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1. Introduction

1.1 Duflow Modelling Studio

The Duflow Modelling Studio (DMS) supplies the water authorities with a
complete set of tools, 1o gquickly perform easy analysis. On the other hand, the
product is also capable of performing complex, integral studies.

Duflow Modelling Studio consists of the following components:

o  DUFLOW water gquantity and quality
With this program one can perform unsteady flow computations in
networks of open water courses. DUFLOW is also useful in
simulating the transportation of substances in free surface flow and
more complex water quality processes.

¢ RAM precipitation runoff module
With ram one can calculate the supply of rainfall to the surface
flow. Ram calculates the losses and delays that oceur hefore the
precipitation has reached the surface flow.

¢ MODUFLOW (not implemented in DMS version 1.0)
This program simulates an integrated ground water and surface
water prohlem by combining the ground water model Modflow und
DUFLOW.

The possibility of entering companent specific data depends on the instalied
components. The User's Guide gives a complete instruction about all data which
can be entered in Duflow Maodelling Studia when all components are installed.

1.1.1 Scenario Manager

1.1.2 Network editor

With the Scenario Manager the user can easily define different scenarios which
are based on the first created model, As default the data of cach scenario is
equivalent to the base scenario. The user can however easily alter the data for
cach scenario without affecting the data of the base scenario. By calculating the
different scenarios and comparing the results the user can evaluate the effects of
the scenarios on the model.

The Scenario Manager window displays 4 project-tree of the opened projects and
SCEnrios.

The Network editor of DMS offers the user a tool for creating a model in a user-
fricndly way. The network editor 1s u graphical editor that enables you to
interactively draw the network schematization. The desired object (e.g. a node)

User's guide
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can eusily be selected from the Paletie toolbar, The mouse is used to place the
object in the network window. This network editor is based on the Standard
Exchange Format (dutch: Standaard Uitwisselings Formaat - SUF), which has
conseqguences for the way in which the network 1s set up.
In the standard exchange format, a schematizauoen is built up of nodes, sections
anct objects defined on these sections,

e Nodes are points at which one or more sections arise or end.

e A section connects 1wo nodes.

e Objects that can be defined on sections are: sructures. cross

sections, discharge points, ete.

Different kind of abjects like structures, arca points. discharge points and objects
containing cross-—sectional data can be defined on a section,
The schematization is set up and adjusted by selecting and dragging the objects.
By selecting objects from the Network Window, oneg can activate the Object
Properties dialog box. where the properties of these objects can be modified.
Cross-sections can be applicd on miscellancous places onthe section. The cross

sectional profile over the entire section is interpelated berween the different cross
sections given by the user.

1.1.3 Presentation of the results

The DUFLOW interface is supplied with an elaborate presentation module. The
presentation model s designed o give the user optimal support for interpretation
ol the results,

Some possibilitics of the presentation module with respect to plotting are:
¢ Boundury conditions can be plotted in the same graph as the results.

e Output tacility to tables, makes 11 possible 10 impaort the results into
aspreadsheet tor further post processing,

o Local values can be read by o so-called hair fine. Selecting a point
on the gruph with the mouse activates o vertucal line in the graph
window. The values of the active graphs i the graph window are
printed in the legend.

*  Aside from plotting the quantities with respect 1o time. one can also
plot graphs with respect to space. For space related output the user
cany define the route by wsing the sections as debined in the network
eilitor.

I s adso possible o spatiadly visualise the results of the DUFLOW caleulation
with Presentation scripts,

1.1.4 DMS compared to Duflow 2.0x

The netwaork schematization in PMS can be used by cach installed component
like DUFLOW or RAM. This network can be casity butld and changed by using
the Network editor. The network schematization in BMS s based on the
Standard Exchange Format. Therefore a XM S-schematization ditfers from the
schematization as used in DUFLOW 2 0x. DMS can import the Netwaork-files
from a DUFLOW 2 0x project and converts it to a DMS-schematization.

In DDMS cross-sections can be defined at any location on a section and not only at
the begin or end of the section like in DUFLOW 2.0x. The hottom level 1y
detined ina cross-section scheme.

8 = Introduction
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To calculate a model the DMS schematization is converted to the DUFLOW 2.0x
files which can be read by the file Cduflo.exe. The numbers of the nodes and
sections in these files don’t correspond with the object-1D"s of the DMS
schematization !

1.2 Hardware and Software Requirements

System requirements for using the Duflow Modelling Studio on the Personal
Compuler are:

»  minimal 486, suggested is a Pentium

e minimal 16 Mb internal memory, a minimum of 24 Mb is
recommended

¢ minimal] 30Mb external memory

Software requirements for running the Duflow Modelling Studio are:

s Windows9s or WindowsNT (4.00 or higher)

1.3 Installation

The Duflow Modelling Studie consists of installation disks or a CD-ROM plus a
User's Guide and Reference Manuals for each component.

For installing a component of the Duflow Modelling Studio (DUFLOW, RAM or
Moduflow) a password is needed.

Before starting the installation procedure of the Duflow Modelling Studio, close
as many opened applications as possible. The program makes use of several files
(dll, oexy which might be used by other applications. The set-up procedure will
not he able to renew these files if they are in use.

The Duflow Modelling Studio is installed on a personal computer by following
these simple steps:

1. Choose from the startmenu Run...;
2. Type “A:\Setup.exe™;

3. Follow the instructions given by the set-up procedure.

User's guide
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2. Getting started

In this chapter a simple problem is entered and computed in a step by step
approach. This section is designed to help the beginning user to get acquainted
with setting the input parameters, performing a caleulation and viewing the
results while using DUFLOW MODELLING STUDIO {DMS). First of all the program
must be installed correctly.

2.1 Define a Project

3
@ = Show or hide the

Seenario Manager

fbﬁ = Fdit Description

After you have started DMS, you can define a Project by choosing the New
command in the File menu. The New Project dialog box will be displayed.

New Project

S nw i RO G ED

]C Wrhindhuflow' Projecta\Demo

Choose the name of a Project, say Demo. A sub-directory is automatically
created by DMS, the location of this sub-directory may be altered in the Location
field. By choosing Create, a new project is built.

DMS will now have opened the window, known as the Scenario Manager. This
window shows all Projects currently opened, with their related Scenarios, in a
tree structure. Each Scenario contains several data collections, which will appear
or disappear by using the plus or minus in the iree.

If the Scenario Manager Window ts hidden you can call it by choosing the
option Scenario Manager in the View menu.

The Scenario Manager enables you to work with several sets of input data within
the same Project. For example, it is possible to simulate two Scenarios having
identical input data, with the exception of precipitation. This enables the user to
eusily evaluate the results of 4 severe rainstorm. The Scenario may contain the
input data itself or it may refer to input data of another Scenario. Each Scenario
registers several sets of data. Per set of data one may choose to save the data in
its own Scenario directory or receive the data from another Scenano directory,

By choosing the option Description of the Scenario menu, an extended
description of the scenario can be stored.

User's guide
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2.2 Configure the network

By using the Open Nevvork s jndow command i the View menuo | the Network
Window is opened: Here the network schemuatizanon is created und/or

E’ = Open Network window
interactively moditied.

NB I[f an icon is not visihle inone of the toalhars, choose Customize. in the
Opdionss menu. DMS will show the Cresranize dialog box,

The butions of the commaunds belonging to the selected category are
displayed on the Command tab. By drugging a bution 1o a toolbar the
button s added tothe wolbar. By dragging it away trom the twuolbar, the
button will be remaoved from the toolbar

The Network can be build on a geographical back ground by first checking the
option se eencraphic map s hackeground in the Projecis Properties dialog hox.
This box appears by using the Properties command i the Project menu.

Toadd Tavers to the Network window chaose the Displas favers icon on the

- Diplay Layer: o -
- Desplay Layers Palette toothar, DMS will show the Daplay Lavers dialog box,

[se the Add button to add layers 1o the Network window . PMS will apen the
Open Fife dialog box. Only shape files can be used for levers in DMS. Select the
shape-file Water.shp' from the Winduflenn Projec s Stupes directons in the Fite
Open diiog hox, This shape Tile contains the waterways of @ region in the
Netherlands,

When a shape-tile s selected. DMS will show the Color disdog box o choose the
right color - e.g. blue - tor the selected layer. Alter the selection of 4 color DMS
will return to the Display Layery dialog hox, The order of the Javers inthis list
correspond with the order in which the layers are displaved mthe Network
window  To modily this order select o fuyver and press the Up or Down button.
Now add the Cities.shp file wo the Tayers list. This ke contains the cities of the
reaion.

The Nerwork window will Jook like this:

Q . : Use the Zooming Tool to show parts of the geogpraphical background in more

“““““ = Joom i detaid. Atrer selectmg this commuand (rom the menu or the wolbary the cursor
will chunge into g magnitying glass. Dragging the cursor displays a rectangle on
tic screen. Fhis rectangle represents the area that will be magnitied tthe
rectangle will be blown ap until it fills the Network window 5.

' Geographical background: Topografische ondergrond © Topoerafische Dienst, Ermen, The shape-files Water shp
and Cities shp may only be used for demonstration purposes
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Save your work now using the Save command from the File menu. Do this
regularly !

MY — Save the active project

ﬁg Nod By dragging the objects from the Network Palette, you can draw your network,
= Node From the palette, choase the Node tool and click at two positions in the Network
s Window. Next choose the Section tool and click the left mouse button on one of

E = Section the two Nodes. Move the mouse by dragging the section towards the other Node

and release the mouse button.

% _ Select ohiect If the line between two nodes remains dotted, it means that the Nodes are not
- Jec correctly connected by the Section, The Nodes can be properly connected by
using the Select tool {the arrow) from the palette and dragging the end of the

selected Scction until the line is complete,

swway

Cross Sections are added to the Section by using the Cross-Section tool from the
palette. When the cross sectional data is connected to the section it appears blue,
If the Cross-Section is not properly connected to the section, its cutline will
. appear dotted. Until the cross-sectional data is defined, the cross-section will

&

ides = Cross-section

remain cross-hatched.

Repeat the above process until the following network is created:

w2 dema Gopnang Metwirk

. g , , Cross-Sections are defined by using Schemes. These Schemes must be
28 = Object properties . . - . o . )
connected to the Cross-Sections. By clicking the right mouse button on one of
the Cross-Sections, choose the option Properties from the popup-menu.

User's guide Getting started » 13



h = Fdit Properties of

Network abjects

Object Properties [ x|

Genersl | RaM | Dufiow |
Dbjects i Change:

[¥ Select objects) i network editor
Dverride vaiue from
retwoik editor:

1D rezonono
Hame: i
Sectionid:  SECO00M
ACoordnpte(my [T 197981 r
¥ Coordinate {m]. I—— E2i1 T
Sgheme: E 1o seheres Ll ___!

[ox ] Cows | | oo

In the Object Properties dialog hox, the Scheme mis now be connected to the
Cross Seetion, however no Schemes are defined tor this Project vet, A Scheme 1s
created by choosing the L., behind the Sefreme box I the Cross Sectlon Scheme

diglog hox. choose Add. .. and the Crass Section dialeg box will appear. Choose
the input s shown below, Tonsert and delete arow inthe wuble use the Ins and
Del ke

Narme: Ir". rat

Type: lee ']
Fafarancs Level (m} ru__h—

Floor Height fm); B

i

< man wdth g

Surtace (m2) r LT

Hwk Radus(m) [ gI

Fesigtance [cork] 1T

Height [m)_[Flow Width (m [Max width (m)] ]

G % o 560 -]
400 sopl TR G,
S s won M

] N

Usze the |ne and Det key to intert and delets rowe while slting the gnd.

Choose OK, OK and K. the River Scheme has now been connected o one
Cross-Section.

W are able to conneet the River Scheme to every Cross-Section in the network
by choosing the Ohject Properiies option of the Fdi menu, Again the Ohbject
Properties dialog hox s showno vet now it ks also possible 1o alter several
nhjects simultanceous|y,

Because DMS requires ot of data, 1t allows the user to somultancousty enter
data tor a number of ohjects, Inthe Objects 1o Charee combobos vou can choose
the ahjects you want to change.

14 « Getting started

[

User's guide




3 = Weir

Other structires:

o
%3 = Siphon

T = Culvert

g
2 = Pump

AL

& _

2= = General structure

Select All eross sections from the Objects to Change combo box and behind
Scheme, select the Scheme River from the pull down list hox. Click Ok and all
of the Cross-Sections in the network are connected to the same Scheme. The

Cross-Sections will now appear blue.

Now add a structure - in this case a weir - to the network, by choosing the red
trigngle of the Network Palette and placing it into the network as follows:

1 & Demo &

seenar Network  t

/-

: Weir

In this manner a weir is added to the network on the second section. Before
Duflow starts it calculation, this section will be split up into two separate

sections.

User's guide
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T

- S o

Ll = Schematization point
or hending point

b= Discharge point

}z

&= Area potni

4

Chck the right mouse button on the weir to choose the weir properties as follows:

Gureed | Dufiow | RAM |
. Objects io Change: -

F Select ohjecks) in aaweork gditor
| PWEDC050 -

1D: [«fg:uﬂam

Narne: h

Sectionid:  SECO0002

Qistance i) F__.___.......__ fio SR

-
1)

1o WA

T

It is also possible to add Schematization-points 1o the network. Results of the
caleutation will be wvarlable on the Nodes, Schematizanon-pomts and
cauleutation points. Caleolation points are generated by DUFLOW when the
lengrth of o section exceeds the defined maximum fength, The maximum length
can be defined by the user for each section on the DUFLOW b in the Edir -
Objects - Properttes dhalog box,

Schematization pomnts can afso be used to bend a section o it the waterway
represented by the geographical background. To create a so called Bending poimt
first add a Schematization point 1o a section. Then select the Schematization
point and click on the nght mouse button and select the option Bending point
from the popup menu. By dragging the Bending point to the desired position on
the waterway the section will bend and more or less “tollow ™ the waterway.

Bending
Peint

By adding a Discharge point at Schematization points you can define a time
series of discharged water or wasted load or concentration. At the schematization
points vou can also define an area where the precipitation will be taken into
aceount.

Initial conditions are added to the netwaork by using the fnitial Condittens
commind in the Scenario menu. For all Nodes and Schematization points we will
now choose an imitial level of 6 meters (above the reference level). Use the Set
Column... button. Choose the column Level and enter the value.

16 = Getting started
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Click OK and OK and the Q-Add Scheme is now imserted on the Tirst Node.
Repeat these actions 1o define a constant Level of 6 nietres as a Boundary
Condition on the other end of the Network,

2.3 Configure and start the calculation

Betore starting the calculation check the input in the Cowlerdation Seitingy dialog
box. This box is activated by clicking the right mouse button on the Calewlarion
Settings in the Scenario manager. The General setuings give the start of the
catculation ume and timestep for the How and quality culeuluton. Select the
following settings:

Calculation Seltings

Gererd | RAM | DUFLOW |

swwyimmidd e s
Stot computation IR 01 11 <] [oornon =
Start cutput: [193gm 0 »] Jooooon =4
End [rs3z0zor =] foooono
Time Step Size-
d bhmmss

Computation Flow. [0 110 01
Lomputation Qualty. Iy 51 a0 00
Dutpuk Flow: !o 0 30a0

L Lo Le]
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o
5%% = Clalculate

& = Show or hide Qutpur

The tab DUFLOW allows you to set the Duffow specific calculation options.

Firwd Velocy
10f ation

The type of calculation can be chosen here. First choose a Flow calculation to
check if the Network has been designed correctly. When the fTow calculation is
verified a quality model can be added. The details for the Hydravlic and Quality
calculation are set in this diglog box, The Quality modet definition file may be
inserted here, Make sure this file 15 inserted in the Scenario directory.

By clicking Output Variables..., the variables of the quality model can he
selected for output.

In Special Control the special control data are set, such as the threshold level
which is the value of the water level at which the dry flood procedure is activated
(Default=0.10 m).

The calculation is activated by choosing the Update All option from the
Calctlation Menu (or the Calerdate Toolbar button or the Calculate option from
the Scenario Context menu). The Quiput window shows the initialisation of the
calculaton. 1t may be something like:

Starting network consistency check...

Starting Duflow conversion...

Cuflow conversion completed.

Writing boundary flow file C: Winduflow ExamplesiDemo Scenario scenario. BND.
Writing netwaork file CAWindutlow\ExamplesiDemo' Scenariciscenario. NET
Writing initial flow file C: Winduflow Examples Demo\Scenaric'scenario BEG.
Computing mode: Flow

The Status Bar shows the progress of the caleulation in time steps. It may be
something like:

Computing flow 124( 744}

You can show (or hide) the OQutput window by choosing the option Output in de
View menu.

User's guide
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2.4 Display the results

Results can be disploved i three different wavs

- A Time Related Graph,
- A Space Related Graph or
- Resuits as Testm atahle as a function of time,

By chovsing the New fine Graph windew option irom ke Scenano Context
snenu. the results will be displayed inagraph as o function of tme. DMS will
open the Teme Redeied Grapde dialog box. On the DUFLOW b you can define
which vanables in which sections have to be displaved,

Time Belated Graphs

General] PaM  DUFLOW |

Sowce: Obiects to Display:
SECOO0E MOD 00600 HDDa5em
'SEC00002. NODDO001->SCHO00M
e SECO0002 SCHO0S00-> STPIX001
HSECO0002 WEIBOOO!
T lm . SECOD00ZSTRGONGIHNODOBOR
Setwct A i
Show B raphe of Type:
v Begn B [ Begn L
™ Certa |- [~ Cerver L
™ End |- ™ End L
- ™ Yelocty ®

[ok ] Conen | | hee |

[se Show Graphs of Type to choose the tvpe of araph Tevel Discharge or
Velooityy of the sefected objects in the Gbjects to Display list. After a selection
1 made. s proture representing the data type s displaved inthe row (s of the
selected objects. Selecuon of the data tvpe 1o he displayed inthe graphs is also
possible by chekme with the Tett mouse butten on the left side of the rowsy of
the Objects 1o Display list, The position in the row corresponds sith the order in
the data types list,

After choosing the options as displaved above, DAMS wall show agraph like this:

m?fii}—- ------------- ’ ------------- L ------------- ‘ ':'
_F ........... L S A [
625 H ‘ :
E EEEEE TP P R R LT Arrm e P
550 i . . .
s | A P :
S — R N —
609 ' B ! |
T N o
N P e Ao .
5ER b b ! B it e s el e e
Twna
———  SECHOG0T HODOAGNG-»I00GANET, Level bagin
SECHA00Z SCHAN00G-»STRIBI00. Level end
o - SECH0002 STROBN0G->MNODBIN02. Level and
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raph window, you can move

backward or forward in time by using the buttons bencath the graph.

raph dialog box. First you have to define the route you want to display
i

in the graph by double clicking on the seetions. A route consists of one or more

¥
sections. After defining or selecting the route you can select the variables which

the resuhts will be dispiayed as a function of space. DMS will open the Space

By choosing the Space Craph window option from the Scenario context menu,
Relaled €

have to be displayed. In the Space Related €
The final Space Related graph will look like this:

ThetonpebatTinoyun
[ESSOn] S ]

FESS AL

'iwsm-oz-as 00 000

both

e in this case, does not exist 1n the Scenario

MS will prompt vou to create it

"in
*/
*/
*/

DECOMPOSITION RATE TRAC
Getting started » 21

TRACER

i
;

cet enter the name of the Quality Model

extension (¥ MOD) and the name of the Quality
ension (. MOB) in the DUFLOW tab of the

¢ Proj
mg/l
1/day

e ext
ttings dialog box. For example, enter the name “Tracer

scription file like below contains the definition of a
1998

{ file, lik

[ de
01~

7t command from the Scenario menuw. If this definition is

cltoth

ty Mode
[10.000]

e

Quality Mode

le without the

{ Ourput file without th

Calculation

fi

S

raph diglog box, On the DUFLOW 1ab you can define which variables
<

in which sections have to be displayed in the table,

Cuali

D

£

s

Ktrac [0.0100]

(
ed out.

arri
HINKE REITSMA 02

P

Cre

elds. If th
You can enter this description in the Qualfity Model description file by choosing

For displaying the results as text in a table you have to choose the New Text
To add a Quality Model to an existing Flow maodel, the following actions need to

window option from the Scenario Context menu. DMS will open the Time

To add a Quality Mod

description fi

/% DUFLOW COURSE FEBRUARY 1998
/¥ SIMPLE TRACERMODEL

Maode
K1 (TRAC}=-Ktrac;

Related
bec
directory
"f *

PARM

{

}

the Quality Model - I

A simple
WATER TRAC

2.5.1 Define the Quality Model
trac

2.5 Quality model
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inserted correctly 1t can be comprled by choosing the Queadins Maodel Compile
command frony the Scenario menu,

2.5.2 Initial Conditions

Now that the quahts model s detined. we would Hike to enter the Imtial Qualiuy
Conditions, Initied conditions arc added to the network by using the fuitial
Conddizeons command inthe Seenario menu, For all Nodes and Schematization
points we will now choose an imtiad concentration for Trac of 10 mg/l To do
this. tse the Set Column. .. button. Choose the column Trae and enter the value.

2.5.3 External Variables

Dispersion s un extermad variable which has to be detined inevery Quality
Maodel An externad vanable can be added by clicking the rizht mouse button on
External variables o the Scenano Manager. Choose the external variuble -d”
Cramn i the Maodifs foaernal Vartables dialog box and choose Modify... Then
choose Add. i the Sefect Scheme dialog hox 1o wdd the toflowing scheme for
the dispersion £y,

Modify Scheme

HName [I" SR oF
Totee Senes Cancsl
Type  Flease enter mnome Modity.
lmpodt .

Ingest Betorg
Help

Pl

Insert Aftar

Select Al

L

Adter creating schemes tor External Vanables vou nieed 1o detine an External
Variahles scheme for cach Node, Schemutization point and Structure. In this
example the scheme RiverDisp will be used tor every object. Open the Object
Froperties diadog box by choosing 1he Edir - Obgect - Properties. Then select All
Nodes and choose External Variables... on the DUFLOW b, Use the Arrow
hutton hehind the External Variable ~d” - which appears by selecting the input
freld - to select the RiverDisp scheme. Repeat these actions tor the
Schematization points and the Structures,

22 » Getting started

User's guide



"‘% = Culculate

2.5.4 Boundary conditions

The first node must also have a Quality boundary condition. Choose the
Properties diglog box of the first node. Choose Boundary Conditions... on the
CGieneral tab. Choose the ... hutton behind Trac to define a Boundary Candition
Scheme for Trac. Choose Add... in the Sefect Scheme dialog box 1o add a new
time series. Madify the type of boundary condition to ron-equidistant. Enter the
following timeseries:

Modiy Schem

;Tracréodl :

Uongsa0r oo 10,000
GefeEsrz . 110000 1033
Colismaoinz 120000 601600
difeEEmAaz 12m00 16,000

b . AT -

giﬁﬂs.ﬂ‘*‘:(: Tl

;;oaaefébw :

Repeat these actions to define @ constant concentration of 10 mg/l as a boundary
condition on the other end of the Network. A quality boundary condition is only
valid for the incoming water.

Note: A flow boundary condition without any quality boundary condition has a
special meaning, which may influence the results. In normal situations it
is therefore necessary to define a quality boundary condition for every
flow boundary condition even if there is only outflow at the boundary.

2.5.5 Calculation Settings

Before starting the catculation, check the mput in the Calealation Settings dialog
box. This bex is activated by the right mouse button on Cafewlation Settings in
the Scenario manager.

Chonse as Type of calculation: Flow&Quality. In Output Variables check the
variable Trac of the Quality Model to be available for output,

The calculation is activated by choosing the Update Al option from the
Calculation Menu (or the Caleuwlate toolbar button or the Calrulate option from
the Scenaric Context menu). The Quiput window and the Status bar will show
the progress of the caleulation.

[f your model contains quality boundary conditions without flow boundary
conditions warnings will generated in the Cuput window.

User's guide
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2.6 RAM

The actions mentoned in this paragraph can only be carried out if the RAM
component has been correctly mstalled.

2.6.1 Precipitation and Evaporation

f& L= bdit Precipitation

Animportant part ot the input required by RAM s the precipitation and the
evaporation. To enter this data please follow these instructions:

Choose the Precipitation commund in the Scenario Menu. DMS will show you
the Precipitation dialog box In this dialog box a Precipitation time series can be
tnserted, First click on the Insert Before batton to enter the heginning of the
time series. Next click the Shift... button to open the Shift Valiees dialog box and
change the start date and time of the tme series 10 Junuary |7 1998 under Ser
New Start Date & Time. Back on the Precipiiation dialog hox. press the Insert
After button. DDMS will insert a new line. Repeat this action H) tmes, Select the
first hine in the list. DMS will amomatically jump te the Value editfieid where a
value for the Precipiiation i mm/day can be entered.

Enter the values as shown below:

Piecipitation I
o]
Time Senes Cancel I
Type: non equidkatant 24:00:00 {Moddy
import...
1 1 Insert Before I
1992/01/02 000 O 1100 Epot.. |
19951 /07 00000 0500 Insest Aftes Help
19901704 00 00 50 3000 S .___!
oeM1NG 000000 5 001) _.__I
199E/01 /06 0009 80 2 000 Remove
YaeEA /07 D0 0G0 0000
1930105 00000 3500 gelect Al
1995/01/0% 00 000 4 000
19950110 B0 0O 0000 7 gpon Endng
1992/02000 10 0 01 0060

Date: Time: Yahe

[fsmrma =] fovooon = [eso men/day

We want to start our Duflow calculation in Junuary 10U,
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bo o . Repeat these steps for entering the Evaporation, but enter the following values:
B = Edit Evaporation

vapoiation

SRERA0N04 o0oDoo D20 e
TR0 00000 08060 i

Dater o Tame L el

. N G § I

Note:  Because the date and time of the time series need to be listed in an
increasing order, the final date must first be modified before altering the
second date to 199801 /04. 1t it is done in a differeat order, an error
message will appear.

2.6.2 Configure the Area

[n order to calculate the runoft and the loads to a node in the network, RAM
needs 1o know the properties of the area, around the Node, from which the runoff
has to be taken into account. First you have to define an Arew in the Network.,

An Area is always attached to a Schematization point. To add an Area to the
Network drag the Area object from the Paletre toolbar to the schematization
point in the Network. [1 the Arca is attached to the schematization point it will
hecome green, otherwise it will appear dotted.

4= Ared point

To enter the properties of the Arca, doubleclick on the object in the Network
window. DMS will show the Qhject Propertics dialog box. On the General tab

. you can enter the Tofal surface of the arca. In this case the surface is 10000 ha
(le+8 m’ ). Seieet the RAM tab o insert the RAM-specific data.

The amount of data per Area is spht into logical categorics. A categorie can be
selected in the categories histhox. Select the category Area and specify the
percentage of Unpaved surface at 100°%,.

Select Q funpaved surface ) in the Categories listbox, DMS will display the
Unpaved Surface settings at the right side of the dialog . Because the Unpaved
Surfuce setlings are rather extensive and because they depend on the type of
surface of the node, RAM works with schemes, This enables one 1o simply reuse
the Unpaved Surfuce scttings [or other Nodes.

Choose the [...] button at the right side of Surface type. DMS will show the
Select Unpaved Surface Scheme dialog box. Since there are no schemes
available, 2 new one must be added.
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2.6.3 Calculation

Choose the Add... bunon, DMS will display the £ upenved Surfuce Scatags
dialog box. Enter the following values:

Unpaved Suitace Settings

Surdace Type: jeard
Gernsral Slrictes _C.mce\ ]
Imay [eren/day] m_““ S conatio Hep
th i & 2 NashCascades
£ [rmen) ) Hurnber of Reservoirs:
Fzpml rrae R
F4.2 {mm] b Quack: .
Bpecrmanmw/dayh [oon Hash-Cazcade/

Koy ace {day] IT'— Krayenholf van de Lew
Fauick {dey] =5 Nurmbet of Regervons:

¥ slow [Sayk 5 Stogs (N} r“—
Bslow [-]: 0e Quack. {K) F‘%

Press the OK butten. Press the OK button in the Sefers D upaved Surjace Scheme
dinlog box. DMS will show the vidues of the Unpaved Surfuce scheme in the
Obpecis Properiies diadoy bos when the categonie O ol npaved voface i is

selected

Object Properties [ x|

Geneisl FeM | Dulion |

Qbsects to Charge
[ spanren0000 =
Categories Category - Unpaved Sulace Settings
Bma frent {7
% Surtace T ype: i‘i"d 'I
- Imax {rmem/day] 200
L
O loper: sl ace] ) 1 Kewdace [dayi oat
{1 |pased ard e afane .
FO {mm} 500 Kauck (day) 25
1| mepane)
P, F2 fmen} 200 Ksow [day} 50
Hihrastes F4.2 foea} 5 Bsiow (] 06
Fhisphes
Ppecooss [roeo/dagt 200

Used Moded 2 a5h cascades [1 siow |1 quick
conlamers)

K. Concel | | Heo |

You can enter data Tor the other categories followinyg the same strategy, In case

of Ammonun, Nitrate and Phosplior, RAM also uses schemes. These schemes
arc m fact time series and can be entered using diadog boxes which have a similar
appearance as the Precipoiioor and Fvaporation dialog oy,

Betore starting the caleulation check the input inthe Calfenfarion Serings dialog
hox. This box is activiated by the right mouse button o the Calondation Settings
i the Scenario manaeer. The General settings pive the start caleulation time and
tmestep for the flow wnd guality caleulanon. Sclect as caleulation period the
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$ = Calculate

same period as used in the time series for the Precipitation and the Evaporation
{from I to 10 January 199%).

On the RAM 1ab choose the option Perform RAM Calculation, The option
Perform Duflow Calculation on the Duflow tab will be disabled at the same time,

The calculation 15 activated by choosing the Updute Al option from the
Calculation Menu (or the Calculate toolhar button or the Calculate option from
the Scenario Context menu). The Quipui window shows the progress of the
calculation,

After the calcuiation, RAM has generated a boundary condition for the additional
discharge on the schematization point to which the Area is attached. To show
these boundary condition double-click on the Area in the Network window.
DMS will open the Object Properties dialog box. Click on the Boundary
Cenditions ... button. Click ... behind the QAdd scheme which is made by
MS. Choose Maodify... to display the time series which represents the
boundary condition.

When a Duflow calculation is performed again the results will differ.

When a Duflow calculation is performed afier a RAM calculation, the
Precipitation must be excluded from the Dufiow calculation (Calewlation
Seitings - Duflow tab), otherwise the Precipitation will be taken into account
twice.

User’'s guide
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3. User Interface

3.1 User interface components

The user interface of the DUFLOW Modelling Studio (DMS) consists of the
following components:

s Menus

*  Toolbars

s Status Bar

e Scenario Manager window

Working space with the Network window and Results windows

= Qutpul window

Menus

Toolthar

Working
space

e T et QM‘A

thrta LIS SRS SRR TR AR 0 e R L L
5 Telis i

Scenario

Munager : : Bi ]
8 Scensw:
H () Seenaned
Quiput
window

i

5 a8 s e may e

rgiEalnaepednnan e PRayy bEERET s
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3.2 Menus

3.2.1 File menu

3.2.2 Edit menu

[3MS contains the following menus

¢ File
+ Fdit
s View

o Project

e Scenano

e  Culculation

«  Options
s Window

« Help

The File menu otfers the following commands:

New, ..

Open..,
Close
Save
Save As..,

Import...

Print...

Print Preview

Print Setup...

Recently opened Files
i1-6)

Fxit

Creates anew set ot input- and output-files ta new
Projecty,

Opens n existing Project File.

Closes wn opened Project.

Saves a Project File vang the same file name,
Saves a Praject File to a specified name,

Impons an existing DUFLOW project Hiles made in a
DOS-version,

Prints the contents of the active view.

Dyisplays the project contents onthe sereen as it would
appear printed.,

Sclects w printer und printer connection,

Opens the selected project from the Tistwith the most
recem]y opened projects.

Esats the THREOW Modelling Studio.

The Edit mena olfers the following commands:

Undo

{ut

Copy

Puste

Objects b
Properties...
Select...

Graphs. ..

Calors,..

Window properties...

Presentation Yode

Presentation Scripts. ..

[ ndoes the Tust action oo ol actions can he undone ).
Cuts the selection.
Copics the selection.

Pustes the selechion.

Edits the propertics ol all network objects.
Checks the nodes, for selection.

Sets display options per node.
Configures the colors o) the Graph Window s

Sets the displuy properties of the Network Window or
the Grraph window

Sets the senipt for the presentation mode.

Fedits al) presentution senps schermnes,
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Editable Allows or prohibits changes in the Network Window.

3.2.3 View menu

The View menu offers the following commands:

Toolbar Shows or hides the toolbar.
Status Bar Shows or hides the status bar.
Workboeok Shows windows as worksheets in a workbook or as

normal windows.
Scenario Manager Shows or hides the Scenario Manager Window,
Output Shows or hides the Gutput Window,
New Text Window... Opens a new Text cutpat window
New Time Graph Opens a new Time Rejated cutput window
Window...
New Space Graph
Window...

Open Network Window

Opens a new Graph Related output window

Opens 4 new Network window

3.2.4 Project menu

The Project menu offers the following commands:

Properties... Sets the praperties of the Project.

3.2.5 Scenario menu

The Scenario menu offers the following commands:

Calculation Settings...
Description. ..
Properties. ..

Delete

Precipitation...
Evaparation...

Wind direction...
Wind velocity...

Schemes PLevel...

QH...
Q-Add...

Concentration..
Load...

Quality model b Edit...
Compile

Initial conditions...
Parameters...
External Variables...

Structure Control...

Sets the data controlling the calculation.
Edits the description of the Scenario.
Sets the properties of the Scenario,
[eletes the Scenario.

Edits precipitation parameters.

Edits evaporation parameters.

Edits wind direction parameters.

Edits wind velocity parameters.

Fdits all level boundary schemes.

Edits all QH-relation boundary schemes.
Edits all Q-Add boundary schemes.

Edits all concentration boundary schemes.
Edits all load boundary schemes.

Edits the Quality model.
Compiles the Quality model.

Sets the initial conditions for the Scenario
Sets the parameters for the Quality model.
Sets the external variables,

Sets the structure contrel for the Scenario.

User’s guide
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3.2.6 Calculation menu

The Calculation menu offers the following commands:

Update All Updautes the caleulaton,

Write DUFLOW files Writes only the DUFLOW files.

Run DUFLOW model Runs the DUFLOW model using the DUFLOW
tiles.

3.2.7 Options menu

The Options menu ofters the following commands

Customize, . Configures the DMS-window,

Settings... Sets the directories tor the presentalion scripts,

3.2.8 Window menu

The Window menu offers the following commands. which enable vou 10 arrange
multiple project windows in the Working spuce.

(ascade Arrunges windows inan overlapped fushion.
Tile Arranges windows i non-overlapped les.
Arrange Icons Arranges icans of mimmised windows,
Window 1,2, ... Activates the specilivd window,

3.2.9 Help menu

The Help menu offers the following commands. which provide you assistance
with DMS.
Help Topics Provides the tepics on which sou can get help.

About DMS_ .. Displays the version numher of AS,

3.3 Toolbars

The Duflow Madelling Studio distinguishes four toolbuars, The Standard.
Scenario and Window toolbar are displayed across the top of the DMS-window,
below the menu bac. The Palette toolbar is displayed next to the working space,
default on the right.

To hide or display a tealbur, choose Toolbar trem the View menu. To customize
atoolhar. choose Custamize trom the Options mieny.

3.3.1 Standard toolbar

The Standard toolbar offers the following commands:
Click To
D Crewte a new project.
Open an existing Project. DMS displays the Open dialog box. where you can
locate and open the desired tile.,

En;
g: Suve the active Project with ts current name: it you hiove not named the Project.
T DMS displays the Save As diddog box,
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Undo the last action.

Cut the selection.

Capy the selection.

Paste the selection.

Print the active document,

Display the version number of DMS.

Start the Help tool, the help file will be started automatically after a command is
clicked, The description of the chosen topic is shown.

Muodify the scripts for the presentation mode.

B
e
8
2
%)
"

3.3.2 Scenario toolbar
The Scenario tooibar offers the following commands:
Click To
Edit the properties of the netwark objects.
Edit precipitation parameters.
Edit evaporation parameters.
Edit wind direction parameters.
Edit wind velocily parameters.
Add your comments for the Scenaric.
Calculate the results of the active Scenario.

Show or hide the Scenario Manager window.

MASrERIRS &

Show or hide the Outpul window.,

3.3.3 Window toolbar

The Window toolbar offers the following commands:
Click To

Arrange windows 1 an overlapped fashion.

Arrange windows in non-averlapped tiles - horizontally.

Arrange windows in non-overlapped tiles - vertically.

Open a Text window.

Open a Time Related Graph window.

g Open a Space Related Graph window.
ﬁf Open a Network window,
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3.3.4 Palette toolbar

The Palette 1oolbar oifers the follawing commuands:

Click To
Select an object in the network.

Fan the entire network.

Show @ part ol the network i more detatl.

Show u larger part of the network.,

[l

Show the values tnthe graph at the pluce of the hudrline

Setthe Jayers ol the Network window.,

i

i

LR ORI O € B

Show the entire network,

Add 4 node 1o 1he network.

X 0@

Add a section to the network.

i
i

Add a discharpe point 1o the network,

Add i schematizanon point 1o the nepw ork.

T

Add an arci 1o the network

Add a ctoss-section 1w the network,

4o m

Add @ siphon to the network,

Add a culvert to the network.

Add a weir 1o the network.
Add a pump o the network.,

Add g generad structure to the network,

Edit the properties of the selected object,

Remove selected object from the network,

Setdisplay options of the Network window

Set the selection of the network ohjects

RERpg A0 v X2

3.4 Status Bar

O ol

The Status bar is displayed at the botom of the DMS window. To display or hide
the Status bar, use the Status Bar command in the View menu.

The Teft area of the Stnws bar describes actions of menu items as you use the
arrow keys to navigate through menus. Inw similar way the Status bar shows
messages that describe the actions of toolbar buttons as you move across them
with the mouse pointer, Release the mouse button while the pointer is off the
toolbar button if you do not want 1o execute the command,

The Status bar displays the position of the cursor in the nerwork. while moving
the carsor through the window.
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The right areas of the Status bar indicate which of the following keys are laiched
down:

Indicator  Description

AP The Caps Lock key is latched down.
NUM The Num Lock key is latched down,
SCRL The Scroll Lock key is latched down,

3.5 Scenario Manager window

The Scenario Manager window displays a project-tree for all opened Projects. To
display or hide all the Scenarios of the project ¢lick with the left mouse button on
the plus- or minus-sign before the Project name. To display or hide the subjects
of a Scenario click with the left mouse button on the plus- or minus-sign before
the Scenario name.

To display or hide the Scenarie Manager window, use the Scenario Manager
command in the View menu. To change the font of the Scenario Manager, ¢lick
on the right mouse button outside the project-tree.

3.6 Working space

3.6.1 Workbook

The working space can contain the Network window and Result windows of
different Project and Scenario’s. The Network Editor consists of the Network
window and the Paletie toolbar.

To open 4 window use one of the following commands in the View menu or
from the window toolbar:

Open Text window
B
@i Open Time Related Graph window

@ Open Space Related Graph window

ﬁ% Open Network window

Clicking the right-mouse button in the Scenario Manager after the selection of a
seenario displays a popup menu with the same commands.

To activate a window and bring it to the front use the command Window 1,2, ...
in the Window menu. When the windows are displayed in a workbook it is also
possible to activate a window by clicking on its tab. To display or hide a
workbook containing all the opened windows use the Workbook command.

Use the Workbook command to show windows as worksheets in a workbook or
as normal windows.

Command:
Menu: View - Workbhook. ..
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3.6.2 Arrange Windows

3.6.3 Tile Windows

3.6.4 Arrange Icons

Use the Cuscade Windoews command 10 arrange multiple opened windows in an
overlapped Fashion.

Command:

Menu: Window - Cascade

Toolhar: %

Use the Tike Windows command to vertically arrange mubtiple opencd windows
in i non-overlapped fashion,

Command:
Mo Windaw - Tile
Toolhar: m

To horizontally arrange multiple opened windows in o non-overlapped tashion
vou can use the following shorteut:

Toalbar: E

Use the Arrange lcons command 1o arrunge the icons of minimised windows at
the hottom of the mam window . 1 there oan open project window at the bottom
of the maim window some or all of the wcons may not be visikle because they
will he underneath the active window,

Command:

Menu: Window - Arrange leons

3.6.5 Activate Window

DMS displiays a st of opened windows at the bottom of the menu. A check mark
appears in front of the listed window name of the active window. Choose a
window trom this List to bring it to the front,

Command:

Menu: Window - Windows 1.2 ...

3.7 Output window

The progress of DMS-actions are displayed in the Quiput window. When errors
occur during these processes the error messages are also shown in this window.
Sometimes the error message will give on g clue hew 1o solve the problem that
caused the error. To display or hide the OQutput window - use the Output
conmnmand.
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3.8 DMS commands

In this paragraph all commands that can be used in all parts of DMS will be
described.

3.8.1 Undo last action

3.8.2 Cut Selection

3.8.3 Copy Selection

3.8.4 Paste Selection

Use this command to undo the last action. The changes in the Network window
will be visible after redrawing the Nerwork window.

Command:

Menu: Edit - Unde
Toolbar: :gg

Keys: CRTLA+Z

Use this command to cut the sclection or selected object(s). You can paste this
selection or selected object elsewhere by using the Paste command.

Command:

Menu: Edit - Cut
Toolbar: &é
Keys: CRTL+X

Use this command to copy the selection or selected object(s). You can paste this
selection or selected ohject elsewhere by using the Paste command.

Command:

Menu: Edit - Copy
Toolbar: E%M%J

Keys: CRTL+C

Use this command to paste the cut or copied selection or selected object(s).

Command:

Menu: Edit - Paste
Toolbar: %

Keys: CRTL+V
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3.8.5 Print

Use this commuand 1o print « document. This command presents o Print dialog

hos.

Command:

Muenu: File - Pro,

Tonlbar: é

Keys: CTRLA+P

3.8.6 Print dialog box

In this dialog hox ene of the following eptions can be chosen before the printing

SLarts:
Print Range

Prinl Quality

Print to File

Copies

Collate Copies

Printer

Related topics:

Prim

3.8.7 Print Preview

Specity the pages vou want to print.
All - prints the entire document.
Pages - prints the pages vou specits,

Choose the destred print quality.

Prines to @ file on the drive you speaty instead of
routing it directly to a printer, The Project print
cormmmands are stored moa 1ife sothat vou can prim
fromm another computer cwith the same printer driver
that docs not have DAMS installed,

When you choose the OK button, DMS displays a
dialog box tor specifyving a new filepame

Type the number of copies tor printing.

Organises pages when printing muttiple copies. DMS
prints a complete copy of the tirt documents before it
heginy to print the first page of the second document,
Select @ printer and a printer connection. You can also
cantrol default printer ~ettings for the selected printer.
See Print Set-up dialog box.

Lse this command to display the active view as it would appear when printed.
When choosing this commund, the main window will be replaced with a Print
Preview window in which one or two pages will be displayed in their printed

format.

The Print Preview toolbar provides options for viewing cither ane or twao pages
at a tine: moving hack and forth through the document: zooming i and out of
puges: and initialing a print joh,

Command:

Menu: File - Print Preview
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3.8.8 Print Setup

3.8.9 Help Topics

3.8.10 Context Help

3.8.11 About DMS

Use this command to select a primter and a printer connection. This command
presents 4 Print Setup dialog box, where you specify the printer and its
connection. You can also control default printer settings for the selected printer.
All options are printer specific,

Command:

Menu: File - Print Setup

Use this command to display the opening screen of DMS help. From the opening
screen you can jump to several DMS help topics.

Once you open Help, you can click the Contents button whenever you want to
return to the opening screen.

Command:

Menu: Help - Help Topics

Use the Context Help command to obtain help on some portion of DMS. When
you choose the Toolbar's Context Help button, the mouse pointer will change to
an arrow and gquestion mark. The Help topic will be displayed for the next
clicked item,

Command:
Toolbar: ﬁ
Keys: SHIFT+F1

Use this command 1o display the Copyright notice and version number of your
copy of DMS, in the About DMS dialog box.

Command;
Menu: Help - About DMS ..
Toolbar: &

3.8.12 About DMS dialog box

The About DMS dialog box contains the application name and logo, the DMS
version humber the Copyright statement. This dialog box also contains a link to
the homepage of the STOWA.

By clicking on the Modules... button DMS will show the Modules dialog box
with more detailed information about the installed modules.

Related topics:

About DMS
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3.8.13 Exit DMS

Use this commuand to end the DMS session. You can also use the Close commuand
on the application control menu. DMS prompts you to save projects with
unsaved changes.

Command:

Menu: File - Exn

Mouse: Click the application’s Exit button.
Keys: ALT+F3

3.9 Customizing

DMS

The Duflow Modelling Studio offers many commuands and features to change the
DMS-window to the preferences of the user.

3.9.1 Display or hide Toolbar

Lise the Display or hide Tooelbar command to display or hide a certain Toolbar. A
check mark appears next o the menu item when one or more Tootbars are
displayed.

Command:

Menu: View - Toolbar

3.9.2 Display or hide Status Bar

Lse the Display or hide Status Bar command o display or hide the Status Bar,
This bar displays the action o be executed by 1he selected menu item or pressed
toolbar button and the keyboard latch state. A check mark appears nest to the
menu item when the Status Bar is displayed.

Command:

Menu: View - Status Bar

3.9.3 Display or hide Scenario Manager

Use the Display or hide Scenario Manaper command to display or hide the
Scenario Manager Window, which contains the maodel data and one or more
Scenurio’s.

Command:
Menu: View - Scenario Manager

Toolbar: E

3.9.4 Display or hide Output

Use the Display or hide Gutput command to display or hide the Output Window,
which contains messages according the progress of the caleulation,
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Command:

Menu: View - Output

Toolbar: @

3.9.5 Customize toolbars, menu and windows

Use the Customize command to customize the styles, colors and other features in
the DMS windows. DMS will show the Customize dialog box.

Command:

Menu: Options - Customize. ..

3.9.6 Customize dialog box

Scenatio Manager
E it vimvs
Hetwaork

The Toothar tub offers the following aptions:
Toolhars Shows a fist of the available toolbars. To show or hide the
toolbar check the specified toolbar in the Tist.

Toolbar name Name of the toolbar, Only the name of user-defined
toolbars can be changed.

Show Tooltips By choosing this option a short description of the button
will be displuyed when the cursor is placed on the button,

Coul Look Cool locking huttons do not have a border above.

Large Buttons Use this option 10 increase the size of the buttons.

New or Delete Use the New or Delete button 1o add or remove toolbars.

Only user-defined toolbars may he removed,

On the Command tab the huttons of the commands belonging to the selected
category are displayed. By dragging a hutton to a toolbar the button is added to
the tooihar. By dragging it from the toothar the button will he removed from the
toolbar.

On the Tools tub new tool commands my be added to the Edit menu.

The Format tab offers options 1o customize the font and the color for each of the
DMS windows,
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3.9.7 Settings

Related topics:

Customize toolbars, menu and windows

Use the Settings command 10 set the Program Seltings such as the directories for
the Presentation Scripts. DMS will show the Program Settings dialog box.

Command:

Menu: Options - Settings. ..

3.9.8 Settings dialog box

3.9.9 Spiitter

Related topics:

Settings

The DMS-window 1 divided into the Scenario Manager window. the Working
space and the Outpn window.

The space relation between the three parts is influenced by the Splitter. This s
the horizontal or vertical bar between the parts. Moving the mouse above the bar
will change the mouse pointer, into a splitter icon. The bar is moved by dragging
the splitter icon.
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4. Scenario manager

4.1 Usage of the Scenario Manager

The Scenario Manager is there to manage all the data and information needed to
run various stmulation modet scenarios and to store and administrate all
scenario's which have been run. The scenario manager facilitates the user in
managing different input data within the same project. It also supervises over the
integrity of the data and makes it possible to quickly view and compare the
results of caleulations made with different input parameters.

The scenario manager has three main tasks:

e Facilitation of managing a project. A project consists of in- and
output data that belong together, This data is kept in the form of
files. A user can {requently alter certain parameters of the input
data to view the effects on the calculation results. The scenarnio
manager makes it possible to save an associated set of data together
45 ONe scenario.

e Supervision of the integrity of the data within the scenario. When
some of the input parameters of a scenario are altered by the user,
the data dependent on these parameters, such as the output results,
will nol contain the correct information. Within DMS, the user will
not be able to view this information in the form of tables or graphs
unless the information i1s updated by a new calculation.

s Managing the input parameters when using more than one scenario
within the same project. The scenario manager makes it possible to
casily combine input parameters from different scenarios. When
creating a new scenario, the user may decide to keep some of the
input the same the base scenario. On the other hand, it is also
possible to define a local copy of the input data for making
maodifications to the base scenario.

4.1.1 Managing scenarios

Within a project 1t 1s possible to define several scenarios. The first scenario
created by the user is automatically defined as the base scenario. Scenarios that
are created after this base scenario, automatically contain references to the base
scenario.

By adjusting the scenario propertics, the uscr can easily combine input data from
different scenarios.

The input data is divided into several subjects. For each subject the user can
choose to use the data from another scenario (reference) or to define a local copy
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and use this duta. In the Tatter case, the data s imitially copied trom the last
scengrio. which is referred to as the active scenario.

When using references 1o other scenarios, the data bs shared. Modityving the
shared data at one location, means that the data will be changed tor all scenarios
sharing this data.

The advantage of using references to data from other scenarios is the possibility
te change something in. for instance, the network of the base scenano and
subsequently caleulate the consequences for all scenarios that use the network of
the base scenario,

Related topics:

Seenario commands

Scenario Properties

4.2 Project commands

[r DMS a DUFLOW model 1y considered as « Project. To build a model in DMS
you huve 1o create o Project.

A Project consists of one or more Scenarios. The first Scenario is the base
Scenario. Every Project is stored inits own directory under the project name
given by the aser. The data of a Scenario is stored 1w sub directory of the
Project directory under the Scenario name as given by the user.

4.2.1 New Project

Lose this commuand 1o create u new Project in DMS. DMS will display the New
Project dialog box,

Command:
Menu: File - New
Mouse menu; Right mouse button in the Scenario Manager outside the

project-tree - New Project.

Toolbar: D

Keys: CTRI+N

4.2.2 New Project dialog box

In the New Project dialog box you can specity the Project name and first
Scenario name you wish to use inthe DMS project. All Project data tor reference
to data i files) can be stored ina Project File after choosing Suve in the File
menu.,

The selection of the location of the Project directory can be made after clicking
the Browse button behind the edi field. The displayed selection diglog is the
Browse for Folder dialog box,

You can open an existing Project File with the Open command.
Related topics:
New Project

Open Project
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4.2.3 Open Project

4.2.4 Close Project

4.2.5 Save Project

Use this command to open an existing Project file, Sclect the file in the File
Open dialog box.
The following options allow you 10 specify which file to open:

File Name Type or select the file you want to open. The listhox
lists files with the extension you select in the Files of
Type combohox.

Fites of Type Select the type of file you want to open,
* DMS is the extension for a Project file.
Look in Select the drive and directory in which DMS locates
the file that you want to open.
You can open multiple projects. Use the Window menu to switch among the
multiple open Projects,

You can create a new project with the New command.

Command:

Menu: File - Open...
Toolbar: ﬁ

Keys: CTRL+O

Use this command to close the Project. DMS suggests that you save changes to
your files before you closing the Project. Before ¢losing the Project without
saving, all changes made since the last save will be lost.

DMS prampts you to save Projects with unsaved changes. Before closing an
untitled Project, DMS displays the Save As dialog box and suggests that you
name the * DMS files.

Command:
Menu: File - Close
Mouse menu: Right mouse button in the Scenario Manager after the

sclection of a project - Close

Use this command to save the Project (*.DMS) files 10 its current name and path.
When saving the a Project for the first time, DMS will display the Save As
dialog box to name the file. When you want to change the nume and path of an
existing file before saving, choose the Save As command.

Command:
Menu: File - Save
Mouse menu: Right mouse button in the Scenario Manager after the

sclection of & project - Save

Toolbar: E

Keys: CTRLA+S
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4.2.6 Save Project As ...

L se this command 10 save and name the active Project (7.DMS) file. DMS
displays the Save As dialog box for naming your files. The following options
altow you to specity the name and location of the Project File you are about 10
SUVC.

File Name Type a new name o save the Project with a different
name. DMS udds the extension spectfied in the Save
as type hox (re. ¥ DMS
Save In Seleet the drive and direcory 1in which o store the
Project.

Save as type Select the type of tile ddepending on the contexts,

To save files with their exasting names and directornies, use the Save command.
Command:

Menu: File - Save as. ..

4.2.7 Import Files

Use this command wimpon a Project or Project files which were made in the
DS-version of DUFLOW or in RAM 1.0, DMS will show the Open file dialog
b,

To mmport o complete DUFLOW 2.04 or 2.05 project at ance select in the Open
dialog box the name ol the Project (7. PR file. Note that by importing files, all
currently defined network objects will be replaced or lost. DMS wall prompt you
to acknowledge this,

The following file-types are feasible:
DUFLOW Projects File #PRJ

File that contains a List of the tiles needed
toy run the complete DUFLOW model,

RAM Projects File * RAM File that continns o hist of the files needed

to run the complete RAM model.

Boundary Conditions Flow  ~.BND

File

Boundary Conditions T BNK
Quulity File

Initial Conditions Flow * BEG

File
Initia) Conditions Quality = BEK
File
Control Settings File “CTR

External Variables File *EXT

Node Settings File “L.AM
Naode File “NOD
Network File *NET
Parameters File “PRM

[n this 11le all houndary conditions related
16 the flow are stored,

o this file afl boundary conditions refated
to the quality are stored.

I this file all initial conditions related 1o
the flow ure stored

In this file all inttial condivaens refated o
the qulity are stored,

File that contains the mput data entered in

‘Control data”™.

En thas file all external variables of the
quality model are stored,

Custom RAM wettings are storee in this
file.

File that contans the position of nodes in
the network,

The nodes are connected through
network. The Network File contains the
network, and s geographical dispersion.

I this frle all purameters of the quality
moded are stored.

The displayed selection dialog 1s the same as the Open diglog box
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You can save the old Project as a new Project (#.DMS; file with the Save as

command.

Command:

Menu: File - Import...

TIP Before importing a *PRJ or a * NOD file make sure that the
co-ordinates in the nodes are not equal to zero. If so, all the
objects in the Network window will be positioned in one
place which makes it impossible to use the commands of
the Network window.

TIP Before importing a project file (+.PRJ) or flow boundary

file (* . BNI}) make sure that if more than one flow
boundary condition is defined on one node, every flow
haundary condition on that node has its own unigue
condition number. Otherwise only one flow boundary
condition for that node will be converted.

4.2.8 Project Properties

Use this command to set the properties of the project. After selecting this
command DMS will show the Project Properties dialog box.

Command:
Menu: Project - Properties. ..
Mouse menu: Right mouse button i the Scenario Manager window after the

selection of a project - Propertics. ..

4.2.9 Project Properties dialog box

In the Projects Properties dialog box it can be specified whether to use a
geographical background or not. To define the layers of the geographical
background use the Display Layers command.

Related topics:

Project Properties

4.2.10 Recently Opened Projects

Use the numbers and filenames listed at the bottom of the File menu to open one
of the last six closed Projects. Choose the Project you wish to open.

Command:

Menu: File - Recently Opened Projects 1,2,
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4.3 Scenario commands

A project contains at least ane Seenario. When new Scenarios are opened within
the same Project the data will be primarily based on this first Scenario.

4.3.1 New Scenario

Use this command 1o define more than one Scenario in a Project. DMS will show
the New Scenano dialog box o speaify the name of the Scenario,

Command:

Mouse menu: Right mause button in the Scenario Manager window atter the
selection of a project - New Scenario. .

4.3.2 New Scenario dialog box

In the New Scenarin dialog box you can specify the name of the new scenario,
[DMS will ereate @ new scenario directory in the project directory,

Related topics:

New Scenurio

4.3.3 Set as Active Scenario

Use this commund 10 se1 the selected Scenarto as active Scenario, Al comimands
activated thereafier will be executed for this Scenario,

Command:
Mouse menu: Right mouse button in the Scenario Manager window atter the
selection of a seenarie - Set as Actin e Seenario
Toolhar: lte:!B ‘Scenano ;J

4.3.4 Scenario Description

Use this command to add comments about a Scenano, DMS will show the
Scenario Description dialog box.

Command:
Menu: Scenuno - Deseripiion. .
Mouse menu: Right mouse button in the Scenario Manager window on

Deseription after the selection of a scenario - Edit...

Scen. Manager:  Double-click left mouse button on Deseription

Toolhar: b

4.3.5 Scenario Description dialog box

In the Scenario Description diglog box yvou cun add comments gbout the
seenario,

Related topics:

Scenano Description
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4.3.6 Scenario Properties

Use this command 16 set the propertics of the scenario. After the selection of this
command DMS will show the Scenario Properties dialog box

Command:
Menu: Scenario - Propertics. ..
Mouse menu: Right mouse button in the Scenario Manager window after the

selection of a scenario - Properties. ..
Related topics:
Scenario Properties dialog box (General
Scenario Properties dialog box (DUFLOW)

Scenario Properties dialog box (RAM)

4.3.7 Scenario Properties dialog box (General)

The Scenario may contain the input data itself or it may refer to input data of
another Scenario. In this dialog box a list of subjects 1s shown. Each subject
refers to certain types of data items, defined by the user. Next to each subject, the
user can choose the source of the data to be used for this Scenario. In the subjects
the following information about the model is stored:

Schematisation All data concemning the layout of the netwaork, such as
the length of the sections, as calculated by the network
editor.

Object data The properties of all objects defined in the network,
such as the cross sectional profiles and the structure
propertics.

Precipitation Precipitation data

Evaporation Evaporation data

QH, Qadd, Level, The values of the boundary schemes.

Concentration and

Load

Direction and The wind direction and wind velocity information.

