Stichting Toegepast Onderzoek Waterbeheer

DUFLOW for Windows V3.3

BlBLmr
o D"Owegaxstfe HAéFF

67002?‘238 241 £ 72
&genmgcn

PR i
T \\\\\\\\\\\“ i

\‘ i\\\\\\\

0000 0865
I NOV 2000

Duflow Modelling Studio

User’s Guide

-Reference Guide Duflow
-Reference Guide RAM

Arthur van Schendelstraat 816
Postbus 8090, 3503 RB Utrecht
Telefcon 030 232 11 99
Telefax 030 232 17 66

E-Mail stowa@stowa.nl

http:/fwww.stowa.nl

Publicaties en het publicatie-
overzicht van de STOWA kunt u
uitsluitend bestellen bij:
Hageman Fulfiiment

Posthus 1110

3330 CC Zwijndrecht

Telefcon: 078 - 629 33 32
Telefax 078 - 610 42 87

E-mail: hff@wxs.nl

Internet www.stowa.nl

ISBN 90-5773.106.1



TEN GELEIDE

Met verste 3.3 is er evencens geheel herziene handleidingen van DUFLOW beschikbaar. Zowel
de User's Guide DUFLOW MODELING STubto, de Reference Manual DUFLOW als de
Reference Manual RAM zijn vernicuwd. Daarnaast 1s cr een nieuwe versie van het rapport
DUFL.OW Waterkwantiteits proces beschrijvingen uitgekomen. Alle handleidingen worden
automatisch gezonden naar de DUFLOW gebruikers met een abonnement op de
Gebruikersondersteuning & Updates regeling.

In User's Guide is niet alleen aangepast aan de functionele wijzigingen in de afgelopen versies
van DMS. Op veel onderdelen is de toelichting verder uitgebreid na aanleiding van vragen van
gebruikers. De werking van de Scenario Manager en de Presentation Mode is ruim opgezet
waarbi} tevens voorbeelden zijn opgenomen. Aan het opzetten van een Kwaliteitsmodel op
basis van een bestaand Kwantitcitsmodel is ecn nicuwe hoofdstuk gewijd. De hoofdstuk
indeling van de User's Guide komt overeen met de opbouw van een model in DUFLOW.

De Reference Manual van DUFLOW geeft nu ook cen beschrijving van het bestandsformaat
versie 3.0. Eveneens wordt in het hoofdstuk DUPROL ingegaan op de de werking van de
variabele dispersic en zuurstof inslag in een kwaliteitsmodel. De Reference Manual RAM is
sterk uitgebreid door de functioncle uitbreidingen m.b.t. de onverzadigde zone en de
mogelijkheden bij het verharde oppervlak.

Internet site
DUFLOW heefl sinds kort een eigen internet domein WWW.DUFLOW.NL !!!

Vanaf de DUFLOW site kan de allernicuwste versie van DUFLOW worden gedownloaded.
Gebruikers met een abonnement op de Gebruikersondersteuning & Updateregeling kunnen de
wachtwoorden voor de installatie van de volledige versie aanvragen bij de DUFLOW helpdesk.
Meer informatie over de DUFLOW helpdesk staat uiteraard ook op de internet site.

De werkzaamheden zijn uvitgevoerd door EDS met als projectieider ir. H. Reitsma. Het project
is vanuit de STOWA begeleid door ir. I.]. Noort en ir. L.R. Wentholt.

Utrecht, augustus 2000 Dec directeur van de STOWA

Ir. J.M.J). Leenen
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1. Introduction

1.1 Duflow Modelling Studio

1.1.1 Network Editor

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

Duflow Modelling Studio consists of the foliowing components:

e Duflow water quantity and gualiy
With this program one can perform unsteady {low computations in
netwaorks of open watercourses. Duflow is also useful in simulating
the transportation of substances in free surface flow and more
complex waler quality processes.

e RAM precipitation runoft module
With ram one can calculate the supply of rainfall to the surface
flow. Rurn caleulutes the losses and deluys that occur before the
precipitation has reached the surface flow,

e MobDuflow (implemented in DMS version 3.4)
This program simulates an integrated ground water and surface
water problem by combining the groond water model ModiTow and
Duflow.

The possibility of entering component specific data depends onihe installed
components, The User's Guide gives a complete instruction about all data, which
can be entered 1in Duflow Modelling Studio when all components are installed.

The Network editor of DMS olfers the user a ool for ereating a model in a user-
friendly way. The network editor is a graphical editor that enables you to
interactively draw the network schematization. The desired object (e.g. @ node)
cun easily be selected from the Palette toolbar. The mouse is used to place the
ohject in the network window. This network editor is based on the Standard
Exchange Format (Dutch: Standaard Uitwisselings Formaal - SUF), which has
conseguences for the way i which the network is set up.

In the standard exchange format, a schematization is built up of nodes, sections
and ohjects defined on these sections.

e Nodes are points al which one or more sections arise or end.
s A section copnects two nodes,

»  Ohjects that can be defined on sections are: structures, arca points,
discharge points and objects containing cross sectional data, ete.

User's guide
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Fhe schematization s sor up and adjusied by selecting and draggmg the objects.
By selecting objects trom the Network Window . one can activate the Object
Propertics dinlog hoxowhere the propertics of these abjects can bhe modified.
Cross Sections can be upplied on misceliancous places on the secoion. The cross
sectional prolile over the entire section is interpolated between the ditferent ¢ross
sections given by the user,

1.1.2 Scenario Manager

With the Scenario Monaeer the user can eastly detine ditterent scenarios which
are hased on the st oreated model As debaudt the date ot cach seenario s
cquinadent o the base seenario, The user however can casily alter the data For
cach scenario without allecnng the data of the buse scenarion By caleulating the
dilferent scenarios and compuring the results the wser can evaduate the eftects of

the seenanios on the model

The Scenario AMunager window displiay s @ projeci-tree of the open projects and
SUCTITTOS,

1.1.3 Presentation of the Results

The Duflow miterbace s supplicd with an elaborate presentation module. The
presentation model i desioned to cive the tser optimal ~apport tor imerpretation
of the results.

Senne possibilities of the presentation module with respect o ploting are:
o Boundary condinions can be plotted o the same graph as the results,

*  Output facility 1o tables. makes it possihle wo nmport the results into
a spreadshect Tor further post processing.

o Local values can be read by aso-called harhime, Selecting o pomt
on the araph with the mouse activaes @ vertical line in the graph
window. The values of the active zraphs i the eraph window gre
printed i the legend.

o Asdde trom plotiing the quantitics with respect to time. one cun alse
plot graphs with respect te space. For space related output the user
can delime the route by using the sections as defined m the network
cditor,

o Results of the Dutlow caleulation can be spatiadiy visvalised in the
Setwork usine Presentation seript-

1.1.4 DMS Compared to Duflow 2.0x

The network schermatization in DMS can be used by each instdled component
like Druttow or RAM. This network can be casily build and changed by using the
Network editor, The nevwork sehematization im DMS B based on the Standard
Exchange Formmin. Therelore i PDNS-sehematization differs (rom the
schematization as wsed in Dutlow 206 DMS can nmpaort the Network-tiles from
a Dutiow 2.0x project and converts it to o DNIS-schemutzation.

fn DMS cross sections can he defined at any location on a section: not anly at the
begin or end of the section Bhe i Dullow 205 The loor level thotom s
delined in o cross section sehieme,

To caleubate a mode] the DMS <chematizaiion s conserted to the Dullow 2.0x
liles, which can be read by the ile Cdatloese. The numbers of the nodes and
sections in these ASCH Diles do not correspond with the ebhiect-T10 s of the [DMS
schematization!

2 » Introduction
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1.2 Hardware and Software Requirements

System requirements for using the Duflew Maodelling Studio on the Personal
Computer are:

¢ minimal 458G, suggested is o Pentium

e minimal 16 Mb internal memoaory, 4 minimum of 24 Mb is
recommended

¢ minimal 50Mb external memory

Solware requirements for running the Duflow Modelling Studio are:

e Windows95, Windows9% or WindowsNT (4.00 or higher)

1.3 Internet

Moaore und recent information about DuflTow can be found at the Duflow Internet
Site:

www.duflow.nl

1.4 Installation

The Dullow Modelling Studio consists of Setup files, a User's Guide and ¢
Reference Manual for cach compaonent. The files can be downloaded from the
Internet.

For installing a component of the Duflow Modelling Studio - Duflow, RAM or
MoDuflow - a password 1s needed.

Befure starting the installation procedure of the Duflow Modelling Studio. close
as many opened applications as possible. The program makes use of several files
idll. ocx) which might he used by other apphications. The set-up procedure will
not be able to renew these files 1f they are in use.

The installation procedure of the Dullow Modelling Studio is also described on
the Internet.

1.5 DUFLOW Helpdesk

Users of DMS can subscribe to the Duflow helpdesk. Users may contact the
helpdesk when encountering problems while using DMS. Support will only be
give to users with a subsceription on User Support and Updaes (U&LU). When the
user enrols g mistake, 1t will be solved as guickly as possible and the user will
receive the Jatest update.

Users with a subscription to the helpdesk will recerve o free update of the
package @t least once a year. In this manner, the user is assured of the corrections
made in the new releasces.

About once a year Dullow Users day is organised. Durtng this activity users miy
present therr results of using the DMS package. This Duflow users day is
particularly focused on the mutual wequaintance between users. Atlendees of
these days are informed about the latest Duflow developments.

User's guide
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1.6 Courses

Dutlow courses are regulurly organised by the e which usuadly take phace in
the course of 210 5 davs, The course s divided into the modules of [IMS with
respect o water quantity problems. water quadits problems and the use of the
precipitation runofl model.

During the course. lectures concerniy the theoretivul back eround of the model
are alternated by workshops, The purpose of the course tor the user 1o becone
Bandiar with the DMS pachage
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2. Getting Started

In this chapter « 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 parumeters, performing a calculation and viewing the

results while using DXFLOW MOBELLING STUDIO (DMS). First of all the Duflow
. component must be installed correctly.

2.1 Define a Project
After vou have started 1M, you can define a Project with the first scenario by
choosing the New command in the File menu. The New Project dialog box will
he displayed.

MNew Project ﬂ
. idemfcaton - - [ e e e e _‘ —
Narme Project Mame 1et Scanatio: ’
]Demu Fﬂ:enﬁl 03
. i L
Location I
ﬁ vt Al e ot i Demey Yerd : : # ’
Iritiod Pesiton . R - o e y ‘ clp ey
¥ Coordinate; *y, Coordinate: BNumber of Metsrs par phel N N
iMUB 400010 Ime ; '

Choose the name of a Project, say Demo. A project contains one or more
scenurios. The location of the directory of the project may be altered in the
Location fictd. A sub-directory for the {irst scenario — base scenario - is
automatically created by DMS in the Project directory. finter real values for the
co-ordinates as shown in the figure. When you build a schematization of the
water system in the so-called Network window, the left-handed hottom corner of
that window represents these initial co-ordinates. By choosing Create, a new
project is built.
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m = Show o hide the

Warkspace Manager

& = Felit Deseripiion

DINS wilb now open the sindow. known as the Work speee Meantauer, which

contaihs the Seencerio Manever.

_x

m&nam Manager ﬁ Pres st ninph

This windew shows all currently open Projeciss with then related Scenanos, in g
tree structure, Bach Scenario contams severad data collections, which will appear
or disappear by using the plus or nimus in the tree,

I the Workspuce Nanager Window s hidden vou can call by choosane the
aption Werksvpac e Monaeor in the View menu.

The Seenurio Manaeer enables sou to work with several sets of input dita within
the sume Project, Tor esample. 1t is possible to sanulate two Scenanos i ing
identical mput datas with the exception of precipitanon, This enables the user to
castlv evaluate the resubts o iosevere ranstorme The Scenurio may vontadin the
imput datacrself or itomay refer to mput data o another Scenario. Lach Scenario
registers several sets of datis Per set of datacone may choose to save the datacin
s own Scenariodirectory or recen e the data o another Scenario directors.

By choosing the opticn Deseription of the Seenario imenus an extended
desernpiion of the seenano can be stored

2.2 Building the Network

E = Open Netwark windon

= = Display Lavers

Use the Open Nepoork window command n the View mienu to apen the Network
windosw, Inthis window aonerwork schematizanon can be created andfor
Interactively modited.

W H [Fan eon s not visible mone ot the teoelbars choose Crstomize. L in the
Options imend, DMS will show the Customi-e diadog hos

The buttanss of the commuands belongime o the selected catevory are
displascd onthe Command tab By dragzing o button 1o g toolhar the
button 1 added o the oolbar, By dragoimy 1t s trom the toolbar, the
button will be yemoved from the wolbar

The Network can be build onacgeographical bachoround by first checking the
aphion Lise veawiapliic g as bockerornd i the Projects Propertios diadog box,
This box appeirs by rsing the Properties compand in the Project menu,

Toadd Lvers 1o the Network window choose the Diiprfay Lavers woon on the

Pulette tontbar, DNS sl shos the Paosploy Pevers dindoy bos,

e the Add button tooadd Livers 1o the Network window . DAS will open the
Olper Fite diidog bog Ondy shape Tles con be wsed tor s ers in DMS, Sciet the
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:. L = Zonm iR

g = Suve the active project

' = Nede
A

700 = Section

[:3 .= Select object

shape-file Water,shp' from the Winfufiow/Shapes directory in the File Open
dialog box. This shape file contains the walerways of a region in the Netherlands.

When a shape-file 1s selected, DMS will show the Color dialog box to choose the
right color - e.g. blue - for the selected layer. After the selection of a color DMS
will rewurn to the Display Lavers diddog box. The order of the layers in this fist
carresponds with the order in which the layers are displayed in the Network
window. To modify this order, select a layer and press the Up or Down button.
Now add the Cities.shp file to the avers Jist. This file contains the ¢ities of the
region.

The Network window will look like this:

M Demo:Scenario - Network 1

Lse the Zooming Tool 1o show parts of the geographical background in more
detail. After selecting this command (from the menu or the toolbar) the cursor
will chunge into @ magnifying glass. Dragging the cursor displays a rectangle on
the screen. This rectangle represents the area that will be magnilied (the
rectangle will be hlown up untl it {ilks the Network window).

Save your work now using the Save command [rom the Fife menu. Do this
regulurly!

By dragging the objects from the Network Palette, you can draw your network.
From the paletie, choose the Node ool and click at two positions in the Network
Window. Next choose the Section tool and click the Jeft mouse button on one of
the two Nodes. Move the mouse by dragging the section towards the other Node
and release the mouse button. The length of the sections 1y calculated by the
Network editor based on the positions of the Nodes,

[1 the line between twao nodes remains dotted, it means that the Nodes are not
correctly connected by the Section. The Nodes can be properly connected by
using the Sefect ool ithe arrow) from the palette and dragging the end of the
selected Section until the line is camplete.

" Geographical background: Topografische ondergrond €& Topografische Dienst, Emmen. The shape-files Water.shp
and Cities.shp may only be used for demonstration purposes,

User's guide
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hd = Cross Section

ﬁ = Object propertics

Cross Seetions are wdded 1o the Seetion by using the Crosy Section ool from the
paictte. When the cross scenonal data is connected o the sectiom gt appears
cross-hatched red. W ithe Cross Sectron s not properhy connected o the seetion,
s outline will remain dotted.

Repeat the above process until the tollewing network i created:

Cross Seetional data are detined by using Schemes. These Schemes must be
connected to the Crosy Sections. By clicking the cight mouse button on one of
the Crovy Sections. choose e option Properties from the contest-menu.

Object Properties ﬂ

Geners) IFV‘-,M l Enuflersy l

Ohyerts 1o Change
<8 g = Seled obeois) o networs edior

l WCLCoons L] Ovemde value fror
retw sk, erhtor

oo

Heme ﬁ
Gectonwd  SECODIN
X Coordnate () r—’__“— 147810 r
¢ Coordinate (ry ‘—’—' 415749
Dissnceimy [ 6599
Seheme 1 ot Zl ‘_J

; oy Cancel J Haip J

[ the Ohject Properties didlog box the Scheme mas now be comnected 1o the
Cross Sccton. however no Schemes are defined tor this Project set. A Scheme s
created by choosing the oo behind the Selieree box . Inthe € ross Section Scheme
dialoe box. choose Add. . ind the Cress Section diddog box will appear. Choose
the mput as shown below . Tomsert and delete a row i the table use the Ins and
Del key,
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Cross Sechon

Lype Lire ot I} . <
. : HGw width i .
Flowr Lervel (m): ] i : : -
[ .
Surtets (g} r . 4 : .
Eydr. Fadius () r T
Besistance {c ork) r !
" “Hsigh (ra) Elpewidth i | Wax Watth () | C el LTI s
1 I 7 2 R e
T s ‘ : . Sl
3| 1 0 oL : St

Use the TAE and CTRLYDEL kay 1o insen anif delete rows while edifing the oid.

Choose OK, OK and OK, the River Scheme has now heen connected to one
Crasy Section,

We are able to connect the River Scheme to every Craoss Section in the network
by choosing the Object - Praperties option of the £dit menu. Again the Ohbject
Properties dinlog box is shown, yet now it 1s also possible to alter several
ohjects simultancously.

o

= Edit Properties of
Netwark objects

Because DMS requires a lot of data, 1t allows the user to simultancously enter
data for a number of objects, In the Objects to Change combobox you can choose
the ohjects you want to change.

Select Al Cross Sections from the Objects to Change combo box and behind
Seheme, select the Scheme River [rom the pull down list box. Click Ok and all
ol the Crosy Sections in the network are connected to the same Scheme. The
Crass Sections will now appear biue.

). Wor Now add a structure - in this case a weir - 1o the network, by choosing the red
e e trapezium of the Network Palette and placing it into the network as follows:

Cther structures.

ﬁ = Sipgthon
M = Culvert
1 = Pump

= Greneral structire

User's guide Getling Started » 9



[~

= Selematization point
(er bendinis poiily

In this mamner aowerr s added o the network on the sceond section. Betore
Doflow starts it calculation: this secton widl be split up mito tw o separate
seCllons.

Chick the right mouse button on the werr to choose the wenr propertios as ollows:

ies [ ]

Gneral IRAM | Diutlerw |

Object Propel

Dbeds to Change
' E ¥ Seled ohjgrtis) nnetwork edeo:

| P EIG0NT L‘
L NSTSAETS
Hame |

Stucture gointid

Lustance ()

£ rowm \Width fro)
Lravwn Height {rn)
Mu positree direction relow
Hu negative directinn pvadlow

CF Cance! Help

[s also posaible 1o wld Schematization-points to the netw ork. Results of the
cadenlation will be wvailabic on the Nodes, Stroactures. Schematization points and
Calculation pats, Deflow cenerates Calculation pomis when the length of
section esceeds the defined maximuny fengthn el the masium spuce step. This
maximum leneth can be defined by the user for cach <ection on the Dullow b
i the fedic Cfyects - Propertieys diidoy box,

Schematization points can also be used to bend asection to Bt the waters s
represented by the ecopruphical background. Fo create wso called Bendimg
pomt. add a Schematization point o aosection dirst, Then select the
Scherntization point and click anthe nghUinowse button und select the option
Bending point trom the context menu, By draceing the Bending point o the
destred positton on the waterwan the section will bend and more oc less follow”

the wakerwiy.

W Demo Scenario - Network 1
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@ = Discharge point

By adding a Discharge point at Schematization points you can define a time
series of discharged water or wasted load or concentration.

2.3 Flow Model

To turn a network schematization in a flow model only the following three steps
has 10 be taken;

- Define Initial Conditions
- Define Boundary Conditions
- Configure the calculation

2.3.1 Initial Conditions

Initial conditions are added to the network by wsing the Initial Conditions
command in the Scenario menu, For all Nodes and Schematization points we will
now choose an initial discharge of 3 m3/s and a initial level of 6 melers (above
the reference level). Use the Set Column... butten. Choose the column
Discharge or [evel and enter the appropriate value,

2.3.2 Boundary Conditions

In this network a Boundary Condition at the upstream boundary of the water
system. the node at the right-handed upper side of the Network, should be
defined. The Boundary Conditions can be configured by sclecting the correct
Nede and activating the Object Properties dialog box for this node. Click the
Boundary Conditions... button. The Boundary Condition dialog box will
appear. First a Boundary Scheme should be defined.

To add a Q-Add Scheme click on the ... button behind the text box. Then click
on the Add... button. The following scheme is configured:

Modily Scheme

Name: iP\lverBBund
Time Saries ~ - - - i . Qancél
Type: constant Moty ! i
; [mport..
o Insernt Bafors !

Expart..

Heip

)
H
. Bemove i

;

. ,S_electAii 1 E

{

Insernt After

ql
ol

‘Yalue:

EXTH m3fs. f :

Click OK and OK and the Q-Add Scheme is now connected to the first Node.
Repeat these actions Lo define a constant Level of 6 metres as a Boundary
Condition on the other end of the Network.

Nodes on which Boundary Conditions are defined have a brighter color than
other nodes.

User's guide
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2.3.3 Configure and Start the Calculation

Betore starting the calenlation cheek the input in the Cafedation Settings dialog
hox. This box is activated by double clicking on Colendation Seitings in the
Scenario manager. On the tah General the caleulation period and time step tor
MTow . quahty wnd output can be set. Enter the following salues:

Calculntion Setiings [ x|

Generml [p;.m | D'JFLOW|
vyl mmidd hh mm.ss
Star compotahon T __J I:’!. AT
Star Sutput ;'_ K zj [ EE
End [

Tirne Slep Size

Lt bt e

dhhmmse

Cornputation Flowy [ LJ
Cormpuaton Gualty, G ;1
utput Flerar [ - i

[ ] Cancel ] ] Help ,

The tab DutTow allows vou 1o set the Dutlow specific caleulation opuons,

Calculation Settings B8

General | Fapd  DUFLOW |

% Fedorm Duflow Caloylsnon

Type of Calculanon 1‘ z‘

Hydraulic Calculstion

Fresistancs forrin [ et ~]

alc ot schectonism I L El

Thetm (@5-1 1) i v Extra teration

Juslty Calcuistion

Zianlry Made! [
Theta -1 T ™ Decouple
Cutput vanables

Loher
Special control Ereiude tram calcutaton
v e
4 1 nor
i ar l Cancel ] l Help J

The type of caleulation can be chosen here. Choose a Flow culeulutuion to check
ifihe Network the Flow mioded - hus been desioned correctly. When the ow
caleulaton is verhed @ guadity maded can be sdded. The detals for the
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;.s

% = Caleulate

E = Show or hide Owipit

Hydraulic and Quality caleulation are sct in this dialog box. In Special Control
the special controfl data are set, such as the threshold fevel which is the value of
the water level at which the dry flood procedure is activated (Default=0.10 m).

The caleulation is activated by choosing the Update All option from the
Calrulation Menu or F5. The Outpur window shows the initiglisation of the
caleulation, Tt may be something tike:

Starting network consistency check. .

Check completed.

Starting Duflow conversion. ..

Duflow conversion completed.

Writing project file C:WinDutlow:config.duf.

Duffow conversion completed.

Writing centrol file ChwinDuflow:Projects:DemovScenarioscenario. CTRH.
Writing network file CiWinDuflow\Projects:DemotiScenarioiscenario. NET.
Writing boundary flow file C:WinDuflow:Projects\Demo\Scenarig:scenaric. BND.
Writing initial flow file CrwinDuflow Projects:DemoScenario:scenario. BEG,
Writing conversion id's file G WinDutiow'ProjectsiDemecy:Scenariotscenario sid.
Computing mode: Flow

The Staties 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 Output window by choosing the option Output in de
View menu.

2.4 Display the Results

Results can be displayed in three different ways:

- A Time Related Graph,

- A Spuce Related Graph,

- As Text ina table as a function of time,

- In the Network window in Presentation mode.

By choosing the New Time CGraph window option from the Scenario Context
menu, the results will be displayed in a graph as a function of time. DMS will
open the Time Related Graph didlog box. On the Duflow tab you can define
which variables in which sections have to he displayed.

Time Related Graphs

General] FaM  DURLOW I

- Soyree Objactz 1o Cisplay. ) ’ i R
il . SECOONT.NODWUIRISCHOO0N
[ | N  SECHONOTSCHODOEETRI00

in im o ... SECOUGDY wWEWORS . o
BECBOB0T STRI0306SHOBOBRE
N o
SetectAll '
Shis Sraphia of Type R R R EU
Leve! . Discharge. - Floar Hsight Vates Dogth — - 1

Begin % fm r e o ow oW

P Cenfgr i~ & ro& 4 reome row i
Eng: " e ro& oW T e

.i_i Tl Welocity 7
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[ Show Graphs of Ty pe to choose the tope ol craph olevel Pischaree or
Velooity yof the selected objectsin the Objects to Display Histo Adter o selection
I~ tde. o piotare represennng the dati tpe is displas cd i the rowiss al the
selected objects, Selection of the data tvpe o be displaved e praphs s ulso
possible by chickmge wonh the Tef metse button on the Tert skde of the rowisy of
the Objects to Displuy Tt The position i the row corre~pands with the order i
the data tvpes ik

Ater choosing the oprions ws displased above DNTS wall show w avaph like this:

M Demo Scenario - Graph 2 !Elﬂ

By choosme the Space Grapdr b iadow aption ot tie Scenatio contest menu.
e results will be displaved as a tuncieon of space. PATS wall open the Space
Redeitod Crraple diadog Do Bt you haeve to detime the route sowwant o displus
in the craph by double clicking on the sections, A\ route consist- ol one oy more
sechons. Alter delining or selecting the route vou can select the vanables which
[ieve 1o be displased. Tiothe Speece Releed Crapds vondos L von canniove
Buckward or toraand in e by using the buntons beneah the eraph

The tinad Space Retated graph swall look ke this:

1 Demo Scenario - Graph : 3 !EB

[ . [t evE e

CH ] e ]

Fordisplinving the results as et table you b 1o choose the New Feay
wistddens option fron the Seenarto Contestmenu PSS wall apenothe P
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. Related Graph dialog box. On the Duflow tzb vou can define which variubles in
which sections have to he displayed in the wable.

2.5 Quality Model

To muke a Quality Model out of an existing Flow model, the following actions
need to be carried out;

- Define Quality Description file.

- Define Initial Conditions Tor Quality,

- Define Boundary Conditions for Quality,
- Define External Variabices,

- Configure the Caleulation.

2.5.1 Define the Quality Description File

Toadd a Quality Model Deseription file to the Project enter the name of the

Quality Model description file without the extension (7. MOD) in the Duflow tab
. of the Calculation Settings dialog box. For example, enter the name “Tracer™ in

hoth fields. [f the Quality Mode! file, like in this case, does not exist in the

Scenario directory, DMS will prompt you (o create it

A simple Quality Model description file like below contains the definition of o

lracer:

JroDufiow COURPLE FEBRUARFY 1353% s

/r DiMEPLE T FMODEL s/
/* HINNE PZITSHME 02-01-1%%% >/
WETER  TRET 110.000] e/l s TRACER

BRI Frrac [G.0100] 1/cdzy i DECOMEGEITION RATE TRAC

FilTRAC ) =-Vhran;

i

You can enter this description in the Quality Model description file by choosing
the Quality Model - Fedit command from the Scerarie menu. If this definition is
inserted correctly - do not forget the blank hine at the end - 11 can he compiled by
choosing the Quality Model Compile command from the Scenario menu,

2.5.2 Initial Conditions

Now thul the quality mode! is defined. we would like to enter the Initial Quality
Conditions. Initial conditions are added to the network by using the fnitial
Conditiony command in the Seenario menu, For all Nodes and Schematization
points we will now choose an initia! concentration for Trac of 11) mg/l. To do
this, use the Set Column... button, Choose the column Trac and enter the value.

2.5.3 Boundary Conditions

The node at the right-handed upper side of the network must also have a Quality
houndary condition. Chaosce the Properties diaiog box of that node. Choose
Boundary Conditions... on the 1ab General. Choose the ... button behind Trae
o define a Boundary Condition Scheme for Trac, Choose Add... in the Select
Seheme digkog box 1o add a new time series. Modify the type of boundary
condition 10 non-eguidistant. Enter the following time series:
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Add Scheme 4 .

MName: | 94
Time Zehes rancal l
Type  nooegqudistan 240009 HModry
Jigelag
0 R : ; j Irser Batars
_ I Evpon
; Insernt Aher
Help
Lo i, i oo f ‘Jhm
0040 (0 10006000
Fernove
Zelect All
Date Tirne: Walue
oo 3 O o
Kepeat these actions to deline a constant concentration of 10 my/l as g boundary .

condition on the other end of the Network, A quality boundary condinion is only
vahd for the incoming water!

Noter A Tlow houndars condition without ans quality boundary condinon has a
special meanme. which may influence the resabis, In normal situations i
15 theretore necessary 1o define wqualits boundary condiion tor every
Now boundary condition even it there s only outflow at the boundary.

2.5.4 External Variables

Dyispersion is iy external variable, which his o be detined mevers Qualny
Model An externad vanable can be wdded by double clicking on Bxternal
variahles inthe Scenario Munager, Choose the exiernal variable “d” trom i the
Merdifv Faternal Variables diidog boy and choose Modifyv... Then choose
Add... inthe Sefect Sclicnie diglog bux 1o add the folfowing scheme for the
dispersion id).

Add Scheme .
Hame [ o - ooy

Time Tenes

|

Type constent Hodit,
Irnpornt
In~en Botore
Espon

it
Wl

s et After
Help

e
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After creating schemes for Bxternal Variables you need 1o connect an External
Variables scheme to all Nodes, Schematization points and Structures. In this
example the scheme RiverDispersion will be used for every object. Choose
Connect to alf objects from the context menu jn the Scenario Manager on
External Variahles. Use the Arrow button hehind the Exlernal Variable *d” -
which appears by selecting the input field - 10 select the RiverDispersion
scheme.

In this case a constant value for the dispersion coefficient is used. Ttis also
possible to let Duflow calealate the dispersion coefficient using the properties of
the flow (D=D+ o, {(Hlow)). For technical details please refer to the Duflow
Reference Manual.

2.5.5 Configure and Start the Calculation

N
,"f,; = Calculute

Betore starting the calculation, check the input in the Caleulation Settings dialog
box. This box is activated by the right mouse button on Calculation Settings in
the Scenario manager.

Choose as Type of calcalation: Flow&Quality. In Gurpur Variables check the
variable Trac of the Quality Model t he available for output.

The caleulation is activated by choosing the Update Afl option from the
Calewlation Menu (or the Calewlate toolbar button or the Calculate option from
the Scenario Context menu). The Qutput window and the Status bar will show
the progress of the calculation.

If your model contains uality boundary conditions without flow boundary
conditions warnings witl gencrated in the Queput window.

2.6 RAM

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

2.6.1 Precipitation and Evaporation

%M = Ldit Precipitation

An important part of the input required by RAM is the precipitation and the
evaporation. To enter this data please follow these mstructions:

Choose the Precipitation command in the Scenario Menu. DMS will show you
the Precipitation dialog box. In this dialog box a Precipitation time series can be
inserted. First click on the Insert Before button to enter the beginning of the
time series. Next click the Shift... button to open the Shift Values dialog box
and change the start date and time of the time series 1o January 17, 2000 under
Set New Start Date & Time. Buck on the Precipitation dialog bux, press the
Insert After button. DMS will insert a new line. Repeat this action 10 times.
Scleet the first line in the hst. DMS will automatically jump to the Value ficld
where a value for the Precipitation in mm/day can be entered.

Enter the values as shown below:
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o = Leit Evaporation

oy
Tume Senes rancel
Type  nonequidiitant 240000 Mty
Impon
i : _] Insen Belore
: = Erpon
B P Insen After
. Help

St

Beran smw

ddais

Seiect Al

Liate Tine ot

ol - 4 i 3: mrrfday

Repeat these steps tor entering the BEvaporation. hat enier the following vulues:

Oh
Tirne Senes Carcel
Type: nonequdistant 244000 odit,
impart
T s et Gstors
: : R _l Erpor i
2000/01/10 0000 60 0 000000 Inzen Ater Help
o Shit
Earmoee
Lelect A
Lmte Tiere alue
SR = [ e,

Because the date and thine of the tme series need 1o be histed inan
increasing order the final date mustfirst be madibied hetore altering the
second date 1o 2000/0 804 110~ done i ditterent order, an error
message will appeor.

2.6.2 Configure the Area
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» _ Area poring In arder to calculate the runoff and the !nqu m.u schematization point in the
network, RAM needs to know the properties of the arca, around the
schematization point, from which the runoft has to be taken into account. First
vou have to define an Area in the Network. An Areais always attached o a
Schemutization point. To add an Arca to the Network drag the Area object from
the Paletre toolbur 1o the schematization point in the Network. I the Area 1s
attached 1o the schemutization point 1t will become green, otherwise it will
appear dotted.

Afler connecting an area o 4 schematization point, it can be moved - by
dragging it - away from the schematization pointto a 'free’ part in the Network
window,

Demo:Scenario - Network : 1

To enter the properties of the Arca. double-click on the object i the Network
window, DMS will show the Object Propertics dialog box. On the General tub
you can enter the Toted surface o the arca. In this case the surface is 10000 hy
(le+% mo) Select the RAM b 1o insert the RAM-specific data.

Ubject Properties B

Genegral FAM ]Duﬁuw’

. - Lihjects to Change: Cateqony - Ates Semngs o
:
G CIRNCT 1Y SRR
Caterjories
o “Qpen'Watat [T 15
i |

-y %Greenhauses [ l’.
“hewerty |G i
L OOpen waEls © et ether Paved [ |4 !

L peneed cuntane

o wnpaed (3l

Q. l Cancel j s HMeip

The amount of daty per Area is spht into Jogical categories. A category can be
. selected in the categories listhox, Select the category Area and specify the
percentage of Lapaved susfuce at 1005
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Seleet O anpreived surfitee i the Categories Tisthox IMS swill displas the
Unpeved Surface settings at the rght side of the dialog. Because the apaved
Surface sethings are rather extensive and becanse thes depend on the tepe of
surface of the node, RAM works with schemes. This enubles one to stimphy reuse
the fupperved Sierface settings tor other Nodes,

Choose the o] batton at the nght side of Surtace tvpe, DAS will show the
Select Unpreoved Surjuce Scheme dialog box Sinee there are no schenes
availahle. a new one must be added.

Choose the Add... button, DMS will displas the Fnprved Surtoce Sereings
dialog hox. Enrer the tellowing values:

Unpaved Surlace Setlings ;

CIK.
Surace Tyoe S0 i -
Caniel l
Geners Atnbutes
Help
Wale I
L - svanced
[l ) ) )
5 I Scanario
F2 | 7+ ZHe:trCascades
Fazqmoe Rumber of Resecsgrs
Pt [rorn .
LB [rree; Slaw
Ball O R '
BLmin [rnrn Quick
Pperemat {mmiday i i
r";mar (rr.rr;’da:{ 7 Limeh T Asradel
surface [da
Vak dag] Frayenhof van de Lau:
b slow [day MHumber = Resersns
| .
Bglow [} Slow My — :
Qugck ¥y

Press the OK button. Press the OK button in the Sclecr upaved Surface Scheme
dindoy hox, DMS will show the values of the Unpas ed Serface ~chieme in the
Ojects Propertioy dindog hoxowhen the categors O U apaned sirface ) s

selected,

You can enter data for the other categories follow iy the swme strategs. In cuse
of Ammoniuni Nitrate and Phosphor, RAN wlso uses schemes, These schemes
arcin fact tme series and can be entered using dinlog boves that has e a similar
appeiranee as the Preaipitation and Evdporatioar dialog bos

2.6.3 Configure and Start the Calculation

.
&% = Cebendate

Betore starting the caleutation cheek the input i the Codewdation Settines dialog
hox. This bos 1y activated by the double Clicking an the Caleadearion Sertes in
the Scenano manuger. Eater as caleulation period the sinne period as used in the
e series Tor the Prectpiiation and the Evaporation dtrom 1o 10 January 2000).

On the RANM 1 choose the optian Perfors RAM Cualowlarion. Uncheck the
aption Perforn Dofleny Caleafation on the Dutlow b,

The caleulution is activated by chioosing the £ pdare AT opuon from the
Caferdation Menu or FS,

Afier the caloubation, RAM has seneraied o boundary condivion for the additonal
dischurge on the schematizanion pomt o whieh the Area s attached. To show
these boundary condition double-click onthe Areaon the Network window,
DMS will open the Ohjecr Properties didog hox, Click on the Boundary
Conditions ... button, Chok L, hehind the QA scheme that is made by DMS,
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Choose Modify... to display the time series that represents the boundary
condition.

When a Duflow calculation 1s performed again the results of the flow
computation will differ from the first computation. In the first Duflow
computation no Precipitation was taken into account.

A Duflow caleulation can be performed automatically after & RAM caleulation
by checking the option Perform Duflow Calculation (Caleulation Settings -
Duflow tab).

2.7 Scenario Manager

e 3.}

- B Dema
. ﬁ ICENErTL
Lo
£B ~alcutation cemnings
B Cescraprion
g Nemwork
T EreCTIplLation®
& Eeapurarions
B wing Directione
W omg veinciny.
- __’ srhemes
T L7
%o

fepctd
CoarenteatyonT
Load®

By unpased Lurfacer
o Gualify models
 Tmisl candinions

Farameress
Ernernal ariakblesr
STruChure Control

New Scencrio

Seenario Properties

Changing values

A Scenario contains the input data of the model. The input data of & model are
divided nto several subjects. These subjects are visible in the Scenario Manager.
Double clicking on the subject 1n the Scenarie Manager will open a related
window or dialog box. Clicking with the right mouse button on the subject in the
Scenario Manager will open the context menu. The scenario, which is displayed
in a bold font, is the so-called active seenario. Commands given by menu choices
or toolbars will always be executed for the active seenario.

With the Scenario Manager the user also can define more scenarios in the same
project. Other scenarios cun be defined when the user wants to calculate the
effect of chunges in the base scenario,

By adjusting the Scenario Properties, the user can easily combine input data
from different scenarios. If in the Scenario Manager the subject is marked with
an asterisk, this means that these data are used from another scenario. The
subjects in the hase scenario are of course never marked.

When using references to other scenarios, the data is shared. Modifying the
shared data at one location meuns that the data will be changed for all scenarios
sharing this datu. In case of a new scenario — second, third ete. - the user can
choose for cach subject of that scepario to use the data from another scenario
(reference) or to define a local copy and use this data {own data). The default
value for the source of a subject in & new scenario is always set on a reference to
the base scenario.

In this case we will analyse the effect on the results when using other Boundary
Conditions. First create @ new scenario by opening the context menu after
selection of the Project Demo in the Scenario Manager, choose New Scencrio.
Name the new scenario ScenBound. The new scenurio shares its data with the
base scenario, To use other boundary conditicns in the second scenario do the
following,

Choose Scenario Properties from the context menu after the selection of the
second scenario SeenBound in the Scenario Manager. DMS will apen the
Scenario Properties dicdog box. Change the source of the subject ObjectDuta
into 'Own data', change also the subject J-add into "Own data’ (tab General).
In the Scenario Manager disappears the asterisk behind Qudd (schemes) of
scenario ScenBound.

Double-click on the subject -Add (scheme) of scenario ScenBound in the
Scenano Manager. Select the scheme RiverBound and change the constant
value to 6 m'fday.
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Tip There is an alternative was to caleulate a new scenario
with other Boundary Conditions. Take the following
achions.

I Create aonew houndary scheme RiverBound6 tor (- addd
6 m fdas )y in the Base scenario Seenario,

20 Create o new seenario ScenBound2.

oChange in the Secnario Properties dfiedoge the source of
the Ofyject Daterinto "Own data’

4. Open the Network window ot seenano ScenBound?2,
seiect the boundars node and connect the Q-add scheme
RiverBound6 1o that node tinstead of Riverbound)

Calewlation Cualculiate the scenario ScenBound by giving the Cedordede command i the
context menu afier selection of the scenano ScenBound in the Scenario
Munager.

Results Dyisplay the resulis of both scenzrnos i ane Tane Graph wimdow. Open a .
Network window . select copthe weir and open the contest menu. Choose

Dugflens New Towe Graple windew, DMS will open the e Relored ol

dictlog bos (the weir is the only avalable sectien’y, Select the Level Begin and
Level End for the sowrce Scenario and also for the <ource SeenBound. After

choosng Ok DAS will open o Time Related Graph w4 hines.

22 « Getting Started User's guide



3. User Interface

3.1 User Interface Components

. The user interface of the Duflow Maodelling Studio (DMS) consists of the
following components:

s Mcnu bar

s Toolbars

*  Status har

*  Workspace with the Network window and Results windows

s Workspace Manager window (including the Scenario Manager)

e Outpul window

Lletizw Modteling Slods BlgnG Seenann Network 1] BEIR]

L e L R e —— 19 xf
CoEW E a3 FR G D upesenme- o v] W% R B H Q.‘l: ElRl;n‘J Seenano ‘.} C
y - — 3 B Yo el oo vl
.. S - N Snproman BRI
Feeidbursy ® 8 2 Y sounato
- 55 “alrulakien fettings
¢ orzcrignion
E X} % Nevwors ki
F T krecipitation t
Suapnrarson
! wind GiresTien
. v = wing wptoraty
Sk . 4 _j Zehemas
Workspace w0 ¥ BF vnpasnd surface
"'N-J.E__ S sl 17y model
T o xnizial cendivions

Rl o

Paraparecs
Bxtarnal sariabies
Seruzture Conerol

Werkspuee
Muniuger

uiput
window

Stertus bar,

Echt the svaporation : A j

In DMS commands can he given at five different ways;

. » By muaking a choices in the menu bar. |
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By making choices in the context menu. The context menu appears
on the sereen by cheking on the right mouse button. The contents
of the menu depends on the place where und on the selecton which
1s made hetore the mouse button is pressed.

o By double-clicking on the left mouse button on a selected object or
suhject,

s By clicking on toolbar wwons
o By using kevboard keys

Note that menu bar. toolhar and Key ¢commuands are alway s executed for the
Active Scenario. Use the Setas Active Scenario command 1o change the Active
Scenario (see chapter & Scenario Munager .

3.2 Menu Bar

3.2.1 File Menu

The DMS Menu bur. contuns the Tollowing menus

o [ile
e [dit
e View

o Project

*  Scenario

o Cualeulation
e  Options

s Window

o llelp

Note that if the Menu har is used to give commands. these commands are always
exceuted for the Active Scenano. Use the Set as Active Scenario comsnand 1
chunge the Active Scenano dsee chapter 6 Scenario Manager).

If other applications are often used in combination with DMS. the user can udd
these tools 10 the View mena by using the Customize Toolhars, Menos und
Windows commuand.

The File menua offers the 1ollowing commands:

New,,. Create a new setof mput- and outpur-tifes fa
new projects

Open... Gpenan cxisting project file.

Close Close un apen project

Save Suve a project file using the same file name.

Import... Impon custimg Duiflow project files made in
a4 DOS-versiom,

Print... Print the contents of the actihve view

Print Preview Display the view contents on the screen. us it

would appear printed.
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Print Setup... Select a printer and printer connection.

Recently opened Files (1-6) Open the selected project from the list with
the most recently opened projects.
Exit Exit the Duflow Modelling Studio.

3.2.2 Edit Menu

The Edit menu offers the following commands:

Undo Undo the last action (not all actions can be
undone).

Cut Cut the selection.

Copy Copy the selection.

Paste Puste the selection.

Ohjects ™ Properties... Ldit the properties of all network objects.
Select... Checks the nodes for selection.
Graphs/Table. .. Set display options per node for Graph and

Table Windows.
Colors,., Configure the colors of the Graph Windows.
Window properties Set the display propenties of the Network
Window or the Graph window.
Presentation Mode Set the seript for the presentation mode.
Presentation Scripts... Edit all presentation seripts schemes,
Fditable Allow or prohibit changes in the Newwork
Window.

3.2.3 View Menu

The View menu offers the following commands:

Toolhar Show or hide wolbars.
Status Bar Show or hide the Status bar.
Workbook Show windows as worksheets in a workbook

ar as normal windows.

Workspace Manager Show or hide the Workspuce Munager
Window (including the Scenario Manager).

Output Show or hide the Output Window.

Full Screen Muximize the active Workspace window to
screen size.

New Text Window... Open a new Text output window

New Time Graph Window... Open a new Time Related output window

New Space Graph Window... Open a new Craph Related output window

Open Network Window Open a new Network window

3.2.4 Project Menu

The Project menu offers the following commands:
Properties... Set the properties of the project.
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3.2.5 Scenario Menu

The Scenario menu ofters the followmyg commands:

Calculation Settings. .. Set the duta controllime the cateulunion,
Deseription... bt thie doscripioon of the scenare,
Properties... Sctthe properiics af tha seenario,
Delete Pelete the seerar:
Precipitation. .. Fedit prectpitatnen paramerers
Fvaporation... b esaporation paramerers
Wind direction... Pt wind directon parameter
VWind velocity ... Falit wind velocity patianeters.,
Schemes P Level... Fdivald level bownedary ~chemes
OH... Bt ail QH-relunon boundary schenies,
O-Add... Faitadl Q- Add boundary scheres
Concentriation... Falitadl conwentraten boundary schemes,
Laoad... Fditall lowed boundars ~chemes,
Impaort time scries ... Read all time senes froonan ASCH-file,
Expurt time serices... MWrite all tine cries 1 an ASCH-he
[ npaved schemes... Editihe unpased schemes
Quulity model Edit Fdit the Quadivs nooded
» Compile Compile the Quadine meedel.
Initial conditions... Setthe initul conditions for the scenurio
Parameters, .. Setthe parimeters for the Quality maede].
External Variables. .. St the caternal variables,
Structure Control,,, Sct the stscture control tor the ~cenario.

3.2.6 Calculation Menu

The Calculation menu otfers the tallowimg conumands:

(. pdate All [ pudate the calonlanon
This conmmiand evecures the following three
commuards: Consert Nevwork, Woite Dutlow
tbes. Run Dutlos el

Convert Network Convert the DANS network into o Dutlow
etk

Write Duffow fikes MWrite the Duotlos tiles

itun Duflow model Run the Dullow model using the Dutlow
e,

Cleanup Network Clean the Nevwork somdaw by removing the
Culeulutions points and re-color the objects,

Reset Frrors Reset the crrors s the Netaork window, The
red-colored obicct vl reeenve ther original
L'ui(i]',

Terminate Calculation Terminate the abeulanon ar comptlation

3.2.7 Options Menu

The Options menu otlers the tollowing commands:

Customize. .. Contigures the DMS tonlbars. mcnus and

windo -

Scttings... Suls thie directorios for the presentition
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3.2.8 Window Menu

3.2.9 Help Menu

seripts and other program settings.

The Window menu offers the following commands, which enable you to arrange
multiple projeet windows in the Workspace.

Cascade Arrunges windows in an overlupped fashion.
Tile Arranges windows in non-overlapped tiles.
Arrange Icons Arranges icons of minimised windows,
Window 1,2, ... Activates the specified window.

Windows Customizes the appearance of the windows in

the Workspace.

The Help menu offers the following commiands, which provide you assistance
with IDMS.

Help Topics Pravides the topics on which you can get
help.
About DMS... Displays the version number of DMS.

3.3 Toolbars

The Dullow Modelling Studio distinguishes six toolbars. The Standard toolbar,
the Scenaro toolbar, the Window toolbar, the Time Contro? toolbar and the
Duflow toolbar are displayed across the tep of the DMS-window, helow the
Menu bar. The Paletie oolbar is displayed next to the workspace.

Torhide or display a tootbar, choose Toolbar from the View menu, i.e. the
Display or hide Toolbar command, To customize a toolbar, choose Customize
from the Options menu. i.¢. the Customize Toolburs, Menus and Windows
command.

Note that it the Menu bar is used to give commands, these commands are always
exceuted for the Active Scenario. Use the Set as Active Scenario command to
change the Active Scenario (see chapter 6 Scenanio Manager).

3.3.1 Display or Hide Toolbar

tse the Display or hide Toolbar command to display or hide a toolbar, DMS will
open the Toolbars dialog box. DMS displays a oolbar if the checkbox next to
this toolbar is marked.

Command:

Menu bar: View - Toolhar
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3.3.2 Standard Toolbar

The Stundurd tolbar olters the following commands:

Click To

BB Fe<LEO WD

~

Create @ new project.

Open an exishing Project, IAMS display ~ the Open dialog box, where vou can
focate and open the destred file,

Save the aviive Project with its current name,
Undo the Tast action,

Cut the selection

Copy the ~election,

Paste the selectan

Print the scuve document,

Display the version nunher of DMS,

Start the Help ool the help file will be started automaticabls atter a command 1s
chicked. The description of the chosen topic ix shown

Modify the seripts for the presentation mode.

Bucdit the Peesentation Script of the Network window

3.3.3 Scenario Toolbar

Mo presentation raode

v| Chunge the Presentation Mode or Script of the yetive
Network window

The Scenario wolbar offers the following commands:

Click

*F IR RO P

-
L 3

A

=hPEPFY QD

To

L the properires ot the netwark abjects
Eadit precipitation parsneters.

Fdin evaporation parameters.

Fadicwind dircetion paraineters,

Edowind veloony parameters.

Add your comments tor the scenario
Calculate the resulis of the active scenario.

Shaw op hide the Wiorkspace Manager wandow nncluding the Scenann
Manuger).

Show or hnde the Onpur window
Edit the fesel schiemies

Eeitthe QH-relation schemes.
falit the - Add schemes.

Fdit the concentration schermes,.
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. & Edit the load schemes,.

@ Edit the calcufation settings.

{Demo:.Scenario ‘:J Select the active scenario.

3.3.4 Palette Toolbar

The Palette tootbar offers the following commands:
Click To

Select un object in the network.
Pan the entre network.

Shew a part of the network in more detail.

Show g larger part of the network.

Show the values in the graph at the place of the hairline.
Set the layers of the Network window
Show the entire network.,

Add a node to the network.

Add 4 section to the network.

Add u discharge point o the network.

Add i schematization point Lo the network.
Add an area 10 the network,

Add a cross section to the network.

44 oo $+ DO

Add a siphon 1o the network,

X

§
ES

Add 2 culvert 1o the netwaork.
Add u weir 1o the netwaork.

Add a pump Lo the network.

Add a general structure to the network,

Fdit the properties of the selected object.
Remove sefected object from the network.
Sct display options of the Network window.
Set the selection of the network objects,

Show or hide the text - 1127 - of network objects.

i
v

HRB R Bl v X

Show or hide datatips of network objects.

|NDDOUGDZ :J Locate object in the Network window.
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3.3.5 Window Toolbar

The Window toolbar offers the following conmmands;

Click To

UE 308 0

3.3.6 Time Control Toolbar

Arrange windev s inan overlapped fashion
Arrange winduws in non-overfapped ules - horizontaliy
Arrange s indow s onon-overlapped tles vertically
Open s news Testwindow.

Open oo Triege Related Graph window,

Chpena news Spave Reluied Graph window

Open a Network wndos

The Time Control toalbar ofters the Tollowing commands:

Click
je

mYyY 3 ¥ 2

o

To

Jump e Hirst tine step
T 1o the presrous thne step
Jurnp e the nost e step.
Jump rothe st e step
Start the et

Stop the timer

Confrzure the timer.

2000061 a0 o0 o =

3.3.7 Duflow Toolbar

Presents the current time of the displiay ed results, The
results wil be adjusted 1t the user chanees the time,

The Duttow wolbar offers the following command:

Click

Ba®ls

To

f2edit the imitad conditinns.

Fednt the Cuialins model

Lalit thie externad vartables of the Qualits model,
Fehit the paramicters of the Quoalits model.

Fedit the stracire cantro! data.
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® 3.4 Status Bar

l ? [ CAP

The Status bar is displayed at the bottom of the DMS window. To displuy or hide
the Status bar, use the Status bar command in the View menu, i.e. the Display or
hide Status bar commund.

The left area of the Status bar describes actions of menu items as you use the
arrow keys to navigate through menus. Ina simifar way the Status bar shows
messages that deseribe the actions of woolbar buttons as you move across them
with the mouse pointer. Release the mouse button while the pointer is off the
toolbar button it you do not want to execute the command.

The Status bar displays also in the left arca the position of the cursor in the
network, while moving the cursor through the window. When editing the Quality
model the right area displays the position of the cursor.

The right areas of the Status bar indicate the position of the cursor in the Quality
model and also indicate which of the following keys are lutched down:

Indicator Desceription

CAP The Claps Lock key is lached down,
NUM The Num Lock key is latched down.,
SCRILL The Scroll Lock key 1s latched down.

3.4.1 Display or Hide Status Bar

Use this command 1o display or hide the Stutus bar, This bar displays the action
tr be executed by the selected menu item or pressed toolbar button and the
keybourd latch state. A check mark appears next to the menu item when the
Status bur is displayed.

Command:

Menu bar: View - Status Bar

e 3.5 Workspace

The Warkspace can contain the Network window and Results windows of
different Project and Scenario™s. The Network Editor consists of the Network
window and the Palette toolbar.

To open a window use one of the following commands.:

Toolbar  Menu Command

E View Open Network window

View Open new Text window

% View Open new Time Related Graph window

g( View Open new Space Related Graph window

q:;jj Scengrio Edit Quality Maode]

@ Standard Edit the Presentation Script of the Network window,
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3.5.1 Full Screen

3.5.2 Workbook

To activate o window and bring it 1o the front use the command Window 1.2, ...
i the Window menu. ic. the Activate Window command. When the windows
are displaved in o workboeok 1018 wlso possible 1o activate w window by clicking
on 1s tab, To display or ide a workbook contairsng all the open windows use
the Workbook command.

Ise the Splitter to modify the size of the Workspace window.

To modily the size of the windows in the Workspace window you can use the
common Windows-buttons, These buttons for Minnmize Window, Restore
Window. Muximize Window und Close Window can be found on right side of
the window or on the right side of the Menu har when the window is
maximilized.

Tip By opening an existing project. DMS can open
automatically the windows thut where opened in g previous
sessionn Use the Program Setings conumand 1o mark the
option Reloud Windows in the Program Settings dialog
hox.

To modify the appearance of tie Workspace wdow s DALS ofters the
tollowing commands:

s Full Screen

o Workbook

o Arrunce windows
e e windows

e Arrunge lcons

e Activale Windows

«  Window-

Use this commund to masonmnize the active Workspace window 1o sereen size.
Press the Eseape button w restore the window o its onging sire.

Command:
Menu har: View  bull Screen
Keys: Alt-Fter

[ e the Workbook connmiod 1o show window s as worksheets ina workbook or
us normad windows,

Command:
Meaenu bar: View - Workbook. .
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. 3.5.3 Arrange Windows

Use the Cascade Windows command to arrange multiple open windows in an
overlapped Tashion,

Command:

Menu bar: Window - Cascade

Toolbar: %;

3.5.4 Tile Windows

Use the Tile Windows command to vertically arrange multiple open windows in
a non-overlapped fashion.

Command:
. Menu bar: Window - Tile

Toolhar: m§

To horizontally arrange multiple open windows 10 a non-overlapped fashion you
can use the following shorteut:

Taalbar: =

3.5.5 Arrange Icons

Use the Arrange Icons cammand to arrange the icons of minimised windows at
the bottom of the main window. If there is an open window at the bottom of the
Workspace, some or all of the icons may not be visible because they will be
underncath the active window.

Command:

Menu har: Window - Arrange Tcons

3.5.6 Activate Window

DMS displays a list of open 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 from this list to bring it 1o the front.

Command:
Menu bar: Window - Windows [,2. ..

3.5.7 Windows

Use this command 1o customize the appearance of the Windows in the
Waorkspace. DMS opens the Windows dialog box.

. Command:
Menu bar: Window - Windows
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3.6 Workspace Manager window

The Workspace Manazer window consists of 1w o tibs,

On the Seenane Manager tub a project-tree tor all open Projects is displayed. To
display or hide all the Scenarios of the project click with the lett mouse butten on
the plas- or minus sien betore the Project name. To display or hide the subjects
of a Scenano click with the Jeft mouse button on thie plus o minus sign betore
the Scenario nanie. To chanee the font in the Scenario Manager. chok on the
right mouse button outside the project-tree.

O the Presentation Mode teb ol evinlable Proesentatton serpts are presented. To
modily a Presentation Seript, double click on the leftmouse bution om u seript.
DMS will open a Windos i the Workspace with the contents of the seript.

Todisplay or hude the Workspace Manager window . use the Workspace
Munager cantnimd in the View muenus e, the Display or hide Waorkspuce
Manager window commiud.

Use the Splitter to modits the size of the Workspace Manager window,

3.6.1 Display or Hide Workspace Manager

L thes command 1o display or nde the Workspuce Aanager Window . The
Workspace Manger window contains the Scenaro Manager, with the model data
and cne aor more Scenano’s and an overview of the Presentation Scripts,

Command:

Menu bar: View  Workspace Munuger
Toolbar: E:’

Kueyy: ALT+0

3.7 Output window

The progress of IS actions is displayed i the Ouiput window, When errars

aceur during these processes the error messages are also shown i this window.
Sometimus the error message will give ona clue how to solve the problem that

caused the error. To displuy or hide the Qutpur window  use the Display or hide
Output conimand. Use the Splitter o modity the size of the Output window

3.7.1 Display or Hide Output

Uise the Display or de Output commuand te display or hide the Ouput Window,
which contains messages according the progress of the caleulaton

Command:

Menu bar: View  Outpul

Toothar: E
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. Keys: ALT+2

3.8 DMS Commands

The following commands can be used in all parts of DMS:
s [ndolastaction
o Cut, Copy and Pasle selection
o Print, Print Preview and Print Sctup
o Customize wolhars, menu and windows
®  Program scttings
s Splitter
*  Help and Context Help

. e About DMS

s Exit DMS

3.8.1 Undo Last Action

Use this command to unda the last action.

Command:

Menu bar: lidit - Undo
Toolbur: Q

Keys: CRTL+7

. 3.8.2 Cut Selection

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

Command:

Menu bar: Edit - Cut
Toolhar: ‘x’
Keys: CRTI+X

3.8.3 Copy Selection

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

Command:
. Menu bar: Edit - Copy
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g b,
Toolhar:

Kews: CREL+C

3.8.4 Paste Selection

Lse this command 1o paste the cut or copicd selection or selected ehjectisg,

Command:

Menu bars Fadit - Paste
Toolbar: ﬁ

Keyy: CRTL+Y

3.8.5 Print

Use this command to prnt o docuwment, This comimand presents a Print dialog

hox.
Command:

Muenu bar File - Print. .

Toolbar:

3.8.6 Print dialog box

&

Kewvs: CTRUAE

In this dialog box one of the following options cian be chosen betore the printing

SEUTIS

Print Range

Print Quality

Print to File

Capies

Collate Copics

Printer

Related topics:

Pring

Speatly the puges sou want te print
All - prints the entre Jocinent.
Pages - prints the pages sou speaiby

Choose the desired prn gualits

Prints 1o tile onothie drive sou spearty instead of
routing 1t directy w o printer. The Project pring
cuimiaiids sre stoved o le sothit sou can print
trom unother computer twith the same printer driser)
that docs not baeve IS stdled,

When you chovae the ORK batton, DMS displass a
dialog box for specitvme o new hlename

Ty pe the number of copies Jor printing,

Oyrgianises pages when prinung multple copies. DAMS
prnts acomplete cops of the tirst documents before it

begins o print the tirst paze ot the second docanent.

Sclect a primter and o printer connection. You cun also
control detault privter setnines tor the selected printer,
Ser Print Set-up dialog bos,
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. 3.8.7 Print Preview

3.8.8 Print Setup

Use this command o display the active view, as it would appear when printed.
When choosing this command, the main window will be replaced with a Primt
Preview window in which ane or two pages will be displayed in their printed
format.

The Print Preview toolbur provides options for viewing cither one or two pages
at a time; moving back and forth through the document: zooming in and out of
pages; and initiating o print job.

Command:

Menu bar: File - Print Preview

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

Command:

Menu bar: File - Print Setup

3.8.9 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 bar Options - Customize. .

¢ 3.8.10 Customize dialog box

Tookass | Commans | Tooks Famat! ; el

».nwy s s o it ¢

Scenatn M anager
Edit vigws
Metwmotk
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The Toolbar tabh offers the tollowing aptions:
Toolbars Shows a list ot the woulible touthars To <how or hide the
toolbar cheek the speaitiod toodhar in the Tse
Toolbar name Nare of the wnlbar, Only the pame of user-detined
taolbars can be chanvced,
Show Tooltips B choosatiz this optson o short deseripiien of the butron
will be displaved when the cursor i~ placed on the butten,

ool Look Conl lookimg buttons do not hayve o horder abone,
Large Buttons Live this aption to dnreise the siee ol the butlois,
New or Delete [ the New or Delete button v add or remos e toalbars

Only user-delined tootbar~ mas be renosed

On the Command b the buttons of the commands belonging to the selected
category are displuved. By draggeing a bution o i tootbar the button is added to
the toalhar. By drageimg it from the toolhir the hutten will he removed from the
tocolbar,

On the Tools tab new ool commuands can be added 1o the View menu. This can
be done it ather appheations are often used i combination with DAS,

The Format tzh offers options to customize the tont and the color for cach of the
DMS windows,

Related topics:

Custonmize oolbars, menu and window s

3.8.11 Program Settings

Use the Program Setngs command to set the Program Sciings such as the
directories tor the Presentation Scripts, DMS will show the Program Settings
dialor box.

Command:

Menu bar: Opnons - Setlings. ..
Related topics:

Program Settings diclog boy

3.8.12 Program Settings dialog box

In the Program Scuings dicddog box the tollowing options can b set:
Presentation Script The directories with Presentatnion Senpt files,
directories Presentation Script tiles hase the extensiom 7.PSE The

detault Presentation directors 1.

O WinDulowAPrescntation. Fsample senipts are
avattable i ths directory

Esing the following button- can change contents of the
directory it

Add aonew directory s Inthe hava nes dine

appears, e the o button on the new hing 1o
upen the Select Drrecrory dialon bos,

x Detete the selected directory.

4 Maove o the prevaous dircetors
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3.8.13 Splitter

3.8.14 Help Topics

3.8.15 Context Help

3

‘ :

Muove to the next directory.

Reopen window when By opening a project, the windows, which where

opening the project opened the last time this Project was opened, will be
reapened automatically,

Reload Projects at By starting DMS, the projects that where opened at the

startup previous session will be reopened automatically.

