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1. Introduction 

1 .l Duflow Modelling Studio 
The Duflow Modelling Studio (DMS) supplie\ the water authorities with a 
cwnplete set of tooi\, to quickly perform easy analyïih. On the other hand, the 
prr~duct i \  al\<, capahlc ~ ~ f p e r ï o r m i n g  crmplcx, integral \tudie\. 

Duflow Mrldclling Studic consi\t\ of thc following c i~mpr~nent \ :  

DUFLOW water quantity and quality 
With thi\ program m c  can perl i lm un\teady fluw computatir~n\ in 
netwerk\ of upen water course\. DCFLOW is also useful in 
simulating the transportation of \uhstanceï in free surface flow and 
more crmplex water quality prt>ce\\e\. 

RAM prccipitation runclff module 
With ram m e  can calculatc the supply of rainlall to the ïuríace 
Ilow. Ram calculatc\ thc Irl\\cs and delays that r~ccur  hefore thc 
preeipitation ha\ rcached the surface I l i~w. 

MODUFI.OW inot implemenled in D.MS version 1.0) 
This program \imulates an integrated ground water and \urfacc 
water prohlem hy combining thc ground water model M ~ ~ d f l o w  and 
DUF1.OW. 

The possihility of entcring component ~pec i f ic  data depends r ~ n  the in\tallcd 
ciJmp<inent\. Thc User's Guide givc\ a crlrnplcte in\truction ahout al1 data which 
can hc cntcrcd in 1)uflow Modclling Studiii when al1 component\ are inïtallcd. 

1 .l . l  Scenario Manager 
With the Scenario Manager thc uïer can easily dcfinc different scenarir~\ which 
arc based on the Sir51 crcatcd model. As  default the data of a c h  scenariu i i  
equivalent to the ba\e \cenario. Thc user can however casily aker the data for 
each \ccnarir~ without affccting thc data rll'the basc \cenario. By calculating thc 
different \ccnario\ and crimparing thc rc\ults the u w  can evaluate the effect\ r ~ f  
thc \ctnaril,\ on the model. 

' lhe Sccnaric Manager window di\plays a prilject-tree of thc r~pened pro;ect\ and 
\cenari»s. 

1 .l .2 Network editor 
The Nctwork editor of »MS oïïcr\ the u\cr a tool for crcating a model in a u x r -  
lricndly way. Thc network editor 15 a graphical editilr that enahlc\ you to 
interactivcly draw thc nctwrirk \chemaiization. The ile\irïd object (e.g. a node) 
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1 .l .3 Presentation of the results 

1 .l .4 DMS compared to Duflow 2 . 0 ~  
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T11 calculate a mr~del tlic DMS schematiration is converted to the DUFLOW 2 . 0 ~  
file\ which can be rcad by the file Cdufl11.exe. The numbers of the nodes and 
sectiuns in t h a e  file\ don't correspond with the objcct-]D's of the DMS 
\chcmatizatir~n ! 

1.2 Hardware and Software Requirements 
System rcquiremcnt\ fcir using the Duflow Modelling Studio on the Personal 
Ci~mpulcr are: 

riiininial 486, suggestcd is a PenLiurn 

minimal I h Mb internal memory, a minimum of 24 Mb is 
recommendcd 

rninimal 50Mb external memory 

Software requiremcnts for running thc Dutlow Modelling Studio are: 

Windllws% or WindowsNT (4.00 or higher) 

1.3 Installation 
T t ~ c  I h l l i ~ w  Modclling Studio consists of installation disks or a CD-ROM plus a 
L\er'\ Guide and Kcferencc Manuals for each component. 

Fm installing a c~lmponent of the Dutlow Modelling Studio (DUFLOW, RAM or 
M r ~ d u l l ~ ~ w )  a pa\swr~rd is necded. 

Bchre \tarting tlic iiistallariiin procedure ul'the Duflow Mudelling Studio, close 
a\ many opencd applications as possihlc. The program makes use of several files 
idll, iicx) which niight he used by other applications. The sct-up procedure wil1 
not he able ti, rcnew these files if they are in use. 

The Duflrlw Modclling Studio is installed on a penonal computer by following 
thcx  \iniplc \lep\: 

I .  Chor~w Crom the startmenu Run ... ; 
2. Type "A:\Setup.exe"; 

3. Fdlriw the inïtructions given hy the set-up procedure. 
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2. Getting started 

In this chaptcr a s impk prr~hlem i \  cntered and computed in a \lep by step 
approach. This sectii>ri i \  dehigned t(> help the heginning u w  t11 gct acquainted 
with ~ e t t i n r  the input parameters, perfrirming a calculation and viewing the 
rc\uIt\ while u\ing IJ1JFl.OW W ~ l ~ E i ~ l . l " i ~  S r t ' D I O  (IIMS). F in t  of ai1 the program 
mu\t he installed crirrcctly. 

2.1 Define a Project 
Aftcr you have \tartcd f~vs ,  you can dclinc a Project hy chi~il\ing theNeu2 
command in the File menu. The N r w  Proie(./ dialoe box wil1 he disulavcd. 

Choose thc name of a Pri~ject, say I>em«. A sub-directory i \  automatically 
crcated hy t~Ms,  ihe Irication of thi\ \uh-directory may be altered in thcLoculion 
field. By chr~ri\ing Crmic ,  a new projcct i? huilt. 

[>MS wil1 now have opencd thc windr~w, kntiwn a\ the .Scenurio M u n u ~ e r .  This 
window \how\ al1 Prr~ject\ currcntly opencd, with thcir relatcd Scenario\, in a 
trec structurc. Each Scenario conPain\ several data collection\, which wil1 appear 
cir disappcar hy using thc plus o r  minus in h e  tree. 

If ihc Scenariii Manager Window i \  hidden you can cal1 i1 hy choming the 
= Shriw ,,r hidr ihe option .Tienurio A4unuh.o in thc View mcnu. 

Srcnurio Munuh.rr 

The Sceriario Manager cnablcs you t11 work with x v e r a l  set\ of input data within 
thc \ame Project. Fiir cxamplc, i1 is po\\ihle to simulatc two Scenarios having 
iclcntical input data, with thc exception of  precipitatim This enahles the uier to 
easily evaluatc thc re\ult\ o f a  sevcrc rain\torm. l'he Scenariu may contain the 
input data it\elf or i t  may rcfer t11 input data of another Scenario. Each Scenario 
registers \everal sets r11 data. Per \et of data onc may choo\e to save thc data in 
it\ r~wn Scenariii directory or rcceive the data f r ~ ~ m  anuther Scenario directory. 

Hy choming the r~ption I l r s~r ip i ion  of thc .Sr.enurio mcnu, an cxtended 
description rif the scenario can hc \torcd. 
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2.2 Configure the network 
13) ii,iiiy tlic /)/,,.,i ,lmrI,ii iti,idiiii i o i i i i i i i i i i d  i n  tlic I wii r i i c i i ~ i  . it ic U c t u o r k  
Wiri i lo\+ i \  i ipciici l I l c i c  i k  i ict \&i i rh ~cl ic i i i . i i i / . i i i< i i i  I, irc;i ici i arid/i,r 
i i i tcr:icti icl? r t i i~ i l i i i c i i .  
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Save your work n«w uïing the Suve command from the File menu. Do thii 
regularly ! 

By dragging the ohjccts from the Netw~irk Palette, you can draw y«ur network. 
From the palette, ch<io\e the Nodr tool and click at two pmitions in the Network 
Window. Next choox  the Scctim tool and click the left mouse button on one of 
the two Node\. Move the mouw hy dragging the section towards the other Node 
and relcaw thc mouw button. 

If the line hetween two nodes rïmains dotted. it means that the Nodei are not 
correctly connected by the Section. The Node\ can he properly connected hy 
using the , S p k  i t11111 (thc arrow) f r m  the palette and dragging the end of the 
selected Sectim until the line is ~mnple te .  

Cross Sections are addcd to the Section hy using the Cross-Section tool from the 
palette. When the cross sectiowal data is connected to the section it appears hlue. 
If the Croïs-Section i \  not prí~perly connected to the sectiun, its outlinc wil1 
appear dotted. Until the er«\\-iectional data is defined, the cn>s\-section wil1 
rcmain cross-hatched. 

Kepeat the ahove procc\\ until the following network i \  created: 

Cross-Sectir~ns are defined by using Schemes. These Schemes mu\t he 
connected tíi the Cross-Sections. By clickhg thc right mouse button on one of 
the Cn~ss-Sections. c h r ~ o x  thc option Proprrlies f r m  the popup-menu. 
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Select AI1 crws sections Srorn thc Ohje</\ to C h a n ~ e  crimbri box and hchind 
Schemr, sclcct the Scheme Kiver from thc pull down li\t hrix. Click Ok and al1 
rif thc Cross-Scctiims in the nctwrrk are coniiccied to thc samc Schenie. Thc 
Cros\-Sect imi  wil1 now appcar hluc. 

Now add a structurc - in thi\ ca\c  a weir - t(, thc network, hy chorising the red 
trianglc of the Nctwork Palcttc and placing i t  intc the network as  f d l o w \ :  

Weir 

In thi\ rnanner a wcir i \  added to the netwr~rk on !he second \eetion. Befure 
Uuílriw stans i t  calculation, thi\ \cctiri~i wil1 hc split up intri iwo separate 
\ecliiins. 

User's guide Getting started 15 



( ' l ick  it ic rigiit i n i iuw hutli in <,n tlic u c i r  t i i  chiioic ihc u c i r  propertic\ U\ IIIII<IW\: 
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= Edit Prrr  ipirurion 
Whcn yilu have dcfincd an arca at a Schematiration-point y i ~ u  can \el, modify or  
impon a Preeipitation timc serie\ hy u\ing the Preripitarion dialog hox which 
can he ~ ~ p c i i c d  hy chi~osiiig thc i ~ p t i i ~ n  Prrr.ipiiurion in the S r ~ ~ n u r r o  menu. In the ,m = Edit Ewpowr ion  \unie rnanncr you can set, mridify rlr import cvaporatiun time \criei hy choosing 
thc option E w p r u r i o n  in Ihc .Sf.rriwio menu. 

Kight n r ~ w  thc Icngth rif thc sectiim\ i \  calculaíed hy the Nctwork editor 
; sc t~rd lng  til the priiitirins of the Node\. 'Tri makc the creatcd network seem more 
rcalihtic, wc \hall iivcrrulc thc\e calculatcd lengths. For each drawn \eetion we 
can alter the length\ in the ,Sr( [ion O h j u /  Proprr t i rs  dialog brlx a i  f o l l ~ w s :  

WC wr~uid now likc tri in\cfl a f h u n d a r y  Ci~nditirln on the ïir\t Nr~dc.  The 
Boundary Crmditirin\ caii he configurcd hy \elccting the crlrrect Node and 
activating the O h j ~ w  Prr>pwiirs  dialog h m  I r ~ r  thi\ node. Click the H o u n d a r j  
Condi t ions ... hutton. The ljriundoiy Condition dialog box wil1 appcar. First 
howcver Bouiidary Scheme\ need t11 hc defincd. 

C:hiiri\e t11 Add a Q~A(l(1 S< hrmr hy clicking the ... hchind the text hox. Thcn 
click thc Add ... huttrin. Thc iollowing \chcmc i \  configured: 
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2.3 Configure and start the calculation 

* / d d d  Mmnu 

5mmw&.% )odEllllrillJyd 
pGq p ü r - = =  

Ed 1191%- m 
T n n  Step Sire 

d h m r r  

Ç W a b  Fbw [n ui nri orl LI 
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Thc tab DUFLOW a l k iw i  you tí i  i e t  Ihc 1)uflow \peciSic calculatií~n optioni. 

The type ol'calculation cari he chosen ticrc. First ch i~mt .  a F low  calculation 11) 

check i f  the Nctwork has hceri desigiicd correctly. When thc I l ow  calculation is 
vcrificd a quality mrdc l  can he acldcd. ' lhc details for thc Hydraulic and Qualily 
calculatiiin arc iet iri thi\ di;rlrig hiix. Thc (Juality mridci dcf in i t i r~n fik rnay be 
inicrtcd hcre. Make hure t h i i  fik i\ inicrtccl in thc Scenario directory. 
B y  clickirig Output Variahleh ..., thc variahlrs o f  thc quality rnodcl can he 
selectcd Sor output. 
I n  Special Crmtrol rhc \ p ~ x i a l  c<intrí~l data are iet. i u ch  a i  the thre\hii ld level 
which i i  thc v;duc o f  ihc water Icvcl at which thc dry f l ~ i od  priicedure ii activatcd 
(Dcl;iult=O.lO ni). 

The calculation i \  ac t iv~ ted  hy clirio\ing thc I lpi lufc Al1 option from thc 
L ' d r  rduiiori Menu i i i r  thc Culr r l l a r ~  T i i i i l h x  huttori i i r  the C d <  uluie o p l i m  f r m  
the Scciiario Context nieiiu). Thc Oulpui window \h r iw i  thc ini t ial iwtir in i)f thc 
calculaiion. 11 inay he suincthing l ikc: 

Stading network consistency check. 
Startng Dullow conversion .. 
Duflow converson completed 
Writing boundary flow file C Winduflow Examples\Demo Scenaro scenario BND 
Writino network file C \Wlnduflow\Exam~les Demo Scenario\scenario NET 
~ r t n g  intial flow I e  C Wnduflaw Examples Demo Scenaio scenario BEG 
Cornputng mode Flow 

Thc .Sruirr\ Bor i h ~ i w \  thc prligress of the calculatirlri i n  tirnc itcps. I t  rnay he 
somcthing l ikc: 

Cornputing flow 1241 744) 

You c m  show io r  hidc) thc Output wirirliiw hy cl ioming thc i>plion Outpul i n  de 
V i m  menu. 
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2.4 Display the results 

Ti,"@ 
SEC00001 llOU0(iU00~~11001001. L-I begin 

SEiJOOO? SCHOOOOU-~SiWO000. iruel end 
........ SEC00002 STMJ000~>NOUOUOOZ. Wrel end 
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By choming thc .Spuw Gruph window option frum the Scenario context menu, 
the reiults wil1 hc displaycd as a functirin of \pace. DMS wil1 opcn the .Ypuc.r 
RrlufedGruph diaii~g híix. Firït you have to definc thc route you want to display 
in the graph hy douhle clicking on thc \ections. A ruute consists of one or more 
sections. Aftcr definmg or selccting thc route you can select the variables which 
have t11 hc diiplaycd. In thc .Spu< Krlorcd Gruph winduw, YOU c m  move 
hackward iir forward in time hy using thc hutions hcncath the graph. 

The final Space Relatcd graph wil1 look likc this: 

For di\playing the rciults ss text in a table you have to choose the Nrw Trxt  
wndow option from thr  Scenario Context menu. DMS wil1 open thc Time 
K ( ~ u ! < Y ~  Gruph dialog hox. On thc I>UFI.OW tab you can dcfine which variahle5 
in which iection\ have t11 he di\playcrl ir i  the table. 

2.5 Quality model 
To add a Quality blrldcl t < >  ar1 existing t l ~ i w  model, thc following a c t i i m  need til  
he carried out. 

2.5.1 Define the Quality Model 
Til add a Quality Modcl t11 thc I'rojcct critcr the riame of  the Quuiiiy Modr l  
dcscripririn file withr~ut the extension I+ .MOD) arid thc nanic of the Quuiiiy 
Mud?/ Ourprir file without the extcn\ion (*.MOR) in thc DUFLOW tab clfthe 
Culcuiuriori Spf f ing~ dia111g hox. Por enample, enter the nanie 'Tracer' in hoth 
field\. If thc Q u u l i i ~  Modcl lilc. Iikc in this case, dot\ níit exi\t in the Scenario 
directory, [>MS wil1 prompt yrw [r> crcatc it. 

A siniplr: Quuliry Modvi d<,.\< riprion file likc bclow contains the def ini l i~in o f a  
tracer: 

/ *  DUFWW COURSE FEBRUARY 1998 
/ *  SIMPLE TRACERMODEL 
/ '  HINNE REITSMA 02-01-1998 

WATER TFAC [10 .0001 mg/l :TRRCER 

PARM Ktrac [0.01001 l / d o y  :DECOMPOSITION RATE TPAC 

You c m  enter this dc\criptiim in the Quolirj Modr.1 de\í.ription file hy choosing 
the Quul i~y Mo&/ - l i l i l  comniand h i n  the Scenariu menu. If thi\ d e h i t i o n  i \  
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2.5.2 Initial Conditions 

2.5.3 External Variables 
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I 2.5.4 Boundary conditions 
' lhc lirst node niu\t dso Iiavc a Qualiry houriilary condition. Choosc thc 
f'ropo-1ir5 dialíig hox iii thc fir\t niidc. Chiiosc Ihundary  Conditions ... rin the 
<;cncral tah. Chr~ri\c ttic ... huttrin hchind 'l'rac tri dcfine a Boundury Crindirion 
.Y,hcmc lor ï'rac. (:hoi,sc Add ... in thc ,Yvi<,r~ .S( hrnic, dialog bilx til add a ncw 
time \cries. Morlify thc typc <,f hmindary crmditiim to nm-<,yuidi.stuni. Enter the 
lollowing tirne\erics: 

Kepeat thcw action\ ti, defiric n con\tant cimccntratiiin (11' IO mg11 as a houndary 
eiindition i ~ n  thc otticr cnd <,S thc Nctwork. A qualily houndury condition i\ r~n ly  
vaiid I i lr  thc incoriiing water. 

Notc: A flow hi~undary critiilitir~n without any qualiiy hrmndary cunditinn ha? a 
\pcciel mcuning. which niay influencc thc rcwlts. In ntrinal siluatii~n\ i t  
i\ thcrclorc iiccc\iriry ti, dcfinc a quality hwxidary cr~ridition III~ evcry 
I low hriunilary conditi<>ii even i 1  thcrc i\ only outllow at thc houndary. 

2.5.5 Calculation Settings 
Bcfi~rc \tarting thc calculati<~ri. check tbc input in the Culiuiui ion S<Wn#.s dialog 
box. This box I \  activated hy thc riglit nir,u\c hutton rm Cul~ulur ion .Yelliw~.s in 
ttie Scenario manager. 

C'hoii\c a\ 7 j p  , , / ' r  uh u lu l ion  I ' l r~w&()ualit~. In  Oulpul Vut. iut~1~1 check thc 
variuhlc l'rac <>I thc Quality Mrjdcl t<> he avaiiahle for output. 

I 'hc calculatiir i\ activated hy choosing thc Opdiztr Al1 option kon1 thc 
Cuir ulolion Menu i i ~ r  thc Cal, ulutc tix,lhar huttrlii nr the Cul,.irlat~ optir~n frnm 
thc Sccnariii Context nicnu). 'fhc Oir ip i ,~ wiiidow and thc Statu\ har wil1 \how 
thc profre\\ o f  thc calculatii~ii. 

l i yiiur rnodcl uintains qiiality houndary ciinditions without Slow boundary 
crtnditions warnings wil1 pcncraied in thc 0 ~ 1 p u 1  window. 
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2.6 RAM 

2.6.1 Precipitation and Evaporation 

C'IIIIII\C t t i i  /'I<,( ~/NIOII<~,I ~ i m i r i i a t i d  i n  the Sccii;irii> 2leiiu. I> \ lS uil1 \lii>u ) w  
. , = /:<lil Pic<!,"i"l'<"l tlic /'I.V< !/U/O~I~,,I di;iIhp l h o ~ .  I n  th i \  ~ h ~ i l o ~  box :I l ' r c c ~ p i a i ~ ~ ~ i i  i ~ i i i c  \ c r ~ c \  c m  he 

i i i \er ic i l .  I r i r \ t  c l ich o r i  i t ic I n w r t  l k f o r e  huiti ir i Iii criicr tlic heginning of thc 
i in ic  \cr ic\  N c x i  click i h i  Sh i f t  ... hutfon t i l  opeii ilir .S/ii/i l u l i e ~  dial i ig hrtx and 
cli;iripc tlic \ i ; i i t  d;iii. : i i i r l  t i t i ie iiI i l ic i in ie  \cr ic\  i o  J;iiiu;ir) I '. I W X  uriilcr Sc i  
,%m S1011 /)UI,, & 71wv. l 3 x h  i l ic / ' ,m I~III~III~~II di;iIop hn. thc lnse r t  
A f t e r  hii i tori. I ) M S  u i l 1  i r iwr t  ;i i i cw  l i n e  Kcpcat Ih i \  ;xctiíin I 0  l i r i ic\  Sclcct thc 
l i rs t  l i r i ï  iii i l ie l i r l  1)\1S wil1 ;iuiiinialicnll) JutNp 1 0  II ic k a l u e  edit f ie ld uhere a 
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I<epe;tt thcse steps for entering thc Evaporatim, hut enter thc f r ~ l l i ~ w i n g  values: 

Sote: Hccau\c thc date and time o f  thc time \erie\ nccd to he listcd i n  an 
incrca\ing d e r ,  Ihc final datc mu\t f i n i  he mridified hefore altering thc 
\c i< ind date 11) I~J~JX/O1104. I f  i t  i \  drinc i n  a diffcrent order, an error 
mc\\agc wil1 appear. 

2.6.2 Configure the Area 
I n  order t 0  calculatc thc r i i r i i i i fand thc I o x s  t11 a nodc i n  thc netwíirk. R A M  
n e e d ~  11) know the p r i~pcr t i c i  iiI thc area, around the Node, f r r m  which the r u n d l  
ha\ to he taken irito accrlurit. f;ir\t you have ti> define an A r ro  i n  the k t w o r k .  
A n  Are;! is always ;ittacticd t11 a Schcmatimtiori point. T o  add an Area 111 the 
Netwwk drag the Area ih jcc t  f r i m  thc Pul~m, toolbar to lhc \chematimti«n 
point i n  the Network. II thc Arca i\ attactled to rhe schernati~ation point i t  wil1 
hccome green, otherwi\c i t  wil1 appcar dotted. 

S i ]  critcr thc pri~pcrties o f t hc  Arca. di~uhlccl ick  IJ^ thc i~hject  i n  thc Nctwork 
window. D M S  wil1 show the Ohjc< i Propo-li<,\ dialiig hux. On  the General tab 
yiiu can enter thc 7 0 t o l  surfi~í.c ~ i f t h c  area. In thi\  ca\c the surface i\ 10000 ha 
í Ic+X ni'j. Sclcct ihc K A V  tnh to in \cn  thc KAM-\pcci f ic  data. 

Thc iimriunt r ~ f d a t a  per Arca i \  \plit into Iiigical categorics. A categorie can he 
\electcd in thc catcgi>ric\ l i\thrix. Sclcct thc category Arcu and \peciïy thc 
percentage of l / r ipui~cd i r o f i ~ r  r at 100% 

Select Q iunpoi.cd.,u,/írre) i n  thc Catcgi~rics listbux. D M S  wil1 dkplay the 
l i n /~u i . r d  S i r i f i ~ w  setting\ at ttic right \ide of thc dialog . Bccaux  thc Urrpuwd 
.Siri:/u~r settings are rathcr cxtcri\ivc and hecause they depcnd on the type o f  
\urhcc o f  the node, K A M  wíirk\ wi ih  cchcrnes. This enahle\ m e  to Gmply reuse 
h e  U> ip i i~edSu i : f i~~ i~  \ctt inf\  I r ~ r  riihcr Nodcs. 

Chome the [...l butttiii at thc r ighi  \idc o f  Surfacï typc. D M S  wil1 \how the 
Scici i I i i i povrd  .Sirifuw Srhcn~c  dialíig h í i x  S inw  therc are no schcniei 
availehlc, a ricw rinc must he adclctl. 
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2.6.3 Calculation 
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same period as u\ed in the timc serie, Ior the Precipitation and the Evaporation 
(fr i~m I to 10 January 1998). 

On the KAM tab c h r ~ r ~ s e  the option Perfilrm NAM Culculution. The option 
Perfirm UuJTow L'ulculurion on the Duflow tab wil1 he disahled at the same time. 

The calculation is activated hy choosing the up dur^ Al1 optinn from the 
Cokului ion Menu i i ~ r  the Cu/< ulure toolhar hutton or thc Colculorr nption from 
thc Scenario Context menu). 'The Ouipur window show9 the progre\s of the 
calculation. 

Aftcr the calcuiation, KAM haï  generated a boundary condition lor the additional 
dischargc rln the schcmatizatim point to which the Area i \  attached. Tr] show 
thme houndary condition douhle-click iln thc Area in the Network window. 
DMS wil1 open the Ohject Propert ie dialog box. Click on the Houndary 
Conditions ... huttim. Click ... behind the QAdd icheme which is made hy 
DMS. Chorlse Modify ... to display the timc scries which reprcscnts the 
houndary condition. 

Whcn a Duflow calculation i \  perfnrmed again thc re\ults wil1 differ. 

When a Duflow calculation i \  perfnrmed after a KAM calculation, the 
Prccipitatiim mu\t he excluded k o m  the Duflow calculatir~n íCrrl(u1urion 
Seiring,\ - U u í l ~ ~ w  tab), otherwi\c thc Precipitation wil1 hc taken info account 
twicc. 
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3. User Interface 

3.1 User interface components 
The u\cr interface of thc DUFLOW Modelling Studio (DMSj consists of the 
lollowing cornponents: 

Mcnus 

Toolbar\ 

Status Bar 

Scenario Manager window 

Working spacc with thc Nctwork window and Ke\ult\ windowï 

Outpul window 
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3.2 Menus 

3.2.2 Edit menu 

E<l i i \  ilic propcriie, UI .i11 r i c i i i o rh  i i h l c c i i  
( ' h ~ ~ k ,  I k  ~ n o d w  l o r  ~ ~ ~ l c c t i o r i .  

?ct\ d i \ p l d i  i>piii,ii\ pcr i i ix lc  

í ' i i i i f i p i i i c \  i l ic i r > ! i i r i  i i l  i l ic ( i rap l i  U i n < l i i * \  

5 c t i  i l ic di\pl; i> pr<,pcrtic\ i i !  llii. \i.luiiii Wiridciu r>r 
ihc (iriipli wiiidoii 

Set, ik w n p t  l<,r IIIC l p ~ ~ w ~ t a i ~ ~ m  r m d c  

Iiiiii\ ;i\\ prcwiikiiitr \ c r i p i \  \~hcr r ic \ .  
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Allowi or prrihibiti change, In the Network Window. 

3.2.3 View menu 
Thc  View menu dlcn ihe f r~ l l r~wing  comrnands: 

'1'1~olhar Shows or hidc\ the toolhar. 

Show, ior hidc, thc htaiur har. 

Show5 windriws as wurk\hccts in a workhook or as 
normal windows. 

Scenario Manager Shows or hidm the Sccnurii, Manager Window 

Output 5hi>w\ or hidm thc Output Window 

New 'Sext Window ... Open\ a ncw 1 ~ x 1  output window 

New Time Graph Opena a ncw 'l'irnr Relatcd ciutput window 

Window ... 
New Space Graph Open, a ncw (iraph Kelated riutput window 

Winduw ... 
Open Network Window Opens a new Network window 

3.2.4 Project menu 
The  Pruject menu offers thc Ir~llowing comrnands: 

Propertie5 ... <;ct\ thc propenie, of thc Pruject 

3.2.5 Scenario menu 
The  Scenario menu ~ > l l z r \  the f r ~ l l r ~ w i n g  cornrnands: 

Calculation Settings ... 
1)escription ... 
Properties ... 
1)elete 

Precipitation.. . 
Evaporation ... 
Wind direction ... 
Wind velocity ... 
Schemes )Level ... 

Q11 ... 
Q-Add ... 
Crmtentratiun.. 
Load ... 

Quality model b Edit ... 
Compile 

Initial rrmditions ... 
I'arameters ... 
External Variahles ... 
Structure Control ... 

Sets thc dald controllinp the calculation. 

Edits the dmcription of ihe Sccnario. 

Sci, ihe propenie\ of the Scenariii. 

I j~ lc t c \  thc S ~ c n a r i i ~ .  

Edit5 precipitation parameter\. 

Edits evaprjratirm parameter\. 

Edit\ wind directim paramclcri. 

Edits wind vclocily paramelcr\. 

F.dit\ al1 Icvcl buundary xhcrncs. 
Edits al1 OH-rclation boundary scheme\. 
tdit ,  al1 Q-Add houndary schcmc5. 
k l i t \  al1 concentration houndary xhcmc5. 
Mits al1 Iriad hiiundary \chcrne\. 

Edits the ()uulity mudel. 
Cornpile, thr Quality mridel 

Set5 thc initia1 conditions lor the Scenarir) 

?ct\ thr paramcten frir the Ouality rnridel. 

Seis thr ~xtcrnal variable\. 

Sets the \trucure control for thc Sccnariri. 
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3.2.6 Calculation menu 

3.2.7 Options menu 

3.2.8 Window menu 

3.2.9 Help menu 

3.3 Toolbars 

1 Standard toolbar 
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Llndri thc la\t actirin. 

C u  the selcciiim 

Cripy the ~e l cc t i rm  

-&jJa\tc thc \ciectiori. 

Print ihe active dricunient. 

Di5play the vcnirm numher of DMS 

__$ St,art the Help t w l ,  thc help file wil1 he m n c d  autrimatically aller a crimmand i \  
clickcd. T ~ L .  dc\cripiion of the chmen topic is \hown. 

Modify ihe \cripi\ lor the prcwntalion mode. 

3.3.2 Scenario toolbar 

a T h c  Sccnar io  timlhar oSScr\ thc following comrnands:  

Click To 

&J Edit thc propertie\ of thc nctwrirk rhjects. - 
Edit precipitatirin parameter\. 

Edit cvaporation parumcteih. 

Edit wind direction parametcv. 

i@ Edit wind velocity parametcri. 

?Itlj Add yriur c o m m c m  i i>r  ihc Sccnario. 

Calculate thc rcwlts uf the active Scenario. 

Show or hidc thc Scenario Munqc r  window. 

Show or hidc ihc Output windriw. 

3.3.3 Window toolbar 

The Window toolhar of fer \  thc I l~ l lowing c t immands:  

Click To 

Arrmge window\ in nn overlapped fa\hion. 

Arrange window, in non-ovcrlappeil t i l a  - hi,rizrmtully 

Arriinge win di^^ in non-ovcrliipped tiles - vcrtically. 

a Open a Tent window. 

Open a 'I ime Rclaled Graph window. 

@j Open a Spacc Kelutcd Ciraph w ind rw  

@A Open a Nclwrirk window. 
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3.4 Status Bar 
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The right areas of the Statu\ bar indicate which of the following keys are latched 
down: 

Indicator 1)rscription 

C A P  Thc Cap. Lock key i \  latched down 

NLM The Nun i  Lrick key is latchcd dowri. 

C K I .  The S ~ r d  Lrick key is latchcd down. 

3.5 Scenario Manager window 
The Scenario Manager window displays a p r ~ ~ ~ e c t - t r e e  lor al1 i~pened Projects. To 
di\play or  hide al1 thc Sccnarios of the project click with thc lelt mouse button on 
thc plu\- nr minus-sign hefme the Project name. T o  dkplay or  hide the suhjects 
of a Scenario click with thc lel't mouse button on the plu\- or  rninui-sign h e l m  
the Scenario namc. 

71) di\play or hidc ihc Sccnarii] Manager window, u\e thc Sccnarir~ Manager 
ctimmand in the View rncnu. T «  change the font of the Sccnaric Manager, click 
on the righi mouse button outside the project-tree. 

3.6 Working space 
The wrirking spacc can coniain the Network windnw and Kewlt windows of 
different Project and Scenario's. The Nctwnrk Editor consi\ts of the Network 
window and the Palcttc t~lolbar.  

T ~ I  open a window use ~ n e  of the following cummands in the View menu or  
Inlm thc winduw t ~ x ~ l b a r :  

Open Text winilriw 

a Open Timc Kciaic<J <;raph window 

Open Netwiirk window 

Clicking the right-rnouie button in thc Scenario Manager after the selection of a 
scenario displays a popup menu with the w m c  ci~mrnands. 

TI, activate a window and hring i1 to thc I rmt  use the comrnand Window l ,  2, . . .  
in the Windnw menu. Whcn the window\ arc displayed in a w~irkhnuk il is also 
p<i\sihlc 111 activate a window by clicking rln its tab. T« display or  hidc a 
w ~ i r k h o i ~ k  containing al1 thc opened windows use the Workhi~ok command. 

3.6.1 Workbook 
U\e thc Wi~rkhook comrnand to show winclow\ as  worksheets in a workbook nr 
a\ nilrmal windows. 

Command: 
Mcnu: View - Workh~i~ ik  ... 
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3.6.2 Arrange Windows 

Command: 

3.6.3 Tile Windows 

3.6.4 Arrange Icons 

3.6.5 Activate Window 
1>1S di\pl;ii.\ :i 1151 01 íqiciicd M iiicIi~u\ ;r! ihc hotii>ii i of ttic iiicriu. ;\ chcck iniirk 
appcar\ 111 Iroi i i  i 1 1  thc l i ~ i c i l  u i i i d i ~ u  naiiic i 1 1  tlic a i i i i i .  u i r i i l i , ~  <hí>i>w ;t 
w i t i i k i ~  lr i i i i i  lh\ li \ t  10 t ~ i i i i g  i t  i<i tlic lri iri l. 

Command: 

3.7 Output window 
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3.8 DMS commands 
In t h i ~  paragraph al1 cummand\ that c m  he u\cd in al1 paiis of DMS wil1 be 
described. 

3.8.1 Undo last action 
U\e this cornrnand to undo thr  last action. The changes in the Nctwurk window 
wil1 he visihle after rcdrawing Ihc Nciwork window. 

Command: 
Menu: Edit - Undo 

Toolhar: 

Kcys: CKTI,+Z 

3.8.2 Cut Selection 
Usï  this c«rnmand t11 cut the sclcciion or x lec ted  ohject(s). You can paste this 
selection or \electcd object elsewhere hy wing  the Paste cornrnand. 

Comrnand: 
Menu: Edit - Cut 

Keys: CKTL+X 

3.8.3 Copy Selection 
Usï  this comrnand trl cupy thc ieleclion ilr selected íihjcct(s). You can paste this 
selection r ~ r  sclccted ohjcct clsewhcrc hy u\ing the P a t e  comrnand. 

Comrnand: 
Menu: Edit - Copy 

Tool bar: :@l -- 
Keys: CKTL+C 

3.8.4 Paste Selection 
Use this cornrnand to paste thc cut or copied selection or selectcd object(\) 

Command: 
Menu: Edii - Paste 

Keys: CRTL+V 
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3.8.5 Print 

Command: 
Llcrlu. t . 1 1 ~  - I'iiiii. 

3.8.6 Print dialog box 

Related topics: 

1'11111 

3.8.7 Print Preview 
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3.8.8 Print Setup 

3.8.9 Help Topics 

Use this cummand t<i \elect a printer and a printer conncctjon. Th;\ cominand 
present5 a Print Setup dialog hox, where you specify thc printer and its 
conncction. You c m  a l w  crmtrr~l default printer Wtings for the selected printer. 
Al1 op t im\  are printer specilic. 

Command: 
Menu: File - I'rint Setup 

Use thi\ command to di\play the opening screen of IIMS help. From the opening 
screen y r ~ u  can jutnp tri \everal DMS help topics. 

Oncc you rlpcn Help, you can click the Cimtcnts huttr~n whcncvïr you want t o  
rclurn t0 the <ipening screen. 

Command: 
Menu: Help - Help Topics 

3.8.10 Context Help 
Use the Context Help cr~nimand to r~htain help on \ome porlion ~ I I ' D M S .  When 
you choosc the Toolhar's Context Help button, thc m w s e  pointer wil1 change tu 
an arrow and question mark. The Iiclp t i~p ic  wil1 he displayed f r ~ r  the next 
clicked item. 

Command: 

Tool har: 

Kcys: SHIFí'+FI 

3.8.1 1 About DMS 
Use thi\ command tii display the Copyright noticc and version numher of your 
copy of DMS. in thc Ahi~ut  IIMS dialog hox. 

Command: 
Menu: Hclp - Abi~ut  DMS.. . 

3.8.12 About DMS dialog box 
The  Ahrut  DMS dialr~g box contains the application name and I I I ~ I I ,  the DMS 
veriion numher the Copyright statement. This dialog box a l m  contdins a link to 
the homepage of the SI 'OWA. 

Hy clicking <in the Module\  ... button »MS wil1 \how thc Module\ dialog box 
with more detailed inlorinaiion abijut thc installed modules. 

Related topics: 

Ahriut IIMS 
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3.8.13 Exit DMS 

Command: 
Meiiu: Fi lc I jhi t  

M w \ c  (' l ick i l ic npplic;iti~in'\ Ex i l  hur t<~n.  