Velocity

By default, DMS will refer to the first created Scenario (the base Scenario) for all
subjects. The user can refer to the source of another Scenario by clicking on the
arrow at the right side of the list. DMS will show a list of atl available Scenario
sources. Within this list, there is also the possibility to choose: ‘own data'. If this
1% chosen, the data for the given subject wil] be stored in this seenario directory
mnstead of another scenario directory. All changes made within the data contained
by the subject with ‘own data’ chosen will now only affect the current scenario.
The other Scenarios within the Project will remain unchanged.

Related topics:

Scenario Properties

Scenario Properties dislog box (DUFLOW)
Scenario Properties dialog box (RAM)
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4.3.8 Scenario Properties dialog box (DUFLOW)

Each Scenario registers several sets of data. Per set of data one may choose 1o
save the data in the own Scenano directory or recerve the data from another
Scenario directory, In this dialog box the filenames can be chosen with which the
simulation executable tedufloexer performs the calculanion,

Tor refer to data in another directory select the appropriate directory and click on
the urrow behimd the subpect. DMS will show a hist with availuble data files.

This dialog box also contains a list of DUFLOW specific subjects, EXT_VARS
contisns the information about the external variables QU ALMODEL contains all
duta concerning the Quidity Maodel and STRUCTOONTROL applics tor all data
defined by the controlling of structures,

Related topics:
Scenario Properties
Scenario Properties dialog box (General

Scenario Properties dialog box (RAM)

4.3.9 Scenario Properties dialog box (RAM)

[ake nthe General tab of the Scenario Properties dialog box this tab shows a list
ol the RAM specitic subject. The user can select the source from which the data
is (o be derived. LseaveDd refers to the schemes used tor the unpaved surface.

Related topics:
Scenurio Properties
Scenario Properties dialog box (General)

Scenario Propertes dialog box (DUFLOW),

4.3.10 Delete Scenario

Use this command to delete the Scenano. DMS will prompt vou 1o cither delete
the Scenario directory with all its contents (Yes), delete on only it is contents
{No) or do nothing (Cancel ).

Command:
Menu: Scenario - Delete
Mouse menu: Right mouse button in the Scenario Manager window after the

selection o a Scenario - Delete Scenario

4.3.11 Precipitation

Use this command ta set or modify the Precipittion time series. DMS will show
the Precipitation diclog box. The precipitation scheme is in fact o time series
scheme. [3MS therefore wses @ variation of the Modity Scheme dialog box 1o
modify the precipitation. The unit of precipiiation in DMS i~ mm/day.

Note that for RAM there s a difference in the DMS interpretation of the inserted
values, In e.g. w concentration scheme [DMS supposes a lineur relation between
two inserted time steps. For the precipitation in RAM the given values are
mterpreted as the vadues “up untif now™.
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. For example if entered in the dialog box:

Time Value
01:00 1)
03:00 300

The discharge or concentration at 02:00 1s equal to 200, the precipitation at 02:00
is however equal to 300

Command:
Menu: Scenario - Precipitation.
Mouse menu; Right mouse hutton in the Scenario Manager window on

Precipitation - Edit. ..

Scen. Manager:  Double-click left mouse button in the Scenario Manager
window on Precipitation.

Toolhar: w@j

® 4.3.12 Evaporation

Use this command to set or modity the Evaporation time series. DMS will show
the Evaporation dialog box. The evaporation scheme is in fact a time series
scheme. DMS therelore uses a variation of the Modify Scheme dialog box 1o
modify the evaporation. The unit of evapaoration in DMS is mm/day.

Note that for RAM there is a difference in the DMS interpretation of the inserted
values. In e.g. a concentration scheme DMS supposes a linear relation between
two inserted time steps. For the evaporation in RAM the given values are
interpreted as the values “up until now”.

For example if entered in the dialog box:

Time Value
0O1:00 100
03:00 300

The discharge or concentration at 02:00) is equal to 200}, the evaporation at (02:00
is however equal to 300

. Command:
Menu: Scenario - Evaporation. ..
Mouse menu: Right mouse button in the Scenario Manager window on

Evaporation - Edit. ..
Scen. Manager:  Double-click left mouse button in the Scenario Manager
window on Evaporation,

Toolbar; g;

4.3.13 Wind Direction

Use this command to set or modify the Wind Direction time series, DMS wiil
show the Wind Direction dialog box. The wind direction scheme is in fact a time
series scheme. DMS thercfore uses a variation of the Modify Scheme dialog box
to modify the wind direction. The wind direction is the angle measured
clockwise from the North. The unit of the winddirection in DMS is given in
degrees (360).
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Command;

Menu: Scenano - Wind Direction. .
Mouse menu: Right mouse bution i the Scenario Manager window on

Wind Direction - Edit. ..
Scen. Manager: Double-click left mouse button in the Scenario Manager
window on Wind Direction.

Tooibar: %

4.3.14 Wind Velocity

Lse this command 1o set or maodify the Wind Velocity time series, DMS will
show the Wind Velocity dialog box. The wind velocity scheme s in fact a time
series scheme, DMS therefore uses @ vanation of the Modity Scheme dialog box
1o maodity the wind vetocitv, The unit of wind velocity in DMS is migs,

Command:
Menu: Seenario - Wind Velocity
Mause menu: Right mouse button in the Scenario Manager window on

Wind Velocity - Edit, .

Scen. Managers Double-click left mouse button in the Scenarto Manager
window on Wind Velocity.

Toolbar: ”

4.3.15 Level Schemes

Use this command to set or modity the Level Schemes. DMS will show the
Select Level Scheme dindog boxc After the selection of a Level scheme you can
set, nport or modify Level time series in o vanation of the Modify Scheme
dradog box. The unit of level in DMS 16 m tmetresd.

Command:
Menue: Scenario - Schemes - Level .
Scen. Manager: Double-clhick feft mouse button in the Scenario Manager
wittdow on Level (Schemes.

4.3.16 QH Schemes

LUse this commend to set or modify the QH-relution Schemes - DMS will show
the Select QH Scheme diwdog box. After the selecuon of & QH scheme vou can
set, amport or modity QH-relation time scries in the Modity QH Scheme dialog
hox. The unit of discharge in DMS is m¥/s. of level is m rmetres.

Command:
Menu: Scenarie - Schemes - QH, .

Scen. Manager:  Double-chick leftmouse button i the Scenario Manager
window on QH tSchemesy,

4.3.17 Modify QH Scheme dialog box

A Q-H relanonship exists of @ number of sets including w vaiue for bath Level
(Hyand Dischurge Q) Per Level tH) a specitic value tor Discharge can be
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given, The Modify QH Scheme dialog box is used to add or modify these sets.
The sets will be sorted by Level automatically.

EXME

5 8604
91704980
$HENG00
10 600000

-1 098 GOO0N0
-1320.609000
-1576.000600
-1840.900000
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Modifying the values for Level and Discharge can be done by using the
following commands:

Insert
Remove

Seiect All

Import

Export

Related topics:

OQH Scheme

4.3.18 Q-Add Schemes

Use this command to set or modify the Q-Add Schemes. DMS will show the
Select Q-Add Scheme dialog box. After the selection of a Q-Add scheme you
can set, import or modify Q-Add tme series in a vanation of the Modify Scheme
dialog box. The unit of discharge in DMS is m'/s,

Command:

[nserts a new Hine (set) in the list.
Removes the highlighted lines from the iist.

Sefects all lines in the [ist so that they can be
manipuiated together.

Enuhles you to import a QH-relation from an
external ASCII file, saving you the trouble of
entering this data manually. The values for
Discharge and Level should be separated by a blank,
{Tab| or [Returnj.

Enahles you to expart a QH-relation ta an external
ASCH file.

Menu: Scenario - Schemes - Q-Add. ..

Scen. Manager:  Double-click left mouse button in the Scenario Manager
window on ()-Add (Schemes).

4.3.19 Concentration Schemes

Use this command to set or modify the Concentration Schemes. DMS will show
a variation of the Modify Collection of Schemes dialog box. After the selection
of a variahle DMS will show the Sclect Scheme dialog box. After the selection of
a Concentration scheme you can set, import or modify Concentration time series
ina variation of the Modify Scheme dialog box. DMS uses the following units
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for the predefined variables, the units of the state variables are defined by the
water guality model:

Variable Unit

Ammonium mg N/l

Nitriate myg N

Phosplior my/l
Command:

Menu: Scenario - Schemes - Concentration.

Scen. Manager: Double-chick Teft mouse button in the Scenario Manager
windaw on Concentration (Schemes .

4.3.20 Load Schemes

Use this commund to set or modily the Load Schemes, DMS will show
variation of the Maodity Collection of Schemes dialog box. After the selection of
a variable DMS will show the Select Scheme dialog box. Atter the selection of a
Load scheme you can set. impaort or modify Load time-series in a variation of the
Modity Scheme dialog box, IDDMS uses the tollowing units for the predefined
vartubles, the urnts of the state variables are defined by the water quality model:

Variable Unit

Ammoniuin 2 Nfsec

Nitrale £ N/see

Phosphor g/lsed
Command:

Menu; Seenario - Schemes - Load. ..

Scen. Manager: Double-click Teft mouse button m the Scenario Muanager
window on Load (Schemesy,

4.3.21 Edit Quality Model

Lse this command to edit the Quality model. The quality moedel is a text-file
containing the descriptions of the quality processes. The syntax of these
descriptions 1s explained in the Reference Manual, The name of the quality
madel deseripion file must be specified in the Caleulation Settings under the
DUFLOW tab. The gquality model deseription file has the extension . MOD.
Adter creation, it will be stored in the scenario directory.

It is also possible 1o ¢dir the yuality model deseription file with a ditferent editor

like Notepud or Wordpad. The quality model deseription Hile should always be
saved in text-format.

Command:
Menu: Scenario - Quality - Edit.
Maouse menu: Right mouse button in the Scenario Manager window on

Quality Maodel - Edit. ..

Seen. Manager:  Double-click left mouse button in the Scenario Manager
window on Quality Maodel.
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4.3.22 Compile Quality Model

Use this command to compile the Quality model. DUPROL compiles the process
descriptions of the * MOD file and generates a quality mode! output file which
¢an be read by the DUFLOW caleulation process, The name of the quality output
file must be specified in the Calculation Settings under the DUFLOW tab, The
quality mode!l output file has the extension *. MOB.

Compiling the quality model will not change the values of the parameters or the
initial values of the variables.

Command:
Menu; Scenario - Quality - Compile.
Mouse menu: Right mouse bution in the Scenario Manager window on
Quality Model after the selection of a scenario - Compile.
Tip Before compiling make sure that the quality model is closed

with an empty line at the bottom, otherwise DUPROL will not
be able 10 compile the file correctly.

4.3.23 Initial Conditions

Use this command to set or modify the Inittal Conditions of all the objects in the
active scenario, DMS will show the Initial Conditions dialog box.

It is also possible to start the Initial Conditions command in the Object Properties
dialog box on the DUFLOW tab, DMS will show the Initial Conditions dialog
box (object oriented) with the injtial conditions of the selected ohject.

When you have completed a DUFLOW calculation you can also re-initialize the
Initial Conditions using the New Initial Conditions command.

Command:
Menu: Scenario - [nitial Conditions. ..
Mouse menu: Right mouse button in the Scenario Manager window on

Initial Conditions - Edit. ..
Scen. Manager:  Double-click feft mousce button in the Scenario Manager
window on Initial Conditions.

Tip The new injtial conditions dialog hox can also be used in case
of modelling dredging operations, Calculate first your model
before dredging, then change the initial conditions and the state
variables of the bottom and calculate the dredged situation.

Related topics:

New Initial Conditions
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4.3.24 Initial Conditions dialog box
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[se the Set Column... buiton 1o change the initiad values for all objects to the
same value, DMS will open the Set Column dialog box. Using the Defaults
button sets the initial vaiues for discharge and level 1o zero, Quality variables
will be set 1o the detault value as defined inthe quality model description file.

Related topics:

Ininal Conditions

New Tntial Conditions

4.3.25 Set Column dialog bax

In the Set Column dialog box the nitial values for all obsects for one column can
be chunged to the same value. In this dialog box you can select the column of
which you want to change the initial values and enter the a new initial value for
all ohjects.

Related topics:

[nital Condition

Initad Conditions dialog hox

4.3.26 New Initial Conditions

When you have completed o DUFLOW calculation you cun also re-initialize the
Initiad Conditions using the New Inital Conditions commuand. DMS will show
the New Inttial Conditions dialog box.

Command:

Motse menu: Right mouse button in the Scenario Manager window on
Tnitiad Condimons - New Initial Conditions.

Related topics:

Innial Conditions

4.3.27 New Initial Conditions dialog box

In the New Initinl Conditions dialog box you can specity the duta which will he
used to reanitiabize the Imual Conditions,
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DMS will preseni the start date and time of the earlier calculation, this is never

Select a date and time of a stable situation in the earlier calculation. Default
the most stable situation !

The data will he read from the carlier calculation. To re-initialize the initial
conditions for tlow ar for quality mark the appropriate checkbox.

New [nitial Conditions

Related topics

4.3.28 Parameters

guality model description file. The initial values are copied by DMS from the

Use this command to madify the values of the parameters as defined in the
guality model description file. DMS will show the Parameters dialog box.

Command

Scenario - Parameters ..

Menu:

Right mouse button in the Scenario Manager window on

Parameters - Edit. ..

Mouse menus

Double-click left mouse button in the Scenario Manager

window on Parameters,

Scen. Manager:

4.3.29 Parameters dialog box

The Parumeters dialog box contains a table of parameters declared in the Quality

Muodel description file. By changin

¢ value of a parameter the Quality Model

faults button to change the value in the default

o th

e calibrated. Use the De

values. The default values are defin

can b

ed in the Quality Modet description file.

Related topics

Parameters

bles

1a

4.3.30 External Var

and to set or modify th

ation of th

selection of a External Variable

After the sel

External Variubles schemes, DMS will

ollection of Schemes dialog box, After the

[

Use this comm

show

C

vari

a

e Modify

S will show the Select Scheme dialog box.

DM

cetion of an External Variable scheme you can set, import or modify

time series in a variation of the Modify Scheme dialog box.

able

External Vari
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[t 1s also possible w start the External Vanabies command in the Object
Properties dialop box on the DUFLOW b, DMS will show the External
Variables dialog box tohject orientedy with the selected schemes for the External
Vartables of the selected object.

Note that the dispersion coctficient 1s also considered 1o be an external variable
although it 1s not declared in the Quatity Maode! description file,

Command:
Menu: Scenario - External Variables.
Mause menu: Right mouse button mn the Scenario Manager window on

Externad Variabtes - Bdic
Scen. Manager: Daouble-chek eft mousce button in the Scenario Manager

window on External Variables - Edit. .

You can alsa an external vartahle seheme to all ohjects by using the Connect Tao
Al comimand;

Command:

Scen. Manager:  Double-click Teft mouse button in the Scenario Manager
window on External Vartables - Connect to all ohjects,

4.3.31 Structure Control

Use this command to set or modify a Structure Operation. DMS will show the
Structure Control dizlog box. After the selection of a Structure Operation you
can set. mmport or modity Structure Operation tme series.

Command:
Menu: Scenario - Structure Control
Mouse menu: Right mouse buttan i the Scenario Manager window on

Structure Control - Edn. ..

Scen. Manager: Double-click lelt mouse button in the Scenario Manager
window on Structure Control.

4.3.32 Structure Control dialog box

The Structure Control dialog box contains an overview of the defined Structure
Operations,

. Structure Operagians:
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Use the Add... or Maodify... button to describe o new Structure Operation or to
modify one. DMS will open the Structure Operation dialog box,
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In the Structure Operation dialog box the specifications of structure operations

Structure Operation dialog hox
can be entered.

Related topics

Structure Control

4.3.33 Structure Operation dialog box
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conditions’,

of more than one Trigger senies. The

number of operations times and the
operation’ may have up to 99 'trigger

vartation of one Parameter in one or
more structures depending on actual
Conditions. A 'scenario’ may consists

The operation will he executed
during the entire peniod of the
hydraulic conditions, called Trigger
number of structures per operation
may not exceed 16, Each ‘structure

calculation,
A “scenario’ that describes the

¢ structuref(s), Take care that the Operational
r has @ meaning for the given structure(s) (e.g.

he parameter of the structure that will be affected hy
do not change the sill level of 4 pumpy.

ccify th

this structure operation. Note that carlier parameter
Ararmeie

values are averwritten.

Sp

Continuous
Trigger
series

—[.
[).

1on

pe of operat
cture

ontinuous Operations can be specified by entering a time series for the

(Operational parameter
specified Operational Parameter.

Ty
Stru

Defining the structure operations can be done by entering the following

individual specifications:

Continuous Operations

C

User's guide




Trigger Series

Trigger series can be build from mdividual triggers using the follow ing buttons:

Insert hefore Tnserts o new trigger betore the firghtighted tne in
the list.

Insert after Tiserts a new trigger alter the highlighted Line in the
st

Delete Remaoves the selected trigeer from the Bist

Up Moyves the selected tripger one position up in it

Down Muoves the selected ingger one postion down i list.

A Trigper itselt can be specitied by the one of the tollowing Tvpe of Trigger
Conditions:

Time After the specitiod time has passed the nest rigger s
checked. It atthat moment the new condition i« met.
s activated mmnediatedy .

H2 - HI+ AN Operational Paramwrer j executed i the Tevel anthe
end node is higher than the fevel at begin node plus
an merement AH,

The valuetsy of the Operationat Pirameter must be
specificd by a tinieseries,

HI1 = H2+ AH Operanonal Parameter is cxeouted of the Jevel ot
begin node is higher than the Tevel at end node ples
ancincrenicnt Af
The valueis) of the Operational Parameter must be
specthied by a tuneseries,

Hnode > Htrig Orperational Parameter s oxsecuted of the levelaty
node somewhere m the network (Trigger node) iy
higher than w specitied level drigper fevely
e valuetsy of the Operational Paramicter must be
specified by a imesernes,

Hnode < Htrig Operational Paramicter is excouted i the level ata
node sornew here i the network (Trigper nodey iy
lower than a specthied Tevel dTngeer lesels,

The valuetsy ol the Operatonal Parameter must be
specitivd by a thneseries,

Copy A Trigger Condinon which already has heen
specitied can b repeated by cridering its serid
riunther

The Operational Parameter will change according to the entered time series. The
ferst vadue will be assigned immediately after the condinion s et The last value
will be kept untif the next condition (s met.

If the next trngyer condition is met before the end ot this time series then the new
condition averrules the old one,

Related topics:

Structure Control

Structure Control dinloy box

4.4 Schemes and time series

Much of the data in DMS 15 stored i schemes, Using schenies makes it casy 1o
add or modify data without overwriting the old data, Schomes can be connected
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. to Network objects. The properties of an object can be changed just by
connecting another scheme. [t s also possible to change the properties of several
objects which use the same scheme by moditying the values of that scheme.

The selection of the connected scheme takes place in the Select Scheme dialog
box. After the selection of a scheme it is possible to modify the scheme in the
Maodify Scheme dialog box. This dialog box will also be shown when a new
scheme is added.

Maost schemes contain different kinds of time series. A time series contains a
series of values for 4 time dependent variable or parameter. Time series are
inserted by the users or can be imported from an existing ASCII-file.

4.4.1 Modify Collection of Schemes dialog box

After selecting a variable in the Modify Collection of Schemes dialog box and
pressing the Modify. . button DMS will show the Select Scheme dialog box for
the selected variable,

. 4.4.2 Select Scheme dialog box

Properties describing the data are grouped in a scherne. All available schemes are
shown in the fist in the Select Scheme dialog box.

The following butions are available in the Select Scheme dialog box:
Add, Modify Schemes can be added or modified by using the
appropriate button. Modify will show the Modify
Scheme dialog box with the existing scheme values.
. Add will show the same dialog box with empty
values/hields.

Copy Copies the selected schemes in the listhox (o make
small alierations without changing the original. The
copied scheme has the same name plus an added

number.

Delete Deletes the selected scheme.

View Use Opens the Scheme Usage dialog box with an
overview of the objects which use the selected
scheme.

4.4.3 Scheme Usage dialog box

The Scheme Usage dialog box displays an overview of all objects which use the
selected scheme.

Related topics:

Select Scheme dialog hox

User’'s guide Scenario manager « 61



4.4.4 Modify Scheme dialog box (time series)

Many schemes are in fact ume senes schemes. Per date and ume a specific value

can be ziven. The Modity Scheme dialog box is ulso used 1o modify time series.

Name: i', _anHnl

Tune Sanes

Type' non equidistant

24:00:00 [Modrty
“ {mport. i
KA Incert Before ‘
Exgont

Insen Afier I
Help |

Shift..
Bemove

Setect All I

~ Qpan Enting

€595 0
EEAR LN
LE14LAG
A6 il lj

Yalue

Date Tune

H [ mifs

A tane series can be constant, equidistant (all vidues sepurated by an equal 1ime
stepy. or non-cquidistant (the time between values differr. When switching from
non-cquidistant 10 cquidistant date and time. the vadoe s changed to it this
cyurdistant requicenient. s also possible to formualate the tine scheme as a

FFourier series.

The time series options can be set i the Modify Time Series Settings dialog box,
after clicking the Modify... button.

Maodifying the values or the time at which they oceur is done using the following

command:

Insert hefore

Insert alter

Shitft

Remove

Select All

Open ending

Import

Inserts anew value bused on the step size betore the
highhghted Tine i thie Tisa

Inserts anew valoe based on the step size after the
Fighlighted Tine o the hist

Shitts the highlighted Times i the hist using the Shift
Values dialog box i thes diadog box s also
possible to alter the start dide and time of the
stnudatio,

I an eyuidistuant tme series the Shilt sulues option
can only be used ot all values are selected, The series
st remanm complete. Lel there must be a value for
cvery tme step. Shittog vidues to another date. and
thereby breakine the time cham s not atlowed

Removes the mghhghied lines from the hist,

Seleets all lines i the Tist so that they can be
manipulated wpether

The scheme covers a cortan periexd, In the Model
Caleutations Setunys didlog bov) a caleulation
peniod s defined. The coleulation perniod may be
longer than the period of the schemie.

The open ending option completes the ~scheme twith
the lust value of the sehermne o titto the length of o
(longery caleulation ~schenme.

Enahles vou to imiport a time series file from an
external ASCH ile. saving vou the trouble of
entering this data manually. The Torma for the date
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is Jjij-mm-dd or jjjj/mm/dd, the format for the time is

hh:mm:ss.
Twar types of data files can

Equidistant time series:

be read:

A record of the data file contains only one variable
value. The file itself may be of a free format, values
can he separated by a blank, [Tah] or [Return]. After
importing the file the "Start date”, "Start time” and

“Interval” must be specifiec

1. These items thercfore

must not be stored 1 the external file. The defavh

vislues are equal to the defal

ult format in the Model

Time Series Settings dialog hox.

Non equidistant time series:
A record of the data file must contain date, time and

actual value. During the im

port the data will he

written to a DUFLOW input file. When later on,
changes dare made in the ASCII file, the DUFLOW
input file will not be updated.

Export Enables you 1o export 4 ime seriess to an external

ASCIH file.
Related topics:

Select Schemie dizlog box

4.4.5 Modity Time series Settings dialog box

The Modify Time series dialog box enables you to change the properties of a

time series.

DMS supports the following possihilities for entering time dependent functions:

Constant

The input variable is constant in time.

Fourier Series

The input variable can he formulated as a Fourier series.

V=¥ 42y, cos(kerr - b, )
i

X ?

360
0=—
Py
¥, Value at time {.
Y, Meun value.
¥, Amplitude of k™ compoenent.
k Component number.
N Number of componenis.
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P Cycle irst component.

o Frequency
! Tune
Co .
b, Phase of kK™ compoenent ¢in degrees)

Equidistant Time serie-
An cquidistant tme series which covers the entire simulatuon period plus one

“Time step Quality ™

Non-equidistant Time series

A nen-eguidistant time series needs to cover the entire simulation period,
Numerical values should be entered Tor date. time and actual value. The values
used by DUFLOW will be caleulated by means of hinear interpolation.

Whenever you change these settings and press QK. DMS will ask vou to confirm
the conversion.

Related topics:

Maodity Time series Sethings dwadog box

4.4.6 Shift Values dialog box

To shift an existing value to @ new date, use this dialog box,

& Backin Time _Concd |
€ Fowadin Time -t |
. “Time Step Size .
B
phmmss [Go0000 =]
{7 Set New Stat Date & Time

Choose whether the value has to go forward or backw ard in time. specify the
day, hour. minutes and seconds of the shift or set o new start date and ume of the
HIme series,

Related topics:

Madily Scheme dialog hox
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5. Network Editor

5.1 Usage of the Network Editor

The Network Editor 15 a graphical editor that enables you to interactively draw
the network schematization. The desired object (e.g, a nodej can easily be
selected from the Paletie toolbar, The mouse is used to place the object in the
network window. This Network Editor 1s based on the standard exchange format,
which has consequences for the way in which the network is set up.

In the standard exchange format, 4 schematization is built up of nodes and
sections,

s Nodes are points at which one or more sections arise or end.
e A section connects two nodes,
The following quantities can be defined on a section;

e Structures
such as weirs, culverts, siphons, pumps and general structures like
underflows.

& Arca points
In area points the drainage from the areas ¢due to rainfall} and
evaporation is taken into account for the surface water.

*  Discharge points
These points take waste loads at the surface water into account.

*  Cross-sectional data
such as resistance coefficients and cross sectional profile.

e Schematization points
In these points the results of the caleulations are recorded. Area and
Discharge points are attached on schematization points. On a
schematization point one or more arcas and discharges may be
defined.

The schematization is set up and adjosted by selecting and dragging the objects
into the Network window,

In DMS5S nodes are defined at the beginning and end of a section and in situations
where three or more sections meet. A section is defined between two nodes and
schematization points and calculation points are defined on the section. If the
user wishes 1o receive outpul on certain locations on the section schematization
points can be placed on the section.

The network is converted to o 'DUFLOW' network by substituting the nodes and

schematization and calculation peints into DUFLOW nodes and converting the
DM section into several DUFLOW sections. The user can define the distance
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berween 1wo output nodes, which leads 1o the Tact that after conversien of the .
network, the DMS section s divided into DUTFLOW secuons of these lengths.

By selecting objects in the Network window . one can activate the Object
Properties diadog box. where the properties of these objects can be modified.
Cross-sections can be applied on miscellaneous places on the section. The cross
sectional profile over the entire section ts default interpolated over the cross-

sections inserted hy the user. Fach section must contain al least one cross
sectional prohle,

5.1.1 Open Network Window

t. a0 the Open Network Window command to display the network, DMS will
opent the Network window . To open a Netwark window o project must be

opened,

Command:

Memi: View - Open Network Window,

Mouse menu: Kight mouse button in the Scenario Manager window after the

selection of a seenario - Open Netwaork Window, .

Tuolhar: E

5.2 Network Objects

The Network window shows the schematizanion ot the waterways. The
schematization ts buillt by using Network Editor, A schematization consists of
objects, These ohjects can be dragged from the Pulette toolbar into the Network
window. The Palette 1oolbar offers the following aobjects:

_. Nude

RN

Section

2 Schematization point

Bisvcharpe ponn

Area .
Cross-seciinn

Siphon

Cladvert

Weir

Pup

Cienera] structure

BilevI)]d4m

Madifving properties of the ohjects is done i the Object Properties dialog box.

5.2.1 Node

Nodes are points from which one or more sections arise or end.

Symbauol;
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5.2.2 Section

The following properties can be described:

General
D
Name

X-coordinate

Y-coordinate

Boundary Conditions

Duflow

Initial Conditions

External Variables

RAM

[dentitication code of the node.
Name of the node.

The X-coordinate of the node is calculated by fm]
DMS based. on the position of the node in the
Network window. By entering a check mark

behind the field the user can override the value
calculated by DMS.

The Y-coordinate of the node is calculated by Imj
DMS based on the position of the node in the

Network window. By entering a check mark

behind the ficld the user can override the value
caleulated by DMS,

After the selection of the Boundary
Conditions... button DMS will show the
Boundary Conditions dialog box. This dialog
hox gives an overview of the selected schemes
defining the houndary conditions, By cheking on
the arrow behind the scheme-name a list with the
available schemes will be displayed. Use the
[...] button o open the Select Scheme dialog
hox to add or modify schemes.

After the sclection of the Initial Conditions...
hutton DMS will show the Initial Conditions
dialog hox with the initial conditions for
discharge, level and all state variables declared
in the Quality model.

Lise the Defaults button to set the value of
thscharge and flow equal 1o zero and the value of
the state variables to the detault values declared
in the Quality Maodel description file.

After the selection of the External Variubles...
button DMS will show the External Variables
dialog box. This dialog box gives an overview of
the selected schemes for the dispersion and the
other external variables declared in the Quality
model. By clicking on the arrow behind the
scheme-name a list with the available schemes
will be displayed. Use the [L..] hutton o open
the Select Scheme dialog box to add or modify
schemes.

No RAM specific data can be defined.

A section connects two nodes.

Symbol:

~X

The following properties can be described:

General
1)
Name

Length

Identification code of the section.
Name of the section.

The length of the section is calculated by DMS {m)|
hased on the length of the section in the Network
window. By entering a check mark behind the
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ficld the user can override the value caleulated

by DMS,
Duflow

AMinimum Length It the length of the section i~ shorter than the jm|
Minimum length of the seenons DMS will
consider the length of the section w he cqual o
seto, Inthe cateulvnion the begin- und end node
ol the section will be considered as e node,

Maximum Length [§ the length of the seotion i~ longer than the [m]
Maximum length ot the section. DMS will define
Culculaton pomis on the seetion. The length ol
the part of the section befween tao calculation
points will never exceed this maxamum length.
Hy changing the meamum length, the user can
manipulute the space step i Uie caleulation,
Output s availible on caloulation ponts,
Caleulation pomts will be visihlen the Nerwork
window as grey dumonds atier the Caleubute
command is given. The Caleulution points will
disappear by the Cleanup Network commumd,

Interpolate € ross-section By choosing this option DMS wallinterpolate

data the Cross-sectuonad dali betseen the Cross-
sections, msented on this section, The Cross-
sectton daticob the part of b section between o
node and the nearest detined Cross-section iy
adways equal 1o the data of that Cross-ection.

If this option i~ not cheched. DAMS will consider
the Cross-sectonal datia oser o section to be
constant until the nestnserted Cross-sectien,
when moving m the positive direction of the
section.

Note that the botom level s part of the Cross-
seetion datis it will hosaever alwan s he
interpolated butween teo Cross Sections,

Wind Conversion factor Wind conversion coctlicient = 107 Detault [-}
vabue is 36 Shelering trom the wind by dikes.
huildings ete. cart be simuated by speaifying @
lower value.

Generate OQutput data Choosing this option will generate output tor this
section. By detandt this option wali he checked.

Add to Maonitoring file Choosmy this option sall write the output for
this section t the Monitorine-tile. The
Monttoring file has the extension = MON,

RAM Na RAM speaitic dida can be detimed

5.2.3 Schematization point
Schematization points are extra points on a scection used by the NS caiculation
and on which output can be generated. On i schematization point one or more
arcas and discharge points may be defined.

>
Symbaol):
The following properties can be described:
General
In Llentitication code ot the schematization point
Nume Nane of the schematization point
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Section ID 11> of the section <n which the schemaltization
point 1s defined,

X-coordinate The X-coordinate of the schematization pointis — [m]
caleulated by DMS, based on the position of the
schematization paint in the Network window. By
entering a check mark behind the field the user
can override the value calculated by DMS,

Y-coordinate The Y-coordinate of the schematization pointis  [m]
calculated by DMS. baused on the position of the
schematization puint in the Network window. By
entering a check mark behind the field the user
can override the value calculated by DMS.

Distance The distance from the begin node of the section |m]}
until the schematization point is calculated by
DMS, hased on the positions of the node and the
schematization peint in the Network window. By
entering a check mark hehind the fiedd the user
can override the value of DMS,

DUFLOW

Initial Conditions After the selection of the Initial Conditions. ..
button DMS will show the Ininial Conditions
dialng bux with the initial conditions for
discharge, level and all state variables declared
in the Quality model.

Use the Defaults button to et the value of
discharge and flow egual 1o zero and the value of
the state variables to the default values declared
in the Quality Model description file.

External Variables After the selection of the External Variables...
button DMS will show the External Variahles
diafog hox. This dialog box gives an overview of
the selected schemes for the dispersion and the
other external variables declared in the Quality
model. By clicking on the arrow hehind the
scheme-name a bist with the available schemes
will be displayed. Use the [} button to open
the Select Scheme dizlog hox 1o add or modify
schemes.

RAM No RAM specitfic data can he defined

5.2.4 Discharge point

On Bischarge points discharge in or out of the Network or waste loads at the
surface water into the Network can be taken into account. Discharge points must
always be attached to a Schematization point It is possible o attach more than
one Discharge point to the same Schematization point.

Symbol
The following properties can be described:
General
Ib Identification code of the Discharge point
Name Nume of the Discharge point
Schematization point 11D 1 of the Schematization point on which the

discharge point is attached. At this
Schematization point the discharge into the
network will be taken into account.
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Boundary Conditions

Duflow
RAM

5.2.5 Area

After the selection of the Boundary Conditions
button DMS will show the Boundary Conditions
dialog box This dialog hos oives anovervicw ol

the selected schemes which continn the boundary
conditions. By clichimg onthe arrow behind the
sehetne-name listwith the asalable schemes will
be displayed. Use the {L..] button to open the
select Scheme diddog hoa to add or modify

schemes,

No Duflow speatic data cun be detined

N RAN specibie data can be detimed

[ Arca points the dradnage from the arcas into the surtace water.fdue 1o rainfall)
is tuken mto account. Arcas must always be attached 1w o Schematization point. It
is possible to attach more than one Area to the same Schenatization point.

Syinbol: o

The tollowing propertics can he deseribed:

General
I
Name

Schematization point

Surfuace
RAM
Duflow

Identificaton cade of the objeat

Nanice of the object

11> of the schematization pomt onwhich the area

1w altached, At this schematization pomt the
discharge of the area mto the network is tuken

into account.
Total surtace ol the urcu
See deseription helow

No Dutlow specitic data can be detined

The RAM speaific properties are displayed as follows:

Object propetties

Geneil RAM | Dufiow |
- Dhsects to Change:
[ SPAREO0000 :_|
Categories Category - Unpaved Surfacs Settings
' B [} |1 .
o SR
5 Imaxt [ren/day} a ,
rea
 lopen -uifare) ik} 0 Ksudace [day] 1
) |paved and “ever udace .
FO {mm} 2 Kauick [dav} 1
i eepane
P‘frisrru:-r‘:urgr j F2 [ment 1 Kelow [dav
Hiez F4.2 fmen} 0 Buowlt 05
P gk .
Poercmax {mm/dagf 0
Used Modet 7 N ash cascades {1 sow 1 quick
contaneis)
Cancel | Hew |

[m" |
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The following categories of properties are modifiable, the properties {and the
dialog) change when a new category is selected:

Icon Category

@‘ﬂ Area
by

Open
surface

Paved
surfuce

Properties

Total arca Precipitation collection area. [hal

% QOpen Percentage of the total area that consists of
surface water. ||

% Paved Percentage consisting of (fast spouting)
paved surface. [-]

% Unpaved Percentage of the arca used as farmland (the
precipitation s flowing away slowly). [-]

% Sewer Sewer, used in the catculations. [-)

k Time constant, reservoir separaled sewer
system [day]

f Crop factor Makkink [-]

ks Time constant, reservolr separated sewer
systemn [day|

kp Time constant reservoir paved surface [day|

Note: For the crop factor Makkink (f) the
open surface value is also used for paved

surface,

Unpaved
ﬁ surface
I Seepage

Ammonium

Nitrate

Phosphor

Bmax Maximum storage in surface depressions.
[mm]
Surface type Surface Type and its contents are set in the

Select Unpaved Surface Scheme dialog box
¢ Vertical hydraulic resistance of covering
layer. |day|
DH Hydrautic head difference covering layer
and water transporting package. [m]

Concentration schemes for:
Cipen Waler

Paved Surface

Unpaved Surtace (Qpen)
Unpaved Surface (Slow)
Unpaved Surface (Fast)
Seepage
Concenteation schemes for:
Open Water

Paved Surface

Inpaved Surface (Open)
Unpaved Surface (Slow)
Unpaved Surface (Fast)
Seepage

N Nitrate concentration

Concentration schemes for:
Open Water

Paved Surlace

Unpaved Surface (Open)
Unpaved Surface (Slow)
Unpaved Surface {Fast)
Seepage.

Concentration schemes are selected in the Select Concentration Scheme dialog
box which 15 a variation of the Modify Scheme dialog box.
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5.2.6 Cross-section

Swiface Type:

Gereraf Altributes

imas frem/day) i
1 T
FQ [roen} [
F2 [rea} I
F4.2 [men} f
Boeicmax [mm/dag) [0
Kegtoce [} T
Kauack [day} TR
K.show [daw) ﬁ‘m

Bstow [} 0%

Cocel |
Hebl
Scenario

& 2 Nash-Cascades
Numbes of Aeservors:

"
Quick: f
" NashCascade/

Krayenhboff van de Lew
Kumber of Fleservors:

Sow®™r i
GuekKE i

Heading
Surfuce
Fype
Generyl [t
Attributes
f
)
I3
142
Pperamas
Kuurface
Kiust
Kol
13
Scenario

Madily Scheme dinlog box.

Scheme name.

Infiltration capucity . [rmimdday |

Croptactor Mukkink. |-]

Moisture storage at pl- =10, {mm]
Moisture storage st pb = 20 [min]

Moisture storage at pb= 4.2 fmm|

Propertics describing the unpaved surface are grouped in an Unpaved Surface

scheme. The schemes facilitate the use of predetined data and the use of schemes
from other projects. Atter selecung an Lnpaved Surface scheme DMS will show
the Unpaved Surface scttings dialog hox.

Unpaved Swsface Setings
—

In the Unpaved surfuce dialog box the following parameters can be described:
Properties Explanation

Pereolation to suturated zone between pF =6Oenplk =2

Imaxinui ), [mmiday |

Time constant reservoir ubpuved surtace [dav

Tame constant tast eronndwater discharge. [day|

Time constuant slow proundwater dischurge, [day

Distribution formula tust and slow groundw ater

discharge. [-]

Select the Nush-cuscade or the Kravenhiott vd Leur scenanio and the
number of reservorrs o represent the discharpe.

Propertics deseribing the concentration are grouped in a Concentration scheme
which is in fact aotime series scheme. DMS theretore uses s vanation of the

Cross sectons contan Cross-sectional data such as resistance coctticients and
cross sectional profiles, Cross-sections must be defined on o section.

Symbaol:
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The foilowing properties can be described:
General
I Identification code of the Crass-section,
Name Name of the Cross-section

Section I [D of the scction on which the cross-section is
detined.

X-coordinate The X-coordinale of the cross-section 15 [m]
culeulated by DMS, based on the position of the
cross-section in the Network window. By
entering a check mark behind the field the user
can override the value calculated by DMS.

Y-coordinate The Y-coordinate of the cross-section is [m|
calculated by DMS, based on the position of the
cross-section in the Network window. By
entering a check mark behind the field the user
can override the vilue calculated by DMS.

Distance The distance from the begin node of the section  [m|
until the Cross-section is calculated by DMS,
hased on the positions of the begin node and the
Cross-section in the Network window. By
entering a check mark hehind the field the user
can override the value caleulated by DMS.

Scheme Name of the Cross-section scheme. See helow

Duflow

Resistance positive If in the Calculation Settings De Chézy as [m'fs) or
direction Resistance Formula is specified, the value s [mzﬂ,’s] (K)
cqual o the Chézy-coefficient in positive
direction (from begin node 1w end node). 1f
Munning is specified, the value is equal to the
coefficient K in the formula of Manning
(v=K*R¥ 17 ) in positive direction.
Resistance negative I in the Caleulation Settings De Chérzy as [m”3/s] or
direction Resistance Formulais specified, the value is [m*s] (K
cquil to the Chézy-coefficient in negative
direction (frem end node 10 begin node). If
Manning is specifted, the value bs cqual to the
coefficient K in the formula of Manning
fv=K*R¥1'?  in negative direction.

RAM No RAM specific data can be defined

Properties describing the Cross-section are grouped in a Cross-section scheme.
The schemes facilitate the use of predefined data and the use of schemes from
other scenarios, After selecting a Cross-section scheme DMS will show the
Cross-section dialog box.
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5.2.7 Cross Section dialog box

Name: i&lbui
Type: I Lire v i

Reference Level fm]: !ﬁ———
] 2

Floor Height (m}:
Surface (m2} T~
Hypdk. Radas [m) r

Resglarenfcorkl [

Example

=
__Coes |

Hesght () {Flow Whidkh fm ] Mex width (m)]

¢ 10
T 20
200 3H0

5

100
200
500

.

Use the Irg and Det key 10 inzett and delete 10ws while editing the gnd.

I the Cross-section dialog box the tollowing propertics can be described:

General
Name

Tyvpe

Reference Level

Floor Height

Radius (Circle)

Bottom Width ¢Trapezoid)

Slope Angle (T raperoid)

Surtuce (Line)

Hydraulic Radius (Line)

Resistance (Line)

Nuame ol Cross-section ~cheme

Type of Cross-section: Line, Circle or
Trapezond.

Reterence lesel only wsed Tor detunne the
Floor Height of the Cross Section,
Detaudt: 08

Huerght ot the Towest point of the Cross-section
wlith respect te the relerence Jevel as inserted

abos e,

Lenpth of the radius of a circular Cross-
SCCHon.

Width of the bouom,

Angle between the slope and the horzontal
plane.

Option 1o overrule the implicidy caleuluted
Flow Profile Arca ey by the values entered in
the Surtace column. This option makes it
possible o detine the Flow Profile Area s a
tunchion ol the depth

Option to overrule the impheitly caleuluted
Hydraulic Radiust®y by the values entered in
the Hyvdrauhic Rudius column. This aption
niakes 1t possible to detine the Hydrawlic
Radius as o function of the depth

Ciption o overrude the salue Tor the Resistanee
of the Section by the values entered inthe
Resstance column, This option makes 1t
possible o define the Resistance as o tunction
of the depth and plice on the section,

111 the Cadeulation Settmes [e Chdzy as
Resistunce Formulba s specified. the value s
cyual b the Chérs -coctticient. It Muanning iy
specificd, the vadue s cyuad to the coctticien
K i the tormula of Manning ts=K=R- <"~ 4

{m]

[m]|

[m}

[m]

|degree
5

[m)

Im]

tu /)
or

Ry
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5.2.8 Siphon

Height (Line)

Flow Width (Line)
Muaximum Width (Line)

The value for the Resistance can be inserted
tor the positive and negative direction of the
section,

Depth to Floor Height (bottom) on which the
parameters are valid.

Width of Flow Profile at the related height,
Width of Sterage Profile at the related height.

A Siphon is circular pipe used to carry water over obstacles.

—

Symbol:

The following properties can be descnbed:

General
ID

Name
Section 1D

Distance

Tube Widih
Tube Height
Tuhe Length

Side Resistance

Duflow
Start Level and Stop Level

Initial Conditions

External Variables

Identification code of the Siphon.
Name of the Siphon,
11} of the section on which the siphon is defined.

The distance from the begin node of the section
until the siphon is calculated by DMS, based on
the position of the node and the siphon in the
Network window. By entering a check mark
hehind the field the user can evernde the value
caleulated by DMS.

The width of the tube of the siphon.

The height of the tube of the siphon,

The length of the siphon.

The Chézy coefTicient for the friction in the
siphon. The friction in the siphon is always
calculated with the Tormula of e Chézy,

Switching levels above the reference level. The
flow in the siphon starts if both levels at begin
and end are ubove the Start Level and stops if
one of them drops below the Stop Level. The
direction from the hegin to the end of a siphon
corresponds to the direction of the section,

Mu is & correction factor for additional hydraube
eltects like contraction, internal friction ete. and
can he defined at the bepin and the end of the
siphon in positive and negative direction.

After the selection of the Initial Conditions...
button DMS will show the Initial Conditions
dialog box with the initial conditions for
discharge, level and all state vanables declared
in the Quality model,

Lise the Pefauits button to set the value of

[m]

{m]

{m]

fin

[m]
[m]
[m]

142
Im'?/

[m]

-]

discharge and flow equal to zero and the vajue of

the state variables 1o the default values declared
in the Quality Model description file.

After the selection of the External Variables, ..
hutton DMS will show the External Varizbles
dialog box. This dialog box gives an overview of
the selected schemes for the dispersion and the
other exiernul variables declared in the Quality
model. By clicking on the arrow behind the
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5.2.9 Culvert

RAM

sohemie-mne a hist with the oy atlable schemes
will be displayed. Use the | buiten o open
the Select Scheme diadozr bos 1o add or maodifs
schemes,

No RAM speditic data van be detined.

A Cuivert is a pipe-construction with a rectangular or circular cross-section
which connects two wuterwiys,

Symbaol:

General
I

Name
Section [D

IMstance

Tube Form

Tube Width
Tube Height

Tube Length

Side Resistunce

Sill Level

Inside Level

Duflow

Mu Free Surface

Mu Submerged

Initial Conditions

The following propertics can be described:

Identitication code of the Culvert,
Nate of the Culvert,
1D of the secton onowloch the cubvert s defimed.

The distance from the begin node of the section [m]
unul the cubvert sy caleulated by DAMS . based on

the positions af the node and the culsert in the
Network window By entening @ check mark

behind the held the user can override the viloe
vileulated by DMS

Form of the cross-section of the whe:
Rectangular or Rounsd.

The width of the tibe of the culvert. (]
The height of the tube of the culvernt shove the [m]
sl e el

I'he length ol the culvent. fm]
The Chézy coctticient for the Trigtion i the Im"
culvert, The tricnion an the culsertis alway s 5]

Caleulated with the tormeala of De Chées .

The level of the bottom ot the flow opening {m]
above the reference level The part ol the ¢ulvert
below thi sill evel 1 nota part of the tlow

profife o1 the culvert

The level ol the lowest point ot the clhiptic cross- - [m]

SeCLHen.

“Mu s correction tactor for additionad bydrautic |-
ctiects like contracuon, intermal friction ete. in

the culvers and can be detined o positive and
negative direction,

Mu tor submierged flow situations s the culvert (-]

and can be detined inpositese and negative
direction.

After the selection ol the Initial Conditions...
hutton DMS will show the Tmoal Condinons
dialog box wath the imtiad conditions tor
discharge, uvel and Wi ~sate vanabies declared
i the Quality model,

{7se the Pefaults button to ~et the value of
discharge and tlow cqual to zero and the value off
the state variables w the detault values declared
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. in the Quality Model description file.

External Variables After the selection of the External Variahles. ..
button DMS will show the External Variables
dialog box. This dialog box gives an overview of
the selected schemes for the dispersion and the
other external variables declared in the Quality
model. By clicking on the arrow behind the
scheme-name 4 list with the available schemes
will be displayed. Use the [...] button to open
the Select Scheme dialog box to add or modify
schemes.

5.2.10 Weir

A Weir is a construction made 1o control the level on the upstream side with a
free watersurface.

. Symbaol: +

The following properties can be described:

General

ID [dentification code of the Werr.

Name Name of the Weir.

Section 11} ID of the section on which the Weir is defined.

Distance The distance from the begin node of the section  [m]
until the welr 1s calculated by DMS, based on the
pusitions of the node and the weir inthe
Network window. By entering a check mark
behind the field the user can override the value
calculated by DMS,

Crown Width The width of flow opening of the weir, [m]

Crown Height The height of the bottom of the flow opening Im]|
above the reference level.

Mu Mu is a correction factor for additional hydraulic  [-]

effects like contraction, internal friction clc. in
the weir and can be defined in posiuve and

. negative direction.

Duflow

Initial Conditions After the selection of the Initial Conditions...
button DMS will show the Initial Conditions
dialog box with the initial conditions for
discharge, level and all state variables declared
in the Quality model.

Use the Defaults button to set the value of
discharge and flow equal to zero and the value of
the state variables to the default values declared
in the Quality Model deseription file.

External Variabies Afier the selection of the External Variables...
button DMS will show the External Vartables
dialog box. This dislog box gives an overview of
the selected schemes for the dispersion and the
other external variables declared in the Qualivy
muodel. By clicking on the arrow behind the
scheme-name a list with the available schemes
will be displayed. Use the [...] button to ¢pen
the Select Scheme dialog box to add or modify

. schemes.
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5.2.11 Pump

RAM

Pump stands for & pumping station in or near a watera oy

®

Symbolk: —=

No RAM specific data can be detined

The following propertics van be deseribed:

General
1D

Name
Section 1D

Distance

Capacity

Start Level and Stop Level

Duflow

Initial Conditions

External Variables

Ldentification code of the Punip
Nume of the Pump.
113 of the section un wineh the Pump s defimed.

The distance from the begin node of the section |imj
until the siphon s caleulared by DNS ! based on

the positions af the tode anicd the siphon in the
Network window. By entering a check mark

hehind the field the wser can overnide the value
culculated by DAMS,

Ihscharge through the pumepine station when the [m/s]
pump is on,

Switching levels uhove the reference level The  [m|
Start and stop levels are reliated 1o the fevel arthe
heein node.

I the start les el s hugher than the stop fevel the

PUMPIng stalion can pump the water from begin
nodde to the end node, otherwise the water van be
pumped from the end node to the begin node.

ke start level s loehoer than the stop leve? the
pump starts when the upstrearn Tevel resches
abave the start leveland stops when the
upstream level drops below the stop level

1t the start Jesel s lower than the stop level the
pump sturts when the upstream Tevel drops
helow the startlesel and stops when the
upstream level reaches ghove the stop level

After the selection of the Initial Conditions. ..
button DMS will show the Toiad Condimons
dialog boxowath the sl condimons for
discharge. level and abl state variables declared
i the Quality model.

Use the Defaults button to et the value of
discharge and flow cyual 1o zero and the value of
the state variables to the detault values declured
1 the Quality Model deseription file.

Afwer the selection of the External Variables.,..
button DMS will show the External Varehles
dialoyg bax. This dialog box gives an overview of
the selected schemes tor the dispersion and the
other externad vanables declared o the Quadiny
madel, By chckimg onthie arrow behingd the
scheme-name a list with the avinluble schemes
will be displaved. Use the [LL] button to open
the Select Scheroe didog hox to wdd or modify
schenges
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RAM

5.2.12 General Structure

Cieneral Structures are structures which can not be defined as other DMS-
structures, for example weirs with forced underflow.

Symbol:

No RAM specific data can be defined

The following propertics can be described:

General
1)
Name

Section ID

Distance

Width Whirlpool
Height Whirlpool

Gate Level

Mu Free Surface

Mu Submerged

Duflow

Initial Conditions

External Variables

RAM

Identification code of the General Structure.
Name of the General Structure.

1D of the scection on which the CGreneral Structure
is defined.

The distance from the begin node of the section
until the general structure is caleulated hy DMS,
hased on the positions of the node and the
general structure in the Network window, By
entering a check mark behind the ficld the user
can override the value calculated by DMS.

The width of flow epening of the general
structure.

The height of the flow opening of the general
structure.

The level of the upper side of the flow opening
of the general structure above the reference
level.

Mu is a correction factor for additional hydraulic
cffects like contraction, internal friction ete. in
the general structure and can be defined in
positive and negative direction.

Mu for submerged flow situations in the general
structure and can be defined in positve and
negative direction,

After the selection of the Initial Conditions. ..
hutton DMS will show the Initial Conditions
dialog bux with the initial conditions tor
discharge, level and all state variabtes declared
in the Quality maodel.

Use the Defaults button to set the value of

discharge and flow equal to zero and the value of

the state variabies to the default values declared
in the Quality Model description file.

After the sclection of the External Variables, ..
hutton DMS will show the External Variables
dialog box. This dialog box gives an overview of
the sclected schemes for the dispersion and the
other external variables declared in the Quality
model. By clicking on the arrow behind the
scheme-name a list with the available schemes
will be displayed. Use the [L..] button to open
the Selfect Schieme dialog box to add or modify
schemes,

No RAM specific data can be defined

[m]

[mi

Im}

im|
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5.3 Network window commands

5.3.1 Display Layers

Lse the Dhisplay Lavers command to add or remove luvers in the Network
window, DMS will show the Display Lavers dialog box dialog hox. This
comimand can only be used when in the Project Propertics dialog box the setting
Geographic Background is marked.

Command:

Toolbar: g

5.3.2 Display Layers dialog box

The Display Lavers dialog box contains a list with the present layers. The order
of the layers in this hist correspond with the order in which the Tavers are
displayed in the Network window. Te modify this order select a layer and use the
Up or Down button,

Kaartlagen | ]

Lapers l
Proent Eayery - -
Lpamney l
B bees &dd
D Uiwaard Qm I

]

Gemeerite

Steden

oo || ] |

Lse the Add batton o add Tavers to the Network window . DMS will open the
Open File dialog box. Only Shape-files can be used as o laver in DMS. Select the
file in the File Open diglog box.

The tollowing options in the Open File dialog box allow vou to specity which
file to open:
File Name Type or select the Hile vou want to open. The listhox Tists
files with the extension vou selectin the Files of Type
combobax

Files of Type Select the tvpe ol Tle vou want o aper;
T SHP s the extension tor a Shape file,
#* WSF is the extension for a collection of Shape-files.

Look in Select the drive and directory i which DMS locates the
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file that you want to open.

When a Shape-file 1s selected, DMS will show the Coloer dialog box to choose
the right color for the selecied layer. Use the Properties button on the Layers
dialog hox 1o change the color or style of the layer. DMS will show the Layer
Propertics dialog box,

Related topics:

Display layers

5.3.3 Layers Properties dialog box

The following options in the Layers Properties dialog box allow you to specify
the properties of the layer:

Size Thickness of the lines.

Style Style in which the layer is drawn.

Caolor Color of the lings or the {ilbing colors of the objects in the layer.

Outline Option o choose whether the objects of the fayer should have an
outline or not.

Outline Color of the outline of the objects in the layer.

Color

By removing the mark in the row of a present layer the layer will temporarily not
be displayed. Use the Delete or Delete All button to remove the layer(s) from the
fist.

A set of layers can be saved as * VSF file by choosing the button Collection. To
use this button more than one Tayers must be selected in the Display Layers
dialog box by using the CRTL or SHIFT button

Related topics:

Display Layers dialog hox

5.3.4 Object Properties

Use this command to edit propertics of the objects. After selecting this command,
DMS displays the Object Properties dialog box,

If one or more objects in the Network window are selected when using the
toolbar shorteut for this command, you can only edit the properties of the
selected abject.
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Command:
Menu: Ldun - Objects - Properties .

Mouse men Right moeuse button i the Network windos alter the
selection o an ohject - Properties.

Toolhar: : . N .
b ilists all objects of active scenario

h tists only the selected object

5.3.5 Object Properties dialog box

The Object Properties diutog box consists of three parts. The eeneral data, RAM

specilic data and the DUFLOW spectfic data, After the selection af the objecifsg

to change on the General tab vou can change the properticos of the object(s). More
information about the properties of the object is given in the paragraph about that
ohject.

Related topics:

Ny

Section
Schematization poimnt
[Discharge point
Area

Cross-seeuon
Siphan

Culvert

Wor

Pump

Creneral Structure

5.3.6 Boundary Conditions dialog box (object oriented)

The Boundary Conditions dialeg box gives an overview ot the selected sehemes
which contan the boundary conditions,

Qedd Scheme [0 o5 ~ -__j T
GHScheme: [ oons =
Level Schema !(’-f_,  nienis H ‘_,

Concentraton | JLoad i I

Sy Ly -
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By clicking on the arrow behind the scheme-name list with the available schemes
will be displayed. Use the [...] button to open the Seleet Scheme dialog box to
add or medify schemes.

Boundary Conditions only can be defined for nodes and discharge points.
Boundary Conditions for level or a Q-H relation can not be defined on a
discharge point.

If RAM is installed, the table with the Quality Boundary Conditions always
contains the quality variahles Ammonium, Nitrate and Phosphor. These quality
variables are predefined in RAM.

Related topics:

Node

Discharge paint

5.3.7 Initial Conditions dialog box (object oriented)

The Initial Conditions dialog box contains an overview with the initial conditions
for discharge, level and all state variables declared in the Quality Model
description file for the selected object.

Use the Defaults button to set the value of discharge and flow equal to zero and
the value of the state variables to the default values declared in the Quality
Mudel descripticn fije.

Related topics:

Initial conditions

5.3.8 External Variables dialog box (object oriented)

5.3.9 Check Objects

The External Variables dialog box gives an overview of the selected schemes for
the dispersion and the other external variables declared in the Quality Model
description file. By clicking on the arrow behind the scheme-name a list with the
available schemes will be displayed. Use the [L..] button to open the Select
Schemne dialog box to add or modify schemes,

Related topics:

External Variables

L/se this command to check objects. The selection is made in the Check Objects
dialog box.

Checked objects are used 1o display graphs, in the Object Properties dialog box
and for generating the logfile.

Objects can also be checked with mouse actions in the Network window.
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Command:

Menue Edit - Objects - Select. .

%

Toulbar:

5.3.10 Check Objects dialog box

‘The Check Ohjects dialog box allows vou 1o specity the checked objects,

H
Objects m Network,
Wisizs
weors
WistH
wCscs
wCscs
WCsCan
wCicH
* 5TPO000D
SPAREDODNG
BwFIt

Cuxrentiy 3 from 48 obects checked

Sedect Al | 7 Check

Al objects are listed, the checkbox belore cach ohject tells you whether the
chject is checked, The state of an object can be changed by directly clicking the

J il

B BCS A e i ¢ R B

el

ohjects checkbox inthe listbox.