Always allow jumps in This option makes it possible in the Ohject Properties

objects property dialog dialog box (General tab) 1o jump to the related object,

Note that the performance of DMS while changing
ohject properties decreases when this option is chosen.

Related topics:

Progrum Scttings

The DMS-window is divided into the Workspace Manger window, the
Warkspace and the Output window.

Splitter symbol: ‘-”-’

The Splitter influences the space relation hetween the three parts. This is the
horizontal or vertical bar between the parts. Moving the mouse above the bar will
change the mouse pointer, into a splitter icon. Dragging the splitter icon moves
the bar.

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

Once you open Help. you can click the Contents button whenever you want to
return o the cpening sereen.

Command:

Menu bar: 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
un arrow and guestion mark. The Help topic will be displayed for the next
clicked item.

Command:

o
Taolhaur: 5’
Keys: SHIFT+F|
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3.8.16 About DMS

Use this command to displuy the Copy night rotice and yversion number of your
copy of DMS, in the About DMS dialog box.

Command:
Menu har: Help - About DMS

Toolbar: ?

3.8.17 About DMS dialog box

3.8.18 Exit DMS

The About DMS dizlog box contains the applicution nune and logo, the DMS
version number the Copynight statement. This diadog box also contains a hnk to
the Duflow Internet sie.

By clicking on the Modules... button DMS will show the Modules diafog box
with more detailed informution about the imstalled modules,

Related topics:

About DMS

U se this command to end the DMS sesston, You can also use the Close command
an the application control menu. DMS prompts vou to save projects with
unsaved changes.

Command:

Menu bar File - bt

Mouse: Click the apphication’s Exit button.
Kuys: ALT+I4
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4. Project and base Scenario

4.1 Project versus Scenario

In DMS a Duflow model is considered as a Project. To build a model in DMS
you have to create a new Project. A Project consists of one or maore Scenanos. If
a new Project is created, the first Scenario will be created automatically. The first
Scenario is the base Scenario. A Scenario contains the input data of the model.
The following types of data cun be distinguished,

e Deseription of the scenario.

e Schematization / Network objects,

e [nitial Conditions,

*  Boundary Conditions, stored in schemes.

e Other conditions and schemes
{precipitation, evaporation, wind direction, wind velocity, structure
control and unpaved schemes).
e Quality Model.
(Quality Model description file, parameters. ¢xternal variables)
s Culeulation Settings.
The Network schematization can be build with the Network Editor. The Scenario
Manager supports the user to enter the other data.
With the Scenario Manager the user also can define more scenarios in the same
preject. Other scenarios can be defined when the user wants 1o caiculate the
effect of changes in the base scenario. The Scenario Manager manages all the
data and information needed 1o run the various simulation model scenarios and to
store and administrate all scenario’s which have been run, It also supervises over
the integrity of the data and makes it possible to quickly view and compare the
results of calculations made with different input parameters.
Every Project is stored in its own directery under the project name given by the
user. The data of o Scenario is stored in a sub directory of the Project directory
under the Scenario narne as given by the user.
Related topics:
New Project
Open Project
Project Properties
Usage of the Newwork Editor

Usage of the Scenario Manager
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4.1.1 Project Properties

Use this command 1o set the praperties of the project. After selecting this
command DMS will show the Project Properties diafor box,

Command:
Menu bar: Project - Properties..

Context menu: Inthe Scenario Manager window after the selection of «
project - Properties, .

4.1.2 Project Properties dialog box
I the Prajects Properties dialeg box it can be speciticd whether o use o

geographical backeround or not To define the layers of the geographical
huckground use the Display Layers command.,

Related topics:

Priject Propertics

4.2 Project Commands

DMS offers the following connmands 1o add or modity Projects.
¢ Now Project
e Open Project
s Close Project
e Save Project

With the Timport §-iles command Projects or Project files. which were made in
Dutlow for Dos. can be casily imporned in DS

DMS offers no commimd to delete a project. Projects can be deleted by using
file mamager progron and deleting the dircctors of the Project und its contents,

The propertios of a Project can be set with the Project Prapertios command.

4.2.1 New Project

Use this command 1o create anew Projectm DMSCDMS will displas the New
Project dialeg hox

Command:
Menu har File New.
Contestmenu: Inthe Scenario Manager outside the project-tree - New

Projeet. .
Towlbar O

Keys: CTRL<N
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4.2.2 New Project dialog box

4.2.3 Open Project

In the New Project dialog box you van specily the Project name and first
Scenarino name you wish to use in the DMS project. All Project data (or reference
to datu in files) will be stored in a Project file after choosing Save in the File
menu.

The selection of the location of the Project directory can be made after ¢licking
the Browse button behind the edit field. The displayed selection dialog 1s the
Browse for Folder dialog box.

The following options allow you to specily the initial settings of the Network
window:

X Co-ordinate The X co-ordinate of the bottomn lefi-hand corner of
the Network window when it is opened for the first
time within this project. The unit of the X ca-ordinate
is metre [m].

Y Co-ordinate The Y co-ordinate of the bottom left-hand corner of
the Network windew when it is opened for the first
time within this project. The unit of the Y co-ordinate
Iy metre [my.

Numbers of metres per The sculing of the Network window when it is opened

pixel for the first time within this project,

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

Open Project

Use this command o open an existing Project file. Sclect the file in the File
Open dialog box. The following options allow you to specify which file to open:
Look in Select the drive and directory in which DMS locates

the fife that you want to open.

File Name Fype or seleet the file you want to open. The Hsthox
lists files with the extension vou select in the Fites of
Type combobox.

Files of Type Select the type of file you want to open.
#.DMS is the exiension for a Project file.

i the project s recently modified, try to use the Recently Opened Projects
command,
You can open multiple projects. Use the Window menu to switch among the
multiple open Projects.
A project can also he opened by double clicking on the * DMS file in the
Explorer.

You cun create a new project with the New Project command.

Command:

Menu bar: File - Open.,
o

Foolbar: %

Keys: CTRL+0
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4.2.4 Close Project

4.2.5 Save Project

4.2.6 Import Files

Tip By starting anew session. DMS can open automaticalty the

projects that where opened 1 a previous session, Use the
Program Setings commuand to murk the opton Reload
Documents im the Program Setungs dialug box,

By murking the opuien Reload Windows in the Program
Sctunys dialog box also the swindows ol the project will be
opened again.

Use this command to close the Project. DDMS sugpeests that vou save changes to
vour files hefore vou close the Project. Before closing the Project without suving,
all chunges made since the last save will be lost,

DXMS prompts vou 1o siave Projects with ansas ed changes

Command:
Menu bar: File Close
Contest memi: Inthe Scenanio Manager after the selection of a project -

Close

Use this command 1o save the Project £7.DMS) files to its current name and path.

Command:

Menu har; File S

Contestmenu:  In the Scenario Manager after the selection of o project - Sise
Toolbar: ]

Keys: CTRE+S

Use this commund 1o smport a Project or Project tiles. which were made in the
DOS-version of Dullow or i RAM 1.0, DMS will show the Open file dialog
hox

Taimport a complete Duflow 2.04 or 205 project at once select in the Open
dizlog box the name of the Project €5 PRI tie, Note that by importung files. all
currently defined network ohjects will be replced or tost DMS will prompt you
o acknow fedge this.

The tollowing file-types ure feasible:

Name Extension Description

Butlow Projects fale “PRJ file that contans o hstof twe files
necded torun the complete DutTow
maodel

RANY Projects File RAM File that contanns @ hist of the tiles

necded 1o run the complete RAM model.

Boundars Conditions Bl “ BN} In this file uld boundary conditions
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. Fiie related to the low are stored.

Boundary Conditions “ BNK In this file all boundary conditions

Cruality File related to the quality are stored.

Initial Condinons Flow Iile  #.BEG In this file all initial conditions refated 1o
the flow are stored.

Initial Conditions Quality “ BEK In this file all initial conditions related 1o

File the guality are stored.

Control Settings File #* (TR File that contains the input data entered
in ‘Controb data’.

External Variahles File “EXT In this file all external variables of the
quality mode! are stored.

Node Settings File *LAM Custorn RAM settings are stored in this
file.

Node File “NOD File that contains the position of nodes

In the network.

Network File = NET The nodes are connected through a
network. The Network File contains the
network, and its geographical

. dispersion.

Parumeters File * PRM In this file all parameters of the quality
model are stored,

The displayed sclection dialog is the same as the Open dialog box

You can save the old Project as a new Project (£.DMS) file with the Save as

command,

Command:

Mcenu bar: File - Import. ..

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

. Tip Before importing a project file {(*.PRJ} or flow houndary

file (* . BND) make sure that if more than one {Tow
boundary condition is defined on one node, every flow
boundary condition on that node has its own unique
condition number. Otherwise only one flow boundary
condition for that node will be converted,

4.2.7 Recently Opened Projects

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

Command:
Menu bar: File - Recently Opened Projects 1,2,
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5. Network Editor

5.1 Usage of the Network Editor

The Network Editor 1s a graphical editor that enables you to interactively draw
the network schematization. The Network editor consists of the Network window
and the Palette toolbar. The desired network object {e.g. a node) can easily he
setected from the Palette toolbur. The mouse is used to place the object in the
Network window. When opencd. the Network window appears in the
Workspace.

A network can he easily built on g Map layer, reducing the errors in the
schematization of a surface water system.

This Network Editor is based on the standard exchange format (SUF), which has
conseguences for the way in which the network 1s set up.

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

o Naodes are points at which one or more sections arises or end.
s A section connects two nodes.
The following guantiies can be defined on a section:

¢ Structures,
such as weirs, culverts, siphons, pumps and general structures fike
underflows.

s Arcu points.
In area points the drainage from the areas (due 1o rainfall) and
evaporation is taken into account for the surface waler.

*  Discharge points,
These points take waste loads at the surfuce waler into account.

s Cross sectional data,
such as resistance coefficients and cross sectional profile.

& Schematization points.
In these points the results of the calculations are recorded. Area and
Discharge points are attached on schematization points. On a
schemiatization point one or more areas and discharges may be
defined.

The schematization 1s set up and adjusted by selectng and dragging the objects
from the Palette oolbar into the Network window,

By sclecting objects in the Network window, one can activate the Object
Properties dislog hbox, where the properties of these objects can be maodificd.
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The length of the seetions and the distances of the ohjects from the hegin node -
ol the section where they are detined on - is awomancadly calculated by DMS.
This caleututed lengrhys and distances are based on the positions of the thegin)
nodes and objects in the Network window. By cnierimg a check mark behind the
field Thstance (hength i cuse of o section), which is g properts of an object. the
user can override the coleulwted value of DMS.

Tip It the caleulated section length or ohject distance is overruled
by the user. DMS will miark these objects 1 the Netwark
window with o thick dark green horder.

I DMS nodes are dehned at the boundaries of the network and i situations
where three or more sections meet, They also can be added 1o the network o
iforce @ jump i the hottom level

Asection is defined hetween two nodes. Schematization pomts und caleulation
pomnts are defined anthe sectien, I the user wishes 1o receive output on certain
locations on the sechion schematization potnts can be placed on the section.

The network s converted 1o o Dutlow” netw ork by substitaing the nodes and
sehematization and caleulation points into Duflow nodes and conserting the
DMS section into several Dullow secvons. The user can define the distance
between two output nodes by changing the ficld Muwamum length of o seetion,
This leads 10 the Tact that after conversion of the netw ork. the DAS section is
divided into Dutlow sections of approximately this maximunm fength, NS will
sencrate Caleulation points tor this purpose.

Crony Sections can be apphed on miscellincous places on the section. The cross
sectionu] profile over the entire section s by dedaultinterpolated aver the cross
sections inserted by the user. Bach section ninst contaon at least one cross
secticnal profile.

I the Network wandow also caleulation results can be presented: ¢ the color of
iosection can represent aovalue tor the level or discharge at o certatn moment.
This way of presenting results is called the Presentation Maode,

Related topics:

Open Network window
Dyisplay layers

Network Objects

Network Object commimds
Customizing Network window
Waorkspace

Palette toolbar

5.1.1 Open Network Window

[se the Open Network Window command to displies the network, DMS will
open the Network window. To apen o Network window a project must he
opencd. The Network window always appeuars i the Workspace.

It the Network window of u project is opened for the tirst time. the initial
position of the Tefi-hand bottom corner and the distunce per pixel are as they
were defined tn the New Project dinlog hox.

Command:
Moenu bar View  Open Network Window,
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. Context menu:  In the Scenario Manager window after the selection of a
scenario — Open Network Window.

Toolbar: =

s §

Related topics:
Usage of the Network Editor

Workspace

5.1.2 Display Layers

Use the Ihsplay Layers command e add or remove layers in the Network
window. DMS will show the Display Layers dialog box dialog box. This
command can only be used when in the Project Propertics dialog hox the setling
Geaographic Background is marked.

. Command:
Tootbar: g

Only Shape-files can be used as a map layer in DMS. These files are of the type
#SHP. They always come together with a database file (#.3BF) and & index file
(¥ SHX). kach shape file represents a certain geographic theme. Shape files can
be save in a group in a VSE-lile.

Tip If vou want to use AutoCAD files (*.DXF) as huckground
images, you can easily convert them o Shapetiles with e.g.
Arcview. On the Duflow Internet site you can find a FAQ
with a brict description of a proven method.

Related topics:
Display Layers dialog box

Praoject Properties

5.1.3 Display Layers dialog box

The Display Layers dialog hox contains a list with the present layers. The order
of the tayers in this list corresponds with the order in which the fayers are
displayed in the Network window, To modify this order, select 4 layer and use
the Up or Down bution.
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Kaatlagen [x]

Lapers |

Presert layers

Cloe [ Help __J

Lse the Add button te add Lavers to the Network wandow - DAS will open the
Open Bile dialog boy, Only Shape-files can be vsed as a kaver in DMS. Select the
tile o the Fite Open diidog hox,

The following ophions e the Open File dialog hox alow vou to specify which
file o DR
File Name Type orselect the 1ile souwant o open, The Tisthox lists

Pl soath the extension sou select in the Files of Type
cotnbobios,

Files of Tspe Select the tvpe i trle vou Wit o open:
SHP 1 thie extension tar g Shape e,

Y 3 i datubase tle DX and ancindes file 7 SHX
frle woth the same nacne must also be available

VSE S the extension tor o eollectaon of Shape-files.

look in Sclectthe drive and direciony o which DAS Tocates the
File that s ou ssant Tooopen

When a Shape-file is selected. DAMS will show the Color dialog box 1o choose
the right color for the selected Lover. Use the Prepertics button on the Lavers
dialoy hax to chaneg the color or sty le of the Taver, DMS will show the Laser
Propertics diwlog bos,

Related topics:
Dhisplay Byers

[avers Properties dialoz box

5.1.4 Layers Properties dialog box
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The following options 1n the Layers Properties dialog box allow you to specify
the propertics of the layer:

Size Thickness of the Jines,

Style Style in which the Jayer is druwn.

Color Color of the lines or the filling colors of the objects in the
faycer.

Outline Option to choose whether the objects of the Jayer should

have an outline or not.
Outline Color Color of the outline of the ohjects in the layer.
By removing the mark in the row of a present layer the Jayer will temporanty not

be displayed. Use the Delete button or Delete All button to remove the layer(s)
from the list.

A sctof luyers can be saved as * VSF file by choosing the batton Cellection. To
use this button more than one layer must he selected in the Display Layers dialog
box hy using the CRTL or SHIFT button

Related topics:

Display Layers dialog box

5.2 Network Objects

The Network window shows the schematization of the waterways. The
schematization is built by using Network Editor. A schematization consists of
objects. These objects can be dragged from the Palette toolbar into the Network
window.

The Palette toolbar offers the following objects:

® ~Node

Section

% Schematization point
§ Discharge point

? Arcu

Cross Section

Siphon

Clulvernt
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E] Generad structure

The Tollowing object can not be added by the user. but can be generated by

[DMS.

& Calculation poinl

Modifying propertics ab the objects is done iy the Object Properties dialog box
by using the Objects Properties commuand.

5.2.1 Node

Nodes ure points Trom s hich one or more sections arise or end.

Symbaol; l

The tollowing propertics can be described:

Generat
1]
Nuame

X-vo-ordinate

Y-co-ordinate

Sections

Boundary Conditions

Duflow

Initial Conditions

fdentiication code of the node,
Narne of the node.

The X-co-ordmate of the node s caleulated by [m]
DMS bused. onthe position of the node i the
Network window By entering woheck mark

hehind the Tield the user can override the value
calculated by DAMS,

The Y-co-ordmate of the node s calenlited by fm]
DM hased on the positog o) the node in the

Network window . Byoenternng aocheck niark

behind the tield the waer canonerrnde the value
calealated by DAS

The bist contains all ~cctivm- that conme together
at the node, The Direction aof the seations has the
value “In” or "Out’ . dependimye on the direction
ot the section. The Wersht reprosents the imiuud
ratio over the sections witlorerard 1o the
discharee or load over the nody

Alter the selection of the Boundars
Conditions... button DMS will show the
Boundars Copditions dialog box. This dialog
hox gives an overview of the selected schemes
detimng the boundars conditions. By clicking
on the arrow hehing the ~chemie pune a st with
the avatlable scheres will be displived. e the
[...] button e open the Scelecs Scheme diadog
hox to add or modity ~chenees

Adter the selection of the Inntial Conditions. ..
batton DAMS will show the Toal Conditions
dialog box with the rmtiad consdimons ton
discharge, level ind all ~ane sarubles declured
in the Quiding mode]

{we the Defaults button o <et the value of
discharge and How cqual to rero and the value
of e state vanablies 1o the derult sadues
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declared in the Quality Maodel desceription file.
External Variables Atter the selection of the External Variables. ..
button PMS will show the Exiernal 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-pame a list with the avatlable
schemes will be displayed. Use the [...] button
w open the Seleet Scheme dialog box o add or
modify schemes.
RAM No RAM specific diata cun be defined.
If 4 node should be added 1o a secton of an existing network use the Insert Node
command instead of dragging the chject Node from the Paletie Toolbar. The
section on which the command is used will be split into two sections that inherit
the properties of the splitted section.

If two sections come together at a acde, this node can be removed with the
Remove Node and Join Scctions command. By using this command the sections
that come together at this Node will be joined. Otherwise — with the Remaove
Object command - two sections without a begin or end node will be created.

Related topics:

Object Properties command
Insert Node

Remove Node and Join Sections

5.2.2 Section

A section connects two nodes.

~

Symbal:
The following properties can he described:

General

ID [dentification code of the section.

Name Name of the section.

Length The length of the section is calculated by DMS {m|
hused on the length of the section in the Network
window. By entering a check mark behind the
field the user can override the value caleulated
hy 13MS.

Duflow

Minimum Length [f the length of the section is shorter than the Im]
Minimurm length of the section, DMS will
cansider the dength of the section to be equal to
zero. In the caleulation the begin- and end node
of the section will be considered as one node.
Warnings will be generated for (part of ) sections
that are smaller than the minimum length.

Maximum Length I the length of the section is longer than the |m]

Muximum length of the section, DMS will
define Caleulation points on the section. The
Jength of the part of the section betwoeen two
calculation points w)ll never exceed this

User's guide Network Editor « 53




5.2.3 Cross Section

masismun leneth By chanvrns the masimum
lenmh, the wser can anipuiate the space step.
Snon the caleulation, Onapear s aolable on
Calonlation ports, Caiculationn potit s wil] by
srsthle o nn the Network aondees e cray diononds
atier the Culoulate comnurnd 1~ given. Hie
Caleulation points will deappew by the Cleanup
Network conmand.

Inmterpolate Cross B choosing this option DATS ol merpolate

Sectional [ata the cross sectionad data berween the Croes
Seationts, inserted on s scoion The cross
sectioiad daticol the part ol scsedion helaeen a
nende annd the neare~t detined Oroes Section s
alwan s cqual o the datacot thiae Cross Seetion
I thes optien s not cheched NS wll consader
the cross sectonad daticonor asedtinm T be
comstant until the est m-erted Croes Seetion.
when moving i the posite e direction of the
sechion
Note taad hoveves the Neor fecel ihottenty i pait
of tlee Crees sectionod dei el adiiae e
iterpolated beticeen tno Coons Sectons,

Wind Conversion factor Wond conversion cocttioent D Dietandht [-]
vatue 1= 60 Sheltenne rronydwe wond by ke
Burfdings cte can be stiuluted by speailving o
lower value

Generate OQutput data Choosing this option sl senerate nuipot fo
this ~sevtnon By detundodos options sl be
hecked,

Sedd 1o Monitoring file Choosmg this option sl ante the sutput for
thi section to the Monorme-tile. The

Mamtoring tile has the cutension AMON
RAM Mo RAM speaitne data cat be detined

The direcuon of the sccton will be used for the caleulation of the distunces of the
objects o that section, Thoe distance is celeulated fromthe beein node of the

section. The direction of the scenon defines the hecin node of the section,

It the user defines the direction of a section i the stream direction of the water,
the catondated discharee and selocity will be posity e othersose they will he
negaine. You et chianoe the direetion of isection castlv by using the Flip
Orientation commarid

Related topics:

Ohject Properties comprmd
Caleulation point

Interpolation of Cross Sectional Data

Flip Orentanion

Cross Sections contarm cross sectional dati sueh as resi~tance voclticients and
cross seehonad profiles. Cross Sections must be deiined on asection,

w

The follow e propertios can he deseribed:

Svimbol:
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General
i
Name

Section ID

X-co-ordinate

Y-co-ordinate

Distance

Scheme

Cuflow

Resistance positive
direction

Resistance negative
direction

RAM

Related topics:
Ohject Properties command

Cross Section dialog box

fddentification code of the Cross Section.
Name of the Cross Section

[ of the section on which the Cross
Section 1y defined,

The X-co-ordinate ol the Cross Section Js
calculiuted by DMS, based on the position
ol the Cross Section in the Network
window. By entering o check mark behind
the field the user can override the value
calculated hy DMS,

The Y-co-ordinate of the Cross Section i
culeulated by DMS, based on the position
of the Cross Section in the Network
window. By entering a chicck mark behind
the ficld the user can override the value
calculated by DMS,

‘The distance from the begin node of the
section until the Cross Section 1s
caleuluted by DMS, based an the
positions of the begin node and the Cross
Section in the Network window. By
entering a check mark behind the field the
user can override the value calculated by
DMS

Name of the Cross Section scheme. See
Cross Scection dialog hox

1f in the Caleuluton Settings De Chézy as
Resistunce fFormula is specified, the value
is cquid to the Chézy-coetticient in
positive direction {from begin node to end
node). [F Mansing is specified, the value
Iy equal to the coefficient K in the formula
of Manning (v=K=R** " yin positive
direction.

It in the Calculation Settings e Chéey as
Resistance Formula is specified, the vilue
is equal 1o the Chézy-coelficient in
negative direction (from end node to
hegin node). If Manning is specified, the
value is equal to the cocfficient Kin the
formula of Manning (v=K*R™"=1"" ) in
negutive direction.

No RAM specific data can be defined

Interpelation of Cross Sectional Data

fim|

fm]

Im]

[’ 1] or
s

[m™ /] (K}

tm' g or
[m¥*s] (K

Properties describing the Cross Scction 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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5.2.4 Cross Section dialog box

Example f
= Ok,
tiarmne R :
e
nar wndth Cancel
Iype e ']
“Towwdt

Floor Lervel (rn) . P

: =

=
Surtsce (m2) r =
Hyur Fiadius fm) r
Eesistence fcork) r
Haight (] Florse wdth vy | Mas widtn iy |

t, S
HINES xom

[T

Use the TAB and CTRL-DEL kay tn nzed and delete rows whie eding the gnd

In the Cross Section dialog box the Tollowing properties cun be descrbed:

General
Nume Namie of Cross Seavion schieiwe
Type Type of Cross Seation: Lane. Cocle on
I rapesond,
Floor Level he Tevel of the lowest point of the Cross [m]
Section above the relerence level
Radius i Circle) Length of the radios of woorreulur Cross [in]
Seehon,
Bottom Width (Trapezoidy  Width of the hottam, [m]
Slope Angle (Trapezoid) Angle between the slope amd the [ierrees|
horszontad plane.
Surface tLine} Optron o overrale the aaphatly [
cileulated Flow Pronle Arca by the
vadues entered in the Surface columm
This aption makes npossible o detine the
Flow Protile Arcicas o bunction of the
liL,'lﬂI]‘
Hydraulic Radius {Line) Oplion o overrute the plaeatly [111]
calvulated Hydrauhe Radma Ry by the
vidues entered e the Hivdraolic Radrus
column. This opiion makes it possible w
detine the Hydranlic Radios as o tuncuon
ol the depth.
Resistance (Line) Optien o overrule the vadue for the frnis|or

Resstunce ot the Section by the salues [ A
cntered i the Resistamee colamm, This

option inakes 11 possible o detne the

Ruesistance as o luncton o the depthand

place on the section

Lo the Calenlauon Settngs e Chery us
Resistanee Formiulia e specthied. the valae
1w eequal tothe Chézy coetficient B
Manminrg s specited. the salue i cquad 1o
the coctticient Ko thee torilae o
Munmng cv=K- R The salue bor
the Resistance can b serted tor the
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. positive and negative direction of the

section,

Height (Line) Depth to Floor Level thottom) an which [m]
the parameters are valid,

Flow Width (Lineg) Width of Flow Profile at the related Im|
height,

Maximum Width (Line) Width of Storage Profile at the related [m]
height.

Related topics:

Cross Section

Interpolation of Cross Scectionad Data

5.2.5 Interpolation of Cross Sectional Data

Section is defined on a section, DMS will default interpolate the cross sectional
profile. The option Interpolate Cross Sectional Data ts  property of the section,
The Floor level — also a property of a Cross Section scheme — however will
abways he interpolated, even if the option Inlerpolate Cross Sectional Data is of!
Note that interpolation of the cross sectional profiles will only take place over
one section, Interpolation of cross sectional data will never take place between
Cross Sections on two different sections.

. At least one Cross Section must be defined on a section. [f more than one Cross

Interpolation of cross sectional data consists of three parts.

—  First the values for Floor Level and the cross sectional profile on
the Buflow points between two Cross Sections will be calculated
hy interpolation {red ling in the figures). Duflow points are nodes,
schematization points, structure points — L.e. structures — or
calculation points.

- Secondly the Duflow points between the begin Node and the first
Cross Section will inherit their cross sectional data from the first
Cross Section.

—  Third the Duflow points between the last Cross Section and the

. end node wif) inherit their cross sectional data from that last Cross
Section.

Note that the direction of the seclion plays an impaortant rele in this
interpretation,
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Fxample 12 Duflon poinis benceen Cross Sections

Floot level = 5 m I /
T,_-?Floor lewvel = 1m

200 | 200 100w | 300 m 100w {100

. b —P —ae

- 5m
4 ST 4m
“+  Floot jewvsl T
-+ lintermpalated) 2m
-+ 1
Ctosa-sechon protle
Interprlated

L -rechiana! profle

Hob inteipolated

Adter detining the cross scectional data on the Dutlow points of i section, the
cross sectionid data bebween these Dullow ponts can be caleubisted by
mterpolation. The resubis of this interpolation are visthle inthie trigures as a hlack
line tor the Floor Jevel thonom) and the blue wea tor the Flow -width at @ certain
depth. Durmg calculution hoaeser only the cross seetionul daticon the DutTow
points will bu ased.

It the distance betw een twe Dutlow points i~ smaller than the Minmum Length
of the seeton, that this section will not be w part of the calcolation. Therefore
also the cross section detinition tor this cpart of wr ~cction will not be aken into
aeeount.
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Fxample 2: No Duflow points between Cross Sections

Floor lewvel = 5 m,

Fiant evel = 1m.

200 bo200m 300 m, 100 . I 100 .
L 4 .
:‘“‘-m.__‘__: T T 5m
4 - te 4
4+ Floor lewsd . 1— J- 3m.
4+ (Intepolated) . e =+ Zm

F—~———n

Ciozs-echor: profile
Intespolated

Crozs-sechonal profle

Mat intepolated

Tip It the Floor Level thottom) upstream from a weir differs from
the Floor Level downstream, thun just add a Node very close to
the weir. If the distunce hetween the Node and the weir is less
than the Minimal Length of the seetion, the Floor level will not
he interpolated over the werr. Use the Insert Node command to
add the Node.

Related topics:
Cross Section
Cross Section dialog box

Scetion

5.2.6 Schematization Point

Schematization pointls are extra points on a section used by the DMS calculation
and on which output can be generated. On 4 schematization point one or more
arcas and discharge points may be defined.
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4_’)
Symbaol:

The follewing properties can be described:

General
1)
Name

Section D

X-co-ordinate

Y-co-ordinate

Distance

Duflow

Initial Conditions

External Variables

RAM

Idunutication code of the schemanzation point
Name of the schemanzation poing

f ol the secuon on which the schemutization
point 1s defined.

[he X-co-ordimate of the schenwhzation pomt s [m]
cileulated by DMS bused on the position of the
sehematization point in the Network window

By entering a check mark hehind the Tield the

wser can overnide the value caleulated by DMS,

The Y-co-ordinate of the schematization pointis— [m]
cithculated by DMS, Based on the position of the
schematization point in the Network window

By entering a check mank hehind the field the

user can override the value calealated by DMVS,

The distance Irom the beoin node of the section |m]
uriti] the schematization point is calealated by

DMS. based on the posinons of the node and the
schematization point in the Network window.

By entering @ check mark betiind the ticld the

user can onverride the value of NS,

Aher the selecton ol the Initial Conditions. ..
button DALS will show the Inital Conditions
dizlog bux with the s condions for
dischurae, level und all state sariables declared
in the Quadits model].

{~e the Defaults button to et the value of
discharge and flow equal to zero and the value
of the state vartahles toohe default vislues
declured in the Quality Model description file

Atter the selection of the Eaternal Variables. ..
button DMS witl show the Eaternal Vanables
dialog box, This dialog hod gives an overview
of the selected schemes tor the dispersion und
the other esternal vanubles declared i the
Quahty model. By chicking onthe arrow behind
the scheme-nanie a listwith the available
schemes will be displayed. Use the fo ] button
to apen the Seleet Scheme dicddog box o add or
modity schemes

No RAM specilic duta can be defined

Detuult o schemadization point only can be moved along the section. If the
schematization point 1~ changed into a Bending point it also cuan be moved
outside” the section. The sectton will get curves. The fength of the section is
updated atomatically. Use Bending points to follow the curves of ariver,

Related topics:

(hject Propertics commind

Bending point
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. 5.2.7 Discharge Point

On Discharge 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 to attach more than
one Discharge point 1o the same Schematization point.

Symbol @

The following propertics can be described:

General

iD fdenmtification code of the Discharge point

Name Name of the Discharge point

Schematization point 11 1) of the Schematization point on which the
discharge point Is attached. At this
Schematization point the discharge into the
network will be tuken into uecount.

Boundary Conditions After the selection of the Boundary Conditions

. button DMS will show the Boundury Conditions

dialog box. This dialog box gives an overview
of the selected schemes that contain the
houndary conditions. By clicking on the arrow
behind the scheme-name list with the available
schemes will be displayed. Use the L] button
to open the select Scheme dialog hox to add or
modify schemes.

Duflow No Dullow specitic data can be defined

RAM No RAM specitic daty can be defined
Related topics:

Obiject Properties commiand

5.2.8 Area

. In Area points the drainage from the areas into the surface water.(due to rainfall)
is taken into account. Areas must always be attached o @ Schematization point. It
is possible to attach more than one Area te the same Schematization point,

Symbol: 2

..

The following properties can be described:

General
ID Identification code of the vhject
Name Name of the ahject
Schematization point 11} of the schematization point on which the arca
ts attached. At this schematization point the
discharge of the area into the netwark s taken
Into account.
Surface Total surface of the area. ImF'I
RAM See deseription below
Duflow Na Duflow specific data can be defined

The RAM specific properties are displayed as follows:
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Object Properties n

Ceraal P lD-Jﬁow i

hpeats 10 Change

Catergory - Arga Sathing:

D |

Categanes

Total Area [ha)

iy f
‘/,Qper:'v‘fmr:r‘-] i

“inher Faved -

g i .

Cancel | l Help

The followine cateeories af propertics are mesdiliuble, the properties tand the
diclogr change when anew cateeors s selected:

lcon Category Properties

7y d Area
=

Open
Wuater
surface

Paved
surface

Towal arca

Lo Open Wages

o Gireenhouses

o Sewer

fr by Pasoed

i

ol P el

K

N
[ETNE

Bresers oir

S Open
SuUrtace

P
[
1N

[
f\‘d\'urv\

korestore

Provpitation codicction arcic [ha

Porcontine of the D) wrea that consists of
surlce oty |—J

Porceniane ot the arcacaath oreenhouses. |-
Porcentaze paed surlace with sewer, -]

Percentinze cansisting of ather pased

s .

Puercentaore ol the area usad as tarmland nthe
precipiiatien s Thes e s ~Jow s f-]

Trme constant resor orr jdan |

Crop tactor Sukkink £-

Pt comdant resery ol dday |

Nt stesaoe e depressions fmm

ST e 1 reservoirs. Dt

Porcentaue ob the coterors ares that consists

ob open poeed sartace |

Purpove or Capaaty Jomdalday |
Tnfilectm capacity Trinddie ]
Musununontlrauon copacity [mmdday |
M b raten capacity [mddas |

Toeoe tuctor tor tedactron mitiitration capi-
any | adas

Tone tactor tor enlargire mhlration capa-

ats Ao

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

surface,
Unpaved Brux Maximum storage in surface depressions.
surface {mm|
Surface type Surface Type and its contents are set in the
Sclect Unpaved Surfuce Scheme dialog hox
Seepage C Vertical hydraulic resistance of covering
layer. [day|
— DH Hydraulic head difference covering layer

and water transporting package. jm|

Ammonium  Concentration schemes {or:
Open Water
Puved Surfuce
Unpaved Surface (Openy
Unpaved Surface (Slow)
[npaved Surface (Fast)
Seepage

Nitrate Concentration schemes for:
Open Water
Paved Surface

Unpaved Surface (COpen)
Unpaved Surface (5low)
Unpaved Surface (Fast)

Secpage
N Nitrute concentration
Phosphor Concentration schemes for;

Open Water

Paved Surface

Unpaved Surface (Open)
Uinpaved Surface (Slow)
Unpaved Surface (Fust)
Scepage.

Properties describing the concentration are grouped in a Concentration scheme,
which is in fact a time series scheme. [DMS therefore uses a variation of the
Modify Scheme dialog box.

Properties describing the unpaved surface are grouped in an Unpaved Surface
scheme. The schemes Tacilitate the use of predefined data and the use of schemes
from other projects. Atter selecting an Unpaved Surfuce scheme DMS will shaow
the Unpaved Surface Setungs dralog box.

For technical detatls please refer to the RAM Reference Manual.
Related topics:

Object Properties command

Unpuved Surface Scheme command

Unpaved Surface Settings dialog box
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5.2.9 Unpaved Surface Settings dialog box

Sudsce Type

Genaral Atnbutes

irnas frmen/day
fl-

FO {rmrn

F2 |

F4 2 [rarn]
Phdl frare
L& {rarn
"l

gLrrin [mm
Ppercmar fmmiday
Cmaz [rmmida
Fiidace [day
Vipuk da'z
Fslow [day]

Hsiorw [-]

= Agsanced

- Scenano
= 2 Nash-Cascades

Humber of Reservoire
Sigw

Giuick:

1

‘ < Heshr-Cascadef
- Keayenhotf van de Leur

Mumber of Reservoirs

Slow (N) [—_‘“
Quck (¥) [“F

In the Unpaved surfiug

¢ dialog hox the follow ing paninmeters can be deseribed:

Heading Properties Explanation

Surface

Scheme name.

Type
General [ITIHE Mntiliration cupacits . lnfdis
Attributes
i Croptactor Makkink. |
10 Morsture storage at pte - O jmmy
P2 Molsture storage ot pbt= 2 [
b42 NMoisture storage wl pbo= 120 [
PPhhit) Initial moisture storaee jimm'!
INERY Jmitial depth of the unsaturated zone [inm}
1 Pore cantent |- |
Blanin Storage value m Hncie reservatr at which capiliary rise
1~ activated fmm|
Pperent Percaliution 1o saturated sone between pk=tenph =
2 tmaxamumy foamddas
Cnny Maximum capillars rise [nnnsday |
Kostrtue e Time constant reseryoir unpased surtaee [das |
Kk Time constant fast erounds ater discharee, fday |
Koo Timie constant show eroundwiter discharge. [day |
15 Distribution formmla fos fast and <fow croundwater
ch~charee, [-]
Scenario Sclect the Nash-cascade or the Krasenhott= s Lear seenario and the
fdtaber Gl peservalrs to represet the discharee
Advanced s this huton w modity the percotation and ey aporaton reiations,

DMS il open the Advanced Pereolation by aponion Refauons

dialoe b In thas diddoy the detuadt relations for Precipttution an

b
For techmeul detials p

Related topics:

atirm can be overruled by the vse

lease reter o the RAN Refercnce Manual,
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Arca
Unpaved Surface Scheme command

Advanced Percolatin Evaporation Relations dialog box

5.2.10 Advanced Percolation Evaporation Relations dialog box

The pereolation and evaporation relations depend on the moisture content in the
unsaturated zone. Atdefault it the moisture content lies between Qppoy o ('F2" in
Inpaved Surface Settings dialog hox) and ¢ - ('HY in Unpaved Surface
Settings dialog box) the relation between the moisture content and the
percolation is assumed to g lincur relation and likewise for the evaporation if the
moisture content Jies hetween Q.13 and Opp=z 0.

In this dialog ity possible o override this default. The first possibility is an
exponeniiul relation as shown in the figure below (Percolation relation):

Advanced Percolatron, Fvaporation Relations
| & UseEwponents . Cancat

 Use Eolyi;aas

Eymporation i” [ S —— P L.
Porcaistion I2 r, 4 . w -

Parcolstion

The second possibility to override this default is a picce wise linear relation
(Evaporation relation):
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5.2.11 Siphon

Advanced Percolation. Evaporation Relations u

Choose Method
Ve Exponents

“ U’-,F:Eo_!ygons_

i Frhn J Exaparation
1 1
z I,
3
4

[ Phi I Pesolatiun
i i i
Z

tse Cli-nsento insed rows and Crl Delete 1o delete Fows

o

Cancef

!

Evaporation

Fercolation

'

Fortechnicat details please reter o the RAM Reterence Manual

Related topics:

Unpas ed Surtace Serngs dialog box

A CSiphon s circular pipe used o carny water osver obstacles,

.
Syiihol:

The following propertes can be deserihed:

General
iDh
Name

Section 1D

Distance

Tube Width
Tuhe Height
Tube Length

Side Resistance

Duflow

Sturt Level and Stop Level

[dentheation code of the Siphon,
Nume of the Siphon.

11 of the seciion onwhich the siphonons
debied

Fhe distince Irona the begin pode of the
sechion unti] the <iphon s calculated by NS,
based an the position of the node and the
siphion i the Network window . By entering a
check miark beham thee treld the user can
onverride the value calculated by DMS,

The width of the tube of the <iphon
Fhe height ot the tahe of the siphen.
Fhe Tength of the siphoen

Fhe Chidey coetiiciont tor the Triction i the
stphon. The tncton m the <iphos s adwas
calculated swth the tormula of De Chezs

Swiatchine Jovels above the reterence lesel
[he o i the siphon starts 0 both levels al
hewin and end wre above the Start Tevel and

|m|

Jin|
fm]
{m])

/)
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stops i one of them drops below the Stop
Level, The direction from the begin w the end
of asiphon corresponds to the dircction of the
section.

Mu Mu is a correction factor for additional [-]
hydraulic effects like contraction, internal
friction ete. and can be defined at the begin
and the end of the siphon in positive and
nezalive direction,

Initial Conditiony After the selection of the Enitial
Conditions... bullon DMS will show the
Initial Cenditions dialog box with the inital
conditions for discharge, level and all state
variables declared in the Quality model.
Lise the Defaults hutton 1o set the value of
dischurge and 1low equal 1o zero and the
value of the state variables to the default
values decfared in the Quadity Model
description file,

External Variables After the selection of the External
Variables... button DMS will show the
External Variables dialog box. This dialog
hox gives an overview of the selected
schemes Tor the dispersion and the other
external variubles declared in the Quality
model. By clicking on the arrow hehind the
scheme-name a list with the available
schernes will he displayed. Use the [L..
hutton to open the Select Scheme dralog box
o wdd or modify schemes.

RAM No RAM «pecific data can be delined.

Related topics:

Object Properties command

5.2.12 Culvert

A Culvert is a pipe-construction with a rectangular or circular cross section,
which connects two walerways.

Symbol:
The following propertics can be described:
General
n {denntication code of the Culvert.
Name Nume of the Culvert
Section 1} [y of the section on which the culvertis
defined
Distance Thie distance from the begin node of the fm|
section unti] the culvert is caleulated hy DMS,
hased on the positions of the node and the
culvert in the Network window. By entering a
check mark behind the field the user can
override the value caleulated by DXMS.
Tube Form Form of the cross section of the tube;
Rectangular or Round,
Tube Width The width of the tube of the culvert. [m]
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Tube Height

Tube Length

Side Resistance

Sill Level

Inside Tevel

Duflow

Muo Free Surface

Mu Submerged

Initial Conditions

Fxternal Variables

Related topics:

Object Properties commniamed

5.2.13 Weir

The helght of the tube ot the culvert above the
Sl level

The tength of the culvert

The Chézy coetticient or the friction in the
cubvert. The fricuon in e culvert iy alwas s
colcubated with the tormulg of De Chdsy

The lesel of the bottom o the flow openiny
above the reference level The part ot the
culvert below the it e el s nota part of the
flow prohile of the culyvert

The level of the kyaest potnt of the elliptic

CToss seution,

Mua s acarrection factor o additional

Dy draadic eflects fihe contiaction, internal
friction cle. in the culvert and can be defined
i positise and nevative direcnan,

Mu dor submerged tlow <tuations i the
culvert and cun be detined i positive and
negatve directon,

Alter the selection of the Initial
Conditions... butionn DAS will show the
nitat Conditons didog bos with the mith)
conditons Tor discharge. level and al) state
variubles declared i the Quality model

Use the Defaults button 1o set the value of
discharge und tlow equal to zero and the
value of the stute warables to the detuult
values declared imothe Qualing Aodel
description file.

Aldwer the selection of the External
Variables... huaon DATS will show the
Basternal Vartables dialog bos, This dialog
B gives an overview ol the selected
schemes tor the dispersion and the other
external variables declarad in the Qualit
model. By chicking on the arrow behind the
scherme-name @ st wath the s ailuble
schemes will be displaved. T the |
hutton to upen the Sclecr Scheme dialog box
to add or modity schemes,

[m])

fin]

[m' :/sl

]

|m]

A Weir is a construction made to control the level on the upstrewn side wath a

free water surface.
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Symbaol: }

The following properties can be described:
General
ID Identification code of the Weir.
Name Name of the Weir.

Section 1D 1D of the section on which the Weir is
defined.
Distance The distance from the begin node of the {m
section until the weir 1s calculated by DMS,
hased on the posttions of the node and the
weir In the Network window. By entering a
check mark behind the ficld 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 hottom of the flow opening [m|
above the reference level.

Mu Mu s a correction factor for additonal [-]
hydraufic effects like contraction, internal
friction ete. in the weir and can be defined in
positive and negative direction,

Duflow

Initial Conditions After the selection of the Initial
Conditions,., button DMS will shaw 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 1o the defauli
values declared in the Quality Model
description file.

External Variables Atter the selection of the External
Variables... button DMS will show the
F:xternal Variables dialog box. This dialog
hox gives an overview of the selected
schemes for the dispersion and the other
external vartables declared in the Quality
model. By clicking on the arrow behind the
scheme-name a st with the available
schermes will be displayed. Use the [..,]
button to open the Sclect Schermne diulog hox
te; add or modify schemes,

RAM No RAM specific data cun be defined
Related topics:

Object Properties command

5.2.14 Pump

Pump stands for & pumping station in or near a waterway.,

4

The following properties can be described:

Symbol:
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General

i fulentifcation vonde ol the Fang.
Name Namwe of the l’illup
Section HD [Ey o the sevnon oncwhncdo the Pumgos

detined

istance I he distance oo the becim node of the I
sevton untih e aphon s ciloatated by NS
Birsedomy the prastinns of the el and the
phon i the Netsork el By enterig a
check mark behimd e T ldsfe e can
override the sadue celenlated by INS

Capacity Discharee throueh the pumpimg station < hien ims)
the pamp i on

start Eevel and Stop Level Swoching lesels o e the retorenee fenel ]
The Startnd stogs Jes el are redatedd vt

loswel at the beoin ol

Tl ~tent lewelas Bihes thar the st les el
The puropime st car poang e s ater trom
Bosst node 1o the eisl nondes ol e the
waler can be pumyped Yrony the end node o
the beain node

Ll star Tewel e fnsher than the siop Jes ot
e prnp st s hien the upsieam el
reaches abon e the ot Jevel and sl when

e apstreann leveldioge belo the aop Lovel

[ the st e el loser than the aop leed
e gy stant s hern e e iteatn lesel s
Belera the ~tart tesel iond g s Len the

upstreantt level reaches whose the stop e el

Duflow

Initial Conditions Aher the selection o the Initial
Conditions... bidion PAS wll shoee the
Inatial Condition~ diator hoscaththe sl
Cutiditions tor "IJ‘L'\-II“,‘C, lev el wadd all -ty
cartables dechored e Qealirs o
U the Defanldts button reo <o the walue o
dhscharee and o cogunt o roreanad thi
adie ot the st vanables o the detaah
vilues dechned i he Qualits Meode
deseription 1ile.

xternal Variables Atier the selection o the External
Nartables. o havion DMS w0l chos the
Foatcrnal Narables diedos o TThaliadeos
beas e~ anoosers i o e clected
schieties b the disperon and e ot
caturiel vartables dechaned mthe Cnealine
incdel By clichime enthe ariess belind the
seheme-nanie o lis e the asalbab)e
schemes wall be i ~]'u;‘1_\ el Usethe |]
Button o open the Select Schone e o
to add aredity wohenes

RAM No RAM speaibn et be detined

Related topics:

Object Properiies continaned
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. 5.2.15 General Structure

General Structures are structures that can not be defined as other DMS-
structures, for example weirs with forced underflow,

=

Symbol:
The following properties cun he descrihed:
General
1D Identification code of the Genreral Structure,
Name Name of the General Structure.
Section 1D 1) of the section on which the General
Structure is defined.
Distance The distance from the begin node of the [m)]

sccetion until the general structure is caleulated
hy DMS, based on the pasitions of the node
und the gencral structure in the Network
window. By entering a check mark behind the

. ficlt the user can override the value
caleulated by DMS.

Width Whiripool The width of flow opening of the general Im]
struclure.

Height Whirlpool The height of the flow opening of the peneral  [m|
structure.

Gate Level The level ol the upper side of the flow [mij

opening of the general structure above the
reference level

Mu Free Surface Mu i~ g correction factor for additional I-
hydraulic eftects like contraction. internal
friction cie. in the general structure and can
he defined i positive and negative direction.

Mu Submerged Mu for submerged flow situations in the |-]
gencra) structure and can be defined in
positive and negative direction.

Duflow

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

Lise the Defaults button to set the value of
thschurge and flow cqual o zero and the
vilue of the state variables to the default
values declared in the Quality Maodel
description file.

External Variahles After the selection of the External
Variahles... button DMS will show the
External Variables dialog box. This dialog
box gives an overview of the selectled
schemes for the dispersion and the other
external variables declarcd m the Quality
model. By clicking an the arrow hehind the
scheme-name a list with the available
schemes will be displayed. Use the [...]
huttan to open the Select Scheme dialog hox
to add or maodify schemes.

. RAM No RAM specific datu can be defined

Related topics:
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Object Properties comniand

5.2.16 Calculation Point

Culculation points can be pencrated by DMS hetore o Duflow caleulation is
made. The user can not add w caleulation point (o the network.

[ the length of wosection is longer thau the Maxztinuo length of the sectioa
(Muximuwin length is w property ot a sectiony. DMS will detine Calculation points
an the secton. The dength of the part of the section between two caleulation
points will never exceed this naeamum length, By chunging the maximum
tength. the user can mampulate the space step size As.in the calculation. Gutput
is available on caleulation points. Calealation points will be visible in the
Network wimdow as gray diamonds after the Calculate command s given. The
Cidenlation pomts will disappear by the Cleanup Network commuand.

<
Syimbol:
The following properties can be described:
General
1 ldenutication code of the node
Namwe Nane of the node.
X-co-ordinate The X-co-ordinate of the caleulation pointis |m]
caleulated by DMS based. oncthe position ol
the calculation pomt i the Network window.
4y entering a check mark hehind the ticld the
user can override the value calculated by
IIATS,
Y-co-ordinate The Y-co-ordinaie of the culeulation pointis | m]
calvulated by DMS bascd o the position of
the caleulation pomt i hic Nciwork sindow
By entering a check ynark behind the field the
user can oserride the value calculared by
IATS.
Thstance The distance Trom the begm node of the Im)
~ection untl the caleulation point is caleulated
by DMS. based on the positions of the node
and the caleulution point e the Network
window . By entering o chicck mark behind the
ficld the user can avernde the value
caleuluted by DMS
Duflow No Dutlow specine daticcan be detined.
RAM No RAM specibic data cim e detined,

Related topics:
Ohjeci Properties command

Section

5.3 Network Object Commands

DMS offers wothe following commands o modity the properties of ohjects in the
Network window
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. e Object Properties
e Select Object and Check Obiects
»  Flip orientation (Section)
e Bending point (Schematization point)
e Remove Object and Disconnect Object
¢  Remove Node and Join Sections (Node)
*  [nsert Node (Node)
e Offset Co-ordinates
With the following command an object in the Network window can he found:

»  Locate Object

5.3.1 Object Properties (command)

Use this command to edit properties of the objects, After selecting this command,
DMS displays the Object Properties dizlog hox. Use the Select Object command
o select the object. [Uis also possible to open the Object Properties dialog box by
double clicking with the left mouse button on the object in the Network window.

Tip To change o property of all or all checked object (one type) 1o
one value use the command from the menu bar. Choose in the
Object Properties dialog box in the Object to Change list for
‘All.Cor ‘Checked. ... In the Tatter case use the Check
Objects command first.

If ane or more ohjects in the Network window are selected when using the
toolbar shortewt for this command. you can only edit the properties of the
selected object(s).

Command:
Menu bar: Edit - Obhjects - Properties. ..
Context menu:  In the Network window after the
. selection of an object - Properties...
Double-click: In the Network window on a object.
Toulbar:

ﬁ (lists all objects of active scenario)

h {lists only the selecied object)
Related topics:

Ohject Properties dialog hox

5.3.2 Object Properties dialog box

The Object Properties dialog box consists of three parts, The General data,
RAM specific data and the Duflow specific data. After the sclection of the
object(s) 1o change on the General tab you can change the properties of the
ohject(s). More imfarmation about the properties of the ohject 1s given in the
paragraph about that object.

. Related topics:
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Node

Section
Schematization point
Discharee point
Arci

Cross Section
Siphon

Culven

W

Pump

Cieneral Structure

Calculation poin

5.3.3 Select Object / Selection Mode

Use this command (o select an object from the network

Command:
Contextmenu:  In Network window owside network objects - Selection mode
Tooihar: L=

Related topics:

Check Objects

5.3.4 Check Objects

Lise this comitnaned to choeck obpects, The selection s nude in the Cheek Objects
dialog hox,

Checked objects dre wsed 10 display graphs. i the Object Properties dialog hox
and fer generuting the loghite.

Marking an Arei in the Network window can also check objects. The Network
window must then be inoselection mode, Mark the selection area by pressing the
ettt mouse button on one corner of the wreas draggime it o the opposite comer
and releasing the bution there.

Command:

Menu bar: Lt - Objects - Select

%

Taoolbar:

5.3.5 Check Objects dialog box

[he Cheek Objects dialoe box allows sou 1o specity the cheched objects,
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5.3.6 Flip Orientation

5.3.7 Bending Point

Check Objects

Cancel !
Help 1
{Ibeects in HNetwork .
[T ¥tz B
[~ WLsCas
v WLSC26
[ Wosies
~ wcsczs
[ WCsCx )
r owoern |
[ esPom ]
[v S*AREO00O0
o auri :_!
Coreerdly 3 fom 49 obiscts checkad
Gelect AF 7 Check

All nbjects are listed, the checkbox before each object tells you whether the
ohject is checked. The state of an object can be changed by directly chcking the
ohjects checkbox in the listhox.

The Select All button makes it possible to make a choice for all objects. by using
the Cirl or Shift button or by dragging the mouse other multiple selection can be
made. The Check checkbhox shows the state of the sclected objects:

+  Checked meuns ull selected objects are checked,

o Ciray means thal some of the selected ohbjects are checked.

o Unchecked means that none of the selected objects are checked.
You can also use the Check checkbox ta change the state of the selected objects.
Related topics:
Check Objects

Sclect Object

Lse the Fiip Oriemation command to change the direction of a section,

Command:

Context menu:  In the Network window after the selection of a section - Flip
Orientation

Related topics:

Section

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

Command:
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Comext mena:  Inthe Network window after the selection of & schematization
point - Bending Point

Related topics:

Schematization point

5.3.8 Remove Object

Use this command to remave an object from the network.

Command:
Contextmenu: In the Network window alter the sclection of un ohject -
Remove ohject

Toolhar: ®
Kewvs: DEL tafter selecting an object)

I only two scections comg together «t a node, this node can be removed with the
Remove Node and JToin Sections command. By using this command the sections
that come together at this Node will be joined, Otherwise — with the Remove
Object command - two sections without & begin or end node will be created.

Related topics:
Disconnect Object

Remove Node and JToin Sections

5.3.9 Disconnect Object

Use the Disconnect Object command o disconnect an object from the network.
This command is not available for nodes and sections,

Command:

Context menu: I the Network window after the selection of an object -
Disconneet Ohject

Related topics:

Remove Object

5.3.10 Remove Node and Join Sections

Use the Remove Node and Join Sections comimand to remove o node trom the
network and join the sections that begin or end at the removed node. This
command can only be used when two sections come together at the selected
node,

Command:

Context menu: I the Network window after the selection of o node -
Remove node and Join Sections

Related topics:

Remaove Object
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5.3.11 Insert Node

Naode

Use the Insert Node command to add a node to a4 section of an existing network.
The section will be split into two sections that inherit the propertices of the
sphitted section.

Command:
Context menu:  In the Network window after the selection of a section - Insert
Node

Related topics:

Node

. 5.3.12 Offset Co-ordinates

5.3.13 Locate Object

Use the Offset Co-ordinates command 1o change the X- and Y-co-ordinates from
all objects at once. DMS will show the Offset dialog box to specify values -
negative or positive - to add to the current co-ordinates.

Command:
Context menu: In the Network window outside network objects - Speciat -
Offset. ..

Related topics:

Object Properties dialog hox

Use the Locate Object command to find an object in the Network window hy
giving the object 1D If the command is given by using the context menu DMS
will show the Locate Object dialog box. When an object-id 1s ¢ntered, the
specified chiject will blink in the Network window. The search-function 1s not
case sensitive.

Command:
Context menu:  In the Network window - Locate Object. ..
Toolbar: |NU{JUUQUZ _ﬂ

You can use the toolbar by entering the ohject 1D in the combo box Tollowed by
<Enter>. The searched item will blink in the Network window and saved in the
drop down list for reuse.

Tip [tis also possible 1o search for internal object numbers that
are used in the Duflow files. The objeet which corresponds to
the number in the Duflow files can be found in the Network
window just entering that number preceded by a’n' in case of
a Node or a's' in case of a Section/Structure.

Related topics:
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Focate Object dialos bos

5.3.14 Locate Object dialog box

To hnd an object the Network window cnter the complete object 1 ot the
searched objectund chich ORI the speciticdabject s tound, it w il blink in the

Network windos The scaoch Tunction s not ciase sonsitng

To tind an objedr inhie Network windosw by thie object nimnber from the Dutlow
Fes. enter the moober preceded by an’ i case of o Node or a0 'S i case of i
Suction/Structure.

Related topics:

Focae Obpeay

5.4 Customizing Network Window

DNS affers the tollowing conmands to detne the part of the Netwaork 1o be
displased mothe Network window:

L] Fotire Networh,

o oot inand Zeomang oul
s Pannctwinh

o (urrent Positen

With the Tollow g comnmunds the appearance of the objects in the Network

windoa oo be chinneed
* Shew Gibjeer Types
s Nuobwork Properties. gl the point stze of the objects,
o Displin or hide 1S
o Display v hide Dutatips

4 Fditable

5.4.1 Entire Network

Use the Btire Nebsork commiand 1o show the entice netsoork i the Network
window

Command:

Comextmenu: linthe Network sindos omsade netsoork objpects - e adjust
[

Tuolbar .

5.4.2 Zooming Tool (Network window)

Eise the Zooming Tool to show parts of the et ork nomore detaet, Atter
selecting e convrd vronn the e or the ool the carsor will change inte
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4 magniying glass. Dragging the cursor displays a rectangle on your screen. This
rectangle represents the area that will be magnified (the rectangle will be blown
up until it {ills the network window),

Command:

Context menu:  In the Network window outstde network objects or in the
Graph window - Zoom mode

Toolbar:

H
e o

Related topics:

Zooming out

5.4.3 Zooming out (Network window)

5.4.4 Pan Network

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 to zoom out).

To zoom out to the unzoomed state 1n the Network window, use in the Entire
network command.

Command:

Context menu:  [n the Network window outside network objects orin the
Graph window - Zoom out

Taoolbar: E-;j
Related topics:

Zooming too!

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:

Context menu:  [n the Network window outside network objects - Pan mode

Toolbar: @4

T i

5.4.5 Current Position

Use the Current Position command to show or set the X- and Y-co-ordinate of
the hottom-left corner of the Network window. DMS will show the Current View
Position dialog box. The Current Position dialog box also shows the current
7oom factor,

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

is displayed in the Status har,

Command:
Context menu:  In the Network window outside network objects - Special -
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Current Position. ..

5.4.6 Show Object Types

Uise thas caommuand (o show or hide objects tvpes in the Network window . The

selection is made in the Show Network Objects diafog box.

Command:

Context menu:  In the Network window outside network objects - Show
Ohjeat Types

Related topics:

Show Netwaork Object diadog box

5.4.7 Show Network Objects dialog box

The Show Netwaork Ohjects dindog box allows you to specifs Object Types to be
displaved in the Network Window.

Aldl object types are listed. the checkbox before cach object wils vou whether the
abject is chucked, The state of 4 object can be changed by directdy chicking the
objects checkbox in the listhox.

Related topics:

Shasw Ohyect Types

5.4.8 Network Properties

Use the Window Properties command Lo edit the drawing properties of the
Network window,. DMS will open the Drawing Propertics dialog hox,

The Drawing Properties dizlog box offers the followimg options:
Point size Ohjects Point size of the objects in the Network Window.
Detault value is 10

Show Text Choase this option w displas the 112 ot all objecisin
the Network window

Show Data Tips Chonose this eption te display the object 11 in the
Network window when the cursor is pluced ubose that
object. On Crosy Scetions a stall picture of the cross
section will also be displuved.

Fditahle Choose this aption o allew or probibt changes in the
Network.
Command:
Menu bar: Edit - Window Properties. ..
Context menu: In the Network window outside network objects - Special -

Drawing properties,

Toolbar: fg
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. Related topics:
Display or hide 1D's
Display or hide Datatips
Editahle

5.4.9 Display or Hide ID’s

Use this command to display or hide the HY's of the objects in the Network
window.

Command:
Menu bar: Edit - Window Properties — Show: Text

Context menu:  In the Network window outside network objects - Special -
Show: Text

. Toolbar: T

5.4.10 Display or Hide Datatips

Use this command to display or hide the object [D in the Network window when
the cursor is placed above that object. On Cross Sections a small picture of the
cross section will also be displayed.
Command:
Menu bhar: Edit - Window Properties — Show: Datatips
Context menu: — In the Network window outside network objects — Special -
Show: Datatips

Toolhar; joj
onlhar E

. 5.4.11 Editable

Use this command to allow or prohibit changes in the Network.

Command:
Menu bar: Edit - Editable
Context menu:  In the Network window outside network objects - Special /
Drawing praperties - Editable
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6. Scenario Manager

6.1 Usage of the Scenario Manager

. A Scenario contains the input data of the model. The following 1ypes of data can
he distinguished:

e Description of the scenario.

e Schematization / Network objects.

¢ Inital Condiions.

e HBoundary Conditions stored in schemes.,

e Other conditions and schemes.
(precipitation, evaporation, wind direction, wind velocity, structure
control and unpaved schemes)

o Quality Maodel.
(Quality Madel description [ile, parameters, external variables)

s Calculation Settings

The input data are divided into several subjects. These subjects wre made visible

L S s
oo in the Scenario Manager. Double clicking on the subject in the Scenario Manager
! g sommrtnz will open a related window or dialog box. Clicking with the right mouse button
. ;_;5: ’““i“; e on the subject in the Scenario Manager will open the context menu. The scenario,
R which s displayed in a bold font, is the so-called active scenario. Commands
A given by menu choices or teothars will always be exeeuted for the active
B W scenario,
s With the Scenaric Manager the user also can define more scenarios in the same
project. Other scenarios can be defined when the user wants to caleutate the
effect of changes in the hase scenario.
S The Scenario Manager is there 1o manage all the data and information needed o
31 cendreipes run various simulation model scenarios and to store and administrate all
T e seenario’s which have been run. The seenario manager facilitates the user in
managing different input data within the same project. I also supervises over the
integrity ol the data and makes it possible o guickly view and compare the
results of calculatons made with different input parameters.
The scenario manager has three main tasks:
T Kl seenarin & e serghs *  Fucilitution of managing a project. A project consists of in- and

output data thit helong together. This duta s kept in the {orm of

files. A uscr can [requemly alter certain parameters of the input

data o view the effects on the calculation results. The scenario

. manager makes 1t possible to save an associated set of data together
HIN 5 TORENGU  HIRTEY
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e Supervision ol the mtegrity of the datiowithin the scenuro. When
the user alters some of the Ipual parameters ot a seenario. the data
dependent on these purameters. such as the output results. will not
contain the correctimtonmation. Within bats, the user will not be
able to view tos information in the farm of tubles or vraphys unless
the mnlormation s updated by a new caleulation.

o Nunaging the mput parameters when usinge more than one scenario
within the same progect. The seenario manager makes it possible to
casily combine input parameters frony diferent seenurios. When
creating anew seenario, the user may decide 1o keep some of the
input the samie as the base scenario, On the other hand. it s abo
possible to detine a local copy ot the mput data for making
moditications while keeping the buse scenario anchanged.