Kc>\ :  ,\l.'l'+l.4 

3.9 Customizing DMS 

3.9.1 Display or hide Toolbar 
IGse ihc IJi5pl;iy or l i ic lc Ioo lhar  comrnand ti, di\plu! i i r  hidc s certiiin T í ~ d b a r .  A 
clicch rii;irk uppe;ir\ i icxi i i i  itic i i iciiu i i r r i i  u l i c i i  oiic i i r  n i í n  li iulh;ir\ x c  
( l i \ f> la>ed 

Command: 
Vcriu: \'ieu 'Iii<ilh;ir 

3.9.2 Display or hide Status Bar 
I ;w tlic IJi\play <)r liidc Statil i I h r  címiniarid ti, di\pl;i) or lhidc ihr Starui Har. 
Th i \  har ~ l i i p l s y i  thc ;icti<iii i i i  hc exccuicd h! ihc \ c l c ~ t c i l  iricriu itciri or pre\wd 
to í i lhu  huitiin ;iiid thc kc) hoiiril Intch \talc. i\ chcch iiid Uppcar\ i ichl 10 thc 
rirciiu itcrii M ~ C I I  t h ~  S l i ~ l ~ l \  Bar I \  i l ~ y ~ l i t y c d .  

Command: 

3.9.3 Display or hide Scenario Manager 
(;\c i l i c  I~ i \p l ; i y  <>r  hii lc Scci i i i r i i~  Munugcr ciiriirii;iiid I<, iiiq>l;i) (Ir Ii idc thc 
Sccii;irio M;iii;tgcr W i i i i l o ~ .  u hi rh i<iiit;iin\ ihc modcl d:il;i 2nd onc or more 
Scciiariii'\. 

Command: 

3.9.4 Display or hide Output 
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Command: 
,Menu View Output 

Toolbar 

3.9.5 Customize toolbars, menu and windows 
Usc the Cu\tomize command 10 cu\ t rmize the style\, colors and other featurcs in 
the DMS windi,ws. »MS wil1 show thc Customizc dialog box. 

Command: 

3.9.6 Customize dialog box 

Thc Toolhar tah offers the fi~llowing options: 

'lordhar\ S h o w  a i i \ l  d thc availahlc timlharr. Tij \hiiw or  hide the 
tisdbar check ihe yecificd ioolhar in thc l i \ t .  

'l'uolhar name Name ij l  ihc toolhar. Only the name of uxr-defincd 
todbar\ i u n  he chaiiged. 

Show l'<inltip* Hy chiiosing thi, optiuri a shon dcvmption of thc huttiin 
wlll he di5pluycd whcn thc curwr i \  placet1 on thc hutton. 

C d  l.ook C i d  lwking hutlrin\ di> nol have a horder ahwe.  

Large Huttons ti \e thi\ opti<>n l i>  increax thc Gzc of the huttons. 

Kei* or Iklete tise the Ncw or Delete buriori to add or rcmovc tuolbnrs. 
Only uwr-ilelined trii~lhars may he remiwed. 

On  thc <:ommand tah the huttim\ ~ i f  thc command\ bclonging til the \elcctcd 
c a t e p r y  are di\played. By dragging a hutton t o a  timihar the button i \  addcd to 
the toiiihar. By dragging i t  frorn rhc tr~riihar the button wil1 be rernovcd from thc 
toolhar. 

On  the'l 'ot~ls tah new tool cr~rnmands my hc addcd to  the Edit menu. 

'Shc F o r m a t  tab offer\  r>ptiori\ t r j  c u \ t o n i i ~ e  the h n t  and the color for  ach 01' the 
DMS windr1w5. 
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Related topics: 

3.9.8 Settings dialog box 

Related topics: 

s c l t i l l ~ \  

3.9.9 Splitter 

'h \ p ~ c  rclniiiiri hctui.cn itic thrcc part, i \  irilluciiccil h? thc Splitti.r. Thi i  is 
tlic hori/iml;il o i  \crtii;ii har hctirccri thc part,. \ lo\ii ig thc riiciiisc a h o x  thc har 
wil1 ~ h i i n g c  the riiiiiiic poiritcr. int<, u splitter i i < , r i .  Thc har i \  riioied hy dragging 
thc \~>IitIcr ~cori .  
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4. Scenario manager 

4.1 Usage of the Scenario Manager 
' lhe Scenario Manager i \  there t ~ i  manage al1 the data and information needed to 
run variuus iimulation rnr~dcl \cenariui and to store and administrate al1 
scenario's which have been run. The scenario manager facilitates the user in 
managing different input data within thc same pruject. It also iupervises over the 
integrity of thc data and makc\ ii pussible to quickly view and compare the 
rciults of caiculatir~ni made with different input parameters. 

The scenario manager has three main t a k \ :  

Facilitation of managing a project. A project consiit\ of in- and 
output data that hclong togcthcr. Thi i  data is kept in the form of 
files. A user can Srcqucntly alter certain parameters «f the input 
data to view the effccti ím the calculation results. The scenario 
manager makes it pi~\ i ible  t i j  save an a\wciated Yet o f  data together 
a\ one swnarir). 

Supervision o l t h e  integrity of the data within thc scenario. When 
\ome of the input parameters of a \cenario are altered by the user, 
the data dependent on these parameters, such a\ thc output reiults, 
wil1 niit cíintain the correct inlormation. Within DMS, thc w e r  wil1 
níit he ahle to view thi\ infr~rmation in the lorm of tahles or graphs 
unless the inf~irmation is updatcd hy a ncw calculatir~n. 

Managing the input parameters whcn using more than une scenario 
within the same p r ~ ~ j e c t .  The scenario manager makes i1 possible t11 
easily c~lmhine input parameters from different scenario\. When 
creating a new scenario, thc u\er may decide to keep \ome of  the 
input the \ame thc ha\e scenarirl. On the other hand, i t  is also 
pos\ible to define a local copy of  the input data lor making 
rn~idifications t i l  thc basc scenario. 

4.1 .l Managing scenarios 
Within a pri\jeci i t  is possible to dcfine several s c e n a r i ~ ~ s .  The first scenario 
creatcd by the uier is automatically defined a \  the hase scenario. Scenarios that 
are created aftcr this basc scenario, automatically contain refcrences to the base 
scenario. 

By adjuiting the scenariíi prnpcrtici, the uier can easily comhine input data from 
dilfercni scenarim 
The input data i \  divided intri sevcral ub jec t s .  For each subject thc user can 
choosc to use ihc data from anothcr scenario ireference) or to define a local c i ~ p y  
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Related topics: 

4.2 Project commands 

4.2.1 New Project 

4.2.2 New Project dialog box 

Related topics: 
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4.2.6 Save Project As . . . 

5;ii.r In c l c ~ t  ilic d r i i e  ;arml h r c c i i i r )  I" uliich 10 ihc 
I'rlqccI 

Command: 
\1c1111: I-ilc so\c  ;i, 

4.2.7 Import Files 

I h e  lolli,utr~g I j l w ! p c \  uic Ic~sihl i  

I I , ~  t i ' P K J  

Ihiiindar! í'iintlitiiin* I,Ii,w ' 13\11 
F ik  

I%oundar> (:i,ndiliiin\ ? I { 1 K  
í)ualit> F i k  

Inilial (:iinditim\ Hou '.RE<; 
l i k  

Initial (hd i l i im \  í)iialit> ' l3t .K 
File 

(:ontrol Scltine\ I'ile ' ( ' I  K 
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You can save the i ~ l d  I k j e c t  as  a ncw Projcct (*.DMSj file with the Save as 
cr~mmand. 

Command: 
Mcnu: File - Lmpon 

TIP Befr~re irnprirting a 'I'KJ I I ~  a ".NOD file make sure that the 
co-ordinale\ in the node5 are not equal tij z e r o  If so, al1 [he 
objects in the Network window wil1 be po\iti«ned in one  
place which mlikes it irnpo\siblc to use the cornmands of 
the Network windilw. 

TIP Bcfore impiining a project file Ie.PRJ) or  flow boundary 
file (".HNI>j make sure that if more than one fkiw 
boundary condition is delined on one  node, every flow 
houndary condition rm that node has its own unique 
condition numbcr. Othenvise only rmc flow boundary 
c~indition filr that node wil1 he convened. 

4.2.8 Project Properties 
CSC this cornmand tr ,  \ct the propenie\ i11 thc projcct Aftcr selecting thi\ 
comrnand DMS wil1 \how the I'roject Properties dialog b r~x .  

Command: 
Menu: Project - I 'n~penies..  . 
Mi>u\e menu: Kight m i u w  button in thc Scenari i~ Manager winduw after the 

\election of a prilject - Propertic5 . . 

4.2.9 Project Properties dialog box 
In the Priijects Properties dialog hr~x i t  can he spccified whethcr t11 use a 
geographical hackgr~>und cir nol. 7'0 define the layers of the geographical 
background usc the Display Layers comrnand. 

Related topics: 

Project Propertieï 

4.2.10 Recently Opened Projects 
Usc the numbcrs and filenames li5ted at thc brittim of the File menu to open one 
o f t h e  last sin closcd Project\. Chr~ose the Project you wish to open. 

Command: 
M ~ n u :  File - Recently Opened Pnijecis 1,2 .... 
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4.3 Scenario commands 

4.3.1 New Scenario 
I:\c ihi, cimrii;triil 10 dcl i i ic iiirirc th;iri onc Scciiari i i  i n  U I'rojccl. D\lS wil1 {huw 
tlic SCM. 5ccii i ir io dii i lop t j o x  IO \peciI') thc riiiinc of !he ( ; cc i i i ~ i i i ~ .  

Cornmand: 
L l i i i i w  irieiiu: l 0 p t i 1  ri i i iu\c h u i t r r  iii i l ic  Scenario Ir1ariagc.r u i r i d o u  at icr [he 

\cIi.iii,>ri i i i  ;i pri i jcci  - N c u  Sccnarii i  . . .  

4.3.2 New Scenario dialog box 

4.3.3 Set as Active Scenario 

4.3.4 Scenario Description 

4.3.5 Scenario Description dialog box 

Related topics: 
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4.3.6 Scenario Properties 
Usc thi\ comniand to \ct thc prupenie\ u l the  scenarii~. After the \election of this 
command DMS wil1 \how the Scenario Propertie\ dialog box 

Command: 
Menu: Scenario - Pr<~penic\  

Mouw menu: Kight mouse button in the Scenario Manager window after the 
selectiun of a sccnariu - Propertie\.. . 

Related topics: 

Scenario Prqnxties dialrig box (G~nera l )  

Scenario Properties dialrlg box ( D C K O W )  

Scenario Properties dialog hnx ( R A M )  

4.3.7 Scenario Properties dialog box (General) 
The Scenario may crlntain the input data itself «r it rnay reler to input data of 
anothcr Scenario. In this dialog hox a list of suhject5 is shown. Each subject 
reler\ t11 certain types of  data items, defincd hy the u \e r  Next to each whject, the 
u x r  can choo\e ihe sriurcc of  the data ti)  hc used fur this Scenario. In the \uhject\ 
the following informatiiin ahout the model is \cored: 

Schcniatisatiun All data crmccrning the layrxit of the network, such a\ 
thc length of the .iection\, as calculated hy the network 
editor. 

Object data Thc propertic\ of  al1 object\ dcfined in thi: network, 
such as thc c r o s  sectional prrlfiles and thc structure 
propertic\. 

Prccipitatiim Precipitation data 

Evaprirution Evaporaiion data 

O H ,  Qadd. Level, Thc valuc\ r11 the boundary \chemes. 
Concentration and 
Load 

Ilirectiun and The wind direction and wind vckicity infonnatii~n 
Velocity 

By default. DMS wil1 rcfer 11) the f int  created Scenario (ihe hare Scenario) f»r ai1 
suhjwt\.  The user can refer to the \<iurce of another Scenario by clicking on thc 
urrnw at the right .;;de of  thc list. DMS wil1 show a list i f  al1 availablc Scenario 
\<iurceï. Withiri this list, therc i \  alsri the po\\ihility t<,  c h o r x :  own  data'. I S  this 
i, chmen. thc daia for thc givcn suhjcct wil1 he storcd in this \ccnario directory 
imtcad of another scenario directory. All change\ made within the data cuntained 
by thc \uhject with rlwn data' chmcn wil1 now unly affect the current scenario. 
The uther Scenario\ within the Project wil1 remain unchanged. 

Related topics: 

Scenario I'ropcrtics dialof hi~x ( R A M )  
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4.3.8 Scenario Properties dialog box (DUFLOW) 

Related topics: 

4.3.9 Scenario Properties dialog box (RAM) 

Related topics: 

4.3.10 Delete Scenario 

4.3.1 1 Precipitation 
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For cxample if entered in thc dialog box: 

l i m e  Valuc 

O 1 :o0 l 0 0  

03:OO 100  

The d ixhargc  or conccntratiiin at 02:00 15 equal to 200, the precipitation at 02:00 
is hr~wcvcr q u a 1  t i>  300 

Command: 
Menu: Scenario - Precipitation 

M o u x  menu: Kiglir n i o u x  huttiin in thc Scenario Managcr window on 
I'recipitatirm - Edit. .  . 

Scen. Managcr: Ur>uhlï-click Ieft mousc button in thc Scenario Manager 
window rln I'rccipitatir~n. 
... , 

Toolhar: 

4.3.1 2 Evaporation 
U x  thi\ command to set (11 rnodify thc Evaporation time ~ e r i c s .  DMS wijl show 
thc Evaporati~in dialog box. Thc cvaporatir~n \chemc i \  in Sact a time \erie\ 
schemc. UMS thcrefme u\e\ a variatirm i ~ f t h e  Modify Schcme dialog box 10 
modify thc evaporation. I h c  unit of evaporation in DMS is mmiday. 

Nritc that fur RAM thcrc ic a difference in thc DMS interpretation of  the inserted 
valuc\. In e g .  a concentration schernc DBMS suppr~sc\ a lincar rclatiim hetween 
two inxrted time \teps. For thc evapr~ratiix in KAM the given valucs are 
interprcted as thc values "up until now". 

Fur cx;implc ifentcred in the dialog box: 

Time Valuc 

O I :o0 100 

01:OO 100  

The d ixharge  or concentratiim at 02:Ofl i \  cqual ti, 200, the evaporati~~ri at 02:00 
is however equal to 300 

Command: 
Menu: Scenario tvaporiitir~n 

Mousc menu: Right rnou\e hutton in the Scenario Manager window on 
1:vapordtirm - Edit ... 

S c e n  Manager: Double-click leti mouw buttm in the Scenario Manager 
wiiidow rm Evaporation. 

'loolbar: @j 

4.3.1 3 Wind Direction 
Cse thi\ comrnand t ~ i  iet or nirnlify thc Wind Directirm time \erie\. DMS wil1 
show the Wind Direclion dialog box. 'l'he wind dircction schcme is in lact a timr 
serie\ \cheme. DMS thercforc uses a variation of the  Modify Scheme dialog box 
ti, modify the wind direction. Thc wind dircction is the angle measured 
clockwi\c krjm thc Krlrth. The unit of the winddirectim in DMS is given in 
degrees (360). 
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4.3.14 Wind Velocity 

4.3.15 Level Schemes 

4.3.16 QH Schemes 
( ' \ c  i h i \  iiiiiiiii;iiiil t < >  xi iii riiodil'y i l ic 011-rc1,itiiiii Sclicii ic\ . 11\15 uil1 \ h i ~  

ik  Sclcci 0 1 1  Sctii.iiic ili.ili>g h<)\. A l t c r  tlic ~ c l c i i i i i i i  01  a (J11 \clii.iiic >iiii can 
\ij. i i i ipcm , ,r  m~li l) (211 i c l ;~ t i im  ii ir ic \cric. i n  rlic \l<>ilii! 011 Sclicme d i a l i ~ g  
ho*. ' I l ic iiiiii of iii\cliiii;~. ii i DhlS i \  iii'/\. i11 I c t c l  i \  iii i i i ie t rc \ l .  

4.3.17 Modify QH Scheme dialog box 
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g i v m .  Thc Modify ()l! Scheme clialog hox is used t11 add o r  modify these sets. 
Thc \cts wil1 hc \ r~r tcd hy Level automatically. 

Modifyine thc valuc\ tor Lcvcl and I>i\chargc can he done hy wing  thc . - 
fullowing ctmrnand\ :  

Insert 

Remove 

Select AI1 

Import 

Irixrtr ;i ncw linc 1 \ 1 3 )  in thc iist 

I<cmoves ihc highlightcd lines Irrim thr iist 

Se lc~ t \  al1 Iirim in thc 1151 \ i >  that thcy cen hc 
manipuiatcd togcthcr. 

l:n;thlci y rw  tri  irnprrt a QH-rclatirin Irrirn an 
cxicrnal ASCII filc, wving you the triiuhle i ~ f  
tritcring this data rnuriually. Thi. valuc, Sor 
I>i\charge ani  l.cvcl \hi>uld bz wpuraicd by a blank. 
jTah] or IReturnj. 

t.nahlc\ yiiu 10 expiin a OH~rclation t r i  an extcrnal 
ASCII f i k  

Related topics: 

OH Scheme 

4.3.18 Q-Add Schemes 
L'se this cr~nimrind 8 t0  s 
Select 0 - A d d  Schcmc 
can \ct, impilrt r,r niod 
dialog box. 7 h c  unit 111 

e t  o r  rirodify tlie Q-Add Schemes. DMS wil1 show the 
dialog box. Aftcr  the sclcctirln r11 a ()-Add \cheme you 
i í j  0 - A d d  time \erie\ in a v a r i a t i ~ ~ n  of thc M d f y  Scheme 
d i scharpc  in DMS i& mi / \ .  

Command: 
Menu: Scenario Schcmes - Q-Add. .  . 
S c c n  Manager: IIr~uhic-click Ieft m<iu\c  hutton in the Sccnario Manager 

window (in ()-Acid iSchcmc\).  

4.3.1 9 Concentration Schemes 
U w  thi\ crmrnand t i )  \ct r ~ r  r n ~ ~ d i f y  thc Conccntratiiln Schcmcs. DMS wil1 show 
a variation o f  thc Modify Crillecti~in of' Schemc\ dialog box. After thc \election 
o f  a variahle I IMS wil1 \huw thc Sclcct Schcrne dialog bon. Aftcr the d e c t i o n  of  
a Cmcentr;itiim \chcme you c m  \ct, import o r  modify Conccntrdtir~n time serie\ 
in a variatirjn of the Modify Scheme dialog box. DMS uses thc fr~llowing unit\ 
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4.3.20 Load Schemes 

4.3.21 Edit Quality Model 
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4.3.22 Compile Quality Model 
Usc this command to compilc the Quality model. DUI'KOL conipilcs the p r w x  
descriptirins of the ".MOI> f i lc  and geticrates a quality model output file which 
can he rcad hy the IlCFI.OW calculation prriccss. The name of  the quality output 
filc must be specified in the Calculation Settings under the DUFLOW tab. The 
quality model output filc ha i  the extension * .  UOB. 

Compiling thc quality rnodcl wil1 nol change thc values o f  thc paranictcri or thc 
initial values ij1 thc variahlei. 

Command: 
Menu: Scenario - Quality - Cmnpilc. 

Mousc mcriu: Right rnriu\c hutt i~n in thc Scenario Manager window mi 
Quality ,Mvlriílcl aftcr the \electirm iiI a scenario - Cr~mpile 

Tip Belore ciinipiling makc \ure that the quality rnodcl is cloïed 
with an cnipty line at the bottom, otherwi\e DCPROL wil1 nut 
he ahle to conipile the filc correctly. 

4.3.23 Initial Conditions 
IJ\c this comniand to \ct or tiiodify thc lnitial C«~idition\ o la l l  the objects in the 
active scenario. DMS wil1 show the lnitial Cimditions dialog box. 

I t  is a lw  poi\ihle t11 clan the Iniiial Conditiimi cornmand in the Ohject Propcnies 
dialog hrn on thc DIJFLOW lah. I IMS wil1 \hr>w thc lnitial Conditions dialog 
box íiihject oricntcdj with thc initial wnditirm\ o l thc  selectcd iihject. 

When yriu have completcd a INFLOU' calculatirrn you c m  a k i  re-initialize thc 
Initial Cmditions using thc New Initial Ciinditims comrnand. 

Command: 
M m u :  Scenario - Iriitial Condi t imi  

Mriuie menu: Kight m o u x  huiton in the Scenario Managcr window on 
Initial Conditions - Edit.. . 

Sccn. Manager: Ihuhle-cl ick left inousc button in thc Sccnarirr Manager 
window on Initial Crinditims. 

Tip Thc ncw initia1 condition\ dialrig hox can al\<) he used in case 
i i t 'modc l l in~ drcdging rlpcrati~~n\. Calculate f int  your model 
heIrre drcdging, then changc th t  initial ciinditiíins and the state 
variahlc\ I I~  the bott im and calculatc [he dredged situatii~n. 

Related topics: 

Ucw Initial C~inditirm\ 
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4.3.24 Initial Conditions dialog box 

I I 
1 . u  I l ic Set (:oliiiiiii ... Ii~iiliiii 10 ~ h i m f c  ihc i i i i l i i t l  L:IILIC\ lo r  i t l l  oh;cct\ 10 thc 
UIIG v i i l ~ ~  l ) \ l Y  w l l  opcri IIIC Sc1 (~'111umri ~ : I I I , ~  Ihot. L v r i y  ihc  1)efauIl~ 
Iiiiiiiiii \c l \  tlic i i i i i ia l  \: i l i ich i i l r  di\char:c nnd l e i c l  t i >  /ero. Quali l) \ar iahls\  
\bil1 hc \ct I<I 111c c lc lao l~ \ d i w  :i\ k l i r ~ c d  111 i l i c  ~LKI I I !  m,xIcl d c \ c r i p i i m  r i lc .  

Related topics: 

4.3.25 Set Column dialog box 

Related topics: 

4.3.26 New lnitial Conditions 

Related topics: 

4.3.27 New Initial Conditions dialog box 
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Thc data wil1 he read frrim thc cariier calculatir~n. To re-initialize the initial 
crmditirin\ lor I l < ~ w  r ~ r  f i x  quality mark thc appri~priatc chcckhox. 

Select a date and time 01 a stable situatirln in the earlicr calculati~~n. I k fau l t  
I I M S  wil1 present thc \tart date and tinic ofthe earlicr calculation, this is never 
the r n i J + t  5tahle situatir~n ! 

Related topics: 

New Iriitial Cmdi t i~ i r i \  

4.3.28 Parameters 
L \ c  Ihi\ ci~mrnand !IJ modify the valuc\ of thc parameter\ as defined in the 
quality mr~dc l  description SiIc. The initial values are copied hy DMS trom the 
quality model description file. DMS wil1 \huw the Parameters dialog box. 

Comrnand: 
Menu: Scenario - l'arlimeter\ 

Mou\e menu: Kight miJu\c button in thc Sccnariii Manager windrlw on 
I'arainetcrs - Edit.. . 

Scen Manager: Dr~uhle-click lelt mi~use button in thc Scenariil Manager 
wind~iw <in I'arametcr\. 

4.3.29 Parameters dialog box 
The Paramctcrs diahg box contairi\ a tahlc of parameters declarcd in the Quality 
Model de\criptiim file. Ry changirig thc valuc i ~ f  a parameter thc Quality Mr~dc l  
can he calihrated. U\c the 1)efaults hutton t ~ i  change Ihe value in the (lefault 
valuc\. Thc dcl'ault value\ are dcfiricd in thc Quality Miidcl description file. 

Related topics: 

4.3.30 External Variables 
Use thi\ cr~mmand til \e1 or niodiS thc External Variahles schema »MS wil1 
\hriw a variaticm of  rhe M d f y  Ciillecti~in i i f  Schernes dialiig hox. After the 
dec t ion  r fa  External Variahlc DMS wil1 \how the Select Schcme dialog box. 
Aftcr thc \clcctii,n o f  an Extcrnal Variahlc schemc you can \ct, impi~rt  or modify 
External Variahlc time \cries in a v;rriatirin o f  the M i ~ d i f y  Scheme dialog hox. 
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Notc thai tlic di \pcr i i<, i i  i i , c l l ' i ~ i c i i t  i \  i i I\ i~ ciiri\iclcrcii t i ,  hc ;in chicrri;il variahlc 
;ilihiiugh i t  i \  iiiii d1:cl;ircil i r i  thc í)iiolii) I l o i l c l  i l c \c i ip t i im l i l c .  

Cornrnand: 
Mcriu: SLC~I:IIIII f \ t ~ r i i u l  Vnrinhlc\ .  

Y i i ~ i  i u i i  a l \ i i  x i i  cricri i: i l  i ariahlc \chcrtic iii ;i11 o h \ c u \  h! u\ i i ig  thc <:i,nnect I o  
11Il c ~ m r n m d  

4.3.31 Structure Control 

4.3.32 Structure Control dialog box 
Thc St iu i t i i rc  Ci i i i i ro l  <lial<ii. h i i x  i i i r i ta i i i \  ;in o i ~ i n  ie,, 01 I ~ C  i l r f i r ied Structure 
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Related topics: 

Structure Contr i~l  

Structure Opcration dialog hox 

4.3.33 Structure Operation dialog box 
In the Structurc Opeiation d i d o g  hon the \peciticatims ois t ructure  operation5 
can hc entercd. 

Ilefining the struciurc opcrutir~n\ cun he done hy cntcring thc following 
individual specifications: 

Type 01' operation <'iintinu<>ii\ n i e  iqxratiim wil1 he cxecuicd 
during the enlire pcriod d thc 
calc~lation. 

T r i g e r  A 'scenario' thai <lescrihes the 
i c r iv  variation of  one f'aramctci in imc or 

morc \tructure\ depcnding on actual 
hydruulic conditions, cullcd Triggcr 
Ciindiiion\. A 'kcnai-id may consiiis 
ri i  mrire Ihun <m Trigger \eric\. Thc 
nurnhcr ifopïralii>ns tirnc, and thc 
numhcr of slruclures pcr operation 
may nol e n c d  I h. Each 'dructure 
ripcratiori' may have up  to 99 'trigper 
crmd~tions'. 

Operational parameter Tlic paramcter iif thc structure that wil1 he aflccted hy 
thi\ \tructure opcration. Nok that carlicr paramcter 
W I U C S  are iivcrwrillcn. 

Structure Spccify thc itructurei\). Take care ihat ihe Operational 
I'ararricter ha5 a rnciininp Ii>r ihc givcn \tructurel\) ( cg .  
di, rio1 chanpc thc \ i l l  lcvcl o i a  pump). 

Continuous Operations 
Continuous Operations can hc specified hy entering a t ime series for the 
5pecificd Opcratirmal I'ararnelcr. 
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Related topics: 

4.4 Schemes and time series 
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t r ~  Network ohject\. The propertic\ i ~ f  an i~hject can be changed ju\t by 
connecting anilther ichcmc. It i', alio p«isible to changc thr  properties of several 
r~hjects which u x  the samc schcnie hy modifying thc values of that scheme. 

The selection 01 the connected icherne takes place in the Select Scheme dialog 
box. After thc \election of a x h e m e  it is possiblc to modify the scheme in the 
Modify Scheme dialog box. This dialog bun wil1 alio he shown whcn a ncw 
x h e m e  i \  addcd. 

Most schernm contiiin differrnt kinds of time \erie\. A time serie\ contains a 
\erie\ of valuc\ foi- a tir11~1 drpendcnt variablr o r  parameter. Time series are 
inserted by thc users ui- can be irnported from an existing ASCII-file. 

4.4.1 Modify Collection of Schemes dialog box 
Aftcr selecting a variahle in thc Mrdify Collection of Scherne\ dialog box and 
pressing the Modi b... button IIMS wil1 show thc Select Schenie dialog box fiir 
the selected variahlc. 

4.4.2 Select Scheme dialog box 
Properties d c w i h i n g  the data arc g r i~uprd  in a scherne. All available schcmes are 
shown in the l i \ t  in the Select Schcme dialog hox. 

The fiillowing button, are availahle in the Selc me  dialog box: 

Add, Modify Schemc\ c m  hc addecl r i r  modilied by u m g  ihe 
apprripriatc hutton. Mwhly wil1 \huw thc Modify 
S~hernc dialog box uith ihc existlng \ihcrne values. 
Aiid wil1 \how ihe iamc dialog hm with cmpty 
valucilfields. 

Copy Copim the ?electcd xhcmes in the Ii\thi>n 10 make 
mal1 uItcrat~~>ns withoui changing the orvginal. The 
copicd iclicmc ha\ the urnc namc plu\ ar, added 
numher. 

Delete Ucl~.tc\ the seleileil xheme. 

View Use Opcm the Scherne Uwge dialog hm with an 
overview <if thc object\ which uic the wlectcd 
sihcrni.. 

4.4.3 Scheme Usage dialog box 
The Scheme U\agc dialog hun displays an overview of al1 object\ which use the 
selecteil ichctne. 

Related topics: 

Select Schernc d j a l ~ ~ g  hox 
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4.4.4 Modify Scheme dialog box (time series) 

Oprn enditic 
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i \  lllj~mrn-dd i~ r~ l~ j i rnmldd ,  the iiirmat Srir the timc i %  
hh:nim:s\. 

1 wi i  iypcb of dam files caii hc read: 

Equidi5tant time wries: 
A rcirrd ol'ihc data file contain, <ml) i>nc variiihlc 
\,ulue. The file irrclf may bc r i f  a frcc Surrnut, valuer 
c m  hc q a r a t c d  by a blank. [Tab] ur [Returnl. Aller 
iniportiiig the t i l i .  the "Start date", "Slart timc" and 
"Intcrv;ilï rnu\t bc \peiificil. Thcw item, thcrciorc 
muit nijt he rtcircd in the cxtcrnal filï. Thc ileiault 
\,aluw are equiil ti, the dcf u i t  Simiat m the Model 
Tinic S ~ r i c s  Scttinp\ dialog hox. 

Kon equidistant time series: 
A rccrird < > i  thc data f i k  mu\t conlain darc, time and 
actual valuc. Uurinp thc iinpiirt the data wil1 hc 
writtcii t o a  Dl;f:I.OW input Sik. Whcn later m, 
itiange, are made in thc ASCII file, thc DIIFLOW 
input file wil1 nrit hc updatcd. 

Enahlc, y o u  ti, export a timc s c r m i  ti> an cxtcrnal 
AICII lilc. 

Related topics: 

Select Schcnic dialrig hiix 

4.4.5 Modify Time series Settings dialog box 
Thc  M d l y  l i m c  \eric\ dialog bon enahles you t11 change the propertie\ o f a  
t ime serie\. 

DMS supports the fr~lluwing po\\ihilitics f«r entering time depcndent functions: 

C o n s t a n t  
Tlic input variahlc is crin\tant in timc 

Fourier Series 
T h e  input variahle can he fmmulatcd as a Fouricr series 

, , Value at t ime l .  

J,, Mean value. 

Y ,  Amplitude of k "  c imponenl  

k Compiincnt numhcr. 

Nunihcr of corripiiricnt\. 
Ii 
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Related topics: 

l 
( ' l i i i<iw ulicthci thi. \ ; i l i ic  ha\ to pi, I<irunrcl or  h;iihu.ird i n  tirric. \pccif> thc 
(la). l i i i i i r .  iiiiiiiitc~ aii<l \ccoiicl\ 01 ilic \ I r iTl  <>i  \cl ;I iicii \lar1 (luie ;~n<l linie í i f lhc 

e 
I I I I I C  \cric\. 

Related topics: 
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5. Network Editor 

Usage of the Network Editor 
7 h c  Nctwork Editor i \  a graphical cditw that cnables you to intcractivcly draw 
ihc iictwork \chemat i~a t im.  Thc dcsired object (e.g. a n d c )  can eacily be 
~ A c c t c d  Srom the Paletie toolhar. The rnriux is used to place the object in the 
iictwork window. Thi\ Nctwork Editor i \  haïed nn the standard exchange format, 
which ha, c<in\cquence\ lor thc way in which thc netwrlrk is \ct up. 

In the standard exchange Ii~rinat, a \chcmali~ation is huilt up r~Snode\  and 
\cctirin\. 

Node\ are points at which onc or more .;eetion\ a r k c  o r  end. - A sectiiin connects two n < ~ d e \ .  

Thc Sulli~wing quantitiei can he delincd on a \cctir~n: . Structurc\ 
\uch a\ wein.  culverts, siphun\, pumps iind gcneral \tructures like 
undcrflriw\. 

Arca point\ 
In area point\ ihe drainage I r m  ihe a r a s  idue 111 rainfall) and 
cvaporation i\ taken int<, accr~unt Irlr the surface water. 

Di\chargc points 
T h c x  point, lakc waqe  h a d \  at the w r h c c  walcr illl(~ account. 

Crobs-\cctirinal data 
such a\ rc\i\tancc coefficicni\ and cross sïctiiinal profile. 

Scheiniitizatim points 
In these point\ thc re\ults of thc calculati~ins are recordcd. Arca and 
Discharpc point\ are atlachcd rin \chematization point\. On a 
\chcmati~at i r~n point m e  or rmirc area\ and discharge\ may he 
dclincrl. 

Thc \chernstizatioii i \  \ct up and adju\tcd hy \electing arid dragging ihe object\ 
intri ihc Network window. 

In DMS node\ are dcSiticd at the heginning and end r ~ f  a scctiim and in \ituation\ 
whcrc ihrcc rir mort. section\ meet. A scction i \  deiïned beiween two nodes and 
\cheinatizatir~n point\ and calculation p i n t \  are dclincd rln thc \celion. IS the 
u\cr wi\hc\ i r i  reccivc ~iutput  on ccifain locatir>n\ rm the \cction ichcmatiralim 
point\ Laii he placed on thc section. 

Thc nctwork is convcrtcd t11 a 'DUFLOW' network by suh\tiiuting the nodes and 
\chernatizatii~ii and calculaiion points int(, DUFLOW node\ and cnnverting thc 
DM,$ wciion inti, \everal UL'FLOW scciiimi. 7 h e  i iwr  c m  rlefinc thc di\tancï 

User's guide Network Editor 65 



5.1 .l Open Network Window 

5.2 Network Objects 

5.2.1 Node 

66 Network Editor User's guide 



T h e  f o l l r ~ w i n g  propen ie \  

General 
11) 

3amc 

X-ciir>rdinate 

Duflow 
In i t ia l  í:iinditi<in* 

External  Variables 

RAM 

Idcntificatirin code of the niidc. 

Namc of thc ~ i i idc .  

The X-courrlinutc <>i  thc node i\ calculated hy l m ]  
D M S  based. rui tlic pmit ion of thc node in ihe 
Neiwork winrl<>w. I3y cntcring a chcck inark 
hehind ttic l ic ld thc u w  can riverridc thc vului. 
calculatcrl hy DMS.  

'h Y-ci,ordinatc of thc node i ,  ciiliulated hy / m l  
I j M S  h a c d  on thc po\i i i<i i i  iil the nixie in  itie 
Neiwork winrl<>w. I3y entering a check mark 
hchind thc ficlrl thc u x r  can ovcrridc thc d u r  
calculaizd hy I j h lS .  

Aiicr thc sAectioii <,f ttic B ~ i u n d a r y  
(:<inditions ... huttiin UL1S wij l  \hriw thc 
I h m d i i r y  < <mIitir,n\ dialog h o x  I hi, dialog 
h m  g i v a  a r ,  iw ï r v i cw  of thc s l c ~ t c d  \chcrnc\ 
dcfming thc hijundary condilion\. H y  clickmg on 
tlie a r n w  hchind thc sclicme-namc a list w i lh  the 
availuhle scheinc\ wil1 he displayed. U\e the 
l...] buttriii 10 <,pen ihe Select Schtme dialrig 
h m  1,) iidd or mridily \ ~ h c m e \ .  

A l ic r  ihe \clcctirm r i f  the In i t ia l  Condit ions ... 
huttori I I M S  uil1 ihow tlie Initial Ci>iiditiori* 
ilialog hon witl i  thc initia1 crindiiirin\ lor 
discharge, Icvcl 2nd 211 statc variablc\ dcclared 
i n  tlic Quality niiiilel. 

L w  tlic I>el'aull$ huiion ti, \ct the value of  
ihchargc  3nd f l r i u  equal Ir, x r o  and the valuc ijl 
lhc \tilie variahlc\ Ir, thc dcfaulr valuc, dcclarcd 
iri ihc Quality Mr,<lel dc\cr ipt im l i lc .  