The Select AL button makes it possible to make o chowee tor all objects, by using
the Corbor Shift bution or by dragging the mouse other multiple selection can be
made. The Cheek checkbox shows the state of the selected objects:

o checked means all selected objeets are cheched

o ooy means thit some of the selected objects are checked

¢ uncheched means that none of the selected objects are checked
You can also use the Check checkbox to change the state of the selected objects.
Related topics:

Check Crhjects

5.3.11 Select Object

Tose this conmand to seleet an object from the netwaork,

Command:
Mouse menu: Right mouse button outside the network abjects - Selection
mode
Toolbu: [

5.3.12 Show Object Types

Use this command 1o show or hide objects types. Inthe Netwaork window . The
selection s made i the Show Network Objects dialow box,
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Command:

Mouse menu: Right mouse hutton outside the network objects - Show
Object Types

5.3.13 Show Network Objects dialog box

The Show Network Objects dialog box allows you to specify Object Types to be
displayed in the Network Window,

All ohject types are listed, the checkbox hefore cach object tells you whether the
object is checked. The state of a object can be changed by directly clicking the
objects checkbox in the listbox.

Related topics:

Show Object Types

5.3.14 Cleanup Network

Use the Cleanup Network command to remove the calculation points or to make
changes visible after using the Undo command.

Command:
Mouse meny: Right mouse button in the Network window - Cleanup
Network

5.3.15 Flip Orientation
Use the Flip Orientation command to change the direction of a section,

Command:

Mouse menu: Right mouse bution in the Network window after the selection
of a section - Flip Orientation

5.3.16 Bending Point

Use the Bending Point command to mark a schematization point into a bending
poeint. To create a bending in the network select the bending point and drag it to
the desired position.

Command:

Mouse menu: Right mouse button in the Network window alter the selection
of a schematization point - Bending Point

5.3.17 Remove Object

Use this command to remove an object from the network,

Command:

Mouse menu: Right mouse button after selecting an object - Remove object
Toolbar: gj

Keys: DEL (after selecting an object)
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Related topics:

Remove Node and Join Secuons

5.3.18 Disconnect Object

[se the Disconnect Objeet command to disconneet a ohject from the network.
This commuand s not available for nodes and sections,

Command:

Mouse menu: Right mouse button in the Network window gfter the selection
of an object - Disconnect Object

5.3.19 Remove Node and Join Sections

Use the Remove Node and Join Sections command to remove a node from the
netwark and join the sections which begtn ar e at the removed node. This
command can only be used when twao sections come together at the selected
node.

Command:
Mause menu: KRight miouse button in the Network window atter the selection
of a node - Remove node and Jom Scetions

5.3.20 Insert Node

Use the Insert Node comrand to add a node in i section ot an existing network.
The section will be split into tw o sections which imherit the propertics of the
sphited section.

Command:

Mouose menu: Rizht mouse button in the Network window alter the selection
ol asection - Insert Node

5.3.21 Oftset Coordinates

Use the Offset Coordinates command to change the X- and Y-coordmates from
all objects at once. DMS will show the Offset dialog box o speofy values -
negalive or positive - 1o add to the current coordinates.

Command:

Maouse menu: Rizht mouse button i the Network window outside the
netwark ohjects - Speciad - Offset

5.4 Moving through the Network window

5.4.1 Entire Network

Use the Bntire Network comaand 1o show the ennre network in the Network
window.
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5.4.2 Zooming Tool

5.4.3 Zooming out

5.4.4 Pan network

Command:

Mouse menu: Right mouse button in the Network window outside the
network objects - Auto adjust limits
Toolbar: LY

Use the Zooming Tool to show parts of the network in more detail. After
selecting the command (from the menu or the toolbar) the cursor will change into
a magnifying glass. Dragging the cursor displays a rectangle on your screen. This
rectangle represents the arca that will be magnificd (the rectangle will be blown
up until it fills the network window).

Command:

Mouse menu: Right mouse button in the Network window outside the
network objects or in the Graph window - Zoom mode

Toolbar:

Zooming is usually done in stages, more and more detail of the network or graph
is displayed. Zooming out lets you retrace these stages. Zoom out works
independent from the zooming tool {the zooming tool does not have to be
selected 10 zoom out}.

To zoom out to the unzoomed state in the Network window, use in the Entire
network command.

Command:

Mause menu: Right mouse button in the Network window outside the
network objects or in the Graph window - Zoom out

Toolbar: &

Use this command pan the network and move it through the Network window,
To move the network drag the cursor (a hand) through to the Network window,

Command:

Mouse menu: Right mouse button outside the network objects - Pan mode

Toolbar: {:’,}%

5.4.5 Current Position

Use the Current Position command 1o show or sel the X- and Y-coordinate of the
bottom-left corner of the Network window. DMS will show the Current View
Position dialog box. The Current Position dialog hox also shows the current
zoorm factor.

When moving the cursor through the Network window the position of the cursor

1s displayed in the Status bar.

Command:

Mousc menu; Right mouse button in the Network window outside the
network objects - Special - Current Position. ..
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5.4.6 Locate Object

Lse the Eocate Object comniand o find an object i the Network window by
giving the ohject 1D, DMS will show the Locite Object dindog box, When an
object-id is entered. e specified object will blink in the Network window, The
search-Tunction is not case-sensitive.

Bt is also possible to search for object numbers i the DUFLOW files. The object
which corresponds 1o the nwnber i the DUFLOW files can e found in the
Network window just entering that number preceded by @ 'n’in case of u Node or
asincase of a Sechion/Structure,

Command:

Muouse men: Right mouse button in the Network window - Locate
Object.

5.4.7 Locate Object dialog box

To find an object in the Network window enter the complete object 1D of the
searched object and chek OKL I the specificd abject is found. it will blink in the
Network window, The search-function Is not case-sensitive.

To find an object i the Network window by the object number from the
DUFLOW files, enter the number preceded by a ' incase of a Node ora s in
case ol a Seethion/Structure.

5.5 Customizing Network window

5.5.1 Window Properties (Network window)

Lose the Window Properties command to edit the draw mg properties of the
Network window., DMS will open the Drawing Preoperties didlog hox,

The Drawing Properties didlog box offers the following options:

Pointsize Ohjects Fontsize of the objectson the Netwark Window .
Dretault value 15 10

Show Text Choose this aption o display the 17 o1 all ohjects n
e Network window,

Show Data Tips Choose this option te display the object T inthe
Network window when the cursor s placed above that
objecl, On Cross sections a sl pioture of the cross-
seetion will adso be displayed.

Fdditable Choose this option 1o allow or prohibit changes i the
Netwaork,
Command:
Menu: Feit - Window Properties. .
Mouse menu: Right mouse button outside the netw ork obiects in the

Network window - Special - Drawing propertics.

Toolhar: H

5.5.2 Presentation Mode

Lse this command to select o Presentanon Script tor the network window. With a
Presentation Script one can define the atteibutes of the Network objects - such as
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color and style - as & function of the output-values. DMS will open the Select
Presentation Script Scheme dialog box. After the selection of a Presentation
Script, DMS will redraw the network dialog box according to the presentation
script. In the Network window a date-field and arrow-huttons are available to
maove through the calculation period in time.

Lise this command after a calculation is made.

Command:
Menu: Edit - Presentation Mode
Mouse menu: Right mouse button in the Network window - Presentation

maode
Related topics:
Preseatation Scripts
Presentation Scripts dialog box

Settings dialog box

5.5.3 Presentation Scripts

Use this command to modify the Presentation Scripts. DMS will open the Select
Presentation Script Scheme didlog box to add, modify, delete or copy a
Presentation Scheme, To add or modify a Presentation Script scheme DMS will
open the Presentation Seripts dialog box,

Command:
Menu: Edit - Presentation Scripts, .,

Toolbar: @

5.5.4 Presentation Script dialog box

In the Presemtation Script diatog box you can to specify the presentation script
by the following propertics:

Name Name of the presentation script.

Object Type Listbox presenting afl types of Network objects.
After the selection of an object type 4 presentation
script for that type of object can be written. The
available attributes of the selected type of ahject cun
be presented with the Attributes button.

Seript Text window 1o edit the script for the selected
object. Use the Syntax Check hutton to check the
syntax of the script. The syntax is described in the
Reference Manual.,

Related topics:
Presentation Scripts
Available Attributes dialog hox

Scitings dialog box
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5.5.6 Editable

Lse this command to allow er prohibit changes in the Network.

Command:
Menu: Edit Edithle
Mouse menu: Kight iouse button outside the netw ork objects in the

Network wandow - Special £ Drawing properties - Editable
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6. Calculation

6.1 Calculation commands

The output of a calculation of DMS strongly depends on the options that are
chosen in the Caleulation Settings dialog box.

The calculation is divided into three steps. First the RAM calculation s
performed. Next the input data of the Network window is written to the so-called
DUFLOW files. These DUFLOW files contain ASCII text. The format of these
files are described in the Reference Manual. Finally the calculation is performed
and the results are stored in the results files (. RES contains the flow results,

* REK contains the quality results)

The above steps are performed sequentially by giving the Calculate command
but also can be performed separately by first giving the Write DUFLOW Files
and finally the Run DUFLOW Model command.

The output for flow of a RAM calculation is always a discharge on the Area
pennts. These additional discharges can be used as Boundary Conditions in a
DUFLOW calculation. When performing a DUFLOW calculation together with
a RAM calculation the RAM calculation is performed first and DMS will
automatically use the generated boundary conditions from RAM for the
DUFLOW calculation.

Tip To use the output for Ammonium, Nitrate and Phosphor from
the RAM calculation as a boundary in the DUFLOW
calculation, declare these state variables with exactly the same
name in the Quality model.

6.1.1 Calculation settings

Use this command to set or modify the settings that govern the calculation. DMS
will show the Calculation Scttings dialog hox. The Model Calculations Settings
dialog box consists of three parts. The general settings, defining the
computational duration and time steps. The RAM part, for definitions of the
RAM calculation. The DUFLOW part, for defining the quality model, De Chezy
values, Theta values etc..

Command:
Menu: Scenurio - Calculation Settings. ..
Mouse menu: Double-click left mouse button in the Scenario Manager
window on Calculation settings after the selection of a
SCenario.

User's guide

Calculation » 91



Right mouse button in the Scenario Manager window on
Culculation settings after the selection ot a scenario - Edit

Related topics:

Culculunons Setungs dialog box fgencral)
Calculations Setunys dialoy hox t(RAM)

Caloulations Settings diglog box (DUFLOW),

6.1.2 Calculations Settings dialog box (general)

Calculalion Setlings [ x]

Genedl | RAM | DUFLOW |

yylmm/dd hhummess
Statcomputaton:  [ER7 01 ¥ [ooovno =]
Start output Jiroror =] oowoos 2
End [romarns =] feoonm =4
Time Stap Size

d bhemmcss

Computation Flow ]n T3 10 00
Lomputation Gualty [ 00 115 (30
Drtpeat Flow: IrJ ) 1300

i

oK I Cancel

Help

The General calculation settings are subject to the following conditions:

Start computation

Start output

Fnd

Time Step size,
Computation Flow

Time Step size,
Computation Quality

Set the start date and time for the
calvulation,

Set the start dute and tune of writing
datat to the result tile, This enables the
user to skip output of the tiest part of
the simulation. This vian be convenient
if the inital conditians do not represent
the physical state of the system at the
start of the simulstion

Set the end date and time tor the
calculanon,

Time mierval used tor caleutation in the
hydraulic part. The Reference Manual
gnves suggestions for the chaice of the
hydraulic tnme step.

Time intersal Tor the guality part of the
model, The Reterence Manuad gives
sugpestions for the chieice of the yuality
1me step, The Quadiny time step s
rounded to the nearest multiple of the
Flow time step.
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Set the output time step, the output time
step must be a multiple of the

caleulation time step.

Time Step size, Output

Calculations Settings dialog box (DUFLOW)

Calculations Settings dialog box (RAM)

Related topics
Calculation Settings
6.1.3 Calculations Settings dialog box (DUFLOW)
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heckbox to choose whether a DUFLOW
calculation should be made or not when giving the

C

alculate command.

This option can only be used if an intermediate flow

result file (*.DMP) was generated in a flow

calculation. In this case the necessary flow
quality model are changed during the calibration of

nformation for the mass transport is read from the
performed all using the same tlow caleulations. This
15 the case if one or more parameters of the water
the model, or it another process deseription file is

I 15 also possible o perform only 2 RAM
intermediate flow result file, This option can be
useful if different quality calculations have to be

calcuiation.
Only flow is caleulated

Flow

Flow and Quat
Flow and gu
Quality

C

IS TES T
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Calculat
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alculat

.

Perform DUFLOW

C
Type of

The DUFLOW calculation settings are subject 1o the following conditions:
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Resistance formula

Calc. of advection term.

Theta (.5-1.0)

Extra iteration

Description file

Output file

used to generate another water guality model.

Box

LUsing this option only the processes as defined in the
process description tile waill be simulated. Transport
is not caleulated. The calculations will be pertormed
tor all defined sections within the network.
Boundary comditions thoth Flow and Quality ) will
not be used. [t in the process desceription tile flow
variables are used. the detuult salues from the

2 MOD ke wall be vsed. External variables rime
dependent and location specificr will be used as
defined m the quality menu “external varishles™
This option 1 usetul when developing and testing a
process description file. Furthermore the use of this
option cnables the examination of the relative
importance of the transport processes in comparisen
with the other processes mvolved,

The channel incuon can be caleulated using:

- the formula of De Chézy. The “reststance”
coctticient O in the defimuon of the sections 1s
from the basic tormulan =C R

- the formula of Manning. The “resistance” is the
Manning coelticient k 11 from the basic
formula v=k-R 1 Inthe actual calculanon
C=k-R'"1x substituted in the formula of De
Chésy,

The value of O s caleulated for cach time step

during the simulation.

Default: De Chéry

More sinformuation gboot the Resistance tormula is

deseribed in the Reterenee Manual,

Opuon "Total” includes the xo-called Froude term.

Selecting "Damped” the Froude term s also taken

into account, but ity ahsolute value will not exceed

the friction term. Une may also choose 1 neglect the
entire Froude erm with “Neglected Froude

More informition shout ady cction s described 1n the
Reference Munual.

The tactor comrolling numenical damping.
Diefault: (055

More infornuagion about Theta is described in the
Reference Munuwl

At each time step the level dependent parameters
fike flow arca. storage area and hyvdruuhic radiusy are
caleulated trom the simwlanion @t the previous ume.
These values cin be adjusted using the new’ values
computed for the actuad me using an extra iteration.

Name ol the ASCII-file which contaning the quality
model. Enter the name of the file without the
extension, The fide itselt must have the extension

* MO and be located in the sub directory of the
seenario, When a non-existung filename s given.
[DMS will create that file after it has been edited.

To edit the quality model tile use the Edit Quality
Moduel commund.

Name of the ASCH-Tie which contans the compiled
quality modcel. The nume of the file must have the
extension “.MOB and be kocated in the sub directory
of the scenario. When a non-existing filename 1y
given. DMS will create that Hile after it has been
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Theta ((L0-1.0)

Decouple

Output Variahles

Special Control

Exclude from calculation

Related topics:

Calculation Settings

compiled.

To compile the quality model file use the Compite
Quality Model command.

The factor controlling the numerical solution of the
advection and dispersion equation. The value zero
(8=0) is not allowed for numerical reasons.

Default: (.55

If this box is not checked, dispersion is considered at
both sides of a node. When checked, only dispersion
in forward direction is taken into account,
Decoupling only takes place at those nodes, where 4
discharge ig Jocated.

Use this button to select variables for output. DMS
will show the Qutput Variables dialog box, From the
displayed checklist state variables and intermediate
resulls defined as function identifiers in the Quality
Modecl tile can be selected for output,

Use this button to choose other spectal options like
the threshold value for the dry flood procedure. DMS
will show the Special Control dialog box,

Use this option 1o exclude wind velocity, wind
direction or precipitation from the calculation,

This uption enables the user to get information about
the influence of the weather elements on the model.

If the boundary conditions of the DUFLOW model
are bused on a2 RAM caleulation the effect of
precipitation is already taken into account in the
RAM calculation. The precipitation should then be
excluded from the DUFLOW calculation.

Calculations Settings dralog box (general)

Calculations Settings dialog box (RAM)

Output Variables dialog box

Special Control dialog box

6.1.4 Output Variables dialog box

From the displayed checklist state variables and intermediate results defined as
coefficients and function identifiers in the Quality Model file can be sclected for

nOutput.

To check al the listed variables use the Select Al button and mark the 'Check’

checkbox field.
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Oually Vorables for Quipat K|

- Ougpint definiiion
- Quality Vanabhles

Select Ay l 7 Check

.- escrptan

fracer

OK

i

Heip

The combination 'SO° before the variable means the sero order coctficient of that
varnable, 'S means the first order coefficient.

Related topics:

Calculation Settings

Calculations Settings dialog box (DUFLOW)

6.1.5 Special Control dialog box

The Special Control dialog box offers the following options:

Create intermediate Now
file

Alpha tcorr. for velocity
distribution)

Minimum # of time steps
hetween triggers

Treshold Level

Related topics:

Culeulunion Settings

A dump file will be gencrated doring simulaton
using option Flow - The mtermediate flow result file
(7. DME ) wall be used 1o simulate transportaf a
aquahity calculation is pertorned. [nthis “ DMP file
intormation ahaut volumes, flows ete. 1y stored.
which is read during gquuhty simulation. This enables
the user to periorm a number ot guehits simulations
using the same hydraulic conditions,

Default: No

Note that the smtermediate om-tiles can use a tot of
tisk space.

Represents the mtluence of the velocuy distnibution
over the cross-seclion,

Default: ]

Alter a trigger condition s affected some shocks can
oceur due 1o @ sudden change in the structure
operabon, To present the nexe trigger from reacting
1o these shocks. the cheek tor this next trigger 15
amitted durtng o spectficd number of time steps.
Default: 3

I the water level reaches below this given level, the
dry-flood procedure will be activated. The threshold
tevel s given relutive to the hottom level. More
information about the dry flood procedure s
described in the Reterence Manual,

Detaalt; 010 metre

Culculations Scttings diddog box (DUFLOW),
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6.1.6 Calculations Settings dialog box (RAM)

P L S P

e e

PO gy

The RAM calculation settings are subject to the

Perform RAM Calculation Checkhox to cho
should be made «
command.

following conditions:
ose whether a RAM calculation
r not when giving the Calculate

It 1s also possible to perform only a RAM

calculation.

Calculate Water Quality ram always calculates precipitation runoff, an

additional choice
quality of Ammao

is calculating the loads or water
nium, Nitrate and Phosphor).

Generate Logfile The steps in the calculation can be stored in a
RAM.LOG RAM.LOG file for calculation checks.

The following options enable the user o specify the
options used for generating the logfile:

Checked nodes

Include data on checked nodes only. This option is
preferred because it reduces the size of the loghile

significantly.

Open water

Include data concerning open water.

Paved surface

Include data concerning paved surface.

Unpaved surface (without reservoirs)
Include data concerning unpaved surface without

Feservoirs,

Unpaved surface {with reservuirs)

[nclude data conc
TESErVOIrs.

Seepage
Include data cone

Sum

erning unpaved surface with

erming secpage.

[nctude the sum of all surfaces.
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6.1.7 Update All

Ignore general timesteps

By choosing this option the time step on the tab
for RAM calculation

General will be ignored in the RAM caleulation.

The time step specthicd for the RAN cafculution can
be tuch lurger than the tine step which the
DUFLOW Now-model requires for a stable
calculation

Related topics:
Cauleulation Settngs
Calculations Settings dialog hox {generals

Culvulations Setungs dialog box (DUFLOW)

Lse this command to update the calculation of the active scenario. DMS will
display the progress ot the caleulation in the Qutput window, The status of the
calculation is visihle i the Status Bar,

It in the Output window a message refers to o node. section or structure with @
certain number. use the Locate Ohject command 1o ind the - 1D of the - object in
the Network.

Command:
Menu: Culculwtion - Update Al

Mouse menu: Right mouse button in the Scenario Manager window after the

selection of a scenario - Calculate

Toolhar: 5’.

Tip The caleulation can be stopped by first openg the
CDUFLOW window - which displass the progress of the
caleulation - and then pressing CTRIL-C,

6.1.8 Write DUFLOW files

Use this command to write DUFLOW tiles without running the model, [DMS will
show the progress of the wntng in the Output window.

DUFL.OW files can be read by the executahle Cdutlow . exe. Cduflow.exe
pertorms the DUFLOW caleulation. The DUFLOW-files are stored in the
scenario directory.

The following DUFLOW file-types can be distinguished:

Boundary Conditions Flow 7 BND [n this tile ull boundary conditions related
File 1o the flow are stored.

Boundary Conditions * BNK In this file alf boundary conditions relsted

Quality File to the quality are stored.

Initial Conditions Flow “ REG T this file alb sinial conditions related to

File the flow are stored.

Initial Conditions Quality  ~.BEK In this file al) imtial condihons related to

File the quality are stored.

Control Settings File = CTR Fle thit contains the input data entered in
“Control duata”

Fxternal Variables File ~EXT In this file all external varsbles of the

guulity mode] are stored.
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Node File * NOD File that contains the position of nodes in
the network,

Network File * NET The nodes are connecied through a
network. The Network File contains the
network, and its geographical dispersion.

Parameters File * PRM In this file all parameters of the quality
model are stored.

For more detail information about the DUFLOW files see the Reference Manual,

If in the Gutput window a message refers to a node, section or structure with a
certain number, use the Locate Object command to find the - [D of the - object in
the Network.

Command:
Menu: Calculation - Write DUFLOW Files

6.1.9 Run DUFLOW Model

Use this command to run the model based on the DUFLOW files tn the scenario
directory. By using this command the changes made in the scenario which are
not written to DUFLOW files - by using the Update all command or the Write
DUFLOW files command - will not be taken into account.

DMS will display the progress of the calculation in the Status Bar below the

Scenario Manager window.

Command:
Menu: Calculation - Run DUFLOW Model!

6.1.10 Convert Network

Use this command to convert the DMS Network into a network which can be
written to the DUFLOW files. By using this command DMS will show the
calculation points on the Network window, Calculation points are generated on
sections which - hy using the Update all command or the Write DUFLOW files
command - will not be taken into account.

Redraw the Network, ¢.g. with the Cleanup Network command, to remove the
calculation points from the network.

Command:
Menu; Calculation - Convert Network

Related topics:

Write DUFLOW files
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7. Results

7.1 Presentation of the Results

The results of & caleulation can be displayed in three different ways:

- A Time Related Graph,

- A Space Related Graph or

- Results as Text in a table as a function of time.

Both text and graphs are displayed in windows. These windows appear in the
working space. A result window can contain the output of more than once variable
or the output from different scenarios.

By opening more than one result window the resuits can be interpreted by
comparing the different windows.

7.2 Text Window

In a text window the data is displayed in a numerical way and can be written to
an external file. By using cut and paste the text can casily be used in other
applications.

7.2.1 New Text Window

7.2.2 Save Results

Use the New Text Window command to display the results of the calculation as
text. DMS will open the Time Related Graph dialog box.

Command:

Menu: View - New Text Window. .,

Mouse menu: Right mouse button in the Scenario Manager window afler the
selection of & scenario - New Text Window ..

Toolbar: s

Use the Save Results command to save the results that are displayed in the Text
window. The Results will be stored in an ASCII-file. DMS will open the Save As
dialog box so that you can name your files. The following options allow you to
specify the name and location of the Project File you are about to save.
File Name Type a new name to save the results.
Save In Select the drive and directory in which you want to
store the Text-file.
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Save us type Sclect the tvpe of tile vou want to open (depending
on the context

Command:

Mouse menu: Right mouse button in the Text window - Save. ..

7.2.3 Change Font

Use the Change Font command to change the font of the Text window. DMS will
open the Fent dialog box so vou change the type. size and stvle of the font.

Command:

Mouse menu: Right mouse button in the Text window - Font. ..

7.3 Graph Windows

7.3.1 New Time Graph Window

Use the New Tiune Graph Window commuand to display the results of the
calculation as a function of time, PMS will open the Time Related Graph dialog

hox,
Command:

Menu: View - New Time Graph Window.,

Maouse menu: Right mouse button in the Scenano Manager window after the

selection of g seenario - New Time Graph Window .

Toolbar: @

7.3.1.1 Display Time Graph per section
To display w time related graph only for one section:
Command:

Maouse menu: Right mouse button in the Network window after the selection
ol asection - DUFLOW - New Time Graph Window.

7.3.1.2 Add Time Graph to current graph
To add a time related praph ot a section to an already opened time related graph

window:

Command:
Mouse menu; Right mouse button in the Network window after the selection
of asection - DUFLOW - Add To Time Graph Window

1t 1y adso possible 1o alter the graphs, colors or properties to the currently opened

wraph window;

Command:
Mouse menu: Right mouse button in the Graph window - Graphs. ..,
Colors... or Properties...

7.3.2 Time Related Graph dialog box.

The Time Related Graph dialog hox makes 1t possible to define what is displayed
in the graph window. The Time Related Graph dialog box consist of three parts.
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The tab General contains the general data including the houndary conditions, the
tabs DUFLOW and RAM contain more specific data.

Choices that can be made are:

(G:raph Properties

Source

Show Precipitation
Show Evaporation

Attributes

Objects to display

Show Data of Type

Related topics:

New Time Graph Window

7.3.3 New Space Graph Window

Use the New Space Graph Window command to display the results of the
caleulation as a function of space. DMS will open the Space Related Graph

dialog box.

[DMS will open the Graph Properties dialog hox.

‘The source of the graph is one of the scenarios which is
available in the project. It is possible to display graphs
of more than one scenario in one graph window.

By using the ... button you can open a Flow Results file
. RES) or Quality Results file * REK} to display the
these results in the same graph. DMS will open the
Measured Data dialog box.

Shows the precipitation time series in the graph.
Shows the evaporation time series in the graph.

By muking a sclection in the Attributes list the available
Dyata Types will be displayed in Show Data checkboxes,
Use Show Data to select of the selected nedes in the
Objects to Display list, the kind of graph to show.

Select in the combobox which ohjects are 1o be
displayed in the adjoined list. Graphs of the selected
ohjects are to be displayed in the Graph window. The
Select AIl hutton makes it possible to select all ohjects
in the list. Use the CTRL or SHIFT button to make a
multiple selection in the list,

Use Show Daia o seiect of the selected nodes in the
Nodes to Change list, the kind of graph to show. After
a selection is made a picture representing the data type
is displaved in the row(s) of the selected objects.
Selection of the data type 1o be displayed in the graphs
is also possible by clicking with the left mouse button
on the left side f the row(s) of the objects list. The
pasition in the row correspond with the order of the data
types list,

Command:
Menu: View - New Space Graph Window...
Mouse menu: Right mouse button in the Scenario Manager window after the

sclection of a scenario - New Space Graph Window. ..

Toclbar: m%

vivs. ¥4

TIP

To move quickly n time trough a Space Related Graph,

place the cursor on a part of the date/ume field below the
Graph, then use the Up en Down button on the keyboard to
move forwards or backwards in time. The step size in time
depends on the part of the time-field and the Output time

step.
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7.3.4 Space Related Graph dialog box

The Space Related Graph dialog box makes it possible to define what is
displayed in the graph window, In the Space Redated Graph only DUFLOW
specthic data can be displayed.

Chotces that can be made are:

Graph Properties DMS will epen the Graph Preperties dialog box. For
miore information see the Window Properties (Graph
window p command.

Saurce The source of the graph s one of the scenanos which s
avatlable in the project. It ix possible 1o display gruphs
ol more than one scenano m one graph window,

Attributes By mauking a selection in the Anributes list the available
Dyatie Types will be displased i Show Data checkboxes,
U se Show Data 1o sclect of the selected nodes in the
Objects to Display Listthe kind ot graph to show

Routes to display Ciraphs of the selected routes wre 1o be displayed in the
Graph wandow. The Sefect All hutton makes 1t possible
toy select all routes, Use the CTRL or SHIFT bution o
make a multiple selection in the st

Chutput routes can be defined using the Define... button.
IS will show the Select Route Scheme dialoyg hox,
Using the Adde.. or Maedify... button in the Sclect
Route Scheme dialog box DMS will open the Modify
Route dialog box 1o add or maodity i route.

Show Graphs of Ty pe Lse Shuw Graphs of Type to sclect of the selecied
routes i the Routes to Select Dt the kind of graph to
show. After a selection I~ inade @ picture representing
the data type s displased i the rowisy of the selected
routes,

Selection of the data tpe to be displaved graphs is also
possible by cheking with the {eft nouse button on the
eft side of the rowisy with the reutes. The position in
the row correspond with the order of the graph types
fst,

Related topics:

New Space Graph Window

7.3.5 Modify Route dialog box

In the Modily Route diddog box vou can detine the route to be displaved on the
X-axis in the Space Related graph.

a— | o 1]
a P e |
Sections in cument route - | #SEC?
. N—— XSEC1?
] 0_;f§EC21 L

I Adiacent sections
L -
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A route consists of the sections in the "Sections in current route’ list. The
following commands or options are available to modify this list.
Insert before Inserts the selected section from the 'Available
sections™-list before the highlighted section in the
‘Sections in current Route'.

Insert after Inserts the selected section from the "Available
sections’-list after the highlighted section in the
‘Sections in current Route',

Delete Removes the selected section from the 'Sections in
current Route’ list.

Up Muoves the selected section one position up In
‘Sections in current Route' list,

Down Maves the selected section one position down in
‘Sections in current Route’ fist.

Reverse If the checkbox is marked the section will be
presented in the reverse direction on the X-axis of
the Space Graph window,

TIP By double clicking on a section in the 'Available sections'
list, the selected section will be inserted in the 'Sections of
current route’ list after the highlighted section. Using this
trick makes it very easy to build a route.

Related topics:

Space Related Graph dialog box

7.4 Graph window commands

7.4.1 Hairline mode

7.4.2 Zooming Tool

Use the Hairline command to show the exact values in the graph where the
hairline is placed. After selecting the command (from the mouse-menu or the
toolbar) the cursor will change into a double arrow. Dragging the cursor displays
a vertical hairline in your graph. These values of the Y-axis where the hairline
crosses the graphs are displayed in the legend.

Command:
Mouse menu:  Right mouse button in the Graph window - Hairline mode
Toalbar:

Use the Zooming Toul to show parts of the graph in more detail. After selecting
the command (from the menu or the toolbar) the cursor will change into a
magnifying glass. Dragging the cursor displays a rectangle on your screen. This
rectangle represents the arca that will be magnified (the rectangle will be blown
up until it fills the graph window).

Command:
Mouse menu: Right mouse button in the Graph window - Zoom mode

Toolbar: @
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7.4.3 Zooming out

Zooming is usually done in stages, more and more detst of the graph is
displayed. Zooming out lets yvou retrace these stages. Zoom out works
independent from the zooming 1ool (the zooming toel does not have to he
selected to Zoom outy,

To zoom out te the unzoomed state in the Graph window, use in the Zooming
Tool command.

Command:

Mouse menu: Right mouse hutton im the Graph window - Zoom out

Toolhar; Q

7.4.4 Window Properties (Graph window)

7.4.5 Graphs

Use the Window Properties command to edit the graph properues of the Graph
window. DMS will open the Graph Properties dialog box.

The Graph Properties dialog hox offers the following options:
X-Axis It this option iy chosen the defuult range of the X-axis
can be changed.

Y-Axis it this aption is chosen the default range of the Y-axis

(left or right) left or nght; can be changed.

Use this option in a Space Graph window to fix the
range o the Y-axis during all ume steps.

Domains To change the unit of the Y axis select a domain from
the hist and choose the adjoined Y-axis.

Colors DMS will apen the Colors Graph Window dialog box.,
Command:

Menu: Fdit - Window Properties, .

Mouse menu: Right mouse button in the Graph window - Properties. ..

Toolhar: a

Use this command 1o reset the display options per node. und per source. After
selecting the command DMS will show the Display Graphs dialog box. The
options in the Display Graphs dialog box are explained in the New Time Graph
command or New Space Graph command.

Command:
Menu: Exiit - Graphs...
Mouse menu: Right mouse button in the Graphs window - Graphs...

Related topics:

Timie Related Graph dialog box

Spuce Related Graph diidog hox
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7.4.6 Colors

Use the Colors command to change the colors in the graph window. DMS will
show the Colors Graph Window dialog box.

7.4.7 Colors Graph Window dialog box

The color of the lines in the graph window can be customized, using the Colors
Crraph Window dialog box.

¢lors Braph ‘H(mdow:.:

ity
Fa

g e S

rumnw&mtgf
AT M TN

The possible options are:
Graphs A color can be selected for each line in the graph. The
lines are listed in the graphs list box.
To select a color click a colorbox that lies on the sume line
as the line number, An example for the chosen ling 1s
shown in the Example groupbox..

Background Seleet the background color for the graph dialog box.

Example Shows the selected line color for the active line in the
Graphs listhox.

Command:
Menu: Edit - Colors. ..
Mouse menu: Right mouse butlon in the Graphs window - Colors...

Related topics:

Colors
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Results « 107



108 » Results User's guide



8. Glossary of Terms

Area

Schematization-point in which the drainage from the area - due to precipitation -
is taken into account for the surface water

Boundary Conditions

Values for Flow and Quality variables defined by the user at the physical
houndaries of the network and on hydraulic structures required to start a
DUFLOW computation.

Cross-section
Cross-sections contain cross-sectional data such as cross-sectional profiles and

resistance coefficients. Cross-sections must be defined on a section.

Culvert

A pipe-construction with a rectangular or circular cross-section which connects
lwa waterways.

Discharge point

Schematization poeint on which additienal discharge into or out of the network
are taken into account.

DMS

Abbreviation for Duflow Modelling Studio which manuages the Scenario
Manager and the Network Editor to perform DUFLOW and RAM calculations.
DMS supplies the water authorities with & complete set of tools, to quickly
perform easy analysis, on the other hand, the product can also perform complex,
intcgral studies.

DUFLOW

Program with which one can perform unsteady flow computations in networks of
open water courses and can simulate the transportation of substances in free
surface flow and more complex water quality processes.

BUPROL

Part of the DUFLOW package which compiles the Quality Model descriptions
file { #. MOID) and generates a Quality Model output file (* MOB) which can be
read by the DUFLOW calculation process.
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General Structure

Structures which can not be defined as other DMS-structures, for example weirs
with forced underflow.

Initial Conditions

tnitial values for Flow and Quality variables detined on nodes and
schematization points required to start a DUFLOW computation.

MODUFLOW

Program with which ene can simulate an integrated ground water and surface
water problem hy combining the ground water model MODFLOW and
DUFLOW.

Network editor

Craphical editor that enables you to interactively draw the network
schematization. Visually the Network Editor congasts of the Network window
andd the Palette toolbar.

Node

Fomt from which one or more sections arise or end.

Object

Part of the network ¢.g. node. section or structure,

Output node

Points of the network where the results of the caleulations are recorded.

Output window

Window containing messages about the progress of DMS-actions.

Pump

Pumnping station in or near a waterway.

RAM

Precipitation runofl moduie (Dutch: Regen Afvoer Module)

With RAM one can caleulate the supply of rainfall to the surface flow. RAM
calculates the losses and delays that oceur before the precipitation has reached
the surfuce 1Tow.

Scenario Manager

Part of DMS which makes 11 possible to work with several sets of input data
within the same Project, The Scenario may contain the input data itself or 1t may
refer to input data of another Scenano, Fach Scenario registers several sets of
data. Per set of data one may choose to save the datain the own Scenario
dircctory or receive the data from another Scenario directory,
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Schematization point

Extra points on a section used by the DMS caleulation and on which output can
be generated. On a schematization point one or more areas and discharge points
may be defined

Section

Connection between two nodes.

Siphon

A circular pipe used to carry water over obstacles.

Trigger Condition

The variation of one parameter in one or more structures depending on actual
hydraulic conditions.

Weir

A construction made to control the level on the upstream side with a free
watersurface.
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9. Index

A

advection, 94

alpha, 96
Ammonium, &9

area points, 6

auto adjust limits, 85

B

hending point, 84
houndary conditions, 65, 68, 81
C
caleulation

progress, 98

type, 93

update, 98
calculation poinis, 66
calculation settings, 91
Chézy-coefficient, See resistance coefficient
cleanup network, 84
component, 7
concentration

scheme, 51
coordinate

current position. 86

offset, K5
capy, 35
cross-section, 71

interpolate data, 66
culvert, 74
current position, 86
customize

menu, 38

toothar, 38

windows, 38
cut, 35

D

decouple, 95

define a project, 11
discharge points, 67
dispersion, 95

dry flood procedure, 95

dry-flood procedure, 96
DUFLOW, 7

DUFLOW 2.0x project, 44
DUPROL, 53

E

evaporation, 49

exit DMS, 37
external variahles, 55
extra iteration, 94

F

file-types, 44, 9%
flow width, 73

G

general structures, 77
geographic background, 78
Graph window

colors, 107

properties, 106

space related, 103

time related, 102
groundwater discharge, 71

H

hairline, 105
help

context help, 37

help topics, 37
hydraulic radius, 72
I
icon

arrange, 34
initiak conditions, 53, 82
installation, 9
intermediate flow file, 96

K

Krayenhoff- vd Leur scenario, 71
L

layers, 78
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level

scheme, 50
Toad

scheme. 52
locale ohject, K6

M
Makkink, crop tuctor of, 69

Manning, formula of. Ser resistance coctiicient

menu, 27
Calculation menu, 29
Gdit menu. 2%
File menu. 28
Help menu, 30
Options menu, 30
Project menu, 29
Scenario menu, 29
View menu, 29
Window menu. 30

mode
harrline, 105
pan maode, 86
presentation, K&
selection, K3
z00m, 86

Muodflow, 7

MODUFLOW, 7

monitoring-file. 66

N

Nash-cascade, 71
network
pan the network., K6
show entire network, 83
Network Editer, 33, 63
Network window, 33
open, 64
propertics, 87
Nitrate, 70
node, 64
insert, 85
remove, 85
nodes, 28

0

ohject
datu tips, 87
disconnect, ¥5
locate, 86
pointsize, 87
propertics, &0
remove, 84
select, 83
objects
chueck, 82
show or hide, 83
offsct coordinates, ¥35
operational parameter, 57
output variahles, 95
Output window, 34

overflow ., See welr

l}

Palette 1oolbar, 64 See toolbar

parameiers, 55
paste, 35
pereolation, 71
Phosphor, 70
psition
current. X6
precipitation, 48
presentabon
SCIApL. BE
presentation seript, 87
print. 35
print preview. 36
print setup. 36
printer. 36
project
close. 43
import, 44
new. 42
apen, 43
properties. 435
recently opened. 45
save, 43
save as, 44
properties
Crraph window. 16
Layers. 80
Network window, 87
thjects, KO
project. 35
scenarie. 46
punip. 76

¢
Q-Add

scheme. 51
QH relation
scheme. 50
Quality model
compile. 53
description fife. 94
edit, 52
output file, Y4

K

RAM.7
reference level, 72
resistance coedficient. 73
resistance formula. 94
Result window | 33
results, 101

save, 101
run DUFLOW model, 9y

hY

saturated zone. 71
SCCILATIG
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active, 46
deletc, 48
description, 46
new, 46
properties, 46
Scenario Manager, 11, 33, 38
schematization points, 66
scheme, 5%
concentration, 51
level, 50
load, 52
Q-Add, 51
QH-relation, 50
usage, 39
seript, B8
section, 63, 65
flip orientation, 84
join, 85
scepage, 69
settings, 39
sewer, OY
siphon, 73
software requirements, 9
splitter, 40
standard exchange format, 63
Status bar, 32, 38
storape width, 73
structure
control, 56
operations, 56
surface
depressions, 69
paved, 69
unpaved, 69
surface water, 69
system reguirements, 9

T

text window, 101

theta, 94

time serie
equidistant, 62
import, 60
non-equidistant, 62

time series, 59

constant, 61

export, 61

Fourier serics, 61
time step

flow, 92

autpuy, 93

quality, 92
time-steps

RAM calculation, 98
taalbar, 30, 38, 39

Palette toolbar, 32, 33

Scenario toolbar, 31

Standard toolbar, 30

Window toolbar, 31
treshold level, 96
trigger conditions, 58
trigger series, 57

i

underflow, 77
undo, 35
user interface, 27

v
version number, 37
W

weir, 75
wind
comversion factor, 60
direction, 49
velocity, 50
window
arrunge, 34
opened, 34
tile, 34
working spuace, 33
write DUFLOW files, 98

¥4
zoom, 86, 106

in, 86, 106
out, 86, 106
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1. Introduction

1.1 History and purpose of the model

The introduction of personal or micro computers in organisations invelved in
water management and hydraulic engineering stimulated the demand for easy-to-
use computer models.

Water authorities require a dynamic management of their extensive water
systemns and related infrastructure 1o provide water for industry, agriculture,
domestic supply, fishery, energy and water quality control, taking inte account
reduction of damage due 10 excess of water, cte. In hydraulic engineering a
proper design and operation of river based structures and improvement works
also requires the consideration of larger parts of the overall water system.

In 1988 DUFLOW 1.0 was developed by a collaborate effort of the International
Institute for Hydraulic and Environmental Engineering (1HE), the Faculty of Civil
Engineering at Delft University of Technology and the Public Works Department
{Rijkswaterstaat), Tidal Waters Division (now RIKZ.

Various educational institutes stressed on having free access to a hydrodynamic
user-oriented computer code. The computational core of this model is based on
the FORTRAN computer code IMPLIC which was originally developed by the
Rijkswaterstaal. To improve its user orientation this IMPLIC code was fitted with
a menu operated interface 1n 1959, Prior to this introduction, the use of
computational models for unsteady flows in networks of open water courses was
restricted to a small group of specialists.

In 1992 version 2.0 was completed. By order of the STOwA, the Agricultural
University of Wageningen/ Department of Nature Conservation extended the
program with water quality modelling, called DUPROL. Since the relationship
hetween quality and flow receives special attention nowadays, a program suitable
for modelling both aspects makes DUFLOW a uscful tool in water quality
management.

Because users also need to the ability 1o model the precipitation run-off process,
the precipitation runoff module Ram was developed by Witteveen + Bos and
EDS, hy order of the STOWA.

With the introduction of DUFLOW 2.0, the maintenance of the package was
supplied by EDS {then 1C1M). The user may approach the helpdesk at EDS with
questions and problems that arise when using DUFLOW, RAM and MODUFLOW,

DLFLOW is the joint ownership of Rijkswaterstaat, IHE, the Delft University of
Technology, STOWA and the Agricultural University of Wageningen.

Furthermore, the KIWA and Dicnst Weg- en Waterhbouw (Dww) of
Rijkswaterstaat have ordered the development of further extension of the
DUFLOW product.
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e KIWAI MODUFLOW, program which simulates an integrated ground-
water and surface-water problem by combining the ground water
model MODFLOW and DerLow,

o Dwwo Grap Growth structure in DUPTOW

In the Water Quality part the process deseriptions can be supplied by the user.
This special concept enables the user to create difterent tvpes of water quality
models. Two predefimed cutrophication models are mcluded i the product.

In 1998 DUELOW s migrated 1o WindowsU5/Window s NT - DUsLow 3.0 - and has
become a component of theDUPLOW MODELLING S11 DIGTDMS ) In DMS the
RAM component 1s integrated with the DUFLOW compaonent. In the future also
SMODURLOW will be available as o DMS-component.

A free student's version s available. which includes all options, but is restricted
in the number of sections and external variables. Information on purchase and
users rights will be supplied by Ebs. Leidschendam. The Netherlands.

This chapter gives a general averview of the cupubilitics of the model and 15
intended tor those who have 1o decide whether to use DUFLOW or not.
Chapter 2 gives un account of the physical and mathematical hackground: it

I 2 pn £
provides advanced users with the necessary information on the assumptions and
methodologics underlying the maodel.
Chapter 3 gives a lunguape reference of the DUPROL program which is used to

compile the process deseription file.

Chapter 4 gives a short deseription of some other applicstions.,

1.2 Types of users

The DUrLoW product 1s designed for various categaries of users. The model can
be used by water authorities and designers and has proved 1o be a very usetul
toal in education. DUFLOW runs on a personal computer under Windows 95 or
Windows NT and is supphied with a graphical user-interface. Tt can therefore be
operated in almost every scientitic or engineering environmicnt.

The major advantage 1n engineering education is the short learning tme which s
due to its progrum structure and vser-oriented input and output.

In water management the model can be used to simulate the behaviour of a
system due to operationsl measure such as opening or closing of sluices,
switching on pumping stations. reduction of pollutant loads cte. and thus to
optimise the day-to-diy management decisions and 16 ey aluaie management
strategies.

In w consultuney envirenment the model can be used in the design of hydraulic
structures, flood and salt prevention and river triuning measures.

1.3 Design considerations

DUFLOW is designed 1o cover alarge range of applications. such as propagation
of tidal waves i estuaries, Hood waves in rivers, operation of irrigation and
drainuge systems. elic.

Basically, free flow in open channel systems s simulated. where control

structures hike welrs, pumps. culverts and siphons can be included.

Asin many water management problems, the runott trom catchment arcas is
important. a simple precipitation runoff relation is part of the model set-up in
DUFLOW. With the DMS-component RAM the precipiiation-runoff processes
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can be described in detail. The results of a RAM calculation ¢an be used as input
for a DUFLOW-calculation,

The sefected numericat scheme allows for a rather large time step in the
computation and for choosing different lengths of the elementary sections.

Water qualily is an increasing concern in water management, ¢.g. problems of
algal bloom, contaminated silt, salt intrusion etc. More often than not, water
quality has to be described by a (sometimes largey number of parameters,
therefore DUFLOW allows for a number of quality constituents, and it is able o
model the imeractions between these constituents. There is an abundance of
formulations around, which gives a great freedom for the user in formulating the
production or destruction of biological 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 for which 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
hut that can be subject to similar interactions as described above,

The interaction between surface flow and ground water flow is also playing an
important parl in water management. When applying water management to the
changes in physical planning, one must develop insight in the changes in the
precipitation runoff.

DUFLOW can direct results to disk files which can be approached by other
computer programs {e.g. economic analysis and structural design).

For immediate analysis, the results can be graphically displayed on the screen in
time or space. Optionally output is given in the Torm of tables, while all output
can be directed to a (graphical) printer.

DUFLOW is efficient both in terms of cornputation 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

In DUFLOW a model, representing a specific application, can be put together from
a range of clements. Types of elements which are available are open channel
sections {(both river and canal sections), and control sections or structures such as
werrs, culverts, siphons and pumps.

For instance an irrigation or drainage system consisls 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 of weirs.
In case 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 be separated by (movable) weirs.
Boundary conditions can be specified as:
e water levels and discharges, cither constant or in the form of time
series or Fourier series;
e additional or external flow into the network can be specified as a
(time dependent) discharge or can be computed from a given
rainfall, using the simple precipitation-runoff relation of DUFLOW
or the extended precipitation-runoff module RAM;

o discharge-level relations (rating curves) in tabular form;
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e concentrations and loads of all the transported muterials in the .
quality model, either constant or in the Torm of ume series or
Fourier series,

Wind stress, which may be signiticant in extensive shallow networks. can also be
included. Afltime series can directly be detined or can be read from an external
Ascr file,

In the network window, the network schematization cun be created and
interactively adjusted. Simple shaped cross-sections can be specificd with only a
few data. Two types of resistance formulae can be used. viz. Manning and De
Chéry.

For more complex cross-sections (natural rivers) the width thoth width of tlow
and width of storage) and the foction factor and the hvdraulic radius can be
specificd us a function of the water level,

Storage width V)

k
Flow width -

|
o) |
|

Bottom level

Fogwre 1Y Cross sevtoaal disirilintion

A runge of contral structures is avarlable i DUFLOW:

Weirs with movable sates can be modelled Tor overtiow and undertTow
(submerged) conditions. Transition between various flow situations such as
overflow and underflow. sub- and superentical flow m cither direction tukes
place automatically.

During exceution of the program the height and widih of & gate can be moditied .
depending on the actual compuied water levelisy at a pre-detined location in the

system and according to apre-specitied procedure trigger conditionsy, Thus

various stratepics of austomane” gate manipulation can be specified.

A Culvert is represented as o weir by taking into account also the friction.

Pumps are automatically operated depending on the upstream level only,

Siphons are defined as circufar pipes and the flow depends on the water levels at

hoth sides. Friction losses are taken into account.

Elliptic culverts are represented by weirs with elhiptic eross-sections,

A Gap growth structure, to simulate a dike burst. 1s represented by an overflow
where the sl level decreases and the width of the overflow increases as ume
passes,

6 « Introduction Reference Manual Duflow



Figure 12 Skerch of a hydraunlic structure.

1.5 Structure of the DUFLOW MODELLING STUDIO

The DUFLOW MODELLING STUDK} is developed under the Windows95/Windows
NT operating system. The graphical user interface gives the user the possibility
to manipulate and activate the ohjects of the model directly. Inexperienced users
will have 4 short learning time due to the user friendly interface. The presence of
context sensitive menu's and Shortcut Toolbars wifl contribute to quick operation
of the system by experienced users.

The program consists of a Scenario Manager with which the user can define
several different scenario's. The Network Editor enables the user to create a
network of water courses by dragping and dropping the elements from the
Network Pajette, The network can he presented on a geographical background.
The presentation module makes it possible to open several graphical windows,
per Praject several extra windows may be opened to give the user a complete
overview of the results. The use of dockable windows has been applied, which
places frequently used windows on the borders of the screen, avoiding overlap of
other windows,

The DUFLOW MODELLING STUDIO consists of the following parts:

1. DUFLOW water quantity
With this program one can perform unsteady flow computations in
networks of open water courses.

2. DUFLOW water quality
This program is useful in simulating the transportation of
substances in free surface flow and can simulate more complex
water quality processes.

3. RAM precipitation runoff module
With RAM one can calculate the supply of rainfall to the surface
flow. RaM calculates the losses and delays that occur before the
precipitation has reached the surface flow,

4. MODUFLOW (not integrated in DMS 3.0)
This program simulates an imegrated ground-water and surface-
water problem by combining the ground water medel MODFLOW
and DUFLOW,
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2. Physical and mathematical
background

2.1 Introduction

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

Section 2.2 deals with the equations for unsteady flow in open channels. In
special paragraphs the use of boundary-Error! Bookmark not defined., initial
conditions and structures is presented.

In section 2.3 the mass transport equation and numerical solution applied in the
quality part are discussed. Special attention 1s paid to the use of boundary
condittons and process descriptions,

Section 2.4 gives an outline of the numerical methods used. Finally in section 2.5
some practical considerations for the application of the model are given.

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

The numerical method is based on the use of both the mass conservation

equation and the equation of motion in the section, and the use of the
conservation equation {stating that the sum of the discharges is 0) in the nodes.

2.2 Flow

2.2.1 The unsteady flow equations

DUFLOW is based on the one-dimensional partial 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
conservation of mass and of momentum read:

JdB dQ

+—==0 (]
dt dx ’
and
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o O dH daQv) QQ‘Q R .
— 4+ A+ +— =ayw costP—9) (2
i o)X dx (AR

while the relation:
Q =yv- A (3)

holds and where:

! time |s]

X distance as measured along the channel axis [m]

Hiv water Jevel with respect 1o reference level fm]

VIxX, t) muan velocity (averaged over the cross-sectional area) [m/s]
Oix. 4 discharge at location x and at time t[m /5]

Rix, H) hydraulic radius of cross-section [m)

wiv I cross-sectionad flow width [m]

Atx 1 cross-scetional tflow area [mzi .
i Iy cross-sectional storage widih [m]

5, £ cross-sectional storage area |m:J

o accelerstion due o gravity Im/x:]

Crx Hy coetficient of De Chérzy [m7/s)

Wit wind velociry [mfs]

dxi) wind direction in degrees [degrees)

Ry} direction of channel axis in degrees, measured clockwise from

the north [degrees|
i) wind conversion coefticient [ -]

o correction factor for non-uniformity of the velocity
distribution m the advection term. detined o

A 3
= Jv(_\'.:)‘a’_\'d:
0
where the integral is taken over the cross-section A, [m:] .

This inass cyquation (1) states that 1f the water level changes at some location this
will be the net result of local inflow minus outflow . The momentum equation (2)
expresses that the net change of momentum is the result of interior and exterior
forces hke friction, wind and gravity.

For the derivation of these equations it has been assumed that the fluid s well-
mixed and hence the density may be considered to be constant.

The advection term in the momentum equation:
)
P

(da)

cun be broken o

QKO A
o 2= — - =—— (4b}
Ay AT ol j

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

The purLOW User's Guide describes how to manipulate this term,

2.2.2 Discretization of unsteady flow equations

Equations (1) and (2) are discretized in space and time using the four-point
implicit Preissmann scheme,

Defining a section Ax, from node x, to node x;,, and a time interval At from time ¢
AT : ] . . . .
= f"totime 1 = £, the discretization of the water level H can be expressed as:

H' =(1l-0)H" + 61" (5)
at node x;and time ¢ + 6At
and
. _HL 1]
)HM/2 = —2‘—' (6)

in between nodes x; and x,,; 4t time 7.
In a 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 (x; 4 172,

%) as shown in Figure 2.1,
1
n+l}
n+9_________|. | .
I
At :
no| o |
]
b
| | .
P
| '
| | AX ‘
| |
| | ‘
| 1 i
1+1/2 i+l x
Figure 2.1 The Four Point Preismann scheme

With initially: H' = H' ,

H

B” HH’Z)

iz = B
n _ i
le/E - bH—IIZ(H[HIZ)

nF M n n
B;+1/2 - B;‘+|/2 - bt'\i/QHw],‘Z

[+i/2(

equation (1) 18 transformed into:

*rtl ntl ntl H n~fl h+f
Buuz +bz-.1/2Hm/?. - B;.uz + Qw VQ;

At Ax.

t

=0 (7)
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and cquation (25 into:

s R A

O o AL ety AL T AT
+ R PR e e e e
N Ax Ay (%)
RJ(Q-"-.L{: o ) ) il P
0 =ua'y (”:L“g)COS(CD‘ —-@)
.

A nrass conservative scheme for water movement Is essential tor proper water
quality simulation. I the continuity eguation is not properly taken into account,
the calculated concentration will not mateh the actual concentration. The mass
conservative scheme is hased on the fact that the crror made in the continuity
cyuation will be corrected in the next time step. Mass conservation 1s theretore
guaranteed. The method wused for this scheme is deseribed in tBooi). 1978

- . . - - - nak
The = ke sn A s expresses that these values are approximated at ume 7%,
This diseretization is of second order in time and place 1 the vidue 8 = 0.5 and n
can be shown that in this case the diseretized systen is mass-conservatve, In
most applications, a somewhalt farger 8-value, such as .53 15 used in order (o
obtain a better stability (Roache, 1972),

The values indicated with (%3 are computed using an nerative process, For
cxample, a first approxmmation of A is

A=A
which is adjusted in subseguent iteration steps:

(A" + A"
>

where A" s the new computed value of A"

So dmnally, tor all channel sections in the network two equations are formed
which have O and H as unknowns on the new ume level 077

wai _ E'VHII:’“ + -'\"l‘lk- Hfi.tl + [’\-"H (9a)

O =N+ N HD NS, (9b)

2.2.3 Boundary and initial conditions

For a unigue solution of the set of equations additienal conditions have to he
specttied at the physical boundaries of the network and at the sections defined as
hydraulic structures. Structures are discussed i section 2,24

The user-defined conditions at the physical bounduries may be specified as
levels, discharges or a relation between both, For instance a (tidal) elevation ff. a
discharge €, or a so-calicd Q7 refution. The selecnon of boundary conditions is
discussed in more detail in section 2.5.2.

At internal junctions the dimplicit) condition states that the water level is
continuous over such w junction node, and that the tlow s towards the junction are
in balance since continuity requires:

i
No o +q -0 (10)
il
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2.2.4 Structures

where:

I indication for the junction node
[of discharge from node j to node i
i 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 computed using a standard solution
method for systems of linear equations, the discharges are found by substituting
the computed water levels into equations (%a) 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 flow g,.

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
measurements, obtained from former computations or just a first reasonable
guess,

Additionally wind stress and rainfall conditions can be specified.

2.2.4.1 General about structures

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

At weirs and other structures discharges and levels can be 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 of the weir, the level of
the sill etc, can be adjusted during the computation. These conditions are treated
in more detail in the DUFLOW User's Guide.

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 posilive.

Any structureis defined between two nodes 1 and j and the discharge in the
structure is denoted simply as Q.

Reference Manual Duflow
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2.2.4.2 Weirs

7
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The discharge over a weir depends on the water level at both 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 weir that can be
distingnished, where it is assumed that H, > H;. If H; < H}, the picture is
symmetrical with Figure 2.2 except for the loss coefficient, which need not be
symmetrical.

The general equation for the discharge over the weir is

Q™' = uBH\|2eAH (1)

where:

B width of the weir,

il the discharge reduction or loss coefficient,
H depth over the sill,

AH difference in head.

These quantities, which may be different depending on the actual type and
direction of flow, are given in Table 2.1

flow condition DMS-object 1 H AH
I General structure | HO Hf“ —HO
I General structure |, 2 ol |-
3 H 5 H;
111 Weir 2 1
Ry —3—H,.”+| EHEH
v Wei +1 +1
cir Ly an H}n - H;ﬂ
Vv G al struct n n+l n+l
eneral structure |, H. H' - H’
Vi G I struct HO + +l
eneral structure |1, HM - H}’
VI General structure | HO H g
i i
Tahle 2.1 Coefficients in equation {I11)
The parameters are defined as:
H. H, water depth over the sill, respectively at the beginning and at the end
of the section
HO height of gate opening
T toss coefficient, gate flow
I, loss coefficient, free surface flow
T8 loss coefficient, transition between [y and ., i.e.
H,
i, Auv+2(—‘;fo—lJ(uo—uv) (12)

Note that these formulas are approximations of the real physical situation and can
be calibrated using loss-coefficients Wy and ..
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Equation (117 is linearized and brought into the form generally used for
structures:

O =N ENT N (13

2.2.4.3 Culverts

Culverts are governed by the same tlow equations as weirs, only with a friction
term added. This resistance is thought to be coupled serially with the weir, at the
upstream side.