Related topics:
Managing Scenarios
Scenario desceription

Network ehjects,

Initiad Conditions.

Boundary Conditions

Other conditions and schemes
Quality Maodel

Calculanon Scitings

6.1.1 Managing Scenarios

Within a project HUis possible to detine several seenarios, The Hrstscenano
created by the user s untomatically detined as the base scenario when a new
project 1s created. Scenarios that wre created after this buse seenario
autematically contain references o the buse scenario. New scenarios can he
added with the New Scenario command. Usimg the Scenuno Deseription
commiand one can cnter o short description ot the scenario,

By adjusting the Scenario Properties. the user can casity combine inpot data from
ditferen seenarios,

Tip It in the Scenario Munager the subject is murked with an
asterisk, this means that these data are used trom another
Scenario. The subjects inthe base scenario are of course never
narked.

When using references 1o other seenurios, the dute s shared, Moditying the
shared data at one location mcans that the data will be Chimeed Tor all scenanos
sharing this data.

The advantage ol using references o data front other scenarios is the pessibility
(o change something s for instance. the network of the bise scenario and
sibsequently caleulate the consequences Tor all seenarios that use the network of
the hase scenario,

Note that it the Menu bae is used o give commands, these commuands are always
executed for the Active Scenario, Use the Setas Active Scenario commind to
change the Active Scenario.
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. Scenarios can be deleted with the Delete Scenario command. The base scenario
can not be deleted.

Related topics:

Usage of the Scenario Manager
New Scenario

Scenario Description

Set as Active Scenario
Scerario Properties

Delete Scenario

6.1.2 New Scenario
Use this command to define more than one Scenario in a Project. DMS will show
. the New Scenario dialog hox o specify the name of the Scenario,
Command:

Context menu:  In the Scenario Manager window after the selection of &
project - New Scenario.

6.1.3 New Scenario dialog box
In the New Scenario dialog box you can specify the name of the new scenario.
DMS will create a new scenario directory in the project directory.

The data of the new Scenario will be primarily based on the data of the base
Scenario. If other data than the Calculation Settings, Deseription or Initial
Conditions should be changed in the new scenario, than the Scenario Properties
of the new Scenario should be changed.

Related topics:

. New Scenario

6.1.4 Scenario Description
Use this command 1o add comments about & Scenario. DMS will show the
Scenario Description dialog box.,
Command:
Menu bar: Scenirio - Description...
Context menu:  In the Scenario Manager window on Description - Edit. ..

Double click: In the Scenario Manager window on Description

Toolbar: B
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6.1.5 Scenario Description dialog box

I the Scenario Deseription diidoz box sou can add conments ahout ihe

STy
Related topics:

Scenarin Deseription

6.1.6 Set as Active Scenario

Lise this canmmiand to st the sotected Sconarro s active Scenarto, Al comimands
activated by chorces mothe meme bar or toelburs will be exeouted Tor the active
Seenario

Command:

Contextmenu: Inihe Scenaro Manager window after the selection o) a
seenaro - Setas Active Scenario

Tooibar: Irr;-__r@ S Erann - I

6.1.7 Scenario Properties

Use this commuand to et the properhies of the seonmros Mier (he selection of this
comtuand DAS ] show thie Scenario Properties dsaloz bos,
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The dati of a Scenario are grouped into subjects, The subjects are mentioned in
the following table:

rLewel } Subject Data Module |Relation with ...
Scenari ) - Description 7 T;"_ o o ]
Po- Caleulation Settings -
’_I)fc;ibilzitir; - Precipitation scheme General
_E,vapnmlinn ‘ lupnralu_m scheme o General |
7W ‘Iir;d_;.;“(;]-f.)_(.;i[y i Wind velocity schc_l;m Giencral
k\Fr\f"i;Idiruuii}-Jn“ f Wind dirculiun:chcmc (reneral ! )
CQuality Model | Quality Model Cllow o
—— o o Purameters B - ;f(_)uallzly Mod.c.l;
- V(Julpul Variables o o - ?t--(“)ualil)' Model;
Schematization Schemutization All objects and their relations General | Ohject data
Object - Initial Conditions - fQuality Maodely
| Object data Object I1Y's / nasnes, General
Co-ordinates / Length / Distance
Structure propertics,
Cross sectional data, j ;
Boundury Cond. scheme names, é(‘)ualjly Model / Schemes :
;()ualily Model / Schemes
Structure control Structure control Duflow !
Scheme (add Qudd - Gieneral  |Object data
{contents) hfr)H o OH . (i(:l-’!(;‘-l’lll Ohiject data
—I—L\L} - level CoTTTT E};ncrul Ohject data
Concentration Concentration ] General 7 (-}_h_jccl duza / ()U_d| i.ly: -‘\/Indc]
Loud luad o - Genceral | Object data / Quality Model
Unpaved Surface | Unpaved Surface - RAM [Objeet datu ;
--I‘,xtcmul Variubles I Externad Variuh]c; B o _I;ufiﬁ: ,_()hJL(_ld.Jld/ Quality '\¢1;nd<,i E

The source of every subject of the base scenario is always set to "Own data” und
can not be changed. This means that the base scenario owns s own data.

In case of w new scenario - sccond, third cte. - the user can choose for cach
suhject of that scenario to use the data from ancther scenario (reference) or 1o
define a locat copy and use this data (own data). The default value for the source
of a subject in a new scenurio s always set on a reference (o the base scenario.

Ifinanew 1. second or third or ete. — scenario the Description, Caleulation
Setlings. Parameter values, Output Variables or Initial Conditions should be
changed, than it can be done without modifying the Scenario Properties.

I other data should be changed in a new scenario, the user should set the
Property of the related subject to "Own date’. In that case, the data is initially
copicd from the base scenario. When the new scenario owns the data, the data
can he changed without effecting the duta of other scenarios.

There are some restrictions in changing the source of a subject. It 15 not allowed
1o let a source of o higher level subject differ from a related lower level subject.
(Scenario is the highest level, scheme the lowest level). For example if you want
to sct the source for the subject Schematization to *Own data’, also the source of
objectdata has to be set 1o ‘Own data’ because Schematization has a relation with
Ohject data.
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Examples .

Toanalyse the efteet onthe resules when wsing ather Tnitial Conditions. do the
lolfowing:

e (Creule a new scenatio,

e Chunge the initial conditions in the new seenario (don”t modity the
Scenario Properties 1)

Temahe caleulations with different Precipitation intensities:
e Create unew scenario,

e Change the source of the subject Precipitation to "Own data’,

To analyse the effects of buillding @ structure in an existing netwoerk or changing
a cross sectional profile. do the tollowing:

o Create o new scenario. .

¢ Change the source of the subjects Schematization and Object data
o Oran dat”

To analyse the ¢iffects of another Boundary Condition in an cxisting network,
e.oanother Qeadd tme series you have two options:

e (et o new seenario,

e Change the source of the Object data o 'Own dusad. chunge the
source of Q-Add scheme also 1o "Own data”,

Changein the new scenano the ume series of the Q- Add scheme
that is wused as Boundary Condition,

Another solution 15 the following:

o Add & new Q-Add scheme to the base scenario.

o Creale anew seenano,

»  Change the source of the Object duta to "Own data’ .

e Connectin the new scenario the new Q-Add schenie to the Node at
the boundury of the network.
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Quality Model

in case of Quality modelling the Tollowing combinations of properties are
allowed in the new scenario 'Scenariol”:

T

WBiect Quality ] External Descriptioﬁ

Data Model Variables
Scenario Scenario Scenario No changes in the Quality model
compared 1o base scenano
"Scenarig’

Own data Scenario Scenario No changes in the Quality model
compared to base scenario
‘Scenario’, but some changes in
the Flow model compared 1o the
Flow maodel of base seenario

| 'Scenario’

Own data Scenario Own data (ther values — other schemes —
arc used for the External
Variables in scenario 'Scenariol’
caormpaured 1o base seenano
‘Scenaria!'

Own data Own data Own data ‘Scenario?’ uses a different
Quality mode! compared to base
‘ scenario 'Seenario’

Command:

Menu bar: Scenario - Properties. .

Context menu:  In the Scenario Manager window after the sclection of 4
scenario — Propertics. ..

Related topics:

Managing Scenarios

Scenario Properties dialog box (General)

Scenario Properties dialog box (Duflow)

Scenarie Properties dialog box (RAM)

6.1.8 Scenario Properties dialog box (General)

The Scenario may contain the inpurt data tsell or it may contain a reference to
input data of another Scenario. In this dialog box a list of subjects is shown. Each
subject refers to certain types of data items, defined by the user. Next o cuch
subject, the user can choose the source of the data to he used for this Scenario.

Per subject the following information about the model is stored:

Schematization All data concerning the layout of the network,
such as the length of the sections, as
calculated by the network editor,

Object data The properties of 2ll ohjects defined in the
network, such as the cross sectional profiles
and the struciure propertics.

Precipitation Precipitation data

Evaporation Evaporation data
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OH, The values of the bowdary schenes.
Quadd,

Level,

Concentration and

[.oad

Direction and The wind direction und wind seloeny
Velocity information

By detiault, DMS sl refer o the birst ereated Scenario tthe hase Scenario) for all
subjects. The user cim reter to the source of another Scenanio by clicking on the
arrosy ol the neht side of the Tist DMS will shon o list ol adl ivailable Scenanio
sources. Within this Tt there s also the passibilits to choose: own data’ I this
i chosens the data for the erven subject will be stored 1 this scenario directory
instead of another scenano directory . Al changes made within the data contained
by the subject winh 'own data’ chosen will now omly aftect the current seenarto.
The other Scenartos woihim the Project will rentain unchunged

Related topics:
Scemnno Propertics
Sceniario Propertics dialog box iDutTow)

Seenuno Propertics diadog hox tRAM,

6.1.9 Scenario Properties dialog box (Duflow)

Ihis dialos Box also contarns o st of Dufless specilic subjects:
F.xternal Yariables The vadues i the sternal Variable schemes.

Quality Model The used Quulits Muodel and refated data like

[léll'liIIlL‘(L‘I'\.

Structure Controt Al data defined by the controthing of
structures,

By selecting the option “Generate version 2205 files” the Duflow $iles will be
written in the old tormat, This option maekes s passible to compare the results in
DATS swith the resulis from Duflow Tor DOS 2050 Noae thad the 2035 tormat 1s
not millenniain prood

The detaule file forn s 3.0

Related topics:

Scenario Properties

Sceniris Properties dialog box 1General)

Scenario Properties didloy hod TRAM)

6.1.10 Scenario Properties dialog box (RAM)

Like in the General taby of the Scenario Properties dicdog box this tab shows o list
ol the RAM speaific stbjects:

Unpaved The vialues in the Unpaved schemes,

Related topics:

Scenario Propertics
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Scenurio Properties diafog bux (General)

Scenario Properties dialog hox (Duflow)

6.1.11 Delete Scenario

Lse this command to delete the Scenario. DMS will prompt you o either delete
the Scenario direetory with all its contents (Yes), delete the scenario from the
project, but leave the Nles in the seenario directory intact (No) or do nothing
(Cancely.
The base scenario can not be deleted.
Command:

Menu bar: Scenario - Delete

Context menu: In the Scenario Manager window after the selection of &

Scenario - Delete Scenario

6.2 Initial Conditions

To start the computations, initial vatues tor Level and Discharpe are required. In
case of a Quahity Model also innial values for all state variables (concentrations)
are required.

The user must provide these initial conditions for cach Duflow point, i.e. for cach
node, schematization point or structure. Use the [nitial Conditions command to
enter these initial values. The vadues can be based on historical measurements,
nbtained from former computations or from a first reasonable guess.

[ the last case the user should realise that by modelling water guality the first
part of the simulation period may result into non-realistic results. The transport
rates and the characteristic tme constants for the reactions control the time
during which the effect of the initial conditions is pereeptible. As a rule of thumb
for a single section, if only advection ts taken into account, the mmpact of the
initial conditions is completely gone after three times the restdence time in this
particulur section,

Axs the cxchange rates between the sediment layer and the overlying water are
ruther low espectully for the concentrations in the sediment reasonable initial
values have 1o he used. If no reasonable initial values are available itis
recommended o perform some initial simulations from which the results, at the
end of the simulation perniod can be used as initial values for a next run. This can
he done with the New Initiad Conditions command.

Related topics:

Inittal Conditions {command )

New Tnitial Conditions

6.2.1 Initial Conditions (command)

Use this command to set or modify the Initial Conditions of all the objects in the
active scenario, DMS will show the Initial Conditions dialog box.
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It s also possible tostart the Initial Conditions command in the Object Propertics .
dialog box on the Dutlow tab. DMS will show the Initial Conditions dialog box
{object oriented) with the Initial Conditions of the sclected ohject.

If the Inital Condition refers to a discharge or load on a nede where three or
more seetions come together, the sum of the oulgoing for incoming discharge or
load should be entered. The nitia] ratio over the sections can be entered inthe
Ohject Properties diaog hox of that node,

When you have compieted a Dulflow calculation vou can also re-inttialize the
Initial Conditions using the New Initial Conditions connmand.

Command:
Menu bar: Scenario — Initial Conditions. |

Context menu: Inthe Scenario Manager window on Initiel Conditions -
Fadit.

Daouble chck: In the Scenano Muanager window on Initiad Conditions
Tootbar: @
Related topics: .

Initial Conditions dialog box
Initial Condinons dialog box fohject orented)

New Initial Conditions

6.2.2 Initial Conditions dialog box

« Initiad condiions

@Dlscharﬂ @Level J trac | [s14 i
NOD1 R g T
NCDZ A s T Cancel
SCHO0004 R 5 1
NOD? 790 5 1 Defeutts ]
SCHOOO0 fw if‘ Set Column. . l
SCHO00O2 200 Z ‘_\
SCHONO1 Eas I -
SCHONOOG 2 i !
MOD12 s 3 T
NOD13 . F J .
hOD 4 I |
MOoD21 VRN 2
NODZ2 L) & T
STPO0000 200 5 il
STPOOODN o C 0

Usc the Set Column... button to change the mitial values tor all objects to the
sume value. DMS will open the Set Column dialog box. Using the Defaults
button sets the initial values for discharge and level w sero. Quality variables
fconcentrations ) will be st to the defaelt value as defined in the Quality Model
description file.

Related topics:

Initial Conditions

Set Column dialog box
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6.2.3 Set Column dialog box

In the Sct Column dialog box the initial values for all objects for one column can
be chunged to the same value, In this dialog box you can select the column of
which you want 10 change the initial values and enter a new initial value tor all
abjects.

Related topics:

Initial Condition

Initia} Conditions dialog hox

6.2.4 Initial Conditions dialog box (object oriented)

The Initial Conditions diatog box contains an overview with the initial conditions
for discharge, level and all state variables (concentrations) declared in the
Quality Model deseription file for the selected object.

i Insiaal Conditions m

@Dﬁé&zrgﬁ
EiLevel

frac

Use the Defaults button to set the value of discharge and flow equal to zero and
the value of the state vartables 1o the default values declared in the Quality
Model description file.

Related topics:

Initial conditions

6.2.5 New Initial Conditions

When you have completed @ Duflow cateulation you can also re-initialize the
Initial Conditions using the New Initial Conditions command. DMS will show
the New Initial Conditions dialog hox.

Tip The New Initial Conditions command 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 bottam and calculate the dredged situation.

Command:

Context menu:  Right mouse button in the Scenario Manager window on
Inittal Conditions - New [nital Conditions...

Related topics:

New Initial Conditions dialog box

Inittal Conditions
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6.2.6 New Initial Conditions dialog box

[ the New Initial Comditions dialow box vou can speats the data that will be
used 1o e imitialize tie Ininad Conditions.

New Initial Conditions ‘;

st Lot b ) e b “otumhon of - - l
[ Floe et [ L _'} _
- Anogl
I Sl Tina ,[‘

corcd e RpsR D oerannt Loenann B

Endg  YWiROI0E G 000

SRSt Deeranoiicenann E

Encl 139R/070L 5 JIl%

_ NE—

The data e it be read fram the cartrer calealation, Teore nomalize the mitial
comndivons for How o tor quahim o mark the appropriate chechhos,

Seloctadate and e ot oostable sitaastion b the caonbier calcnlation. Detauh

DINTS il present the start dade and tinie of the carhar calcalanon: Hins is neser

the wost stable sitvaiion!

Related topics:

N Inibad Coralivion -

6.3 Boundary Conditions

Forwumegue sofunom o the <ot of swallow water equation additional conditions
Biv e to he spectied o ihie physicad bowhimes o the neraork, These additnenal
condiiions aiv vathed Pomndares Condimorns. Bowedarn Condinions can adse he
detined at internal Nodos o Diischarge pome o the neraork . Boundars

Conditions can be specitiod s

o Woner levels and Pascharees (- Addy cohior constint orin the

Torin ol Tune weries or Fourer sere-:

o Ackhtonad or external flow nto the nerw ork can be speciticed ds o
thme dependenty dischiarge er can be comped from g siven
ratpdadl wame the caended proapitatnon ranott module RAN:

o Dichree Tevel refations trating curses o tabalae tormes

o Concentations aod loads of ol the transpored naterials inthe
Quadits tnodel cnbier consiant o e Tore o Gme senes or

ot eries

Boundars Conditions. exeept tor Discliooe-Tev el relations, are alway s o torm ol
e series Time ~cites are stored i schemes. Theretore o Boundars Condition

b be orven as aoproperty of s abject i tie Boundars Conditions dialoe oy by
sehectine the riaht scheme A positive value Tor Q- Add b time weries nicans

pcenne wader tide the rersork s negatnve vabues can outflow e water

A the phivacal bowndaries of the Notwork ar beast ome Rind of Flow Boundary
Condition must be crvens so this can be o Dovel ~chemes a Q- Add <Cheme or a
OH-relmron schene T soheine s selected ar o Node ata physical boundary of
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the network, DMS supposes that the Discharge at that Node is constant zero; a
dead end in the schematization.

Tip Nodes and discharge points at which Boundary Conditions are
defined, have a hrighter color than the other nodes and
discharge points.

Boundary Conditions for level or a Q-H relation can not he defined on a
discharge point.

In case of water Quality Modelling, pay attention to the following:

I.1f you don’tdefine Quality Boundary Conditions for a paint, the
concentration of the outflowing water (and also for the incoming
water) is supposed 10 he zero. So no substances are leaving the
system at this point.

2. I you define Quality Boundary Conditions for a point, these
schemes will only be used for the incoming water. The
concentration of the outfTowing water is always equal to the
concentration of the water mass at this point, which is calculated by
Duflow.

Precipitation and evaporation can only be used as Boundary Conditions in the
RAM maodule. Based on values for precipitation and evaporation and the
propertics of the Area object, RAM will calculate the additional flow into the
network at Arca points. These caleulated Q-add time series automaticalty
become Boundary Conditions on these Area (schematization) points

Tip The Boundary Conditions for Level, Discharge, Concentration
and [oad can be read from or written to an external ASCEH-file;
4 Time Series file (*.TSS). The farmat of the file 1s deseribed
in the Duflow Reference Manual.
Use the Import Time Scries command or the Export Time
Series command o achieve this.

Wind direction und wind velocity. which may be significant in extensive shallow
networks, can also he included.

Al weirs and other structures discharges and levels can be controlled by
manipulating the gates. DURLOW allows for specification of such an operation
using the se-culled trigger conditions: depending on flow conditions at specified
focations in the network, parameters such as the width of the weir, the level of
the sill cte. can be adjusted during the computation. In DMS these conditions ure
considered as Structure Control.

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

Related topics:

Boundary Conditions dialog hox
Import Time Series
fxport Time Series

Other conditions and schemes
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6.3.1 Boundary Conditions dialog box (object oriented)

6.3.2 Level Schemes

The Boundary Conditians diddog box gives an overview of the sclected schemes
that comain the boundary conditions.

. Boundary Conditions [ =]

Dadd Scheme f i

OH Scheme l Coo rve i

Level Schams [ PR

Copcantanon |

ALGIOCINIMN LAETRARITH I

| <ru T lnEme

Fhougahor e s EhErney
i~ | Fraeert

S— N -0 |

By clicking on the wrrow behind the scheme-name list with the avatiable schemes
will be displayed. Use the {0 button to open the Seleat Scheme diztog box to
add or modify schemes tor Qudd. QH-Relation, evel, Concentration or Load.

Related topics:

Boundary Conditions
Node

Discharge point

Level seheme
QH-Relation scheme
(- Add scheme
Concentration s¢heme

[.oad scheme.

Lse this command 1o set or modify the Level Schemes, DMS will show the
Select Level Scheme diadog box. Ater the selection of o Level scheme you can
setoimport or medity Level moe serles inoa variation of the Modity Scheme
dizlog box. The umit of lesel in IXMS s m fmetres)

Level schemes are used ws Boundary Conditions on Nodes.

Command:
Menu bur: Scenario - Schemes - Level.
Double click: In the Scenurio Muanager window on Level iSchemes)

Tooibar: &
Related topics:

Boundary Conditions

Usage of schemes and e series

96 seScenario Manager

F

User's guide




6.3.3 QH-Relation Schemes

Use this command to set or modify the QH-Relation Schemes . DMS will show
the Select QH-Relation Scheme dialog box. After the selection of a (QH-Relation
scheme you can set, import or modify QH-Relation time series in the Modify
OH-Relation Scheme dialog box. The unit of discharge in DMS is m'/s, of level
15 m {metres).

OH schemes are used as Boundary Conditions on Nodes.

Command:
Menu bar: Scenario - Schemes - QH. L.
Double click: [n the Scenario Manager window on QH (Schemes)

Toaolhar: mg
Related topics:

Boundary Conditions

6.3.4 Modify QH-Relation Scheme dialog box

A Q-H relationship exists of a number of sets including a value for hoth Level
{H) and Discharge (Q}). Per Level (H) a specific value for Discharge can be
given. The Modify QH Scheme dialog box is used to add or modify these sets.
The sets will he sorted by Level automatically.

q

#5R0000 -1096 000040
& G 170000 -1320 4504800
3 YRSOOOO Y576 0G0OON
4 10 BOA0OG -1940 0000030 :
i O
kd|
Nr. LevelH{m)  [ischarge G (m3d/s) "
] AT : [&0s oacea )

Use the fullowing commands to modify the values for Level and Discharge:

Insert Inserts a new hine (sety in the list.
Remove Removes the highlighted lines from the list.
Select All Selects all lines in the list so that they can be

manipulated together.

Import Enables you to import a QlH-relation from an
external ASCIE file, saving you the trouble of
entering this data manually. The values for
Discharge and Level shouldd be separated by a blank,
fTab] or [Returni.

Export F-nables you to export a QH-relation 1o an external
ASCH file.
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6.3.5 Q-Add Schemes

Related topics:

OH-Relation Schenes

e this command 1o set ormodity the Q-Add Schemes, DMS will show the
Select Q- Add Schemie didop bos After the selectuion of a Q-Add scheme vou
can set mport onwodify Q- Add time senes inacvanauon of the Madils Scheme
dialog box, The nmt of discharge 1n DMS s m /s

(-Add sehomes are wsed as Boundars Cooditions on Nodes and Discharge
ponts.

- Add sehemes canalso be used as Boundary Condimons on Area points
fschemanizanon pomtsy as woresult of a RANM calculation.

Command:
Muenu bar: Scenario - Schemes - Q-Add. .
ouble click: In the Scenario Munazer window on Q-Add (Schemes)

Toaolbar: ‘

Reiated topics:

Boundary Conditions

Franee of schemes and tine series

6.3.6 Concentration Schemes

Use this comnuand to set or modity the Concentration Schemes. DMS will chow
avartation of the Madity Collection of Schemes diufog bos After the selection
of a variisble DMS will show the Sclect Scheme dialog box. Atter the selection of
a Concentration schenic you can ~eCimpart or modiy Concentration time series
g variation of the Modits Scheme dialoy bas DAS uses the Jollowing units
for the predelmed variables, the umits of the state variables are detined bs the
water guality model:

Variable L nit
Anmnonium me N/
Nitrate mg N/l
Phosphor mg/|

In Concentration schemes Duflow alwiay s displass g/l as the unit of state
vartables, Nevertheluss is the real unit ol a state variahic defined by the users in
the Water Quadity deseription hle:

Conceniration schemes e used ws Boundars Conditions an Nodes and
Dischurge polnts,

Command:
Menuo bar Scenario - Schemes - Concentration. .
Double click: I the Scenano Manager window on Concentration

ISchemes

Toolbur: g
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6.3.7 Load Schemes

Related topics:

Boundary Conditions
Usage of schemes and time series

Quality Model

Use this command to set or modify the Load Schemes. DMS will show a
variation of the Modify Collection of Schemes dialog hox. After the selection of
a variible DMS will show the Select Scheme dialog box. After the selection of @
Load scheme you can set.smport or modily Load time-series in g variation of the
Maodify Scheme diadog box. DMS uses the foltowing units for the predefined
variables:

Vartable [nit
Ammonium g Nisee
Nitrate ¢ Nisec
Phosphor glsee

In Load schemes DulTow always displays ‘g/s” as the unit of state variables.
Nevertheless is the real unit of & state variahle defined by the users in the Water
Quality description file:

[Load schetnes are used as Boundary Conditions on Nodes and Discharge points.,

Command:
Menu bar: Scenario - Schemes - Load. .
Daouble click: In the Scenario Manager window on Loud (Schemes)

Taoolbar: @
Related topics:

Boundary Condittons
Usage of schemes and tme series

Quality Maodel

6.4 Other Conditions and Schemes

[DMS can also tuke other conditions into aceount like wind direction, wind
velocity, precipitution, evaporation and structure control,

Precipitation and ¢vaporation can only be used 0 the RAM. Based on values for
precipitation and eveporation and the properties of the Area object, RAM will
caleulite the additional flow into the network at Area poimts. This caleulated Q-
add time series automatically become Boundary Conditions on these Arca
{schematization} points. An important property for the unpaved part of an Arcais
the type of soil. The properties of a type of soil is stored 1n 4 Unpaved scheme.

Wind direction and wind velocity may be significant in extensive shallow
networks, can also be entered as i@ thing series.,

At welrs and other structures dischurges and levels can be controlled by
manipulaling the gales. DurLow altows for specification of such an operation
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6.4.1 Precipitation

6.4.2 Evaporation

using the so-calted rizeer conditions: dependmg on flow conditions at specified
locaticns i the network, purameters such as the width of the weirs the Jevel of
the sl etes can be adjusted during the computaton. In DAS these conditions are
considered as Structure Control

Related topics:

Boundary Conditions

Ulse this command 1o set or madity the Precipitation time series. DMS will show
the Precipitation dialee bos, The precipitation scheme 1~ o Fact & gime series
scheme. DMS therefore uses avariation of the Modity Scheme dialog box to
inodity the precipitation. The unit of precipitanon in DNS 1s mm/day.

Precipitation serics will only he used m the RAN component.

Note thut for RAM there is w difference i the DAS miterpretation of the inserted
vibues. e gl aconcenration scheme DMS supposes w hinear relation between
fwo-tnseried tne steps. Forthe precipitation m RAN the gnven valaes are
pterpreted as the vablues “up antl pow™.

For example it entered imthe dialog boy:

Time Value
(1:01) 1))
(53:090) 200

The discharge or concentration at 02:00 1« cqual to 200, the precipitation at 02:00
is howeser equal 1o 300,

Becatse the unit ol precipitation is nimzday. 1 also neans that mn this example
total amount of precipitation that between (100 and O3:000 15

300mm /U day 7 2 hiours = 25 mm.

Command:

Menu bar: Seenuno - Precipitation.

Context menu: Tnthe Seenario Manager window on Precipitation - Bdit, .
Double click: I the Scerarto Manuger window on Precipilation

Fonthar b

Related topics:

Onher conditions and schemes
Cisage of schemes and tnie series

Fvaporation

Use this command to setor modify the Evaporation nmie senes. DAIS will show
the Evaporation dialog box, The evaporation scheme s in fact o ime series
scheme, DMS therelore uses acvartation of the Modity Schemie dialog hox 1o
modily the evaporztion. The unit of evaporation i DMS 1 mi/day.

Fvaporaticn series will only be used in the RAM component.
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6.4.3 Wind Direction

Note that for RAM there is a difference in the DMS interpretation of the inseried
values. In ¢.g. u 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 dralog box:

Time Value
Q1 :01} ]
03:00 3

The discharge or concentration at 02:00 is equal to 2, the evaporation at 02:00 is
however equal to 3,

Becuuse the unit of precipitation is mm/day, it also means that in this cxample
the total amount of evaporation between 01:00 and 03:00 is;

3mm/ 1 day # 2 hours =0.25 mm.

Command:
Menu bar: Scenario - Evaporation. ..
Contex{ menuw:  [n the Scenario Manager window on Evaporation - Edit. ..

Double click: tn the Scenario Manager window on Evaporation

Toolbar: &

Sk

Related topics:

Other condittons and schemes
Usage of schemes and time series

Precipitation

Use this command to set or modity the Wind Direction time series. DMS will
show the Wind Direction dialog box. The wind dircction scheme isn fact a time
series scheme. DMS therefore 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 wind direction in DMS is degree
{360).

Wind Iirection series will only be used in the Dutlow component, To calculate
the model with and without the influence of the wind direction use the option
Exclude in the Caleulation Settings dialog box.

Command:

Menu bar; Scenario - Wind Direction. ..

Context menu: T the Scenario Manager window on Wind Direction - Edit.
Double click: In the Scenario Manager window on Wind Direction

Toolhar: !

has

Related topics:
Other conditions and schemes
Usage of schemes and time series

Wind Velocity
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6.4.4 Wind Velocity

Ulse this commund 1o <t or modis the Wind VeJocin tnoe serie-. DMS will
shiow the Wind Veloors dialan b The wind selociny ~cherme 1= I fact o iinie
series soiteine . NS therctore uses avariation of the Maodits Scheme dialog bos
oty the woind selaom The unin of wind velocirs in DNS 1~ mids,

Wit Vetocity seres willondy be used i the Datlow connponent. To caleulate
the model sy and without the mtluence of the wined dircoton use the option
Foaclide inthe Calculiaon Settmes dialog o

Command:
Menu b Scenario - Wand Velociny
Contestimenus hthe Scenare Manaeer wodosw on Wind Veloon - Fdin

Promble chick: I the Scemaro NManaeer window on Wond Veloomn
Toolbir: f%’
Related topics:

Other conditions dand solicties
Usave of schemes s time series

Mored Direction

6.4.5 Structure Control

Use i~ vornnrand o et o ey & Structure Operazon., DMS will show the
Structure Control dialos boss Atter the selecton of o Structure Qperation you
catt selo dport er modit s Structure Operation e seties

Command:
Moenn b Scenario - Siructure Contraol,
Contestmenns hobhe Scenario Manager winsloss an Strocture Control -
Fadit. .
Pyombbe chicks bihe Scenario Manaoor wandoss on Struare Comro)

Toolhar: &
Related topics:

Steucture € onteel dialos hos

Other conditions ansd ~chetes

6.4.6 Structure Control dialog box

I'he Structure Control dialors bos contaans o osors e of the detined Stractare
Oypeeriicns.
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Structure Control 3

Stucturs Operations: -
il L], v

e l

Uee the Add... or Modify... hutton to deserihe a new Structure Operation or to
modify one. DMS will open the Structure Operation dialog box,

Related topics:

Structure Control

Structure Operation diadog hox

6.4.7 Structure Operation dialog box

In the Structure Operation dialog box the specifications of structure operations

can be entered.
Structure Operation

Type.

Toigggest Serne s,

Operstions! Parsmetar Cancel I
Structures: [ T - Trigger Serigs . :
r ez = HMNoede > HTrg Insatt betors I
[T HED . 7 HMode 2 HT 03
O FwEq g HMode > HTn Irsent gfter I
[~ PWES R Hiode > kT I
LI A SR — ) ] Delets
[7_HWEB . 3 Hiade « HTe
[~ PHER e
T pwER '
- ywEs 2l Do -
C_pweng Type oftrigger: iHi itz 3 F Ty :] .
Currartly checked: . :
WEH . Fime senes . !

Fleterence nods {.HOD]E . _'_] ‘

Trigger Lewal. ;g

P DK

0

Pefining the structure operations can be done by entering the following

individual specifications:
Type of operation Continuous

Trigger
series

The operaton will be exccuted
during the entire period of the
calculation,

A seenano’ thut describes the
variation of one Parameter in one or
more structures depending on sctusl
hydraulic conditivms, called Trigger
Conditions. A 'scepario’ may consists
of more than one Trigger series. The
number of operations times and the
number of structures per operation
may not exceed 16, Kach 'structure
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operalion niay bave up to 99 ‘trigper
conditiens’,

Operational parameter The parameter of the structure that will be affected by
this structure operation. Note thut earlier parameter

values are overwritten.

Structure Specify the structurer sy Tube care thut the Operationad
Parameter has a micaning tor the civen structurel sife.g,
do not chunge Uwe sl evel o o pungn

Continuous Operations

Lintering a time series tor the specified Operational Parameter can specify @
Contnuous Operation,

Trigger Series

Trigger seres can be build from individual trigeers using the tollowing huttons:

Insert before Inserts iwonew trover hetore the hiehlichted line in
the Tist

Insert after Trserts anew tigeer atter the loehhehited hine in the
N

Delbete Removes the selected inigeer from the st

Up Monves the selected tngaer one position up i st

Down Moves the setected trigeer one position dowp i ist.

The one of the following Type of Trigger Conditions can specity a Trigger itself:
Time After the speaiticd tine has pussed the next wigger is
cheched: T at that moment the new condition 15 met.
1t s acts ated mmnediatels

H2>HI1+ AH Operational Parameter is executed i the level at the
end node 1s higher than the feveb at heen node plus
an increnwent AH

The vulucisy of the Operational Parameter must be
speciied by e seres

H1 > H2+ AH Operaional Parameter s execnted 1 the Tevel at
hegin node is ligher than the Tevel at end node plus
uty tnerement AL
The valuctsy of the Operastional Paranieter must be
specificd by a time series,

Hnode > Htrig Operational Paramieter is exeeated i1 the level ata
node sermewhere in the network tTrigger noded s
higher than o specihied Tevel Clmeger fevely.

The valuetsy of the Operational Parameter must be
speciited by o ime series

Hnode < Hirig Operationa! Parameter 1s executed it the tevel at a
node somewhere o the network CEngeer noded is
lower than sspecilied Jevel tTrigger level .

The valuetsy of the Operational Parameter must be
speetied by o tine series

Copy A Trigger Condinon thut already Bas been speaified
can be repeated by entering its serial number.

The Operational Parameter will change according to the entered nime series. The
first value will be assigned immediately after the condition is met. The Tast value
will be keptuntil the next condition is met.
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If the next tngger condition 18 met before the end of this time series then the new
condition overrules the old one.

Related topics:
Structure Control

Structure Control dialog box

Usage of schemes and time series

6.4.8 Unpaved Schemes

Use this command to set or modily the Unpaved Schemes. DMS will show the
Select Unpaved Scheme dialog box. After the selection of an Unpaved scheme
you can set the properties of the selected scheme.

Unpaved schemes are used as Boundary Conditions on the Network ohject Area
and will only be used in RAM calculations.

Command:
Menu bar: Scenario — Unpaved Schemes ...
Double click: In the Scenario Muanager window on Unpaved Surface.

Related topics:

Other conditions and schemes

Arca

6.5 Usage of Schemes and Time Series

Much of the data in DMS is stored in schemes. Using schemes makes it casy to
add or modify data without overwriting the old data. Schemes can be connected
to Network objects. Just connecting another scheme can change the properties of
an object. It is also possible 10 change the properties of several ohjects, which
use the same scheme by modifying the values of that scheme.

The selection of the connected scheme takes place in the Select Scheme dialog
box. After the sclection of a scheme it 1s possible to modify the scheme in the
Modify Scheme dialog box. This dialog box will also he shown when a new
scheme is added.

Most schemes contain different kinds of ime series. A time series conluins a
series of values for o time dependent variable or parameter, Time series are
inserted by the users or can be imported from an existing ASCII-file.

Related topics:

Boundary Conditions
Select Scheme dialog box
Import Time Series

Export Time Scries
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6.5.1 Select Scheme dialog box

Properties deseribinge the daticare vrouped i aoscheme, Al v udiuble schemes are
sties 1y 0 the st the Sclect Scheme dicdog box

Select 02 Scheme

Lvatable Schemes 0F.

F-!M]

Cancel

1T
T
= k

e

|

The tollowing buttons are available in the Select Schicnie dindog boy:

vdld, Modify Schernes cin b added ap modihied by using the
approptiate button. Modits wadl show the Modits
Scherne halow boscaath the eristing ~cheme values
Add ot <L e <o diadog hos with empty

waliee sitiehds

Copy Copies the sclected sehiernes nthe Tisthoy s make
mall alternmons o thout dimging the original. The
copied sohere D the s e plus an added
nunher.

Delete Preletes the selected ~chone

View Lise Open- the Schere seoe dualos oy with an
crerew of the obpects thint tse the selected schene.

Related topics:

Uaze of schemes and thne series
Modify Scheme dialog by

Seheme Usige diddog hos

6.5.2 Scheme Usage dialog box

The Scheme Usaze dialog bos displas s an overvies of al) objects that use the

weleceted seheme.
Related topics:

Seleet Seheme dialog hox

6.5.3 Modify Scheme dialog box {time series)

Many schenmes are i facs e series schemoes. Per date and thine aospecific value
can be given, The Maodits Scheme diadog bos s ulso wsed 1o modify ome serres.
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Madity Scheme ]

Beome o : o

Time Serigs

Typs:  non equidistant 24:.08.00 : Mnd';yﬂ .

[ -] insan Balore !
Ingen Affar
: He

Ghift.

Impont.
2% 00
LV

21400

ok

Bemnve

Select Al

U

10
12154
IR

i

mdfs.

[rasc-c i =] [1e

A time series can be constant, equidistant Gall values separated hy an equal time
step). or non-geuidistant (the time between values differ). When switching from
non-equidistant 10 equidistant date @nd time. the value ts changed to fit this
cyuidistant requirement. 1 s also possible to Tormulate the time scheme as a
Fourier series.

The time series options can be set in the Modify Time Series Settings dialog box,
after elicking the Muodify... button,

Moaodifying the values or the tme at which they occur 1y done using the following
command:
Insert hefore Inserts & new value based on the step sive hefore the
hightighted line in the list.

Insert after [nserts o new value based on the step sive after the
highhghted line in the Qist

Shift Shifts the highlighted lines in the list, asing the Shift
Values dialog box. In this diulog box it is also
passible to alter the start date and time of the
simulation.

In an equidistant time series the Shilt values option
catr only be used i1 all values are selected, The series
must remain complete, fe. there nust be a value for
cvery time step. Shifting values to another date, and
thereby breaking the time chain iy not allowed.

Remove Removes the highlighted hines Irom the fist,

Select All Selects all fings in the 1t so that they can be
ninipulited together.

Import Fnables you o importa time sericss file from an
external ASCIH file, saving you the trouble of
entering this duta manually. The format for the date
s i -mim-ddd or jip/mmddd, the format for the time s
hbmmess.

Twer types of data files can be read:

Fquidistant time series:

A record of the data hle contains only one variable
vilue, The file itself may be of o free format, values
can he separated by a blank, [Tab| or [Return]. After
vnporting the hile the "Start date™. "Start time" and
"Interval” must be specified. These items therefore
st nat be stored in the external file. The default
vadues are equal to the defaolt Forrat in the Madel

User's guide Scenaric Manager » 107



Thne Series Settings dindoz b,

Non-cquidistant time series:
A record of the data Hle must contanny date. nme and

actuad value, During the rmport the data will be
written to o Dullow input tile, When Jater on,
changes are made i the ASCH fifel the Duflow input

tile will not be updated,

Export Lnables you to export & tine seriess to an external

ASCH tfile.
Related topics:

Seleet Scheme diglog box
Moaodify Time Serles Settings dialog box

Shift Values dialeg box

6.5.4 Modify Time Series Settings dialog box

The Modity Time series dialog box enables vou e change the propertics of a

HMC SCrIes.

Type Defauk time step of period:
C Equidetart E‘ Cancel I
€ Mon equidistant N Help ]
F Lo :I

" Eouriet serisg

:J..

DM supports the followine poscibilities for entering tme dependent tunctions:

Constant
The input variable is constunt in time.

Fourier Series

The input variable can be tormulated as a Founer serics.

A X
Vo= 4+ v eoslhmr - )

()
o
I
v Value at tnwe 1.
v Mcan vulue
| Amplitude of K component,
/ Component number.
A Number of components,
P Cycle first component,
2 Frequency
! Trme
. Phise of K component iin degrees;
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Equidistant Time series

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

Non-equidistant Time series

A non-equidistant time series needs to cover the entire simulation period.
Numerical values should be entered for date, time and actual value. The values
used by Duflow will be calculated by means of linear interpolation.

Whenever you change these settings and press OK, DMS will ask you to confirm
the conversion,

Related topics:

Modify Scheme diddog bos

6.5.5 Shift Values dialog box

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

¢ & Shiftby Deitn Time - -
! OK ]

: Drection: :
: Cancel

" Baekin Time

Deys |rJ
P thmmss [50a0 =

- € SothawStanOpie & Time -
[eondo1-07 ]
[oa:un.uu 5: ’

Choose whether the value has to go forward or backward in time, specify the
day, hour, minutes and scconds of the shift or set a new start dute and time of the
time series.

Related topics:

Moaodity Scheme dialog box

6.5.6 Import Time Series

Use this command 1o read the Boundary Conditions for Level, Discharge,
Concentration and Load frem an external ASCII-file. DMS will open a dialog
box to select the so-called Time Series file (*. TSS). The format of the file is
deseribed in the Duflow Reference Manual.

Command:
Menu bar: Scenario  Schemes - Import Time Series ...

Context menu:  In the Scenario Manager window afler the selection of a
scenario — Import Time Series .,

Tip Create and change a simple Time Series file, which can be
done with the Lxport Time Series command, 1astead of
creating a large file from scratch.
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Related topics:

Howndary Condions

Fooport Thiwe Series

6.5.7 Export Time Series

Use this commumid 1o wnte the Boundars Conditiens for Leved, Discharee,
Concentration and Foad to an external ASCH file. DATS will open a dialog bos
to et the naame and diectary of the so cadled Tome Serres tile o 7T8S 0 The
Format of the tle is desenbed 1nthe Dutlow Reierence Nuanual.

Command:
A TOHTI THTH Scenarto Schernes Bxport Time Scries
Context nientu In the Scenario Manager wandows alter the sclection of a

sectirio Export Thine Svries
Retated topics:

Boundary Condinons

Iinport Tine Series
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7. Quality Modelling

7.1 Building a Quality model

Define Quality Model

Define Quality Model

Language reference

Simple example

FExtended examples

Fedin Quality Model

To set up & Quality Model the following steps should be carricd out:

. Open a project that conlains a Flow model. Make sure that the computation
is stable and that the results are correct,

o

Define a Quality Moded description file. In this file the relevant quality
processes can be described. A Quality Model deseription file is an ASCII-
file with the extension MOD,

More information about the syntax of this file can be found in the Duflow
Reference Manual, chapter Duprol.

The Quality Madel description file ¢an alse be defined after step 4.

A simple Quality Maodel description file like below contains the definition of a
tracer named “Trac’. The name of the file 1s “Tracer. MOD™:

A¥ Dutlow CUURIE FibRURPY 19%% *

/* LIMPLE 11DEL ¥/
fr HINNE FPREITZMA (2-51-1998 Y
WETER  T#EC  [10.0%9) mg/i ; TRACER

PARM Krrac [9.0100! 1 /day sDECOMPOSITTON RBATE TRAC

Is
1

Vi (TRAC) Viraco:;

When DMS s instatled properly some Quality Models with extended Quality
Model description files are available in the WinDuflow/Quality Models
directory. Information about how to obtain the Reference Manual for these
Quaulity models can be found on the Duflow internet site.

3. Save the Quality Model description file in the Scenario directory of the
appropriate Project.

4. Add the Quality Model o the Project — Flow madel - by entering the name
of the Quality Model description file without extension in the Duflow tab of
the Calculation Settings diglog box. For example, enter the name “Tracer’,
If the Quality Model description file does not exist in the Scenario
directory, DMS will prompt you to create it.

You can modify the contents of the Quality Model description file hy choosing

the Edit Quality Model command, Use this command also 1o define a new
Quality Maodel description file it it was not created already in step 2.
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Compite Quality model

DUPROL

Initial Conditiens

Boundary Conelitiony

Perameters

focternal Veriabies

Tip Touse the output for Ammaniunm. Nitrate und Phosphor from
the RAN caleulation as a boundary in the Duflow caleulation,
declare these state vartables with exact!y the same name in the
OQuality mndel,

5. Hihe Quality Maodel description tile is correct, it can be compiled by
choosing the Compile Quality Model command.

The part of the Duflow packuge. which compiles the Quality Model deseription
file and generates a Quality Model output file. i called DUPROL. The Quality
Maodel cutput file, which has the exiension MOB. can be read by the Duflow
calculation process. The Qualiy Mode! output file £ AOH) 35 stored i the
samie directory with the same name as the Qualiny Maodel deseriptions tile,

G Hihe Quadity Model deseription 11ie 1s compiled successtully. the Initial
Conditions for the Stale Variubles - concentrations - can be entered.
Chaoose the Tninal Condinons command to add these 1o the Network.
Note that 1l slow quality processes are delined an the Quality Description
fle. the effect of the initial concentrations can be significant.

7. Define the Quahty Boundary Conditons, Quahity Boundary Conditions can
be entered as time series for concentration or lowd. Use the Boundary
Condittions conmumand to connect a scheme to an object. Boundary
Conditions for Quahty can only be defined wt Nodes or Discharge points.
Duflow always displays the unit mg/l for concentration and p/d for load.
Nevertheless does the user n the Quality Model deseription file define the
real unit for oo state variable.

Pay attention w the fullowing:

o I vou don'tdetine Quality Boundary Conditions on a point. the
concentration of the outflowing water tand also for the incoming
waler) s supposed 1o be zero. So no substances are leaving the system
al this point.

e Il voudefine Quality Boundary Conditions ana point, these schemes
will only be used for the incoming water. The concentyation of the
outflowing water i ahways cqual 1o the concentration of the water
s al this point. which is calealated by Duflow.

o Adlow boundiry condition without any guality boundary condition has
a spectal meaning. which may influence the results. In normal
sttuations 1 is therefore necessary o define a quality boundary
condition for every fow boundary condition even if there is only
outflow at the boundury. Duflow will generate warnings it this is the
case.

K. Check the values forhe Parameters that are defined in the Quality Maodel
description. Use the Parameters command 1o open the Parumeters dialog
bax. The initial values for the purameters are copied from the Quality
Model deseription Tle,

9. Lnter schemes torthe Bxternad variables. Bxternal variables can be delined
i the Quality Model description file for input data that are space and/or
time dependent.
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Dispersion If the Quality Model description file does not contain any External
Variahle, then at least one or more schemes for Dispersion should be
entered. However the dispersion coefficient D (identified by ‘d’) does not
have to he declared in the Quality Model description file, it has o be
defincd in the Quality Model itsclf.

The value of the dispersion coefficient D either can be defined hy the user
or can be calculated using the properties of the flow (D=D+ oy f(flow ).
For technical details please refer to the Duflow Reference Manual,

TIni the first case a scheme for the external variable 1o { 'd" in DMS) has 10 he
created and assigned to the network objects. In the latter case also @ scheme
for ¢y Calfuk' in DMS) has to be created . In case uy equals O (when no
scheme is created), dispersion is not calculated by the model and the user
supplicd values (for external variable 'd”) are used.

Use the External Variables command o add or modify External Variables
schemes to the project. External Variables schemes can be connected 10
Nodes, Schematization points and structures.

Duflow offers two optinns 1o connect External Variables schemes w

. objects.

Connecting to all objects o The first option is the casiest. Use the Connect to All Objects command
to connect an External Variable scheme tot all objects in the Network.

Cornect to a single nbject o [fun External Varighle is space dependent you can connect an External
Variables scheme 1o an object by using the External Variables
command. If this option is used, make sure you connect a scheme to
every object -- nodes, schematization points and structures - of the
network.

Using this option overwrites the scheme that is selected in the first
option.

Note that an External Variables scheme isin fact a property of an object. But if
the Connect o All Objects command is used, the selected scheme is naot
displayed in the Object Properties dialog box!

Calculation Settings 9. Before a Quality calculation can be started the some calculation options
should he changed. Use the Caleulation Settings command to open
Calculation Settings dialog box. Check the following options:

s The time step for Quality at the General tab must fit to the Quality
. processes in the Quality Model description file.

= At the Duflow tab the Type of Calculation must be set on
Flow&Quality.
Use the Output Variables command - on the same tab - Lo set variables
of the Quality Model to be available for output. Default no Variables
are selected for output!

Calewlate Choosing the Caleulate or Update All command activates the calculation.

7.2 Quality Model Commands

The commands in this paragraph can only be used 1 a Quality Model is defined
within the project.
The following commands are available:

e [dit Quality model
. e Compile Quality model
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o Parumetors
o [Fxrernad Varbies
Related topics:

Buildig o Qualits Model

7.2.1 Edit Quality Model

Urse thos command to edit the Quabiny model The contents of the Quality Mode!]
deseription Hle appear as aosoandaow i the Workspace. sohere 1t can he edited.

The Quadiny Mode] desenpion Tile s atext-tile containimg the deseriptions of the
quadity processes, The synnay of these deseniptions s explained inthe Dutlow
Reterence Manual, chapter DUPROLL The name of the Qualiny Model
doescription ke toust be specitied m the Cadeulation Settings under the Putlow
tab. The Qualits Model deseripuion file has the extension 7 MO After creaton,
sl be stored in the scenano directory,

IUis also possible o edi the Quality Model deseription file with o different editor
hke Notepad or Wordpad, The Quahty Model deseription file should always be
sived i test-lormat

Command:

NMenu bar Scenano - Quality - fdn

Contextienu: Inthe Seenano Muangger window on Gaality Model - Edit.
Double chek: Inthe Scenario Manager windos on Quahty Model
Toolbar: |
Tip While cditing the Quality mode] the postion of the cursor 1s

displived o the nght area of the Status bar.

Related topics:

Butlding o Qualing Madel

Compile Quality model

7.2.2 Compile Quality Model

Fse this comnimd to coniprle the Quahity Madel desciption fife - DUPROI.
compiles the process descrptions of the MO file and cenerates o Quality
Maclcl output Tile which cun be read by the Dutlow caleulawion process. The
Ouality Madel outpud file will be written i the seenurio directory with the sawne
narme ws the Quality description file. but gets the extension . MOB,

Compiting the Qualiny Model deseription Tile will not chanee the values of the
parameters or the it salues ol the variables

It the compilation of the Quality Model stops without complenen, i can be
termmnated wal the Ternnmate Caleudation commiand.

Command:
Menu bin Scenario Quality Compile,
Contextmenu: Inthe Scenano Manazoer window on Quality Made! —

Conmpile.
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. Keys: CTRL+EFT

After compiling Dutlow will give a warning about the relinking of the Quality
Variubies. If the Quality Maodel description file is compiled suceessfully the
Qualdity Variahles will be relinked without any problens. Otherwise, if problems
oceur during compilation, the Quality Varables will not be linked.

Tip Before compiling make sure that the Quality model is closed
with an cinply line at the bottom, otherwise DUPROLL will not
he ahle 1o compile the file correcly.

Related topics:

Building & Quality Maodel

Edit Quality model

. 7.2.3 Parameters

tse this commund to modify the values of the parameters as defined in the
Quality Maodel descripuon file. The initial values are copied hy [DMS from the
Quality Model deseription file. DMS will show the Parameters diadog box.

Command:
Menuy bar: Scenario - Parameters.
Context menu:  Inthe Scenario Manager window on Parameters - Edit.
Double click: In the Scenario Manager window on Parumeters

Toolhur: @3

Related topics:

Building a Quality Model

Parameters dialog box.

. 7.2.4 Parameters dialog box

The Parameters dialog hox contains a table of purameters declured in the Quality
Muodel description file, By changing the value of a parameter the Quality Model
can he calibrated. Use the Defaults button to change the value in the default
values, The default values are defined i the Quality Model description file.

Related topics:

Parameters

7.2.5 External Variables

Lse this command 1o set or modify the Bxternal Variables schemes. DMS walt
show a varation of the Modify Collection of Schemes dialog box. After the
selection of a External Variahle DMS will show the Select Scheme dialog hox.
After the selection of an External Variable scheme you can set, import or modify
. Fixternal Variable time series in « variation of the Modify Scheme dialog box.
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{1 Is abso possible o st the Externa Yanahles conpmand in the Object
Properties dialoz box on the Duflow tab, DMS will show the External Vuriables
disdos box tobject omented ) with the selected schemes for the External Variables
ot the setecred object

Ancbxternal Vartables scheme can be connected to ali objects of the network by
usiine the Connect o A Orhjects comnmand. 1 this command 1 used. the sefected
scheme wall pot be displved i the Objects Properties dialoy

Dispersion

Note that the dispersion coctticient [y i DMS identiticd by wod™ - s alse
considered o be anevternal sartuble although 1tis ooy declared in the Qualits
Maodel descrption file.

The value of the dispersion coethicient [ cither can be detined by the user or can
be caleulated using the properties of the low (D=0 + o fillow ) For technical
derails please reter o the Dadlow Relerence Manual. T the Tirst case a seheme
for the external vartable Doo7dmin DDMS ) has o be created and assigned o the
network obpects, I the tter case also ascheme tor o cadfak m DMSy his to be
created LI case oo cqualds O twhen no scherne s created i dispersion s not
caletlated by the model and the user supplied satues Cd'y are used.

Command:

Menu bar: Scenario Bxternal Vartahles

Context menu: In the Scenario Manager window on Baternal Variables -
Fudin. ..

Double chek; [t the Scenario Manager window an Bxternal Varables

Related topics:

Butdine a Quality Mol
Fsternal Varrahles dialov box tohject oriented
Usige of schemes and e series

Connect to Al Cibjects cotnmand

7.2.6 External Variables dialog box (object oriented)

The External Variables dialog bos gives an overview of the selected schemes for
the dispersion and the other external variables declared inthe Quality Model
deseription tile. By chicking on the arrow belinnd the sehere-name w st with the
avatlable scheres will he display ed. Use the {o ] bution (o apen the Select
Scheme distor box w add or modity schemes.

Related topics:

Foternal Varinhbles

7.2.7 Connect to All Objects

U thas cotmmand 1o connect wn boxternal Varsable scheme o all relesant objects
ob the network. These objects are the Nades. Schematization poiigs and the
Structures.

Hothis commuand s useds the selected BExternal Variables scheme will not be
displayed in the Object Properties dialog bos on the Dutlow tab,
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The scheme, which is connected 1o an object by using this command, can be
overwritten by selecting an other scheme in the Object Properties dialog box on
the Duflow tah.

Command:

Context menu:  In the Scenario Manager window on External Variables —
Connect to all objects. . ..

Toolhar: w\
Related topics:

Building a Quality Model

External Variables
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8. Calculation

8.1 Calculation Preparation

. Before a caleulatton can be started, first some generad information concerning the
calculation should be entered in the Caleulation Settings dialog box. The output
of a caleulation of DMS strongly depends on the options that are chosen in this
dialog box.

Related topics:

Calculation Settings

8.1.1 Calculation Settings
Use this command to set or modify the seltings that govern the calculation. DMS
will show the Caleulation Settings didlog box. The Model Calculation 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 ele..
. Command:
Menu bar: Scenario — Caleulation Settings. ..
Context menu:  In the Scenario Manager window on Calculation settings -
F-dit

[Double click: In the Scenario Manager window an Caloulation settings

Toolbar: @

Related topics:
Caleulation Settings dialog hox (general)
Calculation Setlings diulog box (RAM)

Calculation Seitings dialog hox (Duflow)
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8.1.2 Calculation Setting dialog box (General)

Calculation Setlings

General | RAM | DIJFLEW |

wa/min/dd hhummiss
Start compue stion 1 et w] [som =
Start output. frotoro <] fwww =
Erd [mozes =] foronn =

Ture Step Size

d hhoroen <o

Corputation Flow. [r; 11000

Lompulation Quakly [ 170

Qutpast Flow FENEEED

Lef Led Lo

ar I Cancel

Heip

Thie General caloulution settings are suhject to the followimg conditions:

Sturt compulation

Start oulpul

Lnd

Time Step size,
Computation Flow

Time Step size,
Camputation Qualits

Time Step size, Output

Related topics:

Calculation Settings

Set the start dite and tone for the
caleulation,

Set the start dute and ume of wintngy
dati 1o the result file. This enubles the
user Lo skip output of the first part of
the sumulation. This can be consenient
it the inttal conditions donot represent
the phy sicad ste of the systens ot the
start of the simulation

Sut the end date wnd vme tor the
caleulaion

Time interval used tor calculation in the
hyvdraulic part, The Dutlow Reterence
Mol gives snegestions for the choice
ob the hvdraulic e sep.

Uhe tine step si7¢ should never be
Larger than the step size used i the time
series 11 the scenari;

Trrme inmterval for the qualits part of the
model. The Datlow Reterence Manual
vives suggestions for the choice of the
guality 1me step. The Quality time step
s reunded e the nearest muluple of the
Flow time step

Set the output tine step. the output g
step must be amudtiple of the

caleulution tine step.
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. Calculation Settings dialog box (RAM;

Calculation Settings dialog box (Duflow)

8.1.3 Calculation Settings dialog box (Duflow)

Gens{d‘ Rk DL;FLQWI R
W Eetorm DuﬂvaaJmIa?ioﬁ D
Iyﬁem(}dw'!a‘tion‘. o [Fiow s Guiny ) =l
ﬂydrnu_?icCal:w!miunww D el e
i .aasmsomm: . [ce (_ylezy. _.j _
Qe]:.nfa.av’ewémarm:' [Totsl ]
Tew@s-10 . [T90000 @ Ermieraton
. Qualiyﬂﬂd'eli . ijaJ:er
' “I'hé"n{ﬂ.[!-l,m‘ . lu_r,._"—r" ngup«;e :
Outputyaribles,. |
Comer L il

Epecit;.lwmol.., I .. Extlute from caleulation. i

Ying Darettion
wand Veiority

1' oK | Canzel ] P | .Hmp i

The Duflow culculation scttings arc subject to the following conditions:

Perform Duflow Checkbox 1o choose whether a Duflow caleulation
Caleulation should be made or not when giving the Caleulate
command.

It is also possible 1o perform only a RAM calculation
RAM tabj.

Type of Calculation Flow

. Only Now is caleulated
Flow and Quality
Flow and guality arc calculated simultancously
Quality
This option can only be used if an intermediate flow
result file (4.DMP) was generated ina flow
calculation. In this cuse the necessary flow
information for the mass transport is read from the
imtermediate How resull file. This option can be
useful if different quality calculations have to be
performed all using the same flow calculations. This
is the case if one or more parameters of the water
quality model are changed during the calibration of
the model, or if another process deseription file is
used 1o generate another water guality model.

Box
Using this option only the processes as defined in the
process deseription file will be simulated. Transport
is not caleulated. The caleulations will be performed
for atl defined sections within the network,

. Boundary conditions (hoth Flow and Quality) wil}
not he used. I in the process description file flow
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Resistance formula

Cale. of advection term.

Theta

F.xtra ileration

Quality Model

Theta (0,014

varsthles wre use s the defaub vadies troam the
SMOD e i be wead Baternad sartables i
dependent and [ocatian specificbwiil be used as
detined i the guabits menu “esterma] sanables”.
This optron 1w wsetul when des cloprne and testing a
process deseription i, Furthemore the use ol this
option cnables the cuaamination of the refative
Importance ol e o processes I colmpirison
with the other provessemsolved

The chanmiel frichen can he caleuluted wsing:

- the Tormle of De Chern TThe  resistanee
coctticient Cin the detinion of e sections is
fronn the Bisae tormulas, =0 R

the tormlcor Nanmne The resistanee s the
Mavnung coctiicient ko trons the busig
lorsmula s=k k1 Tothe actual caleulution
Cozho RO sabennmed o the dormanda of e
Chesy,

The value of O caleulated tor cach time swep
durme the <nulanan

Default: e Chidrs

NMore intormation shout the Resastance tormda s
descrthed o the Dol Reterenee Nanul

Opnen " otal ™ includes the ~o-called Froude term
Sclectny "Damped the Broude term s also taken
wto avvount. bue s absolote vadue st not eveeed
the frction werme Coe gy al~o choose toneglect the
entire Froude terne asth "N colected Froude’

More tornmmion abont wds cctton 1~ desenbed 1 the
Dutlow Reserence Manuad

The tactor contolline mnnenicad dampan g,
Detanli: i35

The vadue tor thetmay ronee from 008 oL

The Tnchest preciaon i e results il receised
wlien the vadoe bor thetici- €080 A0 that stage the
scheme oy sabvine the swalliea swater cyuations is
secontd order proci-c i e amd space. But the
caloudation can ecorme unstable TE o0 the theta can
be morcased. Mare info about unstable caleulations
can be foind o the paracraph Stabihty Probleme

[ thetio s equad 1o Lo he calendanion has the highest
stability . but the ~olving of the scheme i~ only e
order procise i e smd e,

More information about Fhetao s desorthad i the
Duflow Reference Manual

At cieh time step tie Jevel dependent parameters
thike How area, ~toraee area and bvdraubic radius are
cideulated fronn the simulanion at the previeus tune.
These vadues cin be adjosted usine the new values
cornpuicd for the aotual Die osing anes iy lleration

Nume of the ASCH fife that contains the ualits
model Bnter the nane o1 the Bile without the
extension, The Dle ibeebt st hove the exiension
SO and be Tocated i e sub directory of the
seenario When o pon-esistne filenate 1~ oivern,
[INTS il create that Hile atterat bus been edited.