A l ic r  thr x l t c t i o n  o f  thc External  Variahles ... 
huiiun D M 5  wil1 \huw the Entcrnal Va r i ab l r  
dialog box. l'lii\ dialog box g i v w  un ovcrview of 
thc sclccted \chcmc\ l i ir  thc di\per\ir>n and thc 
oihcr enicrnul vuriahlw dcclared in the Quality 
i n i > d d  Hy ~ I i c k i r i g  <>,i itic arruw hehind thc 
\chcmc~name a l i \ t  wiih thc av;iil;ihlc \chcmc\ 
wil1 hc iIi\pluycd. L w  thc [...l hut tm i<> upen 
the Select Schunc i l lakig hox ti> add or modify 
rcheines. 

Nu R A M  spccilic data can be defined. 

5.2.2 Section 

' l h c  f ~ ~ l l o w i n g  prripcrtics Lan hc dc\crihccl: 

General 

Name Namc o f  ttie xc l i rm  

' lhe Iength of thc v x t i u n  is caliulated hy D M S  [ m l  
h a w l  <>n thc Icngih i i l ' thr sectiíin i n  the Network 
windiiw. !<y cntcring a chcck mark hchinc thc 
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H! c l i i i i i r i ~ i g  i l i i ~  i q l t ~ m  [ > \ l 5  wII  iriIcr[id:iic 
liir. ( ' r i , \ \ ~ w i i i i i ~ i : i I  <l,il;i 1,ci.iccii l l ic l ' r < ~ i i ~  
\c' l i i i i i \ .  i i i i c r i r ~ < l  i i i i  lliii i C 1 i i i i 1 ,  1 1 , ~ .  r < , \ \ ~  
\ C C l l O , ,  l l,l l,l lll 111c pIII lil <I \C.I1(111 11clbicc1, ,i 
IIIKIC .ind IIIC r i c , ~ i \ l  d e t m c ~ l  ( ' IO \ \~ \CL~I I I I I  I I  

.il\i.t!\ i.qii.iI iii i l ic <I.ii;i < > f  t l idi ( ' r < i \ ~ ~ ~ i . c i i o r  

\ i i ic  tli,ii ~ h c  h n i u r l i  < \ c l  I \  ~ p i r i  01 Il ic (-im\+ 
\~ilii>i, ii:ii;i. i1  i i i I I  t i lmci i . ,  . , l i \ . , \ \  li< 
iii icrpi1:iiciI Ihc luc~. i i  i w i  ( ' ,<i \ ,  \ c i i i i m \  

\\ ,,,i1 L i , i i \ C l i i i i i i  LOL.IIICI~III . l i l .  1)1.1<1111l 

i.i luc i \  1 0  5licl icr i1ip I r i , i i i  i l ic \ii,iil h! < l i h c \ ~  
I>L,,I<I,,,~ C I C  L.,,, l,< ~,, l ,d.,I~, l  11) \ ~ ~ L ~ L , ~ ~ I , I & !  d 

I , l l l U  \~,ILIc 

( ' t i r i<>\i i ig lli i, < > i r l , < , i i  ;:i11 gi.ii1~i,~Ic oi i lpui !,,i lliii 
~ i . i i i i i i i .  li! i l i l , i i i l i  lliii U~ I I I , I ,  \,.#li tic c t i c ~ l c r l .  

5.2.3 Schematization point 
Scliciiinti,;itii>ii p i i i i i l \  aic cs t i ; !  p i > i i i t \  c i i i  ;i w ~ I 1 i i 1 1   LI\^ lh! IIIC I > \ I S  e a l c u l a t ~ ~ i n  
:~ r id  cm u h ~ c k  UUI~ILII c m  lhc ~ c i i c r : ~ I c d  (111 ; c  \ ~ I I c~~~~ ! I I / : ~ I I~~ I I  p < ~ i r i t  I>IW cir m o r c  
xcn, ;id i l i \ i l i ; i r ~ c  p ) i i i i \  in;!) hc d c l i i i c d  

68 i Network Editor User's guide 



RAM 

11) of the section i m  which i h ï  schemalization 
point is dcfined. 

1 hc X~ci,<miir iaie o f the  \chcrnatvaiiori point is Irnl 
calculatïd hy DMS, h a w i  <>n rtic pri\itii>n of !he 
\chcrriaii/utirin point in thc hclwork windi>w. Hy 
criicring a chcck mark hchind thc l i c ld  thc u\er 
c;in r,i,crridc thc w l u c  ~u lcu la tcd  hy [>MS. 

' lhc Y-cimrdin;itc of Ihc \chcmatization point I\ lm1 
calculated hy DMS. h a w l  on ihc pusilion o l  liie 
d m n a t i r a t i u n  pwnt in  ihe N ~ t w o r k  window l i y  
entering a chcck mark hchind thc f ic ld thc u w  
c m  rivcrridc the valuc calculatcd hy  DMS.  

' lhc di\tancc Ir<rm thc hepin n i d c  of thc \cclion Irnl 
i ini i l  thc ~ ihc rnu l i ~a r i< in  point i \  ~ulculated hy 
I).VS. hawd wi thc po\it i i in\ <>l thc riixlc 2nd the 
\chcniaiimtii,ri point in thc Nctui>rk windriw. Ry 
entcring a check mark hchiriil th ï  l e i d  i h r  u w  
u r i  werr idc  ihc v ~ l u ï  i , f I>MS. 

DUFLOW 
I n i t i a l  Condi t ions A l le r  thr selectiiiri r i l  thc I n i l i a l  (:<inditions ... 

hutton D V S  wil1 hhow thc Ini i ial Condition5 
<Iiuli,g h m  wiih rhc ini l ial crmdii iuni kir 
i l i \ i t iargc. I c v d  m d  al1 \late variahlw rlcclarcd 
i i i  thc Qualiiy m < d ï l .  

1 , ' ~  the I>eSault\ hutirin 10 \e i  the valuc r i f  
di ichwgc snd f low equal 10 ,.cru and the valuï  d 
thc \late variahlc. ti, thc i lciuult valuc\ declercd 
in the Ounlily Mix lc l  <Ic\cription l'ilr. 

Ex lerna l  Variahles A l i c r  the sclcction iil the Externa l  Variables... 
huitrin DMS wil1 show thc External Variahles 
dialog hirx Th i \  dialrig hrix p v c \  an overview of 
thc d ï c i c i l  xhcrne\ Tor the di\periiriri and Ihc 
i i lhc i  cxtcrnal variahle\ dcclarcd in the Qualily 
rm,di.l. Hy dick ing <,n ihe aririw hchind thc 
xhcrne-rnmc a Ii\i with rhc availuhlc schcrnc\ 
u i l1  he displayed. [:\c rhc l...! buiirin t<> ripcri 
!tic Select Schemc d i i i l i~p  hijx I r i  add or rnodily 
d ~ e m r s .  

Pio KAM spcc i f i ~  data c m  he dcfined 

5.2.4 Discharge point 
On DI\ chargc po in t \  discharge in o r  «ut oí'thc Ne twork  o r  waste Ioad\ ; 
surlucc water i n to  thc c t w ~ ~ r k  can he taken i n to  account. Discharge p o  

i 1  thc  
int5 mus1 

a lways be altached to  a Schcmai i ra t ion  po in t  f t  i\ p i ] \ \ ih le  to attach more  than 
onc Discharge po in t  t o  the \amc Schematizat ion po in t .  

T i i e  I u l l o w i n g  p n ~ p c r t i c \  can hc <lc\crihc<l: 

General 
11) Iiiciitificaiion corlc r i f  ihe I hxha rge  point 

Name Nunic ol'the D isharge p < m t  

Schematizalion po in t  11) 11) o f  the SchernaIi/.aiiir puin1 on which thc 
dixhargi. point i\ attachcd. At  thi, 
Schcmnti/utiori point thc d i x h u r p  into the 
rictwork wil1 hc iakïn int<) ;iccr,uni. 
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Duflow 

RAM 

5.2.5 Area 
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The  frillowing categorie\ 111' priipcrtim arc  mi~difiahle,  the propertic\ (and the 
dialog) change whcri a ncw caicgory i \  \clected: 

Icon Category Properties 

k ,  I'aved l m e  c<insliirli, rciervoir xparatcd x w c r  
surfare \y\tcm [dayl 

k~ Tinie consiant rcvxvriir pavïd rurí'ace [dnyl 

Siitc: Fiir (he crop facliir Makkink (f) the 
open surface value ir alsri uwd for pavrd 

SWIULC lypc S u r l : ~ ~  Iypc  ariil !l\ coritcnt5 arc \ct in the 
Scleci Ciipavïd Surlacc Schemc dialog hrix 

C '  Vcrtical hydriiulic rcrirtanic iil covering 
Iaycr. Iday/ 

1)11 Ily<lriiulic hcad di1Icrïnc.c ctwcring laycr 
;m<l wuicr tramportmg p a ~ k a p c .  [ml 

I\ Niiratr coiiccntriiiion 

Concentration schernc\ are scIcctc0 in thc Seleci Concentration Schemc dialog l 

box which i \  a variation of the Modily Schcrne dialog box. 1 
l 
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F4 2 lm! lil Q& F 
F W ~ l ~ / d a v l  r 

Kz#Ianldayl  (I b e * m d r L u  

Iii i l i c  I . t~p; i \cd \iiilil~ï ~ l i ; i l i~g  hox tbc l i1 l lon111 piciiitii~,ler\ i a t i  he dexr ibcd:  

Heading Properties Explanation 

72 Network Editor User's guide 



T h c  fo l l ow ing  propcrî ies c m  he dc\cribed: 

General 
11) 

h a m e  

Sectiiin 11) 

X-coordinale 

Scheme 

Duflow 

RAM 

Idcntificatwn code iil the Cr i~ \ \~ \ec t i i i n .  

Namc OS the C'rm\~\cci i< in 

10 o f  the scctirm i>n which the ~ r i i \ \ ~ \ e c t i r i n  is 
dcfined. 

' lhc X~cimrdinatc of ihc c rm\ -xx t i r in  15 

culculated hy D.MS. h a w l  iiri thc pmitiori r i f  th< 
c r r> \ \~xx t i r i n  in  thc Nctwork window. Ry 
cnicring a chc ik  mark hchind thc field the u w  
can oven id~.  thc vuluc calculatcii hy DMS. 

The Y-coordinatc of the c ross-xc t i r r  i r  
calculatcil hy DMS. haicd <,n the pmit ion o f  th i  
i r m \ ~ v x t i u n  i n  thc Netwiirk window. H y  
erilcring a check mark hchind thc l ield thc wer  
c m  r,verri<ie the valuc culculatcd hy UMS. 

Thc distan~c I r m i  thc hegin nndc of the \cctirin 
uiit i l  tlie Crr i \+xct i i>n is calculiitcd hy  DMS, 
bascd on the pr,\itions of the begin nride and the 
( h \ \ - x c t i o n  in t t i ï  Nctwrirk window. H y  
criiering U chcck mark hchind thc field thc u w  
can i ivcrriile thc v u l w  ~i l l cu la tcd  hy LIMS. 

Namc rif tlic (:ri>\\~\ecti<in schemc. Scc hclow 

Propen ie \  & \c r ih ing  thc Cr<) \ \ - \cc t ion  are grr iuped in a Cru\\ - \ect ior i  x h c r n e  
Tbc  \chcrnes faci l i tate thc  u\c o l 'p rcdef incd data and the u\c o f  x h e m e s  from 
othcr \~ena r i os .  A f i e r  \e lcc i ing  a Cross-\cct ion scherne DMS wi l1 show the 
C r i > \ \ - x c t i o n  d ia log  h o x .  
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5.2.8 Siphon 

' lhc valuc lor thc Kesi\tancc c m  bc insertcd 
lor thi. prisitive und ricgative direction of thc 
vxtliiri. 

Height (1,ine) Ikp th  to f-kxii licight ihiittom) on whicli the Ini] 
puratrieter, arc valid. 

Flow Width (I.ine) Width 01 Flow I'niiilc at thc ielatcd hetght. [m] 

Maximum Width (1,ine) Widtti of Slimge I'rolilc at Ihc relatcd tieight. !ml 

A Siphon i \  c ircular pipc uscd t u  carry watcr over  rib\tacles 

T h e  f i i l l~ iwing properi ies c m  hc descrihcd: 

General 
I 1) Idcritilicatii~ri w d c  of ihe Siphon. 

Name hame of thc Siphon. 

Secticin 11) I I )  i j l  thc vxliiin on irhich th i  \iphon i i  defined. 

I h c  disimcc f r im the hcgiri nudc , > I  thc 5cction 
uniil the siphi~ri ir calculiitcd by DMS, h a d  on 
ihl: piisitii~ri i f t h c  nride anrl thc siphun in the 
Ncturrk wiridim. Hy cntcririg a chcck mark 
hchind thc licld tbc uhcr curi wcrride thc valuc 
ialculated hy IIMS. 

T u h c  Width Thi. uidth of thc tuhe d t h e  \iphun 

' luhe  Heieht 'lhc hcight of ltic tuhc iif  the \ i ph i r .  

' ïuhe 1.ength The Icngth of the \iphori. 

Side Re\i \ tanre I h c  Ch&y ciidfi i ieni  for thc friction i r i  Ihc 
\ipti<>ri. l h c  lriclii,ri in thc v p t i i r  i \  aIway\ 
~alcuialcd witti thc furmula of I k  <:hC,.y. 

Duflow 
Star t  1,evel 2nd Stop  1,crrl Su'itctiing Ikvel\ ahovc thc ieleicnce level. ' lhc 

I ~ I M  in Ihc \iptiim \tart\ i I  horh levcl\ at hegin 
arml end are uhrive thc Start Lrvcl arid \top\ if 
one of thrni drrips below Ihc Stop I .~vcl .  The 
directiim froni ltic hcgin 10 thc cnd of a vphiin 
~r,rrc\porid\ t r ,  thc dircction ol thc \cctir>n. 

Mu M u  i \  a cwrcctiori factor lor additional tiydraulic 
i.flcct\ likc ~oritractii>n. internal frictim etc. and 
c m  hc ddincd al thc hegin ;tnd the cnd ol the 
iiphrin in pi>\itivc and ncgative dircctiiin. 

Initial Condition\ Alter the sclcctim of ihc Initia1 Ciinditions ... 
huttor BMS wil1 show thc Initial Conditions 
dialog hor with the initia1 cori<litiim\ lor 
di\cliurgc. Icvcl arid al1 %ilc variable\ rleclaicd 
in thc Quality mudel. 

l j w  ihe I>efault\ huiton to \cl thc valuc of 
rli\chargc ~ r i d  Slow equal t i ,  Ier« arid the vulue of 
tlic \iatc variahlc, to thc dclault valuw dcclared 
in thc Quality Model dcxriptiori f i k .  

External Variahle, Alter t h~ .  d x t i ( m  (>l thc External Variahles ... 
huti<m IjMS wil1 \ h o u  ihe txtcrnal V a r i a b h  
dialiig hor Th,\  ilialug hox gives ar, wcrview r~ f  
thc sclected schemes Tor the disperriim and the 
inher cxternal variahles declared in Ihe Quality 
mr>dd I3y clickirig r m  the arruw hchind thr 
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RAM 

Culvert 
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i r i  thc Qualily Miidcl dexriptirin file. 

External Variahles Alter thï  \clcclion uf thc External  Variahler ... 
button [>MS wil1 show the Extcrnal V a r i a h h  
dialog hr>x I h i s  dialog bilx glves an overview of 
thc sclictcd wheniec tor thr  dispersion and the 
<,it,er external variable\ declarcd i n  thc Quality 
rnudrl. Ry ~lickirig im the arrriw hchind thc 
~ c h e r n t ~ n a r n ï  a list with the available schemc\ 
wil1 be di\pluycd. Use thc l...] hutton to open 
tbc Select Schcme dialog hox to add or modiïy 
scheme<. 

5.2.10 Weir 
A Wcir  i s  a construction rnadc ti,  c o n t n ~ l  thc Icvei o n  t hc  upstrcarn sidc with a 
Irec warersurfacc.  

T h c  following p r ~ i p e r t i ï s  can he dcicr ihed:  

General 
I L) 

Name 

Section 11) 

I)i*tance 

Crriwn Width 

Criiwn Fleight 

Mu 

Duflow 
Initial (:<inditir>ns 

Id~.ntificatiri$i code of thc Wcir. 

Name of thc Wcir. 

ID of the vxtion on which the Weir is dcfined. 

I h e  diitancc f r r m  lhc hcgin nodï  of thc \ccliori Irnl  
until the weir i \  ialculalcd hy UMS, hascd orl !he 
po\itioii\ of  the riudc an<l thc wcir in thc 
Ketwurk windriw. By entcring a check mark 
brhind the M d  ihe user can ovcrride thc valuc 
calculatcd hy DMS. 

Ih i .  hcight ijl thc hottorn o! thi. flow opening Irnl  
ahovc ttlc refcrcnce level. 

M u  is a corrcction factor lor additional hydraulic I-] 
cftccts likt crmtrection. internal friction etc. in 
tiic wcir and can hc dcfincd in pmitivc and 
ncgativc ílircctiim 

Aiter thc \~ lcc i iun  of thc Initial Condi t i i~ns  ... 
hutton UMS uil1 show ttie Iniiial C<inditirm\ 
d iuhp box witli thc initia1 condition\ fcir 
dixhargc,  lcvd urid dl stalc vilriahlcr declarcd 
in tlic í)uality modcl. 

U x  the I>rfaults button to w the value of 
dischargc und flow equal tri /er" and the value r i f  

thc state variahle\ to the dclault values declarcd 
in ttic CJutilily Model de\criplirin lilc. 

Alter thc wlcctiiin ol ihc External Variahles ... 
hutton VMS wil1 \huw thc Entcrnal V a r i a h h  
dialog box. Thi\ dialog hun givcs an overvicw of 
thc seleitcd \ctiemes Tor the diipersion and the 
inher cxternal variables declared in thc Oualily 
rnrdel. Ry clicking (in thc arrrw hchind thc 
\cticnie-name a 1151 with ihc availuhlc \chcrnc\ 
wil1 be i I i~played Cse thc I...] hutton to open 
llic Select Siticme dialog hin t i ,  add or rni~dify 
\chernc\ 
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RAM 

5.2.11 Pump 

Dutlow 
In i t ia1  ( unditim\ 
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RAM Nr, KAM \pccific data cari hc defincd 

5.2.12 General Structure 
(;eneral Structurcs a re  structurc\  which c m  nrit he  dctiricd as o thcr  DMS 
structurcs,  for cxarnplc wcirs with fwccd  undc r f l r~w.  

T h c  l o l l r~wing  p rop rn i c s  ca11 hc dcscribcd: 

General 
11) 

Vamr 

Scction 11) 

Di5tanie 

Width Whirlpool 

Height Whirlpool 

Gate  1.rvt.l 

Duflow 
Initial í:<inditiiini 

k;xternal Variahles 

RAM 

User's g u i d e  

10 iiftht. scctiiin r,,, which thc (kricial Siructurr 
i \  deliiied. 

l'he distancc f r i m  thc hcgin node 01 the \ectirm [ml 
uritil itie gcncral wucturc i \  c;tlculatcd hy L).VY. 
h a d  iiri thc pwition\ ijl thc niidc and thc 
gcncral \tructure m thc Nctwork windriw Hy 
critcririg a chcck mark belijnd the Iicld thc u w  
c m  werridc thc valur calculatcd hy 0 M S .  

'l hc Icvel of thc uppcr \idc iifthc l l im opening Irnl 
rifthc gencral \tiuclurc ah<ivc lh ï  iefcrcncc 
levcl. 

Mu is a corrcction factor for additiiinal hydrul ic  I ~ I  
C I I C L I \  Iike contraction, inicinal Irictirm ctc. i n  

thi. gcneritl \meture  urid c m  hc ilclined in 
pmitive and ncgativi. dircctior,. 

Mu lar suhrricrgcd Ikiw rltuation, iri thc general I ~ I  
Wucture ariil cari hc defined in priutivc and 
neeative dircctiim 

Aficr thc wlcctiriri ijl the Initial <:ondit imi ... 
humm DMS wil1 \how the Initial Crmditirini 
diiiliig bux with the initia1 conditlon\ lor 
dixharge,  levcl und al1 state variahIc\ dcclared 
in Ihe Quality model. 

Alicr the xlcctiim < d i h e  External Variables ... 
hutirm DM5 wlll \h<>w ihc External Variahles 
dialof hox. 'ltii, dialog box givw un overview uf 
thc sclcctcd \cticme\ lor the dispcrwin and thr 
orticr cxiernid variuhlm dcclarcd in the C)uulily 
rrirdel. Hy clickmg on thc urmw hchintl tlic 
\chcrrie-riamc a li51 with thc availahlc \ ihemc\ 
wil1 br di\pluycd. [.:\e ih ï  I...) hutton ti ,  i ~pcn  
ihe Select Schcrnc diulog hrix o, udd r i r  rnodil'y 
schcrnes. 

Ni> RAM specilic data can be dc1irii.d 
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5.3 Network window commands 

5.3.1 Display Layers 

Cornrnand: 

5.3.2 Display Layers dialog box 

L w  i l i c  ,tdd t ~ u i i < i i i  I,, n d i l  I;i!cr\ t i j  t h c  Sctiiorh i r i r i i l < ~ u .  1 ) V S  w ill o p e n  t h c  
Opcii 1 . 1 1 ~  i l i ;di>p h,>\. O i i l !  S l i ; ~ p c ~ l i l c ~  c;iri he iiwil :i\ :i lu!ci in L)\IS. Su lcc t  l t i c  

f i le  in t l i c  tilt O~CI I  (11ill0g ~ O X .  

b i k \  0 . 1  y e  SCICLI i h c  i ! ] ~  (,t hk \ < , t  u.,<r!l 1,) < # p ~ , r l .  

\ I l P  I \  rhc c \ l ~ m w m  Izn ,x Sl,,spc IIIC 

'VSF i, thc r . \ i c i i \~o i i  i < i r  :i c i ~ l l c ~ i i , i i i  <i1 5hape-f i le*.  

l .ook i n  Sclcct thi. d r ~ w   ml dlrcct,~r! lil ~ t n ~ h  I > \ l S  I ,~c i l tcs  thc 
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file that ?<>u wuit tri open. 

Whcn a Shapc-lilc i \  selccted, DMS wil1 show the <:rlli]r dialog híix to chriosc 
thc righi colrlr f i ~ r  thc \electcd layer. U\C the I'rr~periie\ buttrm rln thc L d y c r ~  
dialog hr~x ti)  changc the crilor or style o f  thc laycr. DMS wil1 \how the Ldyer 
Prupcriie\ dialog box 

Related topics: 

5.3.3 Layers Properties dialog box 

Thc I'ollr~wing option\ in the Layers Propertics dialog box allow you t11 specifl 
ihc propcriie\ r i f  rhc laycr: 

Size Thicknï,, iil ihc linw. 

Stylc Stylc iii which thc layer i \  ilrawri. 

<:olw C r h  i>! tlre Iiiic5 or thc Olling colori of ihc ohject. in the laycr. 

Outline O p i ~ m  I, ,  choox  whethcr the objecis d t h c  layïr \hould have an 

outlirc <,r nol. 

Outlinr Ciilor ofthe i,uiliiic i , I  thc r,hje~i\ in the laycr. 
Color 

By rcmoving ihc mark in thc ríiw rif a prc\cni laycr thc layer wil1 ternporarily nol 
bc di\playcd. Use thc 1)eleIe <>r I k l e t e  A11 button to removc thc Iaycds) Srorn the 
liit. 

A set o f  layers can bc u v c d  as  *.VSF Sik hy choosing thc button Collection. '1'11 

u w  ihi, hutton more Ihan ilne laycrï must he \cleetcd in the Diïplay I.ayers 
diiiliig hox hy uiing thc C U T I ,  rlr SHIFT button 

Related topics: 

5.3.4 Object Properties 

If  <me or  more object\ in thc Network window are selectcd whcn using the 
tocilhar \hortcut for ihi\ conimmd. you can m l y  edit the prripenicï of the 
selcctcd ohject. 
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Lli,uzc i i ic i i i i :  I<ylii i i i o i i w  huiton in  tlic \c i \<i>r l \  !iiiiili,ii ;i l icr i l i c  
\ c l c ~ i i i i i i  < i 1  ;m ( i h l c i i  I'r<,pi.riic\. 

5.3.5 Object Properties dialog box 

5.3.6 Boundary Conditions dialog box (object oriented) 
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Hy clicking on thc asrr~w hehind thc scheme-name list with thc availahlc schemes 
wil1 he displaycd. IJsc the [...l hutton to  upen the Selcct Schemc dialog hllx to 
add <,r modify schemer. 

Boundary Cmdit ions  rinly can he delincd for nodcs and discharge points. 
8iluridary C~inditions lor lcvcl rir a Q-H rclatir~n cati iiot hc  dclincd (in a 
discharge point. 

ISKAM is in\tullcd, the tahlc witli the Quality Boundirry Conditioni always 
containi thc qunlity variahle\ Animmium,  Nitratc arid Phosphrir. These quality 
variahlc\ arc predefincd in KAM. 

Related topics: 

5.3.7 Initial Conditions dialog box (object oriented) 
Thc Initia1 C<inditii~n\ dialog h m  cimtains an rivcrvicw with thc initia1 conditir~ns 
Sor d ixhargc ,  Icvcl and al1 state variablcs dcclarcd i r i  thc Quality Model 
dcscription file fiir the selectcd ohjcct. 

Use thc 1)efaults hultr~n ti, set thc viiluc of discharge and fluw cquul t11 zero and 
the value of thc \iate variabics t (>  thc dcku l t  values dcclarcd in thc Quaiity 
.vlldci dcscription f i k .  

Related topics: 

Iniiial cr~nditions 

5.3.8 External Variables dialog box (object oriented) 
Thc Entcrnal Variahlc, dialog hr,n givcs an ovcrvicw of the sclcctcd s ihcmcs I i ~ r  
thc di9pcriiiln and thc othcr cxterrial variahlcs dcclared in thc Quality .Model 
description f i k  Hy clicking rm ihc arrow hchind the schcnic-name a list with the 
availablc schcmes wijl he displayed. Usc the [...l buttriri tr, open thc Select 
Schcinc dialrig b ~ ~ x  t r ~  add o r  niodify cchemcs. 

Related topics: 

5.3.9 Check Objects 
L'sc tliis comniarid t i l  check ohjccts. Thc \election is made in thc Check Ohjects 
dialog box. 

Chccked i~hjcci \  are uscd to  di\play grliphs. in thc Ohject l'rripestics d ia l i~g  hun 
aiid lor generating thc I<~gSilc. 

Ohjccts can al\o he chcckcd with niouse ac t imr  in thc Nctwork windrlw. 
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!!l1 o l > l ~ i \  LUC I i ~ i c ~ l .  i t ic  ~ t i c c A h o x  helure c x 1 1  ~ I? ICLI  i c I l \  !OU \ ~ l i c t l r c r  ik 
ol i lcct  1'. i t i c chc i l  l lii. \i;ite i 1 1  ;iii i i h l c i t  i;iii hc cli;iii;i.il li! ~ l i r cc i l !  i l i c k i n g  thc 
ol i lccts c I r c i A h ~ i \  i i i  ilii. l i \ t h o \ .  

Related topics: 

5.3.1 1 Select Object 

Command: 
LIOLIM i i ic i i i i :  l<i;lir m u w  h i i t i im  i i ~ i i \ i < l c  i l i c  i ic i : iorh < ih l c .~ t \  - Sclcct i i i i i  

l l lO l l '  

I oo lh i i i :  k 

5.3.12 Show Object Types 
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Cornrnand: 
M o u w  menu: Kight inou\e hutton out\ide the network ohject\ - Show 

Object Type\  

5.3.13 Show Network Objects dialog box 
Thc Show Kctwork Ohjects dialog h i ~ x  all«w\ you to bpcciiy Ohject Types to he 
di\playcd in thc Network Window. 

All ohjcct type\ arc li\ted, thc checkhox heforc cach ohject tclis you whether the  
ohiect i \  chcckcd. Thc \ t a k  of a rihjcct can he changed hy direcily clicking thc 
rihicct\ chcckhon in ttic li\thrix. 

Related topics: 

Show Object Type\  

5.3.14 Cleanup Network 
C\e  the Cleanup Yctwork cwnrnand to r c m < ~ u c  the calculatiori pilint\ o r  to make 
changes visihlc aitcr uhing ihc IJndo command. 

Cornrnand: 
.Vr~u \c  menu: Kight milu\c huttrm in thc Network winduw - Cleanup 

Nctwork 

5.3.15 Flip Orientation 
IJ\c thc I-lip Oricntatiim cr~nimariíl t r i  change thc directiíiri uI'a scctirm 

Cornrnand: 
M < ~ u s e  meriu: Kight m w \ c  button in tlic Network window aiter the selection 

of  a sectiix - Flip Orientation 

5.3.16 Bending Point 
IJ\c the Bending I'riint coinmand to mark a schematization pilint into a heiiding 
point. T U  crcate a hending in thc nciwurk select thc hending point and drag it t11 
the desired p i ~ \ i t i i ~ n .  

Cornrnand: 
M o u w  mcnu: Kight n i w \ c  huttrm in thc Nctwork winduw aller the sïlectiim 

of a schcrriati,ation point - Iktiding Poini 

5.3.17 Remove Object 
IJ\e thi\ comrnand to  r c i n ~ ~ i ' c  zin iihjcct frorn Ihc nctwíirk. 

Cornmand: 
Mouse menu: Kight niouw hutton after d c c t i r i g  an object - Remove object 

7 (ml har: 
... J 

Kcy\: DEI. íaftcr \clcctinf an r~hject) 
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5.3.1 8 Disconnect Object 

5.3.19 Remove Node and Join Sections 

Command: 
\ l i i i i \ c  i i ic i i i i  Iti~111 i ~ i i > u \ c  h i i l i ~ m  iii t l i c  \ c i \ i < > r h  \iiii<li>ii ; ~ l i c r  tlic \c lccl i i i i i  

i i t  :i i i i d c  J t c i n o ~ c  nodt x id  J,,m ~ c ~ t i < v i \  

5.3.21 Offset Coordinates 

~ 5.4 Moving through the Network window 

5.4.1 Entire Network 
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Command: 
M o u ~ e  rnenu: Kight m i i u x  hutton in thc Netwrirk windriw <iut\ide tht. 

nctwork ohject\ - Autri adjuït limit\ 

Toolhar: i 

5.4.2 Zooming Tool 
IJsc thc Z~xiining T o d  to \how p u t s  ril the network in niorc detail. After 
\elccting ihc comniand i l n m  thc mcnu or thc timlbar, thc cursor wil1 charige inti] 
a rnapi lyi t ig  gla\ \ .  Drliggiiig thc cur\or di\play\ a rcctnngle on y i ~ u r  \creeti. Thi\ 
reitangle reprcxnty the arcn that wil1 he rnagniíic~l íthc rectariglc wil1 he hlown 
up  uritil it fills ihc network window). 

Command: 
M ~ i u \ e  menu: Kight niriu\e hultiln in the Network window i~utsidc thc 

network ohjects or in the Graph window - Z o o m  mode 

Tool har: 

5.4.3 Zooming out 

5.4.4 Pan network 

Zoiirning is uwally doiie in \tages. rnijrc anrl more detail o l t h c  rictwork or graph 
is di\playcd. Zoorning out let\ you rctrucc these \tages. Z o m  out werk\ 
independent from the rormirig rool lthc zmming  triril d r ~ e ï  nol havc to he 
\clcctcd irl /.rlom r i u t ) .  

Ti, ïri<irn out t r i  thc unroimcd \tart: in thc Netwlrk window. u\c  in the Entirc 
network comrnand 

Command: 
Mou\c mcnu: Kight mr~u\e  hutton in the Nctwr~rk winiliiw outsidc thc 

network rlhjects or  in ttie Ciraph window - Z r ~ o m  out 

Tri~il har: 
.....- 

CIC thi\ coinniand pan thc n c l w x k  arid rriove it through thc Nctwilrk windriw. 
Ti, move the nctwork drag thc cursor (a hsrid) tt irwgh to thc Sctwork window 

Command: 
Mi>u\c rneriu: Kigtit rnijuw hutton riut\idc thc network <ih]cct\ - Pan rni~dc 

Tí~olhar: a 
5.4.5 Current Position 

h e  the Curreiit I'rlsition conirnand t i >  h ~ i w  or  \ei thc X- and Y-coordinale of the 
hottrim-leli corner r i l  thc Nctwrrk u,iridr~w. I>,WS wil1 \how Lhc Currcnt View 
I'mitirin dialug box. Thc  Currctit IJ~i\ilion ilial~ig hox a l w  \hiiw\ the currciit 
zoorn factor. 

When muving thc cur\<ir thrrlugti thc Nctwork window thc prnitirin rif the cursor 
i \  di\playcd in thc Statu\ har. 

Command: 
MOU\C mcnu: Right mouw huttim in thc tìetwr~rk window i~ut\idii rhe 

nctwork ohject\ - Spcciai - ïurrcril I'ri\ition . . .  
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5.4.6 Locate Object 

5.4.7 Locate Object dialog box 

5.5 Customizing Network window 

5.5.1 Window Properties (Network window) 
l, ,? tlic \ 'AII~~IM ~ ' ~ ~ O ~ I C I ~ I I C ~  ~~,i i i in: ir id 10 d i t  ilic  dra^ !tig propcmc~ <,l llic 
.\ciu<irh i i imki i r . .  11\15 nill opcri ihc 1Jr:iiiiiig t'ri)pcrl~ch dialog ho\. 

5.5.2 Presentation Mode 
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color and \ t y k  - 3 5  s functioii o f  thc output-values. D,VS wil1 open the Sclcct 
Prc\entaiion Script Schcme dialog hox. Alicr the selcctioii of a Pre\entatir~n 
Script. IIMS wil1 rcdraw thc nctwrlrk dialog hox accordirig to thc prcxntation 
\tript. Iri ihc c i w o r k  window a da tc~f ie ld  and a r r w - h u t t i ~ n \  are availahlc tri 
move thrilugh the calculation pcriod in time. 

I;\e this ci~inrnarid a k r  a calculation is made 

Command: 
Mcnu: Edit - Prcscritatiori Modc 

Vr>u\e  rnciiu: Ilipht mou\c hutton in thc Nctwr~rk winduw - Prc\cntation 
míidc 

Related topics: 

I'rc\entation Scripts diair>f hilx 

Setting, dialop hrix 

5.5.3 Presentation Scripts 
U\C thi\ cnmniand to m i ~ c l i l ~  thc Pre\cntxtion Scripts. DMS wil1 opcn thz Select 
l'rc\criiatioii Script Schcrnc cliali~g box t i l  add, modily, dclcic (Ir copy a 
I'rcsentation Schcrnc. T i ,  add or inodify a Prc\cntatir~n Script x h c m c  DMS wil1 
ijpcn the I'rc\cntati»n Scripts d ia l i~g  box. 

Command: 
Menu: Edit - I'rexmtatir>n Script\ 

'1'110lbar: 

5.5.4 Presentation Script dialog box 
In ihc Prcscritatior Script dialiig hrix you can ti) specify the prcscntation w i p t  
hy thc Ii~llowinp propcnic\:  

Name Same ol rhe prcscriiation w i p l .  

Object 'Type I.i\thi>n prcwiting al1 types of Keiwiirk objcctc. 
ASler thc xlcctiim of ai1 rihjcct type a preïentalir~n 
\cripi lor ihai type <il<ihlcci i;in he writtcn. ï'he 
iiv;rilahle attrihuic\ 01 thc ~ ~ l c c t c d  iypc i j l  uh je~ t  can 
hc prc\rntc,l witb thc Altrihutes hutton. 

Script Icxt  windiiw Ir] edit ihc \cripi lor thc selected 
~ h j c ~ i .  [ . S C  thc Syntax Check hutton Ir ,  check the 
\ y i i ; i n  of thc xript. 7 h ï  \yriian 15 de\ciihed in thc 
Kclercncc Manual. 

Related topics: 

I'rcïcntatii~ri Script5 

Availahle Aitrihuicc di>il(>g hox 

Scltirig\ diali+! box 
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5.5.6 Editable 

Command: 
Mcri i i :  1:iIi1 Eilii;ihlc 

I I :  I<i;lil i i i i i i i~  hi i i t i i i i  í u i ~ i c l i .  llii. ii i . i \ iorh ~ i h l c i t \  i r i  ihc 
\ c l i i u  h  $4 i i i ik iw S p c ~ i a  1 l l r ~ t n  111: p r o p c ~ ~ ~ ~ c \  - f ~ : ~ I ~ i ; ~ h l r  
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6. Calculation 

6.1 Calculation commands 
The output of a calculation of DMS strongly depcnds nn the options that are 
chosen in the Calculation Scttings dialog box. 