The equation for the resistance s based on the De Chézy formula:
L AM
Q:A(\jw?— (14)

where Aff s the head loss due 1o friction, and L is the length of the culvert as
prescribed by the user. The yuantities A, CL and R are defined in section 2,21,

The resistance formula is lincarized as:

CATCTRAH

Q"o =
| L
Or
U ACR
o

Serial coupling means that & dummy node s inserted between the nodes 1 and J.
The formulu tor the discharge between the begin node 1 and the dummy node [ s
based on the resistance formula:

0" = F (- n)

1
and the formula for the discharge between node I and the end node j 15 equal to
the weir formula:

Q" =N HT HNHIT N,

H s eliminated and the following result is obtained:

nel i(.j\; | n-l l"\': nrl F/\r 3
o= A |
b+ PN F+ AN

The general expression for the culvert is:
Q= N RN N, (15)

where the coefticients for flow in both directions are:

N : r N
Froemax(y v )
I )
A N
Formax{A oA )
.. I
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2.2.4.4 Siphons

2.2.4.5 Pumps

A siphon is a fully filled closed conduit to transport water over obstacles (hills,
structures). In case of tflow the equation for Q is the same as case VII in section
2.2.4.2, combined with resistance in the same way as in section

2243,
Start level  Start level
Stop level “" Stop level

Figure 2.3 Operation levels of a siphon.

A siphon is in full operation when the upstream and downstream water levels are
above the user defined start values. The siphon runs dry when at one of both
sides the water level is below a user defined switch-off or stop level.

A pump is assumed to be in full operation or not at all. Operation of the pump is
controlled by the water level at upstream or begin node .

There are two types of pumps that can be defined by the user. The first type is a
drainage pump and the second is a so-called supply pump.

In the first type, the drainage pump water is carried from begin node to end node.
For this type of pump the switch-on level (start level) must be higher than the
switch-off (stop level}). When the water level rises above the switch-on level,
given by the user, the discharge is set to the pump capacity O, ,which is carried
to the end node of the section. When the water level drops below the user defined
switch-off level, the discharge is set to zero (see Figure 2.4).

For reasons of stability it may be necessary to define a reasonable additional
storage capacity by introducing an extra section at node i.

H

Start level =

Stop level -<—

Qv Q

Figure 2.4 Dependence of drainage pump operation on upstream water level

The second type of pump is the supply pump Here water is carried from the end
node to the begin node of the section. In other words, from a begin node
viewpoint, a negative discharge is carried to the end node. In order for the user to
define this supply pump the switch-on level (start level) must be below the
switch-off level (stop level). When the water drops below the switch-on level,
the supply of water by the purnp is activated and the discharge is set to pump
capacity -(,. When the water level rises above the switch-off level, the discharge
is set to zero (see Figure 2.5).
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Note that the function of the pump will determine itself if the discharge is .
positive or negative. The user must therefore give an absolute value of the pump

capacity,
H
— Stop level
-t Start level
Q
_(‘)',
Figwre 2.8 Pependence of supply pamp operation on apstredam sarer fevel I

2.2.4.6 Gap growth structure (not available in DMS 3.0)

DURLGW consists of the possibility to simulate the consequences of o dike burst.
The development of a stream hole is modelled by i special type of structure.
where the opening grows as time progresses. The caleulation of the gap growth
structure is based on the formulas of an overflow structure

The gap growth structure uses the same varables as the overflow structure. such
as the length of the gap. the initial <ill level, the initial width, the gute level
{default value) and the positive and negative free surfuce loss coefficients, Next
1o these variables, the structure 1s extended with six new variables. The six extra
variables define the start trigger of the growth. the surplus height trigger, the
maximal depth of the gap, the maximal width. the sill growth time and the width
growth time.

The sill height with respect to a reference level decreases 1n the user defined gap

growth time, starting from the initial sill height and ending at the maximum

depth of the gap as defined by the user. Similariv, the width of the gap increases

during the user detined width growth time. starting at the mitial width of the gap

and ending at the maximum width as defined by the user. The following options .
are possible to trigger the growth of the gap:

e the burst s activated by a starting time value, defined by the user

o the growth sturts when the water level reaches the top of the dike
(plus or minus & surptas height)

The equations used by the gap growth structure are the following:

/07 B ¢ B TN (P S Y S BT S o

)=~ H for e =y

‘ H .. tore =0 .~ Th,.

! f o

BB By T L Th ) e gk
Bir) - - B torr = F .

B. ) tar ¢+ - f « Th.,

With
[t gap width at tune t{m]

B, initial width ot the gap |m| .
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2.2.5 Dry flood procedure

Briax
Hit)
Hu
H
1

Tiin
This
Thi

maximal width of the gap [m]

gap height at time t [m]

initial sill level of the gap [m]

maximal depth of the gap [m]

current time step after start of computation [s]
start time trigger of growth [s]

width growth time|s]

sill growth timefs)

The maximal depth and maximum width must be given in meters, where the
maximal depth 1y given with respect 10 the reference level. The sill growth time
and width growth time are given in seconds.

A model that can be used to simulate the consequences of a dike burst may
consist of the following schematization:

e ariver consisting of several sections

s polder which consists of a matrix like network of several sections

e the structure type: gap growth.

v
f———
.‘f
/
f A
i
|
Figure 2.0 Schematization of medel for simulation o dike burst

A dry flood procedure js developed for the DUFLOW, which makes it possible to
perform calculations with sections that become dry. At the same time, this
method enlarges the stability of inclined systems with shallow brooks. A dry
section 1s defined by a section where the calculated water has dropped beneath
the defined bottom level of the section. Consequences of a dry section are that
the flow area and the hydraulic radius of the section become equal to zero.

The dry flood procedure is as follows: the user defines a threshold vajue; when
the calculated water level drops bencath this value, the width of the cross
sectional profile decreases with an exponential function.
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The advantage of this approach is that the transition to the dry tlood procedure
progresses sincothly, there is always water present in the system and the user
does nol notice that the system has gone dry. In the maodel. wll of the sections will
renrain contwning water. which teads to the fact that dry sections never oceur. In
dry scctions, therefore. the flow of water is alwavs present. The measure to
which this oceurs depends on the value of the threshold detined by the user. A
smaller threshold value will lead 1 a taster deerease. but in turn will increase the
chance of instabilities,

The form of the exponential function is chosen in such g way that the water
capacity of the origimal section beneath the threshold value s equal to the water
capacily contained by the tube that arises with the new profile. This means that
nidss conservation s guaranteed. A mass conservative scheme is essential for a
correct simulation of the wuter guality.

Fivwre 2.7 The Dy flocd procedure

2.3 Quality

2.3.1 The mass transport equation

The quality part of the bt FLOW package is bused upon the one dimensional
transport equation. This partial ditferential equation describes the concentration
of a constituent m a one dimensional system as funcuion of time and place.

g (BC) 2 (QC) 9 90
= =—— +— AP = + P (16)
ot o X o x o x J

where:

¢ constituent comeentration [g/m'’|

(7 flow [mi/s]

A cross-sectional flow area [m- |

D dispersion coetficient lm‘-' |

s cross-sectional storage arca [m: |

v x-co-ordingte [m)

i time |s]

In theory. the width of the profile never reaches zero. However, becanse of imited machime accuracy. the width
will reach the value zero eventually. On the other hand. in practice this does not lead 1o problems,
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P production of the constituent per unit length of the section [g/m.s|

The production term of the equation includes all physical, chemical and
biological processes to which a specific constituent is subject to. In section 2.3.4
a detailed description of the way the processes are dealt with 15 presented. For the
time being in this paragraph the overall production rate for constituent C is
represented using the lumped variable P.

Equation (16) has 1o be solved numerically. The solution techniyue selected is
the method used in model flows (Booij, 1978). In order to apply this method
equation (16) Is rewritten as:

dS o (BC)
——+———-FP=0 (17)
o x ot

in which § is the transport (quantity of the constituent passing a cross-scction per
unit of time):
JdC

§S=00C-AD— (14}
o x

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

In this form the transport equation closely resembles the equations for the flow
so that similar numerical approximations may be applied.

2.3.2 Discretization of the mass transport equation

The numerical method used to solve the transport equations (17 and (18) was
adopted from the maodel flows (Booij, 197%). The method is unconditionally
stable and shows little numerical dispersion. Furthermore, the method perfectly
fits to the discretization of the flow equations. Similar 1o the flow computations,
adjacent sections may be different in length.

In the flow computation the discharges at each end of a section are expressed as
{lingar) functions of the water levels at both ends. Here we express the transports
at both ends (5 and S,) into the concentrations at both ends (o) and ;). To obtain
such expressions we apply Galerkin's method.

The mass conservation eguation (17) is integrated over the section, multiplied
with a weighting function y, or ye

Ax —‘. ) B
[ ,Q+@—R =0 19)
dx dit

1

results into:

L | e T () ([}IC) _ (] w;

) C
Wi‘s; 0 ’

(QC—AID , J—wﬁ de=0 (20
dx

ot o x

0
In each section we distinguish two weighting functions:

X

=] = (21
¥ Ax

W, = (22)

X
Ax
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Cis assumed to vary linearly within the section Ax, Le.:
C= W+, (23

in which ¢y and > are the concentrations at the beginning and the end of the
section.

Solution of equation (20) for 1 = 1.2 results into;

-3, +£ B¢ 1-& By, + Qo+ _ A1D(.: = .
(24
Av Ax
- h-—P=0
3 6 -
+5, +£ I B +£ 9 By _ Q¢+, + AWD(IJ = +
© 6 di 3 dit 2 SN
(25)
Av Av
T h ~-—P =0
6 3

In which indices 1 and 2 refer to the beginning and the end of the section. In
equations (24) and (235) discretization with respect to v has taken place: the
guarntities § and C are still continuous functions of 7,

Discretization of the equations (24) and (25) with respect to time using a time
slep Ar results mto:

(1-8) Av(B'e; =B ¢, ) Av[ Bl —Bie .

T — 8§ — |+
! g ' 30 At 68 Ar
+_9__Q_1*‘}' +8 0, (1=, ¢, +(1 =000 ¢ . 26
20
11)8(’;—Gi'f+(|“9)('1—*(|*8)('1—_ _A_\P ;A,lp
o AxB 387 66 -
¢ = (1-0) Av( B¢/ =B, ) Av( B¢, —Ble] .
8 T o8 At 30 At
60/ TO0 HU-00 G H 100
20
71111)9(;—9(']‘+(1—9)(';—(l—9)('{ +ﬂP]+ArP1
- A8 60 3 -

The indices + and - refer to the present and last time step respectively. The
welghting factor with respect to time is 8. Using a value of 8= | results into a
fully implicit method. In seetion 2.5 some practical considerations on the
sclection of 8 are given.
Unknowns in the above equations are: ('r . ('£ .8, and S, . Normally but not
always (see section 2.3.3.4 on "decoupling”). ¢ and ¢+ are equal to the

. . - T+ - .
concentrations in the adjacent nodes so that 51 and Y. can be expressed into the

concentrations at the nodes just like the discharges are expressed i the water
levels at the nodes by (Ya) and (9h):

SJIM =N, |‘)M| + ‘NIZ(I:”-.i} + N,
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. S = Nzlcfm + Nyel 4 Ny,
Using these equations together with a mass balance over the nodes results into a
set of linear equations which can be solved, see section 2.4. The figure below
shows at which locations in the system matrix of the set of equations for C the
submatrix N given above fits in. The coefficients Ny, N2, V2, and N, are found
in the matrix E on the left hand side, the coefficients N3 and Np3 appear in the
right hand side (F):

(R

Figure 2.8 Structure of the set of equationy

2.3.3 Boundary and initial 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 he based on historical measurements, obtained from former computations or
from a first reasonable guess.

In the last case the user should realise that the first part of the simulation period
may result into non realistic results. The time during which the effect of the
initial conditions is pereeptible is controlled by the transport rates and the
characteristic time constants for the reactions. As a rule of thumb for a single
section, if only advection is taken into account, the impact of the initial
conditions is completely gone after three times the residence time 1n this
particular section,

As the exchange rates between the sediment layer and the overlying water are
rather low especially for the concentrations in the sediment reasonable initial

. values have to be used. If no reasonable initial values are available it is
recommended to perform some initial simulations from which the results, at the
end of the simulation period can be used as nitial values for a next run.

2.3.3.2 Boundary conditions

The way boundary conditions are treated in the quality part of DUFLOW 1s hore
complicated than for the flow part. Therefore this subject is discussed here with
some more detail. In the first place we have to distinguish between two types:

- the physical boundaries of the system.
- the internal nodes in the system.

At the begin or end nodes in the network, in the flow part, 4 water level or
discharge boundary can be applied. In the yuality part at these locations a
concentration boundary can be used. The different combinations of C and Q-H -
boundaries are shown in the next paragraphs.
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2.3.3.3 Physical boundaries of the network

2 node

| section | |

-

H-boundary combined with C-boundur

o I the flow direction at node j is towards the environment:

S, = 0.0,

e Ithe tlow direction at node § s mto the network far 8- equation
{271 15 used and in the mass balance equation for node j an
addiional lead equal to €220, Is added. Where ¢, Is the boundary
concemralion.

O-houndary combined with C-hotndary

o Ifthe flow direction at node j 1s tow ards the environment:

Sy =0

o If the flow dircction at node j s mio the network for $-equation
{27) s used and in the mass halance equation for node | an
additional load equal to €2, 0, 1s added. Where ), and ¢+ are the
flow and concentration at the boundary respectively.

Fived concentration boundarics

» I a C-boundary 1s defined at node §. without using an H or Q
houndary. The specified concentration e i substituted in equation
(27).

Dead end sections of the nenvork

o [ no H. QorCboundury conditions are specitied at node )2 52= 0.
Physicatly this situation represents a dead end section of the
network.

In case of physical H-boundaries, Q-boundaries and combined (Q-H bounduries. a
concentration boundary tor every defined dissolved substance 15 compulsory.

2.3.3.4 Internal nodes

¢c.,Q

a

c
v

section 1+1 2

7 node.I

= 1 section | I

(-bondary combined with C-houndary

This sitwation represents a discharge with a flow rate 0 and a concentration ¢ at
node jin the network,

s I (18 posinve (flow inte the netw ork s an the mass balance
cquation for node jan additional foad €, ¢, 18 added.

2ot e 15 added 1o the

o Qs negative an additonal load equal - ¢/
mass balance equation for node | Where:

Cnge = 1o 1 the fTow in the network iy positive (frome i to i+1)
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Conae = €2, 1f the flow in the network is negative (from i+1 to )

For the caleulations of the mass transport in section i and i+], two
options are available in this case.

e [fthe caleulation is performed using the option decoupie (see
calculation definition, paragraph 3.4.1.1, Decouple = Yes).
Sz,i = Qz.;‘("z,r' if flow is from i to 1+]

S el = Ql,i+l N 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).

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

This decouple option can be used to prevent flattening of steep concentration
gradients at nodes where a discharge is located.

In case of a Q-boundary at an internal node, the user should either define a
concentration boundary for gvery defined dissolved substance or define no
concentration boundary at all for that internal node:

¢ ()-boundary combined with C-boundary for every dissolved
substance.
Water flowing in- and out of the model as defined above.

e ()-boundary, no C-boundary.
Water flowing in- and out of the model contains no dissolved
matter, C=0). This feature may cause confusion but is added to
enable the user to model evaporation.

2.3.3.5 Loads

At all nodes in the network an additional load can be applied, which means that
this load is added to the mass balance equation of the 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.

r
structure . :
2% 7 gs % 1 sectioni+] 2

X

1 section i

If flow is from ito i+1; S1=8=0, ¢,

Ifflowisfromi+ltoi:  $=S=0, ¢1i-

2.3.4 Standard process descriptions

2.3.4.1 General

The DUFLOW water quality module has the property of having an open structure.
The transport of substances through the water courses is described by the
advection-diffusion equation. This equation in combination with DUFLOW water
quantity 1s solved by DUFLOW for the given schematization. The description of
the interaction between the different substances and organisms in the surface
water 15 less trivial. The model description strongly depends on the problem,
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Sometimes a simple process description is encugh. however other times more .
complex process descriptions are necessary.

In pUFLOW the mathematical formulations describing the processes can be
supplied by the user. They have o be supplied in the maoded file (*. mod). which
can he ¢created or edited using the user inferface {see the DUFLOW User's Guide).
For this purpose a special process deseription language has been developed. The
set of process descriptions supplied by the user can be compited using DUPROL.
This compiler converts the descriptions into data, which are read by the
caleulation part of DUFLOW, In this way the user can change the process
descriptions or define a new set of descriptions without changing and
recomptling the source code of the calculation part of DUFLOW. A tull
explanation of the syntax of the language and the use of DUPROL 15 given in

Chapter 3.

In the computationa] part the process descriptions are combined with the

transport equations. Actually the lumped variable P introduced in equation (16)

15 filled in. In the preceding paragraph it was shown how the numerical solution

of the mass transport equation resulted into a set of matrix equations. In this

equation P is in the right hand side ot the equation. which means that all process

descriptions are evaluated using the values of the state variables at the previous

time step. This explicit evaluation of the process description does have some .
consequences for the time step to be used. This subject is dewlt with in section

2.6.

If more than one variable is defined in the process description file, the matrix
equation is solved for each variable. This matrix equation is solved using LUD
decomposition, Using this method the left hand side matrix has to be
manipulated only once.

2.3.4.2 Boftom variables

DUFLOW waler guality distinguishes between substances that are transported with
the water phase, dissolved substances for instance and substances that are not
transported with the water phase, but are connected 1o the bottom, This feature
allows the user to include the bottom of the water course in the water quality
model and 10 model the interaction of substances between water phase and
bottom. Walcr type state variables have been dealt with in the previous part of
this puragraph. For bottom state variables the transport part of equation (16) is
not catculated. In this way tor each section a bottom state variable 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 in the process desceription file.,

water level

¢ Section overlying water column

¢, Active sediment top layer

Underlving sediment laver
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[n this example we consider an active sediment top layer. The thickness of this
top layer is considered to he constant in time. If the porosity of the sediment is
also assumed to be constant the ¢xchange flux of a dissolved constituent between
the sediment imersutial water and the water column can be expressed as:

E &
— A . b
E«- o H {'n -
5 por
where:
F,. the exchange flux between water and sediment [g/ m’. day |
E. diffusive exchange rate [m”* /day|
Co the constituent concentration in the overlying
water column g/ m']
€ the constituent concentration in the sediment
3
[g/m’]
H, thickness of the sediment top layer [m]
por the porosity of the sediment 1op tayer |-

The description of the exchange 1lux has to be added 1o the differential equation
describing the processes of the constituent. Both the depth of the sediment top
layer and the exchange rate should be declared as a parameter.

In principie more complex descriptions can also be used to describe the sediment
water interactions. Another example is given in BUTROF2 {see appendix B).

If necessary the sediment can he subdivided into more layers. The exchange
between the distinguished layers can be expressed in the same way.

2.3.5 Options for computations

In DUFLOW four optians for computation are available, see the DUFLOW User's

Guide. Flow and quality can be calculated simultancously or separately. In the

last case the flow conditions finformation like flow, flow width, etc.) are stored
in the *.dmp file and read during simulation of quality. Different time steps can
be used for caleulation of flow and quality. The time step used for quality must
he a multiple of the time step used for flow.

Dritlow)

RN

Dy fguality,

Using the option Box only the processes are simulated. Actually the transpon
related terms in equation {16y are eliminated. The processes are simulated in all
sections of the network. Hence this option enables to evaluate the relative
contribution of transport compared to the processes in the entire network.
Furthermore, this option can be useful for testing during model development.

2.4 Solving the set of equations

The network as a whole is 4 system of sections and nodes, where each channel
section and control structure is considered as a separate item. Each branch and
node of the network has a unique identification number, assigned by the user,
The structure of the system ks implicitly defined by the user specification of node
numbers at both ends of each section,
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The number of unknowns is in principle equal to 2%J+E where 1 is the number of
sectons and s the number of nodes: in cach branch the unknow ns are the flows
at hoth ends und @t cach node the water level, At stnectures the flow at begin and
end node 15 the same.

The number of equations is also 2%+ for cach channel section 3 two equations
are denved. following from the mass and momentum equanon (9. At structures
only the momentum cquation is apphicd (1T T4 as the mass equation can be
neglected becuause of the noe-storage conditton. At cach node there s bulunce
equation for the flows (100 since it is assumed in accordance with the four-point
method that the storage of water takes place inside the brunches. and not at the
nodes. At houndury defined nodes an additional condinon cun be specified: thus
there 1s one equation tor cach node,

Since the numerical scheme s implicit, a set ol linear equations has to be solved
for vach ume step.

(. and Q.. represent the discharge through cross-sections at the begin and end
node of each section. and /f and H; represent the water level at these nodes,

After substitution of equation (9. 11, 14y into £ 10y a svstem of linear equations
results mowhich the water levels are the unknown variables:

d ML =R (30

This system of equations is built up in the progriam section by section. For the
channel section with nodes 1and . the coetficients Ny NN and Vs in
cyuation (9) contribute to the matrix coefhawents M oM M and M,
respectively, and the coefticients Ny and Vo 1o R and £ respectively. For
control structures similar conditions hold.

In this way the structure of the network is recognisable in the structure of the
systemn of cquations. see Figure 2.9,

toy
\\ ‘l/ ‘
: ol
] AR
. = |
\ S
M s Il =R
friviere 20 Striccture of Hie set of cgudtions

In most cases the mamx Nois sparse. which meuans that most elements are zero
with non-zere elements scattered over the entire matns.

The solution method 15 based on LUD decomposition. For details of this method
the user is referred to numerical handbooks. For instance (Numerical Recipes) a
comprehensive description of LUD decomposition 1s given.

2.5 Practical considerations

In this paragraph a few suggestiens are given concerning practical modelling
aspects using the pUkrow priduct. These sugeestions are valid for any open
channel network and wre described in even more detadl in the literature. Here
oaly a brict outline is given,

Defining o model for o specific situation requires decisions like:

e cxtent of the computational region, in space and time:
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*  nature of boundary conditions,
¢ schematisation of channel sections, structures etc.;
*  space and uime discretization;

e type of quality model selected and level of detail used in process
descriptions.

2.5.1 Extent of computational region, in space and time

DUFLOW is a predictive model, especially suited for the simulation of changes in
gxisting systems. Simulation results of the actual situation can be verified, which
1s 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 of the present
situation after calibration. But due to changing circumstances in the new
situation the relative importance of certain processes may change. For example,
after reduction of the external phosphorus load the release of phosphorus from
the sediment may become important.

[n particular, the boundaries must be chosen with great care in cases where a
change in the systemn 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 sitsations, this may
lead to errancous results in the simulation ot future changes. So one shoutd take
care that:

»  cither any change in the system does not affect a boundary
condition;

¢ orthe boundary condition dees not influence the state in the region
of interest.

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

The downstream boundary must be situated so far downstream that a wave
reflected at this boundary Is damped out at the location of interest. These choices
can he verified by variations in the model: in case of the 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.

2.5.2 Nature of boundary conditions

When the location of a boundary is determined, the next chotee is what type of
boundary condition (water level, discharge of H-Q- relation) is to be used. The
best cholee 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 if the river
flows into a lake or sea, or a H-Q relation based on uniform flow if the
downstream boundary is sumewhere along the river.

Note that a dead-end (Q = O permanently) is the default boundary condition in
DUFLOW; such a boundary condition does not have to be mentioned 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
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ends g concentration boundary condition is not necessary s long as the flow
direction 1s directed towards the environment. In this case the upstream
concentration is not influenced by the boundary condition. However if for some
reason the direction of flow changes a concentration houndary should also be
provided at these boundaries of the network.

Discharges at internal aodes in the network can be simuluted using & Qand ¢
houndary. However it the flow of the discharge 1s small compared 1o the flow in
the receiving water also o lowd can be used.

2.5.3 Schematization of channel sections, structures, etc.

Yery detaled schematisation of a network 15 seldom necessury due to the nature
ot the equations involved. Usually small changes i cross-sections have only
fitle influence on the state ind region of interest,

[t 15 useful o start with o rather crude mode] and 1o test the sensitivity ot the
model to small changes in cross-sections, betore eomy to a detailed descripuen,
This is also true for structures.

For instance, it Is not etficient to model every bridge or other obstacle as o
separate structure, 10is hetter to mtroduce an increased channel friction to
compensate Tor this resistance. Only structures that constderably reduce the
cross-section should be modelled explicitly.

[ general, the level of detail used in quahity simulation depends on both the
nature of the system and the type of issues subject to modelling, The time and
spatial scales of the variations in the concentrations are important in this respect.
These scales are contrelled by the rates of the underlying processes and the
variabihty of the discharges and the environmental conditions,

OF course the desirable accuracy of the results also plays anomportant role.

Note: At both ends of a structure a normal section niust be detined. in other
words, « structure can not be located at the boundary of the moded.

2.5.4 Space and time discretization

For space and time steps similar arguments apply. Vers detated description is
often unneeessary. The space step must be such that changes o cross-seetion are
reasonably well fellowed: furthermore the space step must be o small fruction
tsay 1/30th, or lessy ol the wavelength. if uny. Alser the time step must be a small
fraction of the wave pertod, A sensitivity analysis giving the influence of the size
of the thine step s always recommended and casiiy carmned cut,

The selection of space and tme steps also influences the numerical dispersion
mtroduced by discretization of the mass transport cquation, This numerical
dispersion eads to an additional smoothing of concentration eradients. The
numerical dispersion Tor the solution methad wsed can be approximated by:

L. = %(i — 268 )uAs a1,

s

For 6= 0.5 this results mto aw numerical dispersion cqual to 00 A value of 8 <05
however may lead to a non positive solution, which may cause instabalities. A
value of 0,55 is recommended.

As the production terms are cadeulated using the state at the preceding ume step
the selection of the thae step used 1s also restricted by the process rates. As a rule
of thumb, At should be jess than half of the churacteristic time constunt of the
fislest process.

I the spatial schematisation tirst nodes are selected at the beundaries of the
network, at qunctions. and at both sides of o structure nmmediatels adjacent to
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the structure). Subdivisions of the 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 be stressed that applications by users without a proper
understanding of phenomenon and/or without reliable verification increases the
risk of erroneous results.

2.6 Limitations of the model

There are a number of inherent limitatiens in the equations and methods used in
DUFLOW. The most important ones are summarised in this paragraph.

The equations are for one-dimensional flow. This means that the flow of the
water in a section will be averaged over the width and depth of that section.
DUFLOGW 15 therefore not suitable for performing calculations of flows in which
an extra spatial dimension iy of interest. Water bodies with significantly different
velocities in the vertical can therefor not be modeltled. For instance the model is
not suitable for stratified waters. Also the flow must be directed roughly parallel
1o the channel axis. Differences in flow velocity between the main channel and
the flood plains can be taken into account by distinguishing the width of flow
and the width of storage, however, if there are differences in water level between
the main channel and the flood plains, it is better to model the two as separate
{parallel) channels. A lake cun be schematised by o network with several
sections. The results, however, have limited validity.

As mentioned, vertical density differences are not taken mto account; also
horizontal density differences are not modelled because the density is assumed to
be constant throughout. This is of interest in estuary, where a large concentration
gradient has conseyuences for the water movement en where one may want to
calculate the waler movement to a high degree of accuracy.

Although the equations underlying the model are valid in case of supercritical
{low, the numerical solution method does not support supereritical flow. In
structures the calculation of super critical flow is not a problem, Because
subcritical flow is assumed there must be one boundary condition at cach of the
boundarics of the network.
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3. DUPROL

3.1 Language reference

3.1.1 Syntax

The interactions involved without transport processes, advection and dispersion,
need to be supplied by the quality model development part of the program. These
are stored in the process description {ile *.mod. The resulting set of equations has
to be compiled using DUPROL. After compilation a *.mob file is created which
can be read by DUFLOW.

DUPROL I8 not ¢ase sensitive.
Some rules of syntax:

*  Anidentifier (nume 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 variable d is reserved for
the dispersion coefficient and should not be used, even not as a
single character in the comments.

o Commenty start with /* and end with */. Comments are only
allowed at the beginning of the file.

A model file consists of rwo parts:
e Declaration section:
In this part the different variables are defined.

¢  Compound statement;

This part contains the equations describing the processes.
The *.mod file must be closed with an empty line at the bottom, otherwise

DUPROL cannet compile the fike correctly.

Choose to edit the model definition file if you want to develop the quality model.
The program will ask which model definition file is to be edited. (¥*.mod). The
editor will be acuvated so the desired process deseription file can be entered. A
shortened example of a model definition file is shown below.

f* Simple Eutrophication Model EUTROF1.MOD DUFLOW w2 . %% x/
/* *f
/* Hang Aalderink & Nico Klaver */
/* */
f* Agricultural University of Wageningen */
/* Department of Nature Conservation */
/* Water Quality Management Section */
Iad P.0. BOX 8020 4
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[ £700 DI Wageninge:. s

i The Nebthieriands =/

ix >

i September 1992 ~/
water A AR ;Algal bLiamass

watler  PORG S ;Urganic Phosphorus

watoer  PALGRSG I 0.04G ;Inorganlic Phoophnrus

water HH4 [ ) JAhgrrorla

water  HO3 [ ANLET Vi JHltrate

wirt eer MNP oL RLGY srganico Mirtrogen

waler 02 P0G XYy gen

water BOL C5.00G6G; s BOD-5

warer 88 R ONGY s Suspoended 1

parm ko COLLnY] sManed o * Fhosphorus

[ rm n L0 s Mool srtant litroogen

[T Gala R TIEV N o iSpecific ewtin~ninn chinrophyll
feAr e o100, S iBackground extinonion

#1, sod X g DeonZ.oday ;Sedimant Oxyyern anc

F4 i0 : W ;Surface Light [rtensity

“t 1 ! i, il Jlerperanire

48 rest R i day iFesuspercien 0 rpended Solids
4 pfluz ! R g ckay sPhosonnran re . eas filux fromsediment
Fai nflux I LV g lifm, day JAIMMONia reieasce ¥ from sediment
flow z { Z2.006; m ;Water depth

flew 7 Coon ] (1.3 7 criny R

fFlow F3) [ P Jiv slrasn Ssectlicngl Ares

fdpann=1/11+kpip*35, ;
BORTO= 2 AHORG fedann
Chila=achlorr:

Frn=MTNIPORFTGY (PORTG by, THH& s, JINHA L v kng )
atotzel+esly*Chla;

tuter=10/1m;

Flo dirvtexn -1 iorar ern i1t uh vz, g —exn ! ey Slenot iz
frooga (-2,

Greeci=umarctnrtl o

brop=kresttra (120 skelle;

vl L) =CGro=i-FPesp;

Pt = PORG PRIHURG R ape:;
v ] -MOFRG+IHA +ane* Ny
bt =NkI+103 ;)

Alter editing the model frle. leave the editor and choose to compile the model
file. The program will translate the *.mod file into a *mob hie.

The * mob file can be divided nto o header., a section with declarations and the
program section. The header contatns the dimensions as detined by the water
quality model The section with declurations defines the substances that are used
along with variables and parameters. The program part of the file contains the
nropramming code of the gquality model in reversed polish notation (Rex.

3.1.2 Declaration section

I the declaration section all different variables have 1o be defined. Five types of
viriables are distinguished.

waler Waler column state variables, The flow has wlfect on this 1ype of
variahle.
bottom Scediment state variables. For these type of vanables honzontal

Iransport s omitted. Henee only the processes are caleulated.
Exchange between the sediment and the overlying water column
should be deseribed by the user. The flow has no effect on this type
of variable,
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x4 External variables, which are space andfor time dependent,

parm Parameters, constants and cocfficients ysed in the process equations,

flow Flow variables, supplied by the hydraulic part of the 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 (m)

O Flow (m'/s)

As Flow arca (mz)

Ab Storage arca {m°)

ds Scction direction{degrees - 360, measured

clockwise from the North)

dt Quality time step (s)

dx Half of the length of section {m)

v Half of the volume of section (m')

Wf Wind velocity (mfs)

wd Wind direction (degrees -36(0", measured clockwise

from the North)

waler,

identifier
bottomn,
xt,
parm,
flow
[ : default
Dimension

Description <rety
mx
Figure 3.0 Syntax of the decluration section
Default Default values are used if the user does not supply values within

the other menus. For the state variable the default values are used
if the user does not enter initial conditions, The default value has
to be given in between brackets |"and 7).

Dimenston The unit of the variable may consist of a maximum of 10
characters, followed by *;". Longer names will be truncated. The
unit of time in rate constants should always be defined n days.

Description  The description of the variable may not exceed a maximum of 40
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A% Bimple aeclaration
J* remarrn

;e
Walr
KRS o
Wt
wWater

parm
parm
rarm

[oarm

pAan
L
AN

characters. Longer lines will be truncuted.

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

cection for erpiairning DUFRLLY L0070 -

In, physica. meaning [ *
H.oz. bBditer, lweenmper D05 =
L2.00uy et jAlygal olanmann
[T L lanygen
) [ 5,005 JROLD
o [af, 005, ;Dunpended ol e
(47 [ 0.00%: iMounod-cons an. 2 oalgal growth
(&) Fon.n1g (Monnd-oconst ant Hoalgal growth
ealg [ 016 PEpeel bl extinTniorn aigas
=0 [ ST Tim sBampgrounsg ezt insuion f the water
[ 1500 ik ;Irradian s
[z T ; AEraTur
rez ¥ R - R A - 1e | sepensiorn flux

3.1.3 Compound statement

3.1.3.1 Introduction

I thys part the process deseriptions have 1o be inchuded. This section starts with

I and should be closed " Fo Al arithmetic expressions may be used (see next
puragraphi. The way the differential equations tor the state vaniables should he
entered needs some additionad explanation.

For most stale variables the kioctic dervative has the following torm:
o ]
—=kC+k,

!

P

In this cquation all tisst and zero order terms should be separated. For example
the following equation:

o) . .
o= f\'[{((,‘ — )=k, L should be rearranged like:
ot ' '
o) C i ‘
= ==k C+kC =k L
o

Imernally lumped first and zero order coetticient are used, which should be
defined by the user as

kA(C)=—4k,
k(C)=+k,C -k, 1L

I the kyund ke coetficient are not defined they will he set equal to zero.

For non state variahles a functionadentifier 1s used. The declaration of these type
of variables is imphicit, which means that they may not be declared in the
dechuration section,

Three types of compound statements are available:

formula See section 3.1.3.2
1f-statement See section 3.1 3.3
ergtion-statement See section 3.1.3.4
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Figure 3.2

3.1.3.2 Formula

formula

if-statement }

iterate
statement

Syntax of the compound statement

The general syntax of a formula is shown in Figure 3.3

kO
k1

function
identifier

Figure 3.3

k1

kO

state variable
function identifier

Expression

state- ’ )
variable

expression . o

Syntax of Formula

First order reaction coefficient.

Zero order reaction coefficient.

Water or bottom state variable (maximal 6 characters).
[dentifier of a function (maximal 8 characters).

Detinition of a function. A formula, defining the function
identifier at right side of the equation. This formula
consists off regular mathematic operators completed with
several built-in functions .

A function identifier is not 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 priorityj:
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3.1.3.3 If-statement

Arithmetic : Built -in functions:
() SIEX )

Mtainvoke)  cosxg

= tan{ x)
/ expix) fex)
+ Intx)

- logixy (Mogix 1
abstxp il
mini x| .x 2. X1}

max (x1. 22, X

DUPROLcontains & Tlow-contro] statement. The syntas of this statement is shown
in Figure 3.4

if- else if- else- executable
expressie expressie expressia statement
Fuoure 34 Sintty of steitement

The of statement can be applicd in severad ways, The most common use of the
statement will be shown in the tollowing examples.

Example |

Maost hasic formuliation. It the condition in "0 and "3 71s true the statement
hetween the | and “ 1 wil be executed.

1if (WC3==0.0)
{

pnh4=0.0;
}

Example 2

Example 1 can be extended with an aliernative exccutable statement if the
vendition is falsc.

if (NO3==0.0)

{
pnhd=0.60;
5
elcse
{
pnhd= NO3/NH4 *Fmn;
}

Fxample 3
I statements can be applied in several complicated situations, even nesting s
allowed.

1f (103==0.0)
{
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pnhd=0.0;
}
elgse if {(NH4==0,0}
{
pnhd= NH4/NO3*Kmn;
if {{(Kop>=1.0} && (Lap!=0.0)}
{
Mip=pnh4*Kmn/2+0.001;
1
}
else
{
prih4=NO3 /NH4 *Kmn;
}

General remarks concerning the use of if statements :

e Conditions can be defined using the following relational and logical
(in order of priority):

== (j5 equal to)
"= {unequal 1)
"'{not)

&& (and)

[l {or)

o Alsoin an if statement every executable statement must be closed
with a ;.

s Between the | |7 the user can define a block of executable
statements (= compound statement).

3.1.3.4 Iteration statement

In Figure 3.5 a syntax of an itcration statement is shown.

iterate { start value ,
tolerance ) compound
identifier statement
Figure 3.5 Svatax of iteration statement

The statement exists of:

start value The start value of the variable of the iteration.

This variable (parameter) contains the maximum
allowed difference between the two succeeding
iteration results.

tolerance identificr

compound statement  The formula which has to be approximated by means
of iteration.

An example is the iteration of the wavelength at depth Dt

iterate {LD=1.0, eps)

{
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LD= L * {({exp(+2*ple*D/LD)}-tlexpl-2*pie*D/LD) )}/
({exp{+2'pile*D/LD) ) +lexp(-2*pie*D/LD) ))

}

In which:

[.D=1.0 Lstart value of the variable:
eps L tolerance idenutier:

L.D= Function (L)

. function 1o be jterated:

pie L= 1315927
I wanelength at the surface:
D . depth,
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4. Other applications

4.1 MODUFLOW

MODUFLOW is & module that performs an on-line link between MODFLOW and
DUFLOW. MODUFLOW considers an existing MODFLOW schematization for the
groundwater model and an existing DUFLOW schematization.

The dischargeto and from the groundwater to the water course has consequences
for the water levelin this water course, on the other hand the water level
influences the discharge to and from the groundwater. To investigate these
interactions, the existing groundwater models and surface water models did not
suffice. By performing the calculations of the two separate models successively
one can not investigate the mutual influence they perform on each another. An
on-line approximation is therefore necessary.

Wiith MODUFLOWone can model the dynamic interaction between surface water
and ground water. During the MODUFLOW schematization, the calculated
MODFLOW discharges are sent to DUFLOW and the calculated water levels of
DUFLOW are sent to MODFLOW.

MODUFLOWmups both schematizations on top of each other. This results in
determining the location per MODFLOW cell in each DUFLOW section. During
calculation, MODUFLOW activates each model, The calculation switches between
DUFLOW and MODFLOW for a certain time interval.

4.2 RAM

The Hydrologic Cycle is a continuous process in which water circulates from the
oceans through the atmosphere and the rivers back to the ocean. Of the
hydrologic cycle, the precipitation runoff model describes the process that occurs
hetween the falling of the precipitation till the discharge developed by the run off
to the ground water or surface waler.

Precipitation runoff processes are generally described at a catchment area level.
Within a catchment area, the relevant parameters may vary substantially, like the
soil type, slope, land use, etc. A detailed physical description of the occurring
processes is, therefore, difficult to give.

In RAM a division into types of surfaces is made:
Open water surface
Paved surface
Unpaved surface

A division into types of surface is made in view of the differences in
precipitation runoff processes. For example, in case of an open water surface
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there will be ne delay, in vase of u paved surface a quick runoff process will
oceur. whereas an unpaved surface includes a slow component. Apart from this.
the storage of moisture in the unsaturated zone of an unpaved surface Is taken
into account in a simple model.

Within the discharge process of unpaved surtace, three processes are
distinguished:

Infiltration into the soil moisture cunsaturated zone
Percolation into the ground water (saturated zone)
Crround water discharge into the drainage system

By distinguishing hetween types of surface and between sub processes. the
framework of the precipitation runoft module is defined,

In the next sections the three sub processes will be described.

4.2.1 Infiltration into the soil moisture (unsaturated zone)

The amount of precipitation that infiltrates is detenmined by the mfiltration
capucity of the soil. where the infiltration capacity is assumed constant in time. [f
the precipitation intensity surpasses the nfiltration capacity. the remaining part
of the precipitation will be stored on the surface level in the surtace depressions,
If the maximum storage in the surface depression Iy surpassed. the extra
precipitation will runotf over the surface as surface runoff,

4.2.2 Percolation into the ground water (saturated zone)

A water halance of the amount of moisture in the unsaturated zone s maintained
i the soll moisture reservotr. The replentshment of sold maoisture in the sail
moisture Teservorr s the caleulated infiltration. the outflow 15 caleulated as the
evaporation and the percelation to the ground water. Both the evaporation and
the percolation depend on the dctual soil moisture content.

4.2.3 Ground water discharge into the drainage system

The runoft of precipitation may consist of a slow and & quick component. The
part of the precipitution that 1~ dradned quickly. is the quick compaonent. It may
consist of the runoftf of precipitation into open water, surfuace runoft. interflow
and runoft originating from drainpipes. The remaining effective precipitation is
discharged queled and slowed down to a relatively large extent. as a result of
storage 1 the unsaturated and saturated zones (the slow component). This
distinet wus made because of the difference 1n characteristics of the processes
and water qualityBoth the quick and «low component of the ground water
discharge can be defined as a configuration of lincar reservoirs. Two aptions are
incorpotated in the precipitation runeff maodule:

Two paralicl Nash-cascades
Combination of Nash-cascade and Krayenhoff van de Leur

The distribution of the quick und slow component s performed by using a set
percentage.

Using both options, it s possible te simulate all wadely applicd medels from the
fiterature,

4.2.4 Description of leaching and runoft

In the description of leaching and runoff we mainly consider supply. reaction
processes i the bottom and discharge, Namely the reaction processes in the
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unsaturated zone are extremely complex. It is therefore dectded not to model
these reaction processes in RAM.

Point of departure for the description of water quality in RAM is a direct link with
the discharge of the separate subflows and the water quality. Concentrations are
attributed to the subflows, which are affected by the supply, the reaction
processes and the discharge. These concentrations are worked out for nitrogen,
phosphor and ammonium. The experience with this concept can be used to
decide whether a more detailed concept is necessary or not.
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5. File Formats

5.1 PRJ

The Project File is shown below, the case described in this appendix is EGTROFE
{(sce appendix A).

RIEUT1. CTR
RIVER. NET
RIVER. NOD
RIVER. BEG
RIVER. BND
RIVER. RES
EUTROFL . MOB
RIEUT1. BEK
RIEUTI. BNK
RIEUT1. EXT
RIEUT1. PRM
RIEUT1. REK

The Project File contains a hist of the files needed to run the complete model.

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 in the PROJECT FILE.

In general the positions in the files are n use as following,
#  Forintegers the program reserves 4 positions.
e  For comments the program reserves 4 positions.

e  For areal 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,

The values are separated by one space position or a *-sign.
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5.2 CTR

The Control File for the project tappendix Ay 1s shown helow,

+APPELLIY £

» DUFLUY dava fi.e 10 DUFLOWNYRIEUT. CTE
foontrol data program version:
¥
9107029 1P910731¢ 5 %91g70:% o
30. 0609240, 600 , oot
_ .45 6" T
A A DL ML R
PILY 7
ouTS A &

LT a

iy oa U
U bod

GUTY nhd Y
AT nel _’/

oUTF onorg U
TV G2 7

—y o7
LUTT parncrg
OUTY porg.
Y hla 7-:1..'

The following list grves an explanation about the items in the file,

It the first line starts with: 00t gives an identification of the run. This
identification can only be specified in the DOS-version of DUALOW, The lines 2
(13 gives information about the related project us comment.

HY “Start of computanion” (date) i yvmmdd

h “Start of computation” (ime) in hhmm

¢ “End of computation”™ (datey s ynimdd

d “End of computation” ttime) i hhmm

¢ “Start of output” (date; in yymmdd

f “Start of output” {1imey in hhmm

g “Time step How™ i minutes

h “Time step output™ in minutes

i “Resistance formulu” O=Munning 1=De Chery.

! i - theta” hvdraulic part of the model.

k “Cale. of advection tenm™ O=Total t=Neglected  2=Damped.

I “hxtraiteration” O=No I=Yes

1 “Alpha teorr. for velocity distribution)”

n “Mininmum # timesteps between triggers”

$ “Timestep quality™ in minutes

[ “Theta . quality part of the model.

{ “Decouple” =No I1=Yes

r “Create imermediate flow file” =N I=Yes

* Dependent on the specification in “Locations for output™. several lines
will he inserted representing that particular specihication. For instance:
“Extended ™=All

iRy 1 % 3 4 5 £

prAY ] =

5 “Locanons Tor output™, sectronnumbertsy or structure
numberts 3000 separated by a comma or odash, ar AlfL

1 “Quality variubles for output™, selected vartable 1=

u “Quality varnuhles for output’™ selected vanahel . 2=bod

v “Quality variables for output™. selected variabel 3=nhd

W “Quality variables for output™. selected variahel 4=no3

X “Quahity variables tor output™. selected variabel S=nory

y “Quality variables for owtput”, selected vuriabel h=o02

’ “CQuality variables for output”, selected varichel 7=panorg
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a4
ab

“Quality variables for output”, selected variabel 8=porg
“Quality variables for output™, selected variabel 9=chla

5.3 NET

* DUFLOW data file
* Network data

*

SECT
W

H

ES

SECT
W

H
BS1
BS2
BE1
BE2

SECT
W

H

BS
Al
AZ

R

C+
C_.

SECT
W

H

BS

The Network File contains data from the Network Window including the nodes,

sections, crossections and all available structures.

:CADUFLOWARIEUTIARIVER, NET
program version: xX.xx

1P

i€ 3¢ ea00® -2 .00 -2.009 30,000 30.00%

_1®
270,07 3.0°
0.0000%2.0000

100060710, 000°
2 2 2 3 5000 _-2.00 _-2.00 _30.00 .39.00
270.0 3.0
0.0000_2.0000 2.5000 3.0000
10,000P10.000 11.000 14.000
10.606910.000 13.000 15.000
10.000510.000 13.000 20.000
10.000%10.000 13.0600 22.000
3 3 3 4 5600 =-2.00 -2.00 30,00 30.00
270.0 3.0
0.0000 2.0000
16,600 10.000
18.000"
18.010%
1.2000Y
25.000¥
31.000
4 4 4 5 5600 -2.00 -2.00 30.00 30.00

270.0 3.0
0.0000 2.02000
10.000 10.000

The following list gives explanation about the items in the fife.

a “sectionfstructure” name by the user.

h section number (+300).

¢ “Begin Node” of the section.

d “End Node” of the section.

e “Length” of the section.

f “Bottom level”™, hegin,

g “Bottom level”, end.

h “Resistance”, positive direction.

i “Resistance”, negative direction.

i “Direction™

k “Windconv™

i st “Depth to bottom™

m 2nd “Depth to bottom”, ete.

n st “Flow width™.

0 2nd “Flow width”, etc.

P 15t “Flow width” at the hegin of the section.

g I'st “Flow width”, at the end of the section.

r bst “Storage width™ at the begin of the section.
S I'st *Storage width™, at the end of the section.

1 Adjusted “Flow area’ at the begin of the section.
u Adjusted “Flow arca” at the end of the section,
v Adjusted “Hydraulic radius”

w Adjusted “Resistance” in the positive direction,
X Adjusted “Resistance” in the negative direction.
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This is an example where no structures are defined. The next part will deal with
the avatlable structures inthe DMS. The following structures are involved:

o Weirn

o Gieneral structure:
e Siphon:

o (Culvert

e Pump:

e Ciap growth,

5.3.1 Weir

Below a weir exanple 1s shown.

sTRU 1% 301b " 34 AN LTI
My 0,590 §.9B0]

The foHowwig list gives explapation about the iterns in an overtlow.,

i Usection/structure” name by the user (no meaning ;.
h structure number (+300),

¢ “Begin NodeT of the weir.

d “End Node of the werr.

¢ “Length of the weir,

| CSHE Jevel T warr,

I “Width”. weir.

h “Gate level ™. mcase off d welr 1y set 1o 999 1),

I “MuTl positive direction welr.

] “MuTl o nepative dircetion weir,

5.3.2 Underflow

The next example deals with a general structure.

<
’
T
-~
h
-
n
el
W
!
=
T
Ln
o

STRU 3% 202 4" :
MU 1 GE-R' 0.5707 0. 9607 G 250

The following list gives explanation about the nems in a general structure.

a “section/structure”™ name by the user,

h structure nuisber (4300,

¢ “Begin Node” of the general structure.

il “End Newe of the general structure,

¢ “Length™ of the pencral structure,

t S level ™ generul structure.

¢ “Width™, gencral structure.

h “Gate level™. general structure.

[ “Mu e surfuce™, in positive direction,

i “Mu free surfuce ™, in pegative dincction,

k “Mu submerged tlow™ in positive direction.
| “Mu submerged flow ™ i negative direction,
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@ 5.3.3 Culvert

The next example deals with a culvert.

h

¥ £ g
gTRu 3% . 3p3n 100% _3.80%  2.50 1.40
MU 1.60° 0,997 0. 99K ‘QLB31 50.0

The following list gives explanation about the 1tems in an culvert.
* Tube form of the culvert;

MU = Rectangular
ELLI = Eliptic, Egg or Round

“section/structure” name by the user.
structure pumber (+300).

“Begin Node” of the culvert,

“Fnd Node” of the culvert.

“Length” of the culvert.

“Hornzontal radius”, culvert,

“Vertical radius™, culvert.

“Inside level”, culvert,

“Sill level”, culven.

“Mu free surface”, in positive direction.
“Mu free surface”, in negative direction.
“Mu submerged flow™,

“Chezy coefficient™, culvert.

5-—7,-"—'-'-'-:"(}:-‘-(‘. [T T I

5.3.4 Siphon

The nug example deals w%lh a siphon. n .
STRU 4% | 304, a° 1000% 1,10 10, oag 0.68" 0.78%
SIPH _ 0,007 -0.,50" -1.50 _:;A_i

The following list gives explanation about the items in a siphon,

“section/structure” name by the user.
structure number (+300)},

“Begin Node™ of the siphon.

“End Node” of the siphon.

“Length” of the siphon,

“Diameter”, of the siphon.

“Chezy coefficient”, culvert,

“Mu”, in positive direction.

“Mu”, in negative direction.

“Start level”, at the begin of the siphon,
“Stop level”, at the begin of the siphon.
“Start level™, at the end of the siphon.
“Stop level”, at the end of the siphon.

5&"‘7\"'—‘—‘:"0':‘—*'051.(“‘:)‘9-

5.3.5 Pump

The next example deals with a pump.

a 3052 15¢ 364

STRY 5
PUMP (. 6000%  0.93°_ 0.109

The following list gives explanation about the items in a pump.

“section/fstructure” number by the user.
structure number by duflow,

“Begin Node™ of the pump.

“End Node” of the pumnp.

=S o e e
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5.3.6 Gap growth

STRU 69

3067,

17¢

o

s

CCapacity”. of the pump.
“Start fevel bep
“Stap level bey

The next exumple deals with w gup growth.

L

o

ERES_ 1,000%_ 1.0007 345200°

0% -3.00% 5,009

999 p'

ey

9 65"

10.0™  5400°

cgrcP

The fallowing list gives explunation about the ftems ina pap growth.

section/structure name by user (no meanmg

structure nurmber (+300))

hegin node of pap growth structure
end node ol gap growth structure

length of gup prowth structure
initial sill level of gap prowth s

tructure

mitial width of gap erowth structure

gate Tevel (et tg 999.4))

mu free surfuce positive direction

defauit = 1

mu free surtuce negative direction detuult =
gap growth start time trigger inoseconds detanlt =10y
gap growth start height trigger {surplus heighty detault =10,

maxunal depth of gap
maximul with ol gap

sl prowth tine in secends
width growth noe in seconds

detuult = 1, aninal <tll levehy
default = . tinitial width)
detfault =10y

detault =0y

5.4 NOD

[ the Nodes File all date rebated to the nodes are stored.,

* DUFLOM data file :C:DURLOW

RIEUT] RIVER.NGD

* Hetwork data progralt version: #.xx

= file s DUFLOY PIREUTYCRIVER.CNOD

YW R

S S L ] .
1° 50007 0% oE+00"_ ¢.onY
Z 10060 G DE+0OU L7090
P 15064 4 DE+00 L0
4 FATIEAN f SR+ L0
5 ZE5L0 5 GF+00 006

‘The following list gives explanation about the items in the file.

Code.

Orientanon of network.
“NodeT number.
“X-Coordinate™ ol the 18t node

“Y-Coordinate™ of the Ind node.
“Catchment arca”” of the st node.

“Runoff fuctor” of the st node.
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5.5 BEG

In the Initial Conditions - Flow File all initial conditions related to the flow are
stored.

* DUFLOW data file :C: DUFPLOWARIEUT1I\RIVER.BEG
* Flow Initial conditions program version: X.xx
¥

120, 0000°0.0000%1.0000%1 . 0000

2 0.0000 0.0000 1.0000 1.0000

3 0.0000 0.0000 1.0000 1.0000

4 0.0000 0.0000 1.0000 1.0000

The following list gives explanation about the items in the file.

number of the section or structure (+3()).

“Initial fevels™, at the begin of the section/structure.
“Initial levels”, at the end of the section/structure.
“Initial discharges™, at the begin of the section/structure.
“Initial discharges™, at the end of the section/structure.

[ =S o B

5.6 BND

In the Boundary Conditions - Flow File all the boundary conditions related to the
flow are stored.

5.6.1 Constant

Below is shown the boundary condition flow file (river.Bnd), in the appendix A
(EUTROFL). The given example deals with a constant “Level”and "Q-add”
boundary type.

* DUFLOW data file :C::yDUFLOW'RIEUTIA\RIVER.BND

* Flow Bound. cond./gtruct ctrl. program version: x.xx
*

a a 4 58 ib
B___“0,0000 b
o 2 a _1
p__ “1.000

The following list gives explanation about the items in the file.

a “Type” of boundary:
H = “level™;
Q = “Q add.™;
R = “Rain”(Precipilation);
W = “Wind velocity™;
T = “Wind direction”.
h “Node(s)” number.
¢ “Type of function” = “Constant™.
d Entered value for “Constant”,
e Condition number.
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5.6.2 Equidistant time series

Iicl()\’\' A4n exdm IC I~ HINVEeN, (]Cﬂ]in ! \r\]lh d ..I,C\'CI“ i)(lU]l(I{j LIVPe W Ilh
= o P ¥
"['.qllld.l\lllnl “l“c \C”L‘\ HPCCI{IL‘(H]””‘

PN
-
o
o
-
-
i

L S — - N :_‘ A -
U608 u20™M 00
L5000

The tollowing list gives explanation about the items in the tike,

a4 “Type™ of boundary:
H = “Level™
() = () add.™
R = “Rain™ Precipitation
W = “Wind velocity™
T = “Wind direction™.
b “Time step” i minutes.
C “Start data”, in yymmdd.
d “Start time”, in hhmm
¢ condition nutnber
f “Nadets)” minnher.
g Pstvadue of " Time series”
h 2nd value of " Thne series”
I oth value of “Time series”
m Tth value of “Time series”

5.6.3 Non-equidistant time series

Below an example is given, dealing with a "Level” boundary tvpe with “Non-
equuhistant time series” specification.

o i I 1€ 1 d
960201% 1260 22989
960201 1100 2194
9607 G 2100 __z114
Gh0Z- . 0900 sG6L

960212 03595 2130
960223 1250 2441
2960224 1250 3125

The following list gives explanation about the items in the tile.

il “Type” of houndary
H = “level™
() = 20 add.™
R = “Rain™(Precipitation).
W = “Wind velooity ™
T = “Wind dircction™,
h “Time step™ i minutes, always "0 in case of a non-cquid. time series
¢ condition number,
3] “Nodels) T number,
¢ “Dhate” o yymimdd.
f “Time™ . in hhmm
i value of “Fine series™

52 = File Formats Reference Manual Dufiow



() 5.6.4 Fourier series

Below an example s given, dealing with a “Level” boundary type with “Fourier
series” specification,

g @ . —720°960101° 0000 1° At
P35 .
_ 0.5 180’

a “Type” of boundary:

H = “Level™:

Q = “Qadd.™

R = “Rain” (Precipitation);

W = “Wind velocity™;

T = “Wind direction”.

Period in minutes.

“Start date™. in yymmdd.

“Start time”’, in hhmm

Condition pumber.

“Node(s)” number.

“Type of function” = “Constant”

“Mean value(yy, in Fourier series).

Entered value for “Amplitude” of k™ component
Entered value for “Phase” of k" component

— g G Ao oo

5.6.5 QH relation

Below an example is given, dealing with a *QH-relation” boundary type.
P g £ yiyp
oy @ L
HL S 0.99% 0.98% 0 97F 0.969 g o50
QL . *1.,0100791,0200%3.03001.0400™1.0500

The following list gives explanation about the items in the file.

el Indication “QH-relation™ boundary type.

b “Nodefs)” number.

¢ Indication “Levels™

d Ist value for fevels.

e 2nd value for levels.
. I 4th value for levels.

h Sth value for levels.

i Indication “Discharges”™

] Ist value for discharges.

k 2nd value for discharges.

m 41h value for discharges.

n 5th value for discharges.
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5.6.6 Structure control - continuous

The tollowmg example deals with o “continuous™ structure control,

WwIDT? 300k
C 81

P 4.5900

S1LL g2

E 1.9900

GATE 362

P 1.5600

_4

|

=
»
W
by

|

The Tollowimg hist gives explenation about the tterms in the file,

4 Indicanon “Operationa) parameter’” m “Continuous ™
WIDT = “Width™
SILL = “Sill level™;
GATE = “Gate level™
MU = “Mufally™
h TStructure” number (4300,

Indrcation “Constant”™ tmeserics
d Vilue “Operational perameter™.

5.6.7 Structure control - trigger series

The following exwnple deals with " Trigger series™ 1 the structure control,

T_M‘i_l.a i . 353[)
TIMEC101010%  10°
Horl® T T5al Y
H1Hz~ 2400 4
34,0007
R SREEF LR A £
HED ~_ 5 ,,,,,,,‘;k, 237
HEM. i =4

The toltowimg Tist gives caplanation about the items mthe Ble.

a Indication “Operational parameter”™ in o Trigger sertes™
TSI = TWidih™
TWID = “Sill evel ™
TGAT = “Ouate level™
™ = SMuo ol
TMVI = “Muosurt pos.T
TMV2 = CMUET surt ney
T™OD = SMU subm. pos.
TMO2 = SMU submnep.
p “Structure” nuniber (4300,
¢ “Type of trigger condition™
TIME = “Time™;
H2HH = “H2 « Hi+oH™;
HIH2 = “HI = H2+0H™
Heyp = “Hnode = Hipie™
HEM = “Hnode < Hirp™
d Date of “Time™ i v smmdd.
C Time ot e ™. hhmm.
} “Type of function” = “Constant™ new vidue,
i o
h “Type of function” = "Timesenes™ “Time step” in minutes.
i Ist valoe of “Timeseries™,
] Treference node”
k “trigper level”
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5.7 RES

In the Flow Data - Result File the results from the flow calculation are printed.