Toedit the quatuy model e uxse the Tdit Quadity
Madel commuanid

The tactor contradline the otanerical solution of the
ads ection and di-persion cquation. The s alue zero
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(B=0) is not allowed for numerical reasons,
Diefunit: .55

Decouple [f this bos is not checked, dispersion is considered at
hoth sides of a4 node. When checked, only dispersion
in forward direction is tuken into account,
Decoupling only tukes place ot those nodes, where a
discharge is Tocated.

Output Variables Lise this hutton 1o select vartables for output. DMS
will show the Output Variables dialog box. From the
displayed checklist state variables and intermediate
resulty defined as function identifiers in the Quality
Maodel file can be selected For output.

Special Control e this hutton to choose other special options like
the threshotd value for the dry fluod procedure. DMS
will show the Special Control dialop box.

Fxclude from calculation Use this option to exclude wind velocity or wind
direction from the caleulation.

This option enables the user to get information about
the influence of the wind on the model.

Related topics:

Caleulation Settings

Caleulation Settings dialog box (gencraly
Caleulation Settings dizlog box (RAM)
Output Variahles dialoyg box

Special Control didog box

8.1.4 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
autput.

To check al the isted vaniables use the Select AN bution and mark the 'Check’
checkbox field.

Outgnit dedfiestion [Tj
Gualty Yanabies s
. Cancel I

Selec Al [ ¥ Check

;. Descripton

tracer

The combination "$)' before the variable means the zere order coefficient of that
variable, 'S 1 means the first order cocflicient.

Related topics:

Culeulanon Settings diglog box (Duflow)
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8.1.5 Special Control dialog box

The Special Control dizglog box offers the following aptions:

Create intermediate flow
file

Alpha teorr, for vilocity
distribution}

Minimum # of time steps
between triggers

Threshold Level

Related topics:

Adump Hile will be generated during simulation
using option Flow The intermediate flow result file
£ MPy will be used (o simulite transport 1t a
quality caleulation i~ performed. In this 7 DMP file
intormation about volimmes, Hows ete. iy stored,
which is read durmyg qualing simalation. This enables
Lthe user to perforin o number of qualits simulatiens
using the same hydraulic conditions,

Detault: No

Note that the intermediate fiow-files can use o lot of
disk space.
Represents the influence of the veloaity distribution

over the cross section
Defuult: |

Aller w trigger condition s arfected some shocks can
oceur due to o sudden change i the structure
operation. To prevent the next trigger from reacting
to these shocks. the check for this pextineger is
omitted during a specihed number of timne stepe,
Detaul: 3

If the water lesv et reaches below this given level, the
dryv-flood procedure will be activated. The threshold
level is given retative to the Floor fesel thottommy ol
the cross section. More information about the dry-
flood procedure Is deseribed in the Duflow
Reference Manual,

Default: 0010 metre

Caleulution Settings diulog box (Duflow)

Structure Operation dialog hox
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8.1.6 Calculation Settings dialog box (RAM)

Calculation Settings

Generd FiM | purLOW |
¥ Peatiaim Ram Cacidation
™ Cakculate \Water Guakty

¥ Genecale Logfie RAM 106

¥ Checked Nodes
V' Gpeniwais
_ ¥ Paved Suface

¥ Unpaved Suface (Without Feservoirs]
© ¥ Unpaved Suface (With Reservois) -

" 7 Seepags
¥ Sum

™ ignoie General bme steps for FIAM caiculation

© dhhmenigs

Computation:

EZ‘ [N

gl

Duiput:

[

=

ok ] coen |

vy | -Hg:p\ l

The RAM calculation settings are subject 1o the following conditions:

Perform RAM Calculation

Calculate Water Quality

Generate Logfile

Checkhaox to choose whether a RAM calculation
should be made or not when giving the Calculate
commind.

It 1~ also possible wo pertorm only a RAM
caleulation

ram always calculates precipitation runoff, an
additional choice is calculuting the Ioads or water
quality of Ammonium, Nitrate and Phosphor).
The steps in the caleulamion can be stored in ASCH
log-files for caleulation checks. The logfiles will be
written in the scenario directory.

The following options enable the user to specily the
oplions used lor generating the logfile:

Checked nodes

Include data on checked nodes only. This option iy
preferred hecause it reduces the size of the logfile
significantly.

Open water

Include data concerning open waler.

Paved surface

Include data concerning paved surface.

Unpaved surface (without reservoirs)

Include duta concerning unpaved surface without
TENCTY OIS,

Unpaved surface (with reservoirs)

Include data concerning unpaved surface with
resServoirs.

Seepage

[nclude data concerning seepage.

Sum
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Inchiude the surned ol abaces aml ~eepige .

Ignore general time steps By choosme ths option the time ~ep =120 on the
for RAM calculation tah General woall beienored inthe RAM culeulation.

AN sl s the o this by specaticd step sizes tor
Connpttiation At culput,

Tip The nime step speciiied for the RAN coleubdion can be much
Frger than the thme step that s regaired by the DatTow tlow -
miodkel for s stable caleulation: Bat the RAN Hnie step sse
Shoald never be Targer tian the step ~ize that i~ wsed i the time
series Tor Precipitution and Favaporation,

Related topics:
Calanianon Sertmirs
Culenlation Seitings dialos bos czeneraly

Culeulution Setting~ duglog bos (Dutlow

8.2 Calculation Commands

A Dutlow caleulation is divided into three stepsc I the e step the Netsark s

converted. B this conversion caleulation points are defined and - based on the

Cross Sections the cross sectional prodile at the Dutlow points are delined.

Neatthe mput data ob the Network window is sonten o the so-called Dutlow

liles, These Dutlore filos contain ASCTE et T he tormat of these files 1s

described e Dullow Reterence Manuwad . Faad iy the caleulation - pertformed

and the vesults o stored an the resulis Biles 07 RES contams the How resalis,
REK comtains the guahims resulis g

The above steps are perforned sequentiadds by eiving the Update Al Caleulate
connmand hut alsercan be pertormed separitels by Gt poone the Convery
Newtwork. Wrete Dutlow Files wnd finalls the Run DutTow Model command.

ARAM calcudation e RAN component 1~ instdled - will alw s s be carried

oul hetore the Dutlow cadeulation. The output tor tTow o o RAN caleulation is

alwatss o discharoe onthe Arca pomnts. These addinonal discharges can be used .
as Boundioy Conditions mea Daflow caleutation, When perfonning 4 Dutlow

calculation together with o RAN caleulation the RAM caleulaion is performed

first and DMS will autematically use the generated boundary condinons from

RAM tor the Dullow caleulation.

Tip Hthe results of the RAM caloulation satstic dont loreet o
vncheck the apuon Pertorm RANT Caloalation i the
Calculaton Setmgs RAN tuh.
Bocanse the results of the RANT colculanon are saved as (-
Ade Bowmdary Conditions Schemes Tor Avrcas. yott don’t need
torun RANM every e von s ant toomake a Dutlow
calculaton,

Related topics:

Caleubution Seitings
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. 8.2.1 Update All / Calculate

Use this command to update the caleulation of the active scenario, DMS will
display the progress of the caleulation in the Output window. The status of the
caleulation is visible in the Status Bar.

If'in the Output window a message refers tr o node, section or structure with a
certain number, use the Locate Object command to find the - 11 of the - object in
the Network, The referred chyects in the Network window will turn red. Use the
Reset Errors command to give the objects their ongimal color back.
Command:

Menu bar: Culeulation - Update All

Context menu:  In the Scenario Manager window after the selection of a

seenario - Calewlate

Toolbar: .y,
Keys: F5
. Tip The calculation can be stopped by giving the Terminate

Calculation command.

Related topics:

Caleulation Commands
Calculation Settings
Terminate Calculation
Output window

Stability Probleins

8.2.2 Convert Network

Lse this command to convert the 1DMS Network into a netwaork that can be
written 1o the Duflow files.

. By using this command DMS will show the calculation points in the Netwaork
window. Lse the Cleanup Netwaork command, to remove the caleulation points
from the network.

Command:
Menu har: Calculation - Convert Network
Keys: I6

Related topics:

Calculation Commands
Write Dutlow files

Cleunup Network command

8.2.3 Write Duflow files

. Use this command to write Duflow files without running the model. DMS will
show the progress of the writing in the Output window.
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The exccutable Chutlow exe can read Dullow files, Chuflow.exe performs the
Dutlow calculation. The Duflow-files are stored in the scenwio directory.

The tollowing Duflow file-tvpes can he distinguished:

File type Extension Description

Boundary Canditions “.BNK I this 1ile all boundary conditions related
Qualny File to the quadity are stored

Lntial Conditions Flow File - B U dbas ile wil iitiad condivans reluted o

the Hose are stored.

tninal Conditions Quality “ BEK I thos fike all imtiad condiions related w
File the gquabty are stored.
Control Settings File TR File that convains the input data entered in

‘Control data’.

Lxternal Variables File “ EXE In this Hile all exterinal variables of the
guakity nmde] are stored.

Newtwark Pl = NET The nodes are connected through a
network. The Network File contains the
networkoand s geographical dispersion.

Parameters File “PRM I this file all parameters of the quality
miodel are stored,

SUE 1D Tle =510 This file contains the co-ordinates of the
Network objects and the relaton between
the Objecrs 15 and internat Dutlow 11,

Far more deta] information about the Duflow files s desenibed in Duflow
Reference Manual. The format of the Dutlow files - version 205 or version 3.0 —
can be defined in the Scenario Properties dialog hox on the Dutlow tah.

Command:
Menu bar: Calculation - Wnte Duflow Files
Related topics:
Calculation Commands
Convert Network

Run Duflow model

8.2.4 Run Duflow Model

Use this command to run the model based on the Duflow Files in the scenario
directory. By using this command the chunges made in the scenario which are
not written to Duflow files - by using the Update Al /7 Calculate command or the
Write Duflow files commind - will not be taken into account.

DMS will display the progress of the caleulation i the Status Bar below the
Scenario Manager window.

Command:
Menu bar: Culculation - Run Duflow Maodel
Keys: -7

Related topics:
Calculation Commands
Culculanion Settings

Wrie Duflow Tiles
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Terminate Calculation
Output window

Stability Problems

8.2.5 Cleanup Network

8.2.6 Reset Errors

Use the Cleanup Network command to remove the Calculation points or 1o make
chunges visible after using the Undo command.

After giving a new Calculate command, Calculation poinis will be generated
again.

Command:
Menu bar Caleulation — Cleanup Network

Context menu:  In the Network window - Cleanup Network

Related topics:
Calculation point
Update Al Calculate

Convert Network

Use this command o reset the errors in the Network window. DMS will change
the red colored objects, which where displayed red when during calculation
errors oceurred regarding to these objects, to their original color.

Command:
Menu bar: Calculation — Reset Errors

Related topics:

Update All / Calculate

Run Duflow model

8.2.7 Terminate Calculation

Use this command to terminate the RAM calculation, the Duflow calculation or
the Duprol compilation.

Command:
Menu har: Calculation — Terminate Calculation
Related topics:
Update All / Caleculate
Run Duflow model

Compile Quality model
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8.3 Stability problems

Puring a caleulation the solving of the numerical scheme can hecome unstable,

I cose of w Flow calculution PMS will disploy error messaces 3017, 3019 or
ST Perhaps DMS will display a message about iomathematicul error at the
becinmng of the caleulation,

I case ol wn unstable water guality calenlation the caleulated coneentrations cun
hecone necalive or a time relited graph of o concentranon Tooks Tike o siw

8.3.1 Flow Calculation

I the water quanticy computatsn s unstuble, rs to find sshere the compatation
Bocones unstahle,

There are several wa s o miake acomputation more stubles some of thenare:

I the probleny occurs wt the begmning of the simuliation, Gis can be caused by an
crror in the nitial conditions. In this cuse NI out as moch real salues as possible
atic i ond bie steps in the network,

Hothe Jocation is tound. verity then st dry floed 1s the case. Dullow can cope with
Hike sections, (5cee the Dudiow Reference Manual tor the tunctioning of the dry
Hood procedure. ) When Huctihons i the water lesel are oo Jurge 10 1s possible
that Dullow computes a negative flow areas This can be presented by computing
with smadler i steps or by raising the threshold lesel tThreshold Tesel:
Calculanion Setines £ Speaiad Controly tor tideund.

Check whether the tTow 1 supereriticad (Proude = 1 I principle Dutlow is not
suitable Tor such Hlows. B such situations oceur the simulanion can be mude stable
by lowering the Chesy vadue at thie spot The flow 1y no supereriteal fsuberitieal.
Froude <Lyt tor every part of the network the Tollovang formula is sahd:

)
<
a7 A
where:
Newn o velocin tanveraged over the cross sectionad arew)
il]l/’\.}
=0/ whore () dischurge
A cross sectional How area
v Acceleration due to grasaty [y
I Cross sectonal How width [in]
A Croms sectionad How area fim

Check whether there s anmerease in How areicbetws een two caleulution points,
Sora jump at the spot ol o caleulaiion pointis of no mportanee. Bre changes in
the How wrcaccan lead to mstabilities. See adso the Dullow Reterence Manuaud
about the “Advection term” In Caleulation Settimes - General Lieh the calculation
of the adveative term wan be rgnored or suppressed. The sehematization can also

he moditied. to force a pomp in the flow arei iestead of o more gradual change,

P seneral the usce has the Followine pessibilitics 1o increase the stability of the
calculation:

Fo Decicase the tmse step of the caleulatron - - (Caleulation Settings
by Generals Time Step Size Flow

20 Decreise the calealation length of the scctions, Ininalls the kength
of the section s used for the compulation with spuce siep size Ax,
The space step size of wsection can be chimeed by entering wvalue
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for “Maxihmum length” (Ohbject Properties - tab Duflow) that is
smaller than the length of the section. At computation time the
section Is splitup in parts of Ax that are equal or shightly smaller
thun the value of *Maximum length '

3. Increase the value for ftheta” (Caleulation Seilings — tab Duflow),
4. Decreasce the Chery-value.

5. Adjust the threshold value of the dry-out procedure, (Caleulation
Settings - tab Duflow — Special Control)

It finally these efforts result g stable calculation, 1t s recommended to
overwrite the initial conditions in the model with the results of the stable
computution by using the New Initial Conditons command. It's ohvious not to
use the values at the beginning of the computation period!

Related topics:
Update All 7 Calculate
Run Duflow model
Cualeutation Serungs
Section

Cross Section

8.3.2 Quality Calculation

[f the water quality calculation becomes unstable, e.g. the results contaims
negative concentrations, roughly two causes can be distinguished:

First, the instability is caused by the part in which the transport of the substances
is caleulated.

Sccondly. the instability is caused by the water guality process, which is defined
by the user in the yuality model,

If the water quality calculation hecomes unstuble this is most of the time caused
by a oo large value of the Peclet number 1Pe = 2)0 1 a chart is drawn where the
concentration of a substance Is shown against it's position  (*Space Related
Graph’) it results most of the times inw heavily toothed chart, where for each
culeulabon point alternating a minimum and a maximum is show,

The Peclet value is defined by

v Ax
Pe =
H
where:
Pe Peclet value |-
V Mean low veloeity faveraged over the cross sectional arcw)
| m/s]
= Q/A where 0 discharge
A cross sectional How arca
Ar Section lengih fdistance hetween two calculation points) [m]
D Dispersion cocfficient {ms]

The solutien to this problem can he found by reducing the section length or
increasing the dispersion.
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[ he water quadity processes are the pressure poimt. vou will Teve te look ot the .
quadity processes themsclves, Fois general didficult 1o cive a verdict about this.

[l time step must be adjusted to the fastest runnimg process m the quality

imodel The time step miast be smadler or equal 1o the time scade on o which the

processes take place,

Related topics:

Update All/ Caleulate
Run Dutlow model
Calculation Serune.
Suction

Cross Section

Jutlding @ Quading Mool

Fosternal Variables
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9. Results

9.1 Presentation

of the Results
The results of w calewlation can be displayed in four different ways:
® Ay Textinatable as a function of time.
® |na Time Related Graph.
® Ina Space Related Graph.
® In the Network window in Presentation Made

Text and graphs are displayed in windows, These windows appear in the
Workspace. A texl or graph window can contain the output of more than one
vartable or the output from different scenarios. By opening more than one result
window the results can be interpreted by comparing the different windows,

Results can also be displayed in the Network window. In a Presentation Script is
defined how the results have to be displayed in the Network window. To use the
Presentation Mode a Presentation Script must be selected.

9.2 Text Window

In a text window the duta are displayed in a numerical way and can be wrilten to
an external file. Use the New Text window command 1o open it

The following commands are avatlable in g Text window:
*  Save Results
®  Copy Results
®  Transpose Table
® Change Tuble contents
e Chunge Font
Related topics:

New Text window
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9.2.1 New Text Window

9.2.2 Save Results

9.2.3 Copy Resulis

Lse the New Test Window command (o displas the resalts of the caleulation as
text, DAS sall open the Time Refated Graph diadog bos After the selection of
the datas which shoutd be displin eds DMS will open o New Testwindow . The

Text window whw i s appears i the Workspace

Command:
Meni bans View - New Test Window
Contest mmenas oo the Scenario Manager wondow aier the selection of a

seenarto - New Tedd Windosw

Taolbar:
Related topics:

Test window

Tone Related Graph dialos box

Lise the Savve Resulfts commiand o sas e the resules that are displased i the Text
window, The Results will be stored inan ASCH ite, DANS sl open the Sine A
dhialog oy so that sou can nanie yvour files, The teilowing options allow vou to
pectty the name and locaon o the Project Frle vou are about 1o sas e

File Namge Tapeanew o toan the penlts

Suve In Seloctthe drive and directorns s doch von want Lo

store the Tewt file

Save as Lype Seleat the tape of file you waoit to opun idepending

an the contest .

Command:

Contest nenus Dnthe Testwindow Save .
Related topics:

Teat window

Lse the Copy Results comnimd 1o cops the selected results to Cliphoard, Use the
Pasic comnumd mmether apphicanon to copy the vesule- 1o that application.

Command:

Context menu: In the Text window  Copy
Related topics:

Text window

9.2.4 Transpose Table

Use the Transpose Table command to transpose the Teat tble
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Command:

Context menu:  In the Text window - Trunspose. .
Related topics:

Text window

9.2.5 Change Table Contents

9.2.6 Change Font

Use the Change Table command to reset the display options per source and per
ohject. After selecting the command, DMS will show the Time Related Graph
Diadog box. The options in the Time Related Table dialog box are explained in
the Time Related Graph dialog box.

Command:

Menu bar: Edit — Gruphs/Table. ..
Context menu:  In the Text window - Table
Related topics:
Time Related Graph dialog box

Text window

Use the Change Font command to change the font of the Text window. DMS will
open the Font dialog bex so you change the type, size and style of the font.

Command:

Context menu: In the Text window - Font. .
Related topics:

Text window

9.3 Graph Windows

Twao types of graph can be opened:
o Time Related Graph
®  Spuace Related Graph
Both graphs are opened as windows in the Workspace,
There are several commands availahle to Customize Graph windows.,
Related topics:
Time Related Crraph
Space Related Graph
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9.3.1 New Time Graph Window

U the New Time Crraph Window conmand 1o display the results of the
calculation ws g tunction of tme. IS will open the Tine Related Graph dialog
hox. Alter the selection of the datas winch should be displaved. DMS will open a
New Tone Reled Graph window. The Time Relined Graph window slwiays
appears inthe Workspuce.

Command:
Menu bar View - New Time Graph Window
Contextmenu: Bthe Scenano Manmager window alter the selection of a

seenario - New Time Graph Window
Toolbur: E

[0as alse possible 1o alter the eraphs contents. colors or propertics to the currently
open graph window: see Custonnzing Graph swindow.

Related topics:

Ciruph windows
Tine Related Graph diakiog b
Display Tine Graph per section

Add Trne Graph o carrent yraph

9.3.2 Display Time Graph per section

Todisplay o thine related praph tor one section:

Command:

Context menu: I the Network window alter the selection of & section or
striceture - Phuttow - New Tone Graph Window, .

Related topics:
Ciruph windows
New Frne Graph wirnicdow

Aded Trme Crraph to currenn araph

9.3.3 Add Time Graph to current graph

Toadd wtime related oraph of 4 sechion 1o an alreads open e relaed graph
window:

Command;

Contexiomenw: Do the Nevwork window abter the selection ol w section of
structure - Duflow - Add To Tiune Graph Window

Related topics:
Ciraph windows
New Time Grraph window

Displiy Tine Graph per <ccuon
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9.3.4 Time Related Graph dialog box

The Time Related Graph diulog box makes it possible to define what is displayed
in the graph window. The Time Related Graph dialog box consist of three parts.
The tub General contains the general data 1.e. the boundary conditions,

Time Beloted Grophs

Gonernl | ran ]Wi

e 1o Tiapl . ™ u . : o ’,,'
iitiid ~ -
T~ Show Fracigiftation Al bt . . .L']
1~ Show Evaporation . L @HODY
fraisilll | shoor .

) =] @HODT2
Frarnagrn If H .NODT g
Latrate ! e %

; ‘ T @NODTA : A jd P

Fg ik

Select Al i

‘i-ﬂmeuiaanypa' .

T R &
SEL e :

o | ]

The tabs Duflow and RAM contain the more specific data to display the results
0f the calculation.

Tune Related Graphs
Geraret| Ram  DUFLOW] o : T
. Saytce - R (s Dhiedts 1o Display- -+ - - - : P . e
Leenan v]
e TSRO D LC G
; ftbutes - e SECY.CLCO000BONO03 -+ - ©
. — SECHNODSCLoT? - "
tar ! SECCLE00007:>SCHII00
i GECTSCHONN+> CLCY000
SECTCLCO0068 > CLEBIFNS
Setact Al [
ceo- Dischamga: - - - - -~FloorHeight ‘Wt Dupth .
W T & oW r el
i c & o w e
s U re oW
OK - l Cancal sy ] . Halp l

Choices that can be made are:

General

GGraph Properties DMS will open the Graph Properties dialog hox. For
more information see the Graph Window Properties
commaned.

Show Precipitation Shows the precipitation time series in the graph.

Show Evaporation Shows the evaporation time scries in the graph.

Attributes By muking a selection in the Attributes list the avaiiable

Data Types will be displayed in Show Data
checkhoxes. Use Show Dhata o select of the selected
nodes in the Objects to Display list, the kind of graph
10 show.

Note that, if the RAM module is instalied, always the
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Ohjects to display

Show Data of Type

Duftow

Source

Attributes

Objects o display

Show Data of Type

RAM

Source

Attributes

attribuies Amineniio, Nursie and Phosphor are
displaved. These attribires are standard guadin
cartablos i KANT

Selectm the combaobos, sobich objects are 1 he
disptayed i ithe wdjoled e Graphs of the selected
objects are w he displayed vothie Graph window . The
Select AN button readoes 10 puesible tonselect all objects
in the st Use the CTRE o SHIEFT button to mahe @
mulupke selection i thie ra

e Show Data to soleor ol the selecied nodes o the
Nodes o Change b the bind ot craph o show s Atier
acselectton b anade wopicture representing the data type
1 dbsploved i the i s ot the selected objects

Node that onts botonddiir s condvivons are presested b

kit e setectionts o i tol Cioneral !

Selection of the duta type to be displayed in the graphs
ks possible by chicbi e wodothie Teft mouse button
on the Jelt side ot the noeas oot the abjects liste The
posimion mn the row corresponads i the erder o the
dabi tapes 1

The source of the praph s one ot the ~cenarios, which
is e nlable i the project Tnis possibie to displas

eraphs o inore o one scenario i one graph wmdow,

By using the Lo button vou can open a Flow Boundury
File o BN Quality Boundars hile (5 BNK) Flow
Results Tile o . RES o Quahis Re-ules file v F REK ) 1o
displis the these bowndaries or realts s the same

craph MS sodlopen the Sesured Datacdialog oy

By kg o selection i the Atrbates st the avalable
Dt Ty pes sall be desplased i Show Data

clivekboses Use Show Drata toselect of the selected
newdes i the Ohbjects to Display s the kind of graph

16 <l
Choose the tope of ohjects Seativans or Nodes,

Select i the combobos e hicdi objects are o he
displas ed 1o the adponned B Graphs of the selected
objects are o be displived g the Graph window . The
Select A buton nuhes it possihle we select all objects
in the st e the CTRL o SHIFTF button to muhe «
muluple selecton methe s

It o Sectans or Node s are diplaved, the caleulwtion s
nol completed.

Use Show Bata vo selea o the sefected nodes vhe
Nodes tr Change hatothe Eind of craploto show . Atter
aselection is made o picture sepresenting the data tpe

is displayedan the row g of the ~clecred UML‘L‘I\,

Selection of the datiotvpe to be display ed i the graphs
s wlser possibie by chickine wnh e febe mouse button
o the Tt side of e tossay ot the ohjects Bist The
position i e e con e poneds ot e arder of the
data b pes st

fhe sowree af the craph e one of the scenano- which
anvanlable i the progect Teis possiblc wdisplas
craphs of more than one soenario iy one graph window.

By making a selection i the Atributes Bist the uvailable
Iyt Types will be displosed i Shirs Tt
checkboses, Use Show Data b sclect of the selected
nexdes 10 the Objects to Thisplay st the Kind of graph
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10 show,
Ohjects to display Chaoase the type ol objects; Arcas or checked Arcas.

Select in the combobox, which objects are to he
displayed in the udjoined list. Graphs of the selected
objects are 1o be displayed in the Graph window. The
Select All hutton makes it possible o select all objects
in the Jist. Use the CTRL or SHIFT button to make «
multiple selection in the Jist.

Show Data of Type Us¢ Show Data to select 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 displayed in the rowi's) of the sclected objects,
Selection of the duta type is also possible by clicking
with the left mouse hutton on the left side of the rowfs)
ol the ohjects Bst. The position in the row corresponds
with the order of the data types list,

Related topics:
New Time Graph Window
New Text Window
Change Graph Contents

Ciraph Window Properties

9.3.5 New Space Graph Window

Lse the New Space Graph Window command e display the results of the
caleulation as @ function of space. DMS will open the Space Related Graph
diadog box. After the selection of the data. which should he displayed, IDMS will
open a New Spuce Related Graph window. The Space Related Graph window
always appears in the Waorkspace.
Command:

Menu bar: View — New Space Graph Window ..

Context menu:  Inthe Scenario Manager window afier the selection of a

seenario - New Space Grraph Window.

Toolbar: @

H

Tip Fo meve quickly in time throuph a Space Related Gruph,
place the cursor on a part of the date/time 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 thne
depends on the part of the time-ficld and the Qutput time
step.

When a New Space Related Graph is opened, the results of the first time step are
presented. In the Space Related Graph window o date-field and arrow-buttons arce
available to rmove through the caleulation period in time. These buttons are also
available on the Fime Control toolbar,

Use the W’ -hutton (Start the timer o display the results in time like a movie,
The time step size and the delay between two film shots can be defined with the

M . - .
C,:’ button (Configure the timer).

Related topics:
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Giraph windows
Space Relwed Gruph dialog hox

Titric Control toolbar

9.3.6 Space Related Graph dialog box

The Spece Retated Gruph dinlog box makes it possible 1o define what s
displuyed in the graph window. In the Space Related Graph only Duflow specitic
data can be displayced.

Space Related Graphs ﬂ

General  Dufiow |

Foutes 1o Displ
Graph Proparmes - id

Soyrce

lJssel
[ R :J
Atrtbutas
] Select All J Dehine
Show Graphs of Type
F Level |
I~ Duschamge &
™ Yalocty &
f* Botom Heught F
_j = Water Depth w
o Cancel . J Help
Choces that can be made are:

General

Show vertical lines at DAS show s vertival Hines at sections breaks on the

section breaks route of the Space Graphe This option makes the
position on the routs visibte

Duflow

Graph Properties DIMS will open the Graph Properties dialoe box. For
wore rtoration seu the Creaph Window Properties
commianid,

Source The source of the wraph s ane of e <cenartos, which
i~ avalable T the project. e possable to display
graphs of inore thun one ~cenario i one graph window.

Attributes By making a selection in the Annbutes bt the availible
Data Ty pes will be displayed in Show Data
checkboxes. Use Show Datacto sclect of the selected
nodes 1 the Ohjects to Disglay List the kind of craph
1o show,

Routes to display Ciraplis of the selected routes are to be displayed inthe

Graph window, The Seleet Al buton miakes it possible
to select all routes. U the CTRL ar SHIFT button to
ke aomduple selecton m the s

Ouwput routes can be defined using the Define. ..
Button, DALS will show the Select Route Scheme dialog
P, Using the Add..oor Maodify. . baton in the Seleat
Route Schemw diados bos DMS sl open the Madids
Ruute dialog box to adillor modiy aroute
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. Show Graphs of Type Use Show Graphs of Type to select of the selected
routes in the Reutes to Seleet list, the kind of graph to
show. After a seleetion is made a picture representing
the duta type is displayed in the row(s) of the sefected
roules.

Selection of the data type 1s also possible by chicking
with the left mouse button on the feft side of the rowisy
with the routes. The position in the row corresponds
with the order of the graph types st

Related topics:

New Space Graph Window
Ciraph Window Propertics
Change Graph Contents

Mudify Route dialog box

. 9.3.7 Modify Route dialog box

In the Modify Route dialog box you can define the route to be displayed on the
X-axis in the Space Related graph.

Madity Scheme
- ﬂﬂ’rﬂ.e'""“ . R . - . - Agoﬂabla ?edﬂﬂﬁ L T 'E
e | EE——] -
o o oo sECTT L R
Seclons in currsntioute - - - - - - - - G AORCr 0T
e o ASECIT . P
[ =
: N W T
8EC3 i ARG
SECT S 4 T ABE : .
W__SEQE‘... . Deiate I L ‘:j
l o Adiacentgedions - -
- | I el
__E“’”__J | AsECay s
M Beverse o
. A route consists of the sections in the 'Sections in current route’ list, The

following commands or options arc available to modity this (ist.
Insert before Inserts the selected section from the "Available
seetions-list before the highlighted section in the
‘Sections incurrent Route'

Insert after Inserts the selected section from the "Available
sections-Tist after the highlighted section in the
‘Sections in current Route’

Delete Removes the selected section from the 'Sections in
current Route' Tist,

Up Maves the selected section one position up in
‘Sections in current Koute' Tist.

Down Moves the selected section one position down in
‘Sections in current Route' hist,

Reverse It the checkbox is marked the section will he
presented i the reverse direction on the X-axis of
the Space Ciraph window.

TIP By double chicking on a section in the "Availuble sections'
. list, the selected section will be inserted in the 'Sections of
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current route” i<t ahter the highhohted section. Using this
rick nrakes itvery cusy o buld aoroete,

Related topics:

Spave Related Coaplr chudog hos

9.3.8 Change Graph Contents

User this commiand toreset the display options per source and per object. Ater
sedecting the cominnd DMS will show the Tooe Relued Graph or Space
Rulated Graph dialos box, The aptions m the dindos hosare explained in the
Tone Redated Graphoor Space Related Graph dialos bos,

Command:
Moenu har: L = Graphs/Tuble .
Context menn i the Graphs window - Graphs..

Related topics:

Tine Relaed Graph diddoe hos

Space Retated Graph dizdoy hox

9.4 Customizing Graph window

9.4.1 Hairline Mode

L3NS ofters the Tollowime commuands o meve throwsteand custonnze Graph

windoss:
o Fhrline mode
s Zoomming i and Zoomims o

o Chaph Wandow Properiies

e the Hairline commmd o show the exact sidues s the craph where the
Baarhne is placed. Ater selectng the commpand dfronn the mouse-tmena or the
toalbary the cursor will Chanee into s double wiros . Dracemy the cursor display
asertecal haivhine mosowr cvaphs These vadues of the Y oavas where the hairline

crosses the graphs are displased in the legend.

Command:
Contextiens Bithe Graphosondow - Harhine mode
ool but *
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@  5.4.220oming Tool (Graph window)

Use the Zooming Tool 1o show parts of the graph in more detail. After selecting
the command (from the menu or the toolbar) the cursor will change into 4
magnifying glass. Dragging the cursor displays a rectangle on your screen, This
rectangle represents the arca that will be magnified (the rectangte will be blown
up untif it fills the graph window).

Command:
Context menu: — In the Graph window - Zoom mode

Taolbar: (ﬂ

Related topics:

Zooming out

. 9.4.3 Zooming out (Graph window)

Zooming is usually done in stages, more and more detail of the graph is
displayed. Zooming out lets vou retrace these stages. Zoom out works
independent from the zooming tool (the zooming ool does not have to be
selected to zoom out),

To room out to the unzoomed state in the Graph window, use in the Zooming
Fool command.

Command:
Coniext menu: In the Graph window - Zoom out

Toolbar: Qf
Related topics;

Zooming tool

. 9.4.4 Graph Window Properties

Use the Window Properties command (o edit the properties of the Graph
window. DMS will open the Graph Properties dialog box.

The Graph Window Properties dialog box offers the following options:
X-Axis It this option s ¢hosen the default range of the X-axis
can be changed.
Y-Axis [ thys option is chosen the default range of the Y-axis

(left or right) {left or right) can he chunyed.

Use this option in a Space Graph window to fix the
range of the Y-uxis during all time steps.

Pomains To change the unit of the Y-axis select o domain from
the fist and choose the adjoined Y-axis.
Colors DMS will open the Colors Graph Window dislog box.
Command:
Menu bar: Edit — Window Propertics. ..
. Context menu:  In the Graph window - Properties...

User's guide Results = 143



Toolbar: 3

Related topics:

Change Colors

9.4.5 Change Colors

Use the Colors command te change the colors inthe graph window
show the Colars Graph Window dialog box.

Command:
Muenu bar bt Colors...
Conmtext menu: T the Graphs window - Colors,

Related topics:

Colors Graph Window dialog hox

Ciraph Window Propertics

9.4.6 Colors Graph Window dialog box

CBMS will

The color of the Bines i the graph window can be customized, using the Colors

Graph Window dialog box.

Caolors Graph Windows

Colors

Graphs

Cancel
T Inlm o |

- X T

-

; L § e

c MEEESTET ENI

07 HINEEE BN ENCr

5 HENNTZT ET W EErr

Becgord IMMME NN ANAETT
Exsmple

The possible options are:
Graphs Accotor can be selectad tor cach hine e
lines are Jisted mothe praphs 1ist box,

craph. The

To select o volor chick wcolorboy thut hies on the same line
as the Tine nuther: A exumple for the chosen lime is

~hown in the Example eronphoy

Background Scleet the background color tar the grapl dinlog box.

Examplc Shows the selected line color tor the active line in the

Graphs fisthow
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. Related topics:

Change Colors

9.5 Network Window in Presentation Mode

For same years Dullow is able to show the results of computations in tables and
graphs. The introduction of Duflow for Windows and it's ability 1o visual edit the
network have made it possible to show the computation results in the network
window. The network's presentation depends on the calculation results for a
given point in time.

The Presentation mode supports the DMS user by making dectsions in water
management. Because of the amount of possibilities the decision has been made
o make the Presentation mode programmable. When a network is presented in
Presentation mode, before any element 1s drawn a seript will he executed. The
results of this seript determing the presentation of the network. [f no seript is
. defined the network is shown in its usual appearance.
The seript to be executed differs per object type. 11 for example you do not want
10 show the cross sections in presentation mode, you include the "hide”
commaund in the script,

Y&} Dustow Madeing Stecta  [Funs Scevario - Network 1]

'15&8 £dit Yiew Broject gmmio ‘Qaétu!mﬁ Gptions Yidow Help S .,
Ry ALY e R L LI e
ST Hw wmomi s 8t . :

BN

g
/‘ 4

(el BlevITAadmNeeh: O

H
H

e

9.5.1 Presentation Mode

Use this command to select a Presentation Script for the network window, With a
Presentation Seript one can define the attributes of the Network objects - such as
color and style - as a function of the outpul-values, If @ Presentation Script is not
dircctly chosen, DMS wili open the Select Presentation Script Scheme dialog
box. After the selection of a Presentation Script, DMS will redraw the Network
window according Lo the presentation script with the results of the first time step.
. In the Network window o date-field and arrow-huttons are available to move
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through the calculation period i time. These buttons e alse wvatlable on the
Thie Contro! toolbar,

> buti

U the onciStart the tmery o display the results moome ke @ movie,

The time step size and the delay between two Hilng shots can be detimed with the

»

"2 huttem (Conticure the timern.

Use ths cormmand afrer acalculauon s made.

Command:
Menu bar buhit - Presentation Maode
Contexi menu: Inmihe Network window - Presentation mode

Toolhar ING presentahon mode :] o ILP'-.H%! 3

o Presentation saripts are avarlable for selection, make sure that the rieht
dircctory for Proscptation sorpts is set This can be done by using the Program
Settnes comnuud,

Related topics:
Preseitation Serepts
Proscntation Scripls dialog hox
Pracram Seltings

Time Control toolbar

9.5.2 Presentation Scripts (command)

Lse this command toomodity the Presentation Scopts, DAS will open the Select
Presentation Seript Schame diidog bosc I no Presentation seripts are avaifable
for selection nake sure that the right directors for Presentation sanpts is set.
This can be done by usme the Progriom Settngs comniud,

Alter the selecuon af i Presentation Senpt scheine oo can add, modity s delew
or copy i Presentation Seript in the Prosentution Serpt diatog bos

Command:
Menu har it Presentaiion Scrips.,
Context menu: Inthe Workspuce Manager window after the sclection of &

seript - Modily
[oolhar ﬁ

Tormodity o Presemation Sonpd is also possible to open o Presentation Script
windew i the Workspace with the contents ol the Presentation Sceript,

Command:

Contextmen In the Workspace Manweer sondes after the selection of @
seript - bdie

Douhle elick: I the Workspace Manager window on o seript

Towslbar: @
Related topics:

Presentation Serpe diadoe hox /window

Procram Settings
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Creatling Presentation Scripts

Presentation Script Examples

9.5.3 Presentation Script dialog box / window

In the Presentation Script dialog bux or window you can specify the presentation
script by the following properties:
Name Name of the presentation script.

Object Type Listbox presenting all types of Network objects.
Alter the selection of an object type a presentation
seript [or that type of objcct can be written. The
available altribules of the selected type of object
cuan be presented with the Attributes button.

Script Text window to edit the script for the selected
object. Use the Syntax Check button to check the
syntax of the script. The syntax is described in the
Duflow Reference Manual.

Related topics:
Presentation Scripts
Creating Presentation Scripts

Presentation Seript Examples

9.5.4 Creating Presentation Scripts

A Prescntation Scripts is created by giving values to the attributes of Network
objects. A value can be a color. In that way colors can represent a certain values
or ranges of an output variable. Also functions and expressions can be used to
define the values, A special part of u Presentation Script is the definition of the
Legend.

In this paragraph the following is described:
e Attributes of the Network objects.
e Attributes of the Legend
= Atributes of the Presentation
®  Values for colors

e Functions and Expressions, which can be used to assign values to
the attributes of the Network objects

Related topics:

Presentation Scripts

Presentation Script Examples

9.5.4.1 Attributes of Network objects

All variables of function prefixed with d_ are only available when the Duflow
component is available.

All objects

The following attribuics are available for all objects:
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Attribute
Il

Nuane
Color

Label

Hide

Sections

The following attributes are

Attribute
Calorwidih

[egendeotor

d_color

d concentration

d_discharge

Jd_IToorheight

d_lowwidth

d_foad

d maxwidth
d 1ext

dovelocity

J_waterdepth

d owidth

Description

[ of the object. e.g. NODODOG]

Nume of the shject. ¢.p. Rhine

Color ot the ohject,

The label of the abect e.e

label=1d

label="retference node!’

label=d_[evelit - for object of tvpe section only

Hides the object

avatlable:
Description
Width that DMS uses o caleubite the radiant of colors.

Healled IDMS will base its fegend on the varable
viven tord _color

The color of the section

The concentration of a quality variable at a certain
paintin tme

The discharae at a certain pomt m unw

The floor Tevel as given in the cross section. gf
COlta R podan i i

The tflowwidth at a certain puint in tme ford levelin
The level atacertuin point in tme
The load of a guality variable at a certain point im time

The maximum width at i certain paint i time for
d o levelits

A label at the beginnine of the section
The veloeity at a certain point in me

The waterdepth at a certan point 1o time. This is
caleuluted by
d_wuterdepthtt = d_levelity - d Toorheight

The width of the section o pisels

Nodes, Schematization points and Calculation points

The following attiributes are available:

Attribute

d_id

Structures

Description

The D used by the Dutlow caleulution engine.

The following attributes are available:

Attribute

d_voncentration_begin

Jdoconcontration eimd

Description

The concentration of a guality variable at a certain
pointin thne at the begin ot the structure.

The concentration of g qualits variable ata certain
pointin time at the end of the structure.
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d_discharge_begin The dischurge at a certain potnt in time at the begin of
the structure.

d_discharge_end The discharge at a certwsn point in time at the end of
the structure.

d_level begin The level at a certain point in time at the begin of the
struclure,

d_level _end ‘The level variable at a certain point in time at the end

of the structure,

d Joud_hegin The load of a quality variable at a certain point in time
al the hegin of the structure,

d_Joad  end The load of a quality variable at a certain point in time
at the end of the structure.

d il The id used by the Duflow caleulation engine.

9.5.4.2 Attributes of the Legend

The following atiributes arc available:
Attribute Description
Autocolor IDMS uses the minimum and maximum values of the first
variable set for seript type scetion to calculate the values
for d_color. Exe colors generated are Hght blue, light
green, yellow, hight red and light magenta

Do not use simultaneously with the legend attribute.

Autovalue DMS scales the values set with the fegend attribute to the
min and max values of the variable set for d_color.

Hide Hides the legend

[egend [Legendivalue, color)

Function to set a color in the legend.
Examples:
frgend 65, Dredd)
Smrgeend 0, paba (255, 0, 0))
Do not use simultanegously with the autocolor attribute,

Roundotf Idem as autocelor. The values for the colors are scaled to
the minimum and maximum values of the first variable
set for script type section.

Smooth DMS will try to draw a smooth legend by rendering
colors for missing values

Title The tiie shown above the colors of the legend.

In additicn 10 these attributes for the Legend, a attribute LegendColor is
availahle for the Section object script. If this function is called DMS will link its
legend to the first variable it encounters in the section script. See the special
examples in the example section.

9.5.4.3 Attributes of the Presentation

The following attributes are available:
Attribute Description
Redraw Call this function if you want Duflow to redraw the
entire network for every time step. This can be useful
for scripts that change the width of a section.
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9.5.4.4 Colors

Colors are retercneed nnthe seripts by using RGE vadues. A number of colors s

predelined:
Color
Black
B iue
Brown
Cvan
Giray
Cireen
I hlue
levin
[Leriy
[Loreen
Imagenta
I red
Magenta
Rl
White

Yellow

9.5.4.5 Functions and Expressions

Function

ubs
andd

[B))

Definition
REBHL0)
RO, 12%)
ROBITIRI2K.00
ROBIO 250 50
RGBT 2R 128,00
RO 1%
REOGEI0.0.255,
RO, 255 255,
RO TU2 192 1492,
RO, 285 0y
ROBIZSS0.2585,
ROB 2251000
ROGBOT2ROI2N)
ROBOI2K.00,
ROBI233 235 255,

ROGEEIA3 25500

Description Example

The sbe tunction Galeulates Lihel=ahed Jevelinn

the ah-ojune

The lomical

Il Joeicad

valiie,

“and” operanion. it develielrand td_lesehne2yy
then

T operation Hored devetroboorid deselive2n
then

et allons s v ilrd heelhneT v then

The ot ~tahe

tocchiree the How o contral voldor red
Svntis clae
Hoteesreditienry then calor=hlie

{ateitenent})
L'J‘\L’
[steterneny [
chnidit

9.5.5 Presentation Script Examples

vindit

The followimg examples will clanty the use of the Presentation Made, Ail the

examples assunie the Dutlow component is availible,

9.5.5.1 Complete Examples

example 1
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. If we take the DMS demo project and would like to show the water level of the
river. We have to take the following steps:

I

Choose Edit - Presentation Scripts
In the dialog Sclect Presentation Script Scheme click on the Add
button.
Name it "demolevel”
Seiect in the Object Types listbox sections and type in the
following seript:

d_width=10

d_color=4d_levelflr)

legendcolor
d_width means the width of a section is always 10 pixels. d_color
means the color is dependent on the water level,
The variable t in d_level indicates time. This means that the color is
dependent on the water level at a certain point in time. Besides t
{time) in some cases a quality variable can be included as a
parameler; for instance d_concentration(t, ‘salt’),
Seleet in the Object Types listhox fegend and type in the fullowing
seripts

autocos ur

smooth
Autocolor means the iegend will use a standard color palette,
Smooth indicates the legend will try to draw a smooth legend by
rendering colors for missing values.

2. Choose OK and OK

3. Open the Network window and ensure that the corresponding Flow
model is calculated correctly.

4. Choose Edit - Presentation Mode

5. Select the script "demolevel”

Duflow will now redraw the Network in Presentation Mode. At the
bottom of the Network window a number of buttons appear
together with 4 time indicator. With these buttons we can show the
status of the network at another point in ime.

6. Duflow determines the range of the variables used in the script
based on the resubts in the resultfile. With this range a color legend
and which color corresponds to which value is determined.

example 2

For this example we use a network with a number of pumps. If the water level
reaches a certain level the pump switches on and causes a discharge. The funny
thing is that we can use relatively simple senipt to test whether Duflow is
working properly. Suppose we want a pump to start at a water fevel of 1), We
can visualize this by using the following script for pumping engines:

if (d_digcharge hegin(t) - 0} then
labhel="on’
else
label="off’
endif
if (d_level _beginit) > 10} then
color=ired
else
color=1blue
endif
. Now when we turn the presentation mode timer on and the color of the pump
turns red, the accompanying text changes from off 16 on.
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Duflow determines the coiors of the legend based on the tirst variable it
cricounters 11 section” -seript. This means the resultis influenced by the order of
the commanids in the seript. Far instance i vou wunt teanake the width of the
seetton dependent on the Hoor height and the water level dependent on the color,

then the nestseript will nieel vour expectutions

right: Jd . or-=c_.eval(t)
A onlathon P vhelghe 00

When vou change the order ol the commands the catput 15 not whal you

expected. Duflow determines the legend based on the Hloor height and the colors

in the presentation mode wre presented wrongly: so

BTN
(e ORI

wrong: <1 uicithead D

USRS SR

9.5.5.2 Legend Examples
For the first set of 3 cwanples the seript for tpe object Scetion s always

A i el
d_craiorsd reesel(E)

I I Pal S NP e

and the mommmum level is O metres and the maxinnnnm Jevel s 7.3 7 metres,

space-oriented graph of time step T is:

Diztance 0
~——— Boutel. Flow. Lewvsl B 939900

The werr causes the jumyps in the graph.

Example 1

faatiece, o

The
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Example 2 Level
Autocolor
Smruoth

Example 3 Lo
Lutocolor
Zmooth
Roundoff

Example 4 Lo
Smooth

Roundof f

legend (0, vellow)
legend(l, magenta]

Example 5 Lvel
smooth

Boundoff

legend(0, yellow]
legend(l, magenta)

autovalue
If we are interested 1n special values we have to do a little more programming,
Say the values in the range [6.65, 6.75] are of particular interest. We couid then
use the following script:

Exampie 6A 1

[section]

d width=10 [

d_color=z=igray

if (d_levell(t) == A.65) then
d_color=1lred

endif

if (d_level{t) = 6.75}) then
d_colaor=yellow

endif

L]
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Example 6B
But showing the right fegend becomes a
problem

{legend]

Crergearl |

-
4

o Ay
ltegonafte . n6bh, lgray)
logondi e, 75, L read)
Veogeores 00 00T el Leiugy

NS HILUAA

Example 6C

in the case of andiserete Tegene
[legend]

legrrdta, lgray)
Tocgeern D6 65, Tgray)

' P ek

D C6 7,
. R ‘/-‘-:1 L
The strange cofors are caused becanse 1IMS

mies (o

il
Ceegeenied 000

Example 6D

Much simipler is fetting the legend do the
work:

[section]

dowiddih o1h

d arnonrzd el {T)

Legonedolor

Example 7

Now we want Lo make visible when the
level at the beginning of the weir reaches
certain level:

[weirs]
NN IR
if il tevel_ bregin{uo) .4 .725%)

Lhen

i Ll

el

and

9.5.5.3 Sample Scripts
Duflow IDs

(AR

£ 5E

K

L
@ ' e
L ‘IIIIIIIIIIIR’

[}
n
. PN

[

o ¢ / .

L]

=i

SEE
® '
i)
30
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The purpose of this seript is 1o show the Duflow IDs as used by the calculation
engine. These numbers can also be found in the * NET, . BND, * RES and alike

files.
Object type
Sections
Nodes
Crosy Sections

Caleulation points

Schematization points

Discharge points

Culverts

Pumping engines

Siphons

Structure extended

Weirs

Areus

Presentation

Legend

Script

d width=1
label=d id
hide
label=d _id
color=gray
label=d id

calor=hrown

lubel=d_id
color=green
label=d id
label=d id
codor=hrown
tabel=d_1d
color=cyan

lubel=d_id

calor=red

[upl

&

4 {425

The effects of the Duflow _ids script

Level

The purpose of this script is 1o represent the fevel.

Object type

Sections

Nodes
Cross Sections

Culculution points

Script
d width=20
d color=d level(l)

legendeolor

Hide
Hide
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Schematization points
[schurge points
Culverts

Pumping cngines
Siphois

Steucture extended
Weirs

Arcas

Presentation

Legend

=y

Hide

Hide

autocolor

simooth

71

[ag]
o

(€N

The effects of the fevel soripr

Maximum Width

1

.56

@

£ 00

I thas seript the width of the sections depends on the masimum width of the
sechion. DMS wses both the cress section and levelit o caleatate the actuald

width.
Object type

Sections

N(}(}C‘w

Cross Sections
Caleulation points
Schematization points
[nwcharee points
Culverts

Punping cngines
Siphons

Structure vxtended
Werrs

Arcias
Prescntadion

[Legend

Script
d_color=d dischargein)
dowidthi=d _irrovw st

[eoendColor

Hide
Hide
Hide

Hlide

redraw

Title=" width=maxWidth
smioth

autovalue

. wolor=discharge’
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. legend(0, [Gray)

legend( |, magenta)

roundoft

_width=maa/idth, _colar=dischan
1998/01.01 04:00:60

3.00

1.75

e,

. The effects of the MaxWidth script

N.B. A maodified demo project was used for these resulis.
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10. 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 hy the user at the physical
boundaries of the network and on hydraulic structures required starting a Duflow
computation.

Calculation point

Duflow generates calculation pomts when the length of 4 section exceeds the
defined maximum length, Calculation points divide a [DMS section in Duflow
sections equal or smaller then this maximurn kength.

Cross Section
Cross Sections contain cross sectional data such as cross sectional profiles and

resistance coefficients. Cross Scetions must be defined on a section.

Culvert

A pipe-construction with a rectangular or cireular cross section which connects
two waterways.

Discharge point

Schematization point on which additional discharge into or out of the network is
taken nto account.

DMS

Abhbreviation for Duflow Modelling Studio which manages the Scenario
Manager and the Network Editor 1o perform Duflow and RAM calculations.
DMS supplies the water authoritics with a complete set of tools, to quickly
perform easy analysis. On the other hand, the product can also perform complex,
integral studies.

Duflow

Program with which one can perform unsteady flow computations in networks of
open water courses and can simuelate the transportation of substances in free
surface low and more complex water quality processes.
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Duflow files

Internal ASCI files, which can be read by the exccutuble CDuflow cxe,
Clauflow . exe performs the Dutlow caleulation.

DUPROL

Part of the Dullow puckagze which campiles the Quality Moedel descriptions file
EMOD 1 and generates @ Quality Moded outpu file 12 MOB ) which can be read
by the Duflow culculation process.

External variables

Externut viriables, swhich are space and/or time dependent and wsed in the quality
process equations in the Quality Model description e

General Structure

Structures thad can not be detined as other DMS structares, tor example weirs
with forced undertlow

Initial Conditions

Initiad values tor Flow and Quality variables defined oo nodes and
schematization points required starting a Duflow computation.

MoDuflow

Prooram with which one can sinulate an integrated groond water and surface
&z L= &
water problem by combining the ground wiater model Modflow and Duflow.

Network editor

Ciraphical editor that enables vou (o draw interactin ey the network
schematization. Visually the Network Editor consists of the Network window
and the Palette toolbar.

Node

Point from which ane or mare 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 calculations are recorded.

Output window

Window containing messages about the progress of DMS-uctions,

Parameters

Parameters, constants and coclficients used 10 the quality process cquations in
the Quality Model description Nl

Presentation Mode

Mode of the Network window in which the resudts of a caleulatton ure spatially
visualised.
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Presentation Script

Definition of the presentation of Network objects in the Presentation Mode.

Pump

Pumping station in or near a waterway.

Quality Model description file
File in which the relevant quality processes are described. A Quality Model

description file s an ASCH-file with the extension MQOD.

RAM

Precipitation runoff module (Dutch: Regen Afveer Module)

With RAM one can calculate the supply of rainfall to the surface tlow. RAM
calculates the losses und delays that occur before the precipitation has reached
the surface flow.

Scenario Manager

Part of TIMS which makes it possible to work with several sets of input data
within the sume Project. The Scenario may contain the input data itself or it may
refer 1o input data of another Scenario. Each Scenario registers several sets of
data. Per sct of data one may choose 1o save the data in the own Scenario
directory or receive the data from another Scenario directory.

Schematization point

Extra points on a section used by the DMS caleulation and on which output can
he generated. On a schematization peint one or more areas and discharge points
may be defined

Section

Connection hetween two nodes.

Shape file

File in a pre-defined format, which represents a certain geographic theme. Shape
files can be save in a group in a VSF-tile. Only Shape-files can be used as a map
layer in DMS.

Siphon

A circular pipe used to carry water over ohstacles.,

SUF

Stundard Exchange Format {Dutch: Standaard Uitwisselings Formaat)y; Standard
data model for the schematization of surface water systems.

Time series

A series of values for a ime dependent variable or parameter, Time series are
stored in a scheme.

Trigger Condition

The variation of one purameter in one or more structures depending on actual
hydraulic conditions.

User's guide

Glossary of Terms = 161



Weir

A construction mude to contrel the leve! on the upstreant side with a free water
surface.
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11. IndeXx

A

advection, 91, 122
alfak, 113

alpha, 124
Ammaonium, 63

area points. 61

auto adjust limits. 7%

B

bending point, 75
houndary conditions, 52, 61, 94, 96

C

calculation

progress, 127

type, 12]

update, 127
caleulation points, 53, 72
culeulation settings, 119
capillary rise. 64
Chézy-coefficient. See resistance cocflicient
cleunup network, 129
command, 23
component, |
concentration

scheme, 98
context menu command, 24
co-ordinate

current position, 79

offset, 77
copy, 35
courses, 4
Cross Section, 54

interpolate data, 54
cross sectional flow area, 130)
cross sectional flow width, 130
culvert, 67
current position, 79
customize

menu, 37

toolbar, 37

windows, 33, 37
cut, 35

D

decouple, 123

discharge points, 61
dispersion, 113, 116, 123, 131
double-clicking command, 24
dry flood procedure, 123
dry-flood procedure, 124
DUFLOW, ]

DUFLOW 2.0x project, 44
Duflow Users duy. 3
DUPROIL.. 114

E

evaporation, 65, 100
exil DMS, 40

external variubles, 115
exira iteration, 122

F
file-types, 44, 128
flow widith, 57

G

general structures, 71
geographic background, 49
Graph window

colors, 144

properties, 143

space related, 139

time related, 136
groundwalter discharge, 64
H
hairline, 142
help

context help, 39

help topics, 39
helpdesk, 3
hydraulic rudius, 56

!

icon
arrange, 33
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imitial conditions. 91,93
installation, 3
intermediate flow file, 124
Internet. 3

K
key command. 24
Kravenholf- vd Leur scenario, 64

L

lavers, 49
fevel

scheme, 90
load

scheme. GU. 105
locute object. 77

M

Mukkink. crop fuctor ol 62
Manning. formula of. See resistance cocthicient
meun veloaty, 130
menu, 24
Caleulation menu. 26
context, 24
Editmenu, 25
Fie menu. 24
Help menu, 27
Opiions nenu, 26
Project menu. 25
Scenano menu, 20
View menu, 25
Window menu. 27
mignu har, 24
miehu bar connmand. 23
mode
hairline, 142
pan. 79
presentation. 146
selection. 74
oo, 749
Maodilow. |
Moldullow. |
monitering-file. 54

N

Nash-cascade, 64
network

pan the network, 79

show crilire network, 78
Netwaork Bditor. 31,47
Network window, 31

open. 48

properties, #0)
Nitrate, 63
node, 52

insert, 77

remove. 76

dita tips. 800 81

disconnect, 70

focule. 77

point size. 30

properties, 73

remove. 76

select, 74
ohjects

check, 74

show or nde, 80
oftset co-ordinates. 77
operational paramieter, [0
outpul variuables, 123
Ouiput windew, 34
overtlow . See woir

I)

Palette 1oolbar, 51, See toolbar
parameters, 115
piste. 36
percoelation, 64, 65
Phosphor, 63
pore content. 64
position
current. 79
precipitation, 00
presentation
seript. 146
Presentnion mode, 34
presentation seript. 145
print. 36
print preview, 37
print setup, 37
printer. 36, 37
project
close, 4
import. 44
new, 42
opun, 43
propertics, 42
recently opened. 45
save. 44
propertics
Ceruph window. 143
favers. 51
Network window . 8l
objects, 73
project. 42
seenario. X0
pump. 69

0

(J-Add
scheme. Y%

H-relation
scheme. 97

Quality model
compile. 114

0 description file, 122
object eiit, 114
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R

RAM, |
reservolr storage, 62
resistance coefficient, 56
resistance formula, 122
Result window, 31
results, 133

save, 134
run DUFLOW model, 12¥

S

saturated zone. 64
SCENArio
active, 86
delete, 91
description, %5
new, 85
propertics, ¥6
Scenario Manager, 34
schematization paints, 59
scheme, 105
concentration, 98
level, 96
load, 99, 105
-Add, 98
QH-refation, 97
usage, 106
script, 146
section, 47, 53
flip orientation, 75
join, 76
secpage, 03
settings, 3%
siphon, 66
software requirements, 3
splitter, 39
standard exchange format, 47
Status bar, 31
storage width, 57
structure
control, 102
operations, 1032
surtace
depressions, 62, 63
greenhouses, 62
open water, 62
paved, 62
sewer, 62
unpaved, 62
system requirements, 3

T

text window, |34

theta, 122
threshold level, 124
lime serics, 105
constant, 108
equidistant, 109
export, 18
Fourier seres, 108
import, 107
non-cquidistant, 109
time step
flow, 120
output, 12¢}
quality, 120
RAM calculation, 126
toolbhar, 27. 3%
Duflow toolbar, 30
Palctte taolbar, 29, 31
Scenario wolbar, 28
Standard toolbar, 28
Time Control toolbar, 30
Window toolbar, 30)
Loolbar command, 24
trigger conditions, 93, 100, 104
trigger series, 103

U

underflow, 71

undo, 35
unsaturated zone, 64
user interface, 23

Vv
version number, 40
W

welr, 68
wind
conversion factor, 54
direction, 101
velocity, 102
window
activate, 33
arrange. 33
customize, 33
tile, 33
Workspace, 31
Workspace Manager, 34
write DUFLOW files, 127

Z
soom, 79, 143

in, 78, 143
out, 79, 143
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1. Introduction

1.1 In History and purpose of the model

The introduction of personal or micro computers in organisations involved in
. water management and hydraulic engineering stimulated the demand for easy-to-
use computer models.
Water authorities require @ dynamic management of their extensive waler
systems and related infrastructure to provide water for industry, agricullure,
domestic supply, fishery, enerpy and waler quality control, taking into account
reduction of dumage due to excess of water, ¢te. In hydraulic engineering a
proper design and operation of river based structures and improvement works
also requires the consideration of larger parts of the overail wuler system.

In 1988 DUFLOW 1.0 was developed by a collaborate effort of the International
institute for Hydraulic and Environmenta) Ergineering (101), the Faculty of Civil
Enginecring at Delft University of Technology and the Public Works Department
(Rijkswuterstaat), Tidal Waters Division (now RIKZ ).

Various cducational institutes steessed on having free access o 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

Rijkswaterstaat. To improve its user arientation this IMPLIC code was [itted with

a menu operated interface 1n 1989, Prior to this introduction, the use of

computational models for unsteady flows in networks of open water courses was
. restricted o a small group of specialists.

In 1992 version 2.0 wus completed. By order of the sSTOWA, the Agricultural
University of Wageningen/ Department of Nature Conservation extended the
program with water quality modelling, culled puUpRoL. Since the relationship
hetween quality and Now receives special allention nowadays, & program suituble
for madelling both aspects makes DUFLOW a useful tool in water quality
management.

Because users also need o the ability to model the precipitation run-off process,
the precipitation runoff module RAM was developed by Witteveen + Bos und
EDS. by order of the S10OwWA,

With the introduction of DUFLOW 2.0), the mainienance of the package was
supplied by 105 (then 1CIM), The user may approach the helpdesk at EDS with
questions and problems that arise when using DUFLOW, RAM and MODUFLOW.
DUFLOW Is the joint ownership of Rijkswaterstaat, THE, the Delit University of
Technology, sTowa and the Agricoltural University of Wageningen.
Furthermore, the KIWA and Dienst Weg- en Walerbouw (DWw) of
Rijkswaterstaat have ordered the development of further extension of the

. DUFLOW product,
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s KIWAIMODUFLOW, program which stimulates an integrated round-
witter and surface-water problem by combining the ground water
model MODELOW and DUFLOW,

o 0w Gap Growth structure in DU TLom

In the Water Quality part the process descriptions can be suppiicd by the user.
This special concept cnables the user to create ditferent tvpes af water quality
models, Two predetined cutrophicution models are included i the praduct.

In 1998 pUrLow is migriaed to Window<95/Window NT - perlow 3.0 - 5nd has
hecome a component ol theDUFLOW MODELLING STUDIOTDMS 1 In DMS the
RANM component is integrated with the DURLOW component. In the future also
MODUPLOW will be avintuble as a DMS-component.

A free student's version is available. which includes wll options. but is restricted
in the number of sections and external varizhles. Information en purchase and
users rights will be supphed by EDs. Lendsehendam. The Netherlands.

