trigger series" in the structure control.

RPM'

TM\rl.é:lc •••..'.
'1'nm'b·o:!.oio?
H2R:1.c 3$f

... c· ... >·.'h··' .
H1H2. 24,00,··

34;,Oooi
HPI? C· . sj'....,.;.;...;;..-=

1:0(!

. <og

dg

:6 .. ·0

.33~
34 .:

The followinglist gives explanation about the items in the file.

a Indication "Operational parameter" in "Trigger series":
TSIL = ''Width'';
TWID = "Sillievel";
TGAT = "Gate level";
TMU = "Mu (all)";
TMVI = "Mu surf.pos.";
TMV2 = "MU surf. neg.";
TMOI = "MU subrn. pos.";
TM02 = "MU subrn.neg.".

b "Structure" number (+300).
c "Type oftrigger condition":

TIME "Time";
H2Hl ''H2 < Hl +öH";
HlH2 = ''Hl >H2+öH";
HPP "Hnode >Htrig";
HPM = "Hnede <Htrig".

d Date of ''Time'', in yymmdd.
e Time of "Time", in hbrnm.
f "Type offundion" = "Constant"; new value.
g "BH"
h "Type offundion" = "Time series"; "Time step" inminutes.

lst value of "Time series".
J "reference node"
k "trigger level"
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Flow data - Result file
Inthis file the results from the flow calculation are printed. The concemed file is
shown below. The name ofthe file is river.res.
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Initia] conditions quality me
The concemedfile for the project (appendix C) is shown below. In this file all
related to the quality model part are stored. The selections of the quality variabie
is done in "QUALflY VARIABLES FOR OTJIPUf" (seeparagraph 3.4.1.3). The
values for these variables -are entered in "INPUf" "QUALITY DATA" "INlTIAL
CONDmONS" (see paragraph 3.4.2.2, 3.4.3.1).

Below is shownthe initial condition quality file (RIEUT1.BEK), ofthe appendix C
(EUTROF1).

The followinglist gives explanation about the items in the file.

a "Section/Structure number".
b "Variable", name ofthe variabie.
c "Initial condition", at the begin ofthe section.
d "Initial condition", at the end ofthe section.
Etc.
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Boundary conditions - Quality me
In this file all the boundary conditions related to the quality variables are stored.
Input bas been entered by "INPUT" "QUALITY DATA" "BOUNDARY CONDmONS"
(see paragraph 3.4.3.2). .

Below is shown the boundary condition quality file (RlEUTI.BNK), of the
appendix C (EU1ROFl).

The following list gives explanation about the items inthe file.

a "Type";
C = "Concentration";
L =.."Load".

b "VariabIe", sel.ected from the picklist.
c "Node(s)", nwnber.
d "Typeof ftmction" = "Constant".
e Value for the "Variable",

VClSim2.1, Deoembc:r 1995 E-17
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Extemal varia bles file
Inthis file all xt extemal variables defined inthe process description file are
storeci.lnput has been entered by "EXI'ERNAL VARlABLES" (see paragraph
3.4.3.3) .
.Below is shown the extemal variables file (RIEUTl.EXf), of the appendix C
(EUfROFl).

a "Type";
XT = Space and time depended extema1variable.

b "External variable", name.
c ''Node(s)'', number.
d "Type of fimction" = "Constant".
e Value of''Extemal variable".
f "Time step", inminutes.
g "Start data", inyymmdd.
h "Start time", inhhmm.

First value of "Time series".
J Last value of "Time series".
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Parameter file
Inthis file all parameters defined in the process description file are stored. The
actual values have been entered by "PARAMETERS" (see paragraph 3.4.3.4).

Below is shown the parameter file (RIEUTl.PRM), of the appendix C (EUTROF1).

a ''Name'', parameter name in the process description file.
b Entered "VALUE".
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Quaüty data - Result me
In this file (RIEUTI.REK)all the quality results are stored.
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Measured data file

Inthis file (MEASUR.MSR) the measured data can be stored. These data bas be
edited in "Input" "measured Data". In the file shownbelow is an example given
of a measuredvalue. Chosen is the variabie ss, with a constant value of 10.000.