The concerned file is shown below. The name of the file is river.res.

VERSTON FILE; X.XX
ZOUT
C:\DUFLOW\RIEUT1\RIEUTL .CTR
C:\DUFLOWA\RIEUT1\RIVER.NET
C:\DUFLOWARIEUT1\RIVER.NOD
C:A\DUFLOWARIEUT1\RIVER.BND
C:\DUFLCW\RIEUT1\RIVER.BEG
C:\DUFLOWA\RIEUT1\RIVER.RES
C: \DUFLOW\RIEUTI \RTEUTL . BNK
C:\DUFLOWARIEUT1\RIEUT1.BEK
€ : \DUFLOW\RIEUT]\EUTROF1 .MOB
C: \DUFLOWA\RTEUT1\RIEUTL . EXT
C:\DUFLOW\RIEUTI\RIEUT1 ,h PRM
C:\DUFLOW\RIEBEUTI\RIEUT1.REK
ENDNAM . a
0 288? 0 0 4 5C 3 600° 0 0
0, 4 0 0 0 0 0 0 0 0
910701 09
ENDIR) . . . « 1
1 sgcTt 17 17 1 2% 1000™ -2.0000E+00" -2.0000E+00°
2 SECT 2 2 2 3 1000 -2.0000E+00 -2.0000E+00
3 SECT 3 3 3 4 1000 -2.0000E+00 -2.0000E+30
4 SECT 4 4 4 5 1000 ~2.0000E+00 -2.0000E+00
ENDADM
o 19 0.00008+06F _0.0000E+005 _1.0000E+00% _1.0000E+00% _0.0000E+g0Y
0 2 0.0000E+00  0.0000E+00  1.0000E+00  1.0000E+C0  ©.0000E+00
0 3 0.0000E«00  D.0000E+00  1.0000E+00  1.0000E+00  ©.0000E+DQ
Y 4 0.0000E+00  0.0000E+00  1.0000E+00  1.00C0E+00  0.0000E+00
3 1 4.2339E-03  3.4274E-03  1.0000E+00  9.8963E-01 4.9646E-02
3 2 3.4274E-03  2.6563E-03  9.8963E-01  9.3063E-01  4.9431E-02
3 3 2.6563E-03  1.4502E-03  9.89063E-01  9.8502E-01  4.9340E-02
3 4 1.4502E-03  0.0000E+00  9.8502E-01 9.8157E-01 4.9147E-02
288 1  2.794%E-03  2.0971E-03  1.0000E+00  1.0000E+00  4.9939E-02
288 2 2.0971E-03  1.3988E-03  1.0000E+00  1.0000E+00  4.9956E-03
288 3 1.3988E-03  6.9971E-04  1.0000E+00  1.0000E+00  4.9974E-02
288 4 6.9971E-04  0.0000E+0C  1.0000E+0D0  1.0000E+00  4,9991E-02

The following list gives an explanation about the items in the file.

# Flow time steps

# Sections and structures.

# Nodes.

Ratio between Output time step and Flow time step.
Flow time step in seconds,

“Start of computation” (date) in yymmdd

“Start of computation” (time) in hhmm

Line number,

“Section/structure” name from the NET-file.
Section number (+30()

“Begin node” of the section.

“End node” of the section.

“Lenght” of the section

“Bottom level”, begin.

“Bottom level”, end.

oD g T m o0 TR

Flow time step number.

Section number.

Water level at beginning of section.
Water level at end of section.
Discharge at beginning of section.

-~ % o9
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u Discharge at end of section.
Velocity averaged over the section,

5.8 BEK

The Totial Conditions - Quality File for the project rappendix Ay is shown
below . Inthis file all of the data related to the guality model part are stored.

Below the imtial condition quality file (RIEUTT.BEK ) is shown , of the appendix

A (EUTROIT).
* DUFLOW data [ile

(O ADUFPLOWARTIEUT] C.RIEUTL RE}

* Quality Initial -onditions LIogram X .HK
*
. o/ o d
195 Y2002, 0000
2 a Z .00 2.0000
3 oa 2.000502.0000
4 @ 200G 2L Lh0G
L SN0 5 LL00
4 rc 5050005 00U
I onhd U AV VR PRSI
4 rnd DRG0G0 G500
Tone? 3LOLOLG L 5000
4 nol 3004500 3.0000
1 norg G.RGOO 0,8000
4 norg (. RGO0O 0.8000
1 n2 G600 10,060
4 o2 1. 000G 10,000
1 pannory DLA00 00400
4 pannrd .64 G, G400
Lopareg G100 51100
& prry GLL1G0 031006
Tonn SO0 5 0000
LA 5,006 Y. 0LnG

The following list gives caplanation about the items in the file.

a “Section/Structure number,

b “Variahle™. name of the variahle.

¢ “Initial condition™, at the begin of the section
d “Initiad condition™, at the end ot the section.
Etwc.

5.9 BNK

[n the Boundary Conditions - Quality Fale all the boundary eonditions related to
the quality variables are stored.

Below is shown the boundary condinon quality file (RIEUTLENK), of the
appendix A GUTROE D),
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* DUFLOW data file :C:\DUFLOW\RIEUTI\RIEUT1.ENK

* Quality Boundary conditions program version: ®.xx
*

. a . 1b C,Wﬁld
P___©1.9000

C nh4 1
P 0.3000

C nal 1
P 3.00600

C noryg i
P 0.8000

C o2 1
P 10.000

C panory 1
P 0.0400

C porg 1
P 0.1100

C 55 1
P 5.0000

c bod 1
P 5.0000

The following list gives explanation about the items in the file.

a “Type™;
C “Concentration”;

L. =, "Load”.

Condition number.

“Variable”, selected from the picklist.
“Node(s)”, numher.

“Type of function™ = “Constant”,
Value for the “Variable™.

= aos 0 o

5.10 EXT

In the External Variables File all xt external variables defined in the process
description fiie are stored.

Below 1s shown the external variables file (RIEUTLLEXT), of the appendix A
{(EUTROF] ).

* DUFLOW data file :C:\DUFLOWA\RIEUT1\RIEUT1.EXT

* Quality External wvariables program version: X.xX
E___g . gi_____b_Ac
2 100,00

X7 a fSJQTQJQ Qh g b AC

0.00001C70000 ©.0000 0.0060 0.0000 1.4562

£7.974 38.922 11.989 0.0000 0.00006 0,00007

X nflux A
P 0.0500
XT pflux A
P 0.0050
AT rest A
2 10.000
AT 60 910701 0 t A

16.333 16.243 16.163 16.087 16.003 15.530

21.433 21.3293 21.237 20.967 20.603 20.233
X7 sod A
P 1.0000

The following list gives an explanation about the items in the file.

a “Type™,

XT = Space and time depended external variable,
b “External variable”, name.
C “Node(s)”, number.
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d “Type of function™ = "Constant™.

¢ Value of "External variable™.
f “Time siep”™. I minutes,

o “Start data”oin vymmdd.

h “Start ume” L in hhim,

} First value of “Timeseries™
| Last value of “Timeseries”,

5.11 PRM

In the Parameter File al) parameters detined in the process deseription file are

stored.,

Below is shown the parameter file (RIEUT PR of the appendix A (FUTROF L.

* DUFLAW data file ) DUFLOWLRIENT.

~LEUTL . PRM

¥ Duality Parancters program version: x.xx
*

achic a .E(J.(J'{JQD
anc So1nn
anr 20600
Eiols G010
e 2000
3l 0,017
fdbod 1.04050
fednorg 0,457
fdpnrg . 400
tnoreg (EEE AN
fporg GLEN
i3 B0.600
¥ ol o150
vhodao G400
kden 0.0910
kdie n.z00
kdne G150
kmin 0,200
krn G.52s
¥n O.0z0
brit LLa
kn(J 2 . fJ(J(l
Yp [P
kpip L0610
rres h.125%
krmin 6,200
thzw 1.08%
trien 1.94%
ton 1,080
tmin 1.4087
tnit 1.5R0
tra 1.045
treqa 1,040
umax Z2.100
IEO 5.500
vVEE 10055

The fodlowing hist gives an explanation of the itens used inthe file.

da “Name”. parnieter name 1n the process deseription file.

h Entered “VALULT,

58 eoFile Formats

Reference Manual Dufiow



5.12 REK

VERSION FILE:
ZOUT

In the Quality Data - Result File (RIEUTLkEK Y all the quality results are stored.

XXX

C: \DUFLOW\RIEUT1\RIEUT.CTR
¢ : \DUFLGW,RIEUT1\RIVER . NET
C: \DUFLOW\RIEUT1\RIVER.NOD
C: \DUFLOWA\RIEUT] \RIVER.BND
€ : \DUFLOW\RIEUT1\RIVER . BEG
C:\DUFLOW\RIEUT1\RIVER.RES
C:\DUFLOW'RIEUT1\RIEUT1 .BNK
C: \DUFLOW\RTEUT1\RIEUT1 .BEK
C: \DUFLOW\RIEUT1EUTROF1.MOB
C: \DUFLOWA\RIEUT1\EIEUT1 .EXT
C:\DUFLOWARIEUT1\RIEUT1. PRHM
C: \DUFLOW\RIEUT1\RIEUT] .REK
ENDNAM
0 962 0 0 5C 1% 1800° 0 0
12 4 0 0 0 0 0 0 O
9167019 oh
ENDIRO
1 a mg-</1 1
2 bod mg-02/1 1
3 nhd mg-n/l 1
4 nol mg-n/l 1
5 norg mg-n/l 1
6 o mg/l 1
7 pancry mng-~-p/l 1
3 porg mg-p/l 1
9 chla 2
10 £1 2
11 £n 2
12 £t 2
ENDVAR . .
1t geerd 17 1k 1t 2™ 1600™ -2.00008+0C° -2.0000E+00P
2 SECT 2 2 2 11000 -2.0C00E+00 -2.0000E+00
3 SECT 3 3 3 4 1000 -2.0000E+00 -2.0000E+0D
4 SECT 4 4 4 5 1000 -2.0000E+00 -2.0000E+00
ENDADM .
02 1Y 2 ,0000E+00° _2.0000E+00% _2.0000E+00% _2.0000E+00Y _0.0000E+00Y
0 1 5.0000E+06  5.0000E+00  5.0G00E+00  5.0000E+00  0.0000B+00
0 1 3.0000E-01  3.0000E-01  3.0000E-01  2.000GE-01  0.0000E+00
0 1 3.0000E+00  3.0000E+00  3.0000E+DC  3.0000E+00  0.0000E+00
0 1 B5.0000E-01  8.0000E-01  R.COOOE-01  8.0000E-01  0.0000E+D0
o 1 1.0000E+01  1.0000E+01  1.D000E+01  1.0000E+01  0.000DE+0D
0 i 4.0000E-02  4.0000E-02  4.0000E-02  4.0000E-02  0.0000E+00
0 1 1.1000E-01  1.1000E-01  1.1000E-01  1.1000E-01  0.00G0E+00
0 1 0.0000E+00  0.0000E+00  0.0000E+00  O.0000E+00  0.0000E+00
0 1 0.0000E+0G0  0.0D0CGOE+00  0.0000E+0G  0.0000E+00  0.0000E+00
0 1  0.0000E+0GC  0.0000E+00  0.0000E+0C  0.000CE+00  0.0000E+00
0 1 0.000GE+00  0.0000E+00  0.0000E+00  0.00COE+D0  §.000CE+00
0 2 2.0000E+00  2.C000E+0G  2.0000E+00  2.0GO0E+00  §.0000E+00
0 2 S.0000E+00  5.0000E+0D0  5.0000E+00  5.00G00E+00  0,00G0E+00
0 2 3.0000E-01  3.0000E-01  3.0000E-01  3.0000E-01  0.0000E+00
0 2 3.0000E+0D0  3.D000E+00  3.0000E+00  3.0000E+00  0.0000E+00
0 2  B.0000E-01  8.0000E-01 8&.GOO0E-0l  8.0000E-01  0.0G00E+00
0 7 1.0G00E+01  1.0GD0E+01  1.0000E+01  1.0000E+01  §.0000E+00
0 Z  4.0000E-02  4.0000DE-02  4.0000E-02  4.0000E-02  ©.000D0E+00
0 2 1.1000E-01  1.1000E-01 1.1000E-01  1.1000E-01  0.00S0E+Q0
0 2 0.0000E+00  ¢.CO00E+00  (.0000E+00  0.0000E+00  0.00GOE+00
0 2 0.0000E+00  0.COU0E+0C  0.0000E+00  0.0GOOE+00  0.00GO0E+00
0 2 0.0000B+00  0.0000E+00  0.0000E+00  ¢.0000E+0C  0.0000E+00
0 2 0.0000E+00  0.0000E+00  0.0000E+00  0.0000E+00  0.0000E+00
7 3 2.0000E+00  2.0000E+00  Z.0000E+00  2.0000E+00  0.0000E+00
0 3 5.0000E+00  5.0C00E+00  5.0000E+00  S.CO0CE+00  {.0000E+00
) 3 3.0000E-01  3.0C00E-01  3.0000E-01  3.0000E-01  0.0000E+DO
0 3 3.0000E+GC  3,00008+00  3.0000E+00  3.0000E+00  0.000QE+00
0 3 B8.0000E-01  B.0Q000E-01  8.0000E-01  8.0000E-01  0.0000E+00
0 3 1.0000E+01  1.0000E+01  1.0000E+01  1.0000E+C1  0.00G0E+00
0 3 4.0000E-02  4.0000E-02  4.0000E-02  4.00D0E-0Z  0.0000E+00
g 3 1,1000E-01  1.1000E-D01  1.1000E-01  1.1G00E-01  0.00GOE+00
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i 3 0
0 3 ¢
0 3 0
0 g 0
0 4 2
u 5 5
0 4 3
0 4 3
0 4 g
U 4 1
0 4 4
0 4 1
0 4 0
0 4 0
5 4 0
0 4 0
1 1 1
1 1 4
1 1 E
96 4 6
96 4 0
96 4 9
96 4 1

L.0000E+GH
.QQ00E+00
L0000E+00
LO000uE+0nN
LGOOOE+G
LGODOR+00
.0000E-01
LO00GOE+00
LOOGOE-GL
LUDOOE+GE
LOOQUNE-02
L1000E-01
LGGO0E+00
LGOO0E+Qn
LGOO0E+0G
.0C00GE+00
L9T62E+00
L9974E+00
L0z6ele-01

L0750R+01
LOOGNE+0n
LGT7ZEE-01
10498400

LO000E+GH
.00CUE+UD
LQUGLE+LG
LOUOLE+ON
LO0G0E+D0
LOOLOESDG
.0000E-0L
LO000E+SD
LO00O0E-GL
LGOn0E+0]
.Q00CE-TZ
L1000E-01
L000LE~OD
LO0GLEFQOD
OLGGESOD
.QQ00E+DD
. 9862E+L0
L98T7TE+G]
L0299E-0G1

[

o

o

[SEEN I}

(PR N i e BT SN S AR

L1093E+01
LGOGHESOD
L0795 E-01
L1048E400

OO

PO L L 0 B O O Oy

S N e B e R B ey

0
{

9]
7
U

0L GE+DO
LONO0E+GG
LLUO0E+GE
LLLOOE+D
LLGOOEGG
LOOOLELDO
LLGOOE-01
CLUNDGEXQD
LOOGGE-101
LNOGGE+O]
LGOO0E-02

GO0E-01

LGOO0E+GY
COGO0E+LG

GOUGE+NGG

LGUNOE+0C
L9TR2EFGH
LG99 T4ESGH
I2ELE-UL

LLGOOE+00
RN RN
LO000E+00
LLODOEXGH

N 2 O OO OB R @WWNNDD OO OO

o O

COOGAE.
LCO00E+QO
LOGOGE+DO0
LGGOGE+GH
GG OE+GT
LOGODE+LU
L0000E-01
LOCOSE+0D
LONOGE~0L
LUOGODE.D]
L0000E-Q2
L1000GE-01
LOGOGE+CD
LOGUOE+GG
CGOO0E+CD
L.O000E+QD
L 84UBE+00
CBHEILELN0
LVOBDRE-TGY

LOGOUE+CG
LOGUOE+GY
LOOCOE+50
LO000E+Q0

L LUO0E+QQ
.000CE+QT
.0000E+0D
LO0GGE-DD
COGOGE+OU
LLGUGESDD
LQ000E+GL
LCOOOE+SS
. CLGOE+GS
0.C000E+00
.000GE+GD
.0000E+0G
2. 0000E-GG
LGOOGELGO
LGOOGE+QO

[anERS RS Bl

[y

Sy

o

T LY Y YA

L
)
=
[
o
2]
+

o
o

[N
&

=

(SRl
™ot
+

<

o

G.00002-10
G.CUN0E«QG
0.Lu0nE+G0
5.00CCE+DT

The following list gives un explanstion of the items used in the file.

i # Flow nime steps

b # Scctions and structures

¢ # Nodes.

d Ratio between Output time step and Quality tme step.
¢ Qualiny time step i seconds.

I # Output vanables

¢ “Start of computation™ (datey in yymmdd

h “Start of computation™ (time) in hhmm

i Line number,

| “Secton/structure” name from the NET-file.
k Section nurmber (430)0)

1 “Begin node™ of the section.

m “End node™ of the section

I “fenght” of the seetion

0 “Bottom level™, begin,

p “Bouom level™. end.

4 Quality time step number.

r Section number.

S Concentration value at beginning of section.
t Concentration value at end of section.

u Load value at beginning of section

v Load value at end of section.

W Meaningless.

5.13 MSR

In the Measured Data File tMEASURMSR ) the measured data can be stored. The
file shown below s an example given of a measured value, Chosen s the
variable ss.with a constant value of 10,000,

The format of this file 15 equal to that of the Boundary Condition File,

* DUFLCOW data file

¥ Hdeasured data

program version:

OO NDUFLOWARIEUTIAMELSUR MSE

P

55 5
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6. Miscellaneous

6.1 DuFLow Helpdesk

Users of DUFLOW can subscribe to the DUFLOW helpdesk. DUFLOW users may
contact the helpdesk when encountering problems while using DUFLOW,. When
the user enrols a mistake, it will be solved as quickly as possible and the user will
receive the latest update,

Users with a subscription to the helpdesk will receive a free update of the
package at least once a year. In this manner, the user is assured of the corrections
made in the new releases.

About once a year a DUFLOW users day is organised. During this activity users
may present their resuits of using the DUFLOW package. This users day is
particularly focused on the mutual acquaintance between users. Attendees of
these days are informed about the latest DUFLOW developments.

6.2 Courses

Courses of DUFLOW are regularly organised by the [HE, which usually take place
in the course of 2 10 5 days. The course is divided into the application of DUFLOW
with respect to water uantity problems, water quality problems and the use of
the precipitation runoff model in DUFLOW.

During the course, lectures concerning the theoretical background of the model
are alternated by workshops. The purpose of the course for the user to become
familiar with the DUFL.OW package
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7. Error-codes

In this chapter a list of possible errors are given which can occur during the
calculation of DUFLOW. The explanation of the error is given with possible
solution. If you have any questions about the working of the program, you can
always consult the DS Helpdesk (070-3014600).

7.1 Input errors

3001
3002
3003

3004
3014
3020
3023
3024
3025
3026
302¥%

3024
3032
3044
3048
3049
3052
3055

3057

3062
3063

Duplicate boundary condition.
Missing quality condition.

Quality boundary candition does not have a matching flow
boundary condition.

Missing Chezy value for elliptic culvert.

Input error in calculation times.

Error in given input file.

Invalid node defined in Boundary Conditions File.
Error in given input file.

Invalid node number in Boundary Conditions File,
Invalid sectoin number in Boundary Condition File.

Defined node or section does not exist in steing for output
variables.

Invalid section defined in Locations for Output.
Missing parameter name or value.

Invalid name of state variable in Initial Conditions File,
Duplicate node number.

Duplicate section number.

Syntax error in given mput file.

Invalid name for a water state variable in the Boundary Conditions
File.

Invalid name for external variable in Exiernal Variables File.

The dump file is not compatible with the quality model.

The water levels in the definition of the cross sections are not
ascending.
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3064

3065
3066
3067
)70

071
372
3073
3074
3075
376

3677

30749
33y

330

The wet arcas m the detinition of the cross sections are not
ascending.

Given Chery values are ambiguous,
The piven length of the section is less than or equal 10 7ero.
Lrror i the water level dependent data tor the given section,

Strcaming widths and streaming arcas are given at the same time
tor the grven section number.

Missing streaming arcas or widths,

The given streaming areas are ambiguous.

The piven strewming widths are ambiguous,

Missing storage width for the given section number.
The given storage widths are ambiguous,

Not enough fevets are piven for the water tevel dependent duta
tmust be at least 2),

Incorrect number of levels given for some of the entries of the
water level dependent data for the given section number,

fnvabid time given in tmeseries.

The levels detined tor a QH-related bounduary condition for the
given node are not ascending.

The nuniher of levels defined for a QH-related boundary condition
for the given node 1s not equal o the number of discharges,

7.2 Memory errors

3005
3006
37
AN0OK
3004

018

Nat enough memory available.

Internal memory error. Contact EDS,
Internal memory error. Contact £DS,
Internad memory error. Contact DS,
Internal memory error. Contact DS,

Internal memaory error. Contact LDS,

7.3 Water quality model errors

3010
3031
3033
RISRE

Lrror in water quality madel containing powers tafh).
Non existing output variable in water quality model requested.
Non existing parameter in the water quality model,

Read erver oceurred while reading the Water Quabity Moded File,
try compiing the Water Quality Model Detinition File again,

7.4 Version errors

30

ani2

Student version of DURLOAY . the totad number of water and bottom
variahles s restricted.

Student version of D FLOW. the total number of sections and total
number of nodes s restricted.
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7.5 Errors on file

3013
3015
3016
3021

Error while opening file for reading. File does not exist or 15 in use.
Error while opening file for writing. File is in use or disk is full,
Error while writing to file. File is already in use or disk iy full. .

Error while reading file. Unexpected end of file encountered.

7.6 Instability errors

3017 Flow computation has become unstable. Check model input for
errors 0r possible instahilities.

3019 Pivot element in the node is zero. Possibly in this node only
structures are defined and no ordinary sections, small ordinary
section to this node. Otherwise the computation has become
unstable, in that case check the output in this node.

3051 Negative storage area is computed at the given time step and
section number. 11 this warning persists for other time steps,
decrease the time step for flow or increase the threshold value for
drying and flooding.

7.7 Read errors

3022 Error in Flow Boundary Condition File,

3033 Frror in Quality Boundary Condition File.

3036 Error in Boundary Condition File.

3038 Error in Boundary Condition File.

3047 Error in Network File, section or node number of a section is less

than zero.

7.8 Internal errors

3027
3030
3037
3041

3042
3043

3046
3050
3053

3054

Internal error
Internal error while reading MOB file. Contact EDs.
Internal error, condition code does not exist in the file.

Internal error while reading symhol table of the MOB fife. Contact
EDS.

Internal error while reading symbol table of the MOB file. Contact
DS,

[mernal error while reading Water Quality Initial Conditions File.
Contact EDs.

Internal read crror while reading the Network File. Contact EDS.
Internal syntax error occurred in file, Contact EDS,

Internal error, missing streaming areas for given sectton number.
Contact EDS.

Internal error, streaming areas and streaming widths are given
simultaneousty. Contact EDS.
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3056 Internal read crror while reading the Quality Boundary Conditiong
File. Contact EDS.

3058 Internal read crror while reading the External Variables Fife,
Contact LD,

3059 [nternal error while reading the Flow Initiad Conditrons File,
Contact ks

3060 Internul error while reading elliptic culvert data. Contact EDS.

3061 Internal errar, wvalid charucter code tound in the Network File,
Contact EDS.

3068 Internal crror while reading pump section data, Contact £DS,
3069 Internal error while reading siphon section data, Contact EDS.
3078 Internal error while reading data for given structure number.

Contact EDs.

3080 Internal crror while reading Fourier Toneseries in Boundary
Condition File.
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9. Index

A

additional flow, 13

additional load, 24, 25
advection, 10, 21, 23, 33
advection-diffusion equation, 25

B

bottom state variables, 26
boundary conditions, 5, 12, 13, 23, 29, 59

C

catchment area, 43
concentration, 12, 20
conservation of mass, 9
correction factor, 10}

courses, 65

cross-sectional flow area, 10
cross-sectional flow width, 10
cross-sectional storage width, 10
cross-sectional storage area, 10
culvert, 16

culverts, 6

D

De Chézy, 6, 10, 16
decouple, 22, 25
density, 10, 31
diffusive exchange rate, 27
discharge, 10, 13,29
discretization, 11
disperston, 20, 25, 33
dry flood, 19
DUFLOW users day, 63
DUPRQGL., 26, 33
* mod, 26, 33
compound statements, 37
formula, 38
if-statement, 39
iteration-statement, 40

E

elliptic culvert, 6
exchange flux, 27

F
flow variahles, 35
Froude term, 11

G

Galerkin's method, 21
gap growth, 7, 18
pate, 6

general structure, 15

H

helpdesk, 65

hydraulic radius, 6, 10
I

initial conditions, 12, 23
initial values, 23

L

loss coefficient, 15

LLD decomposition, 26, 28

M

Manning, 6

nass conservation equation, 21
mass equation, 10, 28

mass transport eguation, 20, 26, 30
mean velocity, 10

MODFLOW, 43

MODUFLOW, 3, 43

momenium equation, 10, 28

N

nodes, 52
numerical dispersion, 21, 30, 31

't
overflow, 15

P

parameter, 35
porosity, 27
Preissmann scheme, 11, 31
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process descriptions, 26, 29 structure, 6. 13, 25,2829, 30
processes, 35 subcritical flow. 33
production term. 21, 31 supercritical flow . 6, 31
pump, 6, 17 T

pumps., 17

threshold, 1Y

¢ nme step, 13
Q1 relation, 12 tme steps. 30
R trigger conditions, 6, 13
RAM, 43 v
reference level, 10 unsteady flow, 9
resistance formula, 6, 16 W
results, 57, 61
runoff, 43 witer level, 6. 1) 29
. water quality, 12, 25
S ) _
weir, 6, 15
section direction, 35 wind conversion coefficient. 10
sediment, 27 wind direction, 1€, 33
sill, 7,15 wind stress, 6
siphon, 6. 17 wind velocity, 10, 35

state variables, 23, 26, 35, 17
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Appendix A Eutrof1

EUTRGE] is one of the two pre-defined eutrophication models included in
DUFLOW. It is a relatively simple model based on the us epa model eutrod. It
includes the eyeling of nitrogen, phosphorus and oxygen. The growth of one
phytoplankton species is simulated. 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 he location specific and time dependent, reflecting temporal and
seasonal variations,

The madel is in particular suitable to study the short term behaviour of systems,
For example to examine the isnpacts of a discharge on the oxygen dynamics, or
to explore the effects of flushing on the chlorophyll-a concentration.

In case the long term functioning of a system is of interest the other pre-defined
eutrophication model EUTROF2 is more appropriate. EUTROF2 includes three algal
species, so succession can be simulated to a certain extend. Furthermore this
model alse describes the interactions between the sediment and the overlying
water column.

A.1. State variables

Figure A-1 presents the principle kinetic interactions for the modelled state
variables. The model includes the following state variables:

A Algal Biomass (mp C/1)

Porg  Organic Phosphorus (mg P/1)

Pinorg  Inorganic Phosphorus (mg P/}

Norg  Organic Nitrogen {mg N/I)

NH4  Ammonia Nitrogen (mg N/)

NO3  Nitrate Nitrogen (mg N/b)

02 Oxygen (mg O,/1)

bod Carbon 5 day Biochemical Oxygen Demand (mg Go/l)
S5 Suspended Solids fmg/l)

Besides the state variables mentioned in figure A-1 a number of output variables
are calculated:

Porto Dissolved Inorganic Phosphorus (mg P/l
Ptot Total Phosphorus (mg P/1)

Nkj Kjeldahl- Nitrogen (mg N/l

Ntot Total Nitrogen (mg N/1)
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Chl-a - Chlorophyl-a ttg/l)

These variables are often monitored. so a direct comparison between
measurements and simulated results 1y possible tor these constituents,

d 3
NO3
J +— ORG-N
NH4 k 4
T < BIOMASS
JL> ORBOD l < INORG-P ORG-P
02

Froginer A-1 FAROTROE ] State variahele interaciions

A.2. Process descriptions

In the following part the equations. deseribing the processes are presented. The
explanation of the syvmbols used inthis partis given in tables A-1and A-2 at the
end of Appendix A

- AI[_'I‘JC
A B
di

Algal growth s considered to be imited by nutrients. Light and temperature.
Nutrient limitation s described as:

lu  FFF A=k 00 4k, |A (A-1)

- . P (NH, +NO) |
I, =mu = — (A-2)
P, +K TINH +NO+K.

Which micans that the reduction of the maximum growth rate 1s controlled hy the
maost limiting factor. {6 is assumed that algae can use both ammonia and nitrate
for their growth. The uptake of both nitrogen constituents is controlled by the
ammonia preference factor tsee eg. A-T1

Laght hmitation s described using the depth averaged Stecle equation:

e I
F=—— tcxp(__’_ expl—g, ) — exp(-T i (A-3)
in which:
€., =€, +€e, Chl —a+e,5S (A-4)
Temperature dependency of the algal growth rate s given by:
ro=g (A-5)

Temperature dependency for all process rates is desenthed in the same way as in
cq. A-S, The rate constant at o reference temperature of 20 °C 1o multiplied with
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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 lJumped 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
ore (7 20) _Ysoo g

min N [elnis o, v (7184
TR el e P T

+f.,nurg [ki'r‘.ew o + kdir ]ap( A (A‘(:))

ra
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. Due
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 1o settling.

- Inorganic Phosphorus

AFory vy (\—-f, P vk O.%p _y FEF Fa A
dt - 7 S dpane 77 anore min = min oy p’max TENT e

Pﬂ 113

0= M B K Ja, A

pory pr -
Inorganic phosphorus will be formed during mineralisation of organic
phosphorus and Js also released during the algal respiration and die-off. Part of
the inorgunic phosphorus is adsorbed to the suspended solids. The dissolved
fraction Is calculated using:

. 1
fdpa’!“ - ]+ K ;S‘S

mp
The use of eg. A-8 implics that it is assurned that the equilibrium is reached
instantancously. 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.

(A-T)

(A-¥)

- Organic Nitrogen
dN

: . Vv
e (720 e _f
- k emm Nr;r;_r - (] .f:}r,m-;; )Nw';g
A

d[ min
+.frwr‘l; [ku\e: w + kr!«r ]am‘A (A_g)

Organic nitrogen is produced during respiration and die-off of algac. Like
organic phosphorus part of the organic nitrogen is associated with particulate
matter and will be subject to settling. Due to mineralisation organic nitrogen will
be released as ammona. De rate constant for the mineralisation of both organic
nitrogen and phosphorus are assumed 10 be equal.

- Ammonia Nitrogen
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dNI . 0, . .
e g YN vk 8N —u FF Fa Py A
[j[ [T ()2 +K\” ITHIT o “mn 7 VP e BN
1 N
SO=f Nk 8k, e, A+———— (A-10)

During the algal respiration and dic-oft part of the nitrogen included in the
biomass is refeased as ammonia. The remaining part is added to the pool of
organic mitrogen. Both anumonia and nitrate cun be ased for algal growth,

The preference for the nitropen seurce 1s controtled by the preference factor
given by:

I) — /\jl! [, “’\f() e
! YK+ NHK, + NO
Km‘.
+NH | — , , (A-11)
(NH,+ NO )+ (K, + NO)

‘The nitrification rate is controlled by the oxvgen concentration, using a Monod
type of equation. Depending on the value of K., the rate can be lunited at Tow .
QXYL Coneentrations,

- Nitrate Nitrogen
dNO, 0o Ko, W0, ,
=k, B NG kB N
d'[ R K.‘ i () ()j + K'\,KJ
u FF Fa (=P, A (A-12)

Nitrate rs formed during mitrification. Depending on the ammonia preference
factor, nitrate can be used for algal growth. Denitritication. which is also
controlled by the oxyeen concentration is imcluded too.

- BOD S
BOD o o Sy oD
Lff - B gy (): + th),l)() - f.‘m[J
( L 4 532{{ R .\X (A-13
+ ‘u“u“-n A ‘fm rlr‘w.‘r ) o - )
i aia b 0 ®

Eq. A-13 desceribes the 3 day carbon gob. which is also used for input. In the
oxygen balance equation feg. A-15) the ultimate bod s used. A conversion factor
s used o caleulsie BOG rom bodu, The bod. which s produced by die off of the
algac is converted to BODs. Also the bod used as @ carban source during
denitrification is corrected this way.

X =1 *CXP( “3}'\,,””) (A-14)

i

Part of the #oD 15 i a particulate form and will seutde. The oxidation of BoD s
temperature dependent and is Timited at low oxveen concentrations by 4 Moenod
type of kinctie.

- Oxvgen
d0,
dt

()ﬁ BOD
:l\ 6([ Jiny 7() f\ . {0, Z e
e { } RO B () + K X

B0l Ve

64 P 0, 32 SOD
R By'y) ¥ Sl S L AR Gt

4" O+ K, A DU - .
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L. 32 48
+],lmuxFl.PNf‘,/4(E+a‘am(]—PN,M)NO3) (A-15)

The mass transfer cocfficient for oxygen is given by the following empirical
equation:

ko =394y 77" (A-16)

or if kma.\‘ < krmm :
Kpgs = krm.e‘n (A-17)

The dimension of the velocity is m/s and the resulting k.. is in m/day. At low
stream velocity the use of eq. A-16 can result into extremely low value for the
mass transfer coefficient. The user can define a minimum value for k... which is
used as a lower bound for the mass transfer coefficient. The reaeration rate
constant kre 1s given by:

k
k = (A-18)

e
b
P

The oxygen saturation concentration js also calculated, using an empirical
equation;

Cy =145519 —0373484T + 0.00501607T ’ (A-19)

Additional to the oxidation of carbon bod the following oxygen consuming
processes are included in the oxygen mass balance 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
stmulate seasonal and temporal variations. Production of oxygen results from
primary production. In case nitrale is used as a source for nitregen an additional
oxygen production takes place, because of the reduction of nitrate during the
assimilation process.

- Suspended Solids
dSS Vo o D
=——85+—— (A-20)
dt z z

Sedimentation is described as a first order process. The resuspension process is
not modelled. The resuspension flux shouid be supplied hy the user. It can be
entered as a time dependent input variable. The choice of the resuspension flux
and the settling velocity governs the level of suspended solids in the water
column, which is tmportant for the distribution of inorganic phosphorus between
the dissolved and particulate phases (see eq. A-¥)

- Output Variahles

In order to make dircet comparison of the results with frequently monitored
variables more convenient, the following output variables are calculated.

Pois = P L (A-21)
P,=F, +P,. +tAa, (A-22)
Nkj = N +NH, + Aa,, (A-23)
N,, :NkJJrNOi (A-24)
Chl—a=a,, A (A-25)
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A.3.

Parameters

Table A-1 presents a hst of all purameters used in 210 TkOE], [n these table also
the detault values used and a typreal range for some parameters is given.

Symhol Description Dimension Detault  Runge
Aoty Chlorophyll to carbon ratio pg Chl-a/mg € 30 25-250

e Nitrogen o carhon ralio mg N/mg C (.25 0.18-0.25
iy Oxygen to carbon ratio mg O-fmg C 2.67

A, Phosphorus to carbon ratio myg Pimg C (L025 (3.025-0.0050)
£ Background extinction 1/m 1.0 1.0-5.0
Ealy Specific extinction chlorophyll Lg Chl-a/l.m (1016 (0.012-0.025
Eie Specific extinction suspended sohds mg S5/lbm (1050 0.020-0.06()
T Fraction dissolved BOD ]

Fraction dissolved organic nitrogen - 0

Lo Fraction dissolved organic phosphorus il

Frrg Fraction atgal nitrogen released as NORG - 1

for Fraction algal phosphorus released as PORG - I

I Optimal light intensity W/m" 40 10-1430
Kuoo Oxidation rate constant BOD 1/d 0.1 0.02-3.4
Ko Monod constant oxidation BOD mg (/1 2.0

Koo Dyenitrification rate constant 1/d 0.1 (1.0-0.1
Ko Monod constant denitrification my )71 0.5

Ko Mineralisation rate constant 1/d n.1 NO1-0.40
K~ Ammonia preference constant mg N/l 0.025

K. Monod constant nitrogen mg N/ 0.010 0.01-0,30
K pir Nitrification rate constant I/d 0.1

K Monaod constant nitrification mg (3:/] 2.0

K, Monod constant phosphorus mg P/l 0.00)5 (0.001-0.05
K Partition constant phosphorus I/ mg S5 (L0106

Koo Respiration rate constant 1/d 0.1 0.05-0.2
Ko Minimum oxygen transter coctficient m/d 0.1

ke Die rate constant 1/d (.2 0.0-0.3
Buon Temperature cocfficient oxidation BOID 1.047

Biien Temperature cocfficient deminfication - 1.0:45

8,. Temperature coefficient algal growih - 1.047

B, Temperature coefficient mmeralisation - 1.047

0, Temperature coctficient nitrification - 1.03%0)

B,, Temperature coefficient resprration - 1.047
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... Temperature cocfficient reaeration - 1.024

M Maximum specific growth rate algae tid 4.0 1.0-5.0
Ve, Nett settling velocity organic matter m/d 0.1 (.001-0.1
Vi, Settling velocity suspended solids m/d 0.1 0.1-5.0

Table A-1 Paramcters used in ELTRGE ]

A.4. External variables

Table A-2 presents the external variables used in the model. All input variables
mentioned in this table are location specific and time dependent. For some of the
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 4 summer month at moderate latitude and
can be found in the in the file RIECT] EXT.

Symbaol  Description Dimension __ Default  Range
SOD Sediment oxygen demand g Oym*d 10D 0.0-2.0
Pflux Phosphorus release {lux g Pim’.d (.04} (1L0-0.01
Nflux Ammonia release fiux o N/mid (3.00 0.0-0.035
Dres Resuspension flux suspended solids g/m’d 0.50 0.0-3.0
I Surface light intensity W/m’ 10.0

T Temperature “C 20.0)

Tuble A-2  External variahles ased in BTk}

A.5. Flow variables

The veloeity is calculated from the flow and the cross sectional arca, which are
defined as flow variables. This means that they are read directly from the
hydrodynamic part of DUFLOW,

Symbol  Description Dimension  Default
Q Flow m'fs 1.00
As Cross sectional arca m’ 10.0
z Depth m 1.00

Tuble A3 Flow variables used in EUTRON |
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Appendix B Eutrof2

Like the other pre-defined model EUTROF2 15 a cutrophication type of modei. The
main difference between this model and EUTROF] is 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 especialty suitable for simulation of longer
time scales. EUTROF2 can be used for example to study the effects of reduction in
nutrient loads upon the release of nutrients from the sediment.

The water column kinetics are very similar to those used in EUTROF]. Also in this
model the cycling of nitrogen, oxygen and phosphorus is modelled. However in
EUTROF2 three types of algal species can be defined, which means that also
succession and the dynamics of the composition of the algal population can be
simulated to @ certain extend.

B.1. State variables

The following state variables arc included in the model:
ALALA Algal Biomass species 1,2 and 3 (mg C/1)
Ap Total Algal Biomass in the sediment (mg C/1)
SSw Suspended Solids concentration (mg/l)
SSy Solid concentration in the sediment (mg/)
TPy  Total inorganic phosphorus water column (mg P/
TIPy  Total inorganic phosphorus sediment (mg P/1)
TOPy,  Total organic phosphorus water column (mg P/1)
TOP;  Total organic phosphorus sediment (mg P/1)
TONw  Total organic nitrogen (mg N/
TONg  Total organic nitrogen sediment (img/N/)
NH4w  Ammonia nitrogen water column (mg N/
NH4y  Ammonia nitrogen sediment (mg N/1)
NO3w  Nitrate nitrogen water column (mg N/)
NO3y,  Nitrate nitrogen sediment (mg N/
02y Oxygen water column {mg/l)
02y, Oxygen sediment (mg/1)
BODyw  Biochemical oxygen demand (mg/l)
BODy,  Biochemical oxygen demand (mg/l)
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B.2. Sediment model

The degradation of organe matter in the sediment can have an important
mnfluence onthe concentration of oxygen and nutrients in the overlying water
column. e to the decomposition of orgamce matter nuetrients are released 1o the
interstitial water i the sediment. Furthermore the degradation of organic matter
within the sediment resulis into a tflux of oxvgen from the overlying water to the
sediment for a Hlus of oxyeen equivalents directed towards the water column in
cise of anaerobiv degradation), This sediment oxy gen demand can be @
substantial sink for oxypeen. while the resulting release of nutrients can be an
impartant contribution to the otal nutrient load of a system. Additionally the
oceurrence of anoxic conditions within the sediment may dramaticalls increase
certain nutrient Huxes, Complex mechanssins of redox reactions and pH control
the state and concentration of nutrients and metals and therehy the release of
nutrients from the sediment. The relative nnportance of the sediment water
interaction requires the incorporation of a dynanice description of the processes
within the sediment and ¢l the transport across the sediment water interface.
There are several ways to model the sediment water teraction. In EUTROP2 a
relative simple description is used. A general outhine of the concept used 1s given
inctins paragrapli Inthe next paragraph a more detanled deseription of the
processes i hoth the water column and the sediment is presented.

Like incotrat ] suspended solids are modelled s o simple wav. Sedimentation is
considered 10 be w Hirst arder process. The resuspension flux should be provided
by the user, Bventually the resuspension flux can be retated (o flow velocity or
bottomn shears stress. Such relationships however are not included in the process
descriptions because several relutionships are avinlable and the user should select
the one mest appropriate tor the water system to be modelled. Sedimentation and
resuspension are assumicd to oceur simuftancousls . The tollow ing equation
describes the suspended solids concentration in the water column:
dSS, v r
— =—+— fB-1)
dt 4 7z
As the porosity and density of the sediment top Taver are considered to be
constant and only one fractien suspended solids i taken into account the
concentration of sediment I~ constant and given by

S5, = pHl— PORYF1000 (B-2)

Because ot the sedimentation and resuspension. the sedunent water interface is
moving with respect to the fised coordinate svstem, The veloaities by which the
benthic surtuce s displaced can be expressed in werms of the sedimentation and
restuspensien fluxes:

b= . {B-3)
1= POR) #1000
-

yo= o - (B-4)
"o pFE( = POR) #1000

In which the sedimentation lux T 1s given by

R N A (B-5)
The net displacement of the interface is given by:
T (B-6

Because the depth of the sediment top laver is considered to be constunt the
interfuce between the sedimment top and lower Laver s also moving with a
velocity cqual 1o v,
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The equations B-1 ta B-6 form the basis of the dynamic description of the
sediment water imteractions. The concept is itlustrated in figure B-1.

WATER COLUMN

Fr Fs

l ‘Hv T SEDIMENT TOP LAYER

}

LOWER SEDIMENT LAYER

Figure B-1  Sediment model concept

For the description of the 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 particulate form. For a certain
constituent X the following {orms are distinguished:

DXW = -/-clm ’]‘XH' (B‘7)
. X,
PX, =011, ) =" (B-8)
AR
- TX,
DXH = -/n'rﬂ') P()v;( {B’g)
TX
PX,={1-f,,)-=" (B-10)
SS,

Where TXy and TXy are the total concentrations of constituent X in the water
celumn 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 ... and f,,,. For inorganic
phospharus these fractions are caleulated wsing linear partition (see eq. B-36 and
B-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 both the water column and sediment top
layer.
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The total exchange of constituent X across the sediment water interface is
represented by the following fluxes:

- The diffusive exchange flux:
- _ {iil’l,"! (
! ¥l T l;[-f- [) Vi [) Vi ) {B-1 ]}

The dissolved fraction is subject to diffusive exchange. The difference between
the concentration in the interstitial water and the water column s the driving
force for mass transport,

- The sedimentation flux:
Foo=F_ PX, +v PORDX, (B-13)

Ans the particulare fruction is expressed per unit of sediment mass. the flux of
constituent X across the interfuce is equal (o the sednnentation tlux of suspended
solids multiplied with the particulate constituent concentration. The second term
ineg. B-12 deserthes the inclusion of pore water due 1o the formation of new
sediment by sedimentation,

- The resuspension flux:

Fo=F PX,+v, POR DX, (B-13)

‘

‘The resuspension of particulate X s given by the product of the resuspension
Mux of solids and the particulute concentration in the sediment. The second term
ol ey, B-13 represents the release of pore water during resuspension.

- Transport between top and lower sediment laver:

[",\J: = _\",,J.X,f; if Vo, < 0 {(B-14)
Or:
/"‘U; = _l.-,.;’["x}”{ "f 1‘,,{ < (J (B*]i)

Becuuse of the concept of u constant top laver depth there is o transport of
sedinent between the top and lower sediment Tayver it the net displacement
velocity v s not equal to 0, If net sedimentation oceurs sediment 15 transported
fromi the top toward the lower laver. In case of net resuspension the sediment top
Layer is replenished with sediment from the lower kover. The concentration in the
tower sedirment Layer s considered to be constant and shoakd be supplied by the
user. Diffusive exchange between the two sediment lavers 1s not taken into
acccunt. Hence the concentration in the top laver 1s only influenced by the
guality of the lower luyer if net resuspension oceurs,

The total transport acress the interface is cqual to the sum of the fluxes expressed
above, The equations deseribing the concentration in the wuter column and the
sediment wop Tayer are given by

X, F., —F.+F,

aA _ i\ SR P.N (B-16}
dt /£

and:

54 Fo-F. o+F, +F,,

2y S, {E N S B T S L R P, (B-17)
clt /B

Equations B-16 and B-17 also can be used for constituents only present in a
dissalved formu. For these constituents the individual Hluxes can be expressed

like:

L, (v ¥ |
ooy Ly (B-1%
TR )
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F, =v PORX, (B-19)

X
F..=v,PORX, (B-20)
Fo=—v Xy if v, >0 (B-21)
or

Few=v,Xs v, <0 (B-22)

The concentration in the interstitial water in this case is represented by X, and
equal to Xg/POR. For dissolved constituenis the concentration in the interstitial
1s also influenced by sedimentation and resuspension, because of the inclusion or
release of pore water respectively.

B.3. Process descriptions

In the following part the equations, describing the processes are presented. For
each state variable 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. B-16 and B-17 and are not included in the equations below. The
explanation of the symbols used in this part is given in the tables at the end of
this appendix.

- Algae

In this model three algae species can be simulated. So the succession and
dynamics of the composition of the aigae popufation can be simulated to 4
certain extend.

The overall growth equation for cach species is given by:

dflu ; 120 V.s‘n‘.t
d[ - = [umax‘tFT,[F‘.’V A FLJ ]AW,E - [K(h(uf + kre.s,ie:‘:t’,!z( J __Z_]Aw.l (B—23)

The growth is considered to be limited by nutrients, light and temperature.
Nutrient Himitation is described as:

. DIF, DIN ,
= ml -, (B-24)
DIF, + ki DIN, +k,_

Ni

Where DINy, 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
hoth ammonia and nitrate for their growth. The uptake of both nitrogen
constituents is controlled by the ammonia preference factor (see eq. B-40).

Because EUTROFZ s intended for simulation of long time scales a daily averaged
light limitation function is used. The depth integrate Steele equation (see
Appendix A, eq. A-3) is integrated over the daylight period. This means that
EUTROF2 is not able to describe diurnal variations in algal growth. The light
limitation factor is expressed as:

F;_,- = ‘C’fz [exp(*anj - exp(fovm)] (B-25)
in which:

1 = I" 26)
Oy =5 (B-26}

A
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and:
U, =, expl—¢g, 72) (B-27)

1,15 the average light intensity during the daylight period (Lo and t s the fraction
ol daylight during the day tequal 1o 1./24).

The total exunction coetticient is determined by the background extinction of the
water and the contributions of chlorophyll and suspended sohds 1o the vertical
Bight attenuation,

e, =&, +e, Chl—a+e, S8 (B-28)

For mternal computational purpose algal carbon is used as a meusure for the
hiomass. The algal O concentration 1 converted to chlorophyll-a using a fixed
chlorophyll 1o carbon ratio for cach species, The totul chlorophyll concentration
can he expressed as

Chl —a=2ag,, A, (B-29)
[

Temperature dependency of wlgal growth s desertbed ina difterent way as in
ECTROEL For the individual species an optimum curve 1s used to simulated
temperaiure dependent growth, The temperature linntation Tactor s given by:

=T T )
Fo= o —exp| - (B-30)
T T U T T

I the wuter temperature is ahove the critical temperature for growth
by, =0

Three loss processes are mciuded in the algal balance equation feq. B-23;. The
endogenous respiration 15 considered to be temperature dependent. The second
loss term represents the die-off and the effects of grazing and is regarded to be
constant. Finally the sedimentation of wlgae 1s meluded. Although the
sedimentation velocity of the algae is low, the wtal load seitling to the sediment
can be substantial, Together with the sedimentation of dead organic matter
{detritus and from man made sourcesy it determines the organic and notrient load
of the sediment and controls the resulting imteraction berween the sediment and
the overlying water column. Once settled into the sediment the algae are
converted 10 benthic organic carbon and subject 1 anacrobic decomposition.
There is no transport of living algae from the sediment to the water column. As
the steichiometric ratio Jor all algae species are considered to be the same for the
henthic algal carboen concentration only one state variable has 1o be defined. The
following equation 15 used 1o deseribe the wlgae concentration in the sediment:

dA,,
dt

i

- _K 8{]

et idnld

A, (B-31)

- Organic Phosphorus

During respiration and dic-off of the algac. part the assoctated phesphorus is
released as organic phosphorus, the remaining part is disiributed 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 acrobic mineradisation 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 ussumed to be constant and equal 1o 1,4 The fellowing equation is
used to descrihe the total organic phosphorus concentration in the water column:
d1OP, _— ,
S K, 8L TOPR, + f L a, 2lK, <K, 6, A, ] (B-32)

LLXIS [ FH Phief 2t

et ,

s
]
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In the sediment organic phosphorus is only subject to anaerobic decomposition.
The total organic phosphorus in the sediment top layer is given by:

dTOF,
C[f . = ﬁKmm BBIT:JIJ?JTOP + C[ Kdabe;i'ﬂzmA (8-33)
- Inorganic Phosphorus

The equations describing the tnorganic phosphorus concentration in the water
column and the sediment top layer are given by:

dTIF,
df : mm e("':]rlerTOP - a i[umax I'FIEFN‘E'FIJ AW:]
=1
+Hi-f,,, ), i[(Km +K, 0174, (B-34)
and:
drip,
df = m:nb’e( I“j;“TOP (8'35)

Inorganic phosphorus is formed during aerobic and anaerobic mineraltsation in
the water column and sediment respectively. It is also released during the algal
respiration and die-off. Part of the tnorganic phosphorus is adsorbed to the
suspended solids. The dissolved fractions in the water column and in the
interstitial water are calculated, using linear partition;

|
Jow = ({B-36)
’ 1+ K 0SSy
f : (B-37
= -37)
RS KW“SS

The use of equations B-36 and B-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 1s assumed
that the linear part of the sorption isotherm may be used.

- Organic Nitrogen

The behaviour of organic nitrogen is sirilar to that of organic phosphorus. In the
water column release during algal toss processes and anaerobic mineralisation
takes place. In the sediment the anaerobic mineralisation of settled algae and
organic nitrogen are the controbling processes. The total organic nitrogen
concentration in the water column and sediment top layer are given by:

dTON

df . mmg"-:mZD)TOiM + ””".‘Ia i[(l{cﬂer rcs i rax )AW ] (8_38)
dTON )

dr s mm [fe{;:mi‘?)TON + a Kd(iﬂe;z.ﬂ * A (B'39J
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X, =1-exp(-5K],) (B-45)

Rl

The oxidation of BOD in the water column js temperature dependent and limited
at low oxygen concentration by a Monod type of kinetic.

Water column BODs is given by:
dBODw . T2, 02w

N —_ %% pop
U hod ~hod (() 2W +K beader ) '

B 532 K
K A - el ¢ 9(’.’ 20) dno N03 X .
A'-“aor :i;’[ died VH] 4 ]4 den “dden (Kdnn + OZW) W cony

(B-46)

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 formulation 1s similar and
consistent with the degradation of organic nitrogen and phosphorus within the
sediment. The reactive intermediates however participale in further reactions. For
example volatile acids react 1o methune. 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 first introduced by Di Toro and Comnolly
enables a dynamic description of the sediment oxyvgen demand. A further
explanation of the concept is given in the part on oxygen below. The equation
describing organic carbon expressed as BODs 1s given by:

: 532 _
(120 (120
dBOD, 4, K O Ay — 414 K ienito® s NO3y
d[ - P

-K boddh 8:1,«11?1 'BOD 2 (B-47)
- Oxygen
Dissolved nxygen in the water column is described by:
dOZW _ K e{f ZU;(C~ _02 )_K 8{7—2[); 02W BODW

dt re e ¥ W BOD Y RBOD (OZW + Kfmdu ) Xﬂmv

64 _ 02, 32 .
AT fnjii_bn) > NH4W__i[Kr('ue(ri‘xEZO)AWil

14 (02,K,,) 12 15 |
i 32 48
= [umux(F.’iF‘!WFL:AW{:I ]2 +T£.am (l ‘Pn114 )NO3W (8_48)
Additional to the oxidation of carbon BoD algal respiration and nitrification are
included as oxygen conswming processes,

Reaeration is described using a empirical equation for the mass transfer
coefficient. This coefficient is related to the flow velocity and water depth using:

Ky = 3940772 1 (B-49)
or if kmm < kﬂmin
k”i(ls = krmm (B'SU)

The dimension of the velocity is m/s and the resulting k., Is in m/day. At low
stream velocity the use of eq. B-49 can result into extremely low values for the
mass transfer coefficient. The user can define a minimum value for k.., which is
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used as i lower bound for the mass tranfer coetticient. The reacration constant k...
IS grven hy:

o Mo

k. W—7 (B-31)
Production of oxyvgen results from primary production, In case nitrate 1s used as a
source Jor nitrogen an additional oxygen production takes place. because of the
reduction of nitrate during the assimilation process,

The following cyuation s used ta deseribe the sediment oxveen concentration”

d0)?2 o BOD,
=l = K, 41."8!-,;-.’{: " (B-52)
il ' X

[EEH

As stated above in the purt on oD, the organic carbon and the scttled algae are
mineralised anacrohically and expressed as BOD. Both reactions are considered to
be sinks for oxygen and gquickly drive the oxyvgen coneentration within the
sediment top layer negative, This negative oxygen concentration indicates that
the redox state i the sediment is rather redueced than oxidized. The caleulated
negative concentration is considered to be oxyeen equinvalence of the reduced
intermediate products produced in the mineralisation reaction mechanism. It is
assumed that the reduced carbon intermediates (expressed as oxsgen equivalents )
are ransported across the sediment intertace and wre oxidized 10 CO- en H.O in
the overtying water column. The sediment oxygen demand is in taet caleulated as
the transpert of oxveen and oxygen equivalents across the sediment water
mtertace andd 1s controlled by the decomposition of organic carbon in the
sediment and the overlyving water dissobved oxyvgen concentration. The 0D in
this concept is deseribed by:

.
SOD = 7;‘];---(02“ ~02,) (B-53)

B.4. Parameters

Tuble BT presents a st of all parameters used b TrOE2, Inthis table also the
default values used are given,

Svimbol  Descriotion Dunension - Detault
R Chlorophvll to carbon ratio species e Chl -afme ¢ 30,000
i, Nitroven o carbon ralio me Nmg O 0.25
A, (ovgen to carbon rutio me O-/m g ¢ 2.670
H Phosphorus wy carhon ratio mg Pimg C (1.025
BOIY . BOD concentration lower sednnent Laver my €)1 AN
I Hackyround extinction lim 1.6)
I Specitic extinction clitarophn il ue Chl -14.m 0016
L Diffusive exchange rate constan mfd Q.0002
P Speaihic extinction suspended solids mg SS5/4.m 0.05
[ HTE Fruction dissolved BOD) sediment - (03
Vsl Fraction dissalved BOD water column - (.90
[N Fraction dissolved organic nitrowen sediment - 010
Foovons Fraction dissolved oreinie nitrogen sater column - 16
fp e Fraction dissolved oreunie phosphorus sediment - 010
Fraction disselved organie phosphorus water column - 010
Fraction algal mitrogen released as orgunic nitrogen - (1.50
Fraction ulgal phosphorus released as organie phosphoros - (1.50}
Depth of the sediment top Liner m 0.10
Optimad heghtintensity species | Winr 0.0
Oxidation rate constant BOL water colomn 1id 0.0
Anucrabic decomposition rate constant BOD sediment Hd (.005
Oxveen half saturation constant BOD decas myg 0./ 2.0
Anaciabic decay rate constant algae sediment 1/d (010
Blenitnification rate constant water column Fid (L10
Dentrification rate constant seiliment 1/d (10
Dhc-olt rate constant species |id 010
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Decomposition rate constant organic matier water column 1/d

Anacrobic decomposition rate constant sediment
Ammonia preference constant

Monod constant nitrogen akgal growth species
Nitrification rate constant

Oxygen half saturation constant nitrification
Monod constant phosphorus algal growth species i
Partition cocfficient inorganic phosphorus sediment

1Al

mg N/
myg N/l
V/d

my (/i
mg P/l
I/mg 58

Partition coefficient inorganic phosphorus water column Ifmg 55

Respiration rate constant species |

Minimum axypen transfer cocfficient

Ammonia concentration lower sediment layer

Nitrate concentration lower sediment layer

Oxyuen fequivalents)concentration lower sediment
Sediment porosity

Density suspended solids

Temperature coetficient oxidation BORD

Temperature coetficient decomposition BOD sediment
Critical temperature species |

1/d
mid

mg N/
mg N/l
mg O/l
kg/m'

Temperature coefficient anacrobic decomposition sediment -

Temperature coefficient denitrification water column
Temperature coefficient denitrification sediment
Total inorganic phosphorus Jower sediment layer
Temperature coefficient mineralisation water column
Temperature coefficient mineralisation sediment
Temperature coefficient nitrification

Tatal organic nitrogen lower sediment layer

Total organic phosphorus lower sediment layer
Ontimal temperature species i

Temperature coeflicient respiration species |
Temperature coefficient reacration

Maximum growth rate species

Settling velocity species i

Setling velooity suspended solids

mg N/l
mg P/l
“C

1/d
m/d
m/d

0.5
06.10
1,001
0.025
1,025
10
2.0}
.003
0.00250
0.05001)
0.0500)
0.4000)
1.600
£.000
0.000
0%
1320
1.04
1.08
350
1.0%0)
1.0)40
1.040
1,906}
1.040)
1.080)
1.086
15.000
5.000
200.0)
1.040
1.024
1.200)
0.00500)
0,000

Table B-1 Parameters used in 1iiTRO1Z

B.5. External variables

Table B-2 presents the external variables in the model. For some of the variables
a typical value is provided. For the daily averaged light intensity, day length and

temperature & time series of one year is available on diskette in the file

RIEUT2 EXT. Light intensity and water temperature are measured at moderate

B.6. Flow variables

latitude.