This chapter vives a pencral overview of the capabilities of the model and s
imended for those who have o decide whether G use DUFLOW or not.

Chapter 2 gives an account of the physical and mathemaucu! background: it
provides edvanced asers with the necessary informuation on the assumptions and
methodologies underlyving the niodel.

Chapter 3 @ives a lanpuage reterence of the DUFROL program which is used 1o

compile the process description file.

Chapter 4 gives a short description of some other applications,

1.2 Types of users

The prrow product i designed for various categorics of users. The madel can
b used by water authorities and designers and has proved to be aovers useful
ool educution. DULRLOW runs on & persenal computer under Windows 95 or
Windows NT und i supplivd with u graphical user-interfuce. ftcan theretore be
aperated inalhinost every scientific or engineening environnent.

The rajor advantage inengimeering education 1s the short learning time which is
due to s program structure and user-onented input and output.

In water management the moedel can be used W srmulate the behaviowr ol a
systern due o operational measure such as opening or closing of sluices,
switching on puinping stadions, reduction of polutant touads ¢te. and thus 1o
optimise the day-to-day management decisions and to evaluate munagenient
strategies.

In a consultancy environment the medel can be used inthe design of hvdraalic
structures. Hood and salt prevention and rver tramimy measures.

1.3 Design considerations

DUFLOW 15 designed 1o cover a large range ot applicauons. such as propugation
of tdal waves 1 estuarics. Nood waves mrivers operation of irrigation and

drivmage svstems, ele.

Bastcally, free Now in open channel svstems is simulited. where control
structures ltke werrs, pumps. culverts and siphons can be included.

Asn many water management problems, the runolt from catchment areas is
mportant, a snnple precipitation-runoff relation is part of the model set-up in
DUFLOW. With the DMS-component RAM the precipitation-runoff processes

2 » Introduction
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. can be deseribed in detail. The results of a RAM caleulation can be used as input
for a DUFLOW -calculation,

The sclected numerical scheme allows far a rather large time step in the
computation and for choosing different lengths of the clementary sections.

Waler quality is an increasing concern in water management, ¢.2. problems of
algal hleom, contaminated silt, salt intrusion ete. More often thun not, water
guality has to be described by a (sometimes large) number of parameters,
therefore DUFLOW allows for & number of quality constituents, and it is able to
model the interactions between these constituents. There is an abundance of
formulations around, which gives a greal 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 walcr quality problems is also the interaction between the
bottont layer and the water mass above; DURLOW distinguishes transported
materials that flow with the water and bottom materials that are not transported
but thal can he subject to similar interactions as described above.,

. The interaction between surface flow and ground water flow is also playing an
important part 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 direet 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 form of tables, while all output
can be directed o a (graphicaly printer.

DUFLOW is efficient both in terms of computation time and reguired memory,
thus ullowing the processing of Jarge 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 elements. Types of elements which are available are open channel
sections (hoth river and canal sections), and control seetions or structures such as
weirs, culverts, siphons and pumps.

For instance an irrigation or drainage system consists of a network of (small}
canalbs, water may be locally transported through pumps and siphons and in the
network the discharges und 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 & river streteh is transmitted through a sequence of river sections
which may be separated by (movable) weirs.
Boundary conditions can he specified as:
o water levels and discharges, cither constant or in the Torm of time
series of Fourier series;
* additional or external flew into the network can be specified as a
(time dependent) discharge or can be computed Irom a given
rainfall, using the simple precipitation-runof{ relation of DUFLOW
or the extended precipitation-runoff module RAM;

. ¢ dischurge-level relations (rating curves) in tabular form;

Reference Manual Dufiow Introduction « 3
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o concentritions and fowds of all the ansported materials in the .
guadity medel. either constant or in the form of time seres or

Fourier series

Wind stress. winch s be siopficant i extensive shallow networks, can abso be
included A ume series can directly be defined or can be read from an eaiernal
ASCH e

In the network window. the network schematizaton can be created and
iteractively adjusted. Simple shaped cross-sections can be specifred with only a
few datae Two topes ol resistmee formudue can he ased. vizs Manning and De
Chénm

Faor more complex cross-sections faaturad riverss the sodth thoth width o 1low
ancl width of storacer and the friction tactor and the hs draalic radias can be
speciicd as o tanctton of the water fevel

Storage width

water level
X

Bottom level
,

Frowre 11 Cvenvs seetioned ehinifmitoon

A range of control structures is inatlable in DUFLOW

Weirs with movable vates can be modelied tor onertlow and undertlow
tsubimergedy conditions Transition between sanous Mo situations such as
overliow and underilow | sub- and supercritical low in either direction tukes
place automaticalls.

During execution of the provran the herght and width of o cate canhe modited .
depending on the actund compuied water fevelisy st u pre-defined location in the

systennand according toa pre-speciticd procedure tirigaer conditions y. Thus

VAToUs sltatesies OF attonatic” gate numipulation con be speciticed.

A Cubvert by represented as wowetr by taking o account alse the friction.

Pumps dre automatically operated depending on the upsuean leve! onls,

Siphons are defined as civeular pipes and the tlow depends on the water levels w

hoth sides. Friction [osses are taken into account.,

Eibiptic culverts are represented by werrs with clliptic cross-sections,

A Giap groseth stracture. 1o ~stimulate & dike burstois represented by an overllow
where the s Tevel decreases and the width of the overttow moreases as time

PRIsSes.
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. Figure 1.2

Sketeh of a hydraulic structure.

1.5 Structure of the DUFLOW MODELLING STUDIO

The DUFLOW MODELLING STUDIO 18 developed under the Windows95/Windows
NT operating system. The graphical user interfuce gives the user the possibility
to manipulate and activate the objects of the model directly. Inexpericnced users
will have a short learning time due 1o the user friendly interface. The presence of
context sensitive menu's and Shorteut Toolbars will contribute to quick operation
of the system by experienced users,

The program consists of a Scenario Manager with which the user can define
several ditferent scenario’s, The Network Fditor enables the user to create a
network of water courses by dragging and dropping the elements from the
Network Palette. The network can be presented on a geographical background.
The presentation module makes it possible to open several graphical windows,
per Project 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 MUDELLING STUDIO consists of the following parts:

1. DUFLOW water quantity
With this program one can perform unsteady flow computations in
networks of open waler courses.

2. pUFLOW water quality
This program is useful in simulating the transportation of
substances in free surface (low and can simulate more complex
waler quality processes.

3. raM precipitation runoff module
With RaM one can caleulate the supply of rainfall to the surface
flow. kaM caleulates the losses and delays that occur before the
precipitation has reached the surface flow.

4, MODUFLOW (not integrated in DMS 3.3)
This program simulates an integrated ground-water and surface-
watcer problem by combining the ground water model MODFL.OW
and DUFLOW.

Reference Manual Duflow
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2. Physical and mathematical
background

@® 2.1 Introduction

In this chapter an outline ts given of the basic equations used in DUFLOW and the
numerica) procedures used 1o discretize and solve these eguations.

Section 2.2 deals with the equations for unsteady flow in open channels. In
special paragraphs the use of boundary-, 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 is paid to the use of boundary
conditions and process descriptions.

Scction 2.4 gives an outhine 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 1s 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 1 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 af 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 mathemnatical translation of the laws of
conservation of mass and of momentum read:

dB Jd0

+——=1 (1
dt  dx )
and
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while the relation:
(=1 A

holds and where:

H e |4

¥ distance as messured along the channet axis [m]

Hiv water level with respect to reference level Jm|

Vv mean velocit fay eraged oser the cross-sectionad areas [m/s |

(e iy descharge at Jocatron x and at time 1 [in /4]

Riv. Hy hvdraulic radius ol cross-section [m)|

s, H) cross-sectional fow width [

Al cross-sectional (o wrea [ m-|

Lia 1y cross sectional storage width hind

iy iy cross-section) storage area -]

@ acceleration due to gravity fm/s|

Cia Hy coclticient of Do Chdzy [m' /s

wit) wind veloeity fimds)

iy wind direetion in degrees fdearees

0f v) dircction of channel axis i degrees, imeasured clockwise from
the narth [degrees|

Ay wind conversion coetticient |-

i correction Lactor for non-unitonmity of the selocits

distribution in the adyection term. detined as:

A
= Ji'( Voo dvds
o

where the imtegral is taken over the eross-section A, [m]

This mass cquation CLystites that i the water lesel changes at some location this
will be the net result of focad inflow munus cutflow . The momentum equation (2)
expresses that the net change of momenturm s the resull of interior and exterjor

forces Bke triction. wind and sravity

For the derivation of these equations 1t has been assumed that the tlund is well-
mixed und henee the density miay be considered Lo be constant.

The advecton terms i the momentun ¢gualion;

)

1753

1da}

can he broken into

()

P

o) 2

A r’-/,\

KO oA

v o i4hy
A h

The firsterm represents the nipact of the change in discharge, The second term

which capresses the chieer of chinge in cross sectional flow area. is called the
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Froude term. In case of abrupt changes in cross-section this Froude ierm may
lead to computational instabibtics.

The DUFLOW User's Guide describes how 1o manipulate this term,

2.2.2 Discretization of unsteady flow equations

Fivure 2.1

Fguations (1) and (2) are discretized 1o space and time using the four-point
implicit Preissmann scheme.

Defining a section Ax, from node x; to node x,,, and @ time interval Az from time ¢

o I . - :
=/Mwotmer =", the discretization of the water level H can he expressed as:

H it (|—9)H”+9H”+I
()

at node x,and ume 1 + BA!

and
., H“ + H"
H,.”’) - ,) (6)

1n hetween nodes v, and x, ) al time @

In a simifar way other dependent variabies can be approached.,

The transformed partial differential equations cin 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 (e, o,

s fr

7y as shown in Figure 2.1

+1/2 i+l x

The Four Point Preismannt scheme

. L f "
with inially: H',, = H|

- 14z

B, = Bf.wz(H;im)

ralid
b{”»Hl f I”(HﬂHIWJ
B, .f) =B, = bl Hy
cquation {1y ts transformed into:

thf‘rjlﬂ bml I_{u | 7[3:; ()n i Qn ~f

2T T 102 R . 1 U

Az Ax

!

{7)
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and cguation {2y i,

R A
o4 O -0
O -, eA A A
+ + +
Af An Ay (%)
dosllo ) . .
+ oy T eos( T =0
LC AR

AT conservative scheme for water movement bs essential or praper witer
qualiny stimualation. 1 the contmuity equation i~ not properhy taken into aceount,
the calentured concentranon will not mateh the actual concentranon. The mass
conservative scheine s based on the et that the error made m the continuits
couation sill be corrected inthe nest tnwe step. Mass consersation is therefore
suaranteed. The method used for this scheme s described o0 Boaoi). 197%),

. . . . . PR
Phe " ke in A vespresses that these values are approsimited ot tme 77
This diseretization 1s of second order i time and place if the vadue =05 and it
catt be shown that in this case the diseretized system is mass-conservative. In
most apphications. a somewhat larger B-value. such as 055 15 used i order to
ohtaimn a better stubility iRouche, 1972

The values indicated with ¢y are computed asing terative process, For
esimiple, a first approsimation of A s

A=A

which is adjusted i subsequent fteration steps:

(A” AT )

7 =
3

where A7 ds the new computed value of A7

Sofmally . for wll channel seetions in the network tao cquations are formed
which have Q and H s unknowns on the new time level 57

Ql’”i = _.‘\‘.”ll“’.-! T "\"L]].'Ji“‘ - ‘\‘!J- (()EH

QNN H SN (Gh)

i

2.2.3 Boundary and initial conditions

Forwunigue solution of the et of cquations additional condimons have o be
specitied at the phvsical boundanies of the network and at the seetions detined as
v elrandic structures. Stractures are discussed i section 2204

The user-dehined conditions at the phvsical boundores may be specitied s
fevels. discharges or worelation between both. For mstance o imdady elevation AL s
discliarge €. or aso called G relation, The selection of houndars conditions 15

discussed i more detal nsecnon 2,32,

Avimermnal junctions the Gmplicity condition states that the water level is
continuous over stuch e junction node. and that the flows towards the junction are
e halance since continuity requires:

i

ZQ” +g 0 (10}
[

10 » Physical and mathematical background Reference Manual Duflow



2.2.4 Structures

where:

i indication for the junction node
0, discharge from node j to node i

i, additionsl or lateral flow o node @

The above cquations are solved at cach time step, They are transformed into a
system of (lincar) equations for the water levels by substitution of the equations
{Ya) and (9b). Alter 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 (9a) and (9h).

Eguation ( 10y is not used in nodes where & water level is prescribed as boundary
condition. [n such a hode no equation is needed because the water level is
already known. Discharge boundary conditions are taken into account as the
additional Tow ¢,.

T 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, ohtained from former computations or just a first reasonable
EUESS.

Additionally wind stress and rainfall conditions can be specified.

2.2.4.1 General about structures

Vartous types of control structures can he defined such as weirs, culverts,
stphons and pumping stations. which caver most of the control structures
existing in real-life systems,

At weirs and other structures discharges and levels can be controlied by
manipulating the pates. DUFLOW allows for specification of such an operation
using the so-called trigger conditions: depending on flow conditions at specificd
locations in the network, parameters such as the width of the weir, the level of
the sill ete. 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 thatl the storage of water inside the
structure is pegligible compared with the storage in the open channels.

The definition of flow direction in a structure is the same as the definition in
nrdinary channel sections, {low from the begin node to the end node is assumed
1o be positive.

Any structureis defined between two nodes i and | and the discharge in the
structure is denoted simply as Q.

Reference Manual Duflow
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2.2.4.2 Weirs

—
|
!Hi A HO
2 HO I L r
Hi ! !
.
7 -
// //// AL /////f?f///////// A
1: H>3HO M: HO<H <3HO
Hj < HO Hj‘:i_Hi
1 I
H Hn *H
i B o ah
// // // '’z 7;/%/ / 4%////%
O : H<HO H, < HO
H <%H, H, > ZH,
7%
‘ é_
WL / //; /é%//;;;%
HO <H< 3HO Y HO<H <3HO
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%
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HI '{HO
H,>HO

Fivire 2.2 Wearr fhon comdition . o cred b EHRLOW
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. The discharge cver a weir depends on the water level at both sides, the level of
the sill. type of structures and the Now condition {(free surfuce or submerged
flow).

Figure 2.2 shows the seven hydraulic conditions of flow over a weir that can be
distinguished. where it is assumed that H, » H,. 1f H; < H,, the picture i3
symmetrical with Figure 2.2 except for the lass cocfficient, which need not he
symmetrical,

The general equation for the discharge over the weir is

Q" = UBH . 2sAH (11

where:
B width of the wetr,
il the discharge reduction or loss coeflicient,
H depth over the sill,
Alf difference in head.
. These quantities, which may be different depending on the actual type and
direction of flow. are given in Tuble 2.1
Flow condition | DMS-cohject H AH
] Cieneral structure HO nil _
! N Ho H"™ — HO
I C‘I’i‘l”] tructure 2 ntl i "
seneral structure |, ?Hf LH]
[H Weir ) 2 Hrl | o
Ky T H, s
]V Wcir “ [‘I” Hnu _f[ml
f { i
vV Cieneral structure n st v
5 L H, H™ — H,
VI General structure |, HO) el gt
i /
Vil General structure H{) ne+l ntl
Tehle 2.1 Coefficients in equation 1/

The pargmeters are defined as:

H,. H, waier depth over the sill, respectively at the beginning and at the end
of the section

HO height of gate opening

i loss cocfficient, gate flow

U, toss cocilicient, free surface flow

I, loss coefficient, transition between Wy and LW, i.c.
u;uw{fj&—@(w—m) (12

Nete that these formulas are approximations of the real physical situation and can
be calibrated using loss-coeflicients pyand p,.
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2.2.4.3 Culverts

Eguation (L) s lineurtzed and brought into the form generully used for
structures:

Ol =N TN T e N (13)

Culverts are governed by the sume How cquations as weirsconly with a friction
term added. Fhos resistance is thought to be coupled sertally with the wair, at the
upstream side.

The equation for the resistance is based on the e Chéry fonmulw

T
Al
(=AC kK~ (14
Vs
where AH is the head Joss due wo (riction. and L is the length of the culvert as
preseribed by the vser The quantnies A Coand K oare detined mosecton 2207
The resistance Tornmla is lincarized s
A CTRAH
L

ot =

P b4

or

ASCTR
O = AL A= Fan
10"

Serial coupling means that a dunmimy node 1is inserted between the nodes i and j.
The formuala tor the dischuarge between the beein node tand the dummy node 1 is
based onthe resistanee tormula:

O = FAurt ),

i

und the formula tor the discharge hetween node Tand the end node 1is equal to
the weelr formula

(J”'l = ."\"H(l,:lm + \ HJJ + AN,

s elunimated and the following resalt is obtatned:

N FNy . PN
R S A
Foon FeN N

The generid expression for the culvert s

O = NJH AN U S N (13
where the coeflicients for tflow in both directions are:

f.
W R i -
Foomax{N N )

.
Ioeomax (NN )

2

[ N
I+ max (.r\' N J
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@ ::2445iphons

A siphon is a fully filled closed conduit to transport water over obstacles (hills,
structures ), In case of flow the equation for Q is the same as case VI 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,

2.2.4.5 Pumps

. A pump is assumed to be in full operation or not at ll. Operation of the pump is
controlled by the water level at upstream or begin node 1.

There are (wo types of pumps that can be delined by the user. The first type is a
drainage pump and the second is a so-called supply pump.

[n the first type, the drainage pump water is carricd from begin node to end node.
Far this type of pump the switch-on level (start level) must be higher than the
switch-oft (stop level). When the water level rises above the switch-on level,
given by the user, the discharge is set to the pump capacity @, ,which is carried
to the end rode of the section. When the waler level drops below the user defined
switch-off level, the discharge 35 set to zero (see Figure 2.4).

For reasons of stability it may he necessary to define a reasonable additional
storage capacity by introducing an extra section at node i.

H

Start level S

Stop level -

O 0

Figure 2.4 Dependence of drainage pump aperdtion o upstream water level

The second type of pump is the supply pump Here water is carried from the end
node 10 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 pump is activated and the discharge is set to pump
capacity -¢,. When the water level rises above the switch-off level, the discharge
. is set o zero (see Figure 2.5).
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Note that the functon ol the pump will deternne itselt sl the discharge is
positive or negative. The user must theretore give an absolute valee of the pump
capacity,

— Stop teseld

— Start leseld

Q O

Frore 2.5 Fhlepreciielenis e cof stpaprl pivisps cogieraion onc et recii ke feel

2.2.4.6 Gap growth structure (not available in DMS 3.3)

DUTLOW consists of the possibilits to simubate the conscequences of i dike burst.
The developrent of o strewm hole 1s modelled by w specal tepe of structure.
where the opening grows s time progresses. The calealation of the gap growth
structure is hased onthe Tornmolas of an overflow structure,

Fhe gap growth struciure uses the same sanables as the overtiow structure. such
as the Tength of the gapothe imnal sl Tevel the mital width, the gote level
tdetuunlt valuey and the positive and negative free surface loss coefficients. Next
to these variables. the stracture s extended with s ness vanubles. The si< eatra
variables define the st tngeer of the growthe the surplus height trigeer. the
mwaximal depth of the sup. the masimal width, the il orowah time and the width
arovth time.

The ~ill height with respeet to areference Tevel decreases mthe wser defined gap
avowth tine, starting from the mntial sl hereht and ending at the masimum
depth e the gup as defined by the users Stmilariy . the width ol the gap increases
during the wser defined width growth thime, startinge at the nitad width of the gap
and ending at the maximum width as defined b the aser. The tollowing options
are possible to trigeer the vrowth of the gup:

o the buestis actvated by astarting e value, defined by the user

o the growth starts when the water level reaches the top o the dike
(plis or mibus @osurplus herehn
The equations uscd by the gap growth structure are the following:

JH (1 1 0T OV Th ) et
iy H M
‘ H Var s T TR

1

JB B BN T Sk ) e
B Tt v =

‘ B . [ N L
With
iy cap wadth at tnre iy
3. initiul width ol the sap [m]
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. B maximal width of the gap [m|
H()  gap height at time t [m]
H,, imtial sill level of the gap [m]
Huwe  maximal depth of the gap [m|
t current time step after start of computation [3]
T start time trigger of growth [sf
Thue  width growth time(s]
Thy  sill growth time|s|

The maximal depth and maximum width must be given in meters, where the
maximal depth is given with respeet to the reference fevel. The sill growth time
and width growth time are given in seconds.

A model that can be used 10 simulate the consequences of a dike burst may
consist of the following schematization:

s ariver consisting of several sections
. e polder which consists of a matrix like network of several sections

e the struclure type: gap growth,

v
—_——
Fa
figure 2.6 Schemettization of model for simulation o dike burst

2.2.5 Dry flood procedure

A dry flood procedure is developed for the brrLow, 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
sectien is defined by u section where the caleulated water has dropped beneath
the defined hottom level of the section. Consequences of a dry section are that
the ftow arca und the hydraulic radius of the section become equal to zero.

The dry flood procedure is as follows: the user defines a threshold value; when
the calculated water level drops beneath this value, the width of the cross
sectional profile decreases with an exponential function,
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The advantage of this approacty is that the transition to the dry Hood procedure .
progresses smoothly. there is always water present in the system' and the user

docs not notice that the system has gone dry. in the model. all of the sections will

reman contaming wiader. which leads to the fact that dry secuens never oeeur. In

dry sections, theretfore. the Hlow ol water is always present. The measure 1o

which this oceurs depends on the vufue of the threshold detined by the user. A

staller threshold vidue will fead teac faster decrease, butin turn wall inerease the

chance of instabilines.

The farm of the exponential Tunction is chesen i such a way that the water
capactty of the orizinal section heneiuth the threshold value 15 equal 1o the water
capacity contamed by the tube that arises with the new profile. This means that
nress conservition is guarainteed. A mass conservative schivine iy essentd 1ar ¢
correet simulation of the water quality.

Frowre 2.7 The darv Heood procedure

2.3 Quality

2.3.1 The mass transport equation

The quality part of the DUEFLOW package 1s bused upon the one dimensional
transport equation. This partiad differential equation describes the concentration .
ol a constituent inaone dintensional systeny as function of tme and place.

dipc) o) o JC
T V% V) B E (16)

J 1 7N o x 7

where:

« constituent concentration Ig/m‘”l

() low [ /s

A cross-sectional How arei (m |

1} dispersion cocthicient Im: N

Vi1 cross-sectional storage arca (m- |

& ¥-co-ordinale Jm|

! time |5

"In theory, the width of the profile never reaches zero. Howes ers because of limited machine accuracy, the width .

will reach the value zero eventually. On the other hand. in practice this does not lead 1o probleins.
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P production of the constituent per unit length of the section fg/m.s|

The production term of the equation includes all physical, chemical and
biologicu! processes 1o which a specific constituent 1s subject to. In section 2.3.4
u detailed description of the way the processes are dealt with is presented. For the
ume being in this paragraph the overall production rate for constituent Cis
represented using the Tumped variable £

Eguation {£16) has 10 be solved numerically. The solution technigue selected is

the method used in model tflows (Booij, 197%). In order to apply this method
equation {16 is rewritten as:

dS dJ(BC)

o — P =) (17
i x i !

in which § is the transport (quantity of the constituent pussing a cross-scetion per
unit of time):

o C

X

S=0C—-AD (%)

Equation (18) descrihes the transport by advection and dispersion. Equation (17
is the mathematical formulation of the mass conservation luw, which states that
the accumulation at 4 certain focation x is equal o the net production rate minus
the transport gradient.

In this form the transport cquation closely resembles the equations for the fow
so that similar numerical approximations may be applied.

The dispersion cocflicient cither can be supplied by the user or can be calculated
from the characteristics of the flow. The empirical equation according o Fisher
{1979 is used to caleulated the fow dependent part. In order o prevent the
dispersion coefficient to become 0 at low flow velocities a constant werm is added
that reflects background dispersion. The fliow independent part is in particular
important in stagnant systems, where it represents the wind induced mixing. The
following equation is used:

u -W:
Dix,t)y=0 - —+1) (19;
Zu '
where:
, a proportionality constant |-|
w flow width [m]
0, average flow over the cross-sectional arca [m/fs|
Z waler depth [m}
u- shear stress velochy [mds]
Dy hackground dispersion cacflicient (/s

The shear stress u- can he written as:

., =u_- VE (20)
I

where

C coetficient of De Chéry Ilni""/x]

g acceleration due to gravity [m/s]
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Substitulion ot ey, 200 mta 0 21 Teads o

|
8O
Diviay=a - + 12 (21
7

A all the chiracterisiies of the flow are known or caledluted i the How part, g,
€215 casily cun be nsed o caleniae the dispersion coctticient. Only ¢ and D,
hav e tobe supplied by the aser Incase ¢ equals 00 Divar = o Intha case
dispersion will be modetled as mdependent of the tlow

A both Dand o wre exteriial varables, both cin he vary i time and space.
Topreally for river systems vidues Tor oo of 00T chisher, 19790 are used, For
stnanth canal systeros vadues oF 9.007 huve been reported and van Mazph 01996
Iound vadues it order o magnide of 0.02 Tar River Rhine stretches wbere
the miixing i~ inftuenced by dewd zones hehind sronnes.

2.3.2 Discretization of the mass transport equation

The numernical methiond ased o solve the ransport equations CF7rand CE8 ) was
adopted fronn the mode! tlows rBoorj. T9783 The nethod 1+ ancondinionaliy
stable and shows Ttk numerical dispersion. Furthermaore. the methiod perlectly
hies to the diseretization of the How equations, Stnilar to the How computations,

adprcent sections i boe difterentin length,

It the How computation the discharges at cach end of wosecnon wre expressed as
fhincary functions of the water levels at both ends, Here e expross the transports
ut both ends 05 and S vinto the concentrations at both cnds o5 and ¢, To obtaim
stch exprossions we apply Galerkim's nethod,

The mass consersation vauation ©1 7y s intearated oser the section. multiphicd
with aweizhinge function yoor e

covas d(BCO)
IW'- A= =P =10 (19

resttts o

dBCH o 1C
PO e an” P lde=0 oo

ws o lw i
o jl' it 7 Yo

i cach section we distingurst two werehting functions:

X
wo— - (213
A
X
o= 22y
Ax
O assumed o vary Iinearly within the section Ao des
C=W o~y (23

e hich e and e e e concentrutions at the bertnning and the end of the

scuhien

Solutton of equation 200 tar 1 = 1.2 resufts into
|
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. AdBe¢ AxdBe, Oc+00 ¢
LS 4 OO0 SHORG  AO TG ap Y
3 dt 6 it 2 Ax
(24)
Ax Ax
3 6
Avd Be, Avd B, Qo+ 0, ¢, —¢€
S, Lo h e TS D7y
6 r)! 3 dt 2 A Ax
{25)
Ax Ax
M S p g
6 30

In which indices | and 2 refer to the beginning and the end of the section. In
equations {24 ) and (25) discretization with respect 1o x has taken place: the
guantities § and C are still cominuous functions of 1.

Ihscretization of the equations (24) and (25) with respect to time using a time
step Af results into:

L =0 A B¢ =B ) A Bl -8B
R T e | P

| g '3 66 At
VOO 00 +1-0)0, ¢ +(1-0)0,¢,
(26)
26
Gc‘:—ﬂr.'l +(1-6), —(1-6)c,  Ax Ax
—ADTE T ——p-=p
Axtl 0 66
o Um0 AfBe mBa ) AcfBia-Be ),
o & 7 66 At 36 Al
L00 ¢ 400 1-6)0, 1-6)0;
7 ¢ +1 Q)¢ +( )Q( +( -6)0 (2+ 27,
26
0, + 1 B, — 149 Ax
apfestar=te —(z0k A, A,
ArH 60 39

The indices + and - refer to the present and lust ime step respectively. The
weighting Tactor with respect 1o time is 8. Using 4 value of 8 = | results into a
fully implicit method. In section 2.5 some practical considerations on the
selection of 8 are given.

T - . + + .. "
Unknowns in the above cquations are: ¢, ¢, , 53 and S, . Normally but not

always (see seetion 2.3.3.4 on “decoupling”). ¢ and rf; are equal to the

concentrations in the adjacent nodes so that S, and S; can bhe expressed into the
concentrations at the nodes just like the discharges are expressed in the water
levels at the nodes by (9ay and (9bhy

el iy -
SN AN TN

e | At nt]
SV N T N N,

i+ i1l

Using these equations together with a mass balance over the nodes results into a
set ol linear cquations which can be solved, see section 2.4, The figure helow
shows at which locations in the system matrix of the set of cquations {or C the
submatrix N given above fits in. The coefficients Ny, Ny, Ny and Na; are found
in the matrix F. on the left hand side, the coctficients Ny and Moy appear in the
right hand side (F):
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I o (' = |
Figire 2.8 Strivettore of the sel of coguicions

2.3.3 Boundary and initial conditions

2.3.3.1 Initial conditions

To start the computations, imtial values for all stute variables (concentrations)
are required. These initial concentrations must be supplied for cach node. They
can be based an historical measurements, obtained from former computations or
from a tirst 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
iniial condittons Is pereeptible is controlled by the trunsport rates und the
characteristic tme constants for the reactions. As wrule of thumb for a single
section. if only advection s tiken into account. the impact of the initial
conditions 1 conipletely pone after three times the residence tme in this
particulur section

As the exchange rates between the sediment laver and the overlying water are
rather fow especizdly for the concentrations n the sediment reasonable initial
vilues have to be used. 11 ne reasonable mitiad values are availuble it is
recommendued o perform some mitiad simulations frome which the resuits. at the
end ot the simulation period can be used as initial vidues for a nest run.

2.3.3.2 Boundary conditions

The way boundary conditions are treated in the quahty part of DURLOW 15 more
complicated than Yor the Hlow part. Theretore this subject 1s discussed here with
some more detarl, I the first place we have te distinguish between two types:

- the physicul boundaries of the system,
- the internal nodes in the systen.

At the begin or end nodes in the network. i the low parts aowater level or
dischurge houndary can be applicd. In the quality part at these locations a
concentration houndary can he used. The differem combimanons of C and (Q-H -
houndaries are shown in the next paragraphs.,

2.3.3.3 Physical boundaries of the network

node

« 1 section i 2 ]

H-boundary combined with C-houndan
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e If the flow direction at node j is towards the environment:

S, =0

e [f the flow direction at node j 1s into the network for S, equation
{27) s used and in the mass halance equation for node jan
additional lnad equal to Qe is added. Where ¢, is the boundary
concentration.

O-boundary combined with C-boundary

e i the flow direction at node j is towards the environment:

S, = e

e [fthe flow direction at node ] is into the network for 5; equation
{27y is used and in the mass balance eguation for node j an
additional toad cqual to @, ¢ 15 udded. Where @, and ¢, ure the
flow and concentration al the boundary respectively.

Fixed concentration boundaries

e I u C-boundary is defined at node 3, without using an H or
boundary. The specified concentration ey, 15 substituted in equation
(27).

Dead end sections of the network

e If no H. Q or C boundary conditions arc specified at node j; 5;= 0.
Physically this situation represents a dead end section of the
network.

In case of physical H-boundaries, Q-boundarics and combined €-H boundaries. a
concentration boundary for every defined dissolved substance is compuisory.

2.3.3.4 Internal nodes

i ¢, . Q,

? ) . o node‘
1 section 1 20 ]

O-boundary combined with C-boundary

This sitwation represents a discharge with ¢ flow rate ¢, and a concentration ¢ at
node j in the network.

o I Qs positive (flow into the network): in the mass halance
equation for node j an additional load {0, ¢, 1s added.

o {0408 negative an additional Joad equal - Q¢ 18 added to the
mass balance equation for node j. Where:
Cooate = €1 .1 1 the flow in the network is positive (from i 1o i+1)
Croe = €'z, 11 the flow in the network is negative (from i+ to 1)

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

e [fthe calculation is performed using the option decouple (see
caleulation definition, paragraph 3.4.1.1, Decouple = Yes).
S, = Qz.;('z,( if flow is from i to i+]

S =00 if flow 1s from i+1 to i
This means that the dispersion cocfficient in the section

downstream the discharge is set equal to zero (O),
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2.3.3.9 Loads

- 2.3.3.6 Structures

e Detuult this decouple option s not tsad and the mass ransporg is .
caleualiated usiny equations 1267 and 1371

This decouple option can be used o prevent fhanenmy ol steep concentration

aradionts at nodes whore wdischarze s lovated.

i cise ol a Q) houndary anan internal aode. the user shoubd eiher detime o
concentration houndioy for every defmed dissolved substince or define no
concentration hownckars at all for that internal node:

o houndary combtned with C-houndary for every dissolved
substaney
Woaler flowing m- and ont of the model as detined aboye.

o (-boundan. noe C-houndary,
Water flovwme - and ot of the model contains no dissolved
matter. C=00This feature may cause contusion but is added to
cnable the wser o modet evaporation.

At all nodes i the nerwork an gddinonal Joad can be applied. which means that .
s Joad is added o the mass balance cquation of the node. A load is expressed

s o nass wnt per seeond The user should pay anention 1o the use of proper

dhmensions.

In structures no processes tahe place. Muss s only passed between the connecied
nodes. An exception 1o s concept is the s transter ol passes and yolanle
substances at werrs, general stractures and culyverts. At these structures the etfect
of addiional imass ranster can he modelled. Although the concept was onginally
introduced 1o simulte the enhanced oxy gen transter al weirs 1t also cun be used
Lo describe the release of volatite substances.

SH’UCTUFQ' ]

] secuont 2 o= e section 1+1 2

HotTow s fronn 1 ta i ] S =85 =0,
Witlow s tronris Do Yo o=da=42

AN .

2.3.4 Standard process descriptions

2.3.4.1 General

The o rrom water guality module has the properts of hiving an open structure,
The transport of substances throueh the sater couarses s deseribed by the
advection-diffusion equation. This equation m combmation with DUFLOW water
quantity s sobved by DURLow for the given schumatization, The deseription of
Hie mteraction between the different substunces and organmsms i the surtace
wider s Tess trivial, The model deseription strongly depends on the problem,
Somctines ispnple process deseription is enough. howeser other ines more
(_'nli]ph‘\ Proves> e IPUHONS gre TIeCessars.,

foor o the mathematical Tormulations describing the processes can be

supplhicd by the users They have to be sapplied in the maodel file ¢5.moda. which

can be created or edited vsinge the aser interface see the DEEr ey User's Gulde ).

Faorthis purpose aspecial process description lingoage has heen descloped. The

set of process desciptions supplicd by the user can be corapiled using HUPROL.

This compiler converts the deseriptions o data. w bich are read by the .
coteudation part of DUTEo Tt vy the user can chanee the provess
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. 2.3.4.2 Bottom variables

descriptions or define a new set of descriptions without changing and
recompiling the source code of the caleulation part of DURLOW. A Tull
explanation of the syntax of the lunguage and the use of DUPROL s given in
Chapter 3.

[n the computational part the process descriptions ure combined with the
transport equations. Actually the Jumped variable Pintroduced in equation (16)
is filled in. In the preceding paragraph it was shown how the numerical solution
of the mass transport equation resulted into 4 set of matrix cquations. In this
equation P is in the right hand side of the equation, which means that all process
descriptions are evaluated using the values of the state variables at the previous
tme step. This explicit evaluaton of the process description dees have some
consequences for the time step 1o he used. This subject is dealt with in section
2.0,

[f more than one variable is defined in the process description file, the matrix
equation is solved for cach vartable. This matrix equation is solved using Lun
decomposition. Using this method the Tefichand side matrix has to be
manipulated only once.

DUFLOW water guality distinguishes between substances that are transported with
the water phase, dissolved substances for instance and substances that are not
transported with the wuter phase, but ure connected to the bottom, This feature
allows the user o include the bottom of the waler course in the water quality
model and to maodel the interaction of substances between walter phase and
hottom. Water type state variables have been dealt with in the previous part of
this puragraph. For bottem state varisbles the transport part of cquation (16) is
not caleulated, In this way for cach section a bottom state variable can be defined
10 deseribe the interaction hetween the sediment and the overlying water column.
The depth of the botom tayer and the transport across the water/sediment
interface must be supplicd by the user in the process deseription file.

water level
¢, Section overlying water column

¢, Active sediment top Jayer

I Underlying sediment layer

In this example we consider an active sediment top layer. The thickness of this
top layer is canstdered to be constant in time. 1f the porosity of the sediment is
also assumed o be constant the exchange flux of a dissolved constituent between
the sediment interstitial waler and the water column can be expressed as:

o=l 2t

“ O H A\ por

where

F.. the exchange flux between water and sediment | g/ m. day |
I diffusive exchange rate |m” /day)

I the constituent concentration in the overlying

2
water column [¢/ m7)
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- the consutuent concentration m the sedunont

fodim’|
H, thichness of the sudiment top Taver [ m)
Pt tie porosits of the scdument wp faver [+

The description of the exchanze ok has o be added tothe differentiad equation
duscrbing the processes of the constituent. Both the deptl o) the sediment top
Las e and the cxchanoe rate shoold be declared os o porameter

T principle more comples deseriptions can adso be used 1o deseribe the sediment
woaler imtetacions Another csimnple Is given o B3 TRoE 2 esee appendis B

I necessary the sediment can be subdisided mito more faser~ The exchange

bevween the distmeut-hed kisers can be expressed e same way,

2.3.5 Options for computations

I UL Four option - Tor computation are avarlables see the DEUFLOW User's

Ginide. Flow and qoabity can be calealared simultancousts or separately, In the

st case the tlow condinens tinfornation hihe Do o wdth, cte s are stored
s the Fdnp file and read durme simulation of gualas - Different ime steps can
be used for caleuktion of Tlow and quality. The thine ~tep ased for quadits must
be a multiple of the thne step used for o

time step Flow

[ N e
R

time step Quality

Laing the option Bos only the processes wre simudated, Actually the transport
reluted terms i equation (16 are eliminated. The provesses are shnulated in all
sections of the network Henee this option enables 1o cvaluate the reliative
contribution of ransport compared o the processes mnothe entire network.
Fuarthermore. this option can he useful Tor wesunye during moded development.

2.4 Solving the set of equations

The network as wowhole is w system ol sections and nodes, where each chunnel
section and control stracture is considered ws o separate item. Bach branch and
nede ol the network has o unigue sdentification nuinber assiened by the user,
The structure of the svstein s implicithy detined by the wser spectfication of node
numbers at both ends of cach section.

The muuber of unkoowns is i principle egual o 2701 where Tis the number of

sectionrs and Tis the ureher of nodess ineach brandh the unknoss ns are the Pows
at both eads and at cach node the water Tev el A sirucrtures the flow ut begin and
eind node s the same

The nunsher of cquations s also 29T+ For cach channel section j two equations
are derived. followaine fronr the mass and momentiun cquation (95 AL structores
only the momentuny cguation is apphied (11, 145 as the mass equation can be
neglected because of the nostarase condmion, At each node there is o hadance
egtiation Tor the o 0 100 sinee 1101s assamed in accordance with the four-pomt
method that the storaee o water tehes place mside the branches. and not at the
nodes. At boundars derined nodes an additional conditon can be specificed: thus
there is one cqueaton tor each node.
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Figure 2.9

Since the numerical scheme s implicit. a set of linear equations has to he solved
for cach time step.

() and )., represent the discharge through cross-sections at the begin and end
node of each section, and H,; and Hy, represent the water level at these nodes.

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

S M H, =R (30)
!

This system of equations is built up in the program section by section. For the
channel section with nodes i and f. the coefficients Ny, N2, Nay and Nz in
equation {9 contribute to the matrix coefficients M, M, M, and M,
respectively, and the coefficients My and Nz 10 R and R, respectively. For
controt structures similar conditions hold.,

In this way the structure of the network is recognisable in the structure of the
system of equations, see Figure 2.9,

Lo
! Bl B Ed o
® =
J’ B 4 *k S
M e H=R

Structure af the set of equations

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

The solutien methad 1s hased on 110N decomposition. For details of this method
the user is referred to numerical handbooks. For instance (Numerical Recipes) a
comprehensive deseription of LU decompaosition is given.,

P 2.5 Practical considerations

In this paragraph a few suggestions are given concerning practical modelling
aspeets using the DUFLOW product. These suggestions are valid for any open
channel network and are described in even more detail in the literature. Here
only a brief outline is given.

Defining a model for a specific situation requires decisions like:
& cxtent of the computational region, in space and time;
s nature of boundary conditions;
w chematisation of channel sections, structures etc.;
=  space and ume discretization;

»  type of quality model selected and fevel of detail used in process
deseriptions.
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2.5.1 Extent of computational region, in space and time

OUEROY 1y o predicts eomodek espectally suited For the simulation of chanees in
eaitize syatenis, Sunelaton resulbis of the aotuad siuatton can be veithied, which
15 ot ihe cose Tor the stimubdion of the new sitation

Fatrapelation ol spnulation results for gualins 1o pew siaations wlso ~hould he
done carelully - A mode] mrght 2ive an outstanding deseription of the present
sihuatien after calibranon, But due o chimging circumnstances i the new
sitdation e relative noportianeye of certain processes roay change, Forexample.
alter reduction of the cuaernal phosphorus foad the release ot phosphorus from
the sediment may becone napartant,

I particalar. the bounckiries mustbe chosen wath gread care n cases whicre a
change in the systernmay clieet a boundary condion s hich i toen niay
influcnce the hvdrauhe conditions and guality in the recion of nterest. Since the
satme honndars comditions are apphicd i the presem ad nese siuations. this i
Tead to erronconis result< i thie simalation of e < hanees So one should 1ake

care that:

o cithor iy chanee o the sy stemn does not allect ichoundan

condition:

o o the houndars condition does not it Tucnee the state in the region
of mteres

Forexample b adam s planmed inwriver busine and one wanits o predict the
change in Hood fevel at g Tocation dos nsteean of tus deane dhe upstieam
Bovndury shouid be chosen <o far upsircam thas at that place noitluence of the

dar s epected

Fhe downstrewn houndars st be situated <o L dowistreas that aowase
rettected at this hoondurs s cdianped out at the fecation of interest, These choiees
can be verificd by vartations in the model: in case o) the upstream boundary
computation with asd witheut dam cancbe compared: i the case of the
downstrewn boundars taa computations with defferent focaions of this
boundary can be comprred.

2.5.2 Nature of boundary conditions

When the locabion of o boundary s detesmimed, the next chotee is what tspe ol
houndury condition rwater levels discharge of H-Q- relannon 1< o be used. The
best choree 1 that quantits or refation that is least sensitee to the state i the
mede ! kel

Thus the upstream bomndars condition i arrver s preterabh wdischarge
whereus the dovwnstreans bowndany condition shoold be sowater level it the riser
Mow s inte o Take or scas or a H-O relaion based on unitorm flow i the
downstrean boundars 1~ sotpesw here alone the s

Note that a dead-end 10O =0 permanentlyy is the defanlt boundurs condition in
BEELOW s sich o boundars condition does nor bave o be snentoned esplicitly in

e prograra nipat,

Whoen simubtine quabity o flow boundars in combmanion with a concentration
houndiry iy used ot the apstream boundaries of the network. At the downsiream
cids o concentration boundary condition is not necessurs d@s lone as the tlow
direction s directed towards the envirenment. Incthis case the upstream
concentraton s not fotlucnced by the boundary condition. However it for some
reason the direction ot flow chimges o concentration houndars <hould also be
provided an these bonndarios of the network,
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Discharges at internal nodes in the network can he simulated using a Q and ¢
boundary. However if the flow of the discharge is simall compared to the flow in
the receiving water also a load can be used.

2.5.3 Schematization of channel sections, structures, etc.

Very detailed schematisation of a network is seldom necessary due to the nature
of the equations involved. Usuoally small changes in cross-sections have onty
littde mnfluence on the state in a segion of interest.

Itis usefu to start with o rather crude model and to test the sensitivity of the
model 10 small changes in cross-sections, hefore going to a detailed deseription,
This is also true for structures.

For instance, it s not efficient o model every bridge or other ohstacle as a
separaie structure. [tis better 1o introduce an inereased channel friction w
compensate for this resistance. Only structures that considerably reduce the
cross-section should be modetled explicitly.

In general, the level of detadd used in quality simulation depends on both the
nature of the systern and the type of issues subject to modelling. The time and
spattal scales of the variations in the concentrutions are important in this respect.
These scules are controlled by the rates of the underlying processes and the
variability of the discharges and the environmental conditions.

Of course the desirable accuracy of the results also plays an important rofc.

Noter A both ends of a structure a normal section must be defined, in other
words, a structure can not he located at the boundary of the model.

2.5.4 Space and time discretization

For space und time steps similar arguments apply. Very detailed description 1s
often unnceessary. The space step niast be such that changes in cross-section arce
reasonahly well followed; furthermore the space step must be a small fraction
(say 1/40th, or less) of the wavelength, if any. Also the time step must be & small
fraction of the wave period. A sensitivity analysis giving the influence of the size
of the time step is always recommended and easily carried out.

The selection of space and time steps also influences the numerical dispersion
imroduced by discretization of the mass franspert equation. This numerical
dispersion leads to an addittonal smoothing of concentration gradiems. The
numerical dispersion for the solutron method used can be approximated by:

. 124

£ == (1-20 At (1)
2

For 6 = 0.5 this results into a numerical dispersion equal to 0. A value of B < (0.5

however may lead 16 a non positive solution, which may cause instabilities. A

value of .55 is recommended.

As the production teems are caleulated using the state at the preceding tme step
the selection of the time step used is also restricted by the process rates. As a rule
ol thumh, At should be less than half of the characieristic ime constant of the
fastest process.,

In the spatial schematisation 1irst nodes are selected at the boundaries of the
network, at junciions, and at hoth sides of a structure {immediately adjacent to
the structure). Subdivisions of the branches are applicd whenever a branch is
longer than the desired space step: denser subdivisions are applicd in a region
with rapid changes in cross-section. Neighbouring river sections with different
lengih are not disadvantageous with regard to accuracy since the Preissmann
scheme is used.
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Finallv. it miust be stressed that apphicatons by users withoot & proper
understanding Gl phencinenon and/or without reltable verficanon increases the
risk of crroneous resalts.

2.6 Limitations of the model

There wre a number of inherent finitations in the equations and methods used in
DUFLOW. The most important ones are summrised i this paragraph.

The cquations are tor one-dimensional tlew . This means that the tlow of the
water in a section will be averaged over the width and depth of that section.

01 FLOW s theretore not suitable for performing caleulatons of flow s in which
an extra spattal diimension s of miterest. Water bodies sith sreniticant!y ditferent
veloctties 1 the vertical can therelor not be modelled. Formstance the model is
not suitable Tor stratitfied waters, Also the flow must be directed roughly parallel
1o the channel axis, Difterences in How velucity between the main channel and
the Hood plidns can be taken into account by distimguishing the width of flow
and the width of storaee: however. i there are differences mwater level between
the nuin channe! and the flood plains, 1tis better o mode] the twoe as separate
fparatlel chunnels. A Like can be schematised by s network with several
secttons, The resudts, however, have limnted validity,

As mentioned. vertical densuy differences are not tuken into account: also
herizontal density dhififcrences are not modelied because the density s assumed to
he constunt throughout, This s o interest i estears . where @ lrge concentration
eradient his conscquences for the wiater mosement en where one may want 1o
culoudate the water movement to a high degree of uccuruey,

Although the equations nnderlving the model are vabid in case of supercritical
low the numericad solution method does not support supereritical flow. In
structures the calculanion of super eritical flow is not o problem. Becase
suberitical flow s assumed there must be one houndary condition at cach of the
boundaries of the network,
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3. DUPROL

3.1 Language reference

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 file *.mod. The resulting set of equations has
to be compiled using DUEROL. After compilation a *.mob file 1s created which
can be read by DUFLOW.

3.1.1 Syntax
DUPROL is not case sensitive.
Some rules of syntux:

®  An identifier (name of a variable) starts with a character and
consists of a maximum of six characters. Non alpha-numerical
churacters are not allowed, The name of variable 4 is reserved for
the dispersion cocfficient and should not be used.

s Commenis start with /% and end with #/.

e Aninclude siutement can he used to include parts of the DUPROL
code from other files (syntax: #include “<filename>", for
. <filename> the name of the file must he substituted )

A maodel file consists of the parts:

e Decluration section:
In this part the different variables are defined.

s Compound statement for water courses:
This part contains the equations deseribing the processes in the
water courses.

s Compound statement for weirs, general structures and culverts:
The mass transfer of gasses and volatiie substances at these
structres can be modelled. Although the concept was originally
introduced to simulate the enhanced oxygen transfer at weirs, it
alse can be used to describe the release of volatile substances.
This part is optional.

The weirs part starts with the keyword “weirs’.

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

Choose to edit the model definition file if you want to develop the guality model,
. The program will ask which model defimtion file is 1o be edited. (% mod). The

Reference Manual Duflow Duprol » 31



ciditor will be activated ~o the desmred process desenption file can be entered. A .
shortened cximple of aomaodel denmition file 1s shown below,

> bz FAUT s s e tien el [
B .
- [P ; Sieer PR '
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The mclude statement can be used i the tollowimz was:

[EE 7 TSR (A
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After editing the model file, leave the editor and choose to compile the model
file. The program will translate the . mod file into a * mob file.

The #*.mob file can be divided into a header, a section with declarations and the
program section. The header contains the dimensions as defined by the water
quality model. The seetion with declarations defines the substances that are used
along with variables und parameters. The program part of the file comains the
programming code of the quality model in reversed polish notation (RPN).

3.1.2 Declaration section

In the declaration section all different variables have to be defined. Five types of
varizhles are distinguished.

water

hottom

Xt
parm

flow

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

Scdiment state variables. For these type of variables horizontal
transport is omitted. Henee only the processes are calculated.
Exchange between the sediment and the overlying water column
should be described by the user. The flow has no effect on this type
ol variable.

External variables. which are space and/or time dependent.
Parameters, constants and coefficients used in the process equations,

Flow vuariables, supplied by the hydraulic part of the model. These
variables ditfer from the other vaniables by the fact that the
identifiers of these variables are built-in. The following identifiers
are available:

/. Depth of water fm)

Q) Flow {m'fs)

As [Flow arca (m?')

Ab Storage area (m’)

ds Scction directionidegrees - 3607, meusured

clockwise from the North)

1 Quality time step (%)

dx Half of the length of section (m)

vV Half of the volume of scction (m')

WE Wind vclocity (ni/s)

Wd Wind direction (degrees -360°, measured clockwise

froin the North)

Fallh Fall height (m)
defined as the distance between the sitf level of the
structure and the water level down stream of the

structure.
He Thickness of the over flowing water
Width The width of a structure
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The jatter three flow variables may only be used in the weirs section of the
guulity model. In the tigure below the meaning of the several

I-ullh

Frgure 30 Definition of How varialies al strtietieres

waler,
bottomn,
xt,
parm,
flow

identifier
[ default ]
Dimension
Description <retu
rme

Figure 3.2 Svndax of the declaration seetion

[Jetault

Dimension

Peseription

Delault values are used 1f 1the user does notsupply values within

the other menus. For the state variable the default values are used
1 the user does not enter inial condations. The default value has
to be given i between brackets 1 and T

The unit of the varnable may consist of a nueamum of 10

characters, followed by 7 Longer names will be truncated. The
unit of time in rate constants should alway s be defined in days.

The description of the varzable mas not exceed aomaximum of 40
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characters. Longer lines will be truncated.

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

/t Simnle deciaration segnion for expleining Uir LOW n/
frorerarecn Mooobynionl meanlon bt w/
i v

A ToZLnn) - C/r1 phoigal niomass

) BT

7 LU mey/

] UL HE ROV AN

55 (L6550 mg/ ey
L 4% COULLLR m/ Mond-connnant Boaigal goowih
Larm @] ! RV JUonard=canntan. Hoalgat goownh
Carm eal [ =Rl jLpmelfin extinnemlan wlyac
[AYXT e [ 1/m sheckgroand exvincticon of the water
Fa i Colnouny Wi pTrradiaviorn
7T t 20,501 wn PeTIperat L
P resf Lo R0 ysmE oda ;resuspeazion [hux

3.1.3 Compound statement

3.1.3.1 Processes in sections

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

For maost state variables the kinetic derivative has the following form:
o C
Jt

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

A C ' '
jl =K, (CR - C,) -k, L should be rearranged like:

ac
Jdt

Internally lumped [irst and zero order coefficient are used, which should be
defined by the user as:

k} (61) = —ku

=k C+k,

Il

—k,C+k,C —k,L

kU(C) =+&,C —k, L
If the ky and ki coetficient are not defined they will be set equal to zero.

For non state variables a function identifier is used. The declaration of these type
of variables is implicit, which means thuat they may not be declared in the
declaration section.

3.1.3.2 Rearation at structures

Reference Manuai Duflow Duprcl = 35



3.1.3.3 Compound statements

A compound statement consists of statements. Two tupes of statcinents are
avalable:

o Hfornula See sechion A1 3

=

e fsTalcimenl Sce sechon 3003

Farmula

1 “fatenent

Fooere S8 Sunrey of aoconipoaied stelement

3.1.3.4 Formula

The seneral syntiax of o formulios shown in

KO ( state- )
ki variable
= expression
function
itentifier
figure .4 Svitts of Fornnla
k1 Farst order reaction cocttrenen
N} Zero order reaction coctticient,
st variuble Waater or bottom state s arable monecimal O characters .
lunctiion identitie fddenutior of g function toasinad = characiersy,
Fvpression Definiton of a tunction. A tarnmualas detimnge the function

ndentitrer at right side of the cquation. This formula
colststs oft reeular mathematic operators completed with
severad buil-in functions

A tanction idennifier s not allow ed 1o appear i tie right
side o s owi detininon, A tuncton wWentifier must
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. already have heen defined before it can be used in the
right side of an equation. The following operutors are
available (in order of priority):

Arithmetic : Built -in functions:
{} SInix)

A oanvoke)  cos(x)

lanix)
/ expix) {¢')
+ In(x)

- log(x} ('”I(lgfx ))

abs(x) (] x 1)

minl x}.x 2,.... xn)

max (x1, x2....,xn)

nt{x ) (runcate x 10 integer value)
. Round(x} {round x to integer value)

asin(x) (arc sine(x))

acosix) (arce cosine(x))

atan(x) (arctangent{x)}

rnd (random value)

3.1.3.5 If-statement
DUPROLcontains a flow-contro! statement. The syntlax of this statement is shown
in Figure 3.5.
if- else if- else- executable
expressie expressie expressie statement
Figure 3.5 Svitax if statement

The if statement can be applied in several ways. The most common use of the
statement will be shown in the following examples.

Example 1
Maost basic formulation. If the condition in (" and “)"is true the statement
between the *{ " and '} will be executed.

if (NO3==0.1)

I
1

prhd=0.0;
)

Example 2

Example 1 can be extended with an alternative exceutable statement if the
condition is fulse.

. 1if {HNOI==0.0)
{
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[

prihd=>0.%;

pnhd= HNG:/UHA*Fmn;

——

Example 3

[ statements can he apphed i several complicated situations, esen nesung is
allowed.

1t (Hfz==0.0}

pnhd=0.0;

eloe 10 (PWH4==00)

{

pnhd= MEA4 /103 *<mn;
1L (¥ ope TL0) k& (Lap!1=0.0);
!

L

Vi pnhdr¥on/ 240,001 ;

onh4 =117 /1IHA * ¥mn
I

Generad remarks concerning the use of it statements

o Conditions can be defined using the tollowing relational and logical
(in order of priority )

==t1s cgual 1)
= unequil oy
Loty

&& tundy

[| tor)

o Alsoinan b statement every executahle stutement must he closed
witha "7

e Between the ) the user can define o block of exceuntable
statenients (= compound statements.
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4. Other applications

4.1 MODUFLOW

MODUFLOW 1s & module that performs an on-line link between MODFLOW and
LUFLOW. MODUFLOW considers an existing MODFLOW schematization for the
groundwater made! and an existing DUFLOW schematization.

The dischargeto and from the groundwater to the water course hus consequences
for the water Tevelin 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 suceessively
one can nat investigate the mutual influence they perform on cach another. An
on-line approximation is therefore necessary.

With MODUFLOW one can model the dynamic interaction between surface water
and ground water. During the MODUFLOW schematization, the calculated
MODELOW discharges are sent to DUFLOW and the calculated water levels of
DLPLOW are sent 16 MODFLOW,

MODUFLOWMmaps both schematizations on top of each other. This results in
determining the location per MODFLOW cell in each DUFLOW section. During
calcutation, MODUFLOW activates each madel. The calculation switches between
DUFLOW and MODFLOW for 4 certain lime inferval,

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 oceurs
between the failing of the precipitation till the discharge developed by the run off
to the ground water or surface water.

Precipitation runoff processes are generally described at a catchment area level.
Within a catchment arca, the relevant parameters may vary substantially, like the
soil type, slope, land use, ete. 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 delav, ncase of d paved surtace o quick runolf process will
ocour, whereas an unpas cd surfuce incfudes a ~low component. Apart from this,
the storage of moisture inthe unsaturated zone of an unpas ed surtace s taken
Intosrecount incaosunple model,

Within the dischurge process of mipaved surtace. three processes are
distinguistied:

Tt ltratm into the sorl modsture Cunsaturated 7ones
Percolation mto the ground swater fsaturated 7one)
Giroand water dischurge into the drainage system

By distinguishing hetween types of surtice and berween sub processes. the
framoework of the precipiation ranett meduale s detined.

in the next ~cetions the three sub processes will be described.

4.2.1 Infiltration into the soil moisture (unsaturated zone)

The wnount of precipitation that infiltrates s determined by the mtihration
capacity of the sotl where the infilraton capacity isassumed constant i time, §f
the precipitation intensiy surpasses the intiltration capacity - the remaining part
of the precipitaiion will be stored onthe surtace feved mthe surface depressions,
Hothe masanen storage i the surtace depression is surpussed. the extra
precipitation will runott over the surfuce as surlace funof!.

4.2.2 Percolation into the ground water (saturated zone)

A witer bulance of the amonn of moisture i the unsaturated zone is maintained
in the soil moisture reservonr, The replenishiment of soif morsture inthe soil
nrodsture reservolr s the caleolated iiltreton, the outtloss s caleuluted as the
e aporation wd the percalnion to the ground water, Both the ey aporation and

the percofation depend on the actual sorl molsture content.

4.2.3 Ground water discharge into the drainage system

The runcit of precipitation may consist of o slow wand o quick component. The
part oF the precipraion that is drained guckiy - is the gquick component. It may
consistof the runclt of precipittion into open witer, surface runcii intertlow
and runotl originating Trom drionpipes. The remaining ctieciive precipitation is
discharged quelled wnd slowed down e aorelativels Jaree extent, as avesultof
storige in e unsadurated and saturated sones (the stow cornponent). This
distinet wits made becanse of the difference in characteristios of the processes
and water gnahity Both the quick and slow component of the pround water
dischurge can be delined as aconfiguration of Iincar reservoirs. Twao options are
tcorpuraded inthe precipitation runoft imodule:

Two parallel Nush-cascades
Combination of Nash-cascude and Kravenhoft van de Lear

The distriburion of the quick and siow component is perforted by using o set
pereentage.

[sne hoth aptions. 10 possible wo simlate ali wadeh applicd imodels from the
Heratuie.

4.2.4 Description of leaching and runoff

In the desenprion of leaching and runott we nuvunly consader supply. reiction

proscesses i the hotton and discharge, Namels the reaction processes in the
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unsaturated zone are extremely complex. It is therefore decided not 1o model
these reaction processes in RAM.

Point of departure Tor the description of water quality in RAM is s direct link with
the discharge of the separate subflows and the water guahity. Concentrations are
attributed to the subflows, which are aftected by the supply. the reaction
processes and the discharge. These concentrations are worked out for nitrogen,
phosphor and arnmonium. The experience with this concept can be used te
decide whether o more detailed concepl is necessary or not.
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5. File Formats

5.1 Introduction

5.1.1 File types

A Duflow calculation is divided into three steps. In the first step the Network is
converted. In this conversion calculation points are defined and - based on the
Cross Sections — the cross scettonal profile at the Duflow points are defined.
Next the input data of the Network window is written to the so-called Duflow
files. These Duflow files contain ASCII text. In this chapter the format of these
files are described. Finally the calculation is performed and the results are stored
in the results files. Also the format of these results files are described.

There are four groups of file types:

General Dutlow files
These files are created and used in every Duflow calculation and
contain general information about the calculation and the network.

Duflow Flow files
These files are created and used in Duflow flow calculations and
contain water quantity information about the model.

Duflow Quality files
These files are created and used in Duflow quality calculations and
contain water quality information about the model.

Import and Export files
These files arc used to read or write data of the model
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The foltowine Bile opes can be distingoished:
Filename Extension Description
General Duflow files
Comnersion brle SID Fale comtainmyg the comversion of the
DAS obrco I e Dutlos 10 S
Comtral Settinus bl TR fale that oo the anpo dati entered
e Contol dated
Notaiork Bile AN The snsles e compected throoeh o
nevsoork The Setwork Brle contains the
netw ok amd s ceveraphicad

ihispersinm
Dullow Flow files

Trntial Condirtons Fhose Bile BEG T thos tone ol b atial comchinion« related to
thic Hoos oty o

Bowndars Condinions 1o BND fothi Dde all bondars conditions
f-ife retared ot o are ~tored.
Flova Rl Bl S RES This file contaims the results trom

tlow-calculution

Duflow Quality files

Lot Conditions Qualits “BEK I this file athmitial comditions redated o
Fale the quality e stored.

Boundars Condition- “HNK I thes fole b bowmdars comdimens
Cnalits Tl related o the qualits o stored.

Foorernah Viariahle s ol SN I ehis Dl all esternal sariakles of the

gualits ponded are ~tored

Paraineter B P PRM It Tile add paranmeter o the guadin
tionde] e ol

undity Rewulis File REK Thas tile contaans the resnl tor Qe
Quahite Nariahles from o gualne

calcadation
Import/Export files

Monitorene file AMON Thi~ file contans intoriratiomn absout the
the aafer e situalion o evers

tiestep s the calonution

Firne Scries e TSS This file oomnmes ane e e U
series of the tomdars condiminn s,
b the relarad obgecr-THe- .