Thc calculatirm i \  divided intc thrce steps. First the RAM calculation is 
perfíirmed. Next the input data í ~ f  the iietwíirk window is written to the so-called 
DIJFI.OW files. These DUFLOW file\ contain ASCII tcxt. The format of the\e 
files arc dcscrihcd in the Reierencc Manual. Finally thc calculation is pctiorrned 
and the results arc stored in the results files (*.RES contuins the flow result\, 
'.REK contains lhc quality rcsults) 

The above steps are pcriormed sequentially by giving the Calculate command 
hut also can he perfomcd scparately hy first giving the Write DUFLOW Files 
and finally the Run DUFLOW Model cr~mmand.  

The output Srir flow of a RAM calcuiatir~n i \  always a d ixharge  nn the Area 
puints. These additional di\chargcs can he uscd a Wíiundary Conditions in a 
DUFLOW calculation. Whcn perfiirming a DCFLOW calculation together with 
a KAM calculation thc HAM calculation is pctií~rrned first and DMS wil1 
autrmatically use the generatcd houndary conditiíms frrm RAM for the 
IIUFLOW calculation. 

Tip T o  use the í~utput  for Ammímium, Nitratc and Phosphor from 
thc RAM calculation as a houndary in the DUFLOW 
calculaiir~n, dcclare thc\e state variahle\ with exactly the same 
name in the Quality model. 

6.1 .l Calculation settings 
IJse this command to \et or modify thc settings that govcrn the calculatir~n. DMS 
wil1 show Lhe Calculation Settings dialog hrix. The Model Calculations Setting\ 
dialog híix consists of three part\. Thc general settings, dcfïning the 
computational duration and time steps. The RAM part, for definitions of the 
KAM calculation. Thc I>I;b'I,OW pan,  for defining the quality model, De Chezy 
values, Thcta values etc.. 

Command: 
Menu: Scenario - Calculatinn Settings 

Mnu\c menu: Dí~uhle-click left mousc button in thc Scenario Managei 
window íin Calculation settings aftcr thc selection of a 
scenario. 
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Related topics: 

6.1.2 Calculations Settings dialog box (general) 

\ct llii r id r i  d : ik  .dm1 I I I11C 1'01 Itli. 
1:11~111.111011 

Sc1 i l ic  \t;irl d.itc ;# l id  i i i i i c  r > )  \ i r i i i r i y  
, L m  IC, ihc r w ~ d t  t ~ l c  l lh\ ~.n,thlc\ !he 
i i w r  10 \ k i p  imIp1  "t ilii. l i r r l  1p:iri of 
ihc  ~ i i n i ~ I : i ~ i i i t i .  '1 lii, ~ . i i i  hr c im ic i i i c r i i  
li I l lc l m t ~ d  L~N IC I I IW~~  c l 0  m,l r q r c \ c n t  
i l ic  p t i > \ i ~ : i l  \ t ; i l i  i i l  i l i c  \ ! \ l< , , ,  .,i it ic 
\1:,r1 0 1  I l i~  \11!111Ii111O11 

\ct thc riii1 iI,iii. .,,,,l IiiIii. li,, l l ic  
'iliilllilll0ll, 

' l i r i i i .  i~ i iwr i . i l  I i ~ i  i l ic  qt i , i l i i> p i r i  i i i  i t ic  
im>i Ic l  T l ic  I l c t c r r . ~ i ~ c  \l;iii~i;il p i \ < \  
, " ~ w l i < m ,  l<>, 1 1 , ~  L I ,< , ,L .~  ,~I'llX q,,c,I,iy 
I i i i i C  ,iep 'Tlii. ()ii.ilii! liiiil' i t q i  i \  

~~>LI,I<ICII t i l  !l,< l i C < l , C 1 I  ~!~l l l l i ,>l l .  of IIIC 
11'1U I I I I~c \IC,> 
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'Sime Step  bize, Outpu t  SC[ thc uurput time atcp. the output timc 
step must he a multiple of the 
culculatron time step. 

Related topics: 

Calculatiim Sett ings 

Calculations Set t ings  d ia iog  box (KAM) 

Calcuiati<ins Sett ings d i a l r~g  bux I D U F L O W ]  

6.1.3 Calculations Settings dialog box (DUFLOW) 

The D U F L O W  calculation sett ings are suhjcct  to the l i i l iowing condit ions:  

Prrform I>LFIS>W Chcckbox t r i  chorire whether a DL'FLOW 
í:alculation culculaiim \hriuld br: made ornot  when giving the 

Calculate command. 

li 1, n l w  pmvhle  Ir, pcrlorm only a KAM 
calcuiation. 

Type  ol' Caicula t im Fluw 
Only flow 15 calculatcd 

FlOw a n d  Quality 
Flow srid qualiiy arc cslculated simultancowly 

Quality 
Thi, opiiun can m l y  he used if'an intermcdiate tliiw 
r w l t  fik ( * . O P )  wai gcncrated in a flow 
cdculation. In this caie the neces\ary flw, 
inf~>rrnatioii lor the m a s  transport is read from thc 
Intcrrncdiulr How result file. Thi\ optiiin can he 
uxful  ifditfercnt qualily calculatirins have t br 
pcrformed al1 uring the Same flriw calculatmns. Thii  
i \  thc cz\c il rinc or more parametcri o f thc  watcr 
quiility rniidcl are changcd during thc callhratirm of 
the model, rir if'anothcr proces\ dcccriptirin f i k  is 
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cr~mpiled. 

To  cumpile thc quality model file use the Cornpilt. 
Quality Mndcl cummand. 

Theta (0.0-1.0) Thc lacior erintrolling the riurncrical \olutinn of thc 
advcction and d i \perwx equatirin. 7hc valuc zero 
iH=O) i\ not aIl<iwcd Sor nurnerical reawni. 
Uclault: 0.55 

Decnuple I f this box is not chcckcd, dispersion is con5idcrcd ut 
bath sidcs of a n<ide. Whcn checked. m l y  d~\per\i i in 
i n  forward d i r ï i t i m  i\ taken into account. 
Decoupling only laka place at those node\, wtiere a 

dixharge i? Ir~caicd. 

Output Variahles C\e thi\ huttrm to selcct vuriahIc\ lor output. DMS 
wil1 \hr>w the Output Variiihle\ d iahg h m .  From thc 
diyduycd chcckli\t \late variahle\ and intrrmcdiatc 
r e d t \  dcfinïd a\  furictiim identifier\ in the Qualily 
M<idcl file cari he icicctcd for output. 

Special <:<introl U le  this button tri chouw mher yec ia l  opt i rm like 
the threshold value lor  the dry f l i ~ o d  procedure. DMS 
wil1 show the Spcclal Contrd dialog box. 

Exclude frrm calculation 1J\e this i~pt ion to excludc wind velocity, wind 
dircction i l r  prccipitatiiin Irrim thc calculation. 

T h i i  i>ptiim ~nah le ï  the u w  to gct information ahout 
the influcncc of the weather element\ <in thc model. 

If the houndary crindition\ o1 ihc DUFLOW mr~dcl 
are based on a KA.V calculatiun the effect of 

prrcipilation i \  alrcady taken int" account in the 
R A M  calculatirm 7he prccipitation should thcn hc 
excluded f r i m  the DUFLOW calculation. 

Related topics: 

Calculation Settings 

Cakulat ion\  Settings d ia l r~g  brlx igencral) 

Calculatic~ns Settings d ia l r~g  box ( R A M )  

Output Variables dial i ig box 

Special Contro l  dial i ig box 

6.1.4 Output Variables dialog box 
From the displaycd checkli51 state variahles and intcrrnediatc rcsults dcfincd a\ 
coefficienis and function identif iers i n  the Quality Model  f i le  can be selectcd f t ~ r  
rlutput. 

To check a1 the listed va r iah le~  use the Select A l l  button and mark  the 'Check' 
checkbox field. 
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ï l i c  coiiihi,iiitii>ii '50 Ixliirc tlic \;irishlc riicm\ tlie /cri, r,r<lc.r coclliiicnt of that 
\.;li-iahlc. ' S I  riic;iiis iIic I i n i  orilcr corn ic ie~ i t .  

Related topics: 

6.1.5 Special Control dialog box 

Related topics: 
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6.1.6 Calculations Settings dialog box (RAM) 

Thc K A M  calculation x t t i n g s  a r e  subjcct  t11 the  following condit ions:  

Perl'r~rrn HAM Calculation Chcckhrin t<> chrmre whethcr a K A M  ~dlculation 
\hrndd he niadc r,r nol whcn giving thc Calculate 
commarid 

11 i \  a l w  po\\ihlc to pcrform iinly a K A M  
calculaiicin. 

Calculale Wa te r  Quali ty rum uIway\ calculales pre~ipitatirin runull, an 
addi t ima chriice i\ calculaling thc I<iads or waicr 
quality 01 Animunium, Nitrutc and Phosphor). 

Generate I.iigfilc I hc \lep\ in Ihc ~ulculatiim can hc \tí,red in a 
HAM.I.O(; [<AM I .0G file lor caliulali<in check,. 

Thc i,illi>wing i jpions enahlc thc u w  tii ipccify thc 
<ipti<in\ i iw l  fr ir generdting the Irigfilr: 

Checked node\ 
Iiicludc duta iin checked node, imly  This option i \  
preferrcd hecaure il reducc, lhc \ u c  of the loglilc 
\igniSicuntly. 

Open water 
Iricludc data ~iinccrning iipcn water. 

Pared  wrPdce 
Includc duta crinccrning pavcd wriace. 

Unpaved w r f a c e  (without reservoirs) 
Includc data c<inccriiing uiipavcd wrfacc without 
rc,crv<,tr\. 

Lnpaved surface (with reservoir\) 
Iricludc data uinccrning unpaveil \urfacc with 
rC\CrYOIr ' .  

S e e p a ~ r  
Includc data criiiccrning secpage. 

Sum 
Iriclutlc thc \urn iil al1 wrlaccs. 
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6.1.7 Update All 

Tip ' l l i c  c;ilciilnti<iri ~ i i n  hc \ i i ippei i  h! hr \ t  opcti it ig thc 
('111 f l .OL4 u i r i d i i u  u h t c h  h\p l i i ! \  I~IC proprc\ \  of thc 
~ ; ~ l c u l ; ~ i ~ ~ ~ r ~  ~ atid ihcn p r e \ \ i t ~ p  ( ' I  K L C ,  

6.1.8 Write DUFLOW files 
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Node file *.K011 Fik thai crintains thc position ofnr)dcr in 
thc nctwork. 

Netwrirk File * .hEl '  Thc n d c ,  are cimnccicd thrwgh a 
nïtwork. 7 hc Network Fik conlain\ the 
nctwrirk, and ii, per~graphical di\periir>n. 

Parameters E'ile *.PKIVI In t h i \  file al1 paruneters of ihc quality 
rnodci arc stored. 

Filr more detail inlr~rrnatiím ahout thc DUFLOW file, sec thc Rel'trcnce Manual. 

I l i n  the Output window a message relers to a node, sectir~n rlr structure with a 
certain nurnher, use the Locate Object command to find the - ID of the - ohject in 
the Network. 

Cornmand: 
Mcnu. Calculatir~n - Write DUFLOW File- 

e 6.1.9 Run DUFLOW Model 
L \ e  this cornniand t11 run thc niodcl h a d  r ~ i i  the DI,Fl.OW file\ in the scenario 
directory. Hy u\ing thi\ corninand the change\ made in thc \ccnario which are 
nut writtcn to DUFLOW Siles - hy using the Update al1 comrnand or the Write 
DUFLOW files comrnand - wil1 nílt be taken int11 account. 

DMS wil1 di\play the príigrc\\ of thc calculaiion in thc Statu\ Bar helow the 
Scenario Manager window. 

Cornmand: 
Menu: Cakulation - Kun DUFLOW Model 

6.1 .l0 Convert Network 
U\e thi\ cornrnand to converi the DMS "letwíirk intc a nctwr~rk which can he 
written tí i  thc DUFLOW files. By using thir cíirnrnand DMS wil1 show the 
calculatiíin points on thc Network window. Calculation pílints are generuted on 
\ectioni which - hy using the Update al1 command nr thc Write DUFLOW files 
cíirnmand - wil1 not he taken intu accíiunt. 

Kcdraw the Network, c g .  with thc Clcanup Nctwork comrnand, to rernovc thc 
calculatiíin points frr~rn thc network. 

Cornrnand: 
Menu: Cakulation - C ~ ~ r i v c i t  Netw~irk 

Related topics: 

Writc DUFL.OW files 
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7. Results 

7.1 Presentation of the Results 
The re\ult\ ol'acalculatir~n can he displayed in threc different ways: 

- A Time Rclatcd Graph, 
- A Spacc Kclatcd Graph rJr 
- Kehult\ as Text in a tahle as a functiíin íif time. 

Both tcxt arid graph\ are rlisplayed in windows. T h e x  windows appear in ihe 
wilrking \pace. A reïult winduw can contain thc output ol míire than one variahle 
r r  the output I rr~m different scenarií~s. 

By opening more than (me result w i n h w  the result5 can he interprctcd hy 
comparing the different windows. 

7.2 Text Window 
In a tcxt window thc data i \  dirplaycd in a numerical way and can hc written to 
an extcrnal file. R y  using cut and paste the text can ca\ily he wed in 1 1 t h ~  
application\. 

7.2.1 New Text Window 
U w  the Ncw Tcxt Win&iw crmmand ti ,  di\play the result\ of the calculation as 
text. DMS wil1 open thc ' l imc Kelated Graph dialog box. 

Command: 
Menu: Vicw - New Tent Window ... 

M(>usc menu: Right mouw hutton in the Scenario Manager windilw aftcr the 
\elcctii>n r11 a \cenarii] - NCW Text Winduw ... 

'loolbar: Dj 

7.2.2 Save Results 
Lire thi: Save Keïult\ uimrnand to \ave the rerults that are displayed in the Text 
windr~w. Thc Result\ wil1 he storecl in an ASCII-file. »MS wil1 open the Save As 
dialog box m that you can name yíiur files. The fí~llowing optiom allow you to 
\pccify the namc and locatii~n rlfthe Prí~ject File you are ahout to save. 

File Name 'Type a riïw name to w v ï  thc rcwlt\. 

Save I n  Sclcct thc drivc and rlircctory in which you want t r ~  
rtorc thi. Text-file. 
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7.2.3 Change Font 

7.3 Graph Windows 

7.3.1 New Time Graph Window 

Command: 
Mciiii: i - NCU IIIIIC C h p h  Wi i i< l i iu. .  . 

L I :  Kiylit iiiíiii\c huiion in thc Sccri;trii, \l;iri;igi.r u indou after rhe 
\clcci i í i i~ <,I ;i \ccnario Sc\+ l i r i i c  (;r;tph Windíiu . .  . 

Toolh,ir: 

7.3.1.1 Display Time Graph per section 

Command: 
I c n :  Kiylit iri<niic hutton in thc hctu<,rh i i i r idoi% :iltcr thc \clcction 

l i c i n  - I>I:I;LOW - l e u  Titiie (iriiph Windrju ... 

7.3.1.2 Add Time Graph to current graph 

Command: 

7.3.2 Time Related Graph dialog box. 
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Thc tah Gcneral coniain\ thc gcncral data including the houndary conditions, the 
tabs DUFLOW and K A M  coniain more \pcci f ic data. 

Choicc\ that can he madc are: 

Show Precipitatiun 

Show E\ap«ration 

Attrihute5 

Object* t# i  display 

Related topics: 

N c w  T i m e  <;raph Window 

7.3.3 New Space Graph Window 

[>MS wil1 open Ihc Graph I>ropcrtic\ dialog hrix. 

I h e  wurcc of the graph i\ <me of thc secnario, w h ~ h  is 
availahlc i r i  t h~ .  p rqc i l .  Ir i \  pin\ihlc ti, di\play graph, 
rif inrirc itiari o m  scenario in m e  graph window. 

B y  u i l i g  ihc ... button you c m  open a Flow Kesults file 
í,.KI:Sj or Qualiiy Kcsulti lik (+.KEK) to di\play the 
thcw re\ult\ in i h ï  wmc graph. UMS wil1 open thc 
Meiiwrcil I > &  dialug hox. 

Show, thc prccipitation time x r i cs  in  the graph. 

S h o w  thc evapi>rati<rii time \cricc in  thc graph. 

Hy niaking a \elc~t ir in in thc Attrihute\ li51 thc availahle 
I>iiia l y p c i  wil1 he di\playcd in Show I h t u  chcckh<ixc\. 
L x  Show Data to select 01 the xlectcd nijdc, in ihe 
Object* t i> I>isplay list, thc kind of graph to \how. 

Select i n  thc c<iinbobax which ohjccts arc 111 hc 
di\playcil in th ï  iidjiiincd l i 5 1  Gruph. of the x lcc icd 
ohjact w c  t i >  hc di\playcd in thc Graph window. Thc 
Select AI1 huiton makc, i t  pri\vhle t<, \clcc1 al1 ohjects 
in thc I i \ t  Lw ihc C1'1<1, o r  SHIFT button 11, make a 
multipli. \clcciion in  thc li\l. 

C\c Show I h t a  ti> d c c t  d thc \clccted node5 in the 
Xoder 10 (:harige l i% the kind i j 1  graph to \how. Aftcr 
a \elcciii,n i \  madc a picturc rL.prc\cnimg ihc data typc 
i r  diydayed in  ihc row i \ j  <,l the selectcd ohjects. 

Szlection i i f  tlie datd typï to he displaycd in  ihe graphs 
i \  a l w  pmvhle hy clicking with the lef't m o u x  hutton 
iiri thc Ieft vde d thc rowí,) d thc rihlects l i\ l . Thc 
po\iiiori iri thc rriw ci>rrey,ni l  with thc ordïr rif the dala 
types l i \ l .  

[;\e the N e w  Space (iraph Wind i lw  comrnand to display the rc\ults o f  thc 
ca lcu la t im a i  a fur ic t i i~n i ~ f \ p a c c .  D M S  wil1 i jpen the Space Kelated Graph 
dialog hox. 

Command: 
Menu:  V i e w  - U c w  Spacc Graph W i n d o w  ... 

M o u x  menu: R i fh t  mrlu\e button in  the Scenarii] Manager window after the 
selcctirm ol a scenario - N c w  Spacc Graph W i n d r ~ w  ... 

Toolhar:  r;P1 

TIP Tii move quick ly  i n  t ime trough a Space Related Graph, 
placc thc cur\rir (in a part cl!  the cIate/time f ield hc low the 
(iraph, then u \c  thc Up en D o w n  hutton »n the keyboard to 
move forward\ o r  b a c k w a d \  i n  time. The \lep size in t ime 
depend\ on  thc p a n  o f  thc t imc- f ie ld  and the Output t ime  
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OI~IPUI r c l u l ~ \  I:III Ik i lcllric~l IU\IIII' lhi. I)rfinr ... h u i l m  
[ ) \ l 5  w I I  hiii ilir. k l c i i  I<I)IIIC k h i n , ~  (dirll,,g ho\  
I w g  1t1c . 3 d d i . .  i,, \ I w J i f ' ~ , . .  hui ion ir i  i l i c  Si.lcct 
I<nutc S L I ~ J I I C  d ~ l < +  h < , \  11\1S \ \ ~ l l  y w ~  IIW \ l d j f >  

I<i>i i ic i1i;ilrig h u i  1,) .i,lil i i i  ~ i i r > i l i l !  .i r o i i i c .  

l 

l 
Related topics: 

l 7.3.5 Modify Route dialog box 
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A route consists of thc scctiíins in the 'Scctions in current route' list. The 
following commands íir options are available to modify this 1151. 

Inserl befure Inxrts the selrcted seciion Iriim thc Availablc 
iectirrns'-li\! belore the highlightcd xction in the 
'Sections in currrnt Route'. 

Insert alter Inwt \  thc sclcctcd secticin Srom the 'Availahle 
vxtion\'-list after ihe highlightcd scction i n  thc 
Scctiiin\ in current Route'. 

Reverse 

Kcrriwe\ Ihc \cIectcd rcctiiin from ihc 'Sectrim\ in 
currcnt Rriutc' l i \ t .  

Miwc\ the \clcctcd sectirin ime position up in 
'Secti<ins in currcnt Route' l i \{ .  

Move\  thc sclcctcd scction ime pmitirm down in 
'Section\ i n  current Route' l i \ t .  

Il'thr checkbux is marked thc xctlon wil1 be 
prcsented in the reverse directlori on thc X-axis of 
thc Space Graph window. 

TIP By douhle clicking <in a section in the 'Available sections' 
list, the wlected sectiíin wil1 he insened in the 'Sections of 
current ríiutc' list after the highlightcd section. Using this 
trick makes i t  vcry easy to build a rilutc. 

Related topics: 

Spacc Rclatcd Graph dialog box 

7.4 Graph window commands 

7.4.1 Hairline mode 
Usc the Hairline cornrnand i11 show the exact values in thc graph whcrc thc 
hairlinc is placcd. After selccting !he command (from the mt~use-mcnu or thc 
toolbar) ihc cursor wil1 change into a double a m w .  Dragging thc cursor displays 
a venical hairline in your graph. These values of the Y-ani\ whcre thc hairline 
crosses the graphs are displaycd in the legend. 

Cornrnand: 
M w s e  menu: Right r n w x  hutton in the Graph window - Hairline mode 

7.4.2 Zooming Tool 
Use the Zooming Toíd tí, show part\ of the graph in morL. detail. Altcr selccting 
thc command (froni the menu or thc toolbar) the cursor wil1 change into a 
magnifying glass. Dragging the cursor displays a rectanglc í ~ n  your screen. This 
rectangle represents thc area that wil1 bc magnified (the rectangle wil1 be blown 
up until it fills the graph winduw). 

Cornrnand: 
M o u s ~  menu: Kight mousc hutton in thc Grdph window - Zoom mode 

Tíiíil har: @ 
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7.4.3 Zooming out 

1'0 /i)iiiii <>ut i<> tlic iiri/i,iiiiieil \t;itc in thc (;rapli u i r i i l i i ~ i .  LIW in thc %i,iiniing 
'l',>lll 'or111r1:iliil. 

Command: 
l I ~ I :  Kigl i i  i i i i iu\c huttiiri i n  thc <;r;ipti i i i r i d<>u %ii<irii out 

7.4.4 Window Properties (Graph window) 

'I hc (;i;iph I'riipcriic\ (li;il<,g h i ,  <, l lcr\  tlic l i i l I i>u i i ig  I,~~II,II\. 

X-, ixi \  I l ' t l i i \  iipii,iii i ,  i l i i i i c r i  thi. dcl'.iiilt r:inpc 01 ihc *.aris 
ciin hc ~h: ingcd .  

~ 7.4.5 Graphs 
Lw i h i i  ciiiiiiiiariil i i i  r c w l  ihc ilirpla! i i p i i< i i i i  pcr ri i idr. aiiil pcr \i>urcc. i l r r  
5cli.ciirip tlie ~~ i i i i i n ; i r i i l  I I h lS  u i l1  \Ii<>w tlic I ) i~pla!  Grapli\ dialog hox. The 
op t~on \  t r i  tlic l l ~ \ p l a !  (;iw1111\ d ~ x l ~ ~ g  hox x c  c ~ p l ~ ~ ~ W  ) n  ttic Y c u  Ti inc Graph 
~<,rii iriarii l o i  I c w  SIXKC (;r:tpli i i~ i i i i i i ; in<l .  

Mou\c  iiieriu: Kiglit i t iouw hutiori in thc (;rapti\ wir idou <;r;ipli~ 

Related topics: 



0 7.4.6 Colors 
C i c  thc Ci>lor$ ciminarid 111 changc ilic colori in thc graph window. DMS wil1 
\how the C o l i r i  Graph Windijw dialog box. 

7.4.7 Colors Graph Window dialog box 
The c<ilr~r o f  [he linci in the p p h  winclr~w can hc cu\ tomi~t .d ,  using thc C d i m  
Giaph Windfiw dialog h r~x .  

The possible iiptioni art.: 
(;raphs 12 c r h r  c m  hc selectcd Sw a c h  line i n  ihc graph. The 

linei are li\red in ihc graph\ l i \ i  hox. 
To vAect a L O I W  dick a ~ ( h r h ~ x  ihat lie\ on the samc line 
a \  the Iini. nunihcr, An examplc S w  thc chmen linc i \  
5ho i i n  ir i Lhc Example grouphrix.. 

Hackgruund Selcct ihc hackgrriund ~rilor S w  thc graph dialog box 

Cornrnand: 
Mcriu: FA1 - C u l m . .  

Miiuse menu: High! m o u w  hutton in the Graphi  window - Ci1lor5 . . .  

Related topics: 
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8. Glossary of Terms 

Area 
Schernati~ation-point in which thc drainage from thc arca - due to preeipitation 
is taken int(> account for the wrlace water 

Boundary Conditions 
Valucs fbr Flow and Quality variables defined hy the user ar the physical 
houndaries of the network and on hydraulic structures rcquired to start a 
DUFLOW computation. 

Cros\-sections contain cross-\cctir>nal data such as cn~ss-\eetional profilcs and 
resistance c~~eff jcients .  Cross-sections must be defined «n a section. 

Culvert 
A pipe-cmstruction with a rectangular or circular cross-section which connects 
two wacerways. 

Discharge point 
Schcrnatiratim point rm which additi»nai discharge int<> i>r out <>f the netw0rk 
are taken intc account. 

DMS 
Ahhreviation for Dullow Moddling Studio which manages the Scenario 
Manager and the Network Editor to perform DUFLOW and RAM calculations. 
DMS \upplie\ thc water authoritic\ with a complete set of tocils, to quickly 
perfc~rm eaiy analysis, on the othcr hand, the product can also pcrfcrm complex, 
intcgral studies. 

DUFLOW 
Program with which m e  can perform unsteady flow computations in networks of 
opcn water courses and can \imulate the transponation of  mbstances in fret: 
surface flow and more complex water quality processes. 

DUPROL 
Pan of thc DUFLOW package which cmnpiles the Quality Model dcscriptions 
file i * .MOI l )  and generate\ a íjuality Model output file i*.MOB) which can he 
rcad by thc DUFLOW calculatim prucess. 
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Genera1 Structure 
Striicturcï wliich caii riiit hc delincd u\ ottncr DhlS-\tri iciurc\. fi ir rxaniplc wcirs 
witti t'orccd uni lcr l l rn~ 

Initia1 Conditions 

MODUFLOW 

Network editor 

Node 
l'oini frmi which iinc i,r riiorc \cctirin\ a r iw  or t i i d  

Object 
IJ;irt i11 ihe riciurirk c g .  rirxlc. w i t i o n  <ir \tructurc 

Output node 

Output window 

Pump 
I ' i i i i~p ing \taiiriri iii or iicor ;I uatcruuy 

RAM 

With KALI iiric c m  ~a l cu l t i t t  the wppl! of rairifoll t i >  the \~ i r fac r  tliiu. K A M  
cal i i i latc\ thc I ( i \ \c \  ; i r i i l  dcl:i)\ th;it occur he f i~ rc  t l ic  prciipitotiori hu\ rcachcd 
Ihc \urfucc I low 

Scenario Manager 



Schematization point 
Extra point\ <in a section u\cd by the DMS wlculation and on which output can 
he generated. On a schcmatization p i n t  one or m r ~ r c  areas and discharge points 
may be dcfincd 

Section 
Connectii~n between two nodes 

Siphon 
A circular pipc used to carry watcr iiver obstaclcs 

Trigger Condition 
The variation o f o n e  parameter in ime or morc \tructurcs depending on actual 
hydraulic conditions. 

Weir 
A construction made Ir> control thc level on the upmeam \idc with a free 
warer\urfacc. 
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9. Index 

Ammonium, 69 
area poinis, 68 
auto adju\t limits, X5 

hending point, X4 
houndary conditions, 65, 68, 81 

C 

calculatirm 
prugrcn, 98 
type, Y3 
update, 98 

calculation point?, 66 
calculation w t i n g i ,  91 
Chéry-coefficient. .Vee resiitance coefficient 
cleanup network, X4 
crmpment ,  7 
concentration 

xherne,  51 
coordinatc 

current position. X6 
offset, X5 

copy, 35 
cro\\-\cction. 71 

interpolate data, 66 
culvert, 74 
current position, X6 
custmnize 

menu, 38 
todhar ,  3X 
windows, 38 

cut, 35 

D 

decouple, Y5 
dcfinc a pr«]Wt, I I 
d ixharge  points, h7 
di\persim, Y5 
dry I loi~d procedure, 95 

dry~flood procedure, Y6 
DUFLOW, 7 
DUFLOW 2 . 0 ~  project, 44 
DUPROL, 53 

evaporatim, 49 
exit DMS, 37 
external variahles, 55 
extra iteration, Y4 

file-types, 44.98 
Huw widih. 73 

general structures, 7 7  
geographic background, 78 
Graph window 

c u h r s ,  l07 
propcrtics. 106 
space related, 103 
time related, 102 

groundwater discharge, 71 

hairline, 105 
hclp 

context help, 37 
help topic\, 37 

hydraulic radiu\, 72 

icon 
arrange, 34 

initia1 conditions, 53, X2 
installation, 9 
intermediate flow file, Y6 

Kraycnhoff- vd Lcur scenario, 71 

layers. 78 
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active, 46 
deletc, 48 
dc\cription, 46 
ncw, 46 
propertie\, 46 

Swnurio Munayer, 1 l ,  13, 38 
\chcmat i~a t i r~n  pimtc,  66 
\chcme, 58 

concentration, 51 
level, 50 
Inad, 52 
Q-Add. 51 
OH-relation, 5 0  
uïagc, 59 

script, X X  
section, 63, 65 

flip orientation, X4 
join, X5 

secpage, 69 
\ettings, 39 
sewer, h9 
biphon, 73 
wftware rcquirenicnt\, 9 
\plittcr, 40 
\tandarcl exchange lormat, 63 
Status har, 32, 38 
\torage width. 73 
\ t ruckm 

contrril, 56 
operation\, 56 

surface 
depre\\iiin\. h9 
paved, 60 
unpavcd, h9 

\urface water, 69 
\y',tem requircments, Y 

iext window, 101 
thctu. 94 
time scrie 

equ id imnt ,  62 
import, 60 
non-equidi\tant, h2 

time serie\. 59 

comtant,  61 
export, h l 
h u r i c r  \erie\. 61 

time sicp 
fl11w. Y2 
outpur, Y 3 
quality, 42 

time-\lep\ 
RAM ca lcu la t i~~n ,  98 

toolhar, 30, '38, 3Y 
I'alette trmlhar, 32, 33 
Sccnariri toolbar, i l 
Standard toolbar, 30 
Windrlw trrolbar, 3 1 

trcshold level, Y6 
trigger conditions, 5 8  
trigger serie\, 57 

U 

underllow, 77 
undo, 35 
user intcrliicc, 27 

v 
version number, 37 

W 

wcir. 75 
wind 

conversion factor, 66 
direction, 49 
velr~cily, 5 0  

windiiw 
arrange, 34 
ripcned; 34 
t i k ,  34 

working \pact, 33 
write I IUFLOW files, YX 

z 
m o m ,  Xh, 1 Oh 

in, Xh. I06 
<,ut, 86, 1 O6 

l 
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1. Introduction 

1 .l History and purpose of the model 
Thc introduction of personal <>r micro computer\ in r~rganisations involvcd in 
watcr management and hydraulic engineering \timulatcd the demand f r ~ r  e a ~ y - t o -  
uie computer model\. 
Water authorities requirc a dynainic management of thcir extensive water 
\ystcmï and related infra\tructure to provide water for industry. agriculturc, 
dorncstic supply, fishery, energy and water quality c m t r d ,  taking intli account 
reductim of damage due to excci i  of water, ctc. In hydraulic engineering a 
proper de\ign and operation of  river haied structures and irnprovement werk\ 
al io  rcquirei !he cm\ideration of larger pans r ~ f  thc ovcrall water system. 

In 19x8 i,iii.i.ow I .O wai d e v e l ~ ~ p c d  hy a cdlaborate c f f i ~ n  of the International 
Iriititutc lor Hydraulic and f3virwunental Engineering (iiir),  the Faculty i ~ f  Civil 
Engineering at Delft Univcriity of Technology and the I'ublic Works Department 
iKijk\waterïtaat), Tidal Water\ Division (now KIKZ). 

Varii~us educational in\titute\ stressed on having frcc access to a hydrr~dynamic 
uxr- i~riented computer code. The computarional corc of this model is h a d  on 
the ~ ~ J K I K A '  computer code ivi'i.ic. which waï originally devcloped by the 
Kijk\water\taat. Ti, improve it\ uwr  ~irientation thii  1MPI.K: code wa\ fitted with 
a menu operated interface in 1989. Pririr to this introduction, !he u\c of 
crmputational mildcl\ for un\teady f l i ~ w \  in netwerk\ of open water courie\ wa\ 
reitricted t11 a \mal1 group of \pcciali\ts. 

In 1W2 version 2.0 wai  completed. By ordcr of the YKJWA, the Agricultural 
IJnivcr\ity of Wageningen/ Dcpartmcnt of Nature Cr~n\ervation extended !he 
program with water quality niodelling, callcd IlI.PKOL.. Sincc the relationship 
hctwccn quality and Ilnw rcceives special attention nowadays, a program \uitablc 
lor m d e l l i n g  both a\pcct\ makes IILFLOW a u\cful tool in water quality 
management. 

Becauie u\w\  alio need to the ahility to m d c l  the precipitation run-off proce\\, 
thc prccipitatii~n runoff midule  i < A M  was dcveloped hy Witteveen + Bos and 
i:i,s. hy order of ihc S i o W A .  

With the i n t r ~ ~ d u c t i ~ ~ n  r11 i)i,i.i.i~w 2.0. the rnaintcnancc 111 thc package wai  
iupplied by Eos (thcn ii:iv). Thc user may apprmch the helpdesk at t u i  with 
que\tii~ns and problcmi that ari\e when using r~t.I:i.ow, KAM and MOVVFi.~JW. 

i>t:wrJw is the joint r~wncrship of Kijkswateritaat. IHE, the Delft Univer\ity o f  
Tcchni~logy, STOWA and the Agricultural Univcriity of Wageningen. 

Funhcrmore, thc KIWA and Uicn\t W e g  en Waterhww tuww)  of 
Kijkiwaterstaat have ordered thc clcvclr~pmcnt of further cxtcn\ion of the 
i,t:ii.ow prr~duci. 
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A ircc stuilciit'\ icr\ir,i i ir nvoilahlc. u h i i h  iiicliidc\ ;ill iiptii,ii\. hut i \  rc\triitc<l 
i r i  i l i c  i i i i i i ihc i i i l  \ c~ i i i , i i \  aiid euterii;il \ari;ihlc\. Ii i l i, i in.~tioii ori purcli;i\c ;iiid 
o\cr\ riphl\ \ \ i 1 1  lhc wpplicd h? I~IJ\ .  l . c ~ ~ l ~ c i i c i i ~ l ~ ~ i i i .  'l lx \ d i c i h r i d ~ .  

1.2 Types of users 

1.3 Design considerations 
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can he de\crihed in detail. The reiults of a RAM calculation can he uaed as input 
f o r a  DUFLOW-calculation. 

The selected numericai x h c m e  allowi lor a rather large time \Iep in thc 
c ~ ~ m p u t a t i r ~ n  and for chi~rl\ing di lkrent  Icngth\ o f  the elemcntary sectims. 

Water quality is an incrcasing curicern in watcr management, e g .  prohlems of 
algal hloom, contarninatcd i i l t ,  \alt intru\ion etc. More often than not, watcr 
quality has to he descrihcd hy a fsometimcs large) nurnber í~fparameters ,  
ihcrefkc i~t,ki.»w al l r~w\ f r ~ r  a numhcr ofquality constitucnts, and i t  is ahle to 
model thc inieraction\ hetween these constituents. There i \  an abundante of 
Irirmulation\ art>un<l, which givïc a grcat frcedom l'ur thc user in fí~rmulaling the 
príiduction or dc\truction r11 hiolr~gicai or chemica1 matcrial\. Tíi test \uch a 
formulatirin thcre is thc pí>\sibility of a simple brlx mi~del .  Fíir common users a 
number r11 pre-lormulatcd interactions is availahli: for which t h ï  coefficienis can 
he influcriccd 

An important topic in waicr quality prohlem\ ii aliíi the intcractií~n hctween the 
hottorn laycr and thc watcr mass ahove: »uFi .~~wdist ingui \hcs transportcd 
materials that Ilow wiih the water and bottom materials that arc not transported 
hut that can he \uhjcct to similar interactions as descrihed abilve. 

Thc interaction hciwecn surlacc Ilíiw and ground water flow i \  al\o playing an 
important pari in water management. When applying watcr management to the 
changes in physical planning, one muit  develop insight in  thc changes in the 
precipitatiun runi~l l .  

I>UFLOW can direct re\ults to di\k file\ which can he approached by íither 
cornputcr príigrams ( c g .  cc~~r iomic  analysis and \tructural design). 