Symbol  Description Dimension  Default
Fre Rcsuspénsicm flux g/m?, d 5.00
T Temperature “C 20.0

1, Average light intensity W/m® 100.0
L Day length hour 12.0)
Tuble B-2 External variables used in L17TROFZ

Symbol  Description Dimension  Defauli
Z Water depth m 1.00

As Cross sectional arca  m’ 20.0

Q Flow m'fs 1.00

Tuble B-3  Flow variahles uved in 1iciror2

Reference Manual Duflow
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The velocity is caleulated trom the flow and the cross sectional area, which are
defined as flow variables. This means that they are resd direetly trom the
hydrodynamic part of DUFLOW.

Initial conditions of some sediment variables

Tahle B-4 presents some typical vatues for the concentration is the sediment.
These values can be very site specific und the model is rather sensitive to the
inttial sediment concentrations. If no data are avallable table B-4 provides some
guide lines, which can he used as an mitial guess,

Symbol  Description S Dimension Range
NH,I Interstitial ammornia concentration mg Nl ().2-5.0
NO3J, Interstitial nitrate concentration mg Nl 0.0-0.1
DIPg Interstitial inorganic phosphorus mg P/ 0.0-0.1
PIPy Purticulate inorganic phosphorus mg Pfz 85 0.0-3.0
TON,  Total organic nitrogen 01,5-5 %4 of the organic mutter

TOP,  Total organic phosphorus (.2-1 % of the organic matter

PBOD,, Particutate BOD .4 7 organic matter content

organic matter content (-5 % of
the dry weight

DBODy  Dissolved BOD imterstitial water myg (/1 100.0

Table B4 Sume nopecal sedonent vharacterssiie

90 « Appendix B Eutrof2 Reference Manual Duflow




RAM - Precipitation Runoff Module

Reference Manual

VERSION 3.0 April 3™ 1998
Stowa / EDS

Y winter
storage
et wated,

BRI 1

atmozpherg

J/ preciHianon j/
nteroeption wapr:m'llnrw

evapotranspiration
{Jr:prr:ssmn
\nrlrralmrw — -surf runcfff
. surface Nr—r
inundaticn — separatian

";__"'_"—-_H__:jﬂqﬂrf groundwaler lgy pen:.a\alln:n e i%ilfer

Stoeage

evapaleAnapraticn

evapoiranspiration ,{

InLerepl

evapnralicn

— ~apllary nse T grwalRt.
T ALMIMET ey —
e ground water ‘\_\

2enarafiom e

ground vater




Contents

1. Introduction 5
L] PUFPOSE it et re s et e ae ettt en g annes e e b s e 5
1.2 About this manual L. e 5

2. Theoretical System Description 7
2L INEEOUUCLION it ae et h e et s ek tesbe e s ety s tn e st namee et 7
2.2 Hydrologic Cyele (it e e 7

22,1 Paved SUMTHCE vt et e 9
2.2.2Unpaved SUFTACE Lt 16
2.2.3 Waler balance oo O U P S TSSOSO UUUPURR ST URRSPO 14
2.3 Water QUAIILY Lo e e e 16
2 PPy Lt et 16
2.3.2 Reaction processes in the solb e b7
233 DISChArEE oo s 20

3. Translation Theory into General Set-up 23
31 OPEN WAL SUITACE .ottt este e v e e ese e et eaaas e ee e a e e e e seese e e emsenaaeeen e 24
3.2 Paved SUrfuce (oo e s 24

B2 RUFHD BICA . oo e 25
322 Urban ares. oo e 25
3.2 3 Greenhouse BICH ..o e s 25
B A UNPAVED SUITHCC .o ettt eaa e 26
3.3.1 Infiltration into the seil moisture (unsaturated 20N} .......cooiivriiviviinr s 27
3.3.2 Percolation into the ground water (saturated zone) ..o 27
3.3.3 Ground water discharge into the drainage system. e, 24
A Total runOfT L e b e e 29
3.5 WALET QUANTEY oot ab ettt e et een et s 29
30 REmarkS. e e e e et 30

4. Formulas 31
A1 GENEFAL e e s 31
4.2 OPEI WALET SUTTACC oot e rre et e st e e s ess e re e e aean e 32

4.2.1 Determination of effective precipitation........cccoovnveneiciinann. SRR 32
4.2.2 Description of the Hydrograph e, 32
4.2.3 Description water GUality oo 34
4.3.1 Determination effective precipitation ... e, 35
4.3.2 Description of the Hydrograph e 36
4.3.3 Description of water quality ... e 37
44 UNPAVEL SUIFACE . ot sra s s s e b et e rrae st et eameesbe e e e e na e e 38
4 4.1 Infiltration into the soil moisture (unsaturated zone) .. 38
4.4.2 Percolation into the ground water (saturated zone) .......oviceieennn, 42
4.4.3 Ground water discharge into the drainage SysStem ..........c.oovvvievrveicen e 45
4.4.4 Description water quality . 50
A8 SEEPHZE Lo £t bt es st sa et b e 56
4.6 Total discharge and total load ... s 57
4.7 Relation ground water discharge and surface water Jevel...nnn 59

Reference Manuai RAM

Conienis » 3




5. Evaluation 60

S Hydrograph desCriplionm .o e 61
5.2 Deseriplion wiater gualily o e 64
53 ReCommendalions | e 02
6. References 62
O L CHERCTAL 63
6.2 Precipitation-runoft relion 63
6.3 WU QUITTEY o e e 64
7. Index 67

4 « Contents Reference Manual RAM




1. Introduction

1.1 Purpose

Water authorities require a dynamic management of their ¢xtensive water
systems and related infrastructure to provide walter for industry, agriculture,
domestic supply, reduction of damage due to excess of water, water quality
control, etc. In hydraulic engineering a proper design and operation of river
based structures and improvement works also requires consideration of the
overall water system . The use of surface water models suiting a wide range of
users and their applications has become a prerequisite for optimal design and
management,

One of the restrictions of most of the surface water models 15 the absence of an
accurate description of the precipitation runoff process. In order to improve the
applicability of the surface water models, STOWA has imtated the development
of a precipitation runoff module (RAM).

An adeguate descriphion of the precipitation runoff processes is necessary for the
prediction of runoff peaks and the prediction of the water quality in the surface
waler.

RAM is suitable for operational usc.

1.2 About this manual

This manual is divided in the sections: Theory, General Sctup and Formufa’s. In
chapter 2 (Theory) an explanation on the hydrological cycle, the nitrogen cycle
and the Phosphor cycle 1s given. In chapter 3 (General Setup) 4 general
description of the model is given, while in chapter 4 (Formula’s) an extensive
description of the governing equations is given.

More information about the use of RAM is described in the User’s Guide of the
Duflow Maodelling Studio DMS).

Reference Manual RAM
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2.2.1 Paved surface

e
Evaporation | Atmnsphere
3

Precipitation

Evapuration

IJ(‘.DTL‘\.\I(HI Interception

[nfilration

Sotl moture }'
surface Tunnotf lr

Interflow

canilliry rise

Pereolation

dran runsff

itund walip

eround water runoli’

ULk component

slow cnrnprnent

runati open water

figure 2: Hydrolagic cyele flow chart

in the flow chart, the ground water flows (the itlems seepage and downward
seepage) have been left out, in order to keep the chart surveyable, Also the
meltwater drainage (and storage in the form of snow}) has been jeft out of
consideration. This process is not included in the precipitation runoff module.
Furthermare, artificial supply (inlet) or extraction of water have been left out of
consideration.

The precipitation runoff processes are deseribed in the following scetions. In thiy
description paved and unpaved surfaces are distinguished between.

Within paved surface a further distinction may be made in:
o Paved surface in a rural arca;
e Lrban arca;
¢ (reenhouse arca;

The precipitation on paved surface in a rural area is discharged immediately by
means of the surface (ditches), or it is discharged by means of the ground water
due to infiltration outside the paved arca.

Precipitation in urban arcas will partly fall on paved surface (roads, buildings)
and partly on unpaved arcas (parks, gardens). The precipitation on the paved
surface (ground precipitation) will be drained through the sewer system. Part of
this precipitation will temporarily be stored on the street surface. The
precipitation on unpaved surface will be drained through the soil or the drainage
system.

The way in which precipitation is discharged depends on the type of sewer
system. In case of u combined sewer system, the precipitation is discharged in
principle through sewage treatment plants. In case of extreme precipitation, part

Reference Manual RAM
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ot the precipitation will be discharged into the surface water by means of
overflow,

In case of w separated sewer system. the precipitation on paved surface will be
discharged into open waters immediately. Part of the precipitation will be stored
temporarily in the sewer system and i case of extreme precipitation on the
paved surfuce, Incase of an improved separated sewer system. the water is
discharged to sewage treatment plants when fittle precipitation oceurs (highly
polluted water). In case of heavier precipitation. the water will be discharged
directly into the surface water ©this water 35 considerably Jess potiuted,.

The precipitation on greenhouses is discharged direatly or through o water
storage reservolr 1o surface water,

2.2.2 Unpaved surface

Within the discharge process of unpaved surface, three processes are
distinguished (see figure 3):

I, Infiltration into the soil moisture funsaturated zone)
2. Percolation imo the ground water (saturated zong)

3. Ground water discharge into the drimmage system

2.2.2.1 Infiltration into the soil moisture (unsaturated zone)

Precipitation on unpaved surfuces is caught by the vegetation tinterception) and
the soil. The amount of precipitation that s caught by the vegetation s difficult
to determine. as is the amount of water that reaches the ground by flowing along
the trunks of trees and through foliage. This interception causes slowing down
(und also extra evaporation) of the runolt process. but has hardly any effect on
the eftective precipitation (Singh. 1989 In general. Tosses as a result of
intereeption are smadl, exeept in woodlands,

10 = Theoretical Systermn Description Reference Manual RAM
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figrre 3: {ydrologic processes unpaved surfuce

Precipitation that reaches the surface, will infiltrate and will be stored in the soil
maoisture zone. The amount of precipitation, which is stored in the soil, depends
on the precipitation intensity and amount, as well as the infiltration capacity. The
infiltration capacity describes the amount of water, which may infiltrate into the
ground within a time unit. This depends on the nature and the state of the ground
{water content, cultivation, presence of vegetation). If the precipitation intensity
surpasses the infiltration capacity, the water stays behind on the surface level. A
water film s formed on the surface, which fills the hollows (surface depressions).
In case of prolonged precipitation, this precipitation will partly evaporate and
partly flow off through trenches in the depressions (surface runoff), Surface
runoff is characterized by short but heavy runoff/discharge peaks and represents
& yuick component of the runoff process.

The storage in surface depressions depends to 4 lurge extent on the roughness of
the terrain, In The Netherlands, the infiltration capacity is often high and the
precipitation intensity low, so that discharge of the precipitation over the surface
level plays a subordinate part. [n case of thunderstorms temporary storage on the
surface: level may, indeed, arise locally.

2.2.2.2 Percolation into the ground water (saturated zone)

In a unpaved area, the precipitation will infiltrate into the topmost soil layer. This
layer, the unsaturated zone, ¢contains both waler and air and is especially
important to the vegetation. Moisture in this layer may evaporate (evaporation}
directly ar indirectly, after absorption of moisture by vegetation (transpiration).
Transpiration is the evaporation through the stomas of plants. This evaporation
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includes exclusively soilb moisture. in quantitics that are required for an optimum
growth of the plant. [1'the amount of soil mosture 15 insufticient for this, this
hecomes the amount the plant is able to abstract. The total of evaporation and
IFANSpiration is evapotranspiration.

If the soil molsture s replenished o field capucity . the preciprtation surplus will
percolate into the ground water (percolationy. By precluding shallow and poorly
pervious layers loamy saill or intensive buildingy above the ground water
surface. the infiltrated water may be drained over these Bavers tintertlow). On
law grounds part of the percotated water will be caught by druins and discharged
to the drainage system,

In case of soil monsture shortage for vegetation ta sorl water content below the
field capacityy. the <ol moisture is replemshed by capilfury nse from the
saturated zone. A condition in this case s that the ground water level 15 not too
decp, o s way, part of the ground water becomes avalluble again for
transpiration or evaporation (Van Dam. 1955 Culuurtechnisceh Vademecumn,
TORE, Warmerda, 1994,

2.2.2.3 Ground water discharge into the drainage system

Characteristic tor ground water discharge s a quelled runolt peak by means of
horizontal and radial resistances in the ground. In cuse of deep ditches (complete
ditches) the horizontad resistances dominate. Radial resistances dominate in case
ol incomplete ditches and drains. Due to relatively Targe resistances in the soil,
cxtensive slowing down accurs  Vaa Dam. 985,

(uick and slow ground water discharge processes

The runoff of precipitation may consist of wslow and @ guick component tsee
flgure 4 and 55, The part of the precipitation that is draimed guickly, is the quick
camponent. [t may consist of the runoft of precipitation into open water, surface
runolt, inierflow and runoffl origmating from drainpipes.

auick greurd vater eischerge

sle~ mreund water gischarges

figire 4 Quick wid siens components of wrownd water diseharge
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Chotal

quick component

slow component

figure 5: Drainage course of quick and slow ground water discharge

The remaining effective precipitation is discharged quelled and slowed down to a
relatively large extent, as a result of storage in the unsaturated and saturated
zones (the slow component). The size of the unsaturated and saturated zones
determines the degree of quelling and slowing down. A deep ground water level
results In a large storage in the unsaturated zones. A large distance between the
drainage ditches results in a large storage in the saturated zone, Also large, active
pore volumes and a small horizontal transporting power result in a large storage
in the saturated zone. The larger the storage and slowing down in the unsaturated
and saturated zones, the more the discharge is slowed down and the discharge
peak is quelled (Warmerdam, 1994).

Specific characteristics of runoff processes in The Netherlands

The precipitation runoft process in The Netherlands is generally characterized by
low precipitation intensitics and high infiltration capacities of the soil, in
combination with slight slopes of the ground surface, This combination of factors
results in runoff of the precipitation through the ground water for the greater part.
Surface runoff occurs in a lesser degree.

In the Dutch situation, an intensive drainage system generally exists. The
presence of open water creates extra storage capacity, which results 1in extra
quelling and slowing down of the discharge course. The degree of quelling and
slowing down depends on the pattern, the surface, the slope and the maintenance
of water courses. In polder areas with a relatively high ground water level, the
size of the active drainage system does not vary in accordance with the height of
the ground water level, The thickness of the unsaturated zone is slight and the
horizontal measurements of the ground water reservoir are constant, so that it
may he cxpected that the total reservoir effect will be subject to only minor
variations. In sloping areas increased fluctvations may, indeed, occur. This is
comparable to a drainage characteristic {g-h relation). In polder arcas a more or
less linear relation exists, whereas in sloping areas a bended course occurs. The
bends are used by increases in the active drainage system when the ground water
level rises.

Generally speaking, the discharge course in an area is determined by a number of
soil and terrain properties such as the size and the slope of the area, soil types,
thickness and permeability of the aquifer, the storage capacity, land use and the
nature and condition of the drainage system (Warmerdam, 1994).
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2.2.3 Water balance

A general insight into the hydrologic eycle of o carchment area is obtained by
setting up a water halance. A water halance for a catchment area has the
following form:

Incoming terms = Qutflowing termis + Change in storage in the ares

When the time mterval for which the water balance v set up amounts up 1o
several years, the change in the storage ol water may be neglected. Shorter time
intervals are, however. required (o determine the runofi. because the total change
in the storage of water plays an important pan in the relation between
precipitation and dischirge (see section 2.2.2).

The water halance for u catchment areu is set up on the basis of figures ) and 2,
The incoming terms are the precipitation and the water inlets. the outgoing terms
are the evapotranspiration and the water outlets. The total storage in a catchment
area is hutit up by surtuce storage. open water storage and storage in the
unsaturated zone and inthe saturated zone.

The water balance worked out for a time interval is reflecied below, Inthe feh
term the quantity of incoming terms are reflected: in the right term the outgoing
termns and the Chanpe in the storase of water.

Pr@ +K=0 +6L+W+AS

Inn which

P D precipitation mm

] sincoming flows in mm foriginating from adjoning catchment areas)
Q. Joutpoing flows in mm

K seepage Inomm

E s evapotranspiration in mm

W downward seepage in mm

AS ©change in storage inthe catchment basan tor the reflected ume mterval
N i

The above mentioned water balance is set up for w catchment area. In paragraph
2.2 2 adistinenion is mude between storage in the unsaturated zone and storage in
the saturated zone. The water balance may be split up mito unsaturated and
saturated zones 1o determine both storage terms. This is retlected in figure 6.
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figure 6 Schematic overview terms water balance

2.2.3.1 Water balance unsaturated zone

The incoming terms of the unsaturated zone consist of infiltration, capillary rise
from the saturated zone and lateral inflow. The outgoing terms are
evapotranspiration, interflow and percolation to the saturated zone, The storage
term is formed by storage in the unsaturated zone (soil moisture). The water
balance set up for a selected time interval is:

Qinf' * Qc:api[!ary * Q[i = Qp(lrr.‘u[an'rm rEr ercrﬂuw * Agunsa!umzed
In which
Qs s infiltration in mm
Quapittary - capillary rise in mm
Qi Slateral inflow so01l moisture in mm
Qporcatation : percelation in mm
Qinerilow sinterflow in mm
A S : storage change in unsaturated zone for the reflected time

interval in mm

2.2.3.2 Water balance saturated Zone

The ingoing terms in the saturated zone consist of percolation from the
unsaturated zone and lateral inflow, The outgoing terms consist of capillary rise
ter the unsaturated zone and seepagefdownward seepage. The storage term is
formed by the storage change in the ground water.
The water balance set up for a selected time interval is:
+Q,. =0 . +K+W y

Q:’.' “rapillary K +AS saturated

4 .
JP(’?‘['(J!'{IH(JH
In which:

A S urated s storage change in saturated zone for the refiected time
nierval in mm
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2.2.3.3 Role of the water balance in description of precipitation runoff processes

Some terms of the water balance are input in precipiiation runoft models
{precipitatton. water inlets, water outlets ), othier termis are caleulared
fevapotranspiration and ground water discharge.

The water badance 15 an important ool for calibration of precipiiation runoft
modeis. A precipianion runoft model is only capable 1o give a correct description
ol the precipitation runoff processes. if the water balance s desenbed correctly.
The calibration occurs by means of comparison of the eifective precipitation with
the sununaed eftectve discharge, Just one single term o the water balance 1
calibrated, rather than fitting on the totad water hudance. The water balance itself
Is used 1o verify the mput values for the precipitation, water inlets and water
outlets, In case of an Inconsistent water bakunce. the input values will be
reconsidercd and corrected eventually.

2.3 Water Quality

In the precipitation runoft module the water quality part is hmited for the time
being to the description of the nitrogen and phosphor badance, Hocks eval., 1990
wis used for the desceription of the nitrogen and phosphor balances. In figure 7
the N-and P-balunces are reflected schematicalls . A division was made into the
supply, conversion processes i the seil and the drainage.

1 P f !
I i b aned I‘ How e il weepage INPLT
tertlisation | [ duposition and seepane
biological / and SLREACE

chemicat binding
adsorption /desorption

1
el J sodnlzatio ] dennritication tihot |
| wnresiume N2N2O) ! leaching ‘

' :

OUTPUT

Crop production

Jrowre 7oN- and P-balances of a ground water system ol focks et al. 1990,

2.3.1 Supply

The supply consists of the items fertibzation. deposition and seepage/downward
seepage. The N-and P-load of the soil in The Netherlands in TS5 1 isted in
tuble 1 to illustrate the size of the various items.

Fertilization

From the overview ahove, it appears that tertilization. especially the degree and
the way of fertifizing. plays an important part in the mitrogen and phosphor
balances, The fertilizauon is bound by rules us recorded in the AMVyB "Gebruik
Dierfijke meststotfen™ (Use of manurey of 1987, Fertilization mainly oceurs
during the growth scasen. The mitrogen in manure 15 deposited tor about 70%
onta grassland, 25% onto green maize plots and 5% onto other farmland.
Nitrogen i artificial tertilizer s deposited for about X007 anto grassland and
200 oate other Llanmiband (Kroes et al.. 19904,
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Table 1- N-and P-foad of the ground in The Netherlands in 1955 (Kroes et al.,
1940,
N-load P-load
(tons Nfyear) (tons P/yeur)

Total 1.069.000 (100%) 140,508 (100%:)
Fertilization: (87%:) (99%:)
e Manure {44 ) (74%:)
e Fertilizer (43% ) (25%)
Deposition: (13%.) {(<1%)
e Wet deposition (5%.)
e  Dry deposition (K%)
Seepage/downward <1% <1%
seepage

Deposition

The wet deposition consists of nitrogen supply through the precipitation, The
"Landelijk Meetnet Regenkwaliteit” (National Measuring Network Rain Quality)
(KNMI/RIVM) may be used to obtain data about the concentrations. Dry
deposition consists of dust particles falling from the air onto the soil. The dry
deposition js area-dependent.

Seepage/downward seepage
The contribution of seepage and downward seepage to the total P- and N-load in
The Netherlands is very slight on average. Locally, this may, however, be an
importamt resource, especially in North and South Holland.

2.3.2 Reaction processes in the soil

The reaction processes in the soil for nitrogen and phosphor are fundamentally
different and are, therefore, treated separately.

Nitrogen

In the soil, nitrogen may exist in vanious forms and may be mutually converted
into each other, Figure & shows a schematic overview of this,

FIXED SOLVED GAS
arganic N in olving ~ wlved
plant, manure, SUIvIng -~ solved in
bipmass Qrganmc
material
mineralization  immobilization mineralization
adsorption -
NH4-Nto complex — volatilization
NH4-N NH3-N
desorption
denirrification
NOI-N ¥ N2N20

|

leaching and runoff

|

to atmosphere

figure 8: Schemuatic averview of the nitrogen balance in the ground
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INTERMEZZO I: lllustration of N-batance in the soit

The presence of nitrogen in the soil may be subdivided into:
«  Fixed nitrogen: as part of usually crganic compounds, as part of plants, humus/biomass. or adsorbed to sail
complexes.
s Soclved nitrogen: especially ammenium and nitrate, alsc called mineral nitrogen. These are present in the sol,
because of:
- Supply of solvable nitrogen (see section 2.3.1}
- Mineralization ot N into a fixed substance, during which ammonrium is formed.
In the soil, ammenium is converted into nitrate by so-called nitrificating bacteria:

NH; + 20; 2 NOs + 2H" + H:O (by Nitrobacter and Nitrosomas spp.)

These bacteria have the following characteristics:

»  They are agrabic; this means that they use cxygen in their metabolisms and, therefore are able to exist only
under oxygen-rich conditions;

« They are autctrophic and use CO; as carbon source, instead of organic nitrogen compounds. This means that
the nitrification is independent of the organic content In the soil. Nitrate is converied into Nz by denitrifying
bactena in the scil.

important characteristics of these baclena are:

« Denitrification mainly occurs in an anoxic environment, this means in the absence of oxygen and in the presence
of nitrate. Under thaese circumstances, nitrate instead of oxygen is used as donor of electrons in the metabolism
of the bacterium;

» The hacteria are heterotrophic and require a carbon source. mainly short carbon chains. The fraction of crganic
matter in the soil and the mineralization degree of this, therefore, influences the denitrification,

Nitrificatton of the soil especially oceurs in the oxygen-rich toplayer and
denitnfication occurs in the oxygen-poor botomlayer (in anoxic layers in the
saturated zoney. The ground water level determines the availability of oxygen in
the sl toa faree extent.

Above the ground water table. more oxygen is present than under it. Frem
modeling the catchment wreas Beerse and Rewsell it appears that the nitrate
coneentration may rise to 100 mg NO N/ in case of deep ground water levels,
whereas the nitrale concentration is practically zero in case of high ground water
levels. Inaddition to the ground water level, the organic content of the soil has
an important influence on the nitrogen balance. High organic content tead to high
conversion velocities. which causes the availability of oxyvgen in the ground to be
exhausted quicker. In these circumstances, the denitrification will be
predeminant compared to the nitrification. In case of & low organic matter grade
in the ground, this ratio s different.

With N-halance, micrebiologic processes play an impertant part, CGenerally.
microhiologic conversion processes are influenced by temperature. soil moisture
content and pH. The discharge of nitrogen from the <ol compartment 1s mainty
determined by the type of soil, the ground water fevel und the ground use famong
others: fertilizing).

Phosphor
Figure 9 shows o scheme of the phosphor balance inthe seil.
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Jigure 9: phosphor balance in the ground

selved P
In snil moisture

RUNOFF

INTERMEZZQ 1I: lllustration of P-balance in the ground
Phosphor in the soil may be subdivided into:
P in fixed substances

s Pinbiomass: The plants absorb phosphor for growing and incorporate it in the cell material of the plant. Alse
bacteria in the soil contain a fraction of phosphor;

» P adsorbed to iron and aluminium oxides. Many soil types have a significant phosphor fixation capacity,
dependent on the structure and Fe and Al contents. The phosphor fixation capacity differs per type of soit. The
phosphor fixation capacity for clay soil is, far example, much higher than for sandy soil;

» The phosphor absorbs/complexes Al- and Fe-oxides in the soil. If the utilization degree of the phasphar fixation
capacity is higher than 25%, it is phosphor saturated ground;

=  P.in precipitation: phosphate forms precipitations in the form of for example iron hydroxide complexes, calcium
and barium phosphate;

P in soiution

« Desorption of phosphor. P partly becomes solvable again due to desarption. The concentration is determined by
the adsorption/desorption equilibrium in the soil. This equilibrium may be described by a sc called normalized
Freundlich isotherm (Kroes et al., 1980). The equilibrium depends on the P-content in the sol moisture, the
phaosphaor fixation capacity and specific reaction velocity coefficients.

s Decomposition of organic matter. Due to rot of plant material, the fixed phosphor partly becomes sclvable again.

Conclusions conversion processes nutrients

In summary, it may be posed that microbiologic processes play a main part in the
nitrogen balance in the soil. whereas these are physical/chemical processes in the
phosphor balance.

fmportant factors in the P-balance are:
=  Type of soil (phosphor fixation capacityy;

®  Ground use (fertilization, utilization degree phosphor fixation
capacity).
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2.3.3 Discharge

Imiport Yactors i the N -halance are:
e {(round water level;
e Organiv matter content:

o Ground use (lertilization).

The drainage of nutrients mainly oceurs through the discharge of precipitation. In
addition, nutrients disappear trom the soil compartment due to absorption by
plants. Bischarge with water is usuully subdivided in runoff (through surface
runotfy and leaching evia eround water discharpe,

Surface runoff (runoff)

In case al high water levelos or heavy precipitation, surfuce runot! may aceur.
Together with the run water washing oftan amount of nutrients is directly
discharged into the neurby surface water. This phenomenon may he reflected
schematically in such o way that the rain water ends up tn an imaginative surface
reservorr. in which a complete mixing occurs tKroes et al., 19905, In case of high
precipitation intensities water will flow off from this pluce over the ground
surface. [ue to the reservoir effect, the concentration course of runeft is
relatively constant during o small time scale. On a larger time scale. variations in
the concentration course will occur, dependent on factors such as fertilization
level and absorption by crops.

Ground water discharge {leaching}

In section 2.2.2 a number of components are distinguished. which form the
ground wuter discharge, These are intertlow . dramage-discharge and slow
ground walter discharge. The substances flow that is druined with this component
is leaching. In practice, leaching 1« mainly determined by drainage-discharge.

Other drainage

Part of the nitrogen and phosphor is absorbed by plants und remaoved from the
land during harvest. The fertibization policy in The Netherlands is aimed at an
equilthrium between fertilization dose and nutrient absorption. In practice.
however. this is most seldon the case. Inmost situations, surplus manuring
DUeurs.

Tuhle 20 Fxample of N- and P-batance (kg dia veary of the soll unto the ground
water level of intensiveldy fertitized grasstund csand sotly tDrenr 1994,

Nitrogen Phosphor

orgunic mineral organic mineral
Supply
animal fertilizer 183 F¥5 20 RO
artificial fertilizer - A0) - -
harvest fosses 125 15 (4 -
deposition - 30 - -
mineralizaton - 250 ] |
Discharge
volatilization - Kl - -
gross plant ahsorption - aHnt - 60
mincralization 250 - 20 -
denitrification 100} - -
lcaching and runoff 5 41 (0.5 ]
Accumulation 35 0 9.5 39
In root zone (kp/hai 1OLO00 10 1.000 2.5(0)

20 = Theoretical System Description
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Drainage of the soil compartment also oceurs through volatilization of
ammomum. The share of volatilization has decreased significantly during the
pust few years, duc to a change in the fertilization dose, such as injecting the
fertilizer into grassland and ploughing in the fertikization on the farmland within
one day. Finally, nitrogen escapes from the ground in the form of N, which
comes into being during denitrification (see section 2.3.2).

In table 2 an example of an N- and P-balance of the ground of intensively
fertilized grassland unto the ground water level is reflected. It appears from this
table that the total amount of nitrogen, which 1s circulating annually, is less than
10%: of the tota) storage. This amounts to less than 3% for P. During discharge,
the point of departure is a quick decomposition of mineral nitrogen that results in
a reduction of 80-90% of the N.
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3. Translation Theory into
General Set-up

The design of the precipitation runoft module s in line with the models that are
applicd in the Dutch situation. whenever possible. In addition. the most
important hottlenecks in the current use have been solved in this design. During
the design process, o survey was held among water boards to investigate which
hottlenecks and wishes existed. The main conclusions of this investigation are:

Linear reservorr models are applicd frequently (De Zecuw-Hellinga, KrayvenhofT
Van de Leur. De Jager or the Nash-cascade):

Lincar reservoir models start from the effective precipitation as input The
determination of the effective precipitation lacks frony these models (the pant of
the precipitation that is actually discharged .

Based on these conclusions, the design includes o sorl moisture reservoir tor the
determination of the effective precipitation, hinked to o linear reservoir moded for
the description of the discharge course. In addition, w division into types of
susface 18 made in view of the differences in precipitation runoft processes. For
examnple, in case of a paved surfuce only a guick runott process will oceur.
whereas an unpaved surface includes a slow component. By distinguishing
between types of surtuce and between subprocesses, the framewaork of the
precipitation runott module s defined. In view of the objectives. the emphasis of
the precipitation runclt module is at the description of the runoft processes of
unpaved arca. Figure 10 shows the framework of the precipitation runott module,
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figure 10: Framework of the precipitation runoff module

This chapter deals with the translation of the theoretical system description
{chapter 2 into the general set-up of the design (chapter 4). It argues the choices
which were made, which processes were included or excluded, which
simplifications were made etc. This is worked out further in detail for each type
of surface. Finally the set-up for the water quality part is worked out. Chapter 4
describes the technical design of the precipitation runoff module.

3.1 Open water surface

In open water losses are due to evaporation only. The effective precipitation is
therefore simply calculated as precipitation minus the open water evaporation.
The hydrograph is described by means of a single linear reservoir, describing the
effect of delay due to storage in the open water itself.

3.2 Paved surface

The losses occurring in case of paved surfaces, consist of moistening and
evaporation of the wet surface. These losses have been put equal to the open
water evaporation and witl be minor in general.

In the description of the hydrologic cycle paved surface has been divided into:

o  Paved surface inrural area;
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3. Translation Theory Into
General Set-up

The design of the precipitation runoff module is in line with the models that are
applied in the Dutch situation, whenever possible. In addition, the most
important boltlenecks in the current use have been solved in this design. During
the design process, a survey was held among water boards to investipate which
bottlenecks and wishes existed. The main conclusions of this investigation are:

Linear reservoir models are applied frequently (De Zeeuw-Hellinga, Krayenhoff
Van de Leur, De Jager or the Nash-cascade);

Linear reservoir models start from the effective precipitation as input. The
determination of the effective precipitation lacks from these models (the part of
the precipitation that is actually discharged).

Basced on these conclusions, the design includes a soil moisture reservoir for the
determination of the effective precipitation, linked to a linear reservoir model for
the description of the discharge course. In addition, a division into types of
surface is made in view of the differences in precipitation runoff processes. For
example, in case of a paved surface only a quick runoff process will occur,
whereas an unpaved surface includes a slow component. By distinguishing
between types of surface and between subprocesses, the framework of the
precipitation runoff module is defined. [n view of the objectives, the emphasis of
the precipitation runoff module is at the description of the runoff processes of
unpaved area. Figure 10 shows the framework of the precipitation runoff module.
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Thin chaprer deals with the translation of the theorctical system descniption
tchapter 23 into the general set-up of the design (chapter 3.l argues the choices
which were made. which processes were included or excluded. which
simplitications were made ete. This s worked out further in detwl for each type
of surtace. Finally the set-up for the water quality part is worked out. Chapter 4
describes the techmeal design of the precipitation runott moduie.

3.1 Open water surface

In open water losses are due 1o evaporation only. The etfectuye precipitation is
therefore simply caleulated as precipitation minus the open water evaporation,

The hydrograph is desceribed by means of a single lineur reservoir, describing the
eftect of delay duce to storage in the open water itselll

3.2 Paved surface

The losses oceurring in cuse of paved surfaces, consist of moistening and
evaporation of the wet surface. These Tosses have been put equal to the open
waler evaporation and will be minor in general,

In the description of the hydrologic cycle puved surface has been divided into:

o Paved surface in rural arca:
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3.2.1 Rural area

3.2.2 Urban area

e Urban area;
e (reenhouse arca.
The discharge from paved surfuce is therefore divided into two subflows:
I. Paved surface discharging directly through the drainage system;

2. Surface discharging through a separated sewer system.

The discharge of paved surface in rural arcas may be entered directly under
subflow | {paved surface that discharges directly through the drainage system).

The discharge of urban arcas occurs through the sewer system, The way of
discharge is dependent on the type of sewer system. In case of a mixed sewer
system, the precipitation is discharged in principle through sewage treatment
plants. In case of extreme precipitation, part of the precipitation will be
discharged into the surface water by means of overflow.

The eftluent discharge of sewage treatment plants 1s measured in general. In the
set-up of the precipitation runoff module this discharge i1s not included, but the
point of departure is that it 1s emered directly into the flow model. This also
applies to the discharge of overflows,

In case of a separated sewer system, the precipitation on paved surface will be
discharged by the sewer system through the drainage systern immediately. Part of
the precipitation will be stored temporarily in the sewer system and on the paved
surface. In peneral, specific models (Nationale Werkgroep Riolering en
Waterkwaliteit, 1990 and Werkgroep Afvoerberekeningen | Workgroup
discharge calculations], 1979) are used for the description of the discharge
¢nurse. The output of these models may be used directly as input for the flow
model.

[n the precipitation runoff module an improved separated sewer system 1s treated
equal to a separated sewer system. An improved sewer system can therefore be
simulated identically.

The discharge from a separated sewer system is described in a sharply simplified
way. The user is able to choose between:

Detailed application (calcuiate discharge from the sewer system by a specific
model);

Simple applications {calculate discharge from the sewer system by the
precipitanon runoff module).

The choice between both applications will depend on the desired accuracy of the
calculations and the presence of input data.

3.2.3 Greenhouse area

The discharge from greenhouse arcas may be entered directly under subflow 2
{paved surface that discharges dircetly through the drainage sysiem). With this, it
15 not possible 10 simulate a storage reservoir,

3.3 Unpaved surface

For the runoff processes of unpaved surface, three processes were distinguished
in the precipitation runoff module (see section 2.2.2):
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I [nfiltration into the soil moisture tunsaturated zone)
2. Percolation into the ground water Gsaturated zone)
3 Ground water discharge into the drainage system

These processes are distinguished 1n the precipitation runoff module also. This
set-up s reflected in figure §1.

process AL Infiltration into the soil moisture

precipitation

surface dischurge

e NN N

mfiltralion storage mto the surtace depressions

process B. Percolwtion inwo the ground water
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process C. Ground water discharge into the drainage system

pereolation pereolation

~ 7N

.
Lo
N

SR § 3

quick component of slow component of guick component of slow component of
the 8'”"-'”{1 water the ground water the ground water the ground water
discharge discharge discharge discharge
Option 1: two parallel Nash-cascades option 2: Combination Nash-cascade -

Krayenhoff van de Leur

figure T Set-up runoff processes unpaved surface

3.3.1 Infiltration into the soil moisture (unsaturated zone)

The infiltration into the soil moisture is determined simultancously to the
processes as described in section 2.2.2. A water balance is worked out for the
precipitation in surface depressions, where the precipitation is either infiltrating
into the soil moisture or is discharged as surface runoff, The amount of
precipitation that infiltrates is determined by the infiltration capacity of the soil,
where the infiltration capacity is assumed constant in time. If the precipitation
intensity surpasses the infiltration capacity, the remaining part of the
precipitation will be stored on the surface level in the surface depressions. If the
maximum storage in the surface depressions is surpassed, the extra precipitation
will runoff over the surface as surface runoff.

3.3.2 Percolation into the ground water (saturated zone)

In the description of percolation into the ground water regarding the precipitation
runoff module, 4 choice has been made between a physical-mathematical
description of the processes and a deseription based on analogy of the occurring
processes, without describing these exactly (conceptual models). The
considerations made 10 arrive at the choice for the precipitation runoff model are
addressed below in further detail.

The discharge of precipitation 1s determined by a number of input data
{evapotranspiration and precipitation intensity) and by various soil and terrain
propertics of the catchment area (infiltration capacity, actual maximum and
minimum maisture storage, the degree of druinage, presence of loamy layers,
thickness of the unsaturated zone, etc.). Especially the soil and terrain properties
may vary widely within a catchment area. These are not only dependent on the
type of soil, but also on the ground use and the stage of growth. In addition, a
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numiber of parameters are often unknown tsuch as infitranon cupacity ).
Therefore st s not sunple to translate these soil properties into area parameters.

Physical-mathematical models are bused on @ deseriptien of the oeeurring
processes. Modeling these requires o vast amount of paramceters to be entered, A
large part of these parameters will, however. be unknown, and the translation
into area values is difhicalt.

In order o steer clear of the above-mentioned problems. conceptual models are
often used for precipitation runott models, The models describe the "hyvdrograph®
rather then the real runoft processes, An example of g conceptual model is the
Wageningen model In this medel the nature ot the varlous processes s deseribed
fsoil moisture” reservorr for the storage 1 the unsiturated zone. convection-
difftusion cquation and model Kravenho!t van de Leur tor the quick respective
slow gronnd water runclf), The parameters i the mode] do nothave @ direct
ancasurable) physical meaning, but should be determined by calibration. Inthe
model 1t has been atieimpted (o linit the number of purameters. se that o set tas
tnch as passibley independent parameters Comes into cxisenee.

It s importan e distimguish between the various runott processes Gurfuce
runoff. intertlow . driamage and stow ground water discharge s tor a correct
description of the water quality, In physicad-inathematical medels this distinction
15 made m conceptuad models atis not made. [t remarked, hosesers that the
various runott processes cannot be measured separatels . so that with regard to
this aspect Httle significance may be attached to the results of o physical-
mathematical model.

The point of departure t the development of the precipitation runolf module is a
madel for eperationul use tsimple set-up with a hmited number of input
parameters). A physical-mathematical woded requires extensive know ledge of
the processes and o relativedy large number of parmmeters need o be determined.
Therctore, a conceptuad model His the point of departure of o precipitation
drainage module for operationad use tsimple set-upy in w better way. For this
reason a conceptual mode) was chosen for the precipitation runeil moedule.
Hereby the point of departure 1s the sorf moisture reservorr taken up in the
Wagcenmngen model, Inaddition, the adaptatrons proposed by the steering
cormmittee and the extemal experts have heenincluded.

A water bulunce of the amount of moisture in the unsaturated zone s mudintained
in the soil moistare reservoir, The replenishment of ~oil moistuere mthe soil
moisture reservor is the caleulated infiltration, the outttow is calculuted as the
evaparation and the percolation to the ground water isee figure 1 Both the
evaporation and the percolation depend on the actial sonl mosstare content, The
polential evapotranspiration is determined based on the reference crop
cvapatranspiration and w crop factor, I crops have not been supplied with water
i an optmum way, the actual evapotranspiration 1~ smaller thun the potential
evapotranspiration. The reduction s calculated by means of a linear relation
between the evapotrunspiration and the actual soil selsture content. where the
actual evapotranspiration decreases form the potential evapotrunspiration at tield
capacity towards zero al the wilting point The percehion mto the ground water
also depends on the actual soil moistare content. Ths is desertbed by mcans of o
hinear relation between the percolation and the actual ~oil morsture, where the
percolation decreases form the muaxinal percodation ol saturation towards zero at
held capacity,

3.3.3 Ground water discharge into the drainage system.

Finally the eltective precipnation will discharge as cround water ingo the
druinage system. Due to the resistance of the soil for soater flow . a significant
slowing down effect wiil occur due to storage in the soll. Due o the similanty of
the discharge processes with o delaved discharge due to the resistance in the soil.
and a fincar reservoir with o delased discharge due to the resistance of the
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. opening, this process 1s described by means of linear reservoir models. Besides
the interflow and the drainage discharge, a quick and slow component were
distinguished in the ground water discharge in the theoretical system description
{section 2.2.2). This distinct was made because of the difference in
charactenstics of the processes and water quality. Both the quick and slow
component of the ground water discharge can be defined as a configuration of
lincar reservoirs. Two options are incorporated in the precipitation runoff

module:
I Two paralle] Nash-cascades;
2. Combination of Nash-cascade and Krayenhoff van de Leur.

In the first option, hoth the hydrograph of the guick and slow component are
described by a number of linear reservoirs in series, a Nash-cascade. In the
second option, the hydrograph of the guick component is described by means of
a number of lincar reservoirs parallel, Krayenhoff van de Leur, the slow
component by means of a number of linear reservoirs in series, a Nash-cascade.
Using both options, it is possible 10 simulate all widely applied models such as
De Zecuw-Hellinga, Krayenhoff van de Leur, Nash-cascade and De Jager.
Varying the time constant of the reservoir and the number of reservoirs, the user

. can specify the model according to the application. For relatively quick discharge
processes one reservoir with a small time constant of the reservoir will be
sufficient, for a relatively slow discharge process more reservoirs with a small
time constant of the reservoir will give a better description.

3.4 Total runoff

In addition 1o the ground water runoft a term seepage is included. This is
explained further in scction 4.5, The total runoff of 4 catchment area consists of
the discharge from the three types of surface and the term seepage:

o Open waler {Qupen waw);
s Paved surface (Qpavea):
o Unpaved surface (Qupve):

hd Secpage (Q\.l'!:p)

. The drainage of unpaved surface consist of the runoff of the subflows:
®*  Surface runoff (Q,,);
¢ Quick component ground water discharge (Q i );

*  Slow component ground water discharge (Q.p.);

3.5 Water quality

The compasition of the discharged precipitation depends strongly on arca-
specific propertics such as soil properties, degree and intensity of fertilization
and land use. In practice, usually no measuring data per catchment area are
available. An additional complication is that various subflows may be
distinguished, which differ in flow rate and guality. Measuring data for each
subflow regarding Plow rates and composition should be available, in order to be
ahle to draw a final picture of the quality. Possibly, it may be tried to determine a
guality-flow rate relation for the drained precipitation, However, this requires an
extensive and lengthy meussuring program. Only few data are found in the

. literature.
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An alternative foran inensive measuring campalgn for surfuce water or
subflows is the use of @ model. i which the quahity development of the drained
precipitation is simulated based on a small number of input parameters, In the
technical design o subflow approach has been worked out. [t was tried to indicate
aquahity rdevelopment) for wll the subflows, based on the literature. Target
values are split up lor type of land use and degree of tertilization. It was not
possible to find “target values™ for all the subtlows using this method. It s
impaortant to understiand that this is about strongly simplificd target valoes
(possibly with bandwidihsy with a certain inaceuraey. The user may decide
whether it s possible to caleutate with these inasufficiemly reliable way . or that
a supplementary megsaring campalgn should be carried out

Both solutions mentioned above include disadvantages, Measuring campaigns
are expensive and compared 1o the required space and ume. usually provide a
very limited preture only. Models are a (strongly)y simplified reflection of the
reality. so that arca-specihic properties or essential processes may be lacking. In
the precipitation runoff module a pragmatic moded has been chosen as the
solution. A g advantage of this 1s that water managers will receive a tool to
abtn a first impression of the background values, alsonin case measuring data
are lacking for the greater part und that they will be able to continue their model
studies. Bused on this ool they will be able 1o decude tor themselves whether the
required reliability s futfilied tor the objective of the question. A comparison
with the quality development of the recerving surtace water can be made guickly.
st that serious mistiekes will be noticed. Should it appear thin the precipitation
runotf module differentiates to litle in many cases. it may then be decided to
carry oul measuring campaigns until further notice.

Similar to the hydrograph it is strongly recommended 1o calibrate the model on
measured concentration,

The runoft of nutrients of paved surface. organic fised Nis a main component
INWRW . 10%6) This term has not been included nn this version of RAM.

3.6 Remarks

Only part of the drainage system cpnimary canalsy are mcluded in the flow model.
Within the catchment arca defined. also o drainage svstem s present (secondary
and tertiary canals 1. These watercourses are indicated m the precipitation runoff
module as “apen witer surface”™. The contribution of open water surface to the
total runoft cun be neglected in most situations, because itis only a small surtuce.
RBut. the discharge from open water surtace direct!y aftects the water level,

As part of the schemansation, the user will define the catchment arcas in the flow
model. The precipitation runoff processes within & carchuinent arey are
determined by soid and terrain properties. such as slope and soil tvpe (see chapter
21 The properties may . however. also vary strongls within the defined catchment
area, The point of departure in the precipitation runof? module s that only the
types of surface topen water, paved and unpaved surtace) are distinguished.
Within these surtuces, the canchment area is rezurded as heing homogencous: the
soll and terrain properties may be deseribed as one tweighed) average value. The
spatial variety withim the defined catchment area is trunslated by the model's
parameters, This imiplicates that the user him/herselt s responstble for splitting
up a catchment area, it w diversity of soil and terramn properties clearly exists,

i the model the runofi course is determined at the discharge point of a
cdatchunent arca. Withun o catchment arcu, however. alse a drainage system 1s
present. I case of karge catchment areas. storage m the surface water may play a
part. This is discounted inthe lincar reservorr.

The elements trom the Wageningen maodel tWarmerdam. 1993) and the model
BUIBAK (Hartima, 1994 are incorporated in the precipitation runotf module.
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4. Formulas

4.1 General

Structure of technical design description
The technical design is worked out per type of surface. The types of surface
distinguished are:

¢ Open water surface (section 2.3.2);
o Paved surface (section 2.3.3 ),

¢ Unpaved surface (section 2.3.4);

*  Seepage (section 2.3.5).

After that, the technical design 1s worked out in further detail per subprocess for
cach type of surface. The subprocesses described in subsections are:

*  Storage in unsaturated zone {determination of effective
precipitation);

*  Storage in saturated zone (determination of runoff course);
e Description of the water quality.

Time step

The user defines the time step in the precipitation runoff module, which remains
constant during the calculation. It is recommended to use time steps similar to the
time step used in input data as precipitation and evaporation, commonly given as
24 hour data.

Calculation discharge from linear reservoirs

The calceulation of the runoff takes place in two steps. First the specific discharge
{unit: fmm/day{; per time interval is caleulated, Because the inputted
precipitation intensity and reference vegetation evaporation applies to the
preceding time interval, the specific discharge at point of time t 15 defined as the
specific discharge during the time interval t-1 to t. In the second step, the specific
discharge is converted to the momentanious discharge at the end of the time
interval defined at point of time 1 (unit: [m'/s)).

Definition precipitation and evaporation time interval

The daily observations of the KNMI are usually used for the precipitation
intensity and the reference vegetation evaporation. The precipitaiion intensity
and the reference crop evaporation are defined at time interval t from point in
time t-1 to point in time t (the preceding time interval). The precipitation
intensities provided by the KNMI are the intensities measured during the period
from 08:00 hours on the preceding day to 08:00 hours on the day involved. The
reference crop evaporation is the evaporation measured during a period from
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24:00 hours on the preceding day to 24:00 hours on the day involved (KNML
1995,

Description Water Quality

The emphasis of the water guality 15 at the prediction ot leads for ammonium
INHA, mitrate (NO35, and phosphor tPO4), Thee loads are determined as the
products of the caleulated discharges and the concentrations. The concentrations
of the nutrients can be derived from the target values. as obtained from the
literature. The target vadues are stated when found i hrerature. specitied for land
use. sonl type and type of discharge. surface runotf. slow and quick component of
the ground water discharge,

4.2 Open water surface

4.2.1 Determination of effective precipitation

The effective precipitation for open water is casy to determine. The losses are
equal to the open waler evaporation according to Penmann ((rHOL 19%8). The
effective precipitation per ime interval amounts to:

) — §2 _ ¥ B (
/ Noopen__water ! lh.f j’(); o iy
Input Pb . [mm/day] Precipitation intensity
[;'r . finrmfduy | Reference crop evaporation Makkink
Maxtel parameters f # [-1 Crop factor Makkink tor open water
/()
Output P, nom/day Effective precipitation open water surface
P N.open_ water 1 l fday] P I : ‘
" The crop factor for open water 5s equal 1 [:'U / ["-R i which l:” i the open water eyaporation according

Penmann. The Tactor varies somewhat but may approsimately be cquated with 125 1Cultuurtechniseh YVademecum.
IULLY

During dry penods the open water evaporation is larger than the precipitation
imensity. In this case anegative effective precipiation is calculated, which
cquals a precipitation shortage, simutating evaporation out of surface water 1o the
drainage system.

4.2.2 Description of the Hydrograph

The dramage of the open water surface is determined by means of one lincar

Feservolr.

—/‘\.'M“ o (]_.(i'"\”“l)J

¢ = o .
‘1(1[7(‘11_ wdler, ! i()}')(’.'i_ waterd — | I Lapen owaler

uA

g = ¢
“open _wdter I apen_ water fr;/)r'n Cwdater.t
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Input p # [mm/fday] Specilic discharge open water surface
open weter ! — | (formula 2-a)
Py open._ water i [mm/day]| Effective precipitation open water surface
T ’ (formula })
open_ water [fia] Open waler surface
Model parameters k() [day| Time constant reservoir open water surface
At [day] Time step
a* * i- Conversion Tactor units
Cutput Q()pr’rl watert [m /s Discharge open water surface
* : . Hme b= 0 v . te taleoes
For qr)P('ﬁ, water 1 — | & pomt of time t = 0a value of ) is taken
* The conversion factor is egual to 10/124 * 3601

Target values time constant

In practice, hardly any slowing down of the discharge through open water wili
oceur. In this case a value of ) may be taken as ime constant. In relatively large
catchment areas slowing down may, however, play a part. In this case a target
value of 0.0014 & (L002 days may be taken as time constant, in accordance with a
time constant of paved surface (Cultuurtechnisch Vademecum, 198%).

4.2.3 Description water quality

Nitrogen

The nitrogen in the precipitation on open water forms a direct emission source to
the water (the time interval between the precipitation supply and the precipitation
drainage 1o the water is zero). This means that no processes occur that are able to
influence the N-content in the meantime. The nitrate and ammonium loads
through this flow to the canals may, therefore, be described in accordance with
the vero order relation:

5 NH4& — N open_water 1 - Q(J[?(’!?i walter .t “C NIA = N precipitation, t (3-a)
5 NO3 = N open_water,t - anm_ water.t” C NO3I— N, precipitation, ! (3-b)
Input Qop(*n_ water 1 [m'/s) Discharge open water surface (formula 2-b)
Muodel parameters Cuirpa— N precipitation, [mg N/I| Amrp(‘JnJLfm—N concentration of
precipitation

Crnos— N. precipitation.i [mg N/ | Nitrate concentration of precipitation
Output Snpra— N.open_ water i [ N/s) Ammonium-N load of open water surface

'SNO,?f Nopen water.t [ N/s] Nitrate load of open water surface

In the drainage system all sorts of processes oceur, such as nitrification and
denitrification, which inftuence the actual ammenium and nitrate contents in the
canals. This aspect is described in the flow model and, therefore, is outside the
scope of the precipitation runoff model.

In addition to nitrate and ammonium, also organic {ixed nitrogen may be
supplied with rain water. Rain water often contains a considerable amount of
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suspended solids. In this phase of the development. organic fixed nitrogen is.
however, left out of consideration. Organic fised nitrogen can be taken inte
account by the user in the concentration of the precipitation term.

Phosphor

The same assumplions as tor nitrogen are applicable to phosphor. This means
that the load i direetly proportional to the tlew, The phasphor joad may.
therefore, also be described in accordance with u zero order relation:

A ={ e . 4
S.P —total open waier .t 'Jr:pr’.'i waler.i ( P —toral . precipiiation '
Input 0 [ /5] Discharge open water surtuce tformula
“Copen wdler .t 5 :
2-h
Mudel parameters ’ mg P/l Phosphor concentration ot precipitation
par: ¢ P —toral, precipitation i [ P P precip
Cutput S g P Phosphor load of open water surface
P P~ total open_water e PA] I !

Target values

The camposition of rain water 15 reasonably known (Landelijk Regenwater
meetnet fnational ran water measuring network ] of KNMI/RIVM . Inwable 3,
the contents ol ammoniunt, nitrate and total phosphor in the precipitation are
reflected tvad. Meent et al.. 19%5), From these figures extensive spread of the
meusuring values appears. Possibly more specific measuring data are available
per location [A tuctor 0.G14 applies to the conversion of g8 mol/l 1o mg N/

Tuble 1 Crhvervien of the average concentrations of precipiation (v.d. Meent
eral. JUsS)

Ammoenium-N Notrate-N Phosphor
tmg N/ (mg Ny imyg P-total/l)
Medun 24 1.2 0.11
Minimum 1.3 0,90 (.06
Muaximum 61 [.¥ 0.27

4.3 Paved surface

4.3.1 Determination effective precipitation

Pf\",,')uvcd,r - Pb,{ B ’{UI-'."_I

oy paved |t

The fosses occurnmg i case of paved surfaces, consist of moistening

I'he fo Trng I paved surfaces, consist of moistening and
evaporation of the wet surtuce. These losses have been put equal to the open
water evaporation and will be minor in general.

it b < lof (5-a)

i P hok (5-h)
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Input oy {mm/day| Precipitation intensity
E [mm/day| Reference vepetation
F. ! . .
evaporation Makkink
Model parameters / * i- Vegetation factor
0 Makkink for open water
Qutput F N, paved .t imm/day | Drainable precipitation
paved surface
* The crop factor for open water is egual o EU ,"ER in which £, is the open water evaporation according to

Penmann. the factor varies somewhat but may approximately he equated with 1.25 (Cultuuniechnisch Vademecum,
19%K)

4.3.2 Description of the Hydrograph

The discharge of paved surface is divided into two subflows:
I, Paved surface draining directly through the drainage system;
2. Surface draining through a separated sewer system.

The runofi of bath subflows are determined with an sinpular linear reservoir. A
singular [inear reservoir was chosen because of the relatively short reaction time.

~At/k, P " ~Atfk ‘
Dvewer t ~ {sewer,1 —1° Tt N, paved ! ¢ ") (6-a)
—-Atfk p —Ar/ kp
_ " £ o -
Y paved .t =9 paved 1 —1° + [N,pavea',.!(] ¢ ) (6-b)
Qpawd,t =al Ax(’wquewer,t + Apaw)dqpaved,f) (6-¢)
Input p * [mm/day| Specific discharge separated sewer system
sewer, 1 {formula 6-a)
* [mm/day] Specific discharge paved surface (formula 6-b)
qpawd,f —1
PN paved 1 [rm/day] Effective precipitation paved surface (formula 5)
* {hal Separated sewer surface
Asewer
A * Ak [hal Paved surface
paved
Model parameters k\_ [day) Time constant reservoir separated sewer system
kp [day) Time constant reservoir paved surface
Ar fday] Time step
u R [- Conversion factor units
e iecharee e . N
Qutput QN,paved,r Im'/s] Discharge paved surface
* For Dsewer.t—1 and q[)aved,! _p atpointof time t=0avalue of 0is taken
*E Paved surface that discharges through o separated sewer system
i Paved surface that discharges directly inte open water

HkA The conversion rute is equal to 10/(24 * 3600))

Target value time constant
The time constant is a measure of the velocity with which the precipitation is
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discharged . Incase of paved surfuce o value of B.0074 4 0002 davs 15 generally
taken (Celuurtechnisch Vademecum, TURK) I measured values are availabie. it
bsonore accurate to derive the time constant from the teil course of the measured
discharges. This concerits hoth the time constant for the reservorr for the
separated sewer systenn as for the paved surfuce,

4.3.3 Description of water quality

Nitrogen

The dischiarge of paved surtace originates from roots and rowcds and is discharged
through drain ptpes or threugh atng tmproved) separated sewer systems into the
dramage svstem, s also apphicable to this drainage that hurdly any processes
oceur that influence the N concentrations. The nitrogen load niay. theretore, also
he deseribed inaccordance with i zero order relution. However it s indeed
applicable ta this dramege that organie fixed nitrogen mis be a factor of
importance, Theretore, an cquation has been included tor this, The discharge 1s
described by the followmg formulas:

SNId - N.opaved.a me'm.".r SENTTEEN puved . 7-4)
5 NOZ— N paved.i Q,ﬂ)mr'a’..’ 7 NOBN penved (7-hy
'Smig — N paved .t - Q;)m‘m/.! L o = N paved (7-u)
Intput ’ Jischarge pave tuce (f la 6-C
npu me v 1 Im /x| Discharge paved surtace (formula 6-¢)
Maodel parameters (_‘N”J' SN paved [y N/ Anunnnium—\ concentration runof! paved
sturtace
. . g NS Hres
C NOY N paned fme N/ Nitrate concestration runofl paved surface
- _ g NA Organic nitrogen in runof! paved surface
org =N paved ; g S
1 o ‘ o N i B “paved surtace
Ouiput ‘S:\*H-i N paved [2 NS Ammonium load of paved surfuce
o r NS itrate lo pase
'S.f\-().?—g\./;mwi.f g NN Nitrate Toaed of puved surfacy
,S'mg N paved i N/ Organic nitrogen in runott puved surfuce

In the first version of the precipitation ranoft maodule, the term organic tixed
nitrogen has not been included.