Trroe Series hle isimele Tone 51 Thi- tide s canfans one tine seres

SUTTIC N

5.1.2 File format version

By selectine the ophon Generate version 2,05 files” i the Scenario Propertics
dindag the weer can choose o wiite the Dudlow files 1o the old format, This
option mgkes 1t possible w compare the results i DAS with the results from
Dutlow Tor DOS 20, Note that the 2.05 formiat is notmillenniom proot. In new
DMS-projects detault the 3.0 nile format is used. In this chapter both formats it
appheable are deserthed.

The tirst Bne in cach file starts withs #4000 anves an identdication of the file

format. Fales i the 3.0 Hle format start swoth the text: # VERSTON=31),

The Jmes 20l 4 crves intormabion about the related project as comment.

File format version 2.05
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{n general the positions inthe 2.05 format files are in use as following.

-

For integers the program reserves 4 positions.

For comments the program reserves 4 positions,

For a real format the program reserves 6 positions, including the
decimal. If the real format needs more then 6 positions, the Tormat

is wrilten as a scientific format.

The values are separated by one space position or a “-‘sign.

File format version 3.0

The 3.4 file format 15 explained with a notation at the beginning of the lines in

the example files. The following notations are used:

Notation
2200}

4%

110

370
cardi6:55)
gl6.8

Fortran format

200 churacters

4 blank spaces

integer number, 10 positions

3 real numbers, 7 positions

a card 1s & character string. i this case the sting deals with position 6

35

real number. 16 positions from which ¥ positions are behind the decimal

Slgn

General Duflow files

5.2 SID - Standard Exchange Format ID

ty ‘. T
fah, . PRy
tahy ad . LR,
1=x4, , LA A
124, , AR, 1R
(x4, ' P -3, 18)
fod, ah, ok L, iR, i)
fud, at, nb, 76, Ayl imy
fab, ad, ak, s, D16, 0,09
(x4, 24,23,116,120,13, 18}
(x4, 44,58, 1.6,170,.3, 17}
(g, 24,53, 110,106, 23, 17)
[ TR T O

In DMS all network objects have can be indentificd by an object i) An other
term for the object 11D 1s "Standurd Exchange Format 15" (Dutch 'Standaard
Uitwisselingsformaat [D° = SUF 1D, Before a caleulation ¢an be made. the
PMS-network is converted, calculation points are added ete. During this
conversion Duflow assigns other numbers to the converted DMS-ohjects. These
so called 'Duflow numbers” are written in the Duflow files. The conversion of

Ohject-I1D to Duflow number is written in this file.

The SID-file also contains the coodinates of the IDMS-objects.

The following list gives explanation about the items in the file.

al “Ohject type”, possible values are
NOD - Node
5CH Schematization Point

DIS

Discharge point

ARE Arca

P

i e I s B
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CL.C Caleulation Point
Wil Welr

CLY Culvert

SPH Siphon

G5l Gieneral Structure
PMPP Pump
h “Ohbject T
C “X-Coordinate” of the object.
tl Y -Coordinate”™ of the object.
¢ “Duflow “Node™ number™, in case of astructure the begin node.

Cvadug =17 iy case of a caleulation point
“Dullow "Node™ number™ of the end node tonly by structuress.

5.3 CTR - Control

The Conwrel Bile for the project Lurrel ] tappendix Ay is shown below,

Version 2.05 file format

Version 3.0 file format

The following st eives an cxplanution about the items i the file.
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“Start of computation” (date) in yymmdd (2.05) or yyyymmdd (3.0}
“Start of computation™ (time) in hhmm
“End of compwation” (date) in yymmdd (2.05) or yyyymmdd (3.0)
“End of computation”™ {time) in hhmm
“Start of output” {date) in yymmdd (2.05) or yyyymmdd (3.0}
“Start of output” ftime) in hhmm
“Time step flow”™ in minutes
“Time step oulpul” in minutes
“Resistance formula”, possible values are,
O=Manning
i=Dec Chezy.
I - “theta”, hydraulic part of the model.
k “Cale. of advection term”, possible values are;
(O=Totui
I=Neglected
O=Damped.
I “Extra iteration”, possible values are;
(=No
I=Yes
. m “Alpha (corr. for velocity distribution)”
n “Minimum # timesteps between triggers”
O “Timestep gquality” in minuies
P “Theta”, quality part of the model,
g “Decouple”™ 7, possible values are;
0=No
I=Yes
T “Create intermediate flow file
=No
I=Yes
* Dependent on the specification in “Locations for output”, several lines
will be inserted representing that particular specification. For instance:
“Ixtended”=All;

—roDoon e G o0 OoR

—

EEREES

, possible values arc;

(42, £97.0) LRy 1 ; 2 4 S &

(42,697.7) iRy _ i - “

5 “Locations for output”, sectionaumber(s) or structure
number(s) separated by a comma or a dash, or AllL
“Quality variables for output”, sclected variable 1=a.
“Quality variables for output”, selected variabel.2=hod
*Quality variables for output”, selecied variabel 3=nh4
“Quality variables for output™, selected variabel 4=no3
“Quality variables for output”, selected variabel.5=norg
“Cuality variables for output™, selected variabel.6=02
“Quality variables for output”, selected variabel.7=panorg
HEY “Quality variables for output”, selected variabel.8=porg
ah “Quality variables for output”, selected variabel Y=chla

N ox g o o=

5.4 NET — Network

The Network File contains data from the Network Window including the nodes,
sections, crossections and all available structures.
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The tollowing It cives explanation about the tens mthe file.

il “Dutow section/struciure” number”

b “Dotlow section/struciure number”

¢ “Dutlow node number” of the begin node of the section
iy “Duttow node nuriber™ of the end node o the section

v lenath™ ol the section

! “RBottony fesel . beeimn

“Botom level™ end

L

h “Resistance” positive direction

i “Resistunce™ negatise direction

} “Iirectnion”

K “Windeom”

] st Deptl 1o bottar™

in 2ndd "hepth o hotom™, el

n Ist 7 Flow widith™

0 2nd “HFlow widih™ e,

P Ist Flow width™ at the begin of the scetion

] st Flow width™. e the end of the section

r Fst Storage widith™ wt the begm o the section
5 Tt Storage widih™, at the end of the section

1 Adjusted “ilow arce” at the hegin of the section
Tl Adjusted THlow area” at the end of the scction
! Adjusted “Hydrauhe radios”

W Adjusted "Resistance™ in thie positive direction
X Adjusted “Resistance™ i the nevative direction

Thes s an exanple wohere no structures are detnined. The next purt will deal with
the wvaifable structures in the ovs, The TolHowing structures are invoived:

o W
o Oreneral structure:
¢« Siphon

e Culvert
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e Pump:

*  Gap growth.

Below a weir example is shown.

The fotlowing list gives explanation ahout the items in an overflow.

4 “Duflow 'section/structure’ number”

b “Duflow section/structure’ number”

C “Duiflow node’ number” of the begin node of the weir
d “Duflow node number™ of the end node of the weir

¢ “Length” of the weir

f “Sill level™, weir

¢ “Width”, weir

h “Crate feve!”, in cuse off a weir s set 1o 999.0)
i “Mu”, positive direction welr

j M, negative direction weir

5.4.2 Underflow — General Structure

5.4.3 Culvert

The next example deals with a general structure.

The Tollowing list gives explanation about the items in a general structure.

“Dullow ‘secton/struciure’ number”

“Duflow section/structure” number”

“Duflow ‘node’ number” of the begin node of the general structure
“Duflow node’ number’™ of the end nede of the general structure
“Length” of the general structure

“Sill level”. general structure

“Width”. general structure

“Crate level™, general structure

“Mu free surfuce™, in positive direction

“Mu free surface™. in negative direction

“Mu submurged ow™, in positive dircction

“Mu submerged flow™, in negative direction

A==l ¢ ol A A Y e R

— o

The next example deals with a rectangular culvert.

The following list gives explanation about the items in a culvert,

Tube form of the culvert;

Reference Manual Duflow
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MU = Rectangular
BT = Elhpie or Round

dl “Dutlow ‘secton/structure’ nunber™

b “Dutlow section/structure” number”

¢ “Dutlow 'node’ number™ of the begin node of culvert
d “Duflow ‘node” number™ of the end node of the culvert
¢ “Length™ of the cuivert

1 Sl level” culvent

I8 “Width', cubvent

h “Crate devel™ v, SOt level "+ Height™, culven

1 “Mu free surface” in positive direction

] “Mu free surface”, in negative direetion

K “Mu submerged flow™ i positive direction

} “Mu submerged How ™ n negative direction

1 “Chesy coctticient™. culvert

The next example deals wath an elliptic culvert.

The following hst gives explanation about the items inan cubvert,

Tube form of the culvert:

ML = Rectangular
ELLD = Elhptic. Egg or Round
d “Duflow ‘section/structure number”
h “Duflow section/structure number™
¢ “Trflow node” number™ of the begin node ot the culvert
d “Duflow node” number™ of the end node of the calvernt
“Length™ of the culvert
f “Horizonta! radius™. culvert
I “Vertical radius”, culven
h “Inside Tevel ™. culvert
i Sl level™ culvert
] “Mu free sarface” i posttive direction
k “Mu free surface™. in negative dircetion
| “Muosubmerged flow™ (positive direction)
m “Chery coedhicient™ culvert

5.4.4 Siphon

The next example deals with o siphon,

The fullowing list gives explanation about the items inoa siphon.

i “Dutiow secton/structure’ number”

iy “Duflow section/structure’ nuimber”

C “Duflow node” mumber™ of the begin node of the sipbon
d “Duflow 'node’ number™ of the end node of the siphon

e “Length™ of the siphon

! “Diameter™. ot (he siphon

Iy “Chevy coeflicient” of the siphon
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“Mu”, in positive direction

“Mu”, in negalive 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

The next example deals with a pump.

ST

A Y

The following list gives explanation about the items in a pump.

s

_-a oo o o

5.4.6 Gap growth

“Duflow section/structure’ number”

“Duflow ‘section/structure’ number”

“Duflow 'node’ number™ of the begin node of the pump
“Duflow 'node’ number” of the end node of the pump
“Capacity”, of the pump

“Start level”

“Stop level”

The next example deals with a gap growth,

ot 5,009 999.0"
. 10,07 53007 sa0cf

The following list gives explanation about the items in a gap growth.

o oo

jo

om0

“Puflow ‘scetion/structure' number” (no meaning)

“Duflow ‘section/structure’ number”

“Duflow ‘node' number” of the begin node of the gup growth structure
“Duftow 'node’ number” of the end node of the gap growth struciure
length of gap growth structure

initial sl level of gap growth structure

initial width of gap growth structure

gate level (set to 999.0})

mu free surface positive direction, default = |

mu free surface negative direction, default =

wap growth start time trigger in seconds, default =0 s

gap growlh start height trigger (surplus height), default = €.
mauximal depth of gap, default = 1. (mitial sill Jevel;

maximal with of gap, default = g. (initial width)

silf growth time in seconds, default =0 s

width growth time in sceonds, defuult =0
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5.5 BEG - Initial Conditions Flow

Ty the ot Condinions - Flow File all imiad conditions related 1o the flow are

stored.,

Version 2.05 file format

Version 3.0 file format

The tollowing Tist gives explanation abous the items in the file.

Dullew numiber of the section or structurg

dl
at the berin of the section/structioe

ol Tevel s

h

U Slaatral les el an the end of the section/structure

d Sl discharges”at the begin ot the secunn/stracture
¢ “hnitiad disclhirees™ wt the end of the secton/structure

5.6 BND - Boundary Conditions Flow

[n the Boundars Conditions - Flow Fife all the boundars condinons related 1o the

foss wre stored.

5.6.1 Constant

The given example deats with a constant “Level 7 and ~Q-add™ boundary tvpe,

Version 2.05 file format

Version 3.0 file format

Reference Manual Duflow
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The following list gives explanation about the items in the file.

a “Type™ of boundary:
H = “level”
0 = “0) add.”
R = “Rain™(Precipitation), not used in DMS
W = “Wind velocity”
T = “Wind dircetion”™
h “Duflow 'node’ number(s)” (2.05 format: positions 60 tll 83)
¢ “Type of function” = “Constant”
d Entered value for “Constant™
¢ Condition number (ne meaning in DMS)

5.6.2 Equidistant time series

Below an example i1s given, dealing with & “T.evel” boundary Lype with
“Equidistant ime series” specification.

Version 2.05 file format

The following hist gives explanalion about 1he items in the file.

a “Type™ of boundary:

H = “lewvel”

O - “() add.”

R = “Rain™{Precipitation, not used in DMS
W = “Wind velocity™

T = “Wind direction”

“Time step’™ In minutes

“Start data”, in yymmdd (2.05) or yyymmadd (3.0)

“Start time”, in hhmm

Condition number (no meaning in DMS)

“Duflow 'nade’ numhber(s)” (2.05 format: positions 60 till ¥3)
Ist value of *Time series”

2nd value of “Time series”

o e o

ot e G

6th value of “Time series”
m 7th value of “Time series”

Reference Manual Duflow
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5.6.3 Non-equidistant time series

RBeiow un example is povensdealing with @ Level” boundary type with “Non-
couidistunt time serics” specification.

Version 2.05 file format

5.6.4 Fourier series

The following list gives explunation ghout the items m the file.

a “Type™ of boundary:
H = “level”
() = “()add”
K = “Rain”(Precipitation). not used in [XMS
W = “Wind velocity™
T = “Wind direction”
h Time step™ in minutes, alwigs "07in case of g non-equid. tme series
¢ Condition number (no meaning in DMS)
d “Dutlow node” number(s)” 12,05 format: posttions 60 till 83)
C “Date”. in yymmdd (2.05) or yyyymmdd (3.4)
f “Time™ in bhim
T value of 7 Time series”

BBelow an example s given, dealing with a “Lesvel” boundary type with “Fourier
series” specification,

Version 2.05 file format

=+

Version 3.0 file format
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. lad, 2g7 0,310,057 .10) vyt 17 _i]E
144,297.5, 110, 357.9) g 1° 5"
fa4, 6gl€.%)

(a4, g 4. B, Wy )
The following list gives explanation about the items in the file,
i “Type” of boundary:
H = “Level”
0 - “0) add.”
R = “Rain™(Precipitation), not used in DMS
W = “Wind velocity”
T = “Wind direction”
b Period in minutes
¢ “Start date”, in yymmdd (2.05) or yyyymmdd (3.0)
d “Start time”, i hhmm
e Condition number (no meaning in DMS)
f “Duflow node’ number(s)” (2.05 format: positions 60 till 83
g “Type of function” = “Constant”
h “Mean value”(y,; in Fourier series)
. - . . . vy gy th
. i Fntered value for “Amplitude” of X" companent
i Entered vaiue for “Phase” of k™ component
5.6.5 QH relation
Below an example is given, dealing with a “QH-relation” hboundary type.
Version 2.05 file format
I
<
(e%,297.0,117, 397 .0 w2 . 2
{24, %515, %) Hr " AR L LaEnnnn 0% D.597500000° IR T
= RS L. J9n00007%" T

. fad, 4glh .7y I __

The following list gives explanation about the items in the file.

4 Indication “QH-relation” boundary type
b “Duflow node’ number(s)” (2,05 format: positions 60 till %3
¢ Indication “Levels”

d st value for levels

e 2nd value for levels

g 4th value for levels

h Sth vatue for levels

i Indication “Discharges”

j I'st value for discharges

k 2nd value for discharges

m 4th value for discharges

n Sth value for discharges
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5.6.6 Structure control - continuous

The followimg example deas with a “continuens™ strecture control.

Version 2.05 file format

Version 3.0 file format

The feflowing lise gives explanation about the items in the tile,

a Indication “Operational parmmeter™ in “Continuous’
WIiDT = TWadith”
S = Sl fevel”
GATI = “are level”
MU = ANl
b “Daflow structure” number”
C Indication ~Constant meserics
d Vidue "Operational parameter”

5.6.7 Structure control - trigger series

The toflowing example deads with “Trigger series" i the structure control.

Version 2.05 file format

Version 3.0 file format

56 e File Formats

Reference Manual Duflow



The following list gives explanation about the items in the file,

a indication “Operationa) parameter”™ In “Trigguer series™
TSI = “Width™;
TWID = “Sil level”;
TGAT “Crate fevel™
T™U = “Mu (ally
T™VI = “Mu free surface positive™™;
T™V2 = “Mu free surface negative™;
TMO!L = “Mu submerged positive™;
T™MO2 = “Mu submerged negative”,
b “Dutlow structure” number”
C “Type of trigger condition™
TIME = “Time™;
HZHY = “H2 < HI+8H™
HIH2 = “HI > H2+6H:
HPP = “Hnode = Htrig™;
HPM = “Hnode < Hirig™
d Date of “Time™, in yymmdd (2.05) or yyyymmdd (3.0).
¢ Time of “Iime”, in hhmm,
f “Type of function”™ = “Constant™;, new value.
i “oH”
h “Type of function™ = “Timeseries’™: “Time step” in minutes.
] bst value of “Timeseries™.
j “Reference node”
k “lrigger level”

5.7 RES - Results Flow

In the Flow Data - Result File the results from the flow caleulation are printed.

The concerned file is shown below. The name of the file s river.res.

Version 2.05 file format
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Version 3.0 file format
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following list gives an explanation about the items in the file.

# Flow time steps
# Sections and structures
# Nodes

Ratio between Outpul time step and Flow time step

Flow time step in seconds

“Start of computation™ (date) in yymmdd (2.05) or yyyymmdd (3.0)
“Start of computation” (time) in hhmm

Line number
“Sectiontype™;

SECT = “Section”
STRU = “Structure”

“Duflow "section/structure’ number”
“Duflow 'node’ number” of the begin node of the section

“Duflow 'nade’ number”
“Lenght” of the section
“Bottom level”, hegin
“Bottom level”, end

Flow time step number

“Duflow 'section/structure number™

Water level ut heginning of section

Water level at end of section

Discharge at beginning of section

from the NET-file

of the end node of the section

from the NET-file
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u Dyi~chiree at cnd of section

3 Velocity averaged over the section

wl Mintmunm Woaderlevel tes lowest sadoe in columns 1 and 7 3.0y
w2 Mioamum Waterlevel e bighest vadue i columns 1 and <7 134y
w Mimmum Discharge. e lowest value i columns 17 and “u™ 3.4
w2 Maximum Discharee, tes highest value in columns "t and "u” (3.0h
wl Mmoo Velocits . e fowest vadue i column 30y

w2 Maximunn Velocine e highest value iy colimn v 3000

W Manimwm Deptin 130

w’ Maxmmum Depth (3.0

5.8 BEK — Initial Conditions Quality

The Initiad Conditions  Quality Frle for the project cappendis Avis shown
Below . D this e all of the data related o the quality model part are stored,

Below the mitiad conditien gquality file iScenanc, BEK Y is shown Lol the
appenitis AU Roy L

Version 2.05 file format

Version 3.0 file format

(o0 +
(0 -
(v oy
[V

P T I

The tollowing st gives explamdion about the iterns i the bile,

i o section/structure” number™

b “Virrablem name ot the varable,

¢ “Toatial condition™, al the hegin of the section,
d “Initad condimion™. st the end ol the ~ection
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(22°0)
{2200
(2200}
(4200)
(ad,2g?.%,110,3g7. %)

5.9 BNK - Boundary Conditions Quality

In the Boundary Conditions - Quality File all the boundary conditions related to

the quality variables-are stored.

Below is shown the boundary condition quality file (Scenario. BNK), of the
appendix A (EUTROFT).

Version 2.05 file format
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The following list gives explanation about the items in the file.
a “Type™

C “Concentration”™

[. = “Load”

Condition number

“Variable™, selected from the picklist

“Duflow 'node’ number™

“Type of function™ = “Constant”

Value for the “Variable”

e BE RN =S RN
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5.10 EXT - External Variables

AN N AN

I'n the Lixternal Variables File all “xt” external variables delined in the process
description file are stored.

Below s shown the external variahles file (Scenariowexty of the appendix A
MEUTROED ).

Version 2.05 file format

B . i
e
- "
) t
v .
s
Vi H
1 520 : m RS
.

The following Tist gives an explunution about the items i the file.

i “Type™.
XT = Space und time depended external variable
o} “External varighle™, name
C “Duflow node’ nunber™
d “Type ol Tunction™ = Constant”™
¢ Value of “Exacrnal varnable™
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f “Time step”, in minutes

o “Start data”, in yymmdd (2.05) or yyyymmdd (3.0)
h “Start time”, in hhmm

i First value of “Timeseries”

i Last value of “Timeseries”

5.11 PRM — Parameter

In the Parameter File all parameters defined in the process description file are
stored.

Below is shown the parameter file (Scenario. PRM), of the appendix A
(ECTROF] ).

Version 2.05 file format

1
FODHELOGW darna file it wWindaflow brojeahs g Lroenarico, PRM
Y ouallty FParameTers nrogramn version: 205
v
Pie 30.000"
1 0.160
et 2.670
AL 0,010
3] 2.000
eal n.n1T
T 050G
InI 1.006

Version 3.0 file format

(az200) PYERZION 3.0
taczli} * il elita ) ztastButrofl Lasnaric PRM
lazii) * Ly Farameters srogram uersion: 3000
(az00; ¥ )
(50, 2, 14 5 & 36500500507
- T ' 010060090
2. ETI00000Y
0L lnonGn
2, NG nGon
0L uIruanon
VG 5.50000050
Echst LLOONGCLNGY

The following list gives an explanation of the items used in the file.

el “Name”, parameter nume in the process description file.
b Entered “VALUE".
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5.12 REK - Results Quality

In the Quality Diatac - Result File all the qualins results are stored.

Version 2.05 file format

‘-
h-
(-
(-
I

Version 3.0 file format
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# Flow time steps

# Sections and structures.

# Nodes.

Ratio between Qutput time step and Quality time step.
Quality time step in seconds.

# Output variables

AR L LOGDOL DR s

following list gives an explanation of the items used in the file.

“Stan of computation” (date) in yymmdd (2.05) or yyyymmdd (3.0

“Start of computation” (time) in hhmm

Line number

“Sectiontype™;

SECT = “Section”™

STRU = "Structure”

“Duflow 'section/structure' number”™ from the NET-file
“Iuilow node’ number™ of the begin node of the section
“Duflow 'node’ number” of the end node of the section
“Lenght™ of the section

“Bottom level”, begin.

“Bottom level”, end.

Quality time step number.

Duflow ‘section’ number.

Concentration value at beginning ol section.
Concentration vadue at end of section,

Foad value at hegimning of section.
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R
1 — T2 =

[

load value at end of section.
Meuningless.

Minimum Concentration. e lowest salue colummns s and
Maximum Concentrabion. e, highest valoe colummns s and v
Minimum Load. re. lowest vadue columns "o and v
Muaximusn Lowd. 1o highest vidoe columms “uand v

5.13 MON - Monitoring file

The results of @ Hlow culeulution can also be o amonitering file, The monitoring
lile contains information shout cadealated vadues like streaming profile, resitunce

cte. on each tme step.

To write data o the moenitoring hile. the option "Add to monitoring file’ — which 1s
a property ol section (Ohjects Properties dialog)y - need to be checked.

Gr T

P

The following list gives an explanation about the 1tems i the fike.

il

— o

11}

p
4

8]

Flow tune step “number”
“Date” and Ttme” of flow time step

“Dutlow number™ of the section
TWoader [evel T at beginming of section
“Water fevel” at end oof section
“Discharge™ at beginning of section
“Discharge’” atend of section
“Velocity ™ averaged over the section

“Flow urea™ at the begin of the section
“Flow area”™ at the end of the section
“Storage area’ al the begin of the section
“Storage arca” al the end of the section
“Storage width™ ineraged over the section

Value of the formula "R7C"0 wathe
R = Hyvdraulic Radius averaged over the section
(' = Resistanee

“Duflow number™ of the structure
“Water level” at beginning of structure
“Water level™ at end of structure
“Discharge”™ through the structure
“Velocity™ in the structure

“Flow ared” in the structure

“Sill level™
TWidth”
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. w “Gate level™, in case off a weir is set 10 999.0
X “Mu”
y “Flow condition number” of the Tow condition in the structure,

more information about the flow condition number is described in
paragraph 2.2.4.2

5.14 TSS — Time Series File

With the IXMS command 'Export Time Series' the user can write all Boundary
Conditions for Level, Discharge, Concentration and Load 1o an external ASCII-
file. DMS will create a so-called Time Series file (%, TSS). A file in this format
cun also be imported in DMS with the command 'Import Time Series. By means
of this file the user can import several time series into the Duflow model.

When in the Modify Time Series dialog only one time serics is exported 10 an
. ASCH-file, the dati are stored in a *.'TSF file. The format of this file is identical
Lo the format of the #.TSS file.

Numerical values in this file are seperated by tab-charucters.

Lines beginning with character “#' are ignored.
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The following st gives an explanaton of the items used e tile,

<
1

The obypect 1005w which the time series his to be assigned,
I inore than one object id is specitied. adl objectid s will be assigned o

the sarne e series. The ohject T s are separated by a coinma

The tvpe of e time series,
Posssible v alues wre:
(o w Qadd ~ernes
Clor a Copcendration seres

Iotor o Foad seres.

Names of the variablets ) for the time seres.

I more than one mame 1y specified the tme senes swoill be assigned w the
vartabtes with these names. Keyword VARIABLES s ondy allowed for
TYPES=CT or TTYPES=LL

Nune aof the scheme for the given tinme series

This key I~ optional, TF tns key s omitteds the name o) the scheme wil
he cgual to the e of the fiest speciticd object id

flag, seperating the kess Ironhie actuad tme series

Indicutes the tpe of the tme serics

Possibbe values are
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. C the ime series consists of a constant valug. (time and date are
not used)

f the time series is defined by means of a fourier series
¢ the time series is a equidistant Lime series
n the time series is a non-cquidistant time scrics

In the above example the different possibilities are given.

Date defined by: yyyy/mm/dd
Time defined by: hhimmiss
Constant value.

Perod in minutes.

Mean value (yyin Fourer series)
Phase of kK™ component
Amplitude of k" component
Time step in minutes

n" Value of time serics

T g — =TT

@ 5.15 TSF - Time Serie File (single time series)

In the Modify Time Series diglog only one time series can be exported to an
ASCII-file with the Export-hutton, The ticm series is written in a file with the
extension * TSF, The format of this file 15 identical to the format of the * TSS
file.
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Appendix A Eutrof1

EUTROFY is one of the two pre-defined cutrnphication models included in
DUFLOW. [tis a refatively simple mode! based on the us epa model eutrod, [t
includes the cycling of nitrogen, phosphaorus and oxygen. The growth of ane
phytoplankton species is simulated. The interaction between the sediment and the
averlying 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
seasondl variations.

The model 15 in particular suitable to study the short term behaviour of systems.
For example to examine the impacts of a discharge on the oxygen dynamics, or
o explore the effects of {lushing on the chlorophyli-a concentration.

In case the long term functioning of a system is of interest the other pre-defined
eutrophication model EUTROF2 is more appropriate. EUTROFZ includes three algal
species, so succession can be simulated to a certain extend. Furthermore this
model also describes the interactions between the sediment and the overlying
waler column.

A.1. State variables

Figure A-1 presents the principie kinetic interactions for the modelled state
variables. The model includes the following state variables:

A Alpal Biomass (mg C/1)

Porg Organic Phosphorus (mg P/)

Pinorg  Inorganic Phosphorus (mg P/1)

Norg  Organic Nitrogen (mg N/1j

NH4 Ammonia Nitrogen (mg N/l

NO3 Nitrate Nitrogen (mg N/T)

02 Oxygen fmg (ufl)

hod Curbon 5 day Biochemical Oxygen Demand (mg O,/l)
55 Suspended Solids (mg/1)

Besides the state variables mentioned in figure A-1 a number of output variables
are culeulated:

Porte  Dissolved Inorganic Phosphorus (mg PA)
Puot Total Phosphorus {mg P/}

Nkj Kjeldahl- Nitrogen (mg N/

Niog Total Nitrogen (mg N/1)
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Fivier A-4

Chi-a Chiorophy - iigfl)

These variables are often monitored. so o direct comparison hetween
nicastrements and simulated results is possible Tor these constituents,

r ?

ORCG-N

N4

f
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FAROETROE T Speatee vorrieibsefe fnterae tiony

A.2. Process descriptions

In the follow iy purt the cquations. descrthing the provesses are presented. The
caplanction of the ssimbals wsed 1 thas part e oiven i ables AL and A-2 at the
end of Appendix A

- Algae

O T S AT TS T (A
(!1 - p'wu\ [ b TERITH e 17 -
iAlpal growth s considered 10 be lmited by noirients, bt and temperature
Nutrient irmptanon s deserhed ase

R T (NH L, +NO) |
Foo=min| —- L e [ A-

P +K, (NI +NO )~ K,

2yWhich means that the reduction of the nuoamuny erowth rate is controlled by
the most tnnitimg factor: Teis asswmed that abzac can use both conmonia and
nitrate tor their growth, The uptake of hoth nitrogen constituents s controlled by

the wmmonis preference factor tsee eg. A-TH baght imitabion s described using
the depth averaged Steele

. ¢ [ ! I ]
L‘L.|ll&li]l:|]if'l, = B CXP(* ] gxp(_gllr:J),C\l)(,_ [)J

(A-3inwhiche, =¢,+€, Chi—a+e S5

(A= Temperature dependency of the aleal croweh rate s given
by F, = Hq_{“ - (A-
SyTemperature depencdenes for all process rates is desoribed in the sime way as
ey, A5 The rete constant at a reference wemperatue of 200 C s muaduphed
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with a coefficient, determining the change per “C difference from the reference
termperature. Two terms describing the loss processes complete the algal balance
equation. The first one describes the endogenous respiration, which is considered
10 he temperature dependent. The second is a lumped rate constant including
death rate and the effect of grazing.

For internal computational purpose algal carbon is used as a measure for the
hiomass. The algal-C concentration is converted to chlorophyll-a using a fixed
chlorophyll to carbon ratio.

- Organic Phosphorus

]
. V..
are TG VTR
dl - kmm 8min [m';f z (1 .frl,um;_' )l‘:»r:'
+f [k 87" +k Ja A (A-
Joporg L™ res Mra die 1% e

6)During the phytoplankton loss processes part of the associated phosphorus is
released as organic phosphorus, the remaining part is distributed to the inorganic
phosphorus pool. The phosphorus to carbon ratio is assumed to be constant. Due
to mineralisation, orpanic phosphorus is converied to inorganic phesphorus.
Mineralisation is described as a temperature dependent process. Part of the
organic phesphorus is present in a particulate form and is subject to settling.

- Inorganic Phosphorus

})HHU?"‘ V T’
_ = —’L(l‘“‘ f )P +k e”'EUJP _“'HMXIUT f“f\"ﬁ‘fa’ﬂ’A
A

d[ S dpanee 7 anery min Y min g
P
. (720 Jliex
+(1 - -fpm';.: )[kw.\‘em + K(!H‘:Ia,l){.'A + 7 (A-

T)Inorganic phosphorus will be formed during mineralisation of organic
phosphorus and is also released during the algal respiration and die-off. Part of
the inorganic phosphorus is adsorbed (o the suspended solids. The dissolved
fraction ts culeulated using:

]
S =T e cc (A-
dpani ] + K’”U,lSLS
8)The use of eq. A-8 implics that it is assumed that the equilibrium is reached
instantancously. The sorption rate 1s fast compared to most other relevant
processes. Furthermore i1 is assumed that the linear part of the sorption isotherm

may be used.

- Organic Nitrogen

Nnr;; _ k Br'] 2h v.\u l o
dl = " M Yhain Nm‘_g- - - ( _.fdrmrg )Nnr;;

+f.mm5 [krr-xef:_m” + kr.'[(' ]am'A (A-g)

Organic nitrogen is produced during respiration and die-off of algae. Like
organic phosphorus part of the organic nitrogen is associated with particulate
matter and will be subject to settling. Due to mineralisation organic nitrogen will
be released as ammonia. De rate constant for the mineralisation of both organic
nitrogen and phosphorus are assumed to be equal.

- Ammonia Nitrogen
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dNH b 0

=k, 0" - S—NH +k 8 N U, FF. Fa,

dt O+ K,, o : i S
. VFi j‘vff.f

=1 ok 8wk, e A+ (A-10)

During the algul respiration and die-ofl part of the nitrogen included in the
biomass is released as ammentas The remaining part is added o the pool of
organic nitrogen. Both ammonia and mitrate can be used tor wlgal growth,

The preference Tor the nitrogen source is controlled by the preference fuctor
enven hy:

NI,

P S
( Kw\ + "‘JVHQ J( Km‘. + J'V() )

Nt

=NH

Bl

K.
+NH4 R (A'l l }
(NH ~NO )+ (K . +NO)

The nitrification rate 1s controlled by the oxyegen concentration. using a Monod
type of equation. Depending on the value of K., the rate can be limited at low
oxygen concenirations.

- Nitrate Nitrogen
dNO \ K., y 0.
2 —k f‘!!e(."r'p‘ﬁ(“ A -NO, + A‘ef N Pl NH4
i K, O, 0.+ K,
7J“lm.n‘ ﬁ.’ IL\ 1”: “ - l)“ii: )A (A-]Z)

Nitrate is formed during nitrification. Depending on the ammonia preterence
fuctor, nitrate can be wsed for algal growth, Denitritication, which s also
controlled by the oxyeen coneentration is included too.

- BOD 5
dBOD o 0. v 7
= kB A BOD = 1= L JBOD
di ()J + Kmmr) -
S 32 oon K‘_,. ‘ -|
ko A=k, G0 T X (A-13)
AT g e e g T

Fq. A-13 desenbes the 5 day carbon BOD. which is also used for input. In the
oxygen haliunce cquation feg. A-155 the ultiniae bod is nsed. A conversion factor
is used to caleulate BOD- from bodu. The bod. which is produced by die off of the
algac is converted to Bos Also the bod used as a carbon source during
denitrification is corrected this way.

= fcxp(?Skf';',jH ) (A-14)

Lt

Part ot the oD 15 in o particulate form and will scttle. The oxidation of BOL is
temperature dependent and s Timiited at Jow oxyeen concentrations by 4 Monod
lype of Kinetic.

- Oxygen
(), T~ . 0. BOD
S T= k,,-e, . ’(" ~ (), J - kr'rmem;.'; T T
(1[ ( ‘ i ‘ J ()k + K.'i.’n')’l X:um
64 . 0, 32 o SOD
_ ) Pt s NH -k g’ A~
4" 0+ K., 12 a z
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32 48 _
+Mmux FJ" [TN FIA(E + Ha,,[.(l - JP.WM )NO:;) (A-]S)

The mass transfer coefficient for oxygen is given by the following empirical
cquation:
Ky = 39407277 (A-16)

My
orif kmu', < krmm :
kmm = kmu’n (A' ] 7)

Fhe dimension of the velociiy is mfs and the resulting k... is in miday. Al low
stream velocity the use of eq. A-16 can result into extremely low value for the
mass transfer coefficient. The user can define @ minimum value for k... which is
used as 4 lower bound for the mass transfer coefficient. The reaeration rate
conslant kre is given by:

k
k, =—" (A-138)
z
The oxygen saturation concentration is also calculated, using an empirical
equation:

C. = 145519 -0373484T + 0.005016077"* (A-19)

Additiona} to the oxidation of carbon bod the following oxygen consuming
processes are included in the oxygen mass balance equation: the algal
respiration, pitrification and the sediment oxygen demand. sod can be supplied
by the user as a time dependent and location specific function, in order o
simulate seasonal and temporal variations. Production of oxygen results from
primary production. In case nitrate is used as a source for nitrogen an additional
oxygen production takes place, because of the reduction of nitrate during the
assimilation process,

- Suspended Solids

dSS Ve o P

—— =85+ — (A-20)
dt z z

Sedimentation is described as a first order process. The resuspension process is
not modelled. The resuspension flux should be supplied by the user. It can be
entered as a ime dependent input variable. The choice of the resuspension flux
and the scttling velocity governs the level of suspended solids in the water
column, which is important for the distribution of inorganic phosphorus between
the dissolved and particulate phases (see ey. A-4)

- Output Variahles

In order to make direct comparison of the results with frequently monitored
variables more convenient, the following output variables are calculated.

arte F:umr;(-fdpmm (A'Q'I)
[)!HI = R}f{’ + R:‘HUF';” + ACI’IH (A_zz)
N;',‘ = N(Jrg + NH4 + Aan(' (A'23)
N, =Ny+NO, (A-24)
Chl-a=a,, A (A-25)
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A.3. Parameters

Table A-T presents o list ol all parameters used in BUTROEFT In these table also
the default values used and o typical range tor some parameters is given.

Symbeol beseription Pimension Default Runge
Aenl Chiorophyll to carbon ratin pg Chl-a/mg € 30 25-250

0 Nitrogen to carbon ratio myg Nng C ().25 (L1%-0.25
4, Oxygen Lo carbon ratio mg (:-/mg € 267

o Phosphorus to carbon ratio mg Pimyg C 0.025 ().025-0.050
£, Background extinction 1/m 1.0 [.0-5.0
£ Specitic extinction chlorophyll uy Chl-a/lin 0016 0.012-0.025
£ Specitic extinction suspended solids mg S5/hm 0.0510) (0.020).0.060
T Fraction dissolved BOIDD ]

Foons Fraction dissolved organe nitrogen 0

- Fraction dissolved organic phosphorus {)

fino Fraction algal nitrogen released as NORG - I

fpap Fraction algal phosphorus released as PORG I

I Optimal light intensity Wno H0) 10-100
Kuon Oxidation rate constant BOD I/l 0.1 0.02-3.
Kioono Monod constant oxidation BOD nig O/ 20

Ko, Penitrification rate constant [/l 01 0.0-0.1

K i Monad constant denitnfication myg (3.1 (0.5

Ky Mineralisution rate constant Id (1 0.07-10.40
K. Animonia preference constant g Nl 0.025

K. Monod constant nitrogen mg Nl (03 H 0.01-0.30
[ Nitrification rate constant 1/d 0.1

Ko Monod constant nitrification my 03/ 2.0

K Maonaod constant phosphorus mg Bl 0.005 001-0.05
K. Purtition constant phosphorus I/ mg S5 (0.0§0

k.. Respiration rate constant Hid {).1 0.05-0).2
Ky Minimum exygen transter coeltticient m/d (.1

K [3ie rate constant Hd (+.2 (.00 3
Buon Temperature coefticient oxidation BOD 1.047

a.., Temperature coetficient deritritication - IRIEN

0., Temperature coctticsent algat growth 1.047

B Temperature coclticient nrinerahsation - 1.O47

B, Temperature coefticient nitrification - 1.080

b, Temperature coclticient respiration 11047
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Temperature cocfficient reacration - 1.024
Maximum specific growth rate algae Hd 4.0)
Nett settling velocity organic matier m/d (3.1
Settling velocity suspended solids m/d 0.1

1.0-5.0
0.001-0.1
0.1-5.0

A4

A.5.

Tuble A-1 Parameters used in EUTROF]

External variables

Tahle A-2 presents the external vartables used 10 the model. All input varisbles
mentioned in this table are location specific and time dependent. For some of the

variables « 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 ¢ summer month at moderate latitude and

can he found in the in the file RIEUT] EXT.

Symbaol  Description Dimension  Default  Range
SOD Sediment uxygen demand g Oymid 100 0.0-2.0
Pflux Phosphorus release flux g Pimd (3.0 (L0-0.01
Nilux Ammonia release tlux g N/m?d ().({) 0).0-0.05
Dres Resuspension flux suspended sotids — ghn®.d (.50} 0.0-3.0
Iy Surfuce light intensity W/m* 1000

T T'emperature “C 2000

Table A-2  External variubles wsed in £UTROE ]

Flow variables

The velocity is caleulated from the flow and the cross sectional area, which are

defined as flow variables. This means that they are read directly from the

hydrodynamic part of DUFLOW.

Symbol  Description Dimension  Default
Q Flow m'ss 1.00
As Cross sectional arca m° 10.0)
/ Depth m 1.00

Table A-3 Flow variables used in EUTROFS
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Appendix B Eutrof2

Like the other pre-defined model EUTROFZ 15 a eutrophication type of model. The
main difference between this model and EUTROFI 1s the way the sediment water
interaction is dealt with. In this model the sediment top layer is modelled to,
which cnables 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 madel especially suitable for simulation of longer
time seales, EUTROF2 can he wsed for example to study the effects of reduction in
nutrnent loads upon the release of nutrients from the sediment.

The water column kinetics are very similar to those used in EUTROFL. 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
suecession and the dynamics of the composition of the algal population can be
simulated to a certain extend.

B.1. State variables
The following state variables are included 1n the model:
AL A Algal Biomass species 1,2 and 3 {(mg C/1)
A, Total Algal Biomass in the sediment (mg C/1)
SSw Suspended Solids concentration (mg/l)
. SSy Solid concentration in the sediment (mg/l)
TIPy,  Total inorganic phosphorus water column (mg P/1)
TIPy,  Total inorganic phosphoerus sediment (mg P/1)
TPy Tatal organic phosphorus water column (mg P/
TOP;  Total organic phosphorus sediment (mg P/)
TONw  Total organic nitrogen (mg N/l }
TONy;  Totul organic nitrogen sediment {mg/N/1;
NH4y  Ammonia nitrogen water column (mg N/1)
NH4g  Ammonia nitrogen sediment (mg N/1)
NO3w Nitrate nitrogen water column (mg N/1)
NO3,,  Nitrate nitrogen sediment (mg N/
02y Osygen water column (mg/l)
02y Oxygen sediment {mg/l)
. BODy,  Biochemical oxygen demand (mg/l)
BODy  Biochemical oxygen demand (mg/l)
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B.2. Sediment model

The degradauon of organie muatter iy the sedirnent can hase an pnportant
influence on the concentrghion ol oxy gen and nairients i the averlving swater
columm. Due 1o the decommpaosition of organic matter nutrients are released 1o the
intersttial water in the sediment. Furthermore the decradation of organie matier
within the sediment results nto a flux ot oxveen from the overlving water to the
sediment tor a flux of oxveen equivalents directed towards the water column in
case ol anuerobic degradation). This sediment oxyvgen demand can be o
substantial sk for osvgen, while the resulting release of nutrients can be an
mportart contribution o the total nutrient load of aossstem, Additionally the
occurrence ol anoxic conditons within the sediment may dramatically increase
certain nutrient Huxes, Complex mechanisins of redos reactions and pH control
the state and concentration of nutrients and metals ind thereby the release of
putrients from the sediment. The relative importance of the sedument water
mteraction reyuires the incorporation ol a dynanue deseription of the processes
within the sedinmentand of the transport across the sediment waler intertace.
There are several wass to mode] the sediment water interaction, In £0TROED 0
relative simple deseription is used. A penerad ontline of the concept used s given
m this puragraph. In the next paragraph a more detaited deseription of the
processes 1 both the water columm and the sediment s presented.

Like in cutrol | suspended solids are modelled is a simple way . Sedimentaion is
considered 1o be w birst order process. The reswspension flux should be provided
by the user, Eventuadly the resuspension fTus can be related 1o flow velocity or
batton shears stress. Such relationships howeser are not included i the process
descriptions because several relationships are wvailuble and the user should welect
the one most appropriste Tor the water systein te be modelled. Sedimentation and
resuspension are assamed o cecur simultaneoushe . The tollowing cquation
descrrbes the saspendud solids concentration i the water column:
dss, v
= iB-1)
dt / /
A the porosity and densit of the sediment top Tasver are considered o be
constantand enly one fraction suspended solids 1+ taken into aceount the
concentration of scdiment s constant and given by

SS, = pH U= PORI=E000 (B-2)

Becanse of the sedimentation and resuspenston. the sedimient water interface is

moving with respect 1o the fived coordinate system, The velaciues by wihich the
henthic surdace 1+ disphiced can be exprossed mtenns of the sedimentation und

restspetision Muxes:

o
l": o (8-3]
0 (1= POR) 1000
L.
o= : iB-+
P = POR) 1060
I which the sedimentation fus B oyas given by
Foo=v 78S, (B-3)
The net displacement of (he interfuce 1 given by
b= —u (B-6)

Becanse the depthe ebhe sedament top Taser Is considered 1o be constant the
interface between the sediment top and Tower Tuver s alse movine swith o

velocity equal 1o s
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Figure B-1

The equations B-1 to B-6 form the basis of the dynamic description of the
sediment water interactions. The concept is illustrated in figure B-1.

WATER COLUMN

B Fr Fs
Fd

L ‘ Fh T SEDIMENT TOP LAYER

LOWER SEDIMENT LAYER

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
cait be assaciated with the suspeaded sohids (ike 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:

DXy =1,.7X, (B-7)
X

PXW = (l - f;[,m) . vw (B-H)
$S.

DX, =f,, X, (B-9)

B el POR

TX

PX."}’ = (] _j;rfu’)) A.”_H (B-]O)
SS,

Where TXy and TXy, are the tolal concentrations of constituent X in the water
column and the sediment top layer respectively. DX and PX represent the
dissolved and particulate fractions. The total sediment concentration is expressed
per unit of sediment volume. The dissolved fractions in the water column and
sediment are considered to be constant and given by £, and {y,;,. For inorganic
phosphorus these fractions are calculated using linear partition (see eq. B-36 and
B-37). The concentration of dissolved constituents in the sediment is expressed
per unit of pare water velume and the particulate constituen: 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 interfuce is
represented by the following fluxes:

- The diffusive exchange Nux:

. [L'[(!f
"L\‘.'J = '"_([-),\‘.': —-D ‘r.'u') (B-11)
’ HB :
The dissolved fraction is subject W dittusive exchange. The difference hetween
the concentration nn the interstitial water and the water column is the driving
force for mass transport.

- The sedimentation flux:

F..o=F PX,+v PORDX, (B-12)
As the particulate traction is expressed per unit of sediment mass. the flux of
constituent X across the intertace is equil to the sedimentation flux of suspended
solids multiplied with the particulute constituent concentration. The second term
in ¢yg. B-12 describes the inclusion of pore wuler due 1o the formation of new
sediment by sedimentation.

- The resuspension flux:
Fu=F,PX,+v PORDX, (B-13)

The resuspension of particulate X s given hy the product of the resuspension
Mux of solids and the particulate concentration in the sediment. The second term
ol eq. B-13 represents the release of pere waler during resuspension.

- Transport between top and lower sediment layer:

Foy=-v,TX, i, <0 (B-14)
Qr,
Fow=—v, IX,, iy, < iB-15)

Becuuse of the concept of a constant top layer depth there is a transport of
sediment hetween the top and Jower sediment layerif the net displacement
velocity v is not equal to 0T net sedimentation occurs sediment Is transported
fron the top wward the lower Tayer. In case of net resuspension the sediment top
luyer is replenished with sediment from the lower layer. The concentration in the
[ewer sediment layer is considered 10 be constant and should be supplicd by the
uscr. Iiffusive eschunge between the two sedinment bavers is not taken into
account. Henee the concentration in the top layer 1 only influenced by the
guality of the tower fayer Y net resaspension occurs,

The total transport across the imterface s equal o the sum of the fluxes expressed
above, The equations describing the concentration in the water column and the
sediment top layer are grven by:

dX,  Fy, ol +F,

—=me—n A Py (B-16)
and:

X, ., ~-f.+F +F,

¢ [.f:, L »‘m}—lft-{ P, (B-17)
dr '

Equations B-16 and 8-17 also cun be used for constituents only present in a
dissolved form. For these constituents the sndividoal {Tuxes can be expressed
fike:

. hlh],’
i i

v T H'B(Xffan (B-18)
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Fo=v PORX, (B-19)

Fo=v,PORX, (B-20)
Fop=-v, X, ifv, >0 (B-21)
or

Foo=va Xy ifv,<0 (B-22)

The concentration in the interstitial water in this case is represented by X, and
equal to X,/POR, For dissolved constituents the concentration in the interstitial
is also influenced by sedimentation and resuspension, because of the inclusion or
release of pore water respectively.

B.3. Process descriptions

in the following part the equations, describing the processes are presented. For
cach state variable the processes in hoth the sediment and the water column are
given. The transport fluxes across the water sediment interface already have been
described in ¢q. B-16 and B-17 and are not included in the equations below. The
explanation of the symbels 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 algae population can he simulated to a
certain extend.
The overall growth equation for each species is given by:

Wi

dA . .
d{ = “J'max.i' ]:;'t FN,; Ivl,,t IAWJ - l K

The growth is considered to be limited by nutrients, light and temperature.

eie resd rall

V\(J.f
+k, B LA (B-23)
7 .
Nutrient limitation is described as:

‘ DIP, DIN,,
fy = min s
' DIP, +k,i’ DIN, +k,_

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 15 controlled by the most limiting factor. It 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 (see ey. B-40).

Because EUTROF is intended for simulation of long time scales a datly averaged
light limnation function is used. The depth integrate Steele cquation (sec
Appendix A, eq. A-3) 15 integrated over the dayfight period. This means that
EUTROF2 is not able to describe diurnal variations in algal growth. The light
limitation factor is expressed as:

F.= Eef  lexp(-0, ) —expl-0,, ]} (B-25)
in which:

!
Uy = Ti_ (B-26)
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and:

(, =, expl—t, /) (B-27)

feeld

[ is the average light imensiny during the daslight period (L and 11 the fraction
of duyhight during the das equal 1o 1./24),

The otal extinction coclticient is determined by the background extinction of the
water and the contributions of chlorophy l wnd suspended solids to the vertical
Hight attenuabon.

g, =¢,+&  Chl—a+e S (B-28)
For ternal computational purpose algal carbon i~ used as @ measure tor the
biomass. The algal O concentration is converted to chlorophyll-a using a fixed
chloroplivll o carbon ratio for each species. The total chlorophyll concentration

can he exprossed as:
Chl—a = 2a,,., A, (B-29;
I

Temperature dependencey of aleal growth is desertbed i different way as in
EUTROEL. For the individual species an optimum curve 15 used 1o simulated
temperature dependent growth, The temperatare honaton fuctor s given by

ST =T roT
foo= 0 expl- (B-3())
f =T [
It the water temperature 1s ahove the eriieal lemperature for growth
['[ =),

Three foss processes are inctuded i the algal bulunce cquation (eq. B-23). The
endogenous respiration is considered to be tempuerature dependent. The second
loss terin represents the dic-oft and the effects of grusme und is regarded 1o be
constant, Finally the sedimentation of algac Is included, Although the
sedimentation veloaty of the algae s low . the totad load setting o the sediment
can he substannal. Toeether with the sedimentation ol dead organie matter
tdetritus and from man made sources) it determines the organic and nutrient load
ol the sediment and contrals the resulting interaction between the sediment and
the overlying water column. Onee settled into the sediment the algace are
converted to henthic organic carbon und subject 1o snacrobie decomposition,
There is noctransport of hiving algae from the sediment to the water column. As
the stoichiometiic rtio Tor al algae species are considered 1o he the same tor the
bontiine algal carbon concentration only one state variable has w be detined. The
fotiowing cquation s used o describe the algae concentration mn the sediment:

K, 8T A

fodi 0

iB-31)

i

- Organic Phosphorus

During respiration and die-off of the algae. part the associated phosphorus is
releised as organic phosphorus, the remuining part s distributed o the inorganic
phosphorus pool. The phosphorus 10 carbon riion s assumed e be constant and
the same for al three algae species. Due to acrobic mieralisaton i the water
column orgame phosphaorus is converted o the morgame form. Organic
phosphorus 1s both present i a dissolved and purtictlate {form. The dissolved
fraction is gssumed 10 be constant and equal 10 Ly The ellowing egualion iy
used o deseribe the totad organic phosphorus concentration in the water column:
dTOP, o _ ‘
Tk 0L TTOR + f, a, 2K KB A, (B32)

oo pr wi

! ' L
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In the sediment organic phosphorus is only subject o anaerobic decomposition,
The total organic phosphorus in the sediment top layer is given hy:

dfOp o .
h d[ - - *K”H“ b e(ll':lll;;))T()Rfi + a,’ir' Kﬂ’uh’ 8:1""41’{2” AB {B-3 3)
- Inorganic Phosphorus

The equations describing the inorganic phosphorus concentration in the water
column and the sediment top layer are given by:

dTIF, : %
_d;_u_ = Kmlrl 9'“'11“2”}7‘()[)” - a;u z [!“Lmuxi Fh ‘F.'\"r fh ALH]
o
+(‘| - .fjmt'&' )“pf Z [( Ku’m + Krmﬂefr:{ v )A'MJ (B-34)
i

and:
dT1P, -

d( - . Kmm Iie‘n{m-};“)r()[)!i (8'35)

Inorganic phosphorus 1s Tormed during acrobic and anacrobic mineralisation in
the water column and sediment respectively. 1UIs also released during the algal
respiration and die-off. Part of the inorganic phosphorus is adsorbed to the
suspended solids. The dissoived fractions in the water column and in the
interstitia water are caleulated, using linear partition:

|
S =TT e (B-36)
e l + Kpfpw ‘S‘S W
fon = ! (B-37)
=T oo -
i l + Kpfp.’{‘ss I

The use of equations B-36 und B-37 imphes that is assumed that the equilibrium
is reached instantaneously. The sorption rate 1s considered to be fast compared to
the other relevant processes in the phosphorus eycle. Furthermore it is assumed
that the lincar part of the sorption isotherm may be used.

- Organic Nitrogen

The behaviour of organic nitrogen is similar to that of organic phosphorus. In the
water column release during algal loss processes and anaerobic mineralisation
takes place. In the sediment the anacrobic mineralisation of settled algae and
organic nitrogen are the controlling processes. The total organic pitrogen
concentration in the water column and sediment top layer are given by:

dTON,, . . ;
d[ : = __Kmm efll:mir Jr(')NW + jnur'y am Z[( Ka‘zw i + Krm,t em.i )A'm] (B-qg)
il
dTON _— v
d{ ’ - —Kmin A H‘n.\rm ;‘”'f ()N.fj + um Kr.’m’l‘ BZI{JI;U) AH (8_39)
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- Ammonia Nitrogen

During algal resprration and die-off of the algae part of the nitrogen 1s released as
wirinonii. The remaining part is added (o the pool of orzanic nitrogen. Both
wnrmonia and nitrate can be used Yordeal growth, The preference tor the

nitrogen source tsed s comrolled by the ninrogen preference factor given by

NO3,

P, = N4 -
UK+ NHA K, NOT
Kn'\'
+NI 4, e (B-H))
CUNHA + NO3 K+ NO3, )

The nitnfication rate mthe water column s controlled by the oxygen
concentration. using a Monod type ot cquatton. Depending on the value of K,
the rate can be limited wl low oxveen concentrations, The equation for ammonia
nitrogen inthe water colnmnn s given by:

dfv}f:lu - 722 ()21\ . L0
Ty = o ‘K ‘ "HJ o ) A R ."Nfil‘:‘]’l" + K o '\vH]lliHm. TOAIH
dt ' (02, +K,,)
7“4": I)"..'f1zlum:«.‘la.hls\tf‘.’_; ‘/\Hr] +£lm Z{K,.fu + kw ‘(jﬂcl:.‘ " (13-4] }

e

Organie mirozen is hydrolysed to ammoma by bacterial action within the
sediment. As the decomposition processes in the hottont are considered to he
anacrobie b s assunied that there s no oxy sen i the sediment top laver. Henee
ne ntrfication oceurs i the sediment. The cquation deseribing the sediment

WIonia coneentration s iven by
dINH 3,

K 8 ToN (B-42)
(![ . it 1

N

- Nitrate Nitrogen

In the water column intrate 1s formed during nnriticaton. Depending on the
ammonia preference Tactor nitrate can be used as oo mrocein souree for algal

crowth, Denitrificauon, which is also contralled by the oxygen concentration is
eluded too, The nitrate concentration in the water column iy given by:

dNO3 K o' K, VOA
di T K, 02,y
(2, - )
+I\ti!’eirf$ ! (():)'| ¥ ]\/ ) Nf{_ln _“,“ {I - ])-“:,' R JZ‘H l'-\»‘»\w'FT.‘ F\] ['“AH:}

(B-43)

In the bottom the only process is denitrification, Nitre 1 present in the
sediment due to the dittusive transport from the eyerlyving water column, The
mitrate concentration mthe sediment top faver 1> shen by

dNO3, VI
—K, 8] NO3 (B-a1)

- dendi e s
el "
- Chod

Because in practice 5 day curbon bod values are used. the equation describing the
1O concentration are expressed in BODs, In the vy ven balanee equation {eq. B-
45y however the ultimate BOD is used. A conversion tactor 1y used 1o caleulate
BOD: from oY The BOBR. which is produced by die-oft ot the algae and the Bon
used i carbon source during denitrification i corrected using this conversion
factor. The conversion lactor is given hy:
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X,,.=l—exp(-5K.) (B-45)

LR NY

The oxidation of BOD in the water column is temperature dependent and limited
at low oxygen concentration by a Monod type of kinetic.

Water column BODs 1s given hy:

dBOD,, 02,
= DB fmri- e B BO[)W
dt (Ozw + K.‘mu'u)
: 532 . K
K A |l-———K 9(.’—2())_$N03 X
a,,;. §[ die.i Wl] 4 14 don = den (Kdm} i 02w ) W com

(B-46)

In the sediment the settled algae and henthic organic matter are subject to
anuerobic degradation. In reality the reaction mechanisms involved are very
complex. In the model onty the initial step in which the organic carbon is
converted to reactive intermediates is included. This formulation is similar and
consistent with the degradation of organic nitrogen and phosphorus within the
sedimnent. The reactive intermediates however participate in further reactions. For
example volatile acids react to methane. In the model the redox reactions
oxidizing these intermediates are not included, but these reduced carbon products
are expressed as negative oxygen equivalents that are transported across the
sediment water interface. This concept first introduced by Di Toro and Connolly
enables a dynumic description of the sediment oxygen demand. A further
explanation of the conceptis given in the part on oxygen below. The equation
describing organic carbon expressed as BODs 18 given by:

532

(-2 (720

d[)’()[)y ar}f‘Ka‘aHedulf ”Ali - 4 ]4 Krf(')trf.’ier.’ﬂm'lﬁ N03h’

dt - NS

(7-20)

_Kbna‘h’ebmm jBODH (8-47)
- Oxygen
Dissotved oxygen in the water column is described by:
d()zw —K 97" -2 )—K g2 02W BODW

} T e Ve v W B RO

dt ’ ’ (OZW + Kbodn) X('um'

64 oy 02 32 r
— K Bllf‘rj’——wNH‘lW—‘“z[K ef]_zmAw;]

- ]4 nit it (02W KN()) 1 - revi T rest

i L 32 48 |
[umux.-'FI'iPM'F.’,FAWr] T2— + Eam (1-F,, )INO3, J (B-48)

=l -

Additional to the oxidation of carbon B0 algal respiration and mitrification are
included as oxygen consuming 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:

kmus = 3‘94‘””.52_15 (B’49)
or if kmm < kr'lnin
kmm = krmjn (B"S{))

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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wsed s adoneer bound for the mass tranfer cocthicient. The reacration constant k...
15 given by

K )
A.‘ _ i tB-51)

Production of oxyeen resnlts from primary produchion in case nitrate is used as a
source for nitrogen an additional oxygen producton tukes place. becsuse of the
reduction of nitrate durnmyg the assimilation process

The tollowine cyuation is used to desertbe the sediment oxs gen concentration’s
402, BOD,
ddr

i13-52)

As stated wubove i the part on BOD. the organie carbon and the settfed algae are
mincralised anacrobically and expressed as 8OD Both reactions are considered to
be sk Tor oy cen and quickly dnse the oxy e concentration within the
sediment top fuser negtive, This negative oxs sen concentration idicates that
the redos state methe sediment s ruther redaced than osadized. The cateuluted
negative concentration i~ constderad te be cay ven v adenee of the reduced
mtermediae products produced m the mincralisation reacuon mechanisne 1t is
asststned that the reduced carbon intermediates fesprossed as osvaen equinalents:
are transported ueross the sediment mtertace and are oxidized 0o COen H-Crin
the overlving water column, The sediment oxyeen demand i~ n fact caloulated as
the transport ol oxs een and oxygen cquivalents across the sediment wiiter
itertice and s controlled by ahe decomposition ot orvanic carbon in the
sediment and the overl ing water dissolved oxy oen conventration, The sobin
this concept is deseribed by

.
SO = HB (2, -02,) {13-53)

B.4. Parameters

Svimbuol
H

Q.

HI

o

BOy

l'-‘;.r
1IN
“dls( MR
Lisona
I-\\Hli
Lot
Lipeop
!-H" IRes
£,

[
i

|

K. .
Kuon
K.
Ko
Ko
Ko
K

e,

Fable B1 presentsa listof all paramieters used i B0 reon 20 0nthis table also the
default vadues wsed are given,

Descrintien Dinwnsion Detfault
Chlovophyll o carboe by species o e Chlowime ¢ 300000
Nitroven toocarbon ratio e Ny O 02A
Osyvoen 1o carbon rai: the O g O 2.670
Phosphioris to carban o e Binge 0023
BOD concentration lower sedinnent fiser e )4 IS0
ik oronnd cximction i [
Speecihic cenncthion chilorophi il e Chil el 0l
Dithusrve exchunee rate constanl Al (10002
Specitic esiinetion suspended solids nie SSAm 0.05
Fraction dissolved BOTDY sediment 0.03
Fracton dissolved BODY waer column (.90
Friction dissolved oresme mrogen ~sediment 0.10
Fracuon dissolved orvame murogen water colunmm 110
Froction dissolved oroune phosphorus sediment S10]
Fracunn dissolved organne phosphorus aater colinn 0.to
Fraction aloal nitereren releascd as organic mrosen )50
Fractionn aloal phiosphoorns veleased as orcanmic phosphoeas {1,510
Prepth of the wdimoent top L ot 1 bty
Crotitoad Troh intensity spevies | MW My
Crepdation rite constant BO water columin 14 (i
Anacrobie decomposition rte conatant BOD sedinent | {005
Oxveen hall satureton constant BOD decay e 0 /] 20
Anacrobic decay rine constant aleie sediment il IXURNY.
Benitrficatiom rate con-lant water colunmn 4 0o
Deniritication rate constant scdimient il Ut
JHe ofb rate constant poies ial 010
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31
mnk

i

RRFRARR

>

Kmr,l‘.
Kmth
1
krm n
NH4;
NO3 g
POR

H,{,.I‘
Bin
B1n
TIP,
B...