Fix immediate analysis, the reïults can he graphically displayed on the screen in 
time rjr space. Optiunally íiutput is givcn in thc form íif tablei, whilc all output 
can be directed to a (graphicalj printer. 

DUFLOW i \  cfficient both in term\ ~ ~ f c ~ ~ m p u t a l i o n  time and required memory, 
thui allowing thc processing of  large rní>del\. Computation timc i \  uwally in the 
rangeof minutei up to <me híiur. 

1.4 Options and elements 
In i~iir:i . í~w a model, rcpresenting a \pccific applicatim, can he put together fr«m 
a range of elcmcnts. Types of elemcntr which are availahle are open channel 
section, (b í~ th  river and canal sectiwn), anti con t rd  sections or structures such as 
weirs, culverh, siphons and pump\. 

F m  instancc an irrigation or drainage sysicm c r m i i ~ l s  of a network of (\mali) 
canals; watcr may he Ii~cally transpofled through pumps and siphons and in the 
nctwí~rk thc dischargcs and levels may hc controllcd hy m a n \  of wein .  

In case íif a il<ii~cl wave in a rivcr the di\charge impmed at thc upstream 
hí~undary of a river \tretch i tran\mittcd through a scquence uf river sections 
which may bc separated by (movahle) weirs. 

water level\ and di\charges, either constant or in the form «f time 
\cries ilr Fourier series; 

additiíinal or cxtcrnal I l i~w inti, thc nctwr~rk can he spccified a \  a 
(timc dependent) dixharge or can he crmputcd trom a givcn 
rainfall. u\ing the i m p l c  precipiration-rundí relation of DCFLOW 
or ihc cxiended prccipitation-runoff module KAM; 

dischargc-levcl rclations (rating curves) in tahular fiirm; 
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Storage wid th  _._ 
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Bottom leve l  ~- 

Diir i i ig  cnccu t i i~ i i  01 i l i c  pri ipraii i ihc height ni i i l  \i idt l i  ,li a g;ite caii he n iod i f icd 
dcpcndii ip < m  tlic ;iciii:ll c i i i i ipuici l  iL;itcr I c \ c l i \ r  tri n p rc~dc t ined  loc;itiím 111 tlic 
\ ) \ tc i i i  ;aid acc<,idiiip i<, ;i p w \ p c c i f i c i l  pr i~ccdi i rc  i t r ippcr  ci i r id i i i i , i i \ i  I h u \  
b x i o u \  \ l ra i cpc \  ,,l ~ L I I ~ N ~ I ~ I ~ L  patc m : m ~ p u l ; ! i ~ ~ ~ n  LUI hu \pccific<I 

Siphi>ii\ ;uv dct i i ic i l  ; i \  circulnr p ipct  ;incl Ihc f l i iu depeiiil\ oii the untcr  levels at 
huth \ i i lc\ .  I - r ic l i i i i i  l o ~ c \  ;irc 1;tkcri in111 acciiuii l . 

A (;ap gim>utIi \".UL~LIIC. io \iiiiiil;iic ;i dihc hur\ i .  i\ rcprc\critcd h ?  aii i,i.crflou 
i\ i icrc thc \ill I c t c l  iIccre;i\c\ oii i l  thc u i i i i h  i j l  tlic i> i c r I l i iw  i i i i rcn\c \  ;i\  i i i i ie  
11;,\,c\ 
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1.5 Stt'LI~tl Ire of the DUFLOW MODELLING STUDIO 
The r ~ i  if'i.ow M~uI:I.LIN<; S.[ I!urrJ i \  devcloped under the Windowi95/Windows 
NT operating \yitem. 'Thc graphical u\er interface givci thc user the p~~ssibi l i ty  
t r i  manipulate and aciivatc the rihject\ of thc rnodel dircctly. Inexperienced user!. 
wil1 have a short leuning time due to the user friendly interface. The presence «f  
context senïitivï menu! and Shoncut Toolbari wil1 contrihute to quick operation 
<IS  the iystem hy expcricnced u x r s .  

The program consists r ~ f  a Scenario Manager with which the user can definc 
ieveral different scenaridi.  The Network Editor enables the user to create a 
nctwr~rk r ~ f  water courses by dragging and dropping the clement\ from the 
N ~ t w r r k  Paleiic. The netwerk can he presentcd on a ger~graphical background. 
The presxlatirln module make\ i t  p<i\sihlc to open several graphical windowi, 
per Pro~ect  \everal extra windriwi may be opened t» give the uier a complete 
overview of thc resultr. Thc uie o f  dockablc winduws has been applied, which 
places frequently usccl window\ on the border\ r ~ f  the \crceen, avoiding overlap of 
r~ther windows. 

Thc U~JFLOW MODELI.I\C, SFUUIO consists of the following parts: 

I .  ilurLow water quantity 
With this program rme can perform unsteady flow computatir~ns in 
networks of open water courie\.  

2. IJC~L<IW water quality 
Thii  program i \  uieful in simulating thc transponation of 
iuhstancei in ircc \urfiice flow and can iirnulatc more complex 
water quality proceiseï. 

3. R A M  precipitatirm runoffmodule 
With RAV mc can calculate the supply of rainfall to  the surfact 
tlow. R . ~ M  ciilculates the Iosses and delayi that occur befwe the 
prrcipitdtiun has reached the surfacc tlow. 

4. ~ ~ ~ u i . r : i . » W  (nat integratcd in DMS 3.0) 
Thi, program \imulatei an intcgrated grrund-water and iurface- 
water príihlem by comhining thc ground water model M«Ufl.OW 

and i ~ i ~ l i . l ~ w .  
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2. Physical and mathematical 
background 

Introduction 
In this chapter an ~iutlinc i \  given of the baiic equations used in utjri.iiw and thc 
numerical pr~icedures uscd to discreti~c and iolve these equations. 

Section 2.2 dcals with ihe equations frlr unstcady flow in open channcli. In 
special paragraphi the use of boundary-Error! Houkmark not defined., initia1 
conditions and structures is presentcd. 

In section 2.3 !he mass transport equation and numerical solution applied in the 
quality pan are divxïsed. Special attcntion is paid to the use nf boundary 
conditiuns and proccis deicriptirmi. 

Section 2.4 gives an ouilinc of thc numerical methodi used Finally in section 2.5 
\«me practica1 coniiderdtii>ns filr thc applicatii~n of the model are givcn. 

The equationi preicnted in the sequcl are r~frcn given in the form valid fo ra  
network. In a nctwork any iection cunnïcts two nodes, m e  of which is always 
denoted as l and thc other as 2; it is dctcrrnined by the user which nodt: is taken 
as nodc l and which as node 2. Dischargei and had \  are taken to be poiitive if 
transfcning rnais frrlm node l to node 2. 

The numerical rnethod is based »n the uit: of both the maïs conservation 
equatiiin and the equation of rnotion in  the section, and the use of the 
cuniervation equation (ctating that the sum of the dischargei i i  O) in the nixieï. 

2.2 Flow 

2.2.1 The unsteady flow equations 
D U F L ~ , ~  is hased on thc onï-dimcniic~nal panial differential equation that 
describci non-stationary tlow in open channels (Abbott, 197'); Drtlnkers, 196%). 

These equations, which are the mathernatical translation of the laws of 
conservation of mass and of momenturn read: 

and 
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riic;iri \clocir) (a\er;iged over ilnc cri,\\-\citiím;il area) [niis] 

d id i l i rgc  at locaiion n und at ii i i ic t l r i i ' / ~ I  

Ii).di;~iil i~ raditi\ i i icro\\-\eetion l i i i I  

directii,rn i i f  chnnncl aai\ in dcgrcc,. iiic;i\urcd ~lockivihe iron1 
tlic niirtli Idcgrccs] 

\LIIKI i o t i \ e r \ i m  cocfficicnt 1 - 1  

corrcitiim I;icii>r lor noii~iii i i l i irrnil! i 1 1  thc \clocit) 
d i \ i r i h u t ~ o ~ ~  111 111c i ~ d \ c c ~ i ( m  Ici i i i .  delirii.d 115. 

Tlic ;I~L.~IIIOII lcrrii i r i  llie inonieniuni q i iat i i in:  
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Froude tcrm. In ca\e »f abmpt changes in cro\s-\eetion thi\ Froude term may 
lead to computatirinal inïtahilities. 

The ixi.i.ow IJscfs Guidc &\crihe\ how to manipulate thir tcrm. 

2.2.2 Discretization of unsteady flow equations 
Equation\ (I J and (2) are dircretized in \pace and time using the luur-point 
implicit Preir\mann schcmc. 

Ikf ining a \ection h, lrom nodc x, to node x,,, and a time interval Ai h m  time r 
= t" t» time t = r"", thc di\cretizati<in of thc  watcr lcvcl H c m  be expressed as: 

at node 1, and time r + HA1 

and 

in between nodes r, and x,,, at time i 

In a similar way other dcpendcnt variables can be appruached 

The transformed panial diflerential equatirms can he written as a system of 
algebraic equations hy replacing thc dcrivativcs by finite difference expressions 
These expressions apprrximatc the dcrivativeï at thc point of references (x, + IE, 

r"+') as shown in Figurc 2.1 
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i\ r i i ; i \ \  i i i r i ~ c r \ ; i i i i c  \ i l i c i i i c  l i i r  i i a i c r  i i i i n c r ~ i c i i l  i i  c.,\i.riticil I i x  proper Kaler 
q~i:iIit! i i i i iu In t i i> i i  II ilii. c i i i i i i i i u i i ~  cquatiiiri i i  rio1 ~ ~ r i i p c r l )  1;ikcii int(, ; icci~uiit. 
l l i c  i ; i i i i i la lc i l  i i>riccii ir; i l i ,m \ k i l 1  riiit i i intch tlic ; ~ l u ; i l  ~ o i i ~ c i i t r a t i o i i .  The fl ia\\ 
io i i ' ierbi i i ivc \L~ICIIIC I \  h i i w l  OII thc l i iet thiit thi. csii ir nii idc 111 ~ h c  ii ir it ir iuit! 
c q u a ~ í > i i  w l l  he c i m c i t c ( l  iii i t ic ricxt t i i i ic \tcp \ l a \ \  Lon\cr \ i i t ion I\ Ihcrclorc 
puuriiiitccii. I tic i i i c i l i i x l  i i w i l  l o r  t l i i i  \chcriic i \  i l c ~ i r i l i c i l  i n  IH i> i i i j .  1'17Xr. 

50 1iii;c11!. lot ;dl cli;tiiiii,l \c i I i<, i i \  iri i l ic iict%r,rh l i i o  q i i ; i t i i in \  art l i m i c i l  
uti l ' t l  11;iic O ;iri<1 l l  ;l\ lltlLl10\\l1' o11 I l l ~  tie\< t l l l l C  I c ~ c I  1 ' -  : 

~ 2.2.3 Boundary and initia1 conditions 

l tic i i i c r ~ ( l c l i n c i l  ci>iidiriori\ :>t i t ic ph!\ic;il hi,~iri i laric\ r i i ~ i !  hc \pcc i l icd a \  
l c \ c l ~ .  (I i\~h;crpe\ í l r  ;I irclat~ori h c ~ \ \ c c i i  hotl i. l -or  ~ri\ i; i i icc ;i i t i d ~ d i  c Ic \a t i<m l l .  a 
t Q, r I l l l  l r c l ~ i r ~ .  l l i c  \clccii<,i i i i t  hiiuri<l;ir! i i i i i d i t i on \  i\ 
d i ~ i i \ \ c i l  i r i  i i i i j rc (ict;!il i i i  r c c t i i ~ i i  2 5 . 2 .  

O + q  = o  a.., I i ( J )  
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where: 

i indication for the junction node 

Q,, discharge from node j t0 node i 

q, additional «r latcral flow lo node I 

The above equations are solved at each time step. They arc transfonned int« a 
system of (linear) equations for the water levels by substitution of the equations 
(Ya) and @b). After the water levels arc computed using a standard solution 
method for systems of linear equations, the discharges are found by substituting 
the computed water levels into equations (Ya) and (Yb). 

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

To start the c«mputations, initial values for H and Q are required. 

These initial values must be provided hy the user: they may be historica1 
ineasurements, obtained from former computations or just a first reasonable 
guess. 

Additionally wind stress and rainfall conditions can be specified 

2.2.4 Structures 

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

At weirs and othcr structures discharges and levels cdn be controlled by 
manipulating the gates. DUFLOW aiiows for specificatiun of such an operation 
using the s»-called trigger conditions: depending «n flow conditions at specified 
locations in the nïtwork, parameters such as the width of the wek, the level of 
the sill etc. can br  adjusted during the computation. These conditions are treated 
in more detail in the DtiFLow User's Guidc. 

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

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



2.2.4.2 Weirs 

I i::iiii.2 2 N<. , ,  I iiiii ,ii,i<ii,i,i>i<. <<i i<~,<~, i i ,  i11 iio11 

14 . Physical and mathernatical background Reference Manual Duflow 



The discharge over a weir depends on the water level at hoth sides, the level of 
the sill, type of strucrures and the flow condition (free surface or submerged 
flow). 

Figure 2.2 shows the seven hydraulic conditions of flow over a weir that can he 
distinguished, where it is assumed that H, >H,. I€ H, < H,, the picture is 
symmetrical with Figure 2.2 except for the loss coefficient, which need not be 
symmetrical. 

The general equation for the discharge over the weir is 

Q ~ ~ + '  = p ~ ~ & E  ( I  I )  

where: 

B width of the weir, 

the dischargc reduction or loss coefficient. 

H depth over the sill, 

AH difference in head. 

These quantities, which may he different depending on the actual type and 
]n of flow, are given in Table 2.1 

I 
directic 

flow condition 

I 

2 -H,"+' - 1 H," 
3 l 

DMS-object 

General structure 

General structure 

Weir 

Weir 

General structure 

General structure 

General structure 

Tahk 2.1 Coeljici<wrs in cyuation ( I  l )  

The parameters are dcfincd as: 

P 

p,, 

p, 

Pu 

Pu 

p, 

p, 

p,, 

H,. H, water depth over the d l ,  respectively at the beginning and at the end 
of the section 

110 height of gate opening 

Ir0 Ioss coefficient, gate flow 

Fv loss coefficient, free surface flow 

L Ioss coefficient, transition between pljand p,,, i.e. 

Note ihat these formulas are approximations of the real physical situation and can 
he calihrated using loss-coefficients pl,and p,. 
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Equ:~tii~ti ( 1  I I is liticnri/cd ;itid hríiught into thc i~ir i i i  gciicrnlly uscd fot 
strLlCtLII1'\: 

O " '  L = 1 1 '  + I 1  +,Vi (13)  

2.2.4.3 Culverts 
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2.2.4.4 Siphons 

A siphon is a fully fillcd closed conduit to transport water over obstacles ( h i k  
structures). In case of tlow the equation for Q is the same as case V11 in section 
2.2.4.2, combined with resistance in the same wliy as in section 
2.2.4.3. 

4 
Sta- 

Stop level 

I~ -- 

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 i? 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 all. Operation of the pump is 
controlled by the water level at upstream or begin node i. 

There are two types of pumps that can he defined by the user. The first type is a 
drainage pump and the second is a so-called supply pump. 

In the first type, the drainage pump water is carried from begin node to end node. 
For this type of pump the switch-»n level (start level) must be higher than the 
switch-off (stop level). When thc water level rises above the switch-»n level, 
given by the uscr, the discharge is set to the pump capacity Q, ,which is carried 
to the end node of the section. When the water level drops below the user defined 
switch-off level, the discharge is set to zero (see Figure 2.4). 

For reasons of stability it may he nccessary to define a reasonable additional 
storage capacity by introducing an extra section at node i. 

Fixure 2.4 Uependenw dmitiujir pump opwotion on upstwum wzter /<w4 

The second type of pump is the supply pump Here water is carried from the end 
node to the bcgin 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 he below the 
switch-off levcl (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 -Q,,. When the water level rises ahove the switch-off level, the discharge 
is set to zero (see Figurc 2.5). 
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Note that thc function o f  the pump will deteniiine itielf iC thc discharge is 
positivc or  nep t ive .  Ttie ubcr must tlierefore g ~ v e  ai ahwlutc vnlue of the pump 
capacity. 

2.2.4.6 Gap growth structure (not available in DMS 3.0) 

'ltic gap griiwtli s t rui t~irc  u w \  thc urric \uriahte\ ;i\  thc <>\e r f lou  \tructurc. \uch 
a, iI,c lcilgttl , , l  thc gap. tl1c , , l , t l ~ , I  ,111 lc \c l ,  thc lilltlid u ,dth.  ttic gutL. lc\cl 
(dcfiiiilt value) arid tlie pmitivc aiid iiegative free surfiice lohs coefficienrs. Nest 
io thcsc vnri;il>le\. tlie \triiciiirc is cntended with si\ nw. \.ai-inbles. Tlie sin extra 
variabics defiiie the 5t;irt t r i g c r  of the grom tli. the \urplus Iicight t r i g r r .  the 
iiiaxiiiial dcptli of the p p .  the maxiinal widtli. tlir \ i l l  gr«\vili tiiiic and the width 
g rou th  time. 

'Thr sill Iiciglit wirli re\pect ro U refercncc Icvel d e c r e ~ \ r \  in the uscr defined gap 
grmvth tiiiic. wrt i i ig  froiii thc iiiitial d l  Iieighr nrid eriiling at the ninniinum 
dcpth o f  thc gap as defined h) thc usci-. Sinlilart!.. the ~ i d t h  of thc gap increases 
during thc u w r  ilefiried uicith growtli tinie. \tarting ar !he initinl midtli 11f the p p  
;uicl criding at the iiinhiriiiiiii widtli ;i\ dcfiried h! tlie i i w r  Thc S111111\iirig options 
;IK po\\ihlc 11) trigscr ilic groutli  i11 tlic gap: 

tlic hiir\t i \  activsted hy a \tarting tiiiic \;iluc. defined h> thr u\er 
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B,,,, maximal width of the gap [ m ]  

Hít) gap height at time t [ml  

H,,,, initia1 sill level 111 lhc gap [ml 

H,,,,, maximal dcplh d thc gap Iml 

t currcnt time \tep after \tart ofcomputat i i~n 

T,,., \tart timc triggcr of growth Is] 

b width growth timel\l 

T h , ,  \ i l l  growth time[\) 

The maximal depth and maximuni width muyt be given in meters, where thc 
maximal depth is given with r a p c c t  to the referente level. The sill growth timc 
and width growth time are given in \econd\. 

A model that can he u\ed t11 \imulatc the conïequcnces of a dike burst ma> 
corisist of the fdlowing schematization: 

a river crm\i\ting of \everal \ections 

polder whkh crlnv\t\ r ~ f  a matrix like network of heveral sections . the \tructurc type: gap growth 

2.2.5 Dry flood procedure 
A di-y Ilood proccdurc i\ dcvcloped fnr [he »brLow, wliicli niakcs i1 pr~ssihle to 
p e r f o m  calculations with \ection\ that hecome dry. At the same time, this 
method enlargcs the stahility of inclincd \y\tcms with shallow brooks. A dry 
scction is dcfined by a sectiiln whcrc thc calculated water has dropped beneath 
Ihe defined bottom level of the \ectir>n. C~in\equences of a dry section are that 
the flow area and the hydraulic radiu5 rif thc ~ e c t i o n  become equal to zero. 

Thc dry Ili~od procedure i \  a \  lollr~w\: the u\cr defincs a threshdd valuc; when 
the calculated water level drop\ heneath thi\ value, the width of the cros\ 
sectional profile decrca\e\ with an exponential function. 
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2.3 Quality 

2.3.1 The mass transport equation 
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P production of the constituent per unit length of the section [g/rn.\l 

'l'hc production turn of the equation includes al1 physical, chcmical and 
hioli~gical procc\\c\ t» which a specific consiituent is subjcct to. In section 2.3.4 
a detailcd description of the way the processes are dealt with is preïented. For the 
time hcing in thi\ paragraph the overall production rate for constituent C is 
repreientcd using ~ h c  lurnpcd variable P. 

Equation (16) ha\ to be solved nurnerically. The solution technique selected i \  
thc rnethod u\cd in model flows (Booij, 1978). In order to apply this method 
equation 0 6 )  i \  rcwritten as: 

i i i  which S i \  thc transport (quantity of the constituent pas\ing a cro\s-\eetion per 
unit r i f  time): 

tquation (18) de\crihes the transport hy advcction and dispcr\iiin. Equation (17) 
i \  thc rnathcrnatical Iorrnulation of the masï conservation law, which state\ that 
thc accumulation at a certain Ii~cation x is equal 10 the net productirm ratc minu\ 
thc tran\pori gradicnt. 

In thi\ frirm thc transport equation closely resemhles the equatiim\ for thc flow 
\r1  that \irnilar numcrical approximations may he applied. 

2.3.2 Discretization of the mass transport equation 
Thc nurncrical rnethod u\ed 11) wlve  thc tran\pon cquation\ i1 7) and i I X )  was 
adoptcd frorn the rnodcl I l r~ws (Bouij, 1978). Thc method i \  unconditionally 
\tahle and show\ littlc nurncrical dispcr\iun. Funherrnore, the rnethod perfectly 
f i t \  t11 thc di\cretizatii~n u i  thc Ilow equatir~n\.  Sirnilar t» the Ilow computations, 
adjacent \ection\ rnay bc difircnt in length. 

In thc f l r~w crirnputation thc diieharges at each end o f a  sectim are expre\\ed a \  
(lincar) funct i im ~ i f t h e  water Icvcl\ at bath endi.  Here wc expre\\ thc tran\ports 
at both end\ ( . S  and ,Y?) int,, the conceniralion\ at both end\ i(, and r2). T o  obtain 
\uch cxprc\\irm\ we apply Galerkin's method. 

The ma\\  con\crvatiriri equatiiiri i1 7) i \  integrated over the \eetion, rnultiplied 
with a weighting functi~in y, ilr yr,: 

In each iection we di\tingui\h twrl wcighting functirins: 
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in wliicli aiid < '  tire ihc coiicentratioii\ at tiie hefiiiiiirif ;iiid tlic end of the 
\ectiorl. 

U i \c re l i~ i i l i<~ i i  ~ f i l i e  cqiintii~iih 124) aiid (2.5) ii i t l i  rc\pci.t t i i  time iisiiig n tiiiic 
hlep Ar i ew l i \  i n i o  

L i n i  n i h ; t i i  r :  1 . í . . i . Norriinlly hut not 
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S,':' = N,,~"" +N,,<+~' + N,, 

Using these equation\ together with a ma\\  balance over the nodes results into a 
set of linear e q u a t i ~ ~ n \  which can he wlved,  \ee section 2.4. The figure below 
shows at which Iocatiiin\ in thc \?item matrix of the set of equations for C the 
suhmatrix N givcn ahiivc fit\ in. The cr~cïïicients N I ) ,  N12, NZI  and N,, are found 
in the matrix E o n  thc Icfl hand \idc, the coefficients N I ?  and N*? appear in the 
right hand sidc (F): 

i ;  

2.3.3 Boundary and initial conditions 

2.3.3.1 Initia1 conditions 

Ti, \tart thc cr~mputation\,  initial valuïs for al1 itate variables (concentrations) 
are rcquircd. T h n e  initial concentrat i~~ns must he wpplied f«r each node. They 
can he h a d  on hiitorical rneawreinents, ohtaincd from forrner cornputations or 
frriin a fir\t reawnahlc p c \ \ .  

In the last case the uïer shrìuld reali\c that the first part of the simulation period 
may result into non reali\tic rcsult\. Thc timc during which the effect of the 
initial conditions is pcrccptihle i \  contrr~llcd by the transport rates and the 
characteristic time con\tants f i ~ r  the reaction\. As  a rule of thumb f o r a  single 
section, if m l y  advcctiiln i \  taken intli account, the impact of the initial 
conditions is completely gonc after three times the residence time in this 
particuliir sectioti. 

As  the exchange rate\ hetween the \ediriient layer and the overlying water are 
rarher low eïpecially lor the coricentrationi in the sediment reasonable initial 
valueï have 10 he used Ifric reairmahle initial values are available i t  is 
recornrnended t11 perfiirm ionie initial \irnulations from which the result\, at the 
end of the simulation period can he u\cd a i  initial values for a next run. 

2.3.3.2 Boundary conditions 
TIic way houndary ci~nditions are trcatcd in the quality pan  of i>un.ow is more 
coinplicated than f«r thc I l~ ìw part. Therclorc this subject is discussed here with 
\ome niilre dctail. In thc íïrst place wc havc t11 distinguish hetween twri type\: 

thc phyiiial h<iundarie\ of the \?\tem 

thc internal node\ in thc \yitem 

At thc begin or end node\ in the netwrirk, in the fl«w pan,  a watcr level «r 
di\chargc hiiundary can hc applied. In the quality pan  at thc\e location\ a 
ci~ncentratiun houndary can he u \ c d  The different c ~ ~ m h i n a t i m \  of C and Q-H 
houndarie, are \howri in the next paragraphs. 
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2.3.3.3 Physical boundaries of the network 

I S  i l i c  SIIN i l i rcc i i im ai riiiilc I i \  l i iwur i l \  i t ic cri\ i r i i r i r i imt:  

s, = Q>(: . . 

I i a  C-bi>i i i i< lury i \  d d i i i c i l  ai  iii,dc 1 .  a i i l i i i ~ i t  i i \ i r ig ari H or  Q 
hí>iiiiii;ii!. I t i c  \pcc i f i u l  c imccr i i r x i i< r  i .  ti .  \ i ih\ t i tuicd iri cqual ion 
i77,. 

I J i , i i i /  v i i < /  ,<.i l i i i t i !  i!/ Il ic i t ( , l i i  iirk 

II i i i i  l l .  f) or ( '  híiunclar) c i ~ n ~ l i i i < ~ i i i  ;irc y c c i l i c i l  ai r i<dc  1: Si= O. 
I'h!\ii;ili! t I i i \  \ i l u n l i i ~ n  rcprc\ci i i \  ;i iIc;rd ci id \c i i i i i r i  of ihc 
ne iur i rk .  

I r i  c;iw 01 pl iy\ i i ; i l  I l~h i i i i r id ; i r ic \ .  C )~h i~undar i c \  ;trd ci i i i ih incd W H  hi~uridaric\ .  a 

ciiricciiir;iiiiiri hoiitiil;ir! l i i r  cvcr) i k f i r i c d  < l i \ v i l \ c < l  \ i i h i i a i i i c  i\ c i i r r i pu lv r )  

2.3.3.4 Internal nodes 

node 
1 sec t ion  i 2 , I s e c t i o n  itl 2 
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, , ,  = c ;  if the flow in the network is negative ífrom i+l  111 i) 

For thc calculations of the mass transport in section i and i + ] ,  two 
optioni are availahle in this case. 

I S  thc calculation is performed using the opti~in dccouple ísee 
calculation definitim, paragraph 3.4.1.1, D e c ~ ~ u p l c  = Yes). 

S,., = Q 2 , , ~ ' 2 , ,  if tlow i \  from i t« ] + I  

S , , , + I  = QI,,+I , ~ I , , + I  
if tlow i \  from i+l to i 

This means thai the dispersion coefficient in ihc \ection 
dr~wnstream the discharge is %t equal 111 zero (0). 

Default thi\ dec~iuple ~iptirln is not u\ed and thema\ \  tranipmi is 
calculated using equatirln\ 126) and (27). 

Thii decwplc  option can he u 4  t11 prevcnt flattening of  \leep ct~nccntratiiin 
gradienti at node\ wherc a d ixhargc  i \  lricated. 

In ca\e o f a  Q-boundary at an intemal node, the user should cithrr deline a 
concentration h~iundary f in  defincd di\solved substancc ilr define n« 
concentratirin boundary at al1 fur ihat internal node: 

Q-boundary combincd with C-boundary fur cvcry d iwdved  
subsiancc. 
Water Il(~wing i n  arid out ~ i f t h e  mrldel a \  dcîined abrive. 

Q-boundary, nu C-br~undary. 
Water flowing i n  and out rir the mrnlel conrain\ no <lis\olvïd 
matter, C=O. Thii  leature may cauw confu\ii~n hut i \  added til 
enable thc u\er to model evaporation. 

At al1 nodei in the network an additional load can be applied, which means that 
thii Ir~ad is added tr] the mass balance equation of the node. A load is expresred 
a \  a masi  unit pcr \ccond. The user should pay attention to the uie of proper 
dimen\ii>n\. 

2.3.3.6 Structures 
In itructurci no processes take place. Mass is m l y  passed between the conneetcd 
n i ~ d e i .  

- . -v r--~ ~ 

~ 

structure I s ec t ion  i 2 * Q, r I r e c t i o n  i i l  2~ 

lf í low i i  fr(im i t r i  ; + l :  S ,  = S 2  = Q, (:Z, 

I S  flow i \  froni i+l to i: S = .Y2 = Q> 

2.3.4 Standard process descriptions 

2.3.4.1 General 
Thc i>t:fi.i~w water quality module ha\ the prrlperty of having an open itructure. 
The tran\pori of iuhstances through ihe water c ixmei  i \  deicrihed by the 
adveetion-difhsiun equati~in. This equatir~n in comhination with UiFi.OW water 
quantiiy i \  \illved by IICPI.OW for thc given ichernatimtion. The de\cripti~ln of 
the interaction betwecn thc di lkrent  suhitance\ and organisms in the \urPace 
waier i \  Iess trivial. Thc model de\cription \trongly dcpcnds on the prohlem. 
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Soiiietiriie\ n siiiiplc proccsh de\cripti«ri i\ eiinugh. l io \ i c \  er otlier tiriies more 
complex procc\s dcscriptioiir are iisce.iar! 

I n  o i ~ i . o \ v  the ni~ii l icii irit icnl foriiiulnti«ris drwr ih i i ig  tlic procc\scs caii he 
supplied by the iiccr. Thcy Ii;i\'c ti, he rupplie<l iii il ie riiodcl f i lc l*.i i iod). which 
crin he creaied or ccliicil usiiig the u w r  i r i rer fxe ( w c  thc UI b ~ ~ ( j \ \  U m s  Guide). 
F i x  this pi irpmc a special proces5 descriptiiiii 1; i i igi~gc h;is heen de\eloped. The 
set «f proccss dcscriptioii\ wppl ied hy Ihe i i w r  cnii he coiiipiled uxinf DL'PROL. 

This c«nipiler con\crt\  tlie dercriptions inio dliia. \ \ l i ic l i  are read h! the 
calciilntioii part o f  ijl i:i.o\v. Iii rhir 113). the iihcr eiin cliarige rhe proces\ 
descripiioiis or dcfii ie a rieu iet i i f  desci-iptitiiis u ithout charigins ani1 
rrcotnpi l ing i l ic s(>iircc code of rhe calciilntioii part o f  i11 t:io\v. A full 
explanrii i i~ii o f  l l ic syiitnx o f  rlie lanfiiage ;iiid l l ic ~ i s c  o f  01 r ~ o i  is given i n  
Chaprer i. 

Iii the coriipiif;iii~1iiri1 prirt tlic pr~ices\ dewrlpi ioi i r  tire ciiiiihiricd with the 
trniisport eqitaiioii\. Actiiri l ly tlie luiiiped variahle P iiiirodiiccd i n  equ:iti«ri (16) 
is fi l leii iii. Iri tlie prcccdiiig p ; i r npp I i  i t  u r i i  h u i i  Ii<iu tlic iiuiiierical solution 
of tlic riiash t ra r i ymt  cqiiation rcsulted int» a \e1 o f  iii;itrix cquntioiis. 111 rhi5 
c q u n t i ~ ~ n  P is i n  ihe riglit h m d  sick o f  the equatiori. u l i i c l i  i i icaii\ that ril1 p roces  
dc\cripti«ns are e\';ilu;iicd iisiiip tlic \ aloes o f  tlie \inIr v;irinhlcs at the previous 
tiriic step Thih explicii cv;ilunrioii o f  the prnee\\ de\cripiioii does I i i ivr wn ie  
coiiscqiieiices for thc Iiiiiì \iep 10 he iiscd. Thih whjeci  i\ ilc;ili ~ i t h  i n  section 
Z f i .  

I f  i i iorc tlian m e  \'ririrthlc i\ dclïi icd iii tlie priice\\ d ì w i i p i l ~ > i i  filc. thc riiritrin 
eqii;itioii is si)lved h r  ericli \;iriahlc. Tli ih i i iatrix rqi ir i i i i i i i  i\ m l t c d  tisiiig L i  1) 

decimipo\i t i~i i i .  I ! \ i i ig i l i i c  i i icil i(id thc Icft 1i;irid i i d ì  irintri\ lias i(, he 
~n;i i i ip~i lntei l  oii ly imce. 

2.3.4.2 Bottom variables 
111 FI.O\\ \valer qu;ilii). distiii;~ii\lies het\veeri \iih\tniicc\ tlint nrc traiisporred uiih 
tlie n.arer phase. diss<ilvcd whsrarices for in\t;iiicc tiiid s~ih\t:iiices ttist are no l  
t rnr i~pi i i izd u i t l i  thc \*riter plinse. hut are c«iiiicclcil i o  tlic h~i t to i i i .  Tli is feature 
rillo\vs the u w  to iiicludc thc hottoni «f rlie u;iicr c<iiirsc i n  il ie water quality 
iriodel aiid 10 i i iodcl i l ic iii1cr;iction o f  riih\r:rnci~\ hcri i iwi i a t e r  p1i:i.e and 
hotti>iii. Wnicr type stnrc varirihle\ havr hccii dcnlt u i th in tlie pre\ ious part o f  
t h i  parag~ iph .  For hiirtoii i htntr vnriahle\ ihc ir:iii\pori p;irt o f  equrition (16) is 
iiot calciil;iied. Iii ili is w;iy fi ir encli sectiriii ;i hoitoi i i  htntc inr iahl r  caii he defincd 
to &\crihe ilir inicrnciiim hct\ ierr i  tlis d i i i i c i i i  aiid i l ic i iverlyirig water coluniti. 
The (lep111 o f  ihc l~o i i c~r i i  hyc r  m d  the i r ~ i r i ~ p i ~ r i  ricro\\ tlic \ \~ i t ì r /sedin i ìn i  
iiitcrfiicc iiiiist he ~ i i p p i i ì d  b> 11ic user iii tlic procri, i l rwr ip i io t i  f i lc. 

water  l e ve l  

c ,  Sec f i o i i  o \ r r l ! i i i s  w a t c r  c o l u m n  

c, ,Aci i \ i .  <cd i i i i e i i t  t op  l a y e r  

U n d e r l y i n g  s?d i i i i z i i i  l a y e r  
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In thi\ example wc coniider an active sediment top layer. The thickne\\ o f  this 
top layer is considered to he constant i n  time. If the porosiiy of the sediment i \  
also a s ~ u m c d  to bc constant the exchange flux of a di\\r,lved ct~n\tituent between 
the \edinicrit intcrstitial watcr and thc water culumn can he expresscd ai :  

whcre: 

F , .  thc exchange flux heiwcen watcr and sediment [g/ in'. day j 

I ; , ,  dilfu\ivc cxchange rale [m2/dayl  

C',  thc con\iituent concentration in ihe ovcrlying 
water column [g/ m ' ]  

< h  the constituent concentration in the \cdimcnt 
[glm'l 

H!, thickncs\ rif the sediment t < ~ p  laycr [ml  

p thc purr~\ity of thc sedimcrit top Iayer 1 - 1  

The de\criptirm of ihc  cxchangc flux ha\ to bc addcd to thc diffcrcntial equation 
dc\crihing thc proce\\c\ of thc constituent. Bl~th the depth of ihe sediment top 
laycr and thc cxchangc ratc \hould he dcclared as a parameter. 

In principle inore complex dc\criptiuns can al50 he used to describe thc sediment 
watcr interacti~mï. Anothcr cxample is given in Iit!TKOF2 ísee appendix B). 

I S  necessary the \cdiment can he whdivided into more layer\. Thc cxchange 
hctween ihe di\tingui\hcd laycri can he exprc\\cd in thc w n c  way. 

2.3.5 Options for computations 
In i~iii.i.ow four optirm\ lor computation are availahle, sce the DUFLOW L'\eis 
tiuide. Flow and quality caii he calculated ~imultaneou\ly i ~ r  separately. In the 
lasi c a x  thc t l r~w condition\ iinformaii~in like t h w .  flow width, ctc.) are stored 
in the ".dmp file and read during \imulation of quality. Diflerent time Tteps can 
he uscd I i ~ r  calculati~in rif Ilriw and quality. Thc time \tep u\ed for quality mu\t 
hc a multiplc of thc time \tep uscd i r ~ r  Slow. 