Phosphor

Also tor phosphor the concentratien of the discharge may be taken as a constant,
The timelrame berween precipitation and discharge is short, so that the infTuence
of reacton processes is Zer.

‘ . e
2 Pototal paved i J/)m el Crovonal. paved . (%)
Input ) mfs Discharge paved sarface (tormula 6-¢
I L;’)mm/.r m /] Bl -t !
Mode! parameters ’ ny P/l Phosphor concentration runott pay ed surface
f e ¢ 2 toral, paved Img P/ f ¢ ‘ P
Outpul , g P/ IPhosphor Joad of pased surfiace
¢ 'S[‘flr»,'a!./}r.'u'rf,! e Pl { ‘ Pk e SuTace

Target values
Ihe quadity of the discharge trom paved surface s determined to o burge degree
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by the function of the area. The Nationale Werkgroep Riolering en
Waterkwaliteit (1986) distinguishes the following main functions:

e Residential areas;

o Commercial arcas (shops, offices, catering companies, secondary

housing function};

*  Roads;

o [ndustrial arcas.
The quality of the discharged precipitation also depends on the type of sewer
system. The water quality in case of an improved separated sewer system will be
different from a separated sewer system. If the lower discharge amounts of
improved separated sewer system are taken into account, it is acceptable to use
the same target values for the concentrations,
The concentration of pollution in the discharge from paved surface fluctuates

strongly. In table 4 the bandwidth between which the concentrations vary are
indicated.

Table 4: Overview targe! value pollution concentrations runoff paved surface (Nationale Werkgroep Rioleringen
en Waterkwaliteit, 1956)

Residential Commercial Roads Industrial
Areas Arcas Arcas
Ammonium (mg N/} 0.15-2.5 0.03 0.13-2.5 1.2-6.9
Nitrate (mg N/lj (.1-0.7 0.2-0.5 0.2%-1.4 5
Total Phosphate (mg P/l) (1.22-1.5 0.1-0.6 (.05-0.48 -
N-Kjeldahl (mg N/ 1.5-3.6 07-1.1 ().68-5.1 1.2-200

4.4 Unpaved surface

For the runoif of unpaved surface, three processes were distinguished:

l. Infiltration into the soil molsture (unsaturated zone)
2. Percolation into the ground water (saturated zone)
3. Ground water discharge into the drainage system.

These processes are distinguished in the precipitation runoff module also. This
set-up is reflected in figure 10).

4.4.1 Infiltration into the soil moisture (unsaturated zone)

First, the infiltration into the unsaturated zone is determined. In addition, the
storage n the surface depressions and possibly occurring surface runoff are
determined. These aspects are addressed below point by point:

s Infiltration;

e Storage in surface depressions

e Surface runoff
The amount of precipitation that infiltrates is determined by the infiltration
capacity of the soib. f the precipitation inlensity surpasses the infiltration
capacity, the remaining part of the precipitation will be stored on the surface
tevel in the surface depressions. If the maximum storage in the surface
depression s surpassed, the extra precipitation will runoff over the surface
(surface runoft}.

Reference Manual RAM

Formulas » 37




Infiltration

In the design the point of departure 1s a constant intiliration capacity. This s
turther explamed at the targer vatues for the infiltration capacity. The infiltration
intensaty is caleualated Tor the 1ime interval from point of time 1-4 1o 1. The
precipitation intensity during the time interval is added to the storage existing in
surface depressions @t the start of the time interval ttermula Y-a;. When the
precipitation intensity and the storuge in the surtace depressions surpasses the
infiltration cupucity. the infiltration capacity s set equal 1o the infiltration
cuapacity tformula 9 by,

B ]
I =P Sl il Y Tl W tY-u)
! h.t At i1 A Max
B{ o
=1 i A af {9-h)
t i x bt Al nitX
A spedfic sitwation occurs when the unsaturated zone approaches saturation. The
maximum percolation out of the soil moisture reservoir mstead of the infiltration
f
capacily becomes critical for this atuation (formula Y-c. see also section 2.3.4.2),
I = - + i h +1 -F D {Y-c
! pl =1 f—1 l{)('r'r'.nmx ! R percomax T plo=10) !
[nput iy [mm/day | Precipitation intensity
B # {mm]| Storage in surtace depressions ttormula 10)
-1
/ > [onnfday] latiltration Intensity {forimula Yy
-1
O H [mm] Actual moisture storage ttormula T4
i —1
Madel Parameters Im'lx [min/day] Infiltration capacity
Al jday| Time step
P mm Percolation to the saturated zone at pF={)
p
pere . max
D . fo | Mansture storage 1f pF=0
pt=1)
Output If [mm/day | Intiltration intensity
* For B ab point oF time = 00 g value of 1y tahen, cquadhing a sitaation without storage i strface depresstons,
r—1 f { 2 P
L For f al point of tme =0, g value of 10 taken. egualling a situation without infiltration
r—1 I { L
Ak For & at point of time 1=00 4 vidue of Uiy taken, cgualling a situation with field capacity ph=2 ito be determined
Ry pualling pavity |

form the Staring Scries).

Storage in the surface depressions

When the precipitation intensity surpasses the infiltration intensity, the water
stays behind on the surface level and is stored i surface depressions. This
storuge in surface depressions depends strongly on the roughness of the ground.
The storage at point of time tis detenmined with a water balanee for the storage
in surface depressions. For this purpose the precipitation intensity minus the
infiltration intensity during time interval t-1 to tis added to the storage present in
the surface depressions at the start of the time interval epoint of time -1, No
water remains in the surface depressions when this volume o smaller than the
intiltration capacity (dormula [0-a). When this volume surpasses the infiltration
capacity, water is stored in the surface depressions tformula 10-h). Surface
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runoff will occur when the amount in the surface depressions surpasses the
maximum storage (formula [(-¢j.

B
_ i t—1 .
B,=0 if Ph,! +—A[—Slmax (10-a)
B,_y
_ _ T > -~ . —
Bt'(Pb,: l,)At+B!_] if [b,.'+ Y 2y and {(1(-b)
if (Ph,;”IfJAHBr—]SBmax
B =8 i /T N (10-¢)
{ max h.t At max
if (Ph,;_lrJAHBz—l)Bmax
Input P / Imm/day| Precipitation intensity
Il [mm/day| Infiltration intensity (formula 9)
R ® [mm] Storage in surface depressions (formula 10}
-1
Model Parameters ! ax Jmm/day] infiltration capacity
[mm] Maximum storage in surface depressions
max
At [day] Time step
Output Br [mm/day| Storage in surface depressions
* For B.’ A point of time 1= 0, a value of O s taken, equalling @ situation withaut storage in surface depressions
Surface runoff
The amount of precipitation that runs off as surface runoff, depends on the
infiltration capacity of the soil, the precipitation intensity and the storage in
surface depressions. When the amount of storage in surface depressions
surpasses the maximum storage, surface runoff occurs.
B, B max ‘
Y 51 _ & _ __1hnax s 7] _ .
Nosurt [b,f * Ar ! Al it ([b,.f ! JA"' + Bf -1 Bmax (H1-a)
Py suri =0 if: (PbE{—II)ArJrB{il B (11-b)
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Input Pb ; [mm/day| Precipiiation intensity
]! Imm/day| Infiltration intensity (formula 9y
i # [11m] Storage in surface depressions (formuta 10)
i—1
Model Purameters lm'ix [rrmy/day| Intiliration capacity
;
Bmux [mm] Maximum storage in surface depressions
Al [day] Time step
Cutput P“\.-’ Ay [mm/duy| Etfective precipination surface runoff
o unpaved surface
i For /f’, g point ab time = 4w value of Bis akens equalling o situation without storisee i surfuce depressions

In this section the elfective precipitation for the surface runotf 1s desenbed. The
hydrograph 1s further deseribed in section 2.3.3.3.

The evaporation from the surtace depressions has not been included. The
evapoeration ts indecd mcluded as evapotranspirution from the unsaturated zone
i the soil moisture reservoir. By neplecting the evaporation from surtace
depressions a stight error is introduced 1n general.

Target Values infiltration capacity

The velocity of imtiftration depends on the intensity and the duration of the
precipitation. type of soil, lauid use, and sotl morsture content at the start of the
shower, During o shower with a constant intensity. the infiltration velocity
decreases exponentially from a maximum value f, at the start of the shower to un
constant value 1. This value is reached when the sobl reaches the field capuacity
fsee figure 12). Various tormulas have been developed o deternine the
infiltration capacity of o type of soil,

fivare 120 Infifivation velocity

In the precipitation runoft module the precipitation runoft process is deseribed at
a catchment area level, An average value for the infiliranion intensity in the
catchment arca will have to he entered. The infiltration intensity will. however,
vary widely per location. due to variation in vegetaton and (v pe of so1l. In
addition, the infiltration intensity wall vary intime and will decrease 1o a constant
value when reaching the ticld capacny (pk = 2y Generully . the constant
intitration intensity as outlined in figure 12 wall be reached within one day. This
value is nimed as the infiltration capacity,
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No infiltration formulas have been included in the precipitation runoff module.
The user may enter an infiltration capacity for the catchment area involved,
which is constant in time. The error introduced by this will be minor in case of
ume steps of one day or larger. Table 5 gives an overview of the values found in
the hiterature.

Tahle 5: Turget values infiltration capacity

Texture* Infiltration capacity** after much
rain

Sand {Wyseure and Feyen, 1982) 7.6-11.4 mm/hour

Finer texture 3.8-7.6 mm/hour

Very fine/disturbing layers 1.3-3.8 mm/hour

Impervious/clay with swelling (1.6-1.3 mm/hour

Saturated clay soil (BUIBAK, 1994, approximately 4 mm/hour
Loamy and peaty soil & mm/hour
Very pervious sand approximately 12 mm/hour

#  The texture classes are copiced from the literature.
##  The infiltration capacity is expressed in [mm/day| instead of [mm/hour|

Target values maximum storage in surface depressions

The maximum storage in surface depressions depends on the roughness of the
terrain and the degree of vegelation. Representative target values for the
maximum storage in surfuce depression are difficult to give, in view of the wide
variety of these parameters within areas. Based on the roughness and vegetation
on the ground, an estimate will have to be made for this value. In general, the
choice of this value will hardly influence the model results, because 4 situation in
which the maximum storage in surface depressions occurs, hardly takes place in
the Dutch situation.

4.4.2 Percolation into the ground water (saturated zone)

The percolation into the ground water is described by means of a soil moisture
reservoir. A water halance of the amount of moisture in the unsaturated zone is
maintained in the soil moisture reservoir. The replenishment of soil moisture in
the unsaturated zone or the inflow of the soil moisture reservoir is the infiltration
calculated by the model. The outflows are the evapotranspiration and the
effective precipitation (the precipitation that runs off through drains or ground
water). The principle of the soil moisture rescrvoir is reflected in figure 11.

In the precipitation runotf module, capillary rise from the ground water to the
unsatursted zone has not been included. Furthermore, 1t has heen assurmed thal
the infiltration immediately results in percolation. The occurring slowing down is
ignored. This results in errors in the calculated evapotranspiration and the
percolation.

Evapotranspiration relation

The potential evapotranspiration is determined based on the reference crop
evapotranspiration and a crop factor. The crop factor is a measure for the
transpiration of the crop and depends on the type of crop and the growth stage
ffunction of timep. If the crop hus not been supplicd with water in an optimum
wity, the actual evapotranspiration is smaller than the potential
evapotranspiration. A simple relation between the actual evapotranspiration and
the actual moisture storage is included (evapotranspiration relation). Tt has been
assurned that in case of water contents farger than those in case of field capacity,
the actual evapotranspiration is equal to the potential evapolranspiration.
Between the moisture storage at {icld capacity and the wilting point, the actual
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evapotranspiration decreases lincarly from the potential evapotranspiration at
ficld capucity to zero ar the wilting point, It has been assumed that no moisture 1s
availeble to the vegetation al the wilting point.

e . ) 5
[,“J—‘f l'r‘,r il (b/)]-':()i(bf—l )d)pl' - 1124y
{h - . §
=1 pl =42
= - — . el "_
u,! (q)pf"—')_q)p] ) / f:}_f if (D/)j. =0 (D"_] J;(D‘U}, =40 (12-b)
= < 2.
ia,f 0 I P (D]J!f =432 2
Input ® * [mimn] Actual molsture sterage
bl Hommula 149)
hr p fmm/day| Relerence crop evapotranspiration Makkink
Model Parameters b pl =2 [rim | Morsture stotage il pF=2
d)p[; — 42 [mim] Moaisture storage if pk=4.2
: |-} Crop factor Makkink
Output }';‘U ; fimmy/day | Actual evapotranspiration

For (I)t |t point of tme =00 a value of 00 tiken, equadling o situation with ticld Capacity pb=2 it he determined

fromn the Staring series)

Percolation relation

The percolation to the ground water depeneds on the water content in the
unsaturated zone. In the precipitation runoff medule. o simple relation between
the percolation and the actual moisture storage (percolation refation) has been
muluded. It has been assumed that o case of saturation, the percolation is equal
to the mamimum percolanion. Between the moisture storuge saturation and at field
capacity. the percolation decreases linearly from the maximum percolation at
suturation 1o zero at tield capacity. It has been assumed that no moistare is
available for percolution at the wilting point.

((Dr—lfd)pl‘:f .
P . ir @
_d JOFC K pf =0
pf=0n pl =2

z2® @ " t13-a)

Ppm'r,.' = (b | pl =2

Pf)rrr‘,f =0 3 P, (b/)]-' =2 (13-h)
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Input o [mm] Actual moisture storage
t—1 (formula 14)
/[ [mm/day| Infiltration intensity (formula 9)
Maodel Parameters (DPF -0 [rm | Moisture storage if pF=0
cture storawe if b=
(Dszz [mm] Moisture storage 1f pF=2
T Moisture storage if pF=4.2
(DpF=4.2 [mm | Moisture storage if p
’ [mm/day] Percolation to the saturated zone that occurs between
pere,max . :
pF=0 and pF=2 (maxirmum)
Output Pp(’."c‘ p fmm/day | Percolation into the saturated zone
* For fD{ gt point of time t =0, a value of (s taken, equalling a situation with ficld capacity pF=2 (to be determined
from the Staring series)
Water halance soil moisture reservoir
In the water halance, both the evaporation and the percolation depend on the
actual soil moisture content, The change in the so1] moisture content is described
with the differential cquation:
4D
—= -E {D)y-pP (D)
e t il pere,t
The equation is solved explicitly. At point of time t-1 the condition of the soil
moisture reservoir is expressed in the moisture storage @, . Based on the actual
moisture storage at point of time t-1, the evapotranspiration and percolation are
caleulated for the time interval from point of time t-1 to t. Based on the
caleulated evapotranspiration and percolation, the actual moisture storage al
point of time 1is caleulated (<P, )
D=l P ) (14)
Input ® * [mm)] Actual moisture storage (formula 14
r—1
l[ [rm/day| Infiltration intensity (formula 9)
pr’rr ; [mmy/day| Percolation into the saturated zone (formula 13)
Ea ) [mm/day] Actual evapotranspiration (formula 12)
Model Parameters Al [day] Time step
Output (br [mm] Actual moisture storage

# For (Dt—lal

point of time 1

from the Staring series)

=0, a value of 0 is taken, equalling a situation with field capacity pF=2 (1o be determined

Disadvantage of an explicit sotution is the risk of instable caleulations, occurring
with large time steps or a relatively small content of the soil moisture reservoir,
In case of instable calculation, the user should define smaller time steps,

The moisture storage in the soil moisture reservoir varies between the minimal
maoisture storage at wilting point and the maximal motsture storage at saturation.
For moisture storage vatues smaller than at wilting point, no evaporation occurs
{(formula 12-¢), for values larger than the at saturation the percolation is set equal
to the infiltration capacity (formula §3-a;.

Target values crop factor Makkink
The crop factor depends on the type of overgrowth and the growth stage. In
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appendiz A an overview s given of the crop factors for various crop tvpes. The
crop factor tor o catchment arca is determined as the mcan crop factor per
percentage of the surface for the different crops i the catclunent area.

Target values moisture storage

In the tormulas 13 and 14, the moisture storage at lield capacity (pF=2) and at
the wilting point (pF=3.2) need 1o be entered. The melsture storage in the
unsiturated zone is derived from the soil maisture content and the location of the
eround water level compared to the surface level T0is ramarked that the moisture
storage depends on the Jocation of the ground water level In polder arcas <light
fluctuations in the ground water level occur i general. Insandy sotls more
fluctuations occur. so that also the moisture storage will vary,

In the Staring series. the soil maoisture characteristics for various types of sails
are determined. This is arelation between the pbovalue tlogarithin of the negative
pressure head) and the soil moeisture content. Based on the Staring series. the
water content at Held capacity and at the wilting poinmt mas be determined for the
various types of soils. T appendic B summary of the Staring series is given.

Therefore. the following mcthod may be used to detenmine the moisture storage:

e Thelength between the average surface fevel and the average
ground water level or water level in the drinnage system is
estintated. This ength is assamed being constant during the
stimulation period (for example 0.8 nio:

e The soil moisture coentent is detenmmed lor the domimating type of
sel at saturation level (pF=0y.at ticld capacity fesel (pF=2) and at
the wilting point (pl=4.2). These vadues are recorded in the Staring
series tsee appendix By for the most common ty pes of soil As an
example. the values Tor “loamy-poor, sery fine te moderately fine
sand” are 3701 volume pereent (pl=0, 2001 voluime percent (pk=2)
and 3 volume pereent (pF=4.2).

o The moisture storage s deternmined as the product of the fength of
the unsadurated zome and the volume fraction. [n the example above
this would he:

(D’,)[‘ 0= (1.371 x 0.8m = 296 8mim
(["!,)[. _ o =02 0K = 16 xmm
) (I)p[ 32" 0003« 0.8m = 24mm

Target value maximum percolation

The maximum percolation s the percolation @ saturinion. Sostly the infiltration
cupucity Is taken as target value for the mavimal percolation. Table 5 gives an
overview of the tarzet values or the infiltraton capacity,

4.4.3 Ground water discharge into the drainage system

The discharge Trom unpaved surtace is buth up by various runoft processes. The
miterflow and the drammaee have not been described separaicly, but jointly form
the quick ground water runodf. Within the design the following aspects are
distinguished:

o Surface runott;
o Quick component of the ground water discharge:

o Slow component of ground water discharee.
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Surface runoff

This discharge is described with one linear reservoir, equal 1o the description for
discharpe of open water (the discharge of the water across the surface level to
open water takes place relatively quickly).

—At - Al
K sur 1 K sur
Dsurt ~Dsurp—-1¢ 7 ° PN..mr,z( —e ) (15-a)
Q_s‘ur,f =4 Aunpavm’ Dour t (15-b)
Input # Jmm/day| Specitic surface runoff unpaved surface (formula
D sur,t -1 15-a
Pu it [mm/day] Effective precipitation surface runoff unpaved
B surface (formula 11)
A [Fsaa] Unpaved surface
unpaved
Model Parameters ksur fday| Time constant reservoir surface runoff unpaved
' surface
At [day| Time step
a’-‘ * i- Conversion factor units
Output Pwr ; (m/s] Surface runoff unpaved surface
# . i e t o= Py et
For D oyr.t =1 at point of time 1 = (4 a value of () is taken
w* The conversion factor is equal o 10/024 * 3600,

Target value time constant

The time constant is a measure for the velocity with which the precipitatton is
discharged. The surface runoff will take place very quickly. As target value a
value of (1L.0014 4 (1L002 days may be taken, equalling the time constant of paved
surface (Cultyurtechnisch Vademecum, 198%;.

Quick and slow component of the ground water discharge

[uring the discharge through the saturated zone, a significant slowing down
effect occurs because of resistances in the soil. This process is described by a
configuration of linear rescrvotrs, The quick and slow component of the ground
water discharge are described by separate linear reservoirs, of which two
possibilities are taken up.

(4)
th)

‘Two parallel Nash-cascades;

Combination of Nash-cascades and Krayenhoff van de Leur

ad {a) two parallel Nash-cascades
In this option, the discharge is divided into & quick and a slow component ground
water runoff by means of a distribution code. The percolation calculated will

purtly runoff through a siow component (ﬁ‘!)perr ) and partly through a guick

component ([1- 3P 4. The hydrographs of both the quick and slow ground

perc
water discharge are described by a series of linear reservoirs {see figure 11). By
entering the time constant and the number of reservoirs, the user may enter the
propertics of the discharge process. In the precipitation runoff module, a default
value of one has been taken for the number of reservoirs.

The gquick and slow ground waler discharges are described by the following
formulas:
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. " .
FForthe 17 reservorr:

—Ar —Ar

k
+i1-fpiF i—e 7, {16-4)

Yguick V.o = Squck )r—1° perc.

- - i . . . .
For tis the 2" unto and Including the m™ reservoir

~Ar —Af

)

; A
- . _e 4 ;
fguick i =~ Dyquick it —1° +qqmr'k.f-— AL ! (16-b)

For the 1™ reservoir:
—Ar ~ Al

k k
- s e S "
Tdew )t = Dsdomdr—1°¢ * [ﬂ)’nm'r g e ! (16-c)

N H ol . . th .
For1is the 27 upto and including the n™ reservoir:

= At - Ay
k | k, e
q S = : « +¢ . - I (16-
Mo it = siom it~ st - 1.t ! d
o . Ta A G {16-¢
“quick .t Rnpaved Tquick . c
() S A ¢ (161
“slem Snpaved Vstoon ni b
Input /’P e s Imm/day] Percolation inta the saturated zone (formula 13)
cere, -
, _ - fmm/day | Specific sl(m..' component ground water discharge
slow.ii = | unpuved surface (formula 169
y ¥ |mm/day| Specttic quick component ground water discharge
guick it —| unpaved surface (formula [6)
A [h] Unpaved surface
tnpayed
Model Parameters B [-1 Distrihution code gquick and slow components
ground water discharge
/\'S feliy ] Time canstant reservorr slow camponent ground
water discharge
A‘( Jday ] Time constant reservolr guick component ground
/ water discharge
m {-1 Number of reservoirs quick component ground
wuter discharge
n [-] Number of reservoirs slow component ground
water discharge
Al ldayi Time step
u"‘ * I- Conversion factar units
Output Qs[r s fm’fs] Drainage slow component ground water discharge
I
qum'r-A , [ /s Drainage guick component ground water
) discharge.

For g and ¢ al point of time 1= 004 value of O 08 taken tor all reservorrs i-1 - nand i=1-

sl it —) Quick g —)
i1

The conversion rate Is equal 1o 11/123 7 3600,

46 = Formulas Reference Manual RAM



ad (bj combination Nash-cascade and Krayenhoff van de Leur

In this option the discharge is also divided into a gquick and a slow component
ground water discharge, by means of a distribution code. The hydrograph of the
quick ground water discharge 1s described in this option by a number of parallel
linear reservoirs (Krayenhott van de Leur). The slow ground water runoff is
described by a series of linear reservoirs (see figure 11). A default value of one
has been taken for the number of reservoirs in a series,

The guick and slow components of the ground water discharge is described by
the following formulas:

For i is the 1" unto and including the " reservoir:

—Ar2i-1)? _A2 - 1)?
‘ ! “ Y
— _ R # — .
quick i1 ==~ 2d-1) Ppcrr;f — {16 )quuir.-k,:,t—l ¢
(2i -1
° NN
=135/
(17-a)
For the 1™ reservoir:
—Ar —At
ks‘ 5
Dstow 0 = Dstow b -19 + ﬁpperr',( (e ) (17-b)
For i is the 2" upto and including the n™ reservoir:
—At —Ar
K k,
Ystowit = Yiowir—1¢ " + 9w, i— | (I—e % (17-¢)
d
. Qquir'k,! —d Aunpaved (Aiquui(,‘k,i,i) (17-d)
,‘_ =
Qﬁ‘l’f)W,l =d Aunpawa’ qu’ow, fLr (17-¢)
Input Ppen- , |mm/day) Percolation into the saturated zone (formula 13}
p _ i [mm/day] Specific slow component ground water discharge
stow,i.1 =1 unpaved surface (formula 17)
g * [mm/day] Specific quick component ground water discharge
quick i1 —1 unpaved surface (formula 17)
A [ha Unpaved surface
unpaved
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Muodel Parameters Ji] [-] Distnibution code quick and slow components
eround water discharge
I3 oty Tune vonstant reservoir slow component ground
> waler discharge
k day| Time constant reservoir quick component ground
7 water discharge
d*’ [-] Number ot reservoirs quick component ground water
discharpe
n [-] Number of reservoirs slow component ground water
discharge
Al [day] Time step
a**-" |-} Conversion factor units
Output Qs/mw.f fm'fs) Dhischarge slow component ground water discharge
Qquu‘k y [m /s Discharge gquick component ground water discharge.
’ bor Dlowa,0 -1 and qquir L] Mpo of e U= 00w value of s taken Tor all reservoirs =1 - pand =1+
m
o The KrayenhotT van de Leur model deseribes an infinite puinber of reservoirs. This s disereticised o a finite number
ol reservoirs. Each next reservolr emplies quicker and processes oosmaller part of the preaipitation. The target value for
the number of reservorrs 1 5 reservoirs.
o The conversion factor is equal 1o FOA2S 5 3600,

Target values time constant

The target values for the time constant of hncar reservonrs are derived trom
measured hydrographs. The target values for the Kravenhotf van de Leur model
are given in table 60 Since catchment areas are mostly not homogencous, the ime
constant can be caleufated as the weight mean ume constant per percentage of
the surface.

The tarpet values as presented in table 6 cun not he used at once, The
precipitation runoft module 1s extended compared to the Kravenhott van de Leur
madel I distinguishes paved and unpaved surface. so the e constant s
spectfied for each type of surfuce. where the time constant tor the unpaved
surface only describes the discharge processes for unpaved surface. The time
constant in the Krayvenholf van de Leur model ondy describes the tull surface
fpaved and unpaved surface . In addition. the precipitation runotf model
describes pan of the slowing down in the soil moisture reservoir, This has
consequences for the tme constant to be used Yor the lincar reservoirs, The target
vatues can theretore be used as start values. but cadibrution of the values with
weasured discharges remalns essential.

An other way to derive the ime constant is frem measured hydrographs, This 1s
the most direct and accurate way o estimate the thme constant. I addition. the
tume constant of both the quick and slow component of the ground water
discharge can be estimated separately. The quick component is estimated from
the hvdrograph of discharge peaks, whercas the slow compoenent is estimated
from the hydrogruph durnng fow discharges.

Fable 6 Tareet values for the Kravenhoff van de e model
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k Drainage type
[days]

0.0014 - 0.002 Discharge of 1000-400)0) m* paved surface

0.005 - 0.01 Surface runoft on strongly sloping ground

0.1-1 Surface runoft, runoff of grounds with impervious layers
at a very shallow depth

1.5-3 Runoff of well-drained farmland

15-30 Badly drained grassland with overgrown ditches (swamp
runoff)

300 - 2000 Discharge of seepage from high, very pervious grounds
{(Veluwe, Zuid-Limburg)

Target values configuration linear reservoirs

The precipitation runeff module distinguishes a quick and slow component of the
ground water discharge. The user defines the number of reservoirs and the
distribution code related 1o the application.

For rather simple applications, it is not particularly necessary to distinguish a
quick and slow component of the ground water discharge. The ground water
discharge is described by a single component with a single linear reservoir and a
value for the distribution factor of O or |,

For more detailed applications, however, it is recommended to distinguish a
guick and slow component of the ground water discharge. It is not possible to
give target values for the distribution factor. This factor should therefore be
calibrated on measured hydrographs simultancously to the time constants (see
tarpet values time constant),

In the Nash-cascade, the number of reservairs in serics must be entered. The
default 1s one reservoir. In case of large catchment areas, extra travel time may
he created by entering several reservoirs,

The model Krayenhoff van de Leur theoretically describes an infinite number of
reservolrs. In the precipitation runoff module, the model 1s discreticised into a
Hnite number of reservoirs, in which each next reservorr empties quicker but
processes a smaller part of the precipitation. In case of @ number of reservoirs of
S, the error introduced 15 negligible.

4.4.4 Description water quality

The description of the water quality is based on the discharge processes distinguished for the determination of the
hydrograph, surface runoft, quick and siow component of discharge (see section 2.3.4.2).

4.4.4.1 Surface runoff

Nitrogen

The surface runoff is formed by precipitation that runs off directly across the
surface level. In this case, reaction processes oceur to a lesser degree. Therefore,
the load is described by an a zero order relation.

SNH4— N, surt Q‘\'Hf',f *CNIMf N, sur,t (18-a)
'S‘Nf)}f N.osurid Q.wu',r *CN()%- N . sur.t (18-b)

Q

'Sm';; - N surt

d’(‘
sur,t org = N sur 1

(18-¢)
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Input Qs‘m‘ ; [m /s Surface runoft unpaved surface tformula 15-by
Moaodel Parameters s , [he N Ammonium-N concentration surface runoft
NS — N vt =
unpaved surtace
T g N/l Nitrate concentration surface runolt unpaved
¢ NO3—p vur ER - I
surface
¢ . [mg N/ Organic nitrogen concentration surfuce runott
g — N st “ =
unpaved surface
Output S, . o N/ Ammanium load surface runott unpaved surfuce
r SNHS - N i ER P
AN ‘ ' N/ Nitrare load surface runoft unpus cd surface
SNOY- Ny | 1B ‘
AY . ' NS Orpanic nitrogen load surfuce runoft unpaved
arg = N surd ER £ © I
sirlace

In the first version of the precipitation runott module the term organically fixed
nitrogen has not been imceluded.

Phosphor
The phosphor load Is described by a zere order cquation Just as nitrogen,

S =0 w0, (
SP —total sur.p - <oppt Cp_ toal. st 1)
nput Q‘mr . [ /5] Surtace runoff unpaved surface tformula 15-hy
Model Parameters - ime B/ Phosphor concentration surtace runoft unpaved
P —ntal siret [mg /1] ! P
surface

Output S o Py Phosphor load surface runoft unpased surtace

! SP —total . sur g lg P7s) p ! -

Target values

Only few target values are known for the concentrations of surtuzce runoft, The
concentration depends very much on the time scale and the ground use. Puring a
longer period. Hus concentration will approach that of the precipitation. Ona
simal! time scale. ground use and fertilisation level are determming fuctors. The
target values as obtwned form the literatue are histed in table 7.

4.4.4.2 Quick component of the ground water discharge

The quick ground water discharge consists of precipitation. which is discharged
through dram pipes. after infiltration into the ground (e figure 4. Contrary 1o
the slow ground water discharge. this precipitation is bulfered to a less degree,
hefore it s discharged. The concentration nutrients is. therefore, otten higher and
there s more Hluctuation,

In case of leaching of nutrient loads, it s relevant to disunguish between various
types of ground use. especially between fertilised and non-tertilised surfaces. In
case of non-fertilised surtaces the nutrient concentrate protile is much flatter in
the vertical direction than i case of fertulised surfaces.

Nitrogen

A tactor of influence is the tlow rate of ettective preaipitation. The key question
is whether the precipitation can lead w such a thinning that in case of much
precipitation, the concentration decreases substantially. In the intermezzo below,
a caleulation model is worked outoin which is concluded thiut the influence of the
precipitation flow rate has bitle effect on the N-concentration. At an annual or
seasonal levell variances may oceur. depending on the Tertlisation. ete. However,
IUis impaossible to link these 1o the amount of precipitation,
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. INTERMEZZO lll: Calculation examples

At 1m surface level is a drainage system that discharges directly into the drainage system under consideration. The
average nitrate concentration in the ground maisture is expected to be higher than in the discharged precipitation.
Certainly in case of fertilised surfaces with higher concentration in the toplayer, this is the case. In the examptes
below, a uniform concentration distribution is the point of departure. In this assumption, the leaching of nutrients is
equal to the ratic between the amounts of soil moisture and effective precipitation, Runoff of precipitation occurs if the
field capacity is reached. Two examples have been worked out, one for sand with a slight field capacity and one for
clay with a farge field capacity. Drainage takes place at a depth of 1m and the annual effective precipitation is
assumed to be 300 mm/y, As maximum supply of precipitation the infiltration capacity of the type of soil is taken. The
precipitation is, however, seldom so heavy that this capacity is reached.

Overview of the degree of thinning of the soil moisture

Field capacity Infiltration Maximum Average annual thinning
(m® soil capacity thinning of the of the ground water
moisture/m®) (mm/h) ground water moisture
moisture per
hour
Sand | 0.2 112 6% 150%
Clay [ 0.37-0.45 I 4 0.81% 80%
. The thinning on a houtly basis is relatively slight. The cancentration course as a result of thinning is, therefore,
negligibly smail.

In case of fertilised surfaces, an increased concentration in the drained ground
water may occur, due to migration of nitrate-rich water from the fertilised
toplayer of the soil. The interface between nitrate-rich and nitrate-poor ground
water is moving in a vertical direction, until it arrives at the drain pipes, NITSOL
calculations (Hopstaken et al., 1987) for sandy soils indicate that nitrate
concentrations at & depth of S0-75 cm are relatively constant, in case of a step
size of decades. Variances in concentration occur mainly in the topmost 25 ¢m of
the soil. In case of smaller step sizes, for example of hours, the concentration
course may be very different. As far as known, on-line measuring has never been
carricd oul regarding surface runoff, for example after a fetilisation period. As a
result of Fack of information, it is proposed to keep the ammonium and nitrate
concentrations constant. This however reduces the accurateness of the model]
results in case of smaller step sizes.

The relation between the ground water Jevel and the denitrification has been
. investigated (Steenvoorden, 1983, Bouwmans et al., 19%9). The ground water
level is classified in ground water steps, which are determined by the average
highest and average lowest ground water level (GHG or GLG). The
denitrification factor indicates with which factor the leaching of nitrate must be
corrected. A situation with very low ground water levels (GEVII*) is taken as 4
reference. These values are, however, applicable to the total nitrate run off, so
that translation for the subflows is difficult.
The nitrate concentration in the quick ground water discharge may be linked to
the concentration in the decper soil layers (slow ground water runoff) by means
of denitrification {actors.

SN1ra— Noguick .t = Laquick.t "CNITA— N quick 1 (20-a)
Snos - N .guick ¢ ~ thm‘k LT CNo3 - N slow,t /N (20-b)
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Input Q‘”””,\ , fm /s uick component ground water discharge
(4l . . 8 - -
unpaved surtace (formula 16 01 17)
Maode!l Parameters (..'WH N anich 1 [mg N/l Amnmonium-N concentration quick component
§ — Y et E L = .
! ground water discharge unpased surface
[ ‘ mg NA Nitrate concentrution slow component ground
NOI— N gk fm; ! e ) il =
water discharge unpaved surface
N [-] Dentritication factor
Output 5 NHA N ik 1 g NAS| Ammoniom load quick component ground water
EAY cOIN L HNOR : . -
/ discharge unpaved surface
S . . NS Nirate load quick component eround water
NOB - N quich ot le : add f > ‘
discharge unpaved surfacy

Phosphor

Signihcant leaching of phosphor may occur when the ground sater level rises
into the phosphor saturaded zone. Ingeneral. also the phosphor tixation cupacity
i the shadlow ground favers in The Netherlands s only purty used. The Ministry
of VROM indicated o number of arcas in The Netherlands. which are sensitive o
P leaching, In the remsiining areas. the points ot depurture will be that the
phosphor fixation capacity has not heen used in this s w cquilibrium exists
between the P-comples and solved Poand phosphor does not icach substantiadly.
Arcas with autifisation degree ot the phosphor fisation capacity of over 25% are
considered phosphor saturated grounds. In these vrounds increased P loads may
be leached. The relation between P eontent in the quick component ol ground
water dischurge and the use degree of the phosphor fixation capacity s a point
for turther myestigation.

The PP eoncentrations are not cxpected to depend strongly on the precipitation
tHeovw rate. but do depensd on the adsorption/desorption cquilibnium. The P load
the soid is i those cases so large that thinning does not play any meanmgiul part.
Also e phosphor a first erder equation s applicable. Inaddition. phosphor may
leach, inthe form ot tine, sospended matter.

‘ -0 . {0 . i2
Sr” (otal quick 1 <quich ¢ Poworal guich h
Input O wich 1 N Quick componern ground water discharge

( {h. . =

! unpaved surface (formula 1H or 17,
Madel Parameters C [y PA] Phosphor concentration guick compornent ground

e tetal quick ‘ .
waler discharge unpas ed surface

Cutpult a2 Phosphor lead guick component ground water
E ! [ E

S .
P —total .quich ¢ i
discharpe unpuved surface

Turger valaes surlace runott slow and quick component of the ground water
discharge

The concentration ol surface runotf, the slow and quick compenent of the ground
water discharge of unpaved surface depend mainly on soil type and fand use,
Three soil types are distinguished:

e« s
o clay
s puul

The next types of fund wse are distinguished:
o unfertibised land
e dertibised grasshand
o fertilised green makee farmland

e fernlsed other turmland
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Besides these categories, arcas with specific land use can be distinguished such
as horticulture or bulb farming. The impact of these types of land use in leaching
of nutrients is very specific, due to the specific conditions with regret to
fertilisation and waler management.

Table 7 lists the target values for the types of discharge, specified for soil type
and land use. These values are rough estimaltes based on incidental measurements
found in the literature. The concentrations of nutrients in discharges fluctuate
over seasons, degree of fertilization, organic content ete.. It is strongly
emphasized that these target values are incidental and therefore not
representative for other arcas. It is therefore strongly recommended to use
measured values within the area of interest as much as possible.

Table 7: Target values concentration nutrients

target values unpaved surface fmg/l)

soil unfertilised land fertilised grassland fertilised green maize fertilied other farmland
type farmiand
NO3 [ NHa [ o NO3 [ NHa ] PO4 NG [ NH4e | pia NO3 [ NHa [ pod
surface runofd
Sdf 0, 1-- 59 5a 0.1- 0.1- (,1-
d 3.2¢ 3.2¢ 12 32
2-4a
clay 1-3a
_peat 24
quick component of the ground water discharge
san 2d 4h 3h 2h
d 5-9.5a
clay { Id
peat | 2d
slow component of the ground waler discharge
540 1.5d 1,08- <(3,0le 21-39a 21-34y 21-39a
d (3,03- 36 43d Bl 20d
43¢ 113d
21-39
clay | 0.07- 34 1,4-6¢ S3d 14d
0.7¢ 13.1¢
ptal 0,2- 0,9- 0,10-
0.%e 3.6¢ ), 3%e
a Meingrdi, 1991
b Drecht, 1986
v Meinardi en van der Valk, 1989 (vastgestcld voor totaal-stroomgebicd,
d Steenvoorden ct 4l 1993 thij GWI en GWVIL als totaal-N)

Hots et al, 1975 ¢hij ondiep grondwater 2m-maaiveld)

Target values denttrification factor
Table 8 gives an overview of the denitrification factor for the various ground
walCer steps.

Table 8: Overview of the denitrification fuctors and ground water steps (van
Drecht et al., 19%91)

Ground water GLG (em- GHG {cm- Denitrification
step surface level) surface level) factor
I <5() <25 0.04-0.05
£ 50-80 »25 0.08-00.1
I 8O-120) 25-40 0.22-0.31
v 80-120 403-80 2.00-0.42
vV 120-160) <25 0.15-0.5
VI 120-160 4()-80 0.22-0.4%
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Vi
VIE

16)-2210)
220-280

X0)-130 .73-0.83
1 401-20000 |

4.4.4.3 Slow component of ground water discharge

5 NIHA— N vl

SNOI=N sl d

)

Lt

S

rﬂ

Nitrogen

INatrowen miy abso be discharged eventually through the deeper soil Tavers ine
the water course (see figure 43 by means of infiltration and pereolation, The slow
component ob ground water discharge has o relatively long retention time 1 the

soil Inaddition, the pround water acts as a hutier. by means of which

concentration differences ure Huttened out to a Lerge extent, This piciure is
confirmed by caleulations of the nitrate concentration by means of the
programme NITSOR eHopstaken et al T987)0 At w depth furger than 2 m. low
and constant nitriate degrecs are measured. This means that a zero order relation
wil suftice.

Sobved nitragen matnly oceurs in the form of nitrate and ammaonium. Ammonium

iy be nitriticated mtamitrate by bacteriain acrobic circumstances. This 1y
denitrificd o N o anoxic circumstances dsee internieszo Iy Inmost cases, the
denttrilication s the veloorty determining step n this reaction chain, Qoly in case
of peaty soil with o lngly organical fraction fcarbon source for denitrificaung
bucteriar and anacrobic condittons tnthe ground water tne nitrifications the

reverse 1y the case. Inoview of the long retention tnie of the water in the ground.

there isastaionary sitvation. This resubts mozero order relations tor the ow rate

af the ciiectve preaiprtation,

slon i ¢ \114 - N sl

dont CNOZ= N o

Inpun

Q.\fuu.!

[m:fsl

Slow component ground water discharge
unpaved surface (Formula 16 or 17)

Maodel Parameters

CNITy N ddow

[y N

Ammonium-N concentration slow component
ground water discharge unpaved surface

(.. ‘ g N Nirate concentration slow component eround
NOZ N o mep M e ‘ P £
water discharge unpaned surfuce
Output S, . v Ammonium load slow component ground water
I PN N Ao LR ‘ ‘ Lomp £ ‘
discharge unpaved surface
- o Ny Nitrate load slow component cround water
‘S:’\-().? Noafow ERl A b P = b
discharge unpaved surface
Phosphor

3 P~ total stow s

I section 2.3.2 Reaction processes i the soal it is indicated that the
adsorptien/desorption of soil components is the most important process in the P
nianagement. Phosphor s fixed i the soil. becanse of which a steep phosphor
profile comes o esistence, which decreases along with imcreasing depth
(Krocse et al, 1990y 1n The Netherlands the phosphor tixanion capacity of the
deeper soil layers s Uil hardly used. The phosphor runoft with deep ground
water 1s. therefore. zero and moany case constant with the ume.

— e
‘~).\'lrm',r ¢ P —total shing ot

123

Inpui

0

Mot

Iy /s)

Stow vomponent ground water discharge unpaved
surface Hformula 16 or 17

Maodel Parameters

¢ 1P = rentad stown 1

frng A

Phosphor concentration slow component ground
water discharge unpaved surtuce
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Qutput S

P —1otal, slow

[g Pfs) Phosphor load slow component ground water
discharge unpaved surface

4.4.4.4 Conclusions

Target values

The concentrations of the slow component of ground water discharge are mainly
determined by the type of soil and the land use. Sandy soil, clay soil and peaty
soil are distinguished between. A further distinction is made by:

s Non-fertilised land;

o Fertilised grassland;

o fertilised green maize farmland;
o Fertilised other farmland.

In addition, there are ureas with a specific ground use, such as bulb-growing and
greenhouse culture, The contribution by these areas to leaching of N and P is
very specific due to the specific fertilisation and water management. In this case
the user him/hersell will have to estimate the parameters or derive these from
measuring.

In the description of the water quality it was tried to picture the relation between
the P and N loads discharged into the drainage system and the hydrograph, Zero
order equations seem 1o be most suitable for a empirical approach in a simple
model. In general, this approach is motivated by means of arguments regarding
the processes. On-line measuring data of the N and P concentrations in the sub
flows considered are hardly known. Model-related data are often applicable to
longer periods (decades, seasons and years). A smaller step size in which also the
relation is included with the discharge, requires a much more detailed insight into
the processes than is availahle at this moment.

With regard 1o the target values of the concentration, the problem arises that the
available data usually do not apply 10 the various ground water {lows, on which
this study is based. Therefore, the available data need to be translated for the
subflows in this study, In addition, many data are not known, Also model-related
values usually are not applicable directty to the subflows m this study. These
values are often calculated in models, but only act as interim values that are not
presented in reports. In order to generate values for the subflows, calculations
could be executed, for example by means of ANIMO.

The smaller a step’s size, the more the inaccuracy of the model results increases,
hecause on this ime scale the inaccuracy in the input parameters increases. This
only applies o the description of the water quality.

4.5 Seepage

_ Ah
Dyeep,t =

QS(’C’[),I =h Alofa! qseep..'

In addition to the discharges that are calculated for open water, paved surface
and unpaved surface, the user may enter d term seepage, which is defined for the
total surface.

(24-a)

(24-b)

- Input Ah

Hydraulic head difference
Vertical hydraulic resistance

[ Im]
Hay]
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; h Total surface
Yoot {hal e “t
Maodel Parameters b I-1 Conversion fuctor units
Output i/ Discharge seepage
P Q.\‘(’('[.J,! 5] pe seepage
# The conversion factor 1s equal o TO000/ 235 3600),
The related water quality is determined by a zero order equation.
I't lated water quality 1s det 1 by fer equat
S = O, ‘ 25
SNIM = N.oseep s ‘-)'\(’c‘]m CaIfd- N seep ! b
Sy =() A . 25-
SN()Sf N seepd  =aeeprli Cnoso N et (25-hy
[nput O, op f /s) Discharge seepage tformula 24)
aeepr.
Madel Parameters Ca . g N Ammoninm N-concentration discharge
odel Hneiers (."\’H-if:'\.sr'(’p.{ g Nl moniim N-concemration discharg
seepage
e ‘ ng N/l Nitrate concentration discharge gl
C.«\'()_%f.-\."..xwp.r e N ¢ cohee on divcharge seepage
Output 'S.:'\*'Hi A o N/s| Ammonium load discharge seepage
S vy Iy be N/ Nitrate load dischurpe seepage
< - i (26
Sl' = total seeplt ’-).\f'('p_r ¢ Il seepla !
Input Q‘W(’{” \ fim /s) Discharge seepage

Model Parameters

C

P oial seep

[myg PA|

Pliosphor concentration discharge seepage

Output

5 P —toial seeplt

[o /s

Phosphor Toad discharge seepage

Target values

The values tor the secpage und the concentrations depend strongly on the locul
sitaation, It is therefore impossible 1o give target saloes, Mostly, focal duta are

vt lahle ahout the seepage and the coneentrations.

4.6 Total discharge and total load

{ =) + : + () (27-4
‘)'Hli]?(.'l'(’d..’ RIIT qur ko m < dowt !
{ ={) +{ +() + () (27-b
Ciotal s T opeHwaler ‘)[)(.'\ cd 4 Fanpaved 0 S seeplt !
Input () [m /s [hscharge open water surtace (formula 2-h)
Sopenwdier f
0 [m /s Discharge unpaved surfzce tformula 27-a)
unpaved
) m /s Discharge paved surtace ttormuli 6-¢
{‘pmr‘d.f {m /] £Ct !
Qsm' ; [t /] Surface discharge unpaved surface ttormula
o 15-by
) L [ /] Quick component of ground water discharge
THHICR . =
! unpaved surface (formula 16 or 17
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Qs[uw p [m’/st Slow component of ground water discharge
o unpaved surface (formula 16 0r 17)
3 't sryerere £ :
Q.S’(’(’p,( [ /st Runoff seepage (formula 24)
Model Parameters - - -
. . 1o o
Output meaz’.f [ /s] Total discharge
The total of nitrate and ammonium loads in a catchment arca is determined in
accordance with:
SNIA = N unpaved .t = SNIT& = Nosurit PINIE = N quick 1 T SNHA = N slow, Y INIA - N _seep,t 252
v = . \ . ; IR
‘SN()B‘ N . unpaved |1 SN(B - N, surt * S/'\’()3 — N, quick +3 NO3-N sdow,t +S NO3I- N seep.t (28-b)
y p— ' \ ; 7 =
5 N4 — N total it S NI A = N openwater +5 NI 4= N, paved +5 NI A — N unpaved t (28-c)
; =5 y Y .
S NO3— N totaf S NO3— N oper water t 5 NO3I—N . paved t * SN()3 - N unpaved .t 28-d)
‘Sr)rg —N,otali ~ Sor;; - N, paved * S(H',g’ — N sur,t (28-¢)
Input SNH4 N openwater .t g N/s) Ammnmgm load open water
surface (formula 3-a)
) NOI= N open water.t e N/s) N_llratt: load open water surface
{formula 3-b)
SN/ML N unpaved. 1 lg N/s| Amm(mlun:l load unpaved surface
{formula 28-a)
A) ‘ lg N/s] Nitrate Joad unpaved surface
NO3 - N unpaved , .
(3~ N, unpaved it (Hormuka 25-b)
'S‘NIM LN, paved . b N/s| A‘mm(mlum load paved surface
{formula 7-a;
A NOI—N . paved.1 g Nis| ;i_tl})r)alc load paved surface {formula
SN!M— N osur lg N/s| Ammonium lgad surface runoff
{farmula 18-4)
SN(')}— N osurt [ N/s| Nitrate load surface runoff (formula
18-h)
AN [g N/s| Ammonium load quick component

N4~ N quick 1 .
i ground water discharge unpaved

surface (Tormuia 20-a)

[ N/s) Nitrate load quick component
ground water discharge unpaved
surface (formuyla 20-b)

|g N/s| Ammonium foad slow component
ground water discharge unpaved
surface (formula 22-a)

e Nfsi Nitrate load slow component
ground water discharge unpaved
surface {formula 22-b)

SNOB- N quick 1

SNH4 — N, slow. 1

S NOZ— N slow.t

SN}M _ N seopyt lg N/s| Ammonium load wash out
seepage(formula 25-a)
AY [g N/s) Nitrate load wash out
NO3— N seep,t .
/ 3P, seepuge(formula 25-b)
S g [ N/s} Organically fixed nitrogen load
ore =N, paved i paved surface (formula 7-¢)
fo N/s| Organically fixed nitrogen load

s
org — N.osur.t . o !
surface runoff unpaved surface
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Muodel Parameters

Output

S
S

NHA =N torat o
NOZ- N gotal

hY .
org - Ntotd

tformula 18-¢y

[2 N/ Toral wnmoniuny foad

[ N Total nitrate load

[ N Total orgamcally fised nitrogen
lorad

[0 the first version of the precipitation runoff module the term organicalls fixed
nitrogen has not been mcluded.

The total phosphor load 1y deternined in accordance with:

S =5 +5 . -8 + {29-,
Pototal wnpaved Potoral suri SI’ fotad quick S Pogoral slow Sr” —total  seept v
. =8 +5 +5 (29-
S.P - dotad el ) SJ“ = dedad ape s ater Sf’7quJ’rH'.,nmr‘r/.f 'S/’ —tegud anpaed B
Input Sp ot i ater ! [ 2] Phosphor toad open water surface fformula -1ﬂ
’ RN AREFIET AN
A P totad anpaned [2 12/5] Phosphor Toad unpased surface tformula 29-
— fencdf o ved .
a}
S Pl Iy [e P/ Phosphor load paved surtace tformula 8
= dtal peeveed
,\'P toreid s {2 Pis] Phosphor [oad surface rusoit tiormula 19)
3;; ot ik [¢ P/fs) Phosphor load guick component ground
— {0l ¢ AL ) . )
/ wiler discharge unpaved surface (tormula 21
Sl’ total sl [u P/ Phosphor foad slow component ground water
— O M, . .
discharge unpaved surfuce tformula 23)
Sh [e Pfs] Phosphor load discharge seepage tformula
P —total seep o )
Madel Paramiclors - - -
Output St wotal il g PAs| Tatal phasphor load

4.7 Relation ground water discharge and surface
water level

The ground water discharges into the drinnage system. The discharge therefore
depends on the surfuace water level. This relation can only be meluded when the
surface water level s input from the flow model. This i~ contrary 1o the point of
departure of i stand alone precipitation runoff madule.

Two options are mentioned tn order to include this relation without skipping the
poemt of departure of a stand alone precipitation runeft module:

1. simplified calcutation of the surface water level

The surface water level s caleulated 1n the precipiiation runoff module by a
waler halance for the drainage svstem. The snflow isthe caleulated ground water
dischurge. the outflow 1s the drainage as calculared 1w simplified manner,
Disadvantage of this option is the separated caleulation of the surtace water Jevel
from the flow medel. Because of the simphfied caleulation in the precipitation
runoft module, the calealated surface water level will deviate trom the caleulated
ane 1 the flow model
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2. surface water level as input

In this option the surface water level is input in the precipitation runoff module.
This time sertes can be obtained from a flow model. By an iterative process, the
refation ground water discharge and surface water level can be approached.

The ground water discharge is described by a configuration of linear reservoirs
{see section 2.3.4.3). The relation between the ground water discharge and
surface water level is implicitly discounted in the time constant of the reservoirs,
whereas a constant surface water level is assumed. The relation between the
ground water discharge and surface water level becomes relevant in case of more
fluctuating surface water levels.

The fluctuations in surface water levels will be relatively small compared to the
fluctuations of the ground water level for sloping areas. Assuming a constant
surface walter level will be sufficient. However, in specific situation strong
fluctuations can oceur. For example with large percentages of paved area, so the
precipitation will be stored rather quickly in the surface water. Also within
downstream polder areas. large decreases of the surface water level can occur.

Reference Manual RAM

Formulas » 59



5. Evaluation

With the precipitation runoff module, @ model is developed to simulate the
discharge processes, both the hydrographs, leaching and runoff of nutrients.

The point of departure of the precipitation runoff module were a simple set-up
for operational use, connection with widely used precipitation runoff models, and
creating a direct joining of a precipitation runoff module and a flow model. The
technical design fits to all point of departure. The simple set-up of the technical
design create a widely usable application. Using the soil moisture reservoir and
linear reservaoirs, the set-up connects to widely used precipitation runoff models.
By joining the STOWA/Unie stekkerdoos WATER, a direct joint is made
between precipitation runoff module and a flow model,

The sct-up chosen is indecd simple but it is also extensive. The user will have to
enter a vast amount of parameters before using the module. That this relatively
extensive form was chosen anyway s caused by two aspects. On the one hand,
the wish existed to make the model suitabie for an extensive application area
{with regard to type and application). On the other hand, the wish existed to
describe both the water quantity and the water quality.

In the precipitation runoff module, pragmatic solutions were often chosen. At
some points, the processes are not deseribed (capillary rise, feedback with the
surface water level)y. Depending on the wishes of the users, extensions may be
added in u later stage.

® 5.1 Hydrograph description

The Precipitation Runoff Module developed is of 4 strongly empirical nature. As
a result, the parameters in the mode! usually do not have a direct physical
meaning. Therefore, target values for the model parameters have been included
in this manual. In view of the complexity of the processes in catchment arcas
{local variation in type of soil, slope, ground use, ete.j, also the target values
indicated will cause deviations tn the results. It is strongly recommended (o
calibrate the model parameters based on measured discharges.

5.2 Description water quality

In the theory it was concluded that the processes of leaching and runoff of
nutrients are extremely complex. The value of a simple concept for the
description of the water quality will therefore be restricted. Since an estimate
hased on fist rules and target values obtained from literature will give a best
guess, this concept will be helpfull for water boards. Also due to the complexity
of the processes of micro pollutants, a description of these solutes was excluded
from RAM. RAM is therefore restricted to the leaching and runoff of nutrients
only.
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Point of departure for the desenption of the water guality is a direct link with the .
hygrograph. Concentrations are attributed to the subtlow s which are affected by

the supply. the reaclion processes and the discharge. These concentrations are

worked out for nitrogen. phosphor and ammoniwm. The expenience with this

concept can he used 1o deoide whether a more detailed concept 15 necessary or

not.

Similar to the hydrograph description. it s strongly recommended to calibrate the
muodel parameters.

5.3 Recommendations

After delivery of the first version of the precipitation runott module. experience
will he acquired i using the module. Based on these experiences and
supplementary wishes, the precipitation runot! module muy be extended i a later
stage.

Aspects hat were addressed durning the development process ol the precipitation
runoff module, may increase the applicahility of the precipitauon runoff module.,
Some relevant points of Imprevement are described below .

Ground water discharge reduction in case of high surface water levels

In case of high surfuce water levels, the ground water runcti may stagnate. In the
current version ol the precipitation runott module the user him/herseli needs to
determine when reduction oceurs. The applicability of the precipitation runoft
module will increase. if the ground water runolt 1s dependent trom the surface
water leved tsee section 3.7),

Refinement soil moisture reservoir

[n the current version of the precipitation runott module hinear relations may be
entered tor the evapotranspiration relation (formala 12 and the percolation
relation (formula 13, The applicahility of the sol]l moisture reservoir is
increasced. if the user her/himselt s able to define a tnon-linear relation.
Furthcrmore. the soil moisture reservoir may be improved by including a
capilary rise relation and by adding a retardation term.