S S
G
TON,,
TOP,,

6,
B..
R
V.,

Vg

Oxygen half saturation constant denitrification
Decomposition rate constant organic matter water coluran Hd

Anacrohic decomposition rate constant sediment 14d
Ammonia preference constant mg NA
Manod constant nitrogen alpal growth species | mg N/
Nitrification rate constant I4d
Oxygen hall saturation constant nitrification my (/1
Monod constant phosphorus algal prowth species i mg P/
Partition coefficient inorgantc phosphorus sediment Wmg 55
Partition coeflicient inorgunic phosphorus water column I/mg SS
Respiration rate constant specics | 1/d
Minimum oxyeen transfer cocflicient mfd
Ammonia concentration lower sediment fayer mg N/
Nitrate concentration lower sediment layer mg N/l
Oxvyeen (equivalents jeoncentration lower sediment myg (/1
Sediment porosity -
Density suspended solids ke/m'
Temperature coeificient oxidation BOD -
Temperature coefficient decomposition BOID sediment -
Critical temperature species o
Temperature coefficient anacrobic decomposition sediment -
Temperature cocflicient demitrification water column -
FTemperature coefficient denitrification sediment -

Total inorganic phosphorus Tower sediment layer mg P
Temperature coefficient mineralisation water column -
Temperature coefticient mineralisation sediment -
Temperature coelficient nitrification -

Total organic nitrogen lower sediment layer mg N/I
Total organic phosphorus lower sediment layer my 1%/1
Opuimal temperature species | “C
Temperature coefficient respiration specics ) -
Temperature cocfficient reacralion -
Muximum growth rate species i 1/d
Settling velocity species i m/d
Settling velocity suspended solids m/d

(.50
0.10
0.001
0,025
0).025
0.1
2.0
0005
0.00250
0.05000)
0.05000
0 4004X)
b6l
(3,000
(1,000
0.8
1320
.04
1.08
3540
1.080
1.040
1.0410
900

i 040
1.080)
i.080)
15000
5.000)
2000
1.040)
1024
1.200
(100500
0.000

Tuble B-1 Puramerers used in priinor2

B.5. External variables

Table B-2 presents the external variables in the model. For some of the variables
a typical value 1s provided. For the daily averaged light intensity, day length and

temperature a time series of one year is available on diskette in the file

RIEUT2.EXT. Light intensity and water temperature are measured at moderate

Table -2 External variables used in heir0P2

B.6. Flow variables

latitude.

symbol — Description Dimension  Default
F.. Resuspension flux g/m2 d 5.00

T Temperature “C 20.0

L Average lightintensity  W/m 100.0
I Day length hour 12.0)
Symbol - Description Dimension - Default
7 Water depth m | .00}

As Cross scctional arca m” 2010

Q) Fiow m'/s 1.00

Tuble B-1 Flow variables used in Eiiror2
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The velocity 1s caleubated from the flow and the cross sectional area. which are
defined as flow variables, This means that they are read directly from the
hydrodynamic part of RDUFLOW.

Intal condittons of some sediment vartables

Tuble B-4 presents some 1y pical values for the concentration is the sediment,
These vadoes can be very site specific and the model s rather sensitive to the
initial sediment concentrations, ¥ no data are availuble tble B-4 provides some

guide lincs. which can be used as an initial guess

Symhol

NH
NGO
DIP,

PIPy
TONy,

TOP,
PBOD,

DROID,

Deseription

Interstitial ammonia cencentration
Interstitial nitrate concentration
Interstitial inorganic phosphorus

Particulate inorganic phosphorus
Total organic nitrogen

Total orgunic phosphorus
Particulate BOD

[dissolved BOD intersunal water L

Dimension
my N/
nig N
mg P/l

g P 8S

0.5-5 % of the organic matter
0.2-1 %+ of the organic matter

14 ¥ organic matter content

organic matter content 0-5077 of
the dry weight

me (3-/1

Range
0.2-5.0
(3.03-0.1
0.0-0.1

0.0-3.0

100).0)

Table B+ Some tvpicol sediment claracterisiics
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1. Introduction

1.1 Purpose

Water authorities require o dynamic management of their extensive water

. systems and related infrastructure o provide water for industry, agriculture,
domestic supply, reduction of damage due o excess of water, water quality
control, cte. In hydrautic engineering a proper design and operation of river
hased 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
minagement.

One of the restrictions of most of the swrface water models is the absence of an
accurate description of the precipitation runoff process, In order to improve the
applicability of the surface water models, STOWA has initiated the development
ol a precipitation runoff module (RAM).

An adequate description of the precipitation runoff processes is necessary for the
prediction of runoff peaks and the prediction of the water quality in the surface
water.

RAM is suitable for operational use.

o 1.2 About this manual

This manual is divided in the sections: Theory, General Setup and Formula’s, In
chapter 2 (Theory) an explanation on the hydrological cycle, the nitrogen cycle
and the Phosphor eycle is given. In chapter 3 (General Sctup) a general
description of the model is given, while in chapter 4 (Formub’s) an extensive
description of the governing cyuations 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 Introduction « 1
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2. Theoretical System
Description

2.1 Introduction

Insight intu the various hydrologic processes Is necessary for a correct
description of the precipitation runoft processes. The same applies to giving a
correct deseription of runoff and leaching, which requires insight into the mass
halances.

Preceding the Formulas. the hydrologic cycle (section 2.2 and the nitrogen and
phosphaor balances (section 2.2 are explained in this chapter. [t is not mtended to
give an exhaustive explanation (for this reason the literature is referred o), But, a
short description that is sufficient as reference for this manual.

Precipitation runoff processes are generally described at & catchment area level.
Within & catchment arca, the relevant paramelers may vary substantiaily (soil
type, slope, land use, ete.). A detailed physical deseription of the occurring
processes is, therefore, difficult wo give. In the literature, the hydrmologic cycle is
generally described as a chain of processes (indicating the course of processes
and guantifying the amounts by means of water balances). This also applies to
mass balances. In this chapter. this point of view 1s the point of departure,

2.2 Hydrologic Cycle

The Hydrologic Cycle is u continuous process 1n which water circulates from the
oceans through the atmosphere and the rivers back o the ocean. In figure 1 the
hydrologic eycle is outlined in a schematic cross section. The various processes
are reflected in a flow chart in figure 2.

Ocean water evaporates into the atmosphere. This water falls as precipitation
partly on the Tand surface and panly on the sea surface. The precipitation tha
falls on the land surtace, is stored temporarily on vegetation (interception), on
objects, on the surface (depressions), in the soil (replenishment of soil moisture
and ground water reservoir) and in open waters. The surplus prectpitation, this is
the precipitation that does not evaporale eventually, will end up running off us
ground water or surface water eventually (Van Dam, 1991).

Belore precipitation is discharged, it goes through vanious processes. Part of the
precipitation will ¢vaporate. The amount of precipitation that is drained during a
time interval, cannot he put on 4 par with the difference between the precipitation
and the evaporation, due to the huffer effect of the terrain, the subsoil and the
drainage system. This buffer effect, which is the resultant of 2 number of
reservolr effects of different natures and sizes, leads to time shifts between the

Reference Manual RAM
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amounts of precipnation, evaporation and discharge belonging together. The .
Larger a time mterval is wken and. therefore. the sinaller the total reservoir effect

is. the more the discharge will approach the difference between precipitation and
evaporation. The total storage effvet is, howeser. impertant to the determination

ol atlood wave trelatively short period of time), due 1o guelling and slowing

down of the precipitation surplus. The storage eitects are less important to the

(otal drainage during o longer period of ime, but are atmed at determining the

items 1 the water balance (Warmerdam. 1994,
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2.2.1 Paved surface

Fvaporation | Atoiosphiere

Precipitation
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Intercention

Depression
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. . | P
Soil mosture

capillary rise

aronnd water l

I
[ surface sunotf J I
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auyck component
)

runil] Hpen waler

figure 2: Hydrologic eyele flow chart

In the flow chart, the ground water flows (the items scepuge and downward
seepage) have heen left out, in order to keep the chart surveyable. Also the
meltwater drainage (and storage in the form of snow) has been left out of
consideration. This process is not included in the precipitation runoff modate.
Furthermore, artificial supply (inlet) or extraction of water have been left out of
consideration.

The precipitation runoff processes are described in the following sections. In this
description paved and unpaved surfaces are distinguished between.

Within paved surface a further distinction may be made in;

¢ Paved surface in a rurul area,

o Urhan area;

+  (reenhouse area;
The precipitation on paved surface in @ rural area is discharged immediately by
means of the surface (ditches), oritis discharged by means of the ground waler
due 1o infiltration outside the paved arca.
Precipitation in urban areas 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 wiil 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 a combined sewer system, the precipitation is discharged in
principle through sewage treatment plants. In case of extreme precipitation, part
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of the precipitation will be discharged into the surface water by means of .
overtlow,

[ case of wseparated sewer sasten the precipitaton on payed sartace will be
dischurced mta apen waters mimediatels - Part of the precipitation wil) be stored
temperandy i the sewer sy stem and im case o exireme precipitaiion on the
puved strface. Tncase of annimproved separated sewer sustem, the warer s
discharged 1o sewage treatment plants when hitle precipitation oceurs thighls
polluted watery. Incase of heavier precipitation. the water will be discharged
directhy imto the surfuce water fthis saver s consaderably Toss pollutedy,

The precipitation on ereenhouses is discharged directly or through aowater

steraowe reservolr o sorface water,

2.2.2 Unpaved surface

Within the discharoe process of unpaved surface. three processes are
thntinguished fvee hpare Ay

Lo Intilteation e the soill moisture tunsaturated zone:
20 Percolation inte the ground water tsaturated zone) .

20 Ground water discharge o the dralnage sysrem

2.2.2.1 Infiltration into the soil moisture {unsaturated zone)

Precipitation on unputed surtuces 1s caught by the segetanion gintereeption wnd
the sonl The awmount of precipiation that 1s caught by the segetation is difticult
todetermine, as s the amount of water that reaches the vreund by flowing along
e rrunks of trecs micd throueh foliage Thicmiereeption causes slowing down
Candd abso extra evaporationy ol the runof? process. hut has hardiy any effect on
the effective precipitation (Sigh, TYROY Ty veneral, losses as o result of
interception are smull exeept inow codlands,
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Sigure 30 Hyvdrologic processes unpaved surfuce

Precipitation that reaches the surface, will infiltrate and will be stored in the soil
moisture zone. The amount of precipitation, which is stered in the soil, depends
on the precipitation tntensity and amount, as well as the infiltration capacity. The
infiltration capacity describes the amount of water, which may infiltrate into the
ground within o time unil. This depends on the nature und the state of the ground
{water content, cultivation, presence of vegetation). If the precipitation intensity
surpasses the infiliration capacity, the water stays behind on the susface level. A
water film is formed on the surfuce. which fills the hollows (surface depressions).
In case of prelonged precipitation, this precipitation will partly evaporate and
partly flow off through trenches in the depressions (surfuce runoff). Surface
runoff is characterized by short but heavy runoff/discharge peaks and represents
a quick component of the runaolT process.

The storage in surface depressions depends to u Jarge extent on the roughness of
the terrain. In The Netherlands, the infiltration capacity is often high and the
precipitation intensity fow, so that discharge of the precipitation over the surface
level plays a subordinate purt. [n case of thunderstorms temporary storage on the
surface level may., indeed, arise Tocully.

2.2.2.2 Percolation into the ground water (saturated zone)

In a unpaved arca, the precipitation will infiltrate into the topmost soil layer. This
layer, the unsaturated zone, contains both water and air and 1s especially
important to the vegetation. Moisture 1 this layer may evaporate (evaporation)
directly or 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 soil moisture. in quantitics that are required for an oplimum .
srowth of the plant If the amount of soil moisture Is insalticient for this. this

hecames the wnount the plunt is able to abstract. The wtal of evaporation and

ranspiration is evapotranspiration,

1 the soil marsture is replentshed to field capacity . the precipitaton surplus will
purcalate into the ground wter tpercotanions. By precludimg shatlow and poorly
persious Lvers doamy soilsor intensive buikdingy above the ground water
surface. the mfilrated water may be drained over these Tavers tinterflow ). On
Jow crounds part oi the pereolated water will be caueht by drains and discharged
to the drainage system.

It case of sotl motstare shortage Tor vegetation (o sorl water content below the
Held capucity)s the sothmolsture is replersshed by capitlary rise fronn the
suturated zone. A condition in this case s tad the around water level is not too
deep. Inthis was . part of the ground water becomes wailuble agan for
transpiratiaon or esaporation {an Dam O8RS Culiartechni-ch Vademecum,
1985 Warmerdinn, 1994,

2.2.2.3 Ground water discharge into the drainage system

Charucteristic tor ground water discharge is o quelled ranoft peak by means of .
horizontal and radial resistances in the ground. In cuse of deep ditches (complete
ditchesythe hortzontal resistances donnmate. Radial resistances dominate in cise

of incomplete ditches and drains. Due o relatively laree resistances in the soil,

eatvnsive slowane down ocours iVan Dann, 19850,

Quick and slow ground water discharge processes

The runoll of precipitation may consist of wslow and @ quick component isee
Preure 3and 500 The pat ef the precipitation that is drained gquickly . is the quick
component. fomnay consist of the runett of precipianon into open W ater. surfuce
runotf. interflow and runoft orginating from drainpipes.

quick g re e aische e

slew a'e . wele escharge .

Jivire 4 Quick and sles componients of groand water discharee
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ot

quick compaoneant

sicw componant

fizitre 50 Drainage course of guick und slow ground water discharge

The remaining effective precipitation is dischurged quelled and stowed down to a
relatively large extent, as a resull of storage in the unsaturated and saturated
ranes (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 ina large storage in the unsaturated zones, A large distance hetween the
drainage ditehes results ina large storage in the saturated vone. Also large, active
pore volumes and o small horizontal transporting power result in a large storage
in the saturated zone, The larger the storage and slowing down in the unsaturated
and suturated zones. the more the discharge is slowed down and the discharge
peak is quelled (Warmerdiun, 1994),

Specific characteristics of runoff processes in The Netherlands

The precipitution runolt process in The Netherlands is generally characterized by
fow precipitation intensites 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 tor the greater part.
Surface runofl occurs in o lesser degrec.

In the Dutch situation, an intensive drainage system generally exists. The
presence of open waler creates extra storage capacity, which results in extra
guelling and slowing down of the discharge course. The degree of quelling and
slowing down depends on the patiern. the surface, the slope and the maintenance
ol water courses. In polder arcas with a relatively high ground water level, the
size of the active drainage system does not vary in accordance with the height off
the ground water level. The thickness of the unsaturated zone is slight and the
horizomal measuremenis of the ground water reservoir are constant, so that it
may he cxpected that the total reservoir effect will be subject o only minor
varlations. In sloping arcas increased fluctuations may. indeed, occur. This s
comparable 10 a drainage charactenstic tg-h relation). In polder arcas a more or
less dinear relation exists, whercas in sloping areas a bended course oceurs. The
bends are used by increases in the active drainage system when the ground water
level rises.

Generally speaking. the discharge course in an arcu is determined by a number of
soil and terrain propertics such as the size and the slope of the area, soil types,
thickness and permeability of the aguifer. the storage capacity, land use and the
nature und conditton of the drainage system (Warmerdam, 1994).
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2.2.3 Water balance

A ocenetal msre it oo the hvdsadose exele of aocatcbenent area s obtamed by
settine g wster hadanees S ater badanee tor aocatcluaent arva has the

follow e Torm

Incosning ters — Oudlossme werms + Cliarce o ~torage i the awea

Whren the srroe tnteryad bor sohiich thie water badance 1~ ~ctuponounts up o
several searssthe change i the storaee ol water oy be neglected. Shorter time
imtersels e how evers reguinred to determine e runotts hecase the total change
in the ~tovaoe ob wader plas < an nnportant part e eelation betw een

procipitution i discharee taee secion 222

[hewater babanee tor aedchment arca s set upron the basie ot reures | and 2

I he tnearinnes terins are e precipitaton aned the woater mles e outzome wermns
are thie ey aporanspiratnon aned e swater outlers The tatal storace o catchment
avvi s bl ap By surlies ornces open water <totase and sterce i the

unsatuated zone and mhe satarated zong.

The water balance worked out fora time inters al is reflected below o the lett
term the quanitivy of moeemimg termos are reflected: inothe ncht ernothe outeorny

terps and the chanee wethe storage of woier

it

U S/ A U

In which

P Cprecipitiaion ot

0) Sincennin Hlovsos tnomn torienating Tromm sdpanie citchiment arcias
() Soutroine owsan o

K SCUPRES B

I SR apOENSpIrlion i

W Sdewaard seepaoe i

v S Schanae i storace mthe carchiment baean tor the rettected b Bniteryal
HRITIT

The above roentioned waier hadanoe Is setup Tor acatcihiment arcas I paragraph
T

adistmetion s made hetsseen storage e unsatneied zone and storage
the statarated zones The wouter halamee ey e sphitap o wsaturated and

saniated sones 1o determine both storaee werms, Hos -oerlected i hizure 6,
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2.2.3.1 Water balance unsaturated zone

The incoming terms of the unsuturated 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 s formed by storage in the unsaturated zone (soil moisture). The water
bulance set up for a selected time interval is:

me' " Qr'u;u‘;’fm'_\ l (‘)H - Q,uwmlrmnu ol Qm.‘m_'/‘f’uu * ‘\S:.m_\(frffm!m‘
In which
LI cinhiltration inomm
ORI scapillary rse in mm
Q. lateral inflow soil moisture in mm
Qe o s percolation inomim
it Sinterflow inmm
AS sstorage change in unsaturated zone for the reflected tme

iterval mmm

2.2.3.2 Water balance saturated zone

The mgaing terms in the saturated sone consist of percolation from the
unsaturated zone and lateral inflow. The outgoing terms consist of capillary rise
to the unsaturated zone and seepage/downward seepage. The storage term is
formed by the storage change in the ground water,

The water bulance set up for o selected time interval s

4 + i + K+W - AS

porcolation 1 “eapillary seeltrerted
In which:
AS sstorage change in saturated zone for the reflected time

ntervad inomm
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2.2.3.3 Role of the water balance in description of precipitation runoff processes

Some werms of the water balunce areomput in precipitation tunol nodels
pprecipitation. swarer milets, water outlets s other terms are caleulted
tesapotranspiration and ground water discharee s

The water balance s miportant ool Tor calibraton of precipitation runolf
modelse A precipitation ranoll model s only capable te cive aocorredt deseription
of the precipitation rnelT processes. it e water balunee s deseribed correctly,
The calibration occurs by means of comparson ol the effective precipitation with
the summuted cftective disclrge, Just one sinele ternn i the water bulanee is
calibrated. rather than Ninge onthe wotal water balanee, The water hadince wsel!
v used tooverntls the miput salues Tor the precipiiation. water mlets and water
outlets, I case of ancimconsistent sater badanee. the imput saues will be

reconsidered and corrected eventually.

2.3 Water Quality

2.3.1 Supply

I the preaipitation runott meodule the wiaer guality part is Tiited tor the nme
beme 1o the deseription of the muoven wid phosphor balance. Plocks cral., 1990
wis wsed Tor the description of the mitrozen wind phosphor budaees: Inctigure 7
the N-and Fobalunces are reflected schematically o A divosion was nacde imto the

supply. comversion processes m the sorl and the drainage.

INPLT

} biological 7 and SUREACE
\ chenmical hindiny
|

wdsorption fde~orption

- ¥ [ T

chatizanon denitn e ER

et P
| H . I
Crop prendiection NIRRT | ! NN IG [eichine et
| i -
B [ P | l_ e J

fivnre 72N e B Dadanees of aooround weter sostend CHfoeb s eral . T

The supply consists ol the items fertilization. deposition and seepageidownward
seepitge. The N-ud P-load of the sorl i The Nethechands i TUS5 15 Histed in
table 1o ilusivate vhe size of the varous iteines.

Fertilization

From the overview ahove atappears that fertibizanion. espeaially the degree and
the way ol Tertilizing. plays an importaat partin the nirocen and phosphor
baiances, The tertlization is bound by ruies as recorded i the AMVE "Gebruik
Dierhjke meststolien  tUse of manurer of 1TOX7 Ferulizution nanbs occurs
during the erowth scuson, The nitrogen in nuaare is deposited tor about 707
onto srasshand. 257 onte green maze plots and 3% onto other Sanland.
Nitrogen i artificnal Tevtilizer s deposited tor about 807 anto crassland and
207 onto other farmland eKroes ctal. 1990),
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. Table 1. N- and P-lowd of the ground in The Netherlands in 1985 (Kroes et al.,

F9U0)
N-ioad P-load
(tons Nfyeur) (tons Plyear}
Total 1069000 (1007% ) 140,508 (100%. )
Fertdization: (875 (99% )
e Munure (44%. (74%)
«  bertilizer (43%.) (25%)
Depasition: {13%.) (< 1%}
*  Wetdeposition (5% )
e Dry deposition (&% )
Seepagefdownward <% <%
seepuge
Deposition

The wet deposition consists of mtrogen 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 ol dust particles falling from the air onto the soil. The dry

deposition is arca-dependent.

Seepage/downward secpage

The contribution of scepage and downward seepage to the wotal P- und N-load in

The Netherlands s very slight on average. Locally, this may, however, be an

important resource, especially in North and South Holland.

2.3.2 Reaction processes in the soil
The reaction processes in the soil for mtrogen and phosphor are fundamentally
different and are. therefore. treated separately.
Nitrogen
In the soil. mrogen may exist in various forims and may be mutually converted
into cach other, Figure 8 shows a schematic overview of this.

FIXED SOLVED GAS
. organic N in . - \_J Ji -
sulving N osolved in
plant. manure. " !
. Oreanic
biciriass iy
e
l nrneralization  ntnobilization mineralization

e sdsorption .
HE N comples volatiliztion

NHEN N3N
B desorption

demitnification
M N2N2O

[

. NO3-N

I -
leaching and runofi 1o atmnsphere
Jigure & Schenatio overview of the nitrogen balance i the ground
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INTERMEZZO I: lllustration of N-balance in the saoil

The presence of nitrogenan the saill may be subdivided ey
o Fixed nitrogen: as part of usually orgamc compourrds. as part of plants. humus bomass. or adsorbed to soil

complexes.

o Solved nitrogen: especially ammonium and mitrate. atso calicd mineral nitrogen. These are presant in the soil,

because of:

- Supply of solvable nitrogen (see section 2.3.1)
- Mineralization of M iritg a fixed substance. during which ammorium is formed
Inthe soil, ammorum s convertcd Ino nitrate by sc-called mitrificating bactens

NHy + 20, = NGO+ + 2H + H.O by Nitrobacter and Nitrosomas spp )

These bactena have the following characteristics:
« They are aerohic, this means that they use oxygrernn their metabolisms and. therefore are abie to exist only

under oxygen-rich conditions,

o They are autotrophic and use: CO. as carbon source. instead of organic nitrogen compounds, This means that
the nitrification is independent of the organic content in the sail. Nitrate 1s converled into W, oy denitnfying

bactaria in the soil

Important characteristics of these bacteria are:
s Dentrification mainly oocursn an anoxic environment. s means in the abserce of oxygen and in the presence
of nitrate. Under these ciroumstancas. nitrate instead of cuygenis used as dunor of eicctrons i the metabohsm

of the bacterum;

» The bacteria are heterotrophic and reguire a carbon source. mainly short carbon eruns. The fraction of organic
matter in the soil and the mincralizatnon degree of thi<. thercfore. influcnces the deritriication

Niitcation of the o especialy occurs o the oy cen-rich woplaver and
denitritication oceurs s the oxy oen poor bottamlay e omn anosae Tavers in the
satirated rone s The vround sater fevel determme - the avatlabiliny of ossaen in

the sold o bree oot

Abcve e oround woder able more osy e s present Uao ander it from
madeling the catehment areas Beerse and Reuscbo appears that the nitrate
conventration may tise to 100 e NOCNST i case of deep eroamd water feveds,
whiereas the nirate coneentration is praciicalls zerem case of el cround water
fevels Inaddition to the cronnd water Tesel the orcane content ot the <ol has
anc portant inthacence on e motroeen badanee, High orcanie content Tead 1o high
conversion velocite s whieh causes the wvailabilite ol oxygen nhe ground o be
crhiasted quicker. Tothese corcunstances, the denrmticanon sl be
predeninant comparad o the nication, In cise oo low ardanie maticr grade

e cronnd s ratio s ditierent,

With N halanee, nocrohiclozic processes pl an nuportant part, Generally
micrebielogic conver-ion processes are influenced by wemperature. <oil moisture
content and pH.The discharge of nitrogen fron the sl compurtinents naanls
durermied b the tope of ol the zvound st bes el wd the cround vse tamong
uthors: lerthizimg

Phosphor

Fiowe Y shows o ~cheme of the phosphor halanee e sonl,
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Jigure Y phosphor beidunce in the ground

INTERMEZZO II: lllustration of P-balance in the ground

Phosphor in the scii may be subdivided into:

P in fixed substances

« Pinblomass: The plants abserb phosphor for growing and incorporate 1t in the cell material of the plant. Also

bacteria in the soil contain a fraction of phosphor;

P adserbed 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 ditfers per type of soil. The
phosphor tixation capacity for clay soil is, for example. much higher than for sandy soll:

capacity is higher than 25% . it is phosphor saturated ground;
« Pin precipitation: phosphate forms precipitations in the form of for example iron hydroxide complexes, calcium

and barium phosphate;

P in solution

The phospher absorbs/complexes Al- and Fe-oxides in the sail. If the utilization degree of the phosphor fixation

» Desorption of phosphor. P partly becomes solvable again due to desorption. The concentration is determined by
the adsorption/desorption equilibrium in the soit. This equilibrium may be described by a so called normalized
Freundiich isotherm (Kroes et al., 1890). The equilibrium depends on the P-content in the scil moisture, the
phosphor fixation capacity and specific reaction velocity coefficients.

s  Decomposition of organic matter. Due to rot of plant material, the fixed phosphor partly becomes solvable again,

Conciusions Conversion processes nuirients

In summiry. 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 bulance.

[niportant fuctars in the P-balance are:

o Type of soil (phosphor fixation capacity

e Ground use ffenilizanon, utilization degree phosphor fixation
cupacity +.
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2.3.3 Discharge

Iport factors i the N-balance are:
o Ground water levels
o Oroanie matict content.

¢ Cround use dertihizatony

The dramagze of nutrient<mainly occurs throueh the discharge of precipitation. [n
addition: nutments disappear drom the soll compartment due to absorption by
plinits, Discharge with water is vsuadly subdivided i sioft cthrough surtace
runcd 1 and Teaching csn eround water discharee

Surface runoft irunoft)

B case ol hieh woater levelss or heav s precipitaton, ~aylace ranofl may oceur.
Touether with the ram scarer washing offLan amount of natrems i~ directly
discharged mio the nearby surtace water. This phenomenon may be retlected
schematically iy such ooway that the rain water ends up i an imagmative surface
reservotr i which aeomplewe mising oceurs (Rroes et al 19900 Incase of high
precipitation mtensines water will Hlow ot fronn this place over the sround
surtace. [ue to the reservorr eftect. the concentration course of runoll s
refativels constant durime wosmall time scales Onea frcer thoe scule. sarations in
the concentration course st oceur. dependent on factor~ ~uch as rertiizanon
Jevel and absorption by crops,

Ground water discharge teaching)

arotnd water dischwrees These are miertiosw . dramaoe-discharoe wd slow
srottd water dischiuree. The substances Tow that - dratned with this component
v fcaching. In prachce. leachimg s niaindy deternmned by dradnage-discharge.

Other drainage

Purt of the nitrovcn and phosphor icabsorbed by plants and removed fronthe
lnd durtng harvest. The tertifizatton poboy i The Netherlunds s ained wan
cquilibrium between tertilizonion dose and nutnent ahsorption. In practice.
howeser this iy most seldoin the cases T tmost situations. sarplus ntanuring

OUUHS,

Tehle 20 Fovample of N and P-bedance cbafia/searof the soil wngor ihe cronnd
vciter fevel of wieasivels fertibiced crasshand csand ol chhreny Fotdy)

Nitrogen Phosphor

areanme mineral uraanic mineral
Supply
amnad feriliz &S | %4 2 S0
arttheral Teralizer - 10y - -
harvest Tosses 125 [ 11 -
deposition ; - i) -
mineralization - ALY |
Discharge
valatilization N - -
cross plant ab~orption - OO | , ()
inineralization 250 - 203 -
dentrification - 160 - B
leaching and runolt 5 40 0.5 ]
Accumubation 55 0 4.5 39
Inroot zone the/hin {1000 |40 |00 2500
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Drrainage of the soil compartment also oceurs through volatihzation of
ammonium. The share of volatilization has decreased significantly during the
past few years. due to a change in the ferthzation dose, such as injecting the
fertthizer into grasshund and ploughing in the fertilization on the farmland within
one duy. Finally. nitregen escapes from the ground in the Torm of Na, which
comes into being during denitrification (see section 2.3.2 )

I table 2 an example of an N- and P-balunce of the ground ol intensively
fertilized grassland unto the ground water level is retlected. Ieappears from this
tahle that the total amount of nitrogen, which s circulating annually. is less than
)% of the total storage. This wimounts 1o less than 3% for P Durning discharge,
the point of departure s o guick decomposition ol mineral nitrogen that results in
areduction of 80-90% of the N.
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3. Translation Theory into
General Set-up

The desten of the precipitation runoff module is in line with the models that are
applied in the Dutch situation. whenever possible. In addition, the maost
important bottlenceks in the current use have been solved inthis design. During
the design process. o survey was held among water boards t investigate which
bottlenecks and wishes existed. The main conclusions of this investigation are:

Lincar reservoir models are applied frequently (De Zecuw-Hellinga, Krayenhoft
Van de Leur, De Juger or the Nash-cascade ).

Lincar reservotr models start from the effective precipitation as input. The
determingation of the effective precipitation lacks from these models (the purt of
the precipitation that 15 actually discharged).

Based on these conclusions. the design includes i soil moeisture reservorr for the
determination of the effective precipitation. linked o & linear reservoir model for
the description of the discharge course. In addition, a division into types of
surface 15 made in view of the differences in precipttation runeff processes. For
exarmple. i case of o paved surface only a guick runoff process witl oceur,
whercus an unpaved surface includes a slow component. By distinguishing
between types of surfuce and between subprocesses. the framework of the
precipitation runctt module is defined. In view of the objectives. the emphasis of
the precipitation runofl modole is at the desenption of the runott processes of
unpaved area. Figure 10 shows the framewaork ol the precipitation runotf module.

Reference Manual RAM
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fivire H0 P revnewor! of the precipitation rinofl iodle

This chaprer deals with the trinslation of the theorencal system deseription
ichapter 2o the conerad set-up of the desian cohaptor 4o T arcues the chorees
which were mades s nch processes were included or escluded . which
sttnplitications were made vtes This s worked out turther i detal tor each tope
of ~urtace. Bimalls the setap for the water quality part -~ worked ant Chaprer 4
deseribes e technical desion ol the precipitabion ranol! moduale

3.1 Open water surface

T open water losses are due o evaporation only . The ciiective precipitation is
therelore simply calculated as precipitation mnnos the apen water ey aporation.

Fhe by dvagraph s deserthed By means ol acwanvde hnear reservorr deserthing the
eitect of delas die to storaoe i the open water nsell

3.2 Paved surface

The Josses occurmme mecase of pay ed surfaces. consst of noistening and
evaporation ol the s e surlace. These Tosses e heen pat cqual o the open
waler evaporation and w0 be mimer i general.

[ the description o the D deologte evele pavaed sartace hus heen divided i

o Poved curtace inrural wrea:
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3.2.1 Rural area

3.2.2 Urban area

e LUrhan arca;
®  (reenhouse area.
‘Fhe discharge from paved surface is therefore divided into three subflows:
1. Paved surfuce discharging direetly through the drainage systern;
2. Surface discharging through a sepurated sewer systein,

3. Surfuce covered with greenhouses

The dischurge of paved surtace in rural arcas may he entered directly under
subflow | (puved surface that discharges direetly through the drainage system).

A pereentage of the surface can be defined to he open. In that case a part of the
water will infiltrate W the unsaturuted zone. The discharge of the infiltrated water
15 treated by the unpaved arca pact.

The discharge of vrban arcas occurs through the sewer system. The way of
discharge 1s dependent on the type of sewer system. In case of @ mixed sewer
system, the precipitation is discharged in principie through sewage veatment
plants. In case of extreme precipitation, part of the precipitation will be
discharged nto the surface water by means of overflow.

The effluent discharge of sewage treatment plants is measured in general. In the
set-up of the precipitution runoff module this discharge is not included. but the
point of departure s that itis entered directly into the flow model, This also
upplies 1o the discharge of overtlows,

{n case of a separated sewer systen, the precipitation on paved surface will be
discharged by the sewer system through the drainage system immediately. Part of
the precipitation wikl be stored temporarily in the sewer system and on the paved
surface. In general, specific models (Nationule Werkgroep Riolering en
Waterkwalitei, 1990 and Werkgroep Afvoerherckeningen [Workgroup
discharge calculations |, [979) are used Tor the desceription of the discharge
course. The output of these models may be used directly as input for the flow
maodel.

In the precipitation runoff module un improved sepurated sewer system can be
treated. The discharge from o sewer sysiem is moddeled by meuns of a storage
capicily 1 the sewer system and o pump over capacity.

The discharge from u separated sewer system is described in a sharply simplified
way. The user is able to choose hetween:

Detuiled application (caleuaiate dischargze from the sewer system by a specific
model):

Simple applications {calculate discharge from the sewer system by the
precipitation runotf module).

The choice between hoth applications will depend on the desired accuracy of the
calculations and the presence of input data.

Just like the paved surfuce the user can define a percentage of the surlace to be
open. In that case a part of the water will infiltrate 1o the unsawrated zone. The
discharge of the infiltraied water i treated by the unpuved area part.
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3.2.3 Greenhouse area

Tl crop in crecnhowses needs water, This water canbe supplhicd msso wass,
First fronn aoreservon s Incl the precipitation i bept amd ~ceond by supply
Fronm i diiih veater conpany

The disclinee fromn sreenhouse arcas mas be cnierad ditecths ander subtlow 3
forcenhonse surtace

3.3 Unpaved surface

Forthie runcd! proces-es of unpas ed suriace. three processe s were distinguished
e precipiation ronofT module tsee section 2220

| Intiltration o the soil morsture tirsalartad zone
2 Percolanan naahe around water catiratesd zoie
i

Crromgd ot shschiarge into the dritneee <y sbenn

These processes e denmeuished 1 the precipitatan runol b moedule also, This
setup oretlected i braue 1

Do~ A Inttration o the sorl mosture

procipitdion

strface dischirse

e N N

-——

hiheron ~toraue o e surtace depressions
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process B Percolation inte the ground water

infiltration crapotranspirition

pereolalion

Solb morsture content
pE =0

actuil il

tadIsture copilet

sol moisture conter
pl -2

R et

purcolation

SO MOISTURS reservanr

putential

cvapolrmspirarion cLapotianspiration

perenlarion

= - \
\
N N
\ \
\ .
\ N
\ \
\ .
\ v
\ \
\ .
\ N
AY
2 12

evapotranspiration and pereolation relation

process C. Ground water discharge into the drainage system

pereolation

~
al

ol
ad

al
&
al

|

L]LHL‘R camponent of Slors COITIPOSEE I ot

ther gerndnied woarer thie vronsd warer

disclinrpe tischaroe

Option |2 two paratlel Nash-cascades

percolation

N

X
LR,
i

guich conmponent nf slows component of

the: sround water

the crount water

dincharge dischirge

option 2: Combimation Nash-cascade -
Krayvenhofl van de Leur

Jigure 112 Set-up runoff processes wipaved surfuce

3.3.1 Infiltration into the soil moisture (unsaturated zone)

The infiltration into the soil moisture is determined simultancously o the

processes as deseribed in section 2.2.2

A water balunce 1 worked out for the

Reference Manual RAM
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3.3.2 Percolation into

precipiiation esimrtaee depressionss swhere the precipitztion is either infiltrating
o the sorb morstire o s dischorged as swrlace runot!t The amount of
precipitation that ifihates s determined by the mbiloatnen capacits of the soil.
wohere the mtilration capaciy is assuned constant it 110 the precipitation
PHCTITS surpassas e inbilranon capaciiy e remaning et of the
precipitation sl e steredogthe surtace Tevel mnthe surtace depressions 18 the
P sterae e surtace depressions s e seds e exara preaipitation

aoll rumottover the e ds surlace Tinett,

the ground water (saturated zone)

[ the desarption of percolation inte the eround soarer recarding the precipitation
runott module. aochoree has been mde between o phe<ical mathenatical
deserpion of the provesses and adescrption Based onanadosy of the oceurning
processes, without deseribing these exuctly teoncepnnd models, The
comtderations mwds o arrive a the choree torthe precipnation runof! madel are

addressed helosa i tmther detal,

The discharae o precipitation s detenmimed by o munber o mpat duta
renapotraspradion and precipitation intensits ot eovariogs soil and terram
propertics of e catetinent wrea tdiliration capaones - actoad s and
it orstne storaee, the degree of dradnacc, prosence of lomns Livers,
tickness of e unsatnrated cone. cleo, Baspecialty the sorlnd terrain properties
prees vy wadels el acatehiment arcas These are not onds dependent on the
tope ab senls batalsoron the ground use and the stage of croeaths e addition, o
punsther ol parimeters are olten uithnosw i esueh s inbilteadion capagits o,

Therctore it is not shple to transbie these soil properties o arei paramelers,

Physical roathematical iodels are based onadesonpion of the oceurning
provesses, Modehine those requares aovast dnoant of parameters to be entered A
Liree purt of these parimeters willo hossever, be unkoess i and the translation
toaren values odineult

B order o steer Clear ofmthie above-menuioned prohlenns s conceptuad models are
ofter ased Tor preciputaton runolt models The models deseribe the hivdrograph’
fathier thers the real runodt provesses An evanple ol woonveptual medet s the
Wigenineen model Inthis mode ! the mature of the canous processcs s deseribed
Cosorl nostuie” reservoir tor the storaee m the unsaturded Zone. comection-
dittosion cquation imd maodel Krasenhory van de Laur for the quick respective
Sdevs vrotnd winer runotty The paranwters i the menlel donathas e wdirect
frneasurabloy plecacal meaning. hut should he deterinnied by calibravon. T the
tode o has oo attempted o ot the number o porameterss so that aoset tas

stch s possibler mde penden parammeters comes e enistenee.

[0S mportant toodistinezo -t betecen the v runoth provesses ssrlace
pnctt intertTow . drainage and sk zround swater discharze for a correct
deseription of the soater qualits . In physical-mathersatical models this distmeten
Boneedes i conce ptuad moedels it s nolbimade. It is renrked s howesers that the
wartos runot! processes cannot be measured sepinatelsse that with resard to
this aspect Jithe stenibicance nin be attached tothe re-ults o aphiysical

mthernaticad model

The pomt o departore nothe deselopment of the precipitation runett medule 1~ o
model tor operational ase csimple set upwith a fiited nomber ot input
paraanctersn A phy srcal-mahematicad moded requires caensive knowledec ot
e processes and wrelats ey larpe nnnber of parameici need o be deterimined.
Pheretore. aeoncepral made] fits the pomt of deparure o @preapitution
drainaec module Tor operational use estmple set-upo i a better was - Bor thins
reason aoconcepttad toodel s as Chiosen tor the precipnation ranot! madule.
Florehy the poiat ot deparare s the seth msrstare vesersoir tahen up in the
Warempger el e addinons ihe adaptanons proposed B te steerny
vormittee wd the caemal experts have been inelud ol
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A water balance of the amount of moisture in the unsaturated zone is maintained
in the soil moisture reservoir. The replenishment of soil moisture in the soil
maisture reservoir is the caleulated infiitration, the outflow is calculated as the
evaporation and the percolation to the ground water (see figure 11). Both the
evaporation and the percolation depend on the actual sonl moisture content. The
potential evapotranspiration 1s determined based on the reference crop
evapotranspiration and a crop factor. i crops have not been supplied with water
in an optimum way. the actual evapotranspiration 1s smaller than the potential
evapotranspiration. The reduction is caleulated by means of a linear relation
hetween the evapotranspiration and the actual soil moisture content, where the
actual evapotranspiration decreases form the potential evapotranspiration at ficld
capacity towurds zero at the wilting point. The percolation into the ground water
also depends on the actual soil moisture content. This is described by means of a
lincur relation between the pereolation and the actual soil moisture, where the
percolation decreases form the maximal pereolation at saturation towards zero at
field cupacity,

3.3.3 Ground water discharge into the drainage system.

Finadly the effective precipitation will discharge as ground water into the
druinage system. Due to the resistance of the soil for water flow, a significant
slowing down effect will occur due to storage in the soil. Due o the similarity of
the dischurge processes with a delayed discharge due to the resistance in the soil.
and u lincar reservoir with a delayed discharge due to the resistance of the
opening. this process is described by means of lincar 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
fsection 2.2.2). This distinct was made because of the difference in
characteristics of the processes and water quality. Both the quick and slow
component of the ground water discharge can be defined as @ configuration of
linear reservoirs. Two options are incorporated in the precipitation runoff

module:
|. Two parallel Nash-cascades;
2, Combination ol Nush-cascade and Krayenhotf van de Leur.

In the first option. both the hydrograph of the quick and slow component are
described by o number of linear reservoirs in serics, a Nash-cascade. In the
second aption, the hydrograph of the guick component 1s described hy means of
a number of linear reservoirs parallel, Krayenhott van de Leur, the slow
component by means of a number of linear reservoirs in series, a Nush-cascade.
Using both options, it is possible to simulate afl widely applied models such as
De Zeeuw-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 specily the model according to the apphication. 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 o smill
time constant of the reservoir will give a better deseription,

3.4 Total runoff

In addition to the ground water runoff a term seepage is included. This is
explained further in section 4.5, The total runoff of a catchment area consists of
the discharge from the three types of surface and the term seepage:

- Open W.alcr (()ln;n::\ 'M:T:..‘J.-
s Paved surface (Qp,

e Unpaved surface (0,00
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s Suepage Q0

The dramage of unpased surface consist of the ranelT of the subtlow s
s Surface ranott 1) i
o Quick component ground water discharge 11

e Slow component ground water discliarge 1) 0

3.5 Water quality

The composition of the dischareed precipriation depends strangds on area-
specttic propertios such as sorl properties. degrec and intensity of fertilization
and Taed usel In practice, usually no measurmng data per catchment area are
availuble. An additional complication i~ Ui various subtlows muy be
distinguished. which differ in flow rate and qualiny . Measuring duta tor cach
subflow regirding How rtes wnd consposition should be availeble. in order to be
ahle 1o drs o final picture of the quadite, Posabl i iy be tried o determine a
guabty -flow rae relation for the drained precipitation. However. this requires an
extensive and lengthy mcasuring progran. Only few data are foand in the
fierature.

An alternative for an INCnsIve measuring cinpaien tor surface wuter or
subflows 15 the use of w model inwhich the quality deselopment of the drained
precipitation i sonulated based en a small number of tnput parameters. In the
technical design g ~ubilow approach has been worked out, Tt was tied o imdicate
aquahty tdevetopnienty ter alt the subtiows, based on the Iterature. Taraet
values are sphtup for tope of fand vse and degree of ferulizauon. 10w as not
possible o find target values™ for all the subflow s usng this method, Tois
naportant o understand that this s gbout strongly simpliticd treet values
(possibly with bundwidthsy with a certain maccuraes. The user ni decide
whether itis possible to caleulute with these i o sutticientds reliable was, or that
wsupplementary measuring cumpaien should be carried oul

Both solutions mentioned above include disads antages. Measuning campaogns
are expensive and compared o the required space and ume. usually provide a
very limited picture only . Models are w istrongls ysinphibied retlection ol the
reality . so that arca-specific propertios or essentisl processes man be lacking. 1n
the precipitation runoll meduole o pragmatic maode] his been chosen as the
solution. A byg advintage of this is that water managers will recene a ol to
obtain a st impression of the background values, wlso in case measuring data
are lucking for the greater part and that they will be able o continug their model
studies. Based on this tools they will be able to decide Tor thenmselsves whether the
required reliability is Tultilled Tor the objective of the question, A comparison
with the quality developiment of the receivimg surface water can be made guickls.
sor that serious mistakes will be noticed. Should it appear thar the precipitation
runoft module differentiates wo little in many cases it mas then be deaided o
carry oul measwing coupaigns untit further notice,

Similar to the hvdrograph i is strongly recommended to calibrate the model on
measured concentration.

The runoff of natricnis of pased surfiace. orgamic Gxed N s aomain component
ENWRWLTORG) This rerm has not been included i this version of RANL
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3.6 Remarks

Only part of the drainage system (primary canals) are included in the flow model.
Within the catchment arca defined. also a drainage system is present (secondary
and tertiary canals). These watercourses are indicated in the precipitation runoff
module as “open water surfuce’. The contribution of open water surface o the
total runoff can be neglected in most situations, because it is only a small surface.
But, the discharge from open waler surface directly affects the water level.

As part of the schematisation, the user will define the catchment areas in the flow
model. The precipitation runoff processes within a catchment area are
determined by soil and terrain propertics, such as slope and soil type (see chapter
2). The properties may, however, also vary strongly within the defined catchment
area. The point of departure in the precipitation runoff module is that only the
types of surface (open water, paved and unpaved surface) are distinguished.
Within these surfaces, the catchment area is regarded as being homogeneous: the
soil and terrain properties may be described as one (weighed) average value. The
spatial variety within the defined catchment area is translated by the model’s
parameters. This implicates that the user him/herself is responsible for splitting
up a catchment arca. i a diversity ol soil and terrain properties clearly cxists.

In the model the runoff course is determined at the discharge point of a
catchment arca. Within a catchiment area, however, also a drainage system is
present. In casc of large catchment areas, storage in the surface water may play a
part. This is discounted in the linear reservoir.

The elements from the Wageningen model (Warmerdam, 1993) and the model
BUIBAK (Hartman, 1994) are incorporated in the precipitation runoff 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:

e Open water surface (section 2.3.2);
*  Paved surface (section 2.3.3).

¢ Unpaved sorface {section 2.3.4);

¢ Secpage (section 2.3.5).

After that, the technical design is worked out in further detail per subprocess for
cach type of surface. The subprocesses described in subsections are:

e Storage in unsaturated zone (determination of effective
precipitation);

e Storage in saturated zone (determination of runoff course),
s [escription of the water quality.

Time step

The user defines the time step in the precipitation runoff module, which remains

constant during the caleulation. It is recommended to use time steps similar to the
time step used in input data as precipitation and evaporation, commonly given s
24 hour data.

Calculation discharge from linear reservoirs

The calculation of the runoff tukes place in two steps. First the specific discharge
(unit: fmm/day|) per time interval is calculated. Because the inputled
precipitation intensity and reference vegelation evaporation applies to the
preceding time interval, the speeific discharge at point of time tis defined as the
specific discharge during the time interval 1-1 1o t. In the second step, the specific
discharge is converted 10 the momentanious discharge at the end of the time
interval defined at point of time t funit: fm 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 precipitation 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
intensitics 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 dayv o 24000 hours on the das involved tKNMIL

DAY

Description Water Quality

The emphasis of the water guality is at the prediction of loads tor ammonium
CNHA L nitrate tNO 3 and phosphor tPO3. The Toads sre determined as the
products of the cadeulated discharges and the concentrations. The concentrations

of the nuuients can be derived trony the target salues, as obtained from the
literature. The targer vidues are stated when tound in iterature. specificd for land
use, sopd tvpe and type of discharge. surface runott, slow and quick component of

the ground water discharge.

4.2 Open water surface

4.2.1 Determination of effective precipitation

The etfective precipitation for open swater 1s casy o deternnme, The losses are
caual to the open water evaporation according to Penmuann (GHO. T988). The
cHective precipitation per thine interval amounts to

. S
Noopen_water. I

v

Input b [n/eliy | Precipitation miensity
£ i [ mm/day | Reterence crap evaporation Mukkink
Muodel parameters / [-] Crop factor Makkink tor open water
0

Output

Noopen_waler .

[mm/day |

Ftiective precipitation open water surfice

The crop tactor for open water i cqual 1o /:“ / I:R i hirch /‘_'(

)

v the apen water cvaporidion according o

Penmann, The tactor saries someshin but ooy approsimatehy be equated winth | 25 rCubuanechusch Vademecum,

1 U8y

4.2.2 Description of the Hydrograph

[During dry periods the open water evaporation is lurger than the precipitation

intensity . Inthis case a negative effective precipitation s caleulated. which

cquals a precipitution shortuce, simufating ey uperation out of surfiace water in the

drainage systen,

The drainage of the epen water surface 1s determimed by means of one hinear

FesCry Olr.

)

)
“rpeh

(e _wdter.t

:(11

-
open waterd — |1

3

'*‘\I/.i:”

wad ‘
weller f fpeil _weiter [H]’(‘.'i_ witler.f

. [
Noopen _water !

—Atlk

|-

(JJ

(2-4)

{2-b)
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mlput # [mm/duy | Specific discharge open water surface
Yopen_water,t ~ 1 ({ormula 2-a)
P mm/day Effective precipitation open water surface
N open_waler,t i ay] . precip P
(formula )
[hu| Open water surface
open wdler
Model paramcters kU [day] Time constant reservoir open water surface
Al [day| Time step
a’:‘ # [-] Conversion factor units
Output O [/ Bischarge open water surface
“openwdler,!

* For jut point of time t =0 a vildue of 01y taken

q(}p(‘nv wealer, -
#E The conversion factor is equal to 11/124 = 3600)

Target values time constant

Ir practice. hardly any stowing down of the discharge through open water will
oceur, In this case a value of £ may be taken as tme constant, In relutively targe
catchment arcas slowing down may, however, play a part, In this case a target
value of 00014 4 0.002 days may be taken as time constant, in accordance with a
lime constant ol paved surface (Cultuurtechnisch Vademecum. 1988).

4.2.3 Description water quality

Nitrogen

The nitrogen in the precipitation on open water forms a direct emission source 1o
the water (the time interval between the precipitation supply and the precipitalion
drainage to the water is zero). This means that no processes oceur that are able to
influence the N-content in the meantime. The nitrate and ammontum loads
through this flow to the canals may. therefore, be deseribed in accordance with
the vere order relation:

S NHA ~ N open_nwater it = Qr)p(’ni weter .t ¢ NH4 — N, precipitation. t (3-4)
S =( o 3
SN()} — N.open_waler,d ‘-)npmr_ waterd ¢ NO3— N, precipitation.t (3-b)
Input 0 Lm 7| Discharge open water surface (formula 2-b)
=open_waier,! '
Muodel paramete ' L » N/I Am ium-N concentration of
parameters CNIM— N, precipitation .t Img N/} ! ”.”‘,’””?m concentrl
precipitation
' L s N/I Nitrate concentration of precipitati
('N()EfN.prer‘rp!.faf.frm.I Img ] ale concentratio precipriation
utput , N Amr ium- ; open water ace
Outp A NHA = N .open_ water.1 [ N/ Ammonium-N load of open water surface
y Nitrate load of open water surface
A NOB— N open_water . fo Nis| wrate load of open water surface

In the drainage system all sorts of processes oceur., such as nitrification and
denitrification, which influence the actsal wmmonium and nitrate contents in the
canals. This aspect is described in the flow model and, therefore, is outside the
seope of the precipitation runoff model.

In addition o nitrate and ammonium, also organic fixed nitrogen may be
supplied with rain water. Rain water often contains a considerable amount of
suspended solids. In this phase of the development. organic fixed nitrogen is,
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however. lelt cut of consideration. Organic fised nitrogen can be tihen into

account by the user i the concentration of the precipitation wnn.

Phosphor

The saine assumptions as for nitroven are applicabice 1o phosphor. This means
that the Toad is directds proportional to the flow . FThe phosphor load mas.

therefare. alse be described tnaccordance with o zero ander relation:

2 P—1otal upen

weeler  f

=0

~
e wdierf

€ .
P —rtorad, precipiiation.

Input @, Y et fm /| Discharge open wider surface ttormula
sape wetler. N
pen. 2-h»
Mode! parameters ('J{J wotet! tion [my P/ Phosphor concentration ot precipitation
AL e RGN
Ouiput S, [o P/s] Phosphor load of open water surface
P wral open _vwater.

Target values

The composition of raim water 15 reasonably known candehh Revenwater
meetnet [national rain water measuring network ) of KNMIZRINVAD, In table 3.

the contents of ammoentum. mitrate and total phosphar i the precipitation are
reflected tvad, Meenr v al., 1985y From these Bigures estensive spread of the
mesuring vilues appears. Possthly more speaific measurning data are available
per location [A factor 0.0T4 applies 1o the conversion of g maol/l o mye N

Teble 3 Chverview of the cverave concenirations of precipitation (vd. Meent
T RTIANATARY
Armmonium-N Narrgte-N Phosphor
fmg N fme N fimg P-total/!)
Mediun 24 1.2 0.11
Mintmum I3 £.00) ).06
Maxhmum 6.l 1.5 (.27

4.3 Paved surface

4.3.1 Determination effective precipitation

Forall surface types one method s wsed tor modetimg the precipitanion Toss, The
preciptation s collected e a reservorr, which s the storage of the paved surface.
frontwhich evaporation und infiltration takes place. The precipitation which
ciannol be stored. mtiltrated or evaporated s dischareed as surface ranot! and
forms the mput far the discharge retardation moded,

Boecause of the difference of storage and infiltration depending on the 1vpe of the
surlace o distiction is made between open paved surtace and closed paved
surface. For cach type of paved surface the eraporation s set eyual to the open
water evaporation according (o Pennunn. Al surface runoft s discharged.

Effective precipitation at open paved surface

The precipitation loss ot apen paved surtace 1s determined by three processes:
evaporation. inbiftration and storaee. The storage i~ considered as oreservalr
tromi w hich cvaporation and idilteation take place, The mitduation at open paved
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surfaced is deseribed with o constant infiliration intensity: the infiltration
capacity (same as infiltration in unpaved surtace).

In general it can be stated that a constant infiltranon ingensity is reached within
24 hours. The here intreduced error is Jimited at timesteps of more than one day.
The infiltration intensity is caleulated over the timestep iy tot 1, The rainfall
intensity fover the time step) minus the evaporation (over the ume step) 1s added
1o the availuble storage at the surfuce at the start of the timestep.

If the rainfull intensity and the availabie storage minus the evaporation are lurger
than the infiltration capacity. the infilteation intensity is set equal to the
infiltration capacity. The infiltration capacity varices with time and is given in
formula 5.

3 . ]ju" f - . .
lu,r = P.ﬁ,r - f " [Lu + At if P A+ Bn‘r-f 2 f o F. At and (5-a)
li J{)J/.{ - _/‘U En + h,“li ! S lu,m::x
At
Iu‘f = [um.m if Pt’u Ar + lfm‘ ! 2 .fu Ejm A[ and {S'b)
. . B
il l)b.i - / o bm + A; =1, 1%
[, =0 i P, AN+ B, < | E A (5-c)
F[nput Py, [mm/day | preci;itatiun ih"Lcnsity
| B [mm] storage at open paved surface (formula 7)
| _ E, mm/day ] reference crop evaporation Makkink
} Model pararmeters L frm| i infiluration capacity
I, - crop lactor Makkink open water
F o ot . lday] o Timestep ) -
outpul ) L T [mm/day| o infiltration intensity - _j

For B ab timestep 1= the value equals . resenibling a situation without surface storage.
" The crop Tactor for open water equals 15/F, where Bois the open water evaporation according o Penmann. The factor vanies a linle. but is set

cyual to 125,

Formula 2 gives the maximum infiltration cupacity at time step t according o
Horton.

The formule for the reduction in infiltration cupacity applies when the
precipitation intensity surpasses the infiftration capacity of the soil and as long
water 1s present al the surface (in depressions). The formule {or recovery of the
infiltration capacity applies as long the surface is dry. From the moment the
surface storage is empty the formula for the recovery of the infiltratrion capacity
applies antil the maximum infiltration capacity 15 reached.

IU‘IH;:,\.I =/ +( Ih - lr‘ ) (’71‘ ! if lfurm:‘ P = [h or (ﬁ’a)

. - B
it P.';.r‘f;,[in"" A; >0

lff,m-:'rf: If.n_(lh— lr-)(’lﬂ"f 1 }U.‘;_i - ‘/‘{)[i,',"" BS;’ S() (6-h)
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op

i JE— -
Maodel parameters

, ouiput

.[ Input

model paraineters

| output

Joor Boy o toe step G covadae ot gris ab e oconndigg

P, fmni/day | precipitation intensity
I, Cnmm/day | reterence crop evaporation according o Makkink
B finimg storage at open paved surfuce dormuda 7y
o I masimum miiltraton mtensity at timestep ttormula )
| {m/day nrevimtm antilration intensits at iimestep U
I fromfday | nEeanEn mliraton capacits
I, [ty | pnimun il Traon Gapacits
. [duy | L step
k. [ iday] e tactor for reduction mtilration capacity
Lk, [1/davy |t factor for enlarging infiliraiion capucity
ﬂli, o R 4+IL‘!'(IP“11L'U)[. \h}_\}\mk for Open waler o
o _Immddan | Cmaxnmun Infiltration al e step t S
[Fthe precipitstion intensity minus the ey aporation surpasses the infiltraton
capaciiy. the water is stored i surtuce depressions tprecipitation poolst. The
precipitation thus stored @il eventually evaporate ar mtiltrute. or will be
dischiarged as surface runolt. The storage at time ts deternuned with aowater
balunce Tor storage it the surtace. Theretor the precipitation mtensity tatter
craporationy minus the mihtration intensity during the mervad ©1 o tis added 10
the prosent storaee at the suwrlace at the start ot the inters al oame =1, When the
makinnt storage i~ resched surtace runott starts. Theretor the storuge is set
cywtl 1o the nresimuon storage at the surlace,
K. =1 WP A+ B < b Aren 17-u)
TR B AT
At
Bo=lPu-f B A+ B,

it AR R 2 E Arand

- E T+ B >fo.. und
Y,

WP BT INYRLSRE L

(7-h)

B.=1 ... i -+ B >0 . 17-¢)
o At .
WP - B N>

Py Fnn/day ) precipition intensis
! 1. [mmiday | mtiltration mteisits Hormula 5y

B | storage at open puved surface itormula 7)

I Imni/day] reference crop evaporation aecording to Mak-
S . _ hink

| Finmdday | mfibtration capacity

B, . [ 11t Masnunt staraee at pased surluce

£ [ crop luctor Makkink tar apen water
LA Clday] e siep —
|13 ¥ i) storage al open paved surfoce _ o

S DR Wt s tace slarape

The wmount of preaipitation dischurging us surtaee runotto s depending on the
infiltration capacity ol the open pused surface. the precipitation imtensity and the
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. storage in terrain depressions. When part of the storage surpasses the maximum
storage, surfuce runoff starts,

d B, g1 B JTRX
P;\‘,u,: = Pm - f P Er‘r + ’ - 1-‘;,1‘ -
At At
II (P,l,.g B _f‘,, Er,f - ln,f ) At + l))r:,!-.‘ > [f'».m;(x (x-d)
P-‘\",U,r = () if ( P.‘J.i‘ - -}(-r; Er,;‘ - lu,,‘ ) At + Bu‘]—f S ljnm:u (Sib)
"_rlnput [P, Jmm/day| precipitation intensity
ol [mm/day] infiltrution intensity (formula 5)
D Boiy | [mmj storage al open paved surface (formula 7)
E., ) l (mm/day] _reference crop evaporation according to Makkink __J
model parameters B. s i [mm]| maximurm storage at surface \
f, [-] crop fuctor Makkink for open water |
L . 41 | [day] lime slep i ?
| output Po | [mm/day] surface runofl at open paved surface o 1
. " Fur B, attime step =0 the vidue Ods used. according o situation witlour surface sterage.
Effective precipitation at closed paved surface
The precipitation foss at elosed paved surface is determined by two processes:
evaporation and storage at the surfuce. The storage is modelled as a reservoir from
which evaporation can take place. The precipitation is immediately stored.
Depending on the precipitation at time 1 and the storage at time t-1 evaporation takes
place.
In the case the evaporation in time step -1 to Csurpasses the sum of the precipitation
in tyhe same time step and the storage at time L. than the storage at ime 1-1 18 set to
zero,
When the rainfal minus the sum of evaporation and storage al time t-1 surpasses the
maximum storage, the storage at time Uis set equal to the maximum storage.
]3;11 = IJM AI + Bc:.l 17 ,/-;, t‘f‘! At
it P At+ B2 FE, At and (9-a)
if Plu AI + [f;{,l—l‘ - ,/.,, En‘ Al S [}I‘JVHIX (()-b)
Bg,ﬂ = 0 if Ph.ﬂ At + B;'.f-.’ < ./‘,, Er,! A[
[3:41 = Bv.max ” I)m A[ + Bﬁt / 2 .f,, Er,f AI and (9"”
if Ph.f AI + l));.{,f-f N .f,, Er.i AI = Bu,mux
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; Input I, [rom/day | precipiiation mtensity
: B [nomj storage it closed surtfuce tformuia 9)

k. [mm/day | reference erop evaporation according to
| | o o L Makhink o 4
\ maodel parameters B.. mim| MU storage af paved surtuce
: ! |- ] criop factor Nukkink Tor open water ‘
T Y _time siep o )
[illj_}_l_uﬂl S B, [mm]| 7 storage at closed surfuce o

for B attime t=0the salue psoseno ecordime tos s soathont stoaese ot losed soetace

mnput

imode] paraneters

j ()uibui )

The quantiy of preaipitation discharged as surtace runott. i depending on the
precipitation mtensity. the evaporation and the storuge at closed paved surfuce.
When this gquantiny surpasses the masimum storige surfiace runoft starts,

IJ_\ = [)m -

()

i

AP\ -

Cmimddiy

precipilation intensity

L. B

for -

’ At Al
WP - E gAY B> 8 . f1O-a)

wiop.-f oMY R SR i 14)-h) .