U\irig thc rlpiirm Bux only thc procesie\ are \imulatcd. Actually the tran\pori 
rclatcd tcrms in equation f 16) are climinated. Thc prr~cc\scs arc siinulated in al1 
\cctirm\ uf the netwilrk. ficnce this option e n a h l a  ti> cvaluate thc rclative 
cimtrihution of tranip<irt cí~mpared to the prucc\\e\ in the entire netwr~rk. 
I'urihermore, this optiim can he useful for testing during model development. 

2.4 Solving the set of equations 
' lhc rietwork as a wh<ilc i \  a \y\tem of section\ and nude\, where each channel 
\ccti~in and control \tructurc i \  considered as a \cparatc item. Each hranch and 
node o l t h c  nctwork ha\ a unique identification number, assigned hy ihe wer .  
Thc \tructure of the \y\tcrri i \  implicitly defiiied hy the user specificatir~n of  n ~ ~ d e  
nurnher\ at hoth end\ cifeach scciir~n. 
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I h c  i i i i i i i hc r i> I  i i i i k i i i i u i i \  i i  i r i  pr i i ic iplc cqii:il t i i  2'111. i i l i c i c  J i\ tlic nui i ihcr of 
\CLIII,II'~ i i i ld I I\ 1 1 1 ~  i i i ~ i i i hc r  i j l  ni,ilc\: iii ciich hi:iricli ihc  i i i ih r i<>\ i i i \  are thc ï l o u \  
at hi,ili i . i ic l \  ;rit1 at c x t i  i i<> i lc  thc water 1cii.I ;\t \ t r i i i i i i rc \  tlie f l o u  at hegin arid 
r i i d  i i i d c  I \  (IK w i l c .  

Sii icc i l ic iiiiiiicric:il \ciicriic i \  i i i ip l ic i t .  ;i \ct (11 litiear eqi iei i<>i i \  h;i, t» he v i l \ e< i  
Iíli c:icll 11i1ic \ccp 

T l i i \  \ ) \ k m  <>l cqu;it ioii i  i \  hriilt i ip iii Ilir prii:r;iiii \i.ctiiiii h! \c i t io i i .  For  thc 
ih;iri i iel \ c i i i o i i  uilli i i i d c i  i ;iiiil j. thc c i , c l l i ~ i c i i i \  V , .  1 ~. \.: ;ind .V:: i n  
c q i ~ ; i i ~ o ~ i  i ' l )  c imt i ih i i ic  iii i l ic i r in ir i r  LOC~IICIC~I\ I1 . M . M i ind L1 
r c p i ~ c l ,  i l  I c l l ~ c i e r ~ t  V i V :  t R I r t i .  1-cir 
coritrol r t r u c t m \  \iiiiil;ir c i d i t i o n \  holcl. 

2.5 Practica1 considerations 
lii t I i i 5  p a r a g r ~ p h  ;I f c u  \ u p p c ~ t i o t i \  are p i \  cri u m c e r r i ~ n g  p r x i ~ c a  n i ~ d e l l i n p  
;r\pcct\ u \ i i i y  tlic IJI i i  i,\% p r < d u c i .  7 h c w  \ i ip?c\ i i i i i i \  ;m i;iliil l o r  ari! open 
ciieriricl i i c tur i rk  :iid :irc < I c w i h c c l  iii c i c n  i i i i i rc i lct i i i l  i n  tlic I i t c i ~ t u r c .  I Ic re  
or11) a hr ic l  !N~IIIW I >  g~bcr i .  
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nature of hí~undary conditions; 

\chematisition U I  chaimcl sections, structures etc.; 

\pacc and time di\cretization: 

type of  quality model \electcd and level of detail u v d  in proce\s 
dewip t ions .  

2.5.1 Extent of computational region, in space and time 
i>t.i-1.0w is a predictive model, cspecially iuited for the \imulation of changes in 
existing \y\tcm\. Sirnulatiori re\ult\ of thc actual \ituatiim can he verified. which 
i \  not thc ca\e for the s i m u l a t i ~ r  r ~ f  the new situatirm. 

Extrapolatiun of \imulation rc\ults for quality to new \ituations also ~ h o u l d  he 
drme carefully. A model inight yive an i~ut\tanding de\criptiun of the present 
situation aftrr calibration. But duc til changing circumstdnce\ in thc ncw 
\ituaiicin thc relative impr~rtance r ~ f  ccnain pr<iccs\es may change. For example, 
after reduction US the external phosphorus Ioad the relea\e of phi~sphr~rus froni 
thc d i m e n t  may hecome impwlant. 

In panicular, the houndaric\ mu\t he chosen with grcat carc iri ca\es wherc a 
change in the systcrn inay effect a boundary conditii~ri wliicti in turii iiiay 
influence the hydraulic cunditiíms and quality in the rcgion of interest. Since the 
samc huundary crmditiíms are applicd in the prc\cnt and new situationï, this may 
lead io errr~ncíiu\ re\ult\ in thc \imulaiion 01' futurc changes. Síi íine should take 
carc that: 

either any change in the sy\teni does nut affect a boundary 
ciindition; 

or thc boundary condition dot\ not inilucrice the state in the region 
111 interest. 

For examplc, i f  a dam i \  planncd in a river hasiri and m e  wants to predict the 
changc in flor~d Icvel at a I~icatir~n dí>wn\tream i ~ f  thi\ dam. thc uprtream 
houndary should he chosen si] lar upstream that at that piace no influence of thc 
dam is expcctcd. 

The dowii\trcam bounclary must hc \ituated \o  Sar downstrcam that a wave 
rcilccted at this houndary i \  darnpcd out at tlic location of  iiitcrcst. These choices 
can he verificd hy variatiim in the model: in case of thc upstream houndary a 
computetion with and without dam can he compared; in the case o f t h e  
dí~wnïtream hounclary twii cíimputatims with different Iwatiims of this 
boundary can hc ~ ~ i n i p a r c d .  

2.5.2 Nature of boundary conditions 
When itic locatií~n of a houndary is determined, the ncxt choice is what type uf 
buundary condition (water Icvcl, discharge of H-Q- relation) is ti> he used. The 
hc\t c h o k e  i \  that quantity i ~ r  relatilm that is 1ea.t \ensilive to thc s t a k  in the 
model i t d f .  

Thu\ the upstream houndary condition in a river is prclcrahly a discharge 
whereaï the d~iwnstream houndary condition should he a water level if the river 
Ilows inti, a lake or \ca, rlr a H-Q rclati~in ba\ed on uniform i111w if the 
down\trcam houndary is somewhcre along the rivcr. 

Note that a dead-end (Q = O perrnanentiyj i \  the default houndary condition in 
ULI:LOW; such a houndary ct~nditir~n d r ~ a  not have to he nicntiimed explicitly in 
thc program input. 

Whcn ~imulat ing quality a f l r~w houndary in comhinatir~n with a ci~ncentrdtion 
houridary is u\ed at the uptrcarn houndaric\ of the nctwork. At the downstrcam 
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2.5.3 Schematization of channel sections, structures, etc. 

2.5.4 Space and time discretization 

30 Physical and malhemalical background Reference Manual Duflow 



the structure). Suhdivi\ion\ of the branche\ are applied whcnever a branch i \  
longer than the h i r e d  \pace step; denxcr \uhdiviïi«n\ are applied in a regim 
with rapid change\ in cri]\\-scctir~n. Ncighhouring rivcr sections with different 
Icngth are not di\advantageíiu\ with regard to accuracy \ince thc I>rci\smann 
scheme i \  used. 

Finally, it must he strc\\ed that applicatirin\ hy users without a proper 
undcr\tanding of phenomcnon andlor without reiiahlc vcrilication incrcax i  the 
ri\k r ~ f z r r r > n c ~ u \  result\. 

2.6 Limitations of the model 
Therc are a numher of inherent limitation\ in the equations and method\ u\ed in 
I J I  i-i.r~w. Thc mwr  impiirtmt onci  are summarised in this paragraph. 

Thc equatiiins are filr me-dimensional fliiw. This mcans Ihat Ihc fluw of tlic 
water in a \ection wil1 he averaged over ihe width and depth of that section. 
i,tii:i.rJw i \  therelire niit \uitahle for pcrf<~rming calculatir~n\ of flows in which 
an extra \patial dimcn\ion i \  ,IS intere\t. Water hodie\ with \ignificantly different 
velixilie\ in the verticai can thcrcfor not he m ~ d c l l c d .  k l r  instance the model i \  
not witahie for stratificd waters. Al\o the flow must he directed roughly parallel 
to the channel axis. Diffcrenccs in f l r~w velocity hetwcen thc main channcl and 
the Slrnid plains can he taken in111 account hy distingui\hing the width r ~ f l l o w  
and the width of storagc; hrlwcvcr. if thcre are differcncc\ in water level hctween 
the main channcl and thc flriod plain\, i i  i \  hetter tíi model the two a \  separate 
(parallel) channel\. A lake can he \chcmatised hy a network with \everal 
scction\. Thc rcsulis, howcvrr, have limited validity. 

As mentiiined, vertical dcngity differente\ are nol taken into account: als11 
horironlal density differences are nut modelled becauic thc density is a\\umed to 
he ciIn\tanl thrr~ughout. Th;\ i \  íifintcrc\t in mtuary, whcre a large concentration 
gradicnt has cim\cquences for the water movement en wherc onc niay want t0 
calculatc thï  water movement to a high degrïe  ofaccuracy. 

Althrlugh Ihe equatioii\ underlying thc model are valid in ca\e of supercritical 
f l r ~ w ,  thc nuinerical \olutii~n method doe\ not support \upercritical flow. In 
\tructure\ thc calculatiiin of wper  critical Ilow is not a prrhlcm. Because 
suhcritical lliiw i \  a\\umed therc m w t  hc one hilundary conditiiln at each of thc 
houndaricï of thc netwrrk. 

Reference Manual Duflow Physical a n d  mathematical background 31 



3.1 Language reference 

3.1.1 Syntax 

Thc interactimï invdved without iran\piin procei\c\,  advection and dispersion, 
necd to he wpplied hy thc quality rni~dcl devcli~pment pan o l t h e  program. These 
are itored in the procci\ descripticin file *.mod. The resulting ie t  of equations haï  
t0 he compilcd uhing I I I ~ P U O L .  Alter c~~mpi la t ion  a * m o h  file i \  creatcd which 
can he read hy oi;i:i.l~w. 

Some r u k \  I JS  syntax: 

An idcnt i f i rr  (name IJS  a variable) i tans with a charactcr and 
conhists of a maximum of \ix charactcr\. Non alpha-numerical 
charactcri are niit allowcd. The name of variahlc d is reserved h ~ r  
thc di\per\ion coelficient and should not he used, even nol a a 
\ingle character in the cí~mmcrits. 

Commenri stari with /* and end with ' l .  Comments are only 
allowcd at thc heginning of the  file. 

A model filc con\isis of two pari\: 

Declaraticm \cctirin: 
In this pari thc different var iahlc  arc defincd 

Compound ïtatement: 
Thi\ pan  contain5 the equaiii~n\ d c w i b i n g  the p r o c e s w  

Thc *.mod file must hc closcd with an ernpiy line ai the bottom, otherwisc 
1JI:PROI. caniiot compilc thc file crirrectly. 

C h o r ~ i e  to edit thc model dclinition filc i f  y i ~ u  want to develop the quality model. 
Thc program wil1 a\k which midel  definiticin file is t r ~  be edited. (*.mi~d). The 
editor wil1 he activatcd w tht: d a i r e d  proce\s dcsxiption file can he entered. A 
ihoncned examplc ril a model definition file is \h i~wn bclow. 

/ Sirnple Eutrophication Model EUTROF1.MI)D DUFIi-iW v2.zx 
/ * 
l *  Hans Aalderink h Nico Klaver 
, * 

Agricultural University of Wageningen 
Department of Nature C~nservation 
water Quslity Management Section 
P.O. BOX 8 0 8 0  
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3.1.2 Declaration section 

34 Duprol Reference Manual Duflow 



xt Extcrnal variahlc\, which are spacc a n d h r  time dcpendent. 

pami Parameter\, constant? and cocflicienti u w i  in the procc\\ cquations. 

Ilow Flow variables, supplied by thc hydraulic pan  of the model. Thc\e 
variahles differ from the other variahles hy thc fact that the 
i<lcntifier\ ~ i f t h c w  variahlc\ are huilt-in. The lollowing identifiers 
are availahlc: 

Z Depth of water (m) 

0 Flow (mils) 

A\  Flow area (ni', 

Ah Stilrage area (m2) 

d \  Scction dircction(degreeï - 360", rneasurcd 
clockwi\c f r im thc Nurthj 

dl Quality time step (s) 

d X H ~ I f o f  the length of section (m)  

V Hall o f  the volume of scction im') 

Wf Wind vclricily (mis) 

Wd Wind direction ídcgrees -360". mcasured clockwise 
friim the Northj 

water,  

bottorn 

xt, 

parrn, 
fl0 w 

identifier 

Dimension 

Description 

default 1 

Dehult  Ikfaul t  value\ w c  used if thc u\er does nut supply values within 
thc other menu\. Fnr thc state variablc the dehul t  values are used 
if the uïcr d i x \  not enter initia1 c~indition\.  Thc default value ha\ 
ti1 he fivcn in hctwccn brackets ' 1 '  and ' I ' .  

Dimcnsion Thc unit o1 thc variiihlc rriay comiat u f a  maximum of 10 
characters. followed hy ';'. Longcr names wil1 he tmncatcd. The 
unit ~ ) f t i i n e  in ratc cunhtants \hr~uld alway\ hc dcfined in day\.  

Deicripiion The dc\cripti~in c ~ f t h c  variahlc may not cnceed a maximum of  40 
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3.1.3 Compound statement 

3.1.3.1 Introduction 
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formula 

if-statement 1 

iterate 

s t a t e m e n t  

The general \yntax of a formula is shown in Figure 3.3 

function 

identifier 

( 
s t a t e -  

var iable  

- - express ion  

kl  First order reaction coefficieni 

k 0  Zero order reaction coefficient. 

state variable Water or bottom \rate variable (maximal h characters) 

functicin identifier Identifier of a function (maximal 8 characteri) 

Expre\\ion Definition of a function. A formula, defining the function 
identifier at right side of the equation. This formula 
consist\ oflregular mathematic i q ~ r a t o r s  completed with 
\everal built-in functions 
A function identifier is not allowed to appear in thc right 
iide of his own dcfinition. A function identifier must 
alrcady have heen defined beforc i1 can be used in the 
right bidt of an equation. The ïollowing operators are 
available (in order of priorityj: 



i f ~  else 11- 
expressie expressie 

else- executable 
expressie statement 

I l i c  if.,i<iccni?,ic i;iii Ik ,ipplicd in w \ c i a l  ha!,. I l i c  i i i i h t  coiiiiiioii u w  i11 tlic 

\t;iiciiierit uil1 he h > u i i  iii tlie t i~l l i i i* i i ig c.\ariiplc\. 
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pnh4=0 . O ;  
1 
else i£ (NH4==0.0) 
{ 

pnh4= NH4/N03+Kmn: 
i£ ((Kop>=i.fl) && (Lap!=O.O)) 
{ 

Mip=pnh4*Kmn/Z+O.001; 

General reniarks conccrning the use of if sratements : 

Condit imi  can he delined using the following rclational and logica1 
( i n  order of priority): 
> 
>= 
C 

<= 

= = ( i \  equal to) 
!= ( u n q u a l  10) 

! (nut) 
&& (andj 
I l (01) 

Also in an if \ takment  cvery cxecutable statemcnt must bc closed 
with a ';'. 

Retwccn the ' 1  1 '  the u w  can define a block of executablc 
\tatenicnt\ i= compound statement). 

3.1.3.4 Iteration statement 

In Figurc 3.5 a \yntax o f a n  itcration statement i \  sh r~wn 

i terate  ( star t  v a l u e  

to le rance  1 compound 
identifier s t a t e m e n t  

r 5 Synr»i o/ i l w u l i o n  $lur?rn?nl 

Thc \tatcment exi\t\ ril:  

\tart valuc Thc \tart value of thc variablc o f t h e  itcratir~n. 

tolerance idcntilicr Thi\ variable (parameter) c o n t a i n  the maximum 
allr~wcd diffcrence hetween the two succecding 
ilcratii~n rc\ult\. 

compound statemcnt The forrnula which has to be approximated by me: 
rif iterdtiiin. 

An examplt: is the iicratir~n of thc wavclcngth at depth D: 

iterate (LBl.0, epsi 
i 

ans 
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4. Other applications 

4.1 MODUFLOW 
MODUFLOW is a module that perfoms an o n - h e  link between MODFLOW and 
DUFLOW. MODUFLOW considers an existing MODFLOW schematization fur the 
groundwater model and an existing DUFLOW schematization. 

The dischargeto and from the groundwater to the water course has consequences 
for the water levelin this water course, on the other hand the water level 
influences the discharge to and from the groundwater. To investigate these 
interactions, the existing groundwater models and surface water models did not 
suffice. By performing the calculations of the two separate models successively 
one can not investigate the mutual influence they perform on each another. An 
on-line approximation is therefore necessary. 

With MoDuFLowone can model the dynamic interaction hetween surtace water 
and ground water. During the MODGFLOW schematization, the calculated 
MODFLOW discharges are sent to DUFLOW and the calculated water levels of 
DUFLOW are sent tv MODFLOW. 

MODLiFLOWmaps hoth schematimtivns on top of each other. This results in 
detemining the location per MODFLOW cel1 in each DUFLOW section. During 
calculation, MODUFLOW activates each model. The calculation switches between 
UUFLOW and MODFLOW fhr a certain time interval. 

4.2 RAM 
The Hydrologie Cycle is a continuous process in which water circulates from the 
oceans through the atmosphere and the rivers back to the ocean. Of thr 
hydrnlogic cycle, the prccipitation runoff model describes the process that occurs 
bctween the falling of the precipitation til1 the discharge developed by the run off 
to the ground water or surface water. 

Precipitation miioff processes are generally described at a catchment area level. 
Within a catchment area, the relevant parameters may vary substantially, like the 
soil type, slope, land use, etc. A detailed physical description of the occurring 
processes is, therefore, difficult to give. 

In KAM a division into types of suriaces is made: 

Open water surface 

Paved sutiace 

Unpaved sutiace 

A division into types of surface is made in view of the differences in 
precipitation runoffprocesses. For example, in case of an open water suriace 
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4.2.1 Infiltration into the soil moisture (unsaturated zone) 

4.2.2 Percolation int0 the ground water (saturated zone) 

4.2.3 Ground water discharge int0 the drainage system 

4.2.4 Description of leaching and runoff 
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unsaturatcd zone are extrernely complcx. It i \  therefore decided not til modcl 
these reaction proces\e\ in KAM. 

Point of departure f , ~ r  the description of water quality in KAM is a direct link with 
the discharge of the \cparaie subíìow\ and the water quality. Concentrations are 
attrihutcd to thc \ubflow\, which are affected hy the supply, the redction 
pnice\\c\ and thc discharge. Thew conccntrations are wi~rkcd out for nitrogcn, 
phmphur and arnrnr~nium. Thc cxperience with thii  concept can bc used t« 
decide whether a more detailcd concept i \  necessary or  not. 

Reterence Manual Dutlow Olher applications 43 



5. File Formats 

5.1 PRJ 
The Project File i\ shíiwn hclr~w, thc case deicribed in this appendix is r:i;lKf~fl 
(\cc appendix A). 

RIEUT1. CTR 
RIVER. NET 
RIVER. NOD 
RIVER. EEG 
RIVER. END 
RIVER. P.ES 
EUTROF1.MOE 
P.IEUT1. BEK 
RIEUT1. ENK 
RIEUT1. EXT 
RIEUT1. PRM 
RIEUT1. REK 

The Project File containi a l i \ [  of the files needed Ir) run the complete model. 

As  an extra, an examplc o f a  measured data filc ( M E A S ~ K . M S K )  is addcd t11 this 
appendix. Thc name uI ih i \  file i \  nut itured in the PK~JII:C? fXE. 

In gmerai thc pí~iitions in thc filci are in uie as following 

For integcri thc program reserve, 4 pu\itiíin\ 

Fur commenti thc program rcscrvc\ 4 poiitioni 

F o r a  real Síirmat the program rcicrve\ h pmitions. including thc 
decimal. II the real l i~rmat  need\ more then h positions, thc format 
is written a i  a scientific format. 

Thc values are separatcd by rmc space positiiln or a '-'\ign. 



5.2 CTR 

"Slait iiI ~ o ~ ! i j i l i l i ~ l i o i i "  Ic l i~ tc l  lil !!iiiliiiId 
"Si;iii iiI ~ o ~ i i j i ~ i l i i l i ~ > i i ' '  i 1 1 1 1 i ~ i  i n  11hiiiiii 
"Hiid i11 ~ ~ ~ i i i l i i i i ; i i i o i i "  t d i i t c ~  iii !!iiiiiidd 
" l h d  <!l ~ i m i ~ i ~ ~ l ; i t i i i i i "  i l i i i i c ~  iri I ihrri i i i  
"Si;iri iil i i i i t p i~ l "  l i la tc i  i n  !!iiiiiicld 
" ~ t a r l  i 1 1  iiiiI~l11I" 1l i i i i i .1 iri I ih i i i i i i  
"'l'iiiic i i c p  Iliiu'. iii ~ ~ i l n u l c i  
"T i i i i c  \iel1 i i i i t ~ ~ u t "  iii i i i ir i ir ic\ 
"Rc\ii i ; i i i i i .  tiiiiiiiiI;i" O=\l;iiiiiiiip I =De Clic/! 
I " i I ic i ; l .  l i !~li: i i i l ic pr1 < i 1  tlic ri iodcl. 
l .  t l I ~ I "  O = l i i t ~ l  I = \ c p l c ~ i c d  2=1);irnpcil. 
..I;,ir;, l l ~ i~ ; , t l o i l "  l J = \ < 1  I  =,,c\ 
' i l Ip1i : i  i i i r r .  t i i i  t c l i i ~ i i !  di \ t r ih i i t i i i r i , '~ 
i\liiiiiii~ii~i li 1111icstcp\ IICIU~~II Irigfer< 
"Ti i i ic\ tc l> qu;iliiy" iii i i i i i iute\ 
"'l~llcl;l". q l l i i l l !  ,,ar1 ,,l'Ill~ 1 l i ~ K l ~ I  
" l>cc i> i ip lL '  O=\ir I=)<\ 
"(,C;IIC ~~~I~ll l l l . l l , l i l~ Il11u IIIC' l \  I=Yc, 
I k i ~ w ~ d c i i l  iiii i l ic  i j i ~ ~ ~ l ~ ~ i i l i o i i  i n  " l . < > c ; i i i < i r i \  l o r  <> i i t l iu i ' .  \c\cr;i l  l incr 
i i i I I  lhc i r i w i c i l  i i . p c w r i t i i i ~  tliar par t i i~ i l ; i r  ~ ~ ~ c c ~ t i c x t i ~ i i i  I-tii i i i \ tunic:  
" E ~ t c i i d c ~ l - ; l 1 1  

l l .  1 2 4 F 
I ' ! .  I 
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ad "Quality variahles for  utpu put", selected variabel.X=porg 
a h  "Quality variahles fi>r r~uiput", selectcd variahel.Y=chla 

5.3 NET 
'The Ketwork File containi data h m  thc Nctw~irk Windr~w including the node\,  
\ection\, crossection\ and al1 availahle structure\. 

DUFLOW data file :C:\DUFLOW\KIEUTl\RIVER.MET 
* Network data program version: x.xx 

The fiillc~wing list pivc\ cxplana~icin ahoui ihe item\ in thc file. 

"section/structurc" name hy thc uscr. 
seclion numhcr i+iOO). 
"Begin Node" of thc xc t ion .  
"End Node" of Ihc xc t ion .  
"Lcngth" of thc sectirm. 
"Brittom Icvel", hcgin. 
"Holii>m Icvcl", cricl. 
"K~ii\tancc", pr~\itive direction. 
"Kesistancc", ncgative dircction. 
"Direction" 
"Windconv" 
1st "Depth t r i  hottom" 
2nd "Depth t < >  hoitr~m", etc. 
1 \ t  "Fl i~w width". 
2nd "Flr~w width", ctc. 
I \ t  "Flow width" at the hegin ol the \ectir~n. 
I \ t  "Flow wiclth", at thc end i ~ f  the \cctiori. 
1st "Siorage width" at ihc hegin ol ' thc \ccti(in. 
151 "Storagc width", at the end of the wction. 
Adjusted "FI<iw arca" at the begin of thc \eetion. 
Adjusted "Fl~iw area" at the end of thc \ect im.  
Adjusted "1lydr;rulic radius" 
Ad]u\ted "Kesistancc" in thc po\itivc direction. 
Adju\ted "Resistance" in the negative direction. 
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5.3.1 Weir 

5.3.2 Underflow 
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5.3.3 Culvert 
The ncxt cxarnplc deal\ with a culvcn 

The following list givc\ cxplanation ahout thc items in an culvcrt 

+ Tuhc Iorrn of thc culvcrt; 

MC = Rcctangular 
ELLI = Elliptic, I:gg or R~iund 

"secti«n/\iructurc" name hy thc u x r .  
wuciure numhcr í+300). 
"Begin Nodc" of the culvert. 
" f n d  N I K ~ "  of thc culvcrt. 
"l,ength" of the culvcrt. 
"Horimntal radiu\". culven. 
"Venical radiu\", culvcrt. 
"lnsidc Icvcl", culvert. 
"Sill level", ~ u l v c r i .  
' ~ M u  free burlacc", in positivc direction. 
"Mu frec iurfacc", in ncgativc dircction 
"Mu \uhmerged flow". 
"Chczy cr~eflicicnt", culven. 

5.3.4 Siphon 

Thc fullowing list give\ cxplariation ahout thc items in a \iphon. 

"scction/stru~turc" name hy Ihc uwr. 
mucturc numhcr (+300). 
"Begin Nodc" of ihe siphon. 
"End Nodc" o f t h c  siphon. 
"Length" of thc \iphr~n. 
"Diameter", of thc \iphon. 
"Chczy cocfficicnt", culvert. 
"Mu". in pmitivc direction. 
"Mu", in ncgativc dircction. 
"Siart levcl", at the begin of the \iphon. 
"Stop level", at the begin of thc 5iph11n. 
"Start levcl". at thc end 01 the siphon. 
"Stop Icvcl", at the end r ~ f t h e  siphon. 

5.3.5 Pump 
Thc next example deal\ with a pump 

STRU~ e2:2>d 
PUMP Q.6000 0 .9% _(L,lo 

Thc fulliiwirig l i \ t  givcs cxplanation ahout thc items in a pump. 

a "scction/structurc" numhcr by thc u w  
h structure nurnher hy duflow. 
c "Begin Node" of the pump. 
d "End tiride" of the pump. 
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5.3.6 Gap growth 

5.4 NOD 
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5.5 BEG 
In the Initial Conditirmg - Flow F i k  al1 initia1 conditions related t í ~  thc Ilow are 
\tored. 

* DUFLOW data file :C:?DUFLOW\RIEUTl\RIVER.BEG 
* F l o w  I n i t i a 1  c o n d i t i o n s  p r o g r a m  v e r s i o n :  x.xx 

The S~ill~>wing l i \ t  gives explanatii~n ahíiut the itcms in ihe file 

a nurnhcr (11 the section or \tructure (+100). 
h "Initia1 levels". at thc begin 111the wA<in/\tructure. 
C "Initia1 Icvel\", at thc end of thc vxtiíin/\tructure. 
d "Initia1 dixh>irgc\", at thc hcgin í i l  thc scciir~n/\tructure, 
I: "Initia1 dischargc',", at the end «f the ~ection/\iructurz. 

5.6 BND 
I i i  thc Boundary Condiiirln\ - f:líiw File al1 the boundary conditiiin\ relatcd to the 
f h w  are stured. 

5.6.1 Constant 
Below is sliown the híiundary conditirm t h w  file (river.Bnd), in the appendix A 
i r i : rno i l ) .The  givcn cxainplc dcal\ with a constant "L.evcl"and "Q-add" 
hi~uridary type. 

* DUFLOW d a t a  f i l e  :C: \DUFLOW'KiEUTl?FIVER.END 
+ Flow Bound. cond./struct ctsl. program v e r s i o n :  x.xx 

Thc Sollowing lisi givc\ explariatiíin ahout thc itcms in thc file 

a '"ïypz" o i  houndary: 
H - - ' < l . e~eI '~ ;  

Q - - "Q add."; 
K - - "Kain"íPrccipilation); 
W - - "Wind velocity"; 
T - "Wind direction". 

h "Node(s)" nuinhcr. 
c "Type of funct i r~n '  = "C:on\tantn. 
c1 Enicrcd valuc for "C:i~n\tarit". 
e Coricliti~in nurnhcr. 
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5.6.2 Equidistant time series 

"T>l>c" 01 hoi>r1diiry: 
H - - " lL \c l " :  

o - - "(.ì iidd ": 
I< - - "Kaiii"ll'rccipit;itii>ii i: 

U - - \V i r i i l  vci<iciiy": 

'I' - - \ V i i i d  iliiccliiiri". 

"Tiiiic \ tc l i "  i i i riiiiiiitc\. 
"Start ilntii". i r i  ~y i i i i i i i ld .  
"Stiirl tiriic". iii liiiiiiiii 
c ~ ~ r l d l i l ~ m  ,1u11,t,cr 
" l i i i l c ( \ , "  riiiiiihci 
l \ [  \dut <,l "TIIIIL wric,'' 
I r id  i i i l i ic i , I  "Tiiiic S C ~ C \  

6th \nliic 1 1 1  "I iriie \erie\'. 
7th \, i I~ic 01  "'l IITIC w r i a "  

5.6.3 Non-equidistant time series 
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5.6.4 Fourier series 
Below an example is given, dealing with a "Level" boundary type with "Fourier 
serie\" \pecification. 

"Type" of houndary: 
H - - "Level"; 

Q - - "Q a&."; 
R - - 'Kain" (I'recipitatim); 
W - - "Wind velocity": 
T - - "Wind dircction". 
Period in minute\. 
"Start date". in yymmdd. 
"Start time", in hhinm 
Condition numher. 
"Node(s)" numher. 
"Type of functir~n" = "Con\tantN 
"Mean valuen(yi, in Fourier \erics). 
Entercd value tor "Amplitude" of k"' component 
Entered value kir .'Pha\c" o f  k"' component 

5.6.5 QH relation 
Below an example is given, dcaling with a "QH-relation" boundary type 

The following l i \ [  givcs explanation ahout the items in the file. 

a Indication "OH-relation" boundary type. 
b "Node(\)" numhcr. 
c Indication "Levels" 
d 1st valuc l i ~ r  Icvcls. 
C 2nd valuc Tor levels. 

. . .  . . . .  . 

f 4th value fvr levcl\. 
h 5th value fiir levcl\. 
I Indication "Discharges" 
j I \t value f ~ i r  dischargc\. 
k 2nd value for discharges. 

. . .  . . . .  . 

m 4th value kir discharges. 
n 5th value for discharges. 
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5.6.7 Structure control - trigger series 

5.6.6 Structure control - continuous 

111iIic;it1i~i! ' O l ~ c ~ ! l i < ~ i i ; i l  p x ~ ~ ~ c l c f  "1 ' ' Tufgcr '"x\.': 
TSII. = "L!'~dth": 
TV' I IJ = '.S111 IC\CI'.. 
'l (;:\'l = "(;:,IC lC\Cl", 
'1 1/11. = "\l,, 1;,lI,", 
I \ 1 V l  = " \ I U  ,urI p,  ". 
I ZIV? - '\l\' \url !IC:.": 

' I \ I O I  = "L11 \iihiii. po\..': 
I L101 = I l I  \iihiii. i i c y .  
"Srriiciiiic" ii i i i i i i>cr l+MJOi. 
... r)  I>' "I 1ii;;cr c<l1iii i i l~>ll~': 
TlXlI: = -.~.,Ille~~L 

111111 = "H? < 11 l+fill.', 
111111 = "l l l > l l1+iil l". 
111'1' L "l II~<K\c , l Ilrip'.. 
111'\1 - ~'IIll<><Ii. e IIlliL'. 
I>:,ic <>I l i i i i ~ ' .  l i l ! ~ l i 1 i i l < l < l  

I I l l i C  of "'I , l i l i . 111 1111111111 

" I  ) P C  "1 Iiiii~iiiiii" - "('iiii\i.iiii'. wii i i i l i ic 
' O l l ' .  
' I ! ~ > c  U I  l i i i i ~ t i i > ~ ~ "  = I I I :  " l i ~ r i i .  \ t c p  i r i  i i i i i ~ i i t i . ~  

151 \;,1,,c < , l  "'l , l l l ~ ~ ~ c r i c \ " .  
" rc lcrc~~cc I N K ~ ' '  

'-tr,ppcr Ic \c I "  
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5.7 RES 
In the Flow Data - Result File the results from the flow calculation are printed 
The concenied file is shown helow. The name of the file is nver.res. 

VERSION FILE: x.xx 
ZOUT 
C:\DUFLOW\RIEUTl\RIEUTl.CTR 

The following list givcs an ïxplanation about the items in the file 

a # Flow time steps 
b # Sections and structures. 
c # Nodes. 
d Ratio between Output time step and Flow time step 
e Flow time step in seconds. 
f "Start of computalion" (date) in yymmdd 
E "Start of computation" (time) in hhmm 

h Line number. 
I "Section/structure" name from the NET-file 
j Section number (+300) 
k "Begin node" of ihe section. 
I "End node" of the section. 
m "Lenght" of the section 
n "Bottorn Icvïl", begin. 
o "Botrom level", end. 

P Flow time step iiumber. 
'l Scction nuinber. 
r Water level at beginning of section. 
S Water level at end of section. 
t Discharge at beginning of section. 
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5.8 BEK 

. . . . 
4 c5 I f , . ' ,LL 1u.co0 
l panarg YiU,', 7.0400 

I l i c  l i i l l o ~  i i ip l i \ t  p i i c .  c ~ p I , i i i i i t i ~ m  ;ihoiit lliï i tc i i i \  iii l l ic l i l c  

il ' i c i t i i i r i / S ~ r i i c i i i r c  i iuii ihcr". 
h ..,J hl .. m;i c . ii;iiiit. ui tlie iar iah lc .  
C " l i i i t in l  c i i t i~l i i i rm". af the hegin i ~ f  i l i c  \ecti im 
d " l i i i t i ; i l  i i ~ r i i l i i i i i i t " .  at the end ol  i l ic \cci i i i i i .  
I3c .  

5.9 BNK 
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DUFLOW data f i l e  :C:\DUFLOW\RIEUTl\RIEUTl.ENK 
* Q u a l i t y  Boundary  c o n d i t i o n s  p r o g r a m  v e r s i o n :  x . x x  

n a 3  l 

n o r g  1 

0 2  1 

p a n o r g  1 

p o r g  I 

C C  1 

b o d  1 

The following list givw explanation ahout the items in the file 

a "Type": 
C = "Concentration"; 
L =.."l.~~ad". 

h Cllnditilln numhcr. 
C "Variahlc", ielected from the picklist 
d "Nodc(s)", numhcr. 
c "Type of fun~tirm" = "Cmstant". 
S Value for thc "Variahle". 

5.10 EXT 
In thc Extcrnal Variahlcs Filc al1 xt external variahle\ delined in the proces\ 
description f i k  arc \torcd. 

Bclow i \  shown the extcnial variahles file ( ~ i i i i ~ l . r i x . r ) ,  of the appendix A 
~l;LTRf~f'l j .  