Determination maximum percolation and distribution code

In the soil moisture reservorr the maximum percolation is entered by the user
(formula 13-¢} Hardly any guidelines for these values wre known in the
literature. In o more extensive version, the determination of the maximum

percolation may be worked out in further detail. This also applies to the .
distribution code tor the slow and quick ground swuter runott (tormulas 16 and
17y,

Water quality description

The usability of the water quahty description in the precipitation runoff module
wijl have 1o be monitored critically. It is recommended that the model is tested
during a prolonged period of time in which the model results are compared to the
measuring values tcalibration). From an evaluation of these experiences. it will
appear whether the differentiation within the subflows is sufticient. or that «
further differentiation is decmed useful, Based om this evaluation the model may
he adapted.
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7. Index

A

ammonium, 19
arca
greenhouse, 9; 24
polder, 12
rural, 9; 24
urban, Y; 24

B

BUIBAK model, 29
¢

calculation, 31
calibration, 15
canals, 29

capillary rise, 14
conceptual model, 26

D

De Jager, 28
De Zecuw-Hellinga, 2¥
denitrification, 17
deposition, 16
drainage, 28
ditches, 12
drainage system, Y; 24
drainpipes, 11
E
evapotranspiration, 11; 13
F
fertilization, 15
field capacity, |1
G
greenhouse area, 9
ground water
level, 12
ground water discharge, 11; 19; 27
components of, 11
ground water runoff, 2¥

H

hydrograph, 27; 2%
hydrologic cycle, 7

{

incoming flows, 13
infiltration, 10; 14; 26
infiltration capacity, 10; 26
interception, 10

K
Krayenhoff van de Leur, 27; 28
L

lateral inflow, 14

linear reservoir, 28

linear reservoir model, 22
load, 32

M

Makkink
crop factor for open water, 32
reference crop evaporation, 32
momentanious discharge, 31

N

Nash-cascade, 28
nitrification, 17
nitrogen halance, 15

0

open waler surface, 23
outgoing flows, 13

P

paved surface, 9; 23

Penmann, 32

percolation, 11; 14; 26
phosphor balance, 15
physical-mathematical model, 27
polder, 12

pore volume, 12

precipitation, 13

precipitation intensity, 31
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Kk

reaction process, 16

reference crop evaporation, 3
resistance, 11

rural arca, 9

5

saturated #one, 11
seepage. 13; 16728
sewer system, U, 24
soil, 10
specific discharge, 31
Staring scries, 34
storage
open waler, |3
satarated zone, 13
surface, 13
surface runoff, [ 19
T
technical design, 31

nme step, 31
transpiration, 11

br

unpaved surtace, 9; 24
ursaterated zone, 10O
urban area, Y

V
vegetation, 1}
W

Wagceningen model, 27: 29
water badance, 13
water quality, 15; 2%
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Appendix A Evapotranspiration

Instead of the evaporation from a hypothetical water surface, also the evapotranspiration of a reference crop
{uccording to Makkink) may be taken as measure for the potential crop evapotranspiration,

E,=fF,

In which

E, : reference crop evapotranspiration Makkink [mm/day]
f . crop factor Makkink for the crop involved [-|

E., ©open waler evaporation Penmann [mm/day |

The reference evapotranspiration may be calculated through:

AE, =065 Skl
S+y
[n which
Kl : Global radiation | W/m?’|
A : Specific evaporation heat of the water [J/kg|
! : Psychrometric constant [mbar/K |
A : Slope of the saturation water vapour temperature curve at air temperature [mbar/K|

Combination of the Penmann formula and the Makkink formula results in:

" EU
I = £, g
In which
g . crap factor Penmann
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The crop factor gecording to Malhink «Culirtectingsle Vadenieom, {988

month April May Junc July August September

decade I I | I | 1T | 1T | I | I I1 | IT§ I il I I I | 111
ISy | T L 2 2 2 U O T 0 O C T O L WP I O I IRV
cereals O7108 109110 10| 1oy 123 1211211009081 06 - - - -
malse - S O S W O ' I O O Y I S S O N UL N IUC A OO I UL N IO I
potalees - - - A0 VL 20 I Y O O UL I 0 T I 1 O I I B A - -
sugar heets - - Stoslos|os o8 tos P2 bbbl pr2 e 2 r2p g1
teguminous plants SPOSs |07 sy 00 12 12 12 L0 0K - - - - - - -
Plant unions O5 1071070 toxlooliol ol lol ol tol1o] 10 - - R - R
SOWITE UNINNs Sr0dlososio7 o7 lbx | as | tol o1t talos]lo? - -
chicory - - - - - AT U0 T L VO U N P I P A O A O OO A IO
winter carrols - - - - . Sl0Aaloslosto8 oL b |
celery S R 5 T P % T A O T O 0 O A O O B O -
lecks - - - bAoA Os s I nT o7 oxox | kIOl 00908 0Y
buib/tube crops - - - S TR0 0T P T2 I O R U I U I P IO N UG I e I UL I
pome/stone fru ol lojp ol tdlrtaf13pte ) n o] L7007 107 LT3 12320120102

(Tully grown) J |
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Appendix B Staring series

Tahel 3.21 Indeling naar textuur (1n % van e minerale deleny, orgunische-stofgehalie (in % van de
grond) en mediaan van de randfractie {M50) van bouwstenen uit de Staringreeks volgens
de lextuur-terminologie van het systeem van hademelassificatie vone Nederland
(Wosien e.q., 1987)

Nouwsleen Levin Lastim Organische MS0
(%] (%) stof (%) pm

BOVENGRONDEN

Zand

Bl leemarm, zeer fijn tol matig Ajn zand 0- 1¢ 0- 15 105 - 210

B2 zwak lemig, zeer fipn ot matig fijn zand ty - 18 G- 15 105 - 210

Y sterk lemig, 2eer Nijn i manig (ijn zand 12- 13 0- 15 105 - 20

Ha zeer sterk lemig, zeer fijn ol maug fyn zand 33 - 50 0. 15 s - 2i0

B3* grof zand 0 15 200 - 2000

B&* keileem . 0- 350 Q- 15 50 - 2000

Lave!

BT zeer dichie zavel g - 12 0- 15

B8 marig lichte zavel iz . 18 0. 135

BY® zware 2avel 1R - 25 n. 15

Kot

B10 lichie Klei . 25 - 35 0. 15

Bll malg zware kles s . 50 0. 45

D1l zeer 2ware ble 0 - 10 - 15

leem

BI3* zandige Jeem s0- 85 0- 13

B4 sillige leem 85 - 100 0- |5

Moerig

B15* venig 7omd o ! 15 - 25

Hi6 randip vecn enoveen 0 - 8 23 - 1

HITY veruge kle & - 100 16 - 45

BIE kleug veen 8 . 100 35 . 70
ONDERGRONDEN

Zand =

Ol leemarm, zeer fijn 10: matig fjn zand n- OD- 3 105 - 210

02 zwak lemig, zeer fijn tor matig fijn zand 0. 18 G- 3 105 - 210

01 sierk lemeg, zeer fiyn ot malig Hijn zand .33 n- 3 N5 - 210

4 zeer sterk lemig, zeer Gpootot (aatip (e zacd 33 - 50 - 3 165 - 210

05 grof zond 0- 3 10 - 2000

06 Xeileem . 30 0. 1 50 - 2000

0O7* heckleem 3%. 50

Zavel

O¥  zeer licht zave! g- 12 0. 3

09 matig lichie zavet 12- 18 n- 3

010 zware zavel 18- 25 n. 3

Klei

011 dichie klei 25 - 3% a. 3

Q12 matig rware klei 35 - 50 n.-

013 zeer rware kloi 50 - 100 n- 3

Leein

Q14° zandige leem S0- 85 0. 3

O1s siluge leem B5 - 100 - 3

Veen

Ol oligotronf veen 5 - m

017 mesotroof en cutronl veen 35 - 10

(GHER* mocrige tussenlaug 15 - 3%

* Aan deze bavwsteen zijn to1 op hoden onvaldoende metingen verricht om een gemiddelde relatie te hunnen
PICSCTHCTCI‘I

Reference Manual RAM Staring series = 71



Tahel 3.2 4,

onderpramien van de Slanopreeks {(Wotren o u

£ (%) B 13 waariten voor | A°, resp. pf

Vi Viem [ T
pf 00 1e 1L,y 1S5 17 0 24 2.7

BOVENGRONDEN

Rt 3700 And ¥ET ¥4) R0 130 9% 74
2 412 a1 D 380 9,0 276 300 18 LS
B3 449 428 416 406 301 M2 4003 |52
151 4.7 398 382 370 347 23 IR 24 w4
n? 40,7 O M7 36k 356 324 254 217 190
1ig 401 317 369 36,2 38T XN E 174 21 196
HA1H] 44 R 408 40} 306 IRG 277 350 % 2603
Rl S1 T 472 46} 455 452 414 u4 344 297
Hi2 STE  S30 524 50 559 495 A64 415 40§
W6 TV 63T A58 Add a2 7 SRG S5 4005 dqnx
BiK T8 608 ABS KTE AT MG 539 dEE 440

ONDERGRONDEN

Lo ] LI #1.8 HL9 X0’
o7 Bt Hi6 B3

789 755 19 5h9 450 378

1 54 316 103 ZRe 242 121 s5e& Y7 27
02 I 354 0 320 WMd 9T ps 7Y 87
[EX] B T IR S N V0 B S O S T O S e A T
4 | 358 MO 29 Vg 790 31 o1y 93 5.2
Qs WM 254 091 HHg Ta 46 35 217
(Y13 a2 T 315 16 ¥ 3T a3 e 253
[$1] 23 0 T IR 17T NE AL 1S e
[} ! ENIE R S U L TR LU RN DY DL B B
O T 43S 4 S i T 409 406 Y 326 267 29
Ol 41,9 4N 19 IRT IR S 113 23 F 252
012 497 478 AT} 470 465 452 A4r T St
[o7B] 580 549 344 540 535 527 499 472 434
315 437 409 4nt 36 IRE 6w A 15T 07

i

3

sk 10D XS0 51) podd 1S00
300 4

S

-
[N

"
s
7
1t
I,

73

KA

pavl

e X 0

o> T

Fa tew 1 Pl L. G
I SR

fd = — em ba
o
-0 s

22
2]
7

24

X2 B0 963 ASD 812 4148 3

. MG Te) Le LA N TR e

JVRIE NP,
-

o)
&

2009
37

B N ™

Pl

145

T e e

[N
oo

[ N

i

PR S

RE102 7
185 570 8
093575

Volumefractie water & (%) in roiane 100 de drukhoo2te fr {om ey pl) en de hoeverlhe 4
beschikhaar banpwater (8, ) b P wasrden van d2 voo
19873

spcee! voor bovengrenden en

Oy bi] pF
1,7 20 22

4,2 4.2 4.2

T I I
06231 178
1500
W70
214 .55
229183
4523426
2852 265 257
282014152
4G R 46.0 40,1
7337

[V R
f=R
o

20110 5.7

(775168 90
Fh8% 170107
{267 207 1.8

N4 ¢4 47
19,0 47,3 148
87 242 36

TN LS

234 27,7 22

21388 1o

IR 28R 240

I 0704
B4 247
24474
L]

72 « Staring series

Reference Manual RAM




Appendix C Translation

definitions

Dutch

hydrologische kringloop
afvoer

afvoerbare neerslag

afwateringsstelsel

hergingscapaciteit van de onverzadigde zonc

capillaire opstijging
cupiliaire zoom
depressicberging
drain
drainage-afvoer
¢vaporatie
evapotranspiratic
grondafvoer
grondwaterstand
grondwaterstandsdiepte
hydrologische kringloop
infiltratie
infiltratiecapaciteit
intereeptie

kwel

neerslag
neerslagintensiteit
neerslagoverschot
neito neerslag
onverzadigde zone
ontwatering
oppervlakte-afvoer
percolatie
schijnspicgel

schijnspiegelafvocer

English

hydrological ¢ycle

discharge

effective precipitation

drainage system

storage capacity of the unsaturated zone
Upward capillary migration feapillary rise
capillary fringe

Storage in surface depressions

drain pipe

drainagce

evaporation

cvapotranspiration

ground water discharge

ground water level

depth of the groundwater level
hydrologic cycle

infiltration

infiltration capacily

intereeption

scepage / exfiltration

precipitation

precipitation intensity

precipitation

precipitation excess

unsaturated zone

drainage

surface runcff

percolation

perched water table / apparent water table

interflow
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specificke atvoer
stronmychicd
transpiratic
veldcapaciteit
verwelkingspunt
verzadigde zone
waterbalans
WeEZring

wortelzone

waterkwaliteijt
ailsorptie

afspoeling
denitrificatic
desorptic

droge depositic
fosforbindend vermogen (FVE)
immobilisatie
mineralisatic

natte depositie
nitrificatie
OMZetlingsprocessen
uitspoeling

verviuchting

specitic discharge
catchment area
transpiration

Fredd cupacity
wilting poim

zone of saturation
water halance
downward seepage

root sone

water gquality
adsorpuion
runoft
denitrilication
desorption

dry deposition

phosphorus fixation capacity

fixation / immaobilization
mineradization

wet deposition
nitrification

reachion Progesses
leaching

volatlization
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Appendix D_De n ion of terms

mha e

R T B B L U B O PR L B L O T

Often various terms with the same medmn dIIL in (,u;cu]dnon h is :mportdnt m lhﬂ I’Caddhl]lty to umvncalfy dcfnc‘ '
the terms used. The definitions of thé; terms fe jarding the hydro]oglcal cyc]e are kept | 1n dccorddncc with the
definitions listed in the hydrologic glossary (CHO-TNO, 19%8), Whenever possible. Only in a few cases this rule was
deviated from. The terms used in the description of the water quality 15 kept to the definitions generally accepted in
the literature, whenever possible,

Capillary fringe

Capillary rise

Catchment area

Depth of the ground water
level

Discharge

Downward seepage

Drainage

Drainage

Drain pipe

Effective precipitation

Evaporation
Evapotranspiration

Field capacity

Ground water level depth

Hydrologic cycle

The part of the saturated zone located directly above the phreatic surface.
Upward flow of water above the phreatic surface.

An area from which the outgoing water is discharged by one specific water-
course.

The height compared to a reference level of a point where the ground water has
a pressure height that equals zero.

Instantanious discharge into a canal at a given pointin time, in volume per time
interval.

Downward flow of groundwalter

The discharge of water from plots across and through the ground and in some
events through drain pipes and gullies 1o a system of larger watercourses

Flowing off of ground water through drain pipes.

Underground drainage pipes with a pervious or perforated wall, which serves to
discharge ground water.

Part of the precipitation that is discharged from the surface or subsoil into the
surface water.

Evaporation from open water, interception and ground

The total of evaporation and transpiration

The water content that is found in the toplayer of the soil, a few days after a wet
period. This is not constant as the absorption pressure varies depending on the
depth of the ground water level,

The distance between the ground surface and the ground water level,

A continuous process in which water circulates from the oceans through the
atmosphere and the rivers back to the oceans.
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Infiltration

Infiltration capacity

Interception

Interflow

Perched water table

Percolation

Precipitation

Precipitation excess
Frecipitation intensity

Precipitation surplus

Koot zone

Saturated zone

Scepage

Specific discharge
Storage capacity of the
unsaturated cone

Storage in surface
depressions
Surface runoff

Transpiration

Unsaturated zone

Water balance

The phenomenon that water enters into the ground at the ground surface,

Maximum inbilirution mtensity. which 15 possible at the given circumstanges
farnong other things dependent ot the water content ot the soily,

Part of the gross precipitution that is intercepted by the vegetation or other

structures and that subscquently evaporates,

Horzontad transportation of ground water 1 a shaliew saurated faver. The term

15 preferably used it this phenomenon s of wiemporars nature: this

phenonienon s wsuadty accommodated by o perched water table,

Phreatic surface of i ground water body located on wseim unpaved Liser. under

which another unsaturated zone exasts,

Pownward movement of water ain the unsaturated zone,

The average speciiic precipitation intensity (the preciputation fatling per umit ot

horzontal surface y above the surface: v other words: the actaadly measured

precipiation i the arca,

The difference between the gross previpitation and the interception.

The actually fadien precipiiation per umt of e,

The ditference between the excess precipitation and the potential

CVAPOIrANSpITiaton,

The sl Tayer mowinch the Tiving roots wre present. usualls considered as the

faver i which the man part o the roots dre present.

1art of the sorl i which the pores are completely tilled with s ater including

the capillary fringe.

Seeping through of eround water under the influence of higher hvdraulic head
outside the area under consideration: seeping through of water. which 1y

supplicd on the surface within the area. is outside the scope of this tern.
Seeping through maymong other things. occur directhy on the ground surface.

i ditchies, drams or through capillary rise,

Discharge intensity o a s atercourse during o time imters al in volume per tme

itervad per surtace,

The amount of water that cany be stored i the unsauarated zone untl hiekd

capaciiy s reached.

Starage of precipitation nnhollows o the surface lesel appearing when the

preciprtation alensity surpasses the wifiltration mtensty

Runolt of precipitution oceurning over the ground surface tincluding paved

surfaces such as roads, roots, airports. cte.s

The evaporanon Hus through the stomas and cuticulas of wodry surface of

plarits,

Part of the ground above the phreatic surtace, m which the pores contan both

water and wir.

The compurison of the amounts oF water mvolved i sapply. discharge.

withdrawal and change 1 storage woithin a given arca during o specitic period of
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time.

Wilting point The water content of the sail at which it 1s no longer possible for the plant to
absorb the ground water by means of the roots.

‘Begms i gt ) rIJ at- ;
S Evatuation
Adsorption Fixation of substances to soil particles

Denitrification Reaction process during which nitrate is converted into Ny by denitrifying
bacteria (anoxic and heterotrophic circumstances).

Desorption Being released of substances which are bound to sol particles
Dry deposition Supply of substances through dust participle from the air falling onto the
grovwnd: e st el ol meetel sodeceloped o sannline e
eobar e Pt e Do rapbes oo i andd rurro bl ol oatiente,
Immobilisation Fixing pubstanegs s it theat 4t nobaaable fof visiine ouhor impins o/,
. o P operational useconnes tion et widely nsed precipitadion ranotd inedelsand
Mineralisation Reartinn processes gpring whoeh 2ubsiensss Inihe sl ascanysrisddnio athen .

‘“%Hﬂﬁ%"‘flmﬁeﬁiﬂﬁ%%, all podnt of departure. The snnple setup ot the twechnicil
. . Cdesienrercate aowidely usabsle application. Using the soil monsture reservon dnd
Nitrification Copxersipn prosgss diring which ammaniumyls ¢ nyarsddpamuAR B modes,
nitgiticating PRIt (PRrab(c #nd atolRRRIEW BMIRIAREESI  jnint is mude
Borscen procptation raned T module and o Tose imode .
Phosphor fixation capacity Degree in which a soil type is able to fix phosphor to soil particles
Ihe et gy chosen vy indeed somple batal s abso estensive. The vser will Tave 1o

Reaction processes Reattion prédesyes inf e 4oiddiiting Wwhith wbwatsey arddon bt iolinvely
coter e Bonr el crs s e By tweo ettt O the one Lind
Runoff Didbhargel of dabsdancrs thrdiie b subfhes Wtk banospionse apphcanon arca
catborerard o pvpe e bapphcatony O the other band, the wish exvasted to
Yolatiltzation The iratidio Rl H of A SUBAEARKE o ATiquitl Foln b the gas phase.
Sl preaipiation ruaet Cinodule pragniatic solutons were oltenrchiesen. s
Washing out Dischargg pfisubstapegs. throngh ground wmbermundiigy e fecdhack with the
surlace woater devels Depending onthe wishes of e users. extensions may be
Wet deposition Supply-@f substancas shrough precipitation falling onto the ground.

5.1Hydrwagraphdescriptign

Phe Precipinagion Ronof! Maodule deseloped s ot wstrongdy cinprocal ranme s

ace sl e et it el osualhy do ot Tieve acdirect pliy sl
e A Terstore e s Tor the model parameters ave been e bded
cib s e e s e ooy ab the processes mecatcbent e
oty el e e e cete walo et ol
b e o s e b o ol HEis strangly reconunenrded o

cedibite e el porseters besed o measired diseliarges.

5.2 'Descriptian' water qUélity |

Boare e ket e e e o e ey and runals ol
colre o s et el e s alue of asnnpde coneept tor the
vl sk e e voat o e e thereore Tee restncted s Simee s estiate

ot b e e e ahmadped Bronn Dot re i e e

o co e bbb Lo oty Board s Mo b o e sk
St T RCRER RS FYR b oo ok e ol s, v b d
T B O T oot bocthe lesnc e el vt o sl
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ApetedbnEcOverview symboles

a [-1 Conversion factor units (= 10/[2443600])
b o -r - Conversion factor units (=-10(0)/{ 24*36001y — T
6.1 General
Aopen wier EY Open water surface
Apuved [ha] Paw,d surfdu, _
Anpaeed [ha) Unpaved sorface
Apner [ha] Separated sewer system surfdu,
Aol [ha] Tut.;rl surfau, (wh(,r(, sceg)dge ()(.,LU]’S) AT
Biax [mrm| Maxnmum stora;:,c in ground depresstpns ‘
B, [mm]| gtnra;:e m grpund der(,ssmns _ I
E, |mm/day] (Actual evapotranspiration: .
E, [mm/day] Open waler Lvapnratmn Pdnmdnn
E, [mm/day] Reference crop evapomtmn Makkink
- I
[-] (‘mp fauor '\/lakkmk , ' ‘
f, [~ Crop factor Makkink for c)pen water
Liar [mm/day] 'Infiltration ¢ ap'.dcjily gl
I8 [mm/day] Infiltration intensity
t_; ﬂu umI irﬁsuvmr ()pt,n water surface’
2 PI‘eC | p Ita ljd ru n(} ALK Jow ground water drainage
k, [day] Time gonstand seservolr separated sewage yysiom surface ., .
k |day] Time congtant reservolr quick ground watgr, drainage ..
Kour fday] Time constant reservoir surface drainage unpaved surface
' [day] Tims consldntxe,sprvmr paved.spridq,ﬁ N R P A T
d f- Numb¢r Of TEAGIVEIrs quwk .gmund wqmr d{qmm tvr :m
Kraayenhoff and de Leur models
m [-] Number of reservpins, r,;u.xqg grwu.n\d waler drainage for the Nash-
cascades.mmled. ., Shchdee e Rapparters et N s
n [-] Number of reservoirs slow gmund water drdmdge
P POy e T Tt o e e
N (-] Denitrification faﬂ%-‘ RSN PRI
Py [mm/day] 'f?rwpltdtlon lmmbnly b I TR NI
RTINS : AN ey
P apen warer Imm/jday] Effective [’)I’LLI}’)J[dU(}n r;pcn water surface
P pavest (mm/day| iEffective pregipitation ppved surfagein |1; 1
Prer [mm/day| Effective precipitation unpaved surface
| S [mim/day | Percolatiop ccusring: between pF =0 and pF = 2 (maximuom)
| - [mm/day] Effcg,;,wc przupud.uun surfage dramage e Tl
N T Lo
Gopen water [mm/day] Speuﬂc runuﬂ ()pLﬂ water f;urfau:
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LS T
q:ul'i
q\crp
Quceaer
Yt
Yo
Hunpaen

Q::ptm ol
Oy
()\W;‘.L
Q\L‘L'|‘
Quow

(\) s
(\)\\I:jii !
()w:,!

B

| GROTPI
(-»'\Jli-‘- S precipatitinon
C'\'H-l Noseepage

LONTTRNIIN

(»\H-l Sain

CMH Nyl
('\1{4 N

(j'\U“ Nt
C.\'(I'irl\ precApitation
C‘\'{l% Mosrraae
(j'\"I’ N

(‘\f" o

Coito ey

C
NOAN npeaod

(‘l' R ETHERH
Criat s,
(jl‘ el b
Cl’mm RN
(‘Plum I
Clorne
Chrot g

[mm/fday|
[mim/day|
{fmm/day]
[mm/day]
[minfday)
[n/duy
fmmyjday |

[m /s
[m /|
[m /s
fm /|
|m ;/\]
[ /8]
ES|
fm /5]

-

[ttay]
[}
{min]|
[rom]|
[miam |

|
|day]

[mg NI
[mg N/
[mg NA)
[mg N

[mg N
[mg NA)

[mg N

fmg N/
[mg N
fmg N/
fy N/
fmig N/l
[y NS
Imyg N/

[mg NI
[me N/l

[mg Pl
[ty P/
[me P/l
[myg P/i}
g PAY
[ty P
[ PAY

Speaitic runoft payed surfuce

Specific runoft guick ground water runotf unpaed surface
Specific runoff seepage

Specific runoff separated sewer systerm surfage

Specific runoff slow ground water drainage unpuved surfuce
Specific runoff surface drainage unpaved surface

Specihic inoff unpaved surface

Discharge open water surface

Discharpe paved surface

Quick pround water drainage unpaved surface
Svepage

Slow ground water drainage unpaved surface
Surface druinage wnpaved surface

Discharge unpaved surface

Total drainage

Distribution key tor quick and slow ground water drainage
Time step

Actual moisture storage

Moisture storage at pF = 0 (saturated)

Moisture storage at pF = 2 (field capacity)

Moisture storage at pF = 4.2 twilung point

Hydraulie head diffecrence
Vertical hydraulic resistance

Ammonium-N concentration paved surfuce

Ammonium-N concentration precipitation

Ammonium-N concentralion seepage

Ammonium-~ concentration slow ground water runoff unpaved
surface

Ammonium-N concentration surface runot! unpaved surface
Ammoenium-N concentration quick ground wder runoff anpaved
surface

Ammonium-N concentration unpaved surtuce

Nitrate-N concentration paved surtace

Nitrate-N concentration precipitation

Nitrate-N concentration seepage

Nitrate- concentration slow ground waler runoft unpaved surface
Nitrate-N concentration surface runotf unpaved surfuce

Nitrale-N concentrabon quick ground water runot] unpaved surface
Nitrate-N concentration unpaved surface

Organically fixed nitrogen concentration paved surfuce
Organically hxed nitrogen concentrution surfave drinnage unpaved
surface

Phospor concentration paved surfuce

Phospor conceniration precipitation

Phospor concentration guick ground swater runol P unpaved surface
Phospor concentration seepage

Phospor concentration stow ground water runott unpaved surface
Phospor concentration surface runott unpaved surtace

Phespor concentration unpaved surtave

SuH et e [kg N/ Ammonium-N load open water surtace

RIS TR fke N/s| Ammonium-N Jowd paved surface

SICTPR [k N/ Ammoniur N lowd quick ground water ranoft unpas ed surface

Bittow NRAvGaF: < et 2L 0N BAde



SAHN, seepape Tkg N/s) Ammonium-N load seepage/percolation

SRHAN, dow ikg N/s ‘Ammonium-N Toad slow ground water runoff unpaved surface
SnHaN, wr ikg N/s] Ammonium-N load surface runoff unpdvuj sun‘du,
S~HA-N. ot [kg N/si Total arimonium-N load '+ - - 10 i Be T
Sxipia-n. unpaveed [kg N/s| Ammoniom-N léad uhpaved suffacei ~ oo r
SN A apen water [kg N/s| Nitrate load open water surface
SNt pas [kg N/s} Nitrute Tohd puved sufface
SNOTN, weopape kg N/s| Nitrate load scepage/percdlution Pt v
Snitx. quick (kg N/s Nitrate foad quick ground water runoff unpaved surface
SNGEN o kg N/s| Nitrate Yoad slow ground water runoff unpaved surface
SnuaN. s [k N/s] Nitrate load surface runoff unpa\ft,d surface
SNOUN. ot [kg N/s) "Tenal mitrate load SRR o Eard R
SNoEN unpaved [ky N/ Nitrate Toad unpaved surface ‘
SN, paved [kg N/s] Organically fixed nitrogen concentration paved surface
Sore N, ur |kg N/s| Orpunically fixed m‘crogen mnmmmlmn sutface dramai_a unﬁdvcd
surthod ‘
i
Sttt N ogen water [kg Prs) Phosphor Toad open water surface
Sboonat N paved [k P/s) Phosphor load paved surface
S ot N qurch [kg P/s] Phosphor loud setpage ' :
St ol N eepage [kg Prsi Phosphor load yuick ground water ranoff dhpaved surface
Shsonml N slow [kg Pfs] Phosphorfoad stow ground water runoff unpaved surface
SP onat N, s [kg P/s] Phosphor load surface runoff unpaved surtace
SEal ot [kg P/s] “Tonal phosphor load
Sl’—lnlall—l\'. unpayed Ikg P/’S] Ph()‘iph(‘)f 1021(1 unpaved surface
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2. lAdeXxde slag met DMS

1 In dit hoofdstuk wordt stapNoor stap cen simpel voorbeeld doorlopen. Dit

hoofdstuk is bedoeld voor cL_e heginnende gebruiker die bekend wil raken met het
invoercn van de gegevens, ‘ct;gii‘zddéFé'n‘Van' gen berekening en het bekijken van
de resultaten met behulp van DMS. Voordat er gestart kan worden met de eerste
stappen van dit voorbeeld, moet allereerst het programma correct geinstalleerd
zijn.

oo AL [ [

i

T R TR TR PRV | R DR

+ 2.1, Definieer een Project,’ . |

‘ s, T b
Y T

Na het starten van het progfumma Duflow Modelling Studio (DMS;, kan je een

( Project definiéren door het p/e_w cormman(lo Pit het File menu te selecteren. Het
; A S R I SRR UE i R T

New Project dialoog scherm ziet er als volgt uit:

Ao

it 7 0
el b

5

br Ao Mol o ATal Tk

PO Kies een naam voor het Project, hijvopthesld Pemo. Egn sub-directory wordt

Vg e automatisch aangemaakt door. DMS, ‘deki‘oc;]z;tie;‘wq dexe sub-directory kan

Lo worden aangepast door een.ander pagd in te typen.in.hey Location veld. Door op
S Create te drukken wordt CCQ nieuw project gecrederd.

: DMS heeft nu het scherm geopend, dat we de Scenario Manager noemen, De

SEERBUTENEE Scenario Manager toont allé'hufidig peipende projecten, met bijbehorende

% Scenario's, in een boom stritiitl B Sdenario bevat een verzameling van
gegevens, die zichtbaar worddnefvBrdwijhen door het aanklikken van de plus of

capebatepaatien Lo minus in de boom. ¢

Als de Scenario Manager W)}quw;g,it;t__;ﬁjﬁk‘l;;baegris, kan het te voorschijn

ﬁ = Zichthaar maken van worden gehaald door middel van de Sgenario. Manager optie uit het View menu,

J’“ ‘ ; he :S'(f“éﬁa:“i?)i /}Wanagc’r
el apao sl
E De Scenario Manager zorgl’ ervoor dat er, binnen hetzelfde Project, met
verschillende verzamelingen van gggevens gewerkt kan worden. Het is
IR TR hijvoorbeeld mogelijk om gen simulatie van twee Scenario’s uit te voeren met
et identieke invoer gegevens, met yjigppdering vanle neerslag. Dit geeft de
P gebruiker de mogelijkheid om makkaelifk resuljaten van een zware regenbui te
Seepd el b e 1 o evatueren, De Scenario kan gelf dejinvoer gegevens hgvatten of het kan
verwijzen naar de invoer gegayens van ecn ander Scenario. Elke Scenario
registreert een verzameling van gegevens, Per verzameling kan de gebruiker
beslissen om de gegevens in de gigen, Seepario directory te bewaren of om de
gegevens van cen ander Scenario e verkrijgen.. .

(I

R RIS R M

it Dot vibol

'
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i . o ‘ : . : ‘ .
Doar de optie Dese repriesi e kiezen withet Seendrio menu kan cen uitgebreide

%32 = Bewerk Omischripving - . .
k g omschrijving van het Scenano worden oppeslagen,

2.2. Ontwerp het netwerk

Door het Open Network windew commando wit het 3 es menu e pebruiken,
wordt het Netwerk Window geopend. Hier kan de schematisatie van het netwerk
ontworpen enfol interactief gangepast worden.

E = Open Network windom

NB Als cen pewenst icon nict zichthaar is op ¢8n van de werkbalken. kies
Crestesnize. uithet Oprions menu, DAS Taat her Customize dialoog
scherm zien.

Op het Command tab blad worden deo by de geselecteerde categorie
horende. knoppenr getoond. De knop wordt toeges oeed aan de werkbalk
door dere te slepen vanwit het Custonmize dialoog scherm maar de
sewenste werkbulk, Door het van de werkbalk af e trekken wordt de
knop van de werkbalk verwijderd.

Het Netwerk ki opgebouwd worden op een veovrafische achtergrond door de
optie {se weavraphne pigp as backyroned in het Project Propenties disloog
scherm aan te zetten, Dit digloog scherm wordt 2ichtbaar door het Properties
commando te selecterenuit et Project menu

Om kaartlagen toe 1e v oegen aun het Netwerk window kies het Dasplay Lavers

& _ ritaser ‘ _
Tonu Raartiazen wwon van de Palettc werkbalk. DMS toont het Dosplay Favers dialoog scherm,

Crebruik de Add knop om kaartlagen e e vorzen aun het Netwerk, DMS opent
het Open File dinloog scherm. Alleen Shape-bestanden hunnen gebrutkt worden
voor de kaartlugen in DMS. Selecteer het bestand Watershp' uit de directory
Windupiow:Projecrs Shapes in het File Open dialoog scherm. D Shape-bestand
hevat de waterlopen van de Wual bij Den Bosch.

Nadat een Shape bestand is geselecteerd. tonnt DMS het Color didoog scherm
voor het selecteren v de juiste kleur - zeg blaos - voor de gesefecteerde
kaartlang N de selectie van de kleur zal DMS terugkomen met het Display
Layers dialoog scherm, De volgorde van de Ligen indeze lijst correspondeert
met de volporde waarin z¢ worden getoond in het Nevwerk window, Deze
volgorde kan gewhzigd worden door een laag e selecteren en vervolgens op de
Up of Down knop e drukken. Yoeg nu ook het bestand Cities.shp toe aan de
kaartlagen lijst. Dit hestand bevat de steden van het gobied.

[y . . . P . .
Ceogafische achiergrond: Topogralische ondergrond £ Topograbische Dienst Ennnen. De shape-bestanden
Wiater shp en Cities shp zijn slechts voor demonstratie docleinden te gebruiken

Gl » tnopy 2 Aafsretine WM aana Han




Het Netwerk window zal er als volgt uit zien:

g.a-_(g-mgu_ f—:::'e%_\r_i:in' ':N:qrmuk 1

Qi;} InZovmen Gebruik het Inzoom mechanisme om gedeelten van de geografische achtergrond
a verder in detail te bekijken. Nadat dit commando is peselecteerd (uit het menu of
vanuit de wu‘,kbdlkj zal de cursor veranderen in een vergroot glas. Het slepen
vay) het vuémot 1:];5 ]aa[ een rechthoek achrer op het scherm, Deze rechthoek
wl’Hpr(,S(,I‘llL(,I‘t het Lbled dat vergroot zal worden (de rechthoek wordt uitvergroot
totdat et Netwerk window gevuld is).

Bewaar nu je activiteiten door middel van het Save commando van het File

-
=== Bewaar het akiieve menu. Doe dit regelmatig !

project

E Door middel van het slepen van de objecten van het Netwerk Palette, wordt het
Knoop netwerk getekend. Kies het Knoop mechanisme van het palette, en klik op twee
: j o afzonderlijke posities in het Netwerk window. Kies vervolgens het Sectie
S = Sectie mechanisme en klik met de linker muisknop op één van de twee knopen.
Beweeg de muis door de Sectie te slepen van de ene knoop naar de andere.

Als de lijn tussen de twee knopen gestippeld is, betekent dit dat de knopen niet
goed verbonden zijn door de Sectie. De Knopen worden op een juiste manier
verbonden door het Selecteer mechanisme (de pijly van het palette te gebruiken.
Pak het einde van de geselecteerde Sectie op en sleep deze richting de andere
Knoaop, totdat er een doorgetrokken lijn ontstaat tussen de twee Knopen.

= Selecteer ubject

' e Cross-Sectic De pmficlc-n van dwar-sd()()rsneden worden zan de Seclie toegevoegd door het

et Cross-Section mechanisme van het palette te gebruiken. Als de gegevens over de
dwarsdoorsnede gekoppeld zijn aan de Sectie, wordt dit mechanisme blauw. Als
de Cross-Section met juist aan de sectie is gekoppeld blijft het object gestippeld.
Zolang er geen gegevens over de dwarsdoorsnede zijn ingevoerd blijft de Cross
Section pearceerd.
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|5
%‘ = {Jbject elpenschappen

Herhaal het bovenstaande proces towdat het volgende Netwerk ontstaat.

@ Dema Seenano - Network 1

D proficlen van dwarsdoorsneden worden gedehinicerd door gebruik te maken
van schema's. Dese schema’s moeten gekoppeld worden aan de Cross-Sections.
Door met de rechter muisknop op één van de Cross-Seciions te klikken. kies de
Properiies (Figenschappen) optie uit het snelmenu.

Object Pioperties E:

Geness! | RaM | Duflow |

Qbfects to Change: I7 Select objact(s] in network sdtor
Qvenide value from
network editor:

10 [C5E00000
Name: [
Sectionid:  SECO0001
X Coordnate (m} [ fieTi
X Coordnate fmp [T T
Quencemt [ i
Sgheme. l <G scherme s

_
i
i

i

Lo 1

Inhet Ghject Properries dialoog scherm. kan een schema gekoppeld worden aan
de Cross-Section, er #in cchier nog geen schema's gedefimicerd voor dit Project.
Een schema wordt wangemaakt door de .., te Kiesen achter het Scherme veld. In
het Cross Section St heme dialoog scherm, druk op Add... om het Cross Section
dialoog scherm e tonen. Voer de volgende getallen in. Gebruik de Ins en Del
toetsen voor het toe voggen of verwijderen van cen rij.

Cocel | /- | Hep
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Omdat DMS veel invoer ge vens nodig heeft, is het mogelijk om in één keer
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Nu kunnen we het River schemu aun elke Cross-Sention in het netwerk koppelen
door de Ohject - Properties optie te kiezen it het £dit menu. Het Object

gegevens in te voeren voor meerdere objecten. In het Objects to Change combo

rode driehoek van het Netwerk Palette te gebruiken. Plaats de stuw als volgt in

Sections 1n het netwerk zijn nu gekoppeld aan hetzelfde schema. De Crogs-
het Netwerk.,

onder Scheme het schermna River vanuit de keuze lijst. Klik Ok en alle Cross-
Sections worden nu blavw.
Voeg nu een kun

veld kan men keizen van welk object df: cigenschappen gewijzigd moeten
worden.
Selecteer All cross sections van het Ohjects to Change comba veld en selecteer

Properties dialoog scherm wordt nogmaals getoond, nu is het echter mogelijk

om de eigenschappen van meerdere objecten tegeiykertjd te wijzigen.

Kies OK, OK en OK, het River schema 1s nu gekoppeld
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Klik met de rechier muisknop op de stuw om de crgenschappen als volgtin e
vullon:, |
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“LL t,s uog nwé,du.k om sg}u.m,mwuc p,uptﬁn IUL IL voegen aan hey Netwerk, Na
1o een:berskening zullen (h.)ruqli,ﬁcn bu;,hrl\b,m( #ijn op de knopen. de
o gchemhutisatio punien e de rekenpunien. Rekenpanten worden gegenereerd door
f)l T'l W al e I'Ln”u fun (.t.fl sédti %r‘mt‘r‘-xdchm de gedetinieerde maximale
2 Ln,g,tL [:)r, n fo:n d[L 1¢ qn[c \am LLII[‘{CLI‘L}.J\&U] chmmwrd worden onder het
o PLFLOW ldb plad v ap het Lgit - Objt{i 1 yWvwperties dialoog scherm.

Saimnufimm puuluﬂn kuum{a, (,mk gu.hlt.;l‘fxl ¥ nrdun DI LN secte mdam;: e
Lvormeny dat degeapechyipt mct ht“ u,grhwp \#Il de waterloop. zoals op de

; gnngmtmc he nehtergrond. Om een Dy pum wan e maken moet cerst een

R <<_Hf':mlt‘ﬁ~;'d1ib'ﬁum 4 orden megu ddgd an hetadwerk. Vervalgens wordt het

, xc_bgrnlgthdw pum hu;lu,luud l\[u‘:]md dc I’Ldlru muisknop de Bending Point
aphie uit het snelmenu. Door het E)ulg_pmu I _\.iL,lel naar de gewenste positie,
wordt de sectic 20 gebogen dat het de waterloop min of meer volgt

Beenate Netwark 1

B
Pt

Door een Jozings punt aan cen schematisatic punt toe e voegen. kan een tijd
recks van een debiet. vracht of concentratie gedetineerd worden, Op een
schematisatic punt kan ook cen oppervluk gedetinicerd worden alwaar er met
neerskag rekening gehouden kan worden.

Begin voorwgarden worden aan het netwerk toceevoegd door het fairial
Conditions commandeo uit het Scenario menu te gebraiken. Veoor alle Knopen en

6] Hata ancs b snaal KAN




Schemativatie punten kiczen we cen initiéle waterhoogte van 6 meter (boven het

referentie niveau). Gebruik de Set Column,.. knop. Kies voor de kolom Level

en vul de waarde in.
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van het Precipitation dialoog
(inn optie te Kiezen uit het
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e kan een Verdamipings ujd reeks gezet,
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de wijz

importeerd of aangepast worden door middel van het Evaporation dialoog
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Na het definiéren van cen schematisatic punt, kan cen Neerslag tijd recks gezet,
herm.

meer realistisch te maken, kunnen we deze Sectie lengtes ook overschrijven door

Momenteel wordt de lengte van de Secties berekend door de Netwerk editor aan
de hand van de onderiinge posities van de Knopen. Om het ontworpen netwerk
zelf gedefinieerde waarden. Voor elke Sectie kan de waarde van de lengte als
volgt aangepast worden in het Section Object Properties dialoog scherm:
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¢ Knoop te selectercn en vervolgens het

andvoorwaarde, Randvoorwaarden
apleseepen voor deze Knoop. Druk op de
Boundary Condition dialoog scherm wordt

randvoorwaarde schema's worden
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Om ven Dehiet schema in te voeren. druk op de ... achter het Q-add veld. Kies

vervolgens de Add... knop en voer het volgende schema i

Modily Scheme ;

julwsgb‘.:.ih-;hmlen'nl o
i - ine
: Typs. comtati‘p

rone of swturation

downward seepage

root onge

. Select AY
water quality
dadaorption
runoft
demitrification
. Yake:
tesorption

3000 md/s,
Cidevrdenus T -

Hoddy. I

" IneetBefore

wuter bhalance ot !
_ Benoee |

Kies OK en QK en het (-4dd Schema 15 nu ingey oerd op Knoop 1. Herhaal

deze acties om een constant waterpeil van b meter op le geven als

rundvoorwaarde aan het andere eind van het Netwerk.

2.3. Definieer en start de berekening

Alvorens de herekening te starten, controleer de invoer van het Calewlation
Sentings dialoog scherm. Dit scherm wordt geactiveerd door de rechter muisknop
op Calculation Settings 1n de Scenario manager. Het General settings tub blad zet
het begin en eind punt van de simulatie en de grootte van de kwantiteits- en

kwaliteits tijdstap. Voer de gegevens als volgtin:

Calculation Setlings

Generdl | RAM | DUFLOW ]

wo/mm/dd  bhowniss
Statcompustion:  [RW 007 «] [ooote =
Shart output Passonor »] (oosw -
End EEEZIIR B T
- Time Stap Size
; d hymmss

: Lomputation Flow. ir;mmryj
+ Gomputation Qually:  [341 00 0
Quiput Flow: RS

Lef Lef Lel

Py



ﬁ = Bereken

g = Maak Quput zichthaar

Op het DUFLOW tab blad is het mogelijk om DUFLOW-specificke simulatie
opties te definiéren,

Hier kan gekozen worden voor het type berekening. Voer allereerst een Flow
berekening uit om te controleren of het Network juist ontworpen is. Als de Flow
berckening cenmaal geverifieerd is, kan cen kwaliteits model oegevoegd
worden. In dit dialeog scherm worden de details van de kwantiteits en kwaliteits
herekening gezet. Men kan hier de naam van het het Quality model definition
bestand invoeren. Zorg ervoor dat dit bestand geplaatst is in de Scenario
directory.

Door op Qutput Variables... t¢ drukken, kunnen de variabelen van het
kwaliteits model geselecteerd worden voor uitvoer.

In Special Control worden de speciale stuur gegevens ingevoerd, zoals het
drempel niveau, dat gangeeft bij welk waterpeil het droogval mechanisme
geactiveerd zal worden. {Standaard=0.10m).

De berekening wordt geactiveerd door de Update Al optie uit het Calcwlation
menu (6f de Caleulate knop van de werkbalk 6f de Calculate optie van hel
Scenario snelmenu). Het Gutput window toont het initialiseren van de
berekening. Het zou er als volgt uit kunnen zien:

Starting network consistency check...

Staring Duflow conversion...

Duflow conversion completed.

Writing boundary flow file C:\Winduflow\ExamplesiDemo-Scenaric\scenario.BND.
Writing netwerk file C\Winduflow\Examples\Demo™:Scenano.scenario. NET
Writing initial flow file C:-Windufiow Examples Demo Scenarioiscenario BEG.
Computing mode: Flow

De Status Balk toont het verloop van de berekening in tijdstappen. Het zou er als
volgt uit kunnen zien:

Computing flow 124( 744)

Het Output window wordt zichtbaar (of verdwijnt) door middel van de Quiput
optie uit het View menu.



2.4. Tonen van de resultaten ®

Resultaten kunnen op dric verschillende manieren eetoond worden:

- Een Tyd atinnkeljke erafick.
-een Ruimite athankehjke grafiek of
- resultaten als Tekstin cen tabel sls tunctie san de uyd.

Door de New Time Graph window optic te kiczen van het Scenario snelmenu.
worden de resultaten weergegeven ineen gralick als functic van de nyd. DMS
opent het Time Related Graph dialoog scherm. Op het DUFLOW 1ab blad is het
mogelifh om aan e geven welke varshelen op welke secties getoond moeten

waorden,

Time Related Graphs [ X}
Genmal| faM  DUFRLOW |
SOQCG oo ng to DBD‘&] s - .

SECON0E FIO0O0GO0. HO00000T

SECO0002 NED O >SCHEN000 :
im SEC00002 SCHO0000> 5 TP0000T .
e ) SECDOO02 | WEHOOm
| o dm  SEC00002:5TPODO0T->NODDO0Z

Select Al l

Show Graphs of Type:
Levet Discharge:
i Begn - I~ Begm L
I~ Center e [~ Certer L
I End {im I~ Epd F -4
< Yeloeiy L

o e

Giebruik Show Graphs of Type om te kicsen welke grootheid weerpegeven

moct worden (Walernivean, Pebict of Snclheidy van de veselecteerde Sectie

eehieden i de Objects to Display lijst, Nochet maken van een keuze wordt een

arufick getoond. Deze grafick toom et dita type dat aangek ikt is in de rijten)

vl de peselecteerde Seeties, uitgeset tegen de tjd. Het selecteren van data type

voor de grafick s ook mogelik door met de Linker muisknep op de gewenste .
sectics do linker kant van de rij aan e khikkens De plaats i de g correspondeert

met de volgorde van de Type higst.
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2.5. Kwaliteits model o

Om cen Kwaliteits model toe te voegen aan een bestaande Kwantiteits model,
moeien de voplende acties ondernemen worden.

2.5.1.Definieer het Kwaliteits Model

Om een Kwaliterrs modei toe te voegen aan het Project guan we naar de
DUFLOW tub van het Cafodarion Setrings dhaloog scherm. Hier voeren we,
beiden zonder extensic, de naam i van het Qualinn Mode! desceriprion bestand
(* MOD} en de naam van het Quality Maode! Ouipir bestand ¢4 MOB). Vul in
beide velden. bigvoorheeld de naam “Tracer” i Als het Quality Made! bestand,
Zoals hier het geval 1s, nog met aanwezig 1s i de Scenarnio directory. zal DMS
een melding geven om dit bestand aan te maken.

ben eenvoudige Qualiny Model deseription bestand zoals hieronder bevat de
defimitie van cen tracer”

;i DUFLOW COURSE FEBRUAKRY 19398 7/

/" SIMPLE TRALUEFMOLEL */

/* HINNE PEITAMA 02-01-1998 v/ .
WATER TRAC [10.0G0] mg/l ; TRACER

PRPH Ftrac [0.3100] 1/day ;DECOMPOSITION RATE TRAC

{

El(TRAC) =-FKtra~;

)

Deze besehrijving kan in het Quality Model descriprion bestund worden
ingevoerd door het Qualits Meded - Edir commando te kiezen uit het Scenario
menu, Als dese definite juist ingevoerd is. s ordt het gecompileerd door het
Quality Mudel Compile commundo te kiczen un het Scenario menu.

2.5.2.Begin Voorwaarden

Nu het kwaliteits moedel gedefinieerd s willen we ook de begin voorwaarden

hiecevoor invullen. Begin voerwaarden worden ingevoerd door het fnrtial

Conditions commando te kiezen ait het Scenario menu. Voor wlle Knopen en
Schematisatic punten zetten we eennitiéle concentratic voor Trac van 10 mg/l.

Dit doen we door middel van de Set Column. .. knop. Kies de kolom Trac en .
voer de waarde in.



2.5.3.Externe Variabelen
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2.5.4.Randvoorwaarden

D cerste Knoop heelt ook cen Kwaliteits rands oorw sarde nodig. Haal het
Praperties dialoog schenmn vir de ecerste knoop tevoornschijn, Druk op de
Boundary Conditions... knop van het General tub blad. Khk op de ... knop
achter Trac om cen Bowndary Conditionr Scheme tor Trae te definieren. Druk op
Add... inhet Select Schienie dialoop schernn ont een meuswe tigd reeks te
defimeren. Verander het type randvoorw aarde naar on-equidistant. Vul de
volgende 1ijd recks m:

Hame: ITlacf'irJdW

il

Tme Series
Type: ren equadistant 24:00:00 Moddy. .
Import...
1992010 00 R S W0 -] leseit Beloie ]
YRR 10 000 Export. I
Tz 1200 S0 Irsert Bhes |
P y Helo

13980102 1300 10000 Shiit
1958/02201 00 00 _—i‘

Remave i

Select Al

¥ Dpen Endeg

Date.

Tine: Yk
[T <) [wne = [l |

Herhaal bovenstmande stappen ont een constante coneeniratie van 10 mg/l te
detinieren als randvoorwaarde aan het andere cinde van het Netwerk. Een
kwalitcits randvoorwaarde geldt alleen voor het mstromende water,

Noot: Fen kwantiteits randvoors aarde zonder cen kwaliteits rundvoorwaarde
heett cen speciale betekenis. die de berekenings resultaten kan
betnvioeden, In nermale situatics is het daarom noodzakelijk om een
kwaliteits rundvoorwaarde voor elke kwantiteits randvoorwaarde te
definicren, zells als er slechts sprake van uitsiromend water op de rand.

2.5.5.Definieer Berekening

Alvarens de berekenimg e starten, moet cerst de imvoer van het Calenfation
Settings dialoog scherm gecontroleerd worden. it scherm wordt geactiveerd
door middel van de rechiter muisknop op Cale tdation Setings in de Scenario
manager.

Kics nu voor Type of calewdation: Flow&Quality . Zet in Ourpur Variahles de
variabele Trac aan voor het wegschripien van resuliaten,

o

Berok e berekening wordt geactiveerd door middel van de Opdate Alf optie uit het
8% = Bereken

Calenlation wienu tob de Calridate knop van de werkbalk of de Calonlate opue
uit het Scenario snehnenuy. Het Qwepre window en de Status balk geven het
verloop van de berekening weer.

Als het model kwalitens randvoorwaarden bevat zonder bijbehorende
kwantiteits randvoors warden. zullen er waarschuwimgen gegenereerd worden in
het Oriprer window,




2.6. RAM

De hierna volgende stappen kunnen slechts uitgevoerd worden met een juist
geinstalicerde RAM component,

2.6.1.Neerslag en Verdamping

Een belangrijk onderdeel van de benodigde invoer voor RAM is de neerslag en
verdumping. Om deze gegevens in e voeren, moeten de volgende stappen
ondernomen worden.

Kies het Precipirarion commando uit het Scenario menu. DMS opent het
Precipitation dialoog scherm. In dit dialoog scherm kan een Neerslag tijd reeks
ingevuld worden. Pruk eerst op de Insert Before knop om het begin van de tijd
recks in te voeren. Druk vervolgens op de Shift... knop om het Shift Values
dialoog scherm te openen en verander de start datum en tijd van de tijdreeks naar
| januari, 1998 onder Set New Start Date & Time. Terug op het Precipitation
dialoog scherm, druk op de Insert After knop. DMS voegt een nieuwe regel toc
aan de lijst. Herhaal deze actie 10 keer. Selecteer de eerste regel van de lijst.
DMS springt automatische naar het Value veld waar een waarde voor de
Neerslag in mm/dag ingevuld kan worden.

ﬁj = Bewerk Neerstuy

Vul de volgende waarden in:

i hamgym e . .
CH938/01/05 000000 5000

Shasemims 00.00.00 2000
hess/z 000000 0000

SUjlesTme 09000 2500
RIS G 00000 4000
SN0 00000 0.000
A7hessem 000006

'f§1

We willen de Dutlow berckening laten beginnen in januari 199%.



i
gi = Bewerk Verdumping

Herhaal bovenstaande stappen om de Verdamping w dehnieren. Val de
volgende waarden i

Tupe: non equickstant 24:00:00 Modify. .. ! !
100 000000 Insext Before
1958/01/04 O OO .200 Erpott.. !
TEAAT GO0 0 400 It Lltes Helo
Shit,.
— Berore |
Select Al
¥ QOpentndrg

Dae Time:
(3920101 ] [toos oo

Yaue.
= [ /sy

Noot:  Omdat de datum en tifd van de tijdrecks in oplopende volgorde ingevuld
moet worden, moet eerst de allerlaatste datum aangepast worden alvorens
de tweede datum naar 1998/01/04 e wijzigen. Als dit in de verkeerde
volgorde wordt uitgevoerd. verschijnt er cen fourmelding.

2.6.2.Definieer het Oppervlak

i
Mgnﬁz Opperviakte punt

Om het de afvoer van de vrachten naar een Knoop in het netwerk uit te rekenen,
heeft RAM mvoer nodig over het oppervlak rondom de desbetreffende Knoop.
Allereerst moct cen opperylak (Area) in het netwerk gedefinieerd worden. Een
Arca wordt altijd pekoppeld aan cen Schematisatie punt. Om een Area toe te
vocgen aun het Netwerk, sleep het Area object van de Pafesre werkbalk naar het
Schematisatie punt. Als de Arca gekoppeld s aun het Schematisatie punt. zal het
groen aphichten. anders cal het gestippeld blipven.

Dubbelklik op het Area object in het Network window om de eigenschappen op
le geven. DMS wont het Object Properiies dialoog scherm. Op het General tab
bliadd kan het otale opperviak (f aral surfacey van het gebied opgegeven worden.
I dit gevul is de oppervlukte 10000 ha cle+% m7 ). Sclecteer het RAM tab blad
om de RAM-speaificke gegevens op e geven,

De pegevens voor de Area zijn onderverdeeld in logische categorieén. Een
categorie kan geselecteerd worden uit de st Selecteer de categorie Area en
specificeer het percentage Lupaved surface op 1007

Selecteer O funpuved surfaucey van de Categorie lijst, DMS toont de Unpaved
Surface gegevens aan de rechterkant van het dialoog scherm. Omdat de gegevens
van de Linpaved Surtace nogal uitgebreid zijn en omdat ze athankelijk zijn van
het type oppervlak, is het mogelijk om in RAM met schema's e werken.
Hicrdoor s het mogelijk om de Unpaved Surface snvoer gegevens opnicuw te
gebrutken voor andere Knopern,

Kies de || knop aan de rechter Kant van Surface £ipe. [DMS wont the Select
Unipaved Surface Scheme dialoog scherm. Omdat er nog geen schema's bekend
Zijn, creeren we hier een nicuwe.

I
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Druk op de Add... knop. DMS toont het Unpaved Surface Settings dialoog

scherm. Vul de volgende waarden in:

Druk op OK. Druk op de OK knop in het Select {npaved Surface Scheme

en van het Unpaved Surface schema in het

aard

S oont de w
aloog scherm

¢ scherm, DM

dialoo

o categoric Q ({npaved surface} gekozen

als d

Ohjects Properties di

wordt,

topeties

1

BEIEErrrTy

BRI I T I I e

én kunnen op dezelfde manier ingevuld worden.

Nitrate
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eval van Ammonium
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egev

G
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s tijd recksen en kunnen worden ingevoerd

en di

1

g
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schema
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Berekenen

2.6.3

en, controleer de invoer van het Calculation

Settings dialoog scherm. Het General tub blad geeft het begin tijdstip en grootte
van de tijdstap voor de kwantiteit- en kwaliteit simulatie. Vul nu dezelfde

e start

ening op t

Alvorens de berek
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= Bereken

sirmulatic periode i, als gebruikt voor Neerslag en Verdamping. (van 1ot 10
Januart 199K,

Zet, onder het RAM tub blad. de Perform RAM Calcwdation opiie aan. De
Perform Duflow Catewlarion optie van het Duflow 1ab blad zal tegelijkertijd
uitgeschakeld worden,

De berekening wordt opgestart door middel van de £ pdate All optie van het
Calewdaticon menu. Het Ouipaer window en de Stus Balk tonen het verloop van
de berekening.

Als de simulatie afgelopen s, heeft RAM cen randvoorwaarde gegenereerd voor
het additonele debiet op het Schematisatie punt waaraan het Area object is
gckoppeld. Om deze randvonrwaarde te bekpken. dubbel klik op het Area object
in het Netwerk window . DMS opent het Object Properiies dialoog scherm. Druk
op de Boundary Conditions ... knop. Druk achrer het QAdd schema deze 1s
aangemaakt door HMS. Kies Modify ... om de thd reeks te tonen die deze
randvoorwaarde voorstelr.

Wordt een Duflow berekening nu opnicuw uitgesoend. dan zullen de resuliaten
verschillend zipn.

Als een Dutlow berckening opgestart wordt na en RAM berckening, faat de
Neerslag buiten beschouwing tijdens de Dutlow berekening (Calewlation

worden meegenomen in de berekening,
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