The format ofthis file is equal to that ofthe boundary condition file.

"
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Appendix F Errors in duflow

In this appendix a list of possible errors are given wbich can occur in the program
DUFLOW. The explanation af the error is given and also a possible solution.
Ifyou have any question about the working of program DUFLOW, you can always
consult the EOS Helpdesk (070-3014600).

Errors

Out ofmemory, or
Out of string space
Internal memory full

Internal memory error

Invalid argument(s)
File <fname> not found
Unexpecteciend of file
Line too long
Character not allowed
Numbers not allowed
Invalid identifier

Invalid number
Missing]
Missing range
Multiple declaration
Missing =
Not a state variabie

Identifier not declared
Missing identifier/number
Missing operator
Cannot open object file
OangJing else-statement
Invalid flow variabie
Misplaced if-statement
Misplaced else-statement
Misplaced iterate-statement
Was expecting iteration-variable
Was expecting iteration tolerance
Ambigious section number
Begin node equals end node
Both streaming widths or areas
Error in nis string

Error in timeseries

Error wbile opening <File-name>
Error wbile opening dumpfile

Explanation

The program is trying to allocate too much
memory, see «Setup» «Maximum data size».
The input-program tries to store more data than
the allocated amount ofmemory allows, see
«Setup» «Maximum data size»
This error can only occur due to a bug in the
input program. Ifso, please report it to the EDS
Helpdesk.
Contact EOS.
Model-file not found.
Probably amissing }.
Lines must be 100 characters long or shorter.
Was expecting a number.
Was expecting an identifier.
An identifier consists of 6 characters or numbers
and must start with a character.

Missing [.
A identifier is declared more than once.

The identifier in the kl or kOfunction is not a
state variable.

Was expecting an identifier, found an operator.
Was expecting an operator, found an identifier.
Diskfull.
else-statement without a preceding if-statement
identifier is not a flowvariabie
if-statements not allowed in functions
else-statements not allowed in functions
iterate-statements not allowed in functions
Invalid iterate syntax see chapter 3.
Invalid iterate syntax see chapter 3.
Check network.
Check netwerk
Contact EOS.
Check boundary conditions, extemal variables or
locations for output.
Checkif:
_ The computation period does fit into the time-

series;
_ The dateltime is ascending (non equidistant

time-series ).
The disk is full.
The disk is full.

Editim 2.1, Deccmbcr 1995
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Error while opening
...temp. boundary file (flow)
Error while opening
...temp. boundary file (quality)
Error while opening
...temp. external vars. file -
Error while opening temp. units file
Error while writing temp. unitsfile
Error writing scratchfile
Incomplete section data
Instable computation timestep NNN
Internal error memory-manager
Invalid code
Invalid modeldefinitionfile
Invalid node

Invalid section

Invalid section or node

Missing control card
Missing time card
No streaming wiclths or areas
Node does not exist

Pivot-element NN is zero
Readerror
Section does not exists

Section is not a structure
Syntax error
Triggercondition bas 0 triggers
Unexpected end of dumpfile
Wrong code

The disk is full.

The disk is full.

The disk is full.
The disk is full.
The disk is full.
The disk is full.
Check network.
Waterlevel exceeded 1000 m.
Contact EOS.
Cont act EOS.
Contact EOS.
Check boundary-conditions, external variables or
locations for output.
Check boundary-conditions, external variables or
locations for output.
Check boundary-conditions, external variables or
locations for output.
Contact EOS.
Contact EOS.
No streaming width or areas given.
Check boundary-conditions, external variables or
locatiens for output. Not enough memory
available. The problem is too big for DUFLOW
(use DUFDIM to examine the problem).
Contact EOS.
Contact EOS.
Check boundary-conditions, extemal variables or
locations for output.
Check triggers.
Contact EOS.
Check triggers.
Invalid dumpfile used.
Contact EOS.
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