* DUFLOW d a t a  f i l e  :C:\DUFLOW\RIEUTl\RIEUTl.E%T 
* Q u a l i t y  E x t e r n a l  v a r i a b l e s  p r o g r a m  v e r s i o n :  x . x x  

6 7 . 9 7 4  3 8 . 9 2 2  1 1 . 9 8 9  0 . 0 6 0 0  o . o b 0 0  &j 
%T n£ l u x  
P 0 . 0 5 0 0  
XT p f l u x  
P 0 . 0 0 5 0  
XT r e s f  
P 1 0 . 0 0 0  
%T 6 0  9 1 0 7 0 1  0  t 

1 6 . 3 3 3  1 6 . 2 4 3  1 6 . 1 6 3  1 6 . 0 8 7  1 6 . 0 0 3  1 5 . 9 3 0  

'lhe following li\t gives an explanation ahout the item\ iri the file 

a "Type"; 
X T  = Space and time depcndcd cxtcmal variahle 

h "External variahlc", name. 
C "Nr~dcís)", nuniher. 
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5.11 PRM 

' l t i c  I i ~ l l o i i ~ i i p  liil p i i c l  ;in cxpl:iii;iti<,ri iil ilic i tc i i i \  i i \c i l  i r i  itic lili. 
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In thc Qualiiy Ilatu - Rcwli  Filc (uii:i . i  I .KI:K) al1 the quality rcwlts arc \twcd 

VERSION FILE: x.xx 
ZOUT 

1 2 ~  4 b 0 
910701~ oh 

ENDIRO 
l a mg-c/l 1 
2 bod mg-o2/1 1 
3 nh4 m"-n/l 1 

< 

5 norg mg-n/l 1 
6 0 2  my/l 1 
7 panory mg-p/l 1 
8 P O ~ Y  mg-p/l 1 
9 chla 2 
10 El 2 

ENDADM 
oq 1' 2.0000~+00' 

5.0000Ei00 
3.0000E-01 
3.0000Et00 
8.0000E-01 
1.0000Ei01 
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f!. bb'JOE+f,', 
0 . 0 0 0 0 E + 0 0  
0.00OOE+OO 
O.OOO',E+Ori 
2 .  OOOLE+O~J 

: . O O O O L + ' , l  
e . o ~ r i r , ~ - r ; ~  
l. ~,OO(,E*Ol 
4009LF-'i% 
1 1 O O O E - ' J 1  
'i. O'JGLE+Orl 

5.13 MSR 
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6. Miscellaneous 

6.1 DUFLOW Helpdesk 
U x r i  of r>t:r:i.r,w can subscrihc to the otJr i . f~w helpdesk. r>iJFI.OW users may 
contact the he lpdak  when encr~untering prohlems while using i~uFi.Ow. When 
thc user enrok a mistake, i t  wil1 he \ d v e d  as quickly as possihlc and the user wil1 
receive the latest update. 

U\er\ with a suhscriptim tr, the hclpdcik wil1 receive a lree update l i f the 
package at least once a year. In this manner, the user is assured of the corrections 
made in the new release\. 

About once a year a i>i.r;i.~>w users day is organised. During thi\ activity users 
rnay present their re\ults of using thc oun.«w package. Thi\ u x r s  day is 
particularly focused im the mutual acquaintance between u w h .  Aitendees of 
theie days are informed about the la tea DI :FL~W developments. 

6.2 Courses 
Course\ of Ut!FLOW are regularly organised hy the [HE, which uïually take place 
in the course of 2 to 5 &y\. Thc c w n e  is divided into the application «f oiiFLOw 
with respect to water quantity prr~blems, water quality prohlem\ and the use of 
the precipitation runliff model in oLFi.«W. 

During the course, Iecture\ concerning the theoretica1 background of the model 
are alternated by workshop\. The purpose of the course for the u w  to hecome 
familiar with the DuI;I.OW pdckage 
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In this chaptcr a list of po\iiblc error\ are given which can íiccur during thc 
calculation of DUFL.~W. Thc explanation of the error is given with po\siblc 
iolution. If you have any <juestion\ ahout the working of the program, YIN can 
always consult the k115 Helpdc\k (070-3014600). 

7.1 Input errors 
1001 

1002 

1003 

Duplicate houndary ci~ndiiion. 

Mi\iing quality condition. 

Quality houndary condition doei  nol have a matching f low 
boundary condition. 

Missing Chczy valuc fur ~I l ip t ic  culvert. 

Input e r r t~r  in calculation times. 

Error in given input f i k .  

Invalid nrjdc dcfincd in Boundary Condition\ File. 

Error in g ivm input file. 

Invalid n i d c  numbcr in Boundary C«nditirin\ File. 

Invalid sectoin numher in Boundary Condition File. 

Dcfined node or iection doe\ not exiit  in string for output 
variables. 

Invalid section defined in Locations for Output. 

Missing paramctcr name or valuc. 

Invalid namc of \ t a k  variable in Initial Condit ion File. 

Duplicatc nnde nurnhcr. 

Duplicatc icction numhcr. 

Syntax error in givcn input file. 

Invalid name f o r a  water s t a k  variable in the Boundary Conditions 
File. 

Invalid namc f r ~ r  cntcrnal variahle in External Variablei File. 

Thc dump fik i \  nrit compatihlc with the qualiiy model. 

The water level\ in the definition of the cro\s iectiíins are not 
asccnding. 
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7.2 Memory errors 
3005 

100i> 

31107 

I O O X  

30rIi) 

30 l X 

7.3 Water quality model errors 

7.4 Version errors 
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7.5 Errors on file 
3013 Error whilc opening file f ~ i r  reading. Fi lc h e \  not exi\t or is i n  use. 

3015 Error whi lc opening f i le Sr,r writing. Fi le i \  in u\e rlr d i i k  i\ ful l .  

3016 Error while writing to filc. Fi le i\ alrcady i n  u\e or disk i \  full. 

302 1 Error whilc reading file. Lncxpcctcd end o f  fi le encountercd. 

7.6 Instability errors 
3017 Flow ciimputaiir>ri ha\ hecome un\tahlc. Check model input for 

errors rir pm i i h l c  ir i i tahi l i t ic\ .  

3019 Pivot elcrncnt in thc node i\ zcrr~.  I>o\\ ihly i n  this node only 
structurc\ are defincd and no  r~rdinary \cctions, smal1 ordinary 
section to thi\  node. Otherwi\c the cornputation has become 
unstahlc, i n  that ca\e chcck thc r~utput i n  this node. 

305 1 Ncgative \toragc area i \  computcd at the given time step and 
sectilin numhcr. I f t h i \  warning persists for other time steps, 
decrea\e thc time \lep lo r  I low or iricrease the threshold value fot 
drying and Ilooding. 

7.7 Read errors 
3022 Error in F l i ~ w  Bouridary Condition File. 

3035 Error i n  Quality Uwndary  ('ondition File. 

3036 Error in Iioundary Condition File. 

3038 Error in Roundary C ~ ~ n d i t i o n  File. 

3047 Error in Nctwork File, sectirin 11r nude numhcr o l a  iection i\ lc\s 
than zerr~. 

7.8 Internal errors 
1027 

3030 

3037 

304 1 

3042 

3043 

3046 

30.50 

3053 

3054 

Internal crror 

Intcrnai error while reading lMOH l i lc .  Contact r:i)s. 

Internal error, condition crldc doe\ not exi\ t  i n  the fi le. 

lniernal crror whilc rcading jyrnhol tahlc 111'the MOB file. Contact 
l i l ) \ .  

Internal error whilc reading \yrnh<il tahle o f  the M O B  file. Contact 
El>S. 

Internal emir  whilc reading Water Ouality Ini t ial  Conditions File. 
Contact r:i>S. 

Internal rcad crror while reading thc Network File. Contact i%%. 

Interiial \yntax error rxcurrcd i n  file. Contact EDS. 

Internal crrrir, in i \ \ ing mcaming arca\ lor givcn scction number. 
Contact kus. 

Internul error. \treaining arca\ and streaming widths are given 
simultarie~iuily. Clmluct l i i ls.  
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Iritern;il crrw u l i i l c  reading elliptic culicrt data. Cimt;ict I:I>S 
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9. Index 

A 

additional flow, 11 
additional ioad, 24, 25 
adveetion, 10. 21, 21, 33 
advection-diffusion equation, 25 

R 

b o t t ~ ~ m  \tate v a r i a h h ,  26 
boundary conditions, 5, 12, 13, 23, 29, 59 

C 

catchmcnt arca, 41 
concentrdtiim, 12, 20 
conservation of mass, 9 
c~lrrection factor, I 0  
cnurïes, h5 
cross-sectinnal flow area, 10 
cross-sectir~nal flow width, 10 
cross-szcti«nal storage width, 10 
cross-sectional stordge area, 10 
culvert, I h 
culvertr, 6 

I1 

De Chézy, h, 10, 16 
decouplc, 22, 25 
density, 10, 31 
diffusive exchange rdtc, 27 
discharge, 10, 13, 29 
discretiratinn, I I 
d i~persion,  20, 25, 33 
dry f l o ~ ~ d ,  19 
UIJFLOW users &y, 65 
DUPROI., 26, 33 

*.rnod, 26, 31  
cí~mpound \takment\,  37 
formula, 1 X  
if-statement, 39 
iteratic~n-statement, 40 

E 

elliptic culvcrt, 6 
cxchange flux, 27 

F 

flow variahlw. 35 
Froudc tcrm, I I 

G 

Galerkin's rnethod, 2 1 
gap growth, 7. 1 X 
gatc. h 
general structure, 15 

H 

helpdesk, 65 
hydraulic radius, h. 10 

I 

initial conditions, 12, 23 
initial valucs, 23 

L 

1 0 s  ci~cfficient, 15 
i.i:u decrimposition. 26, 28 

M 

Manning, h 
mass cr~nservation equation, 21 
mass equation, 10, 2X 
mass tran\port equatir~n. 20, 26, 30 
mean ve lo~i ty ,  10 
MODFLOW, 41 
MODUFi.OW, 3, 43 
mtmentum equation, 10, 28 

N 

nodes, 52 
numerical dispersion, 21, 30, 3 l 

o 
ilvïrflow, 15 

P 

parameter, 35 
pormity, 27 
Preissmann scheme, I I ,  3 I 
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proie\ \  dc\cript i~i i i \ .  26. 20 
pri>cc\.;eï. 35 
pridi ict ion Icrrii. 21. 3 1 
piirrip. h, 17 
I"""P\. 17 
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Appendix A Eutrofl 

I:I:.I~KOII i \  nnc of the i w < ~  pre-defined eutrophication mndels included in 
UUFLOW. I t  is a relatively s impk míidel based on the US epa model eutro4. It 
includcs the cycling IJI nitrilgen, phosphoms and oxygen. The growth of one 
phytoplanktíin \pecics is \imulatcd. Thc interaction between thc sediment and the 
overlying water column i \  n i ~ t  included in a dynamic way. Sediment exchange 
fluxe\ of oxygen, ammonia and phmphnrus can he ipecified hy the uier. These 
fluxe\ may he location 5pccific and time dependent, reflecting temporal and 
seasonal variations. 

Thc model i \  in particular suitahlc tn study the short t e m  hehaviour nfsy\tenis 
For cxamplc til examine the impacts of a discharge on the íixygen dynamic\, or 
to explíire thc effect\ of flu5hing oii the chlorophyll-a cíincentratinn. 

In cahc the long term functioning of a \y\tem is of interest the other pre-defined 
eutrophication modcl i:t:inor2 is m í ~ r e  appropriatc. t u ~ n O ~ 2  includes thrre algal 
species, so \ucces?i«n can he simulatcd to a certain entend. Furtherrní~rc this 
model a l io  dc\crihe\ Ihe intcractimï hetwcen the sediment and the overlying 
water culumn. 

A.I. State variables 
Flgure A-l pre\ent\ the p r in~ip le  kinïtic interactions fnr thc mndelled \late 
variahle\. Thc m11del i n ~ l u d c i  the Ii~llowing \tate variahles: 

A Alpal Biomass (mg Cl!) 

Pnrg Organic Phosphoru\ (mg Pil) 

Pinorg Inorganic Phmphorus (mg Pb) 

Nurg Organic Nitrogen (mg Nll) 

N114 Ammonia Nitrogcn fmg N/lj 

N 0 3  Nitrate Nitrogen (mg Nilj 

0 2  Oxygen lnig 02111 

hrid Carhnn 5 day Biochcmical Oxygen Demand (mg O d l j  

SS Su\pcndcd Solids írngll) 

B e s i d a  thc \vate variahlc\ mentioncd in ligure A-l a numbrr of i~utput  variahles 
are calculatcd: 

Pilrtc Ui\snlvcd Inorganic I'hoiphorus (mg Pil ) 

Ptot Total Ph<i\phi~rus (mg Pil) 

Nkj Kjcldahl Nitrogen (mg Nil) 

Ntrlt Total Nitrogen (mg Nllj 
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111 s h c I 1  

r , , ,  = E , , + E , , l , ~ . ' í l / L l + t . ; , , S . J  
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a cucfficient. deterrnining thc changc per 'C differcncc from thc rcference 
tcmperature. 
Two terrns descrihing the Ioss prweises  complete the algal balance equation. 
Thc f in t  one descrihes the endogenou\ rc\piration, which is crm\idcred 111 he 
tcmpcraturc dependent. Thc secund i \  a lumped rate conitanl including dcath rate 
and the effect ,ifgrazing. 

For internal cornputatimal p u p m e  algal carbon i \  used a \  a measure Tor the 
h i ima\ \ .  The algal-C concentration i \  crinvcrtcd to chlurophyll-a uiing a fixcd 
chlorophyll 10 carhm rarir~. 

Organic Phosphorus 

-.. 

+fl [ k , , , C 2 " '  + k i l i i . l ~ , , ,  A (A-6) 
During the phyt»planktrm li>',% p n x e \ \ e ï  part rif the associated phosphoru\ is 
relcaied as organic pho\phoru\. the rcmaining part i \  distrihuled 11) the inorganic 
pho\phiirus p~iul .  The phosphr~ru\ to carbon ratio is asurncd  to he con\tant. Duc 
tr, minerali\ation, organic ph~~sphoru \  is converted to inorganic phosphr~ru\. 
Minerali\ation is de\cribed as a temperature dcpendent p n ~ c e s \ .  Part o f  thc 
rirganic phosphoru, i \  prewnt in a particulatï h m  and is subject to settling. 

Inorganic Phosphorus 

Inorgariic phi~\phorus wil1 hc lonned during mineraliwtion of  organic 
ph~i\phr~ru\  and is aI\u rcleaxd during thc algal re\piratiiin and die-off. Pan  of 
thc inorganic ph~,sphoru\ I S  adsorbcd to ihe \u\pcndcd solid\. Thc dissolved 
fraction i \  calculated u\ing: 

, , 
Thc use o f e q .  A-X implici that i t  I \  assumed that thc cquilihrium is rcached 
instantancou\ly. Thc wrption rate is h s t  compared to muit other relevant 
prricc\\e\. Funhennorc i t  i \  ai\umed that thc linear pan  of the \orptirin isotherm 
may he uied. 

Organic Nitrogen 

Organic nitrrigcn i i  produced during respiration and die-nff of algac. Like 
~irganic pho\phurus part o f  thc urganic nitrilgen i \  aisociatcd with particulate 
matter and wil1 he subject to settling. D u e t «  mincralisati<in organic nitrogen wil1 
he relea\ed a \  ammonia. De rate constant for the mineraliiatiun of both urganic 
nitrogcn and phmphorui are a iwmed to he equal. 

Ammonia Nitrogen 
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Nitrate Nitrogen 

t1/10/) 
~p - - O, 1' 

- L,,,,I,~~,;,,I;" - - - I  - j  l - f !,,,,,, ) H O I 1  L// . 
( j !  + K,,,,,,,, . 
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32 48 
+pmaxF,F,, ,FiA(-+-un,(1-P M i , 4  ) N O 3 )  ( A - I S )  

12 14 

The mass transfer cocfficienl ior oxygen i \  given hy thc following empirical 
equation: 

(IS l i kmob = 3 .94~  Z (A-16)  

o r i f  k,,,,,<k ,,,,,: 

k,,,, = k,,,, (A-  1 7 )  

The dimension of the velocity i \  m/\ and ihe reïulting k,,,,, is in mlday. At low 
\trcarn velocity the use of  eq. A I 6  can result into cxtremely low valuc fix the 
ma\\  transicr coefficient. The user can define a minimum value for k,,,,,, which i \  
uscd a\ a Ir~wcr hound for the mass tran\fer coefficient. The reaeration ratc 
cointant krc i \  given by: 

The oxygen iaturation concentration is alio calculatcd, using an empirical 
equation: 

C, = l455 19 - 0.373484T + 0.00501 607T2 (A-  19)  

Additional to the oxidation i ~ f  carhori hod the following oxygen consuming 
processes are includcd in the oxygen ma\\  balancc equation: the algal 
respiration, nitrification and the sediment oxygen demand. sod c m  he supplied 
by the user as a time dependent and Iocatinn specific function, in order to 
simulate seasonal and tcmporal variation\. Production of  oxygen results from 
primary production. In caic  riitrate i i  used as a sourcc for nitrogen an additional 
oxygen production takes place, bccausc of  ihe reduction of nitratc during the 
a\similation prrIcc\\. 

Suspended Solids 

ds.<; L'\$ -- - -- a,?, SS + - 
dt z z 

Sedimcniati~m is describcd as a fir\t order p rweis .  The rcsu\pen\ion prwess  is 
n i ~ t  modelled. The resu\pen\ion flux \hi~uid be supplied hy the u x r .  I1 can be 
entered as a time dependent input variahlc. Thc choice of the rcsuspension flux 
and the scttling velocity govern\ the level of\uspended solids in the water 
column, which is important filr thc di\iribution of  inorganic phosphorus between 
the dissdved and paniculate pha\cs (\cc cq. A-8) 

Output Variahles 

In order to make direct c t~mpar iwn (11 the results with frequenlly monitored 
variables more convcnicnt, thc Idlowing output variables are calculated. 

e .,,,, = f ,,,,,,, L ,j,,2,, (A-21) 

c,, = tp + <,,,r,ry + Au,3, (A-22) 

N,, = N ,,,x +NH, + Au,2, (A-23) 

N,,,, = N ,  + NO3 

Chl - u = u, ,,, A 
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A.3. Parameters 

i-raciiim algal ptiwplioruh re l eaw l  a\ I'OKíi 

Optiniel l ight i i itcri\i i) 

Oxidatiori raic ciin\t;riit BOD 

Moiir id con i tmt  i ix i i ln i i i~ i i  HOI) 

I>cnitriJicatirin rdtc ciiii\t;tiii 

Vmod ciiri\tarit dciiitril'icaiiiiri 

Miiier;ili\ation ratc cori \ tmt 

Ammonia prclercricc corisrarit 

M o i l i ~ d  crln\tiint riilriipcn 

Nitrif icatii iri iatc ir,ri\i;irii 

Mimri i l  con\taiit nitri l icatiim 

M i m i  c<in\iarit phi>\piiriri i\ 

I'anitiíiii cíin\tnrit phri\ph(>rii\ 

Kcspiration ritte cíiri\t;irit 

Min imui i i  oxygcii treri\lcr coclliciciit 

D ie  riitc con\t;irit 

Ternpcraturc c(>cl l i i ic i i t  oxid;itioii HOI1 

'Icrriperatiirc cr~clf icicr i t  dcriitrificntiriri 

lcmpcrature cr,cfficicnl ;iIp;iI grouth 

Tempcrature ~oc l ï i c i c r i t  rr i i r icr;~l i~uti i i i i  

Temperature cocllicierit riitrificiitiori 

Teniperature c ix l l ic icr i t  rc\pii;iiiriri 

pg Ch-al111g i 

r i l & !  Nl ing C 

riig Ol/rrig C 

i i ip I'liilp C' 

lilil 

pg Chl-all.ni 

mg  ss1l.111 

~ l r 1 1 '  

l lil 

r11g 0:/1 

l lil 

rrrp ():/l 

l lil 

nig Nll 

Illf U i l  

l lil 

nip OJI 

Inlp 1'11 

l i riig SS 

1 /d 

iillil 

l lil 

311 

0.25 

2.07 

11.1125 

1 i! 

O11 l h 

11.1150 

I 

O 

I 1  

l 

I 

40 

i!. l 

? i1  

(I. I 

0.5 

(l. I 

O.IJ25 

0.01i1 

l!. I 

7.0 

0.005 

(1.0 I O 

o. I 

i!. I 

0.7 

I 047 

1.011 

1.1117 

I 0 4 7  

I .OXII 

I 0 4 7  

5 2 5 0  

O I X - l l ? i  

0.117i~0.0511 

I l i ~ i . í l  

OOI 2-0  O25 

0.070~0.1>f,0 
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Tempcraturc coefficient reaeration 
%a 

1 O24 

Fmx Maximum specific growth ratc algac l /d 4.0 1.0-5.0 

v,,, Nctt settling velocity organic matter mld O.  I 0.001 O .  l 

v,, Settling velocity \uspendcd \olids mld 0. I 0.1-5.0 
%hip A ~ /  Par«rneiri< uwd in  1:i:rxori 

A.4. External variables 
Table A-2 prcients the external v a r i a b h  used in [he model. All input variablcs 
mentirined in thii  tahlc are Iucation \pecific and time dcpendent. For \ome of the 
variahles a typical rangc is priwidcd. For thc sutiacc light intcnsity and the 
tempcrature ai1 example time \erie\ is givcn on the diskette. These w i e s  
reprcscnt aciual measurcd data during a \urnmcr month at rnoderate latitude and 
can he fourid in the in thc file nII:CI'I.I:X'I 

Symbol Description Dimensjon Default Range 

SOD Setlinicnt oxygen dcmand g 021m2,d l .m 0.0-2.0 

Pflux Yhosphorui release flux g p/m2,d 0.00 0.0-0.01 

Nllux Ammonia relcaic llux g ~ l m ' , d  0.00 0.0-0.05 

@re\ Kciu\penaion tlux ruipended wlids glm?,d 0.50 0 .0-10  

10 Surlace light intensity ~ l m '  10.0 

T Tempcrature ''C 20.0 

A.5. Flow variables 
Thc velocity is cakulatcd frwn thc flow and thc cross sectir~nal arca, which are 
dcíincd as tluw variahle\. This meani that thcy are read dircctly from the 
hydrrldynamic pari of l>t.Fi.r~U'. 

Symbul Dc\cription Dimension Dcfault 
O Fklw m71s 1 .O0 
A \  C r m i  \ecli~~rial area m2 10.0 
z Uepth m l .O0 

'irihic~ A-< Firm voriilhiu\ iuwd in  f.rnnni i 
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Appendix B Eutrof2 

Like thc other pre-defined modcl t i r ~ o i . 2  i \  a cutrophication type of model. The 
main differente hetween thi\ model and ti:7Kr)FI is the way thc \cdiment water 
intcraction i \  dealt with. In thii niodel thc iediment top layer i\ modelled 10, 
which enahles a dynamic description of thc fluxes across the sediment water 
interface. A i  the sediment act a ï  thc mcrnory of  a iystem with respect to the 
Ir~ading hi\kiry, this makes ihc model espccially suitahle for simulatim of longer 
time scale\. t i l . l ~ O F 2  c m  be uied for examplc to study the effect\ of reduction in 
nutrient laad\ upon thc rdea?e of nutrienis from the sediment. 

The water column kinctici are very iimilar to thmc uied in ril"lKor1. Also in this 
mr~del the cycling ofnitrogen, oxygen and phosphorui i \  modelled. Howevcr in 
ELTKoF2 thrcc types nf algal ~ p e c i e ï  can hc defined, which m a n s  that also 
succcis im and the dynamici of thc cimposition of  the algal pi~pulation can he 
iimulatcd t<, a ccnain cxtcnd. 

B.I .  State variables 
The following state variables are included in the model: 

A I , A ~ , A ?  Algal Birmass ipecies 1,2 and l (mg Cllj  

Ah Total Algal Biomass in the sediment (mg Cil) 

S S w  Suspendcd Solidi concentration imgil) 

S S ,  Solid concentriition in the iediment ímgilj 

TIPw Total inorganic ph«sphoru\ water c í~ lumn (mg Pil) 

T Total inorganic phmphorui iediment (mg Pil) 

TOPw Ti>tal urganic phosphoru\ water cr~iumn (mg Pil) 

TOP1, Total organic phoiphrirus iediment (mg Pil) 

1 ON, Total rrganic nitrogen (mg Nil) 

TON,, Total organic nitrogen sediment ímglNil) 

N H ~ w  Ammonia nitrogen water c ~ ~ l u m n  (mg Nil) 

N114f, Ammonia iiitrogen sediment (mg Nil) 

N 0 3 ~  Kitrate nitrr~gen water column img Nllj 

K01, ,  Kitrate nitropen \edimcnt (mg Nll) 

0 2 w  Oxygcn water cillumn (ingil) 

02, ,  Oxygcn \edimcnt (mgll) 

BOD* Biochemica1 oxygcn demand (mglij 
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8.2. Sediment model 
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Thc cquationi R I  10 8-6 Sorm the ha\i\ of the dynamic description of  the 
iediment water intcractir>n\. Thc ci~nccpt  i i  illuslritcd in figurc B-I 

WATER COI.I!MN 

Frir the deicriptiori i~l ' t i ie cxchange fluxes a di5tinction must hc made hetwecn 
diisolvcd cr~nititucnts (likc aminmia,  nitratc arid oxygcn) and cíinsiituent which 
can be a\',ociatcd with ihc wïpcndcd solidi (like inrrganic and organic 
phri\phorus, organic nitrogcn and h í ~ d j .  Thcic  last type «fc~ini t i tuents  arc 
conïidcrcd to he prcicnt hoth in a d i i \dvcd  and particulatc f r~rm.  F o r a  cenain 
constituent X thc lollowing Sormi are distinguishcd: 

DXw z / ;h ï'X,v (8-7) 

Whcre 'TXw arid TX,, are tht. total concentrations of constituent X in the water 
column and thc scdimcni trip laycr rc\pcctivcly. DX and PX reprcient the 
diswlvcd and particulate Iractiilni. 'Shc ti~tal sediment conccntration i \  ~ x p r e \ \ e d  
per unit of sediment voluinc. The di\solvcd fructiuns in thc water column and 
sediment are coniidercd til hc c<in\tant and given by f,,,, and f i l rh .  For inorganic 
phmphorus t h c x  l'raction\ ure calculated uiing linear partiticin Iseï eq. H-36 and 
8-37). The concentratiíin ~iSdis\r>lved c«n\tituenti in the sediment i \  expresscd 
per unit of porc water voluine and the particulate coristitucnt concentration art. 
given per unit r f d r y  \edimcnt weight in hoth the watcr column and sediment top 
layer. 
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'I he dill'u\i\e exchange flux: 

I h e  sedimentation flux: 

I .  4 L, = F ,  ;/'X;, + l PO/< /)X;, 

I tic r c w \ l x i i \ i i m  01 p;i i i i i i i lntc X t \  pivcri h) lhc  p r o i l u ~ t  <>I il ic rciu\[)cri\ii,n 
I l i i x  iif ii,liili otid i l ic ~i;irticiil;itc cor i icr i i ia i ior i  iii rlic \i.iliiiiciii Tl ic \ c i < m i l  tcrni 
01 q 13-1 3 r c p r ~ s c n l ~  IIIC wIca\c í ~ l ' p ( ~ r c  \+aIcr durit i? r e w ~ p c n ~ i 1 ~ 1 1 .  

'l'ran\port hetween top and lower sediment layer: 

I . ,  = i ,  ,!lx,, i / '  I , , , ,  C O ( H - 1 4 )  

or: 

l%ccoi i \c (,l ihc c ~ i t ~ c c p i  i i l ' ; i  i i i i i ~ t ; i r i i  l i i p  la!ci dcpl l l  iticri. i \  ;t Ir; i i i \piir l iil 
~ C ~ ~ I I I ~ C I I ~  hc lucc i i  IIIC top ;gricl l o u c r  w l i r ~ ~ c n i  l;i!cr 11 l i ie riet c I~~pl ; iccn~cnt  
velocity i ,, 1, tic11 cquitl 11) O. I f  riet w i i n i ~ t i t ~ ~ t i o n  < ~ c i u r \  W~IIIICIII I \  tr;m\porfcd 
Iri,tii thc t i>p t i i ~ i ; i i i l  i l i c  I i i w r  In)cr. I n  cnw i i f  i i c i  i c \ i t ~ l i c i ~ \ i < i i i  i l i c  \ediriicrit i o p  
1 .  ,!)LI . . .  I \  ~C~ICIII~ICII w i k  ~ c d i m c t i t  l r c m  thc l o i i c i  I:I!cI. I h c  i o n ~ c t i t r ~ i t i i m  in  the 

l i,\ ier scdiri ici i i  I; l jcr i \  c i , i i s td~w< l  to hc c<,ri\i;itii m d  h i u k l  he \ i ippl icd h) f h r  
u w r .  I l i l ' l ' i i \ i i c  cxc.li;itigc hetuccri  tlrc t i i i i  x i l i i i i e i i l  I;i!ci\ I\ n i i i  i;ikeii ir it i i  
; i i c i>u i~t .  I lc i icc  i l ic i<mccrirr; i l i im iri thc top I a j c i  i \  <ml! i n l l uc i i i cd  h! thc 
qu:lliiy 01  tlic I<,ucr 1;i)i.r i 1  rict re\u\pcri\tí it i  o i c u r \ .  
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F,, = v ,  POR X ,  

F,, = v, POK X, 

F,, = - v > , X ,  I/ v S d  >O 

The concentration in the interstitial water in thi\ case i\ represenled hy X, and 
equal tu XH/POK. Fur dis\<ilved con\tituerits t l x  concentration in the interstitial 
i \  a l w  influcnced hy \edimentatiun and reruspension, becauïe of the inclusion or 
releaic of porc water re\pcctivcly. 

B.3. Process descriptions 
In the lollowing pan  the equations, dcscribing the pruceises are presented. For 
each state variahle the p r o c e \ w  iri horh ilic sedinieni and the waterc«lumn are 
given. The transpon Iluxes across thc water iediment interface already have heen 
described in eq. H-16 and 13-17 and are not included in the equatinns helow. The 
enplanation of thc s y m h ~ ~ l s  uïed in this part i \  given in the tables at the end of 
this appendix. 

In this miniel three algac specie\ can he iimulatcd. Co thc ucccssion and 
dynamic\ o l t h e  compositiori r ~ f  [he algae p<ipulariori L.an hc \imulatcd io a 
certain cxtend. 

The overall growth equatinn for cach species is given hy: 

'lhe growth is con\idered I U  bc limitcd by nutrient\, light and tempcrature 

Nutricnt limitation is dercribed as: 

DIP, 
F,, = mi 

DIP, + k , i  ' DIN, + k , ,  

Whcre OIN, i \  the tiltal ini~rganic nitrogen conccntration equal t11 the ',urn IJS 
niirate and ammunia in Ihe water column. The rcduction 11Sthe maximum gr«wth 
rate i\ controlled hy the most limiting factor. I t  is assumed that algae can u ie  
hoth ammonia and nitratr Tor their growth. The uptake of hoth nitrogcn 
constituent\ is c~introllcd hy the ammr~nia prefermcc factor (see eq. B-40). 

Recau\e Et!TR<iP2 i ?  intenclccl for simulation of long time scales a daily averaged 
light limitation function is u\cd. 'k depth integrate Steele equation isee 
Appendix A, cq. A-3) is intcgraicd over the daylight p c r i ~ ~ d .  Thi\ means that 
EI !TKOP~ is not ahlc t» de\crihe diurnal variations in aigal growth. The light 
limitation Factor is cxprcsscd a \ :  

in which: 
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I,, i\ i l ic  abcrapc I igh i  i i i ici i\ i t! dur i i ig Ihc d; i~I ight pcr i i id (1.1 ;ind t i\ the tr;iciirin 
0 1  d ~ ~ ~ l i g l l t  l l l l r l r lg tI1c d',! lcqu:,l t,, 1.1241. 

Tl i rcc li,\\ pr i i i .c\ \c\  ;irc i i i i I i i < l ~ d  i n  thc ;ilpirl h;tl;iiiii. cqiiaii i ir i lcq.  13-231 ' Ihe 
ciidi>;icriiiu\ r cy~ i rn t i i i i i  i \  c<i i i \ i<lcrcd t i l  hc tenipcr;iiiirc dcpcri i le i i i  I h c  second 

lcrnii r e p r e w i l \  t l ~ c  < l i c - i ~ l l  ; t r ic l  tlic c l l cc t \  1 1 1  g r w i n g  ;d 1 5  rr.g;irdcd t,, he 
ciiri\i;iiir. t-iii;illy ihc \c i l i i i ic i i iat i i i i i  i i f  alg;ic i \  r i i ~ l i i d c d  ; I l t h i~ug l i  thc 
~ c i l i i i ~ c n i i i t i i i i i  \c l< ic i i )  r i l  tlic ;ilgnc i\ IOM. th r  iciial Iimi ictllin: ((1 tlic \ediriicnt 
c;iri I K  \uh\i;iiitial. 'I'ii:~~iiicr u i t h  the ~ c d i r i i c i i t a t i ~ m  ~ i i d c ; d  ~ ~ r g i i i i i i  matter 
ídc i r i t i i r  m 0  l ro i i i  iii;~ii iiiadc \ i iu rcc\ j  i 1  < Ic tcr i i i i i i c~ ihc i i rg; i i i i i  arid riutricnt kind 
ijl ihc \ciirnicrit ;iiid ~ o n t r u l h  t h ~  rc\uIt~ii: i n t c r x t ~ o ~ ~  ~ C I \ I C C I ~  thc wdimci i t  2nd 
Ihc i,vcrlying ua te r  i< , l i i i i in .  Oi icc w i l c d  iriro tlic w l i i r i en t  ttic nlgac Lire 
i i ~ r i \ c r t d  t,, I xn t l i i c  urgiciiic c a r h < r  ;md \ i i h l c ~ i  10 ;iiiitcrohic dccor i ip<~\ i t ion.  
' lhcrc i\ r i o  i rar i \p i r t  ( i 1  l ii ~ i i g  algac I ron i  rlic w i i r r i c i i i  iii tlic ua tc r  ci>luri ir i. A\  
thc \ ioic l i i i i i i ic i r ic r;ilio I < i r  ;lil algtie \peeie\ are c im\ ide ied i i r  he tlic w i i e  i i ~ r  ihc 
hcrittiic ;ilg;il i ;~rh i>r i  c<mcïn i ia t i i i i i  ml) oric \t;itc \ i ir iahlc h;,\ to he dclined. Thc 
l i> l l i iw i i ip  cqii;itiiiri i i  iiwl io i lc\cr ihc it ic ;ilgac ~ im ic i i t r ; i i i im  in  ttic v x i i n c n t :  
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In the d i m e n t  organic phosphorus i \  only suhject to anaerobic decomposition. 
The total organic phmphorus in the sediment top layer is given by: 

Inorganic Phosphorus 

The cquation\ descrihing the inorganic phosphi~rus concentration in the water 
column and the sediment top layer are @ven hy: 

and: 

Inorganic pho\ph<iru\ i \  f o m c d  during acrobic and anacrobic minerali~ation in 
the water column and scdiment respectively. I t  is also r e l e a s 4  during the algal 
rapiration and die-uff. I'an of the inorganic phosphorus i \  a d w r k d  to the 
suspended solidi. The dissolved frdctions in the water column and in the 
intentitial water are calculated, using lincar partition: 

The use of equations 8 - 3 6  and 8-37  implies that is asiumed that the equilibrium 
is reached instantanenu4y. The wrption rate is crmiidcrcd to be fai t  compared to  
the other relevant proeeises in the phosphoru~ cycle. Furthermore i t  is aswmed 
that ihe linear part of the sorption isotherm may be used. 

Organic Nitrogen 

The behaviour of organic nitrogcn is \imilar t» that of organic phosphorus. In the 
water column relea\e during algal lors proeesse\ and anaerohic mineralisation 
takes place. In the sediment the anaertlbic mineralisation of settled algae and 
organic nitrogen are the controlling prr~cesses. The total organic nitrogen 
crmcentratiim in the water column and sediment top laycr are given by: 



, , , , , t  , j, ( ""x + "zo > , , , ,  ,)'H . ,  = " N O L  , , .  , 0 . ,y + ' : p / / , v - - ~ ~  - 
11' ~- ~ 

',.z o " P I I N I )  



Thc oxidatiim of nuij in the water cnlumn is temperature dependent and limited 
at low oxygcn conccntratir~n by a Monod type of kinetic. 

Water ~111umn u(mï  i \  given by: 

In thc iediment thc settled algae and hcnthic urganic matter are subject to  
anacrohic dcgradatim. In reality the rcaction mechanisms involved are very 
complex. I n  the model only the initia1 step in which the organic carbon is 
convencd [IJ reactive intemediates is included. This formulation is similar and 
consistent with the degradati~in of  organic nitrogen and phr~sphorus within the 
\ediment. Thc reactivc intermcdiate\ hi~wcver  participate in further reactions For 
examplc wilatile acid\ rcact t11 methane. In the modcl the redox rcactioni 
oxidiïing these intermediates are not included, bul thme reduced carbon products 
are expressed as nepativc oxygen equivalents that are transported across the 
sediment water interlucc. This concept firït introduccd by Di Toro and Connolly 
enahles a dynarnic description i ~ f  the sediment oxygen demand. A further 
explanation of the  concept i \  given in the part on oxygen below. The equation 
descrihing nrganic carhon expressed a\ r i ~ ~ u ,  is given by: 

Oxygen 

Di\\rilved oxygen in the watcr c i~iumn is dmcrihed by: 

64 0 2 ,  
-- K,,,,Oy" 

32 
14 ( 0 2 ,  K,,, l N H 4 w - - ~ [ ~ r , ~ , ~ : ~ ~ 2 0 ' ~ l v , ~  12 , - I  

Additirinal t0 the oxidatim of carbon H I ~  algal re\piratim and nitrification are 
includcd a\ oxygen amsuming  proccsscs. 