4.3.2 Description of the Hydrograph

———— -

¢ Input

maodel parameiers

|
t
Umpul

{m| storage at closed paved surbice thormula 9) ‘
Cmmdday | reference crop evaporation aecording to Aukkink o
I maxinmn starage sl paved surfuce
[-] crop factor Makkink tor open wier
iy e step - _ o .
S mmdday | strface runotl at closed pased surtace . |
For the cadealation of the discharge of surtace runoll o disnenon i~ made for
open and closed paved surfsce. The Tollowing tive surtace tvpes widl he
described: open paved surface with sewer systen, closed paved surface with
sevwer systen. greenhouse surtace. other open pasad surtace and other closed
pied surtuce,
Open paved surface with sewer system .
The surface runod T Mows retarded 1o the sewer ssstent where 1t as stored, Part of
the stored water will be pomped 1o asewer treatment plant, I the quantity of
surface runolt sarpicses the storage capacits of the sewer sastem. the surfuce
runoft is directed to open waler.
Po=pee e M e Y e e
AT AL ALt AL

[m/day |

fmm/day |
~ homidda |

£

[day]

[ha]
 Iha
Clmmfday |

B..=0

surface runof? on surlace with sewer system dformula 11

surtace runett on open paved surlace tfonmula 8
Cstirbace runoft on closed pased surtace dlonmuala 10y

!iI!lk' constant of resen (Jil'

tine siep

open paved surface
 closed paved surtace
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Bm.! = { lph"m‘ - !),,, )AI + [}m‘!r! if IJ.’:’ ot At + Bnu ¢ 2 p()(.' Al and (lsz)
if ( P.’fu - JDUC At + Bm‘f-f < Bmﬂm:v.
[}m,f = Bm,m.u ﬂ ( P.’f‘r,l - poc At + Bm,r-i 2 Bm,max (12_(‘]
[-“irlpul Py [mm/day| surface runoff on surface with sewer system (fog-
. mula 1)
; 'L B [mm] storage in sewer system (lormula 12)
" model purumeters | poc fmm/duy| PUIMp DVCT Capacity
4 [day] time step
B [rmm] MAXIMUIM SLOTage in sewer system
oulput L B [mm | B storage in sewer syslem
© Por By at dme t=fthe value is set to U, according 1o a situation without storage in sewer system.
Bm.lr.’ Bm.mdx
Cf,,\,,—Pu,;,:'p”( + A - A[
if ( [)H,N N p()(") At + [jml ! 2 Bm,mux (lj’-d}
q.’:‘ ol = () if ( [)fi,r.i - p()('.) AI + Bm,f i < Bm,mux “’%'b)
Qb"r.{ = ( A” ¥ + At‘-"' ) q;‘i.r,r ) l 3-C)

'
I

input Py I Jmmiday] surface runoff (formula 11)
B ! [ | storgge in sewer system (formulea 12)
Yra [mm/day) specific discharge open paved surface (for-
mula 13)
A, Thal open paved surface with sewer system ,
7 AL, ‘ [hi] __closed paved surface with sewer system '
model parameters Poc ‘ [mm/day] puUMp OVer capacity
A [day] time step
c B [mm] Maximum storage in sewer system
Cu - Factor
output AT CIm fsed] discharge from open paved surface with

SCWLr sy.slcm

Factor equals: HE24-3600;

greenhouse surface

For the discharge resulting from grecnhouse surfuce two systems can be
distinguished: discharge throuah storage and through direct discharge. For every
applying node in RAM the user has (o make a choise between these two systems
{only if greenhouse surface;. If no storage is available in the greenhouse area the
value for maximum storage By, .. 08 set to zero.

Puw=Puesioe W 4 P (1-¢ ks J (14,

Input | Puy [mm/day] . surface runoft from closed paved surface with sewer syslem
i {formula 14)
Py, [mm/day] ’ precipitation intensity from closed paved surface (formula
] 12}
model parameters |k, (-] ‘ Time constant reservoir
7 B 4 _ day] o Timestep o

outpul Py, - [mm/day| ! Surface runoff from greenhouse arca

Blu,; =0 if PH,H AI + Bl:u ! < /),4- At (IS'EU

Bio. =0 Py~ p, )N+ By i P AL+ By 2 P A and (15-b)
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fnput
|

muodel parumeters

oufput

] n-put

|
| model parameters
|
I

r outpul

Inpuit
|

model parameters

rc)ulpu{ o

Vi vadie 0

!fﬁ L

]fh.‘ HITERY

' [mmidiy

~hmm|

11 ( l)l'f:' 2T l”, )J-\! + JG B < B»‘“::_J-.

WP p I+ B Z B (15-c)

surface runot! from greenhouse area (formuia
14)
storage in greenhouse area (formula 13)

1]

FTHIAHAS
ldayy
|

maximun storave i greenhouse drea
Cpwimp capacity rizaiion water
_ Mime step _

SHOrage 11 grecnhotse area

The precipitation mtensity can be caleulated fram ithe storage.

(J"f,’»"

CJ"h';.«

()

< iy

[ [T

=Py p,)+

=(

SdlA ()

[mnifday |

[imm |
Pmmdedus |

Bo.. B
Ar Ar
WPy - A+ B2 B {16-u;
WP - PAMY B, < Bl (16-h)
(16-¢)

spectiic discharge greenhouse surtuce tfor-
miila 14
storage in greenhouse area fHformula 15)

surlice runoth Irom greenbouse arca (lormula
i

ha _greenhouse surluce ]
fmmj MaXImun storazee i vreenhouse arey
fmmifday | pomp capacily irrgation water
felin ) tme step ‘
ia .| Factor :
L . — S oo : -
Qi I ; discharge forn greenhouse surtace
other open paved surface
The retarded discharee fronm other open pased surface 1~ deternined with a
e reservor,
Yad e
G, =4, . . t P e T (17-u;
Q.. =aA.q, . (17-h)
oot | [mim/day | specitic discharge other open paved surface (formula
17
P [mm/day | surface runoft from open pused surlfacetformula 174
I . [mmdday | infiltration intensity dlormula 159
A Cthal cther open paved surbaee
ck [dliy Lme censtant resers onr ather open paved surface
| 4 [dliy | e step
gt B RN | ductor o B
Q. [ /s discharge from other open pased surface

it ime =0 set e 2o

Paved suilace which discharge is conneciod 1o open st
The facror coprals 10A247 3600,

other closed paved surface
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The discharge from other ¢Josed paved surfuce is calculated with a single lingar
reservoir. The reaction time s rebatively short

_ AL N,
q, wt qn.;ﬁj—! € Tt r ‘-".;’-"f(l te i ) (18-a)
Qr; s =d ( A”»’f qm‘;'.f ) (lx_h)
rinput C oy - [ [mm/day ] specilic discharge ather closed paved serface (formula
| 1)
Py [snm/day) surface runoft from closed paved surfuce
A, [ [ha] other closed paved surfuce
f . | — n o .
©model parameters ki | |day] . time constant reservolr other closed paved surface
At i [day| time step
a : (-1 facior
; R S N -
couput | Qe [lms] 7 discharge other closed paved surface ]
’ The value for g .y at tme t=01s sl o zero
Pavced surface connected M open water
The factor equals: HH(2473600)}
infiltrated water from open paved surface
The infiltrated water resulting from surface with a sewer system and other open
paved surface 1s determined with g single lincar reservoir,
— YT A ,
qufl_q'u‘f,f-nle i +I”J(l_() ‘ ) (fgid)
Q. =dq,, (A, tA) (19-b)
L Input |[ Soar | o [mm/day)| | specific discharge infiltrated water (formula 19)
i k. [mm/day| infiltration intensity open paved surface (formula 15;
i ‘ A, fhal | open paved surface with sewer system
i ) i A [ha] L __f_()l_phgﬂp_gn paved _suri‘ucc
model paramelers | k; [day] ©Hme Constant reservolr
I ay {day] time step
‘ A BEE | Factor
E@lpul [ Q.- | [m_’fs] ) discharge infiltrated water (rom open paved surface
Farget value time constant
The ime constant is 4 measure of the velocity with which the precipitation is
discharged . In case of paved surface o value ol 0.0014 4 0.002 days is penerally
taken (Cultuurtechnisch Vademecum, 1988 [f measured values are available, it
is more accurale to derive the time constant from the tail course of the measured
discharges. This concerns both the time constant for the reservoir for the
separited sewer system as for the paved surface.
4.3.3 Description of water quality
Nitrogen
The dischurge of paved surfuce originates (rom roofs and roads and is discharged
through drain ptpes or through atn} {fimproved § separated sewer system inta the
drainage system, It is also applicable to this drainage that hardly any processes
oceur that influence the N-concentrations. The nitrogen load may, therefore, also
he described in accordance with & zera order relation. However, it is indeed
applicable 1o this drainage that organic fixed nitrogen may be a factor of
importance. Thercfore, an equation has been included for this, The discharge is
described by the fullowing formulas:
) = N -¢
SNIT4 - N, peved 2{)(&‘(’4.1 C NH4 - N, paved . | (20-a)
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i 24)-h) .

. . 70
ShOoi A Cpreeved o Q;:mn/.! Cyoa o Cpaved .
S : 0 - : (20-¢
'\m‘g N peved o = paved org o Nopeved ¢
Inpul ) iy /s Drischuree paved surtace tormuala 6-0)
< prved ’
Maodel paramicters [ . e NS Ammonium-N concentration runoft pased
! NI SN pated g M '
surlace
¢ . . e N/ Nitrate coneentration runot! pased surtace
NOE N paved ! : - pee
: . o N/ Organic nitrogen in runedt paved surjuce
e Nopaved ‘ - -
Output ‘ ‘ v N Anmimoniun load of paved surtiee
I SNt paved RN pare
' ‘ NS Nitrate boad of paved surface
RO Cpeived ER v pad e sty
B [ar N/S Oyroame nitrogen in runott posed surtace
e N Cpaed : : :
tn the first sersion of the precipitation runotl module. the werm organic fixed .
nitroeenn his not been included.

Phosphor
Alsotor phiosphor the conventration ol the discharee mas be tihen as i constant,
The timetrume hetween precipitation and dischiree v shor so that the influence

Of TCOCDION ProCesses is ot

A 0 48 i2]
Sl’_}r:.’m’ﬂ prved o paved o Cp o perved o '
Iiput (} fig /] Discharee paved surtuce dlormula 19-¢)
“petved i
Muodel parneters ‘¢, [y P Phosphor concentration runolt paved surtace
Poototal pened :
Output ) v Phs Phosphor load of peved surlace
P Poaotad penved E ! ! ! s
Target values
The quidity ol the discharge rom s ed surface i determined 1o oo liaree degree
by the Tunction of the areac The Nationade Werkeroep Rioleriye en
Waterkwaliteit ¢ 1986y distinguishes the Toltowmy roan functions: .

. Rostdontial reas:

e Conmercial areas tshopss odhices, caterning companies. sceondars
housbiv function):

e Roads
. Industral arcas.

Fhe qualing of the dischuroed precipitaion also depends on the teope of sewer
system. The water gualing 1 case of animprosed separated sewer sy stem will be
ditferent from a ~parated sewer systenn I the Tower dischuaree amounts of
nnprosed separated sewer systenn ure tthen e account. it s acceplable to use
the siame tareet vatues for the concentrutions

The concentration ol pollutton i the discharze trom paved surtace fluctuates

stronrelv . I table 5 the bandwadih bers een which the concentrations sary are
mdicated,
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Table 4: Overview target velue pollution concentrations runoff paved surfuce { Nationale Werkgroep Rioleringen
en Waterkwalitert, 1986)

Residential Commercial Roads _Industrial
Areas Arcas ATCas
Ammonium {mg N/ 0.15-2.5 0.03 0.13-25 1.2-6.9
Nitrate {mg N/I) 0.1-07 ).2-0.5 0.28-1.4 5
Total Phosphate (mg P/) 0.22-1.5 3.1-0.6 0.05-0.48 -
N-Kjeldah] tmyg N/ 1.5-3.6 0.7-1.1 ().68-5.1 1.2-200

4.4 Unpaved surface

For the runoff of unpuved surface, three processes were distinguished:

l. [nfiltration into the soil moisture (unsaturated zone)
2. Percolation into the ground water (saturaled 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 H).

4.4.1 Infiltration into the soil moisture (unsaturated zone)

First, the infiltration into the unsaturated zone is determined. In addition, the
storage in the surface depressions and possibly oceurring surface runoff are
determined, These uspects are addressed helow point by point:

e Infiltration;
e Storage in surface depressions
e Surface runoff

The amount of precipitation that infiltrates is determined by the infiltration
capacity of the soil. If the precipitation inlensity surpasses the infiltration
capacity, the remaining part of the precipitation will be stored on the surface
level in the surface depressions, I the maximum storage in the surface
depression is surpassed, the extra precipitation will runoft over the surfuce
{surface runoff).

Infiltration

In the design the point of departure is @ constant infiltration capacity. This is
further explutned at the turget values for the infiltration capacity. The infiltration
intensity is caleulated for the time interval from point of time -1 to 1. The
precipitation intensity during the time interval is added o the storage existing in
surface depressions at the start of the time interval (formula 9-a). When the
precipitation intensity and the storage in the surface depressions surpasses the
infiltration capacity, the infiltration capacity is set equal to the infiltration
capucity (formula 9-h).

BI—-I B!—I
R 51 1 ) P Sl B 3.
Iz"b,r* y i”b,ﬂ’ Iy </ ax (22-u}
B
= i i B
[I_lmux [”b,t+ At /[max (22-b)

A specific situation oceurs when the unsaturated zone approaches saturation. The
maximum percolation cut of the soil moisture reservoir instead of the infiltration
capacity becomes critical for this situation (formula 9-¢, see also section 2.3.4.2).
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b <P .

[ - -
{ pfo- 0 r—=1 JHOPCOTIS
il -l P > (22-¢
! =1 JHOTC IS -0 :
Inpun N frm/day | Precipitation intensity
5 b
2 [ Storage i surface depressions dlormula 100
1o
/ [mmiday | Infiltration mtensity formula Y
S
@ [ Actua] moisture storage fformulia 14
-1
Muodel Parameters / [mun/day | lutiltration cupacits
IS - -
Al fuy| Time step
2 [ Percolation (o the saturated zone a1 pl=i)
pereomax
O 1 Moisture storgee 1 ph=0
! P [inin pet
Ouipun /r [mm/das | Intiltration intensity
- I-or /)", _q oAb pm o e 7= 00w valoe of O tahons cqualling o situation wothout storaoe 1 surface depressions, .
= {for II R peint of time t=00 a0 value of 0o akens cquallimg asituation without i luation
A For (I)(’ j dt point ot time =00 accadue of 00 tahens cgaallmg o situatiom with ticht capacits p! =2 o be determined

torm the Starimye Series ).

Storage in the surface depressions

When the precipitatuon mtensity surpasses the inliliration intensits . the water
stiys hehind on the surface level and s stored i surtace depressions, This
steraee in surface depressions depends strongly on the roughness of the eround.
The storage at point ol tnie tis determined witly s ater balanee for the storage
i surface depresstons, Faor this purpese the preaipiiation mtensity minus the
inhltranon intensits during tme interval =1 to ts added tothe storgee present in
the surface depressiens at the start of the time mterval (poimt ol tme =150 No
water remains i the surfuce depressions when this volume 1s smaller thun the
mbliration capacity tfovmula T0-a)y, When this volume surpasses the intiltration
capacity . water 1~ stored i the surface depressions dlornmula 10-by Surface
runofl will oceur when the wnount in the surfuce depressiens surpasses the

nuecimum storage tormuda 10-¢0. .

B .
i) - .
l;’! b] Il [/LF + v - /nm\, (23 .43
/)’l‘ 1 5
) . ) . . . 23
By =thy,, 1By o, \ ey 40 (23-h)
i I;’).r - l! BT “mu.\
B .
2 1 3 L. - . e
LI Bm;l\ 1! IILI + N /mu\ and {23-¢

1] "IJ/)_I 1'! 1A - H: |- Hmu.\
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Input iy Imm/day | Precipitation intensity
J[ [mm/day| Infiltration intensity (formula 9)
B * [mm] Storage in surface depressions (formula 10)
=1
Model Parameters i [mm/day| [nfiitration capacity
Bmax [mm] Maximum storage in surface depressions
At [day| Time step
Output B! [min/day | Starpge in surface depressions
# Tor Bt _p atpemtef ime t =0, a value of 0 s taken, cyusiling a sitation without storage in surface depressions
Surface runoff
The amount of precipitation that runs off as surface runoiT, 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.
Br Bmax
) _ I _ el op _ L
1N,.mr._r - Pb.f N At Ii Al if (Ib,r "I)APr Br -17 Bmax (24-a)
’ = if: 1] < N
Pr sury =0 11.(;;,)’! !, JA; B, _ | <B (24-h)
Input P Imm/day| Precipitation intensity
l', fmm/day| Infiltration intensity (formula 9
5 [mm}] Storage in surface depressions (formula 10)
-1
Muodet Parameters ]max Imm/day| [nfiltration capacity
Bmax [mm] Maximum storage in surface depressions
Al [day] Time step
Output Py cur s {mm/day]| Effective precipitution surface runotf
N sur, :
unpaved surface
* For H[ _p Etpointof time 1= 0, & vadue of 0s taken. cqualling a situation without storage in surface depressions

In this section the effective precipitation for the surface runoff is described. The
hydrograph is further described in section 2.3.4.3.

The evaporation from the surface depressions has not been included. The
evaporation is indeed included as evapotranspiration from the unsaturated zone
in the soil moisture reservoir. By neglecting the evaporation from surface
depressions a slight error is introduced in general.

Target Values infiltration capacity

The velocity of infiltration depends on the intensity and the duration of the
precipitation, type of soil, land use, and soil moisture content at the start of the
shower. During a shower with a constant intensity, the infiltration velocity
decreases exponentially from a maximum value f, at the start of the shower to an
constant value [ This value is reached when the soil reaches the field capacity
(sce figure 12). Vanous formulas have been developed to determine the
infiltration capacity of a type of soil.
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fivwre 120 Infiliration celocin

{n the preaipitation runofl module the precipitation runoll process is described at
a catchiment arca level, An averuge vaiue Tor the infiltration intensity in the
catchment area will have o be entered. The infiltraton intensity willo howeser,
vary widely per location. due to vanation inyvepetation and type of soil. In
addition, the infiltrauon intensits will vary in tme and wall decrease to o constant
value when reachmg the tield capacity tpk = 25 Generadly . the constunt
infiltration intensity as outlined in figure 12 will be reached within one das. This
vidue s named as the infiltration capagity.

Nocifiltration Tormuelas hase been included inthe precipitation runoff module.
Fhe user may enter an infiliration capacity for the catchiment areu involved.
which is constant in time. The error imtrodoced by this will be minor i case of
time steps of one das or farger. Table 5 gives un overview of the values tound in
the literature.

Table 30 Tarvet values infiliration capacit

Texture® Infiltration capacity®** after much
rain

Sand IWaseure and Fesen. TU82) 7.0-11 4 mm/hour

Finer wexture IR0 nun/hou

Very finc/disturbing fasers 1.3-3.8 nnn/hour

Impervious/cly with swelling 0.0-1. 3 miwvhour

Saturated clay soil (BUIBAK, 1093 approximately 4 nunhour
[eamy and peady sail 8 mim/hour
Very pervious sund approsumatels 12 mum/hour

The texture classes are copied from the literature.
The infiltration capacity s expressed in [mmdday | instead of fmmv/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 vegetstion. Representative tarvet vatues for the

s inun storage in surtace depression are difhicult to eive, m view ol the wide
variety of these paramerers within arcas. Based on the reughness and vegetation
on the ground. an estimate will have to be made tor this value. Tn general, the
choice of this value will hurdly nttuence the model results, because a situation in
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. which the maximum storage in surface depressions oceurs, 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 4 soil moisture
reservoir. A water balance of the amount of moisture in the unsaturated zone is
maintained in the soil moisture reservair. The replenishment of soil moisture in
the unsaturaled zone or the inflow of the soil moisture reservoir is the infiltration
caleulated 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 reservoir is reflected in figure 114,

In the precipitation runoil module, capitlary rise from the ground water to the
unsaturated zone has not been included. Furthermore, it has been assumed that
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 18 determined based on the reference crop
evapotranspiration and a crop factor, The crop fuctor 1s & measure for the
transprration of the crop and depends on the type of crop and the growth stage
{function of time). If the crop has not been supplied with waler in an optimum
wity. the actual cvapotranspiration is smaller than the potential
evupolranspiration. A simple relation between the actual evapotranspiration and
the actual moisture storage is included (evapotranspiration relation), It has been
assumed that in case of waler contents larger than those in case of field capacity,
the actual evapotranspiration is equal to the potential evapotransptration.
Between the moisture storage at field capacity and the wilting point, the actual
evapotranspiration decreases lincarly from the potential evapotranspiration at
field capucity 1o zero at the wilting point. [t has been assumed that no moisture is
available to the vegetation at the wilting point.

The relation between the moisture content and the evapotranspiration can be
defined according o the following possibilities:

. the exponent in the moisture content ratio

2. the definition of fixed points (markers) in the evapotranspiration

function
. In the dialogue window for unpaved arca a choice appears for these two
possibilities.
The following formulas take the place of formula 12 in the RAM manual.
ad 1.

The actual evaporation is delined according to:

Eu=fE., i ¢P!,:U =g, > gbp}‘_:j (26-1)
¢ i ¢ A2 5 g
Eo=( """ ) fE,
¢]n":2 T ¢pl"-4 2
if ¢,;i,,22¢:rf>¢ﬂ/- 42 (26-b)
Eo= 0 it (;D{—.’ < ¢,~I-:4 2 (26-¢)
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ﬁnpul v(l), | [ Actual moisture ‘ .
storagetformuly 2¥) ‘
%(IJ,F | Moisture storage alpk=0 |
i trarmula 2§ \I
by [ Moisture storage at pb=2 |
ttormtly 21 !
Dby oy [Tt} Moisture storage at ph=4.2
e L o | ~ tormula 21) o !
;Mudclling paramelers o |-] Crop tactor Makkink
TR ‘ [mo/day | Reterence crop evaporation
| Makkink
i x o M Jponent _
Output b - o hwooddy) CActual evapotranspiration

I the exponent s not delined the detauln s alue equals i

ad 2
The relation between the moisture content en the actual evaporation is detined .

through w inear mterpolation ot the evaporation between sero at pb=4.2 and the
potential evaporation gt pb=2. When fixing the relanon with markers a number
ol i extra points have to be defined with o certain moisture supply/stock and an
accompanying cvaporation- reduction-lactor. The reductuon-factor is culeulated
hetween the user-defined markers,

.= F i (‘,")‘”!,,.JE(,D‘ 20, (26-dy

_ o
l:u‘f:(l‘[‘lj-*.( ,
Ohf . l

!

&, )
Sl ) fE,
o,

o, .20 >0, (26-¢)

H t
For the 27 v number upphies:

O N (RSN T o o
O, -0
o 20 >0 (26-1)
¢, i C)f : . S
o= ' o P E O 20, >0, (26-g)
00, ' R
£=0 o, <o, - (26-h)
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. mpul &b, [ mm]| Actual moisture storage
(formula 29)
‘(D(,, ", [ Tmm| Moisture storage at
_ \ i pF=0 (formula 26)
E‘I’pl—:zl [mmm] Moisture storage at
i 'pl=2 (formula 26)
} Py o ‘ {mm] Mosture storage
! i pk=4.2 (formula 26)
[(P., Hmm] Maoisture storage {or marker
Lo i (formula 26)
Modeiling parameters } E. mm/day | eference crop evaporation
Makkink
Vi (- Evaporation-reduction-
l Hactor at @,
e} [-] “Moisture content for marker
P
| i
i I \ [~ { Crop factor Makkink
g ) - | Number of markers
. Output E,.. _ j Imm/day| | Actual evapotranspiration
g (bL < CD, |
o O<vElen vg < Voo

No extra markers will be defined if 1 is not filled in.

Percolation relation

The percotation to the ground wuter depends on the water content in the
unsaturated zone. In the precipitution runeff module, a simple relation between
the percolation and the actual moisture storage (percolation relation) has heen
included. It has been assumed that in case of saturation, the percolation s equal
1o the maximum percolation. Between the moisture storage saturation and «t field
capacily. the percolation decreases linearly from the maximum percolation at
sgluration to zero at ficld capacity. It has been assumed that no moistore is
availiable for pereolation at the wilting point.

The percolation relation can be made flexible in the same manner as the
evapotranspiration function.

. ad .

If an exponent for the moisture storage ratio is used is defined the percolation is
established in the following manner:

— ¢;71'¢,,1:2 -~

P,ur-rr:f - ) ]);Jr-rr M
¢pl ot ¢pl =2
i ¢."/-=(!2¢{-.’ >¢p!"2 (27"1)
!)Jm"rr}:() |] q)r 1S€D,’U"'2 (27‘h)
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fnput b, [mm] Actual moisture storage
fornutla 33) ‘
&y, [nim] Molsture sterage at pb=t)
dormuda 361
(IR [mim| mnistre storage at pl=2
: (formula 36
! o [ Muoisture storaze at
I 4‘* . . R o ph=d2dormulaS6) %
i Modelling purameters 1 LA [mm/day | Musimum percolation rate
i i 1o saturated zone ‘
‘r oty - _ Faponent !
Output P [t/das | Percolution rate 10 saturated
I R , o : ,,ﬁ /one
I the exponent s not defined the defaelt value equals 1
ad 2.
The relaton betwevn soil moisture storage and percolation rate 1s estubhshed
through a linear imterpofauon of the percelanon rute hetsween zero sl pb=2 and
the maximum percolation rate at pl=0. When establishiime the relation between .
the meisture storage and the percolution rate throueh the use of markers, the seit
moistire storaee and the accompanying percolution-reduction-tictor are useil.
With the folowing tonnula the percolation rate is estublished:
O . -0,
P =tp, 0 0 l-p P
VB
o, ., 20 >0 (27-d)
Formis the 27 v marker applics:
G -0
P, =itp, +f A L RN (AR L
o
g, , 20 >0 (27-¢)
O, -0, .
P =t " P, P
0,-0,
o 20 >0, 21 @)
P =0 i o .‘.‘ECDM 7 i27-u)
frlnput Itl)‘ ‘ [T Actual moisture storasge
‘ ctormula 337
Py fmm | Malsure storage wt phb=0)
ol 36,
Do [mm) marsture storage at pb=2
rlorniuli S,
& [ 1o Morsture storave for marker
) - 5 ] ) o CLottermala 36, )
Maodellimg paramerers o frmdday | Masimun percolation rate
‘ et I- Percolation-reduction-tuctor
. ! al noisture content | !
), [- Mogsture content at marker l
| :
_ N | N S Nuwmber of markers e
!LM)UI bk RIUTARNY CPercolation rate o

G < b .
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Hi O<p<ienpe = po

No extra markers will be defined if 11s not filled in.

Water balance soil moisture reservoir
In the water balance, both the evaparation and the percolation depend on the

actual soll morsture content. The change in the soil moisture content is deseribed
with the ditferential equation:

P

_—= — €))) —
d I’([,J(I)

oA !

P

perc.!

()

The cquation 14 selved explicstly. At point of time -1 the condition of the soll
molstuse Teservoir is expressed in the moisture storage @, | . Based on the actual

moisture storage at point of time -1, the evapolranspiration and percolation are
culeulated for the time interval from point of time -1 o0 1. Bused on the
caleulated evapotranspiration and percolation, the actual moisture storage at
point of time tis calculated 19, )

( = b Y A4
DI (Dt -1 +”.f l,(” ][Jffr(;f ) At
Input b * [mm] Actual moisture storage (formula 14)
(-1
II fmm/day| Intiltration intensity (formula 9)
Ppr»r(‘ , imm/day| Percolation into the saturated zone (formula 13)
l;‘a . [mm/day] Actugl evapotranspiration (formula 12)
Maodel Paramelers At [day] Time step
Output (DI [mm]| Actual moisture storage
# For (DI o point of time t =1, a value of (s taken. equalling a siwation with field capacity pF=2 (to be determined

from the Staring scries)

Disadvantage of an explicit solution is the risk of instable caleulations, oceurring
with lurge time steps or a relatively small content of the soil moisture reservolr,
In case af instable calculation, the user should define smabler time steps.

The moisture storage in the soil moisture reservoir varies between the minimal
moisture storage at wilting point and the maximal moisture storage at saturation.
For moisture storage values smaller than at wilting point, no evaporation oceurs
(formula 12-c). for values larger than the at saturation the percolation is set equal
to the infiltration capacity (formula 13-4).

Target values crop factor Makkink
The crop lactor depends on the type of overgrowth und the growth stage. In
appendix A an overview is given of the crop fuctors for various crop types. The
crop factor for a catchment area is determined as the mean crop factor per
percentage of the surface for the different crops in the catchment arca.

Target values moisture storage
In the formulas 13 and (4, the moisture storage at field capacity (pfis=2) and wt
the wilting point (pl=4.2) need 10 be entered. The moisture storage in the
unsaturated zone is derived from the soil moisture content and the location of the

ground water level compared to the surtace level, 1tis remarked that the moisture

storage depends on the location of the ground water level. In polder areas slight
fluctuations in the ground water level oceur in generul, In sandy soils more
fluctuations oceur, so that also the moisture storage will vary.
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i the Stanng serics, the ol momsture characteristics torvarious tpes of soils .
are determined. This is aorelanon between the pbovalue tlogarithim ot the negatne

pressure headr and the sotl moisture content. Based on the Staring series, the

water content at Tield capacity and at the wilting point mas be determined tor the

various Bpes ol sotls, Inappendie Boa sunimars of the Stoing seres is given,

Therctore, the following mivthod may be tsed to determime dhe moisture storage:

o The lenwth between the average surtice devel and the average
ground water level or water level inthe drionage sy stem s
estimated. This Tength is assined being constant during the
simulation pertod (or example 0.8 m:

e The soil moeisture content is determined for the domimating tvpe ol
senlat saturation Jeved ipl=0 at feld capaits Jevel rpb=2) and at
the wilting point (pb=4.2) These sulues are recorded in the Staring
serics fee appendix By for the most common tvpes of sorl. As an
exarnple. the values for loamy-poor, sery Tine te moderately fine
sand are 270 volume pereent tph =01, 261 solume percentipt=2
and 3 vohone percent tphk=4.2).

o The maoistare storage is deternnned as the prodact of the length of .
the unsaturuted zone and the satume Traction. In the example abose
this would be:

- §p oy = 0T 0K = 2960 Snun
plo= 0

- !’D[”,, o = 0200 O 8m = 160 Xmm

_ r{)/}l_ gy = 0003 x .8m = 24dmm

Target value maximum percolation

The maxinwn percolation i the percolution at saturation. Mostls the infiliration
Capraity iy tahen s target vafue for the masomsal percolation. Tuble 5 pives an
overview of the target values Tor the infilration capacity.

4.4.3 Ground water discharge into the drainage system

The discharge from anpaved surface 1s bullt up by vamous runott processes. The
interflow and the draiage have not been deseribed separatel v but jointly form
the gquick ground water runott, Within the design the tollowing uspects are .

distinguished:
e Sortace runolt:
o Ouick component of the ground water dischurge:

s Slow component of gsround witer discharee

Surface runoff

This ddischarge 1s described with one linear reservoir. equal 1o the deseription for
dischirze of open water (the discharge of the sater acress the surtuce level o
open water lakes place relatively quickIy

AY] At

‘ A
PRELY T ¥ A § , - e Y IYS
o (/ P ]‘\ YT I ! (249-u)

vn @

TN AYITa

2 A ¢
“sir.d wnpe vd T
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Input * Imm/day]| Specific surtace runoft unpaved surface (formulu
9sur.g—| 15-1
sur. 5-u
P vur [mm/day) Effective precipitation surface runoff unpaved
B surfuce (formula 11)
A |hal Inpaved surface
unpaved
Model Parameters k cur [day| Time constant reservoir surface runoff unpaved
’ surface
At [day] Time step
ak g I-] Conversion factor units
Output Pmr ; (m/s] Surface runoff unpaved surface
# For ¢ at point of time t =10, & value of (i taken
sir t— |
= The conversion factor is equal to 10424 * 3601))

Target value time constant

The time constant is a measure for the velocity with which the precipitation is
discharged. The surface runoff will take place very quickly. As target value a
value of 0.0014 4 0.002 days may be taken, equalling the ime constant of paved
surface (Cultuurtechmsch Vademcecum, 1988).

Quick and slow component of the ground water discharge

During the discharge through the saturated zone. a significant stowing down
cffeet oceurs because of resistances in the soil. This process is described by a
configuration of lineuar reservoirs. The gquick and slow component of the ground
water discharge are described by separate linear reservoirs, of which two
possibilitics are taken up.

(1) Two paraliel Nash-cascades;

(h) Combination of Nash-cascades and Krayenho!f van de Leur

ad (a) two parallel Nash-cascades
In this option, the discharge is divided into o guick and a slow component ground
water runoff by means of a distnbution code. The percolation calculated will

partly runoff through & slow component (ﬁppen' ) and partly through a quick

component (|1 - [i]Pp(}r{‘ 3. The hydrographs of both the quick and slow ground

waler 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
properties of the discharge process. In the precipitation runoff module. a defauit
value of one has been taken for the number of reservoirs.

The quick and slow ground water discharges are described hy the following
formulas:

For the 1™ reservoir:

fAr —-Al

k
e 9 +(1=)F (l-¢ 4 ) {3{}-a)

qquirk,l,t = qqui('k.l,r - perc,!

L. i . . b .
Foriis the 2™ unto and including the m'™ reservoir:
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. ] .Y -
Yeuick 0.1 {f(/!rf(‘/\ AR qq!rh'hi N ‘ : (30-b)
For the 1 reservorn
At N7
ko b y
s . 7] s e
Pyt 1o Dtonn 1 ' /ﬂ/ir*r(..’ o : -0
Fori s the 27 upto and including the ™ reservoir:
Y Y
; 5 A\ 1 b d
Do it = Citonsis 100 T -1 (30-dy
. . Ui
(*)(,uu('}'\.! ! '\'un,wmv/ opied (3f-cy
NI A:m;}mr'r! Dtowani (30-f)

Input Pp('nzz fmm/day| Pereolation into the saurated zone (lonmula 28)
g . G [mm/day | Specific slow component zround water discharge
sfowdii -1 unpas ed surface tfonmula 30
g [nn/day] Specitic (;lliL:k component cround water discharge
Guick .1 =1 unpaved surfuce dormula 30h
A ‘ [ hi] Unpaved surface
anpoved
Model Parumeters f |- Distribution code guick und slow components
cround water discharpe
A ¢ [day] Time constunt reservoir slow component ground
' waler discharge
k [diay ] Time constant resersoir guick conpenent ground
4 witter dhscharge
m |-} Number of reservorrs guich component ground
water discharge
1 |-1 Number of reservoirs slow component ground
swater discharge
At fdayv] Time step
(r‘:‘ - Conversion factor anits
Output Q“,(m‘.! AN Dirwimage slow component pround swater discharge
(‘_)qu; . [m /] Drainage quick component ground wuter
B discharee.

For o and g

slenvilt =1 qufck a1 —1
m

The consersion rate s egual to TOA2E 73600,

il point ol v

O, u vabue of Ois twhen torall reservors =1 - noand i=1-

ad (b) combination Nash-cascade and Krayenhott van de Leur

I this opton the discharge is also divided inte agquick and a slow component
ground water discharge. by means o o distribution code, The hy drograph of the
guich grovnd warer dischiaree is deseribed i this option by a number ot parallel
linear reservoirs Crasenholt van de Teury, The slow ground water runoft s
doeseribed by g senes of Tinear reservoirs tsee Neare 1 he A detault value of one
has been taken Tor the nuimber of reservoirs o series

The guick and slow components of the ground water discharge 15 deseribed by
the 1allowing formulas:
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Foriis the 1" unto and including the d™ reservoir:

CAL2i - 1)? CA2i— 12
! ! kg k,
— - Ed I ¥ - —¢ . . -
qqui('k.i,! (- fi#A (2d-1) [p(/r(:,! (% | 9 (1-e A qqm(.‘k,r,l -1
D “m
J=135.J
(31-a)
For the 1™ reservoir:
—At ~Al
3 ( k“ (31-b
Teiow 1,0 = $olow 11 -1¢ + [‘fpcrr:.l (I=e 2 31-b)
For i is the 2" upto and including the n™ reservoir:
Al -t
k ; ky (a1
q‘sluw,i,r - q‘\‘l'r)w,_f.f IR +qsluw,i-— 1,1”76 S 21-¢)
d
0 . = ¥ L 31-
‘quuck,z “ Amz[m\‘ed (_}‘ ]qquu‘k.t,t) (31-d)
I =
Q.\luw.! T Atmpa‘wd 9 efow.n,1 (31-¢)
fnput PP("‘(' ; [mm/day| Percolation inte the saturated zone (formula 28)
p # [mm/day| Spectfic slow component ground water discharge
stow, i1 = unpaved surface (formula 31)
g * [mm/day] Specific quick component ground water discharge
guick, it —1 unpaved surface (formula 31;
A ‘ [ha Unpaved surface
unpaved
Muodel Parameters I3 (-1 Distribution code quick and slow components
ground water discharge
k ) [duy] Time constant reservoir slow component ground
' water discharge
k Jday) Time constant reservoir guick component ground
4 » water discharge
a'# * [-] Number of reservoirs quick component ground water
discharge
n [-] Number of reservoirs slow compuonent ground water
discharge
Al fday| Time step
a* = i- Conversion factor units
Output QY[UW ; [m'/s] Discharge slow component ground water dischurge
qu’c’k . [m'/s Discharge quick component ground water discharge.
* . [ Fren 1= {1 e vadites eif [ e frloen For s crverire =1 - noand =1
fror Dtow, it -1 and qqui(‘k,i,l _q dtpoint of time t =10, 4 value of (s taken for all reservoirs i=1 - a and i=)
m
B The Krayenhoit vin de Leur model deseribes an infinite number of reservoirs. This is disereticised to a finite number
of reservoirs. Each next reservoir emplics guicker and processes a smaller part of the precipitation. The target value for
the number of reservoirs is 5 reservairs,
ik The conversion factor is equal to 10/(24 # 3600}
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Target values time constant

The target values tor the time constant of linear reseryoirs are derived from
measured hvdrograpls. The target values for the Kravenhoft van de Leur model
are given in tabhe 60 Since catchnent areas are mostiv not homogencous, the time
constant can be caleulated as the weeight mean tume constant per pereentage off

the surface.

The target values i presented i table O can not be used atonee. The
precipitation runott maodule s extended compared to the Kravenhott sun de Leur
model Tt distinguishes pisced and unpased surface. o the time constant is

speciiced Tor cach (ype of surtace. where the time constant for the unpaved

surfuce only deseribes the dischiarse processes tor unpaved surtuce. The ume
constant in the Kravenhott van de Leur model only describes the full surtace
(paved and unpaved surtace). In addition. the precipitation runatt maodel
desertbes part ol the slowing down in the soil moisture resersoir, This bas

conseguences for the 1me constant w be used tor the hineuar reservorrs, The target

values can therefore be used as start values, but calibration ol the values with

mcasured discharecs remins essential,

A other way 1o derinve the e constant is from mcasured hydrographs, This is

the most direct and aecurate was o estimate the time constant, In addition. the
time constant ¢f hoth the guick and slow component of the ground water
discharge can be estimated separately. The quick component is estimated trom
the hydrograph of dischirge peaks. whercas the slow component is estimated
from the hydrograph during low discharges,

Feble 6 Farvet valnes Jor the Kravenholf van de Lewr mocded

k
[days]

Drainage ty pe

00014 0002
0.005 - 0.01

0. -1
1.5-3
15 - 30

300) - 2000)

Pscharge of 1O0G0O-4000 oy pused surface

Surtuce runofl on strongly slopimyg ground

Surface runoff. runot! of grounds with impervious lavers
at a very shallow depth

Runott of well-driuned tarmiand

Badly dramed grassland with overgroan ditches tswamp
runcif}

[aschuree of seepage from high very pervious grounds
TVeluwe, Zwd-Tambura)

Target values confipuration linear reservoirs

The precipitation runot! modute distinguishes a quick and slow component of the
sround wuter discharee, The user defines the number of resersoirs and the
distribution code related to the application.

For rather siimple applications. it is not particalarly necessars 1o distinguish a
quick and slow component of the vround water discharoe. The ground water

discharge v deseribed by asingle component with aosingle hneuar reservoir and o

value for the distribution Bactor of Gor 1.

For more detinled applications, howeser, it is recommiended te distinguish a
guick and slow component of the ground water discharge. [t s not possihie to
give target values tor the distribution tactor, This factor should theretore be
calibrated on measured hy drographs simultancousls (o the time constants (see
nreel values tine constanty.

In the Nash-cascade, the mumber of reservorrs i1 series must be entered. The

default s one reservoir, Tncase of Large catchment areas, extrictrin el time ma

be created by entering several resersvoirs.

The model Kravenhaoll van de Lear theoretically deseribes an infimite number of
reservolrs, In the precipitation runoff module. the model s discreticised inte a
finite numer of reservoirs. i which cach nest reservorr emptics quicker but
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processes a smaller part of the precipitation. In case of a number of reservoiss of
5. the error introduced is negligible.

4.4.4 Interaction between the saturated and unsaturated zone

The change in length of the linear reservoirs {which is an indication for the
chunge 1n the groundwater head) has 1o be subtracted from the length of the soil
moisture reservoir. This has an impact on the trajectory between the different
pressure heads and the boundary conditions for evapotranspiration and
percolation. The soil moisture storage balance is not suhject w change. [t s
possible to deseribe the capillary rise in the percolation term.

The change in the storage in the saturated zone has an impact on the depth of the
unsaturated zone and also on the characteristics of the soil moisture reservoir (the
molsture content at ditferent pressure heads). Directly after caleulation of the
actual moisture content the moisture content is calculated.

¢,

g, = (32)
[‘M !
input O, ‘ [mm] | maisture storage :
s L hnm] | depth of unsaturated zone .
output E} IR - lmoisl.ur(: content |
The depth of the unsaturated zone is established through the depth at the
preceding timestep minus the change in depth of the saturated zone as described
in the following formula:
A Lm = [Ju,ir;‘ _( I)p.'ﬂ T f{‘,,,,,‘,l,_, - C/,m,;,_ﬂ,m,,,,.,,,)Af . 6/\;!} ('})q))
i Input [ T 7 [mm] Depth of unsaturated rone
} {formuta 33)
P ‘ [mm/day| ‘ Percolation rate (formula
{ 31)
iq.““uk,\,k.._,_[ Inin/day]| Specific quick component of
\ | | groundwater discharge
1 ol Haresziars o1 ! Imm/day| Specihic stow component
; ofgroundwater discharge
), [-] Soil moisture content ({o-
o rmula 35) ]
Madelling parameters Ve o Imm] ‘ Initial depth of unsaturaled
tzone
N | [~ 'Pore content
~ 41 | [day| Time step o
[ Output (L. Jqmml | Depth of unsaturated zone
6=, )
Lin.rr.’
Input |TT,), -] Soll moisture storage
; (formula 35)
| |mm)] Depth of unsuturated zone
[ ' tJormula 34)
|Output ](I), ] |mm) ) Soil maisture storage

When establishing a new depth of the unsaturated #one the characteristics of the
unsaturated zone, the soil moisture storage at pF=0, pF=2, pt=4,2 and user
defined markers change in the following manner:
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O, =¢ o (34

‘rlnpul 1. [1iitn] epthe of unsaturated zone
ermuala 34

Output h [T Soil moisture storage ul
| pressure head i

apillary rise

Wo suggest to tirhe tito accnunt w capiblars vise as w tunction of the filline of the
soil noisture reseryoir and the fidling of the linear reservour.

Therefor the maimin Hus ceapillary risey has o be arven and also wctilhing
salue of the Jinear rescervorr al swohich the capillary rise - actnvated. In a disdogue
window the choree e be made it the capiblary rise is used and in which months

fdepending on growing scasont.

The Tolfowing formulas. which are added w the percolstion Tunction are used:

-0, . ) .
P, .= ’ Coe WO, 20,20, ,. {35-a)
1 ot i - : .
Wy im0,
and BLZ R
¥ = r' il € <7 ¢h 5-
P, =C,. it @, SO, {35-h)
and BLZ B,
see tormmuda 31 e, ,=¢
and it BLE B
: I i — : |
Flnput P, [ mn/day | fACtual moisture storage :
tformula 56 |
13l [ Actual storage in linear J
rescrvorrs tformula 58)
MU [mm] Moisture storage aipF=2
Hormulie 36, ‘ .
‘ Wy Shn } Moisture storage @ plF=4.2
o - S . e _jtormuia 56y
Maodelling parwneters Bl . [mm] Storage vadue in linear res-
crvorrs at which capiilary
Trise s activited |
| - RO _ Clmn/day | o 0 M cepillary rise
Oupul P [im/day] Capillary rrse tas '
L. : I _Lpereolation werny
The storuge inthe linear reservoir is caleulated with the following balunce:
] - -
Pt ris ™ G i
BL.=BL, .+ 136)

At
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. r[npul BL,, “ [mm]| Actual storage n linear %
reservoirs (formula 58) l
‘Ppuml ! [mm/day | Percolation rate (formuta I
| 52) ;
Prooeer [mm/day] Capillary flux as
percolation term (formula
! 57)
Yuuicksanc) i fmm/day| Specific guick component
of groundwater discharge
UYutowilangrosn iz [mm/day]| Specific slow component of
groundwalter discharge
Qutput Bl |mm] Storage in linear reservoir

4.4.5 Description water quality
The description of the water quality is based on the discharge processes distingaished for the determination of the
hydrograph, surface runoff, quick and slow component of discharge (see section 2.3.4.2).

4.4.5.1 Surface runoff

Nitrogen

The surface runoff is formed by precipitation that runs off dircetly across the

surface level. In this case, reaction processes oceur to a lesser degree, Therefore,

the load 1s described by an 4 zero order relation,

SNH4 ~ N, surt er‘t ¢

NHA - N sur.t

SN()T% — N.sur.t — er,{ i ('<N03 — N, sur,t

S = =
org — N sur.t Q.mr,r Cnrﬁ: — N sur.,i

(37-a)

{37-b)

(37-¢)

Input er . [m'fs] Surface runoff unpaved surface (formula 15-b)
Mude! Paramceters CNH4 _N.sur.t {mgN/1| Ammomum—N concentration surface runoft
unpaved surface
C NER—n, sur.t [mg N/ Nltr‘ute concentration surface runoff unpaved
surface
(‘org _ N surt [mg N/l Organic nitrogen concentration surface runoff
unpaved surface
Qutput S ppga Nosuri J Nis| Ammoenium toad surface runoff unpaved surfuce
'S‘N(B- Nosur.i (g N/s] Nitrate load surface runoff unpaved surface
.Swg SN osurt fg Nis] Organic nitrogen load surface runoft unpaved

surface

In the first version of the precipitation runoff module the term organtcally fixed
nitrogen has not been included,

Phosphor
The phosphor load 1s described by a zero order equation just as nitrogen.

S )

P —total, sur,t =

opp.t ¢ P —taral, sur it

(3%
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Inpul Qir s [ ds| Strtace runoff unpaved surfuce tronmula 15-by
R YT TN
Model Purameters ‘. fig P/ Phosphor concentration ~urface runot? unpas ed
P—ronad surct s

~urface

Output fo /] Phosphor foad sarface runott unpused surfuce

SJf’ 1ot ot

Target values

Onby tew target salues e hnown tor the concentrations of surtiace runolt. The
concentration depends very much on the time scale and the ground use. During o
lomger peried. this concentration witl approach it of the precipitanon. On a
sl time seales ground use and fertilisation feset are determiming factors, The

target vidues as obtioned Tornn the heratoe we iswed o table 7

4.4.5.2 Quick component of the ground water discharge

The quick ground water discharee consists of precipitation, which i~ discharged
through drain pipes. abter intilration inte the cround see Ngure 40 Contrary (o
the slow ground waler discharge. this precipitation is butfered ta aless dearee,
hefore i0is dischareed. The concentration nutrients i~ theretfore. often hivher and
there is mare flactuation.

[n case ol leachinye of nuirient loads. it is relevan o distungwsh betseen s arious
types o pround use. especiadly hetween Fertilised and non-tertilised surfaces. In
case al non-tertilised surtaces the nutrient concentrate probife is maoch tlatter i
the verneal dircetion than in case of fertilised surtaces.

Nitrogen

A fuctor of influcnce 1w the flow rate of effectise precipitation. The kes question
is whether the precipitation can lead tosech acthinnime tha i case o muech
precimtation. the concentration decreases sabstantallv, Tn the imternieszzo below
dcaleulaton model s worked outs i wiich s concluded tha the mtluence of the
preciputation flos rce has Htde effect onthe N-concentration. At ar annuad or

scasonad fevels varrances oy ocowr, dependme anthe tertilisaron, ete. However,

it is impossible terhnk these to the amount of precipitation

INTERMEZZO lil: 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 moisture is expécted to be tuigher than in the discharged precipitation.
Certainly in case of fertilised surfaces with higher concentration in the toplayer. this is the case. In the examples
below, a uniform concentration distribution is the point of departure. In this assumption, the leaching of nutrients is
equal to the ratio between the amounts of soil moisture anrd affective precipitation. Runcff 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 large 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 sall 1s taken. The
precipitaton is, however. scldom so heavy that this capacity is reached

Overview of the degree of thinning of the sall moisture

Field capacity Infiltration Maximum Average annual thinning
(m3 soil capacity thinning of the of the ground water
moisture/m®) {mm/h) ground water moisture
moisture per
hour
Sand 0.2 12 670 150%
Clay 0.37-0.45 4 0.8-1"- 80>

The thinning on a hourly basis is relatively shght. The concentration course as a result of thinning is. therefore,
negligibly small.
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In case of fentilised surfaces, an increased concentration in the drained ground
water may oceur, due to migration of nitrate-rich water from the fertilised
toptayer of the soil. The interfuce between nitrate-rich and nitrate-poor ground
water 1s moving in a vertical direction, until it arrives at the drain pipes. NITSOL
calculations (Hopstaken et al., 1987) for sundy soils indicate that nitrate
concentrations at a depth of 30-75 cm are relatively constant, in case of a step
size ol decades. Vartunces in concentration occur mainly in the topmost 25 cm of
the sail. 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
carried out regarding surface runoff, for example after a fertilisation period. As a
result of Jack 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 level and the denitrification has heen
investigated (Steenvoorden, 1983, Bouwmans et al, 1989). The ground waler
level is clussified 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 (Gt I1#) is taken as a
reference. These valucs are, however, applicable 1o the total nitrate run off, so
that trunslation for the subflows 15 difficult.

The nitrate concentration in the quick ground water discharge may be linked o
the concentration in the deeper soil layers (slow ground water runoffy by means
of denitriftcation factors.

: _ . .,
SNHA— Noquick.t ~ Lquick .t TONHA - N quick 1 (39-a)
. _ * B
Sn03 - Noguick 1 = Lauick T ONOI= N siowa T (39-6)
Input o0 . [m"‘/s.] Quick component ground water discharge
“quick 1 . :
unpaved surface Qormula 35 or 36)
2] Pars s - H _ . atbpats Tl o 2
Model Parameters Copa_ N quick 1 fmeN/I Ammonium-N concentration guick L‘nmrp(mt.nt
ground water discharge unpaved surface
. N Nitrale concentrati e R
("N(B— N oquick 1 Img N/ Nitrale ‘umnunmlmn slow u)lmp(}nﬁ_m ground
water discharge unpaved surface
N I- Deniteification factor
) N 5 H . e ~ ~ gt
Ouiput SNH4 N quick 1 jg Nis) Ammomum load qumkk component ground water
discharge unpaved surface
S NO3~ N quick 1 [g N/s| f\‘llralc load quick component ground water
discharge unpaved surface

Phasphor

Significant leaching of phosphor muy occur when the ground water level rises
into the phosphor saturated zone. In generul, aiso the phosphor fixation capacity
in the shallow ground layers in The Netherlands is only partly used. The Ministry
of VROM indicated a number of arcus in The Netherlands, which are sensitive to
P leaching. In the remaining arcas, the points of departure will be that the
phosphor fixation capacity has not been used in this way, an equilibrium exists
hetween the P-complex and solved P, and phosphor does not leach substantially.
Arcas with a utilisation degree of the phosphor fixation capacity of over 25% are
considered phosphor saturated grounds. In these grounds increased P loads may
ke leached. The relation between P eontent in the quick component of ground
water discharge and the use degree of the phosphor fixation capacity s a point
for further mvestigation.
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The P concentranions are not expected to depend stronely on the precipitation .
flow rate. but do depend on the adsorption/desorption equilibrium. The PP load in

the soil s in those cases so lurge that thinning does not play any meaningtul part.

Also to phosphor a tirst order equation is appheable. In addition. phesphor may

leach. 1 the form of fine, suspended matier.

5 . () e ‘ (40
Portad guick 0 S quick P —totad cgiieh )
Input (_)( wick [m /] Quick compenent ground water discharge
(ho - -
/ unpiaved surface (tormula 35 or 36
Maudel Parameters (_"rJ vt etk 1 g P/ Phaosphor concentration guick component ground
ol Ch. . . -
/ wuter discharge unpay ed surfuce
Output S P = tonal quick .1 fe Pis) Phosphor load gquick component ground water
—tofal, . - . .
discharge unpaved surfuce
Tarper values surtace runotf. slow and quick component of the ground water
discharee
The concentration ol surface runoetts the slow and guick component of the ground .

water dischurge of unpaved surtace depend manly on soil type and land use.
Three sonl types are distimgunshed:

s sand
e Clas
¢ puat

The next tvpes of L use are distinguished:
e untertibised band
o lertlived grasslund
o fertilised green marze Farmland
o fertilised other farmland

Besides these categones, arcas with specific Tund use can be distinguished such
ws horticulture or bulb turnmng, The impact of these types of land use 1o leaching
of nutrients is very specitic. due 1o the specitic conditions with reeret o

fertilisation and water management. .

Table 7 lists the target salues tor the types of discharge. specified for soil type
and fand use. These salues are rough estimates based on mcidental measarements
found in the Titerature. The concentrations of nutrients i discharges fluctuate
over seasoms, degree of Tertilization. organic content ete. T0is strongly
emphasized that these Larget values are incidental and therefore not
representative for other arcas. It is therefore strongly recomimended 10 use
measured values within the area of interest as much as possible.
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. Table 7: Target values concentration nutrients

target values unpaved surface fmg/l)
senl unfertilised land fertilised grassland fertilised green maize fertilised other farmland
tvpe farmland
~03 [ NHa ] Pod NO3 [ NHe ] pod NO3 [ NHe T pod NG3 NH4 | PO4
surface runoff
san O,1-- 5-Y.54 0.1- 0,1- 01-
d 3.2¢ 3.2 3.2¢ 3.2
2-du
clay 1-3a
il 2a
uick component uf the ground waler discharge
S4n 2d 4b ib 2b
d 5-9.5a
clay Id
peat | 2d
slow component of the ground water discharge
sin I.5d (.08~ <0.0]e 21-394 21-39a 21-39a
d 0.03- 6 43d LT 20d
43¢ 13d
. 21394
clay 0,0y7- 3.4- 1.4-6¢ 53d 1 4d
0.7¢ 13, le
peat | 1.2- (0.9- 0.10)-
(}.%¢ 3,6¢ (),38¢
4 Meinardi, 1991
h Dsechs, 1986
¢ Metnardi en van der Valk. 1989 {vastgesteld voor totaal-stroomgebicd
d Steenvoorden et al 1993 (bij GWTen GWVIT ais totaal-N)
¢ Bots et al 1978 (bij ondiep grondwater 2m-maaiveld)

Target values denitrification factor
Table & gives an overview of the denitrification factor for the various ground
water sleps.

Tuble 8: Overview of the denitrification factors and ground water steps (van
Drecht et al., 1991

Ground water GLG (cm- GHG (em- Denitrification
step surface level) surface level) factor
| <5{} <25 0.04-0.05
il 50)-41} >25 (,08-0.1
I Ki}-12¢) 25-40) (.22-0.31
v 80-120 40-80) 2.00-0.42
Y 120-160 <25 {1.15-00.5
VI F2)-16() 40-80 (0.22-(1.48
VIi 16)-220 KO-140 (1.73-00.83
VI 224)-280) 140-200 1

4.4.5.3 Slow component of ground water discharge

Nitrogen

{Nitrogen may also be discharged eventually through the deeper soil layers into
the water course (see figure 4) by means of infiltration and percolation. The slow
component of ground water discharge has a relatively long retenuon time in the
soil. In addition, the ground water acts as a buffer, by means of which
concentration differences are flattened out to a large extent. This picture is
confirmed by calculations of the attrate concentration by means of the
programme NITSOL (Hopstaken et al., 1987). At a depth larger than 2 m. low
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and constant nitrate deprees are measured, This sieans that @ zero order refation .
willsullice.

Solved nitrogen mainly oceurs in the form of nitrate and ammaoniun, Ammonium
may he nitrficated into nitrate by bacteria in aerobic cacnmstanees. This s
denitrificd into Noin wnosic circumstunces tsee intermesza [ Inomost cases. the
denititieation is the velooits determinimg step in this reaction chadn, Only incase
of peaty ~oil with o hch orgamical fraction tearbon source for denitrificating
hacteri and anacrobic conditions in the ground water tho nitrification) the
reserse is the case. Inoview of the long retention time of the water in the ground.
there is o stationary situation. This results in zero arder relations tor the flow rate
of the effective precipitation,

S : —{/ O, . (31-a
NHA N Sl Yaon U AHE N Slowr ’
S n . () e . (4]-
S;\'(},s Noslow, o Taloao ANO3- N sl I-b)
fnput ) fore 1 [1n17/s] Slow component ground water discharze
S, . = C I
unpas ed surtuce (formula 16 or 17) .
Mode! Puramceters (‘\"Hl N o [1ig N/ Ammonium-N concentralion slow component
f - SY MO .
around water discharge unpaved surtuce
« . mg N/l Nitrate concentration slow component ground
NOJ - Nl s & e ‘ ! ;
water discharge unpaved surtace
Output S : g N/ Armmonium lowd slow companent ground water
: NI N ow e N _ ‘ ‘ ;
dischurge unpased surfuce
S . N/ Nitrate load slow component ground water
NO3 - N syt g ! o f -
discharge unpis ed surtace
Phosphor
I secten 2232 Reacton processes m the sonl it s imdicated that the
adsorptionfdesorption of soil components is the most nnportant process in the P
management Phosphor s tixed i the sodl hecause of which a steep phosphor
profile comes into existence. which decreases alony with mereasing depth
tRroese et ul 19500 I The Netherhiods the phosphor Tivation capacits of the
decper sotl Livers s ~ull hardly used. The phosphor runott with deep ground
waler is, therclore, zero and 1nany case constant with the time.
S ) e 42 .
Foedatad ot <l s Poototad s o )
Input (_)“, o hin /s Slow component ground water discharge unpaved
[Z2Y0N . .
surtace dormula 16 or 17
Model Parameters (71’ totedd ot g P Phasphor concentration slow component ground
- Hiedl ! 2 . .
water discharge unpis ed surface
Output Sp totad shov i [o Ps) Phosphor load <low component ground water
— It oAaient . .
dischiurae unpas ed surface

Target values

The concentrations o! the stow component of vround water dischurge are mainly
determmed by the type of soil and the Lind use. Sands sorl. clay sonl and peaty
sobl dre distinguished between. A further distinetion 1« miade by

o Non-ertihsed Jand:
o Furtilised grussland,

o Fortlised vreen maze turmlund: .

o bernlised other Turmland.
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4.4.5.4 Conclusions

4.5 Seepage

In addition, there are areas with a specific ground use, such as bulb-growing and
greenhouse calture. The contribution by these areas to leaching of N and P is
very specific due o the specific {ertilisation and water management. [n this casc
the user him/herself 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 cquations seem to be most suitable for « empirical approuch in a simpie
maodel. 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 available at this moment.

With regard to the target values of the concentration, the problem arises that the
available data usually do not apply to the various ground water flows, on which
this study is based. Therefore, the available data need to be transiated for the
sublows in this study, tn addivon, many data are not known, Also model-related
values usually are not applicable directly to the subflows in this study. These
values are often calculated in models, but only act as interim values that are not
presented in reports, Inorder to generate values for the subflows, caleulations
could be executed, for example by means of ANITMO,

The smaller a step’s size, the more the inaceuracy of the model results increases,
because on this time scale the inaccuracy in the Input parameters increases. This
only applics to the description of the water quality.

In addition o the discharges that are calculated Tor open water, paved surface
and unpaved surface, the user may enter g term seepage, which is defined for the
total surface.

Ak
qmep,{ o (43-a)
Q.s'eep._r =h MNotal Tseep,t (43-b)
Input Ah [m] Hydraulic head difference
C [day] Vertical hydraulic resistance
Am.’a/ [hal Total surface
Mouodel Parameters b [ Conversion factor units
Output Qseep,! [m'/] Discharge seepage
* The conversion factor is egual to 10000/(2443600)).
The related water quality is determined by a zero order equation,
5 NHA— N, seepr Q.sr'«p,r C NHA— N, seep it (d4-a)
A (44-b)
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Input

Q\f'(’p, !

/s |

Discharge scepage (formula 24

Model Purameters

(. NHA— N.oseepd

fmg NA|

Ammonium N-concentration discharge
seepuge

. NO3I— N seept

[mg N/

Nitrate concentrabon dischuarge seepage

Chutput S NI - N [ N/ Ammonium load discharge seepage
SNOT- A [ N/ Nitrate load discharge seepage
Sp total seept Q‘\('r'/).f ¢ P —total seeplt
Input fm'/s| [nscharge seepage

(
chp,! '

Mode! Parameters

( P —total seept

[mg P/

Phosphor concentrasion discharge seepage

Crutput

§ FPoototal seeplt

lp PA]

Phosphor loud discharge seepage

Target values

The values for the seepage and the concemrutions depend strongly on the Tocal
situation, [t is therefore impossible to give target values, Mostly. local data are

available uhout the seepage and the concentrations

4.6 Total discharge and total load
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Input 3 m'/s Dischurge open water surface tformula 2-by
l (‘(J,r)r'u water.d | | geop
¢ hn /s Discharge anpaved surface dormula 27-:
“unpaved.i
0} fm'/s) Discharge paved surtace (formula 6-0)
< prived
ot [m /s Surface discharge unpased surface dormula
RRYIT <
15-b;
0 . fm /s Quick component of sround water discharge
Cepuick 1 . N
unpaved surface tformula 16 or 17)
0 oo i fm /s] Slow component of eround water discharge
“slow, . ) N
unpaved surface ormula 16 or [7)
() [m7/s] Runoff secpuge (formulu 24)
“seep i
Model Paramelers - - -
Output O m '/ Toral discharge
J “total 1 1 1 c
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