Kcaeration i \  dc\crihed u\ing a empirica1 equatiun fbr the mass transfer 
coefficient. Thi\ coefficicnt i \  rclated L I J  thc flow velocity and water depth using: 

I I ï  l i  kn,<,,$ = 3 . 0 4 ~  z (8-49) 

]f k" $,,> < k  ,,,, i,, 
- 

k""'> - k,,,,,,, (B-50) 

The dirnen\ion of thc vclucity is m/\ and thc resulting k,,,,, is in mlday. At luw 
strearn vcl~icity the u\c o f c q .  8-49 can result into cxtremely low valucs for the 
mass trarisícr coefficicrit. The user can define a minimum value f ~ i r  k,,,,, which is 
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8.4. Parameters 

Vuiiiuiuri  
iir Uil .iCiiir i 
,,,,P \/,,,u ( '  
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,,,g I'.',,,.. < '  
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Oxypcn hall aturatirm w n m n t  dcnitrilicatiíiri 
Ilccornpo\itiim rate cim\tant organic mattcr water column 
Anacrohic dcc<impri\itirr ralc cr inmm d i m e n t  
Ammonia prrfercncc cunilani 
M m d  conbtaiit nitropcri algal gniwth \pccic\ i 
Kitrification rate cimsturil 
Oxygen half saturation cirnitunt niliiiicatiin 
M o n d  constant phosphiirui alpal priwlh \pecies i 
Panition cocfficient ini,rpuriii phosphrirw sediment 
I'anition cncfficieni inorpanii phr>\phi>ru\ waler column 
Ke\piratiori rutc cm\ tant  \pecic\ i 
Minimum oxypen tranifer cocl i i~ ient  
Amrriimia cr>ncïriiratliin Iowcr wJmcril  laycr 
Nilratc ionieritratirr Irwcr sediment Iziycr 
Oxygcn icquivalent~)ciinccntrut~~,n Iriwcr wlinicnt  
Sedimcnt pr~rrivly 
Ucn\ity \u\peridcd \i,lid\ 
I ~ m p c r a t u r e  coclïicicnt iixidiitwn HOI) 
Tcmpcraturc cricfficient <lccrrrnpri\itiím HOL) d i m e n t  
(:ritical tempcralure specie\ i 
Tcmpcraturc coellicirnt anaciiihii dcwmpositinn sedimcnt 
Icmprrature cueflicicnt dcriitrilication uatcr column 
Temperature cocfficicnl ileriilrilication wiimcnt 
Totöl inorpatiic phosphiiru\ h w e r  vxlimcnt laycr 
Tenipcraturc cuefficicnt mincrali\ation water column 
Tcmpcraturc curflicient mincr;ili\ation d i m e n t  
Tcnipcraturc coclfiricnt nitrilicatirin 
Total orpanic nitriipen Iiwer \cdiment liiycr 
Trital rirpanic phwphwui  Iowcr w i m c n t  Iaycr 
Optimal tcnipcialure \pecies i 
Tcmpcraturc criclliciciit rc\pir;itirm \pccic\ i 
Tcmpcraturc ciicllicicnt rcacr;itirin 
.V;tximum prowth r a k  \pc&\ i 

mp 0211 
l 111 
l /d 
mp Nll 
nip Nll 
i /d 
mg Odl 
mg Pil 
Ihrip SS 
lirnx SS 
l /d 
mid 
im: Nll 
m? Nll 
mi. OJI 

kglm' 

"C 

mp Pil 

nie Nll 
mi. Pil 
'T 

l /d 
mld 

BS. External variables 
Tab lc  8-2  presents thc cxtcrnal  variables in the model .  Fíir w m e  of  t hc  variables 
a typical value i \  provided.  Fiir the  daily averagcd light intcnsity, d a y  length and 
tempcraturc a t ime series o f  m e  year i \  availahlc o n  di\kette in t hc  fi1c 
~ i i ; r . - i 2 . f : x~ r .  Light intcnsity a n d  water teniperature are  measured a t  mudera te  
latitude. 

. . 
Dimen\ir>n Dcfault  .L?E~!  ..~..?e?r!~!!«n .- ~ -- ~~~-~ ~ ~ - ~ . .  ~~ ~ T....p-....-........ 

F,,, Ke\u\pcnsiíin flux gim', d 5.00 
T Tempcra ture  T 20.0 
1" Average  light in temi ty  ~ i m '  100.0 

l u h k  I j -2 F.rlernal iurruhlei u \ ~ r l  i n  i.i;in012 
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1. Introduction 

1.1 Purpose 
Water auth~~ri t ies  require a dynamic management of their cxtensive water 
s y s t e m  and rclated infrastructure 111 provide water for industry, agriculture, 
dome\tic supply, reduetion of damage due to exccss o f  water, water quality 
cuntri~l,  etc. In hydraulic engineering a proper dc\ign and operation of river 
haïed structures and impn~vement  works also requires con\ideration r ~ f  the 
uverall water system . The use of \urface water models suiting a wide range of 
u\eri and thcir applications ha.; bec~irne a prerequisite fur optimal design and 
management. 

Onc ol'thc rcitriction\ 01 must I I ~  the u r f a c e  water rnodeli i \  the ahsence of an 
accurate de\cription of the precipitation runoff prucess. In order to improve the 
applicability of the surface water models, STOWA has initiated the development 
<,I  a precipitation runi~ff m d u l c  (RAM). 

An adequate description of rhe prccipitation runr~ff procc\ies is necrssary for !he 
prediction of runoff pcaks and the prediction of thc water quality in the \urface 
water. 

KAM i \  \uitahle fkr r~ncratiunal U \ C .  

1.2 About this manual 
This manual is dividcd in the sections: Theory, General Sctup and Formula's. In 
chapter 2 (Theory) an explanatiiin on the hydrdogical cyclc, the nitrugcn cycle 
and the Pho\ph~ir  cycle i \  givcn. In chaptcr 3 ((icncral Setup) a general 
de\criptirin 0 1 t h ~  niodel i \  piven, whilc in chapter 4 íF«rmula'\) an extcn\ivc 
descriptir~n i~ l ' the  grlvcrning equatir~n\ is given. 

More information ah i~ut  the use u i  KAM is deicribed in thc User's Guidc o f t h e  
Duf111w M~idelling Studio IIMS). 
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In the Hnw chart, the ground watcr t l ~ i w s  ithe item\ seepage and downward 
teepage) have heen Icfi nut, in order t11 keep thc chart survcyahle. Also the 
meltwater drainage iand \Image in thc ïorm of snow) h a  heen Ieft clut (11 
con\ideratir~n. This p rwess  i \  not includcd in thc precipitation runrff module. 
Furthennnre, artificiul wpply (inlet) or extraction of watcr have been left out of 
cnn\ideraririn. 

Thc precipitation runi~fSproccs\es are dc\cribed in the fi~lliiwing \ections. In this 
dexription paved and unpavcd \urfacc\ are di~t ingui ïhed hetween. 

0 2.2.1 Paved surface 
Within pavcd \urlace a further di\tincii~in may he made in: 

Paved \urface in a rural area: 

Crban arca; 

The precipitation <in paved 5urlacc in a rural area i \  discharged irnmediately hy 
means o ï t h e  \urlacc iditchcs), o r  i t  i\ di\cliarged hy rncam of thc gr<iund water 
due to infiltration outside thc paved arca. 

Precipitation in urhan arcaï wil1 partly lal1 rm pavcd surface ( r ~ i a d ~ ,  huilding\) 
and panly rin unpaved arcas (parks, gardenï). The prccipitation «n the paved 
surllice iground pr~xipirationl wil1 be d r a ~ n e d  through thc \eu,er sy5tcm. Part o f  
thi, prccipitation wil1 tcmporarily he ctorcd on the \trcct surfacc. Thc 
precipitatinn on unpuvcd surlacc wil1 he clraincd through the wil [Ir the drainage 
system. 

The way in which prccipitatim i \  dischargcd depend5 on the type of sewcr 
system. In ca\e of a comhincd x w e r  \y\tern, thc prccipitation is dixharged in 
principle through sewagc treatmcnt plant\. 111 ca% of extreme precipitation, part 
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2.2.2 Unpaved surface 

2.2.2.1 Infiltration into the soil moisture (unsaturated zone) 
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I'rccipitatir~n that reuchcs the \urface, wil1 infiltrate and wil1 bc stored in the soil 
rnoi\turc zone. The amount o f  prccipitation, which is it<ircd in the soil, depend\ 
im thc precipitatiun intensity :ind amount. a \  wel1 as the infiltratirin capacity. Thc 
infiltratiw capacity dcscribeh thc amuunt i ~ f  water, which may infiltrate into the 
grouml within a time unit. This depends (in the nature and the state of thc ground 
(water content, cu l t iva t i~~n ,  prcscncc 111 vegctat i~~nj .  If thc preeipitalion inten\ity 
$urpasse\ the infïltratiir c a p ~ c i t y ,  thc watcr \tays bchind on thc surface level. A 
watcr film i \  lormed <in the surface, which fills the hol l~iws (surface depre\si«ns). 
In case of pri~limgcrl precipivd~i~ln, this precipitation wil1 purtly evaporate and 
partly flow ~ i f ï t h r ~ ~ u g h  trcnche\ in the deprc\\iori\ ifurface runol'fj. Surface 
runoff is charactcrizcd hy short hut heavy run<iSf/di\chargc pcaks and repreienti 
a quick cr~mponent of the runi~ff p r o c e s  

The \toragc in wrfacc dcprc\sion\ dcpends to a large cxtcnt on the roughne\s I I ~  

thc terrain. In The Netherland\, thc infïltration capacity is oftcn high and thc 
prccipitatii~n iniensity kiw, su that discharge of the preeipitaticin over the surface 
level plays a subordinate part. Ln case of thunderstorms tempordry storage on the 
wrïace Icvel rnay, indccd, arise Iocally. 

pecolotior~ scrplllrlri 
l i s *  

I 

2.2.2.2 Percolation into the ground water (saturated zone) 

oroiind'imier d~?r.h«ig- 

In a unpavcd area. thc prccipitation wil1 infiltratc into the tilpmost wil layer. Th]\ 
Iuyer, the unsaturatcd /onc, contain\ hoth watcr and air and is e\pecially 
important to thc vrgctation. M<ii\ture in this layer rnay evaporate (evap~~rat ion)  
directly iir indirectly, alier ahwrption OS m ~ ~ i s t u r e  hy vegetation (transpiration). 
'l'ran\piratim is the evaporation thn~ugh  thc stomas of plant$. This cvaporation 
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2.2.2.3 Ground water discharge into the drainage system 

e 
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quick component 

slow COmDonent 

The remaining effectivc prccipitatim i \  discharged qucllcd and s l~iwed down to a 
relatively large extent, as a rcsult of storage in the un\aturated and saturated 
z o n e  (the slow comprmcnt). The size of the unsaturated and saturated zones 
determines the degree «f quelling and slowing down. A deep ground water level 
result\ in a large storagc in the unsaturatcd znncs. A large distance bctween the 
drainage ditches result\ in a large strlrage in the saturated zone. Als« large, activc 
pore vrilumc? and a \mal1 h~~r i ron ta l  tran\porting power result in a large storage 
in the \aturated zone. The larger thc storage and slnwing down in the unsaturated 
and saturatcd zone\,  the more the discharge is \Ir~wed down and the discharge 
peak i \  quellcd (Wanner<lam, 1994). 

Specific characteristics of runofT proceïses in l 'he Netherlands 
The prccipitation runr~ff process in The Netherland5 is generally characterired by 
luw precipitation inten\iticï and high infiltration capacities of the wil ,  in 
comhination with \light \ I~ipc\  of the gruund surface. Thi\ comhination of factors 
rc\ults in runriií of thc preeipitation through the grr~und water for the greater par t  
Surface runolfoccur\ in a lesser dcgree. 

In thc Dutch situation, an intcnsive drainage system generally exi\ts. The 
preïence of open water crcateï extra stomge capacity, which results in extra 
quelling and \lowing down u i t h e  dischargc c w m e .  The degree of quelling and 
\Iowing down depend\ rm the pattern, thc \urface, the 4 o p e  and the maintenance 
of watcr courses. In polder areas with a rclatively high ground water level, the 
size o f  the active drainage systein diie\ nol vary in acct~rdance with the height of 
the ground water level. The thickness o f  the unsaturated zone is slight and the 
hrrirontal mea\urcment\ ol'thc ground water reswvoir are constant, 5 0  that it 
may he cxpected that the trltal reservriir elfect wil1 he wbject to only minor 
variatim\. In sloping area\ increased fluctuations may, indeed, occur. This is 
comparablc to a drainage characteri5tic (q-h rclatiiin). In polder arcas a more or 
less linear relation exi\ts, whereas in sloping areas a hended course occurs. The 
hends are u\ed hy increa\e\ in the active drainage system when the ground water 
level r i w .  

Generally speaking, the d ixharge  c t ~ u r x  in an area i \  determined by a number o f  
soil and terrain propcflie\ w c h  as ihe \ire and the slope r ~ f  the area, soil types, 
thicknc\i and pcrmeahility of the aquifer, the storage capacity, land use and the 
nature and ci~ndition of the drainage sy\tem (Warmerdam, 1994). 
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2.2.3 Water balance 
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2.2.3.1 Water balance unsaturated zone 
The incoming termi r ~ f  the uniaturatcd zone con\ist of infiltrat~on, capillary risc 
from thc iaturated m n e  and lateral inflow. The outgving t e r m  are 
cvapotranspiratirm, interfow and percolation to the uturated zone. The storage 
term is forrned by \tr,rage in the unsaturated zone (mil muisture). The water 
halance iet up f i ~ r  a \electcd time intcrval i i :  

g , r ~ i  +V,  up,llury +al ,  = v p ~ r ,  ohr i i in  + E +',nrer/k~ + hcun.sorurared 

In which 

0 , , ,1  : infiltrati~~n in mm 

OLaI,,iido : capillary rise in mm 

01, : laieral inflow wil moiWre  in mm 

OrX: r<,, I M  ,,r# : percdatiim in mm 

~,,(,,n,,,.. : interflow in mm 

A : itoragc change in unaaturatcd zone fur the reflected time 
intcrval in mm 

2.2.3.2 Water balance saturated zone 
The i n p i n g  term5 in the iaturated zone con\iit  of percolation from the 
uniaturatcd zone and lateral inflow. I-he outgoing tcrms consist of capillary rise 
io thc unsaturatcd m n c  and seepage/d<iwnward e e p a g e .  Thc storage term is 
frirmed hy the storage changc in thc grrund water. 

The water halance iet up fíir a selected time interval is: 

In which: 

A S,d,ur,i,,:,i : \toragc change in saturatcd zone f r ~ r  the reflectcd time 
interval in mm 
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2.2.3.3 Role of the water balance in description of precipitation runoff processes 

2.3 Water Quality 

i C 
hi<ilr>gical / and 

chrmicai binding 
adioipi#an Idewrptmn 

\ 

2.3.1 Supply 
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/uh/(, l :  N unú P-/oud of rhr ,qround in Th? Nctherlunds in 198.5 ( K r i m  (,l UI. 

i t m s  Nlyear) (ton\ Plyear) 

Manure 
Fertilizer 

Deposition: 
Wet denositioii 

. . 
seepage 

Total I I . O ~ Y . O O O  ( I O O % J  / 140.508 (100%) 

Fertilization: I (87%) I (YY%,) 

Dry deposition 

Deposition 
The wet dcpmition ~.onsists of nitrogen \upply through the precipitation. The 
Landel i jk  Meetnet Kegenkwaliteit" (Natir~nal Measuring Netwrrk Kain Oualityl 
(KKMIIKIVM) may be uied to íihtain data ahout the concentration\. Dry 
depo\itii]n cr~n\ i \ t \  ofdust  particles falling from the air m t r ~  thc wil .  ï'he dry 
dcpo\itii]n i \  area-depcndent. 

(44%) 
143%) 
l 13%) 
is%,) 
(8%') 

Seepage/d»wnward seepage 
Thc contrihution of  wepage 2nd downward seepage til the total P and N-laad in 
Thc Ketherland\ i \  very \light <in averagc. Locally, thi\ inay. however. he an 
important resource, e\pccially in Nílrth and South Holland. 

(74%>) 
(25%>) 
( < l % )  

2.3.2 Reaction procesces in the soil 
The reaction procesxs in the wil f<ir nitrr~gcn and phosphor are Fundamentally 
different and are, thcrciorc, treated xparalcly. 

< l  (Z) Seepageldownward 

Nitrogen 
In the soil, nitrogen may exi\t in variou\ f w m \  and may be inutually converted 
into each other. Figure X \huw\ s \chcmatic overview ofthis .  

< I %  

FIXED SOL.VED GAS 
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INTERMEZZO I: Illustration of N-balance in the soil  

The presence of nitrogen in the so l  may be subdivded int0 
Fixed ntroaen as part of usualv orqanic compounds as Dart of pants humus/biomass or adsorbed to soil - - 
complexes 
Solved nitrogen especally ammonium and nitrate aso called mineral nitrogen These are present in the soil 
because of 

Supply of solvable nitrogen (see secton 2 3 l j 
- Mineralization of N into a fxed substance durng which ammonium is formed 

In the so l  ammonium is converted int0 nitrate by so-caled nitrificating bacteria 

NH, + 202 3 NO3 + 2H" Hz0 (by Nitrobacter and Nitrosomas spp J 

These bacteria have the following characteristics 
They are aerobic this rneans that Ihey use oxygen in Iher metabolisms and therefore are able lo exist only 
under oxygen rich conditions 
They are autotrophic and use CO, as carbon source instead of organic nitrogen compounds T h s  means that 
the nitrification is independent of the organic content in the so l  Nitrate is converted int0 N, by denitrifying 
bacteria in the so l  

Important characteristics of these bacteria are: 
Denitrification mainty occurs in an anoxic environment. this means in the absence of oxygen and n the presence 
of nitrate. Under these circurnstances. nitrate instead of oxygen is used as donor of eectrons in the rnetaboism 
of the bacterium; 
The bacteria are heterotrophic and requre a carbon source. rnainly short carbon chains The lracton of organic 
matter in the soil and the mineraization degree of t h s  therefore. influences the denitrficaton 
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INTERMEZZO II: Illustration of P-balance i n  the ground 

Phosphor in the s011 may be subdivided into 

P in fixed substances 
P in biomass: The plants absorb phosphor for growing and incorporate it in the cel1 material of the piant. Aso 
bacteria in the soil contain a fraction of phosphor; 
P adsorbed to iron and aluminium oxides. Many soil types have a significant phosphor fixation capacity, 
dependent on the structure and Fe and Al contents. The phosphor fixation capacity differs per type of soil. The 
phosphor fixation capacity for clay soil is, for example. rnuch higher than for sandy soil; 
The phosphor absorbsJcomplexes Al- and Fe-oxides in the soil. If the utilization degree of the phosphor fixation 
capacity is higher than 25%, ~t is phosphor saturated ground: 
P in precipitation: phosphate forms precipitations in the form of for exarnple iron hydroxide cornplexes, calcium 
and barium phosphate; 

P in solution 
Desorption of phosphor. P partly becomes solvable again due to desorption. The concentration is determined by 
the adsorption/desorption equilibrium in the soil. This equilibrium may be described by a so called normalized 
Freundlich isotherm (Kroes et al., 1990). The equilibrium depends on the P~content in the soil rnoisture, the 
phosphor fixation capacity and specific reaction velocity coefficients. 
Decomposition of organic matter. Due to rot of plant material, the fixed phosphor partly becornes solvable again. 

Cunclusion\ cr>nvïr\ion pruce\\ci nutricnts 

In  summary, it may be poscd that microhiologic prr>ce\w play a main part i n  thc 
nitrrigcn halancc in thc wil. whcrca\ th ïw  arc physicallchemical proce\st\ in thc 
pho\phor balancï. 

Important factor\ in lhc 1'-halancc art: 

Type ol  \o11 (phrnphor I~xai ion capaciiy); 

Grounrl u\c íkrtilizatirln, uti l i~atir in degrec pho\phor fixation 
capacity). 
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2.3.3 Discharge 

hor 
niincral 

80 

I 

60 

l 
39 

2 5iN) 

20 Theoretica1 System Description Reference Manual RAM 



Drainage of the \oil cornpariment also r~ccurs through ~(ilatilization of 
arnrnimium. The \hart of  volatilizati«n has dccrea\ed \ignificantly during thc 
pa\i icw ycar\, duc io u change in thc icrtilization dmc,  such as injecting the 
fcrrilizer inIr1 gra\sland and plijughing in the lenilization »n the farmland within 
r ~ n c  day. Finally, nitrogen escapes from the ground in the forrn of N?, which 
crlrneï into bcing during denilrilïcation f ~ e e  section 2.32). 

In tahlc 2 an exarnple d a n  N- and P-halance of thc ground of inteniively 
fertilized gra\sland unto thc grciund water level i \  rcllected. It appcars from thi\ 
tahle that the tcital arnount of nitrogcn, which i \  circulating annually, is less than 
10% of the total s t ~ ~ r a g e .  Thi i  amounts to les\ than 1% for P. During dischage,  
the point of departure is a quick decompositi~in of mincral nitrogcn that result5 in 
a reductirm of XO-9O% of the N. 
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3. Translation Theory into 
General Set-up 
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Thic chaptcr deals with the translation IJS  thc thcorctical system description 
(chapter 2) inm the general sct-up of thc dcsign fchapter 4). 11 argues the choicïs 
which werc made, which prrIcc\\ei wcrc included or cxcluded, which 
\iinplificatirms wcre made etc. This is wr~rked out lunher in detail for ~ a c h  type 
CIS surfacc. Finally the set-up f i ~ r  the watcr quality part is wi~rkcd out. Chapter 4 
deicrihes thc tcchnical design of thc precipitatiiin runclff module. 

3.1 Open water surface 
In open watcr Ir>sse\ are due to evap~irdtirm only. I-he et'fectivc prccipitation is 
t h c r e f ~ ~ r e  \imply calculated a\ prccipitutirm minus the open water cvaporation. 

Thc hydr~igraph is described hy nican\ oCa \ingle linear reservoir, descrihing the 
effect ofdclay due t11 \toragc in thc open water itsclf. 

3.2 Paved surface 
Thc losses occuiring in case of paved surlaccs. ctmsist olrnoistening and 
evapriratim r11 the wet surlace. Thcsc I ~ x s e s  have heen put equal t11 the open 
watcr evapiirati~in and wil1 hc minor in gericral. 

In the description of the hydrr~logic cyclc paved wrface ha\ heen divided into: 

Pavcil surfacc in rurul area: 
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3. Translation Theory into 
General Set-up 

The de\ign o f  the precipitation runolfmodulc is in line with the mr>dcls that are 
applicd in the Uutch siiuation, whcncver possihle. In addition, the mo\t 
important hottlenecks in the current usc have bcen soived in this design. During 
the design prwess, a \urvey was held among water bvards to inveïtigate which 
bi~ttlcnecks and wishe\ cxistcd. The rnain ctmclusions of this investigation are: 

I.inear reservoir m~idcls  are applied frcquently (De Zeeuw-Ilellinga, Krayenhofl 
Van de Leur, De Jager ilr the Naïh-cascade); 

Linear reservoir models start from thc effectivc prccipitation as input. Thc 
dïtermination of the elfectivc prccipitation lack, f r rm these rn~idcls (the part of 
thc precipitation thai is actually di \chargcd~.  

Based on these conclusi~ins, the design includeï a soil mr~iiture reservoir ïor thc 
determination of the cffcctive precipitation, linked t» a linear reservoir model lor 
thc description of the discharge course. In addition, a division into types of 
surface is made in view of the differenccs in prrcipitation runoff proeesses. F r ~ r  
exarnple, in caSc of a paved surfacc rmly a quick runolï procc\s wil1 nccur, 
whereas an unpaved surlace includes a slow comprmcnt. By distinguishing 
hetwccn types of surface and hetween suhproccsx\,  the frarnework of  thc 
precipitatiim runolf mr~dule is defined. In view o l  the objectivcs, the ernphasis o f  
the prccipitation runuil module is at thc <le\cr ipt i~~n of thc runclff processes of 
unpavcd area. Figurc 10 shows the frarnework of thr precipitatim runoff module. 
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3.1 Open water surface 

Tlic h!iIriigi~pti i \  i l e ~ ~ i i h e d  h> riie;iri\ o1 u \irigIr 1iric;ir ic\cr\«ir. dc\crihing thc 
cllcit <ifilelny diic li> ilolnge in thc ijpcri ualcr it\cll'. 

1 3.2 Paved surface 
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Urhan area: 

Greenh<iu\e area. 

Thc discharge frrm pavcd wrfacc is iherelore divided into two \ubflow\: 

I.  Paved iurtace dixharging directly through thc drainage systcrn; 

2.  Surface discharging through a separated sewer syitcm 

3.2.1 Rural area 
Thc discharge ofpaved  \urfacï ir i  rural nreas may bc entcrcd directly undcr 
\ubflow I (paved jurfacc that diieharpr5 directly through the drainage iystem) 

3.2.2 Urban area 
Thc discharge ol urhan areas occurs through thc sewer sy\tem. ï h e  way of 
dischargc i \  dcpendcnt on the type of sewer \y%cm. In case of a mixed sewer 
\yiiem, the precipitation is di\chargcd in principle th rwgh sewage treatrncni 
plants. In case ofextrcrnc prccipitation, part of ihc pre~ipitation wil1 he 
discharged int0 the \urlacc water by rneani of ovcrfli~w. 

Thc effluent discharge 01'icwagc trcatrncnt planti is meawred in gcneral. In the 
set-up d t h e  precipitation runofl module ihis dischargc is not included, hut the 
point of dcpanurc i \  that i t  i \  entercd directly int11 thc Ilow mildel. This a h  
applies tri the dihchargt: 01' r~verl l i~ws.  

In caie  of a wparatcd \ w e r  \ystcrn, the prccipitation iln paved wrfacc wil1 be 
dixhargcd hy the scwer \y\tern through the drainage syitcrn irnrncdiately. Part uf 
thc prccipitation wil1 bc str~red ternp~irarily in the \cwcr sy5tern and on the paved 
surfacc. In general, specilic model\ (Natiilnale Werkgroep Riolering en 
Waterkwaliteit. 1990 and Werkgroep Afvuerberekeningen I Workgroup 
di\charge calculatirm\l. 19791 are uicd (iv the dc\cripti<in of the  d ixharge  
criurse. Thc output 111 ihe\e model\ rnay he uscd directly a i  input l i ~ r  the flow 
rni~del.  

In thc preeipitation runofl'rnodulc an improvcd scparaied iewer \y\tcrn is treated 
equal t o a  \ cp~rd ted  sewer \ystern. An irnproved x w e r  iy\tcm can t h e r e h e  he 
iirnulatcd idcntically. 

The dischargc f r m  a separated wwer  sy\tcm is dcscribcd in a iharply \irnplificd 
way. 'rhc uier is ahlc to chiiil\e hetwcen: 

Detailcd applicatiori (calculate dischargc froin ihe Sewer systcrn by a specific 
model): 

Sirnplc applicatirin\ (calculate di\charg~. frorn the \ewer iystern hy the 
precipitaiirm runoff nir~dulc).  

The choicc bctwecn both applications wil1 depend «n ihc dcsircd accuracy o f i h e  
calculation\ and the presence of input data. 

3.2.3 Greenhouse area 
Thc discharge f r m i  greenhouse areas niay be cntered dircctly undcr subflow 2 
~ p a v c d  surface that disch;irfcs dircctly through the drainage qystern). With thk ,  it 
ii nut pi~\ \ ihlc  io iirnulatc a \torapc reservoir. 

3.3 Unpaved surface 
For thc r u n o f f p r i ~ c c \ \ c ~  of unpaved \urSxc,  three proccsici wcrc distinguished 
in the prccipitation runolf module íscc i cc t im 22 .2) :  
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proctss C. C;round water dixharge int11 the drainage system 

quick criniporicnl iil 
itic grrmnd walcr 

disctiargc 

4 i iw  ~<imprincrii r i l  quick crimpmeni of 
~Iic gr<,urid uater thc gmund waicr 

diwhiirpc di\iharpe 

d i m  criniponeni of 
ihc gruund water 

diicharge 

Optiori I : twu parallel Na\h-cawade\ uptiíin 2: Combination Na\h-cascade 
Krayerihoff van d e  Leur 

Infiltration int0 the soil moisture (unsaturated zone) 
Thc inliltration in111 the wil moiiture i \  determined \imultancouily to thc 
procc\sc\ a i  descrihcd in \ection 2.2.2. A water halance i \  worked out for thc 
precipitatiiin in surface <lepression\, where the precipitatiiln i \  either infiltrating 
into the wil moisture or is discharged as surface runoff. Thc amount of 
p r c c i p i t h m  that infiltratci i \  determined hy the infiltration capacity of the inil, 
whcrc the inliltration capacity is asiumed constant in time. If the precipitation 
intcnsity iurpahbes the infiltration capacity, the remaining pan  of the 
precipitation wil1 he w r c d  on the iurface level in the suriace depressions. If the 
maximum itorage in the iurface depressions i i  iurpassed, the extra prccipitation 
wil1 runoff over the rurfacc a \  iurface runoff. 

3.3.2 Percolation into the ground water (saturated zone) 
In thc deicriptirm r~fpercolation into the ground water rcgarding thc precipitation 
runoff module, a choice ha\ heen made hetween a physical-mathematicd 
dcicription of thc proce\\es and a dc\cription haicd on analogy of the occuning 
processei, without deicrihing theie exactly (conceptual model\). The 
considerationï made to arrive at the choice for the precipitation runoff model are 
ad<irei\ed h e h w  in further <Ictail 

Thc discharge of precipitation i \  detcrmincd hy a numher of input data 
ievapotranipiration and preeipitation intensity) and hy variouï soil and terrain 
propertie\ of the catchment area iinlïltration capacity, actual maximum and 
minimum mcii\turc itorage, the degree of drainage, preience of Iíiamy laycr\, 
thickneis of thc uniaturated zone, etc.). Eipecially the wil and terrain propcnies 
may vary widcly within a catchment arca. Theic are nut m l y  dependent on the 
type of silil, hut also rm the ground uic and thc stage of growth. In addition, a 
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opening, this proccss is de\cribcd by mcans of linear reservoir models. Besides 
the intcrflow and thc drainage discharge, a quick and slow component were 
distinguished in the ground water diicharge in the theoretica1 system description 
(icctiiin 2.221. Thii  di\tinct wa\ made hccause of the differente in 
charactcristics of the procc\\e\ and water quality. Both the quick and slow 
compiinent of ihe ground watcr discharge can he defined as a configuration of 
liricar rcicrvr>irr. T w o  optioni are incorporated in the precipitation runoff 
module: 

I .  l'wo parallel Vash-cascades: 

2. Cí~mhination of Naih-cascadc and Krayenhoff van de Leur 

In the f i n t  option, hoth thc hydrograph of the quick and slow component are 
dcxrihcd hy a numhcr oflincar reservoirs in s e r i e ,  a Naih-cascade. In the 
x c o n d  uption, thc hydrograph of thc quick component i', d e s c r i k d  by m a n \  of 
a numher of lincar reservoirs parallel, Krayenhoff van de Leur, the slow 
crmipilnent hy m e m \  [ , fa  numher of linear rcservoirs in series, a Nash-cascade. 
Using hrith optirins, i t  is pi>i\ihle 10 \imulatc al1 widely applied mr~dcls  such a\ 
De Zeeuw-Hellinga, Kraycnhoff van de Leur, Nash-cascade and De Jager. 
Varying thc time con\tant of the reservoir and thc number ofreservoirs, the user 
can specify the rnrdcl acc<Jrding to the application. For relatively quick discharge 
procei\ei one re\crvoir with a sinall time constant of the reservoir wil1 he 
\ufTicient, for a relativcly slow discharge process more reservoirs with a smal1 
time crin\tant of thc rcscrvoir wil1 givc a hetter dexription. 

3.4 Total runoff 
In a d d i l i ~ ~ n  thc ground water runoff a term seepage is included. This ii 
explained lurthcr in scction 4.5. Thc total runoff 11Sa catchment area consists of 
the discharge from thc thrcc types of wrface and thc term seepagc: 

Open waicr l(),,,,,, ,,,,, ); 

Pavcd iurfacc IQprvïd): 

Unpavcd \urface ,J; 

Secpage 

The drainage of unpaved surlace cíin\ist of thc runoff o f  the suhflow5: 

Surfacc runoff ((J,,,); 

Quick component ground water discharge (Q,,,,,,,): 

Slow cwnponent ground water discharge (Q,,,,,); 

3.5 Water quality 
Thc cíimpo\ition of thc dischargcd preeipitation depends wíingly »n area- 
\peciSic pr~ipcitic\ \uch as \oil propenie\, degree and intcnsity of fenilizatir~n 
and land usc. In practice, usually no measuring data per catchment area are 
availablc. An additimal complicatirm is that various iuhflowi may be 
distinguiihcd, which diflcr in Slow rate and quality. Mea\uring data for each 
iuhflow regarding flow ratei and composition should be available, in order t11 he 
ahle to draw a Sinal picture u f t h e  quality. I'msihly, i t  may bc tried to determine a 
quality-How rati: rclatiíin kir the draincd prccipitatim Hr~wevcr, thii  requircs an 
extenbivc and Icngthy nicasuring program. Only fcw dala are fourid in the 
literature. 
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Hi i l l i  \o l i i I io i i \  iiiciili<iiii.il ; ihii\c i r i i l i i i l c  d i i u i l ~ ; i i i i ; ~ g c ~  \ lc; i \ i i r i i ig c;iiiipaigii\ 
;irc c i ; l xn \ i \ c  ;mil c i i i i i l n r u l  i 1 1  ihc rcquirc<l \p;iii. ;iiiil t i i i ic. i i \ i in l l )  pr i i \ idc  a 
i c r !  l i i i i i i cd  Ii icti irc oiil! \ ' íde l i .  ;tic :i (\tn>i ipI)  I ~ i i i i p l i i i c i l  rc l leci i i i r i  i i f  the 
rc;iIit!. v, th;ii ; t r c ; ~ ~ \ p e i ~ I ~ ~  propcrtie\ or c \ \c i i t i ;~ l  l p n ~ c \ w \  ri it i ! he 1;tckirif. I n  
i l ie ~p ic i ip i t ; i~ io i i  iiiiii>lf i i i<i i lu lc ; i  pr;ipiii;itic i i i i i i lc l  Ii:i\ Iiccii chowr i  .i\ tlic 
v i lu t i i i i i .  :\ h i p  :iili;iiiI;igc 01  t i l i \  i\ tiint ii:,lcr iii;iiiaycr\ niII rcceivc ;i t im l  to 
iitit;iin n l i n t  i i i iprc\ \ ior i  < i 1  ttic hacligrouiid i ; i l i ic\ .  ;clvi iii i ; i w  i i ica\ur ing data 
;irc l i i i k i i i p  lor i l i c  :ic;iirr p i t  ariil tli;ii tlic! u i l 1  lhc ;ihlc iii i i in t i i i i i c  thcir n i i ~ d e l  
\t,idic\ l < ; ~ ~ c d  OII t l i i , t ,x l ,  t l i q  \t i l1 he ahlc 10 d e i i ~ l c  i<>i~ il ic r i i \e l \c \  uhether the 
ii.clwrcd rcli;iliilii! i \  l i i l l i l l cd  io r  tlic i i h j cc i i i c  01 i l ic q u ~ i i o n  :X u m p a r i \ m  
u i t l i  i i i c  ilii;ilit! d c \ c l o p i i ~ c i i i  I,! ihe rccc i \ ing \i irt; i ic u ~ c i  c;iri hc i i iadc quichl!. 
\ i i  th;it \c i i i iu \  i i i i i t ; ihc\ u i l l  he niit iced. Sli i, i i ld 11 uppc;ir ili;ii tl ie prccipitation 
ruti i i i f r i i í i i l i i lc ~ l i i l i ~ i c i i i i ; i i c ~  t i ,  l i t l lc iii ii i ; i r i !  ~;i \c . .  i t  iii;i! i l ic i i  hc i l c i i i i c i l  11) 

c;irr> i iu i  iiic:i\iiriiip r ; i i i ip:~igr i \  i i r i t i l  I i i r t l icr  i i i i i i i c  

3.6 Remarks 
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4. Formulas 

4.1 General 
S t r u c t u r r  of' technical design description 
The technica1 design is worked out per typc ol'surface. The type5 of surface 
di\tingui\hed are: 

Open water surface i \ cc t im 23 .2) ;  

I'avcd surfacc (scctiiln 2.3.3): 

Seepagc iwction 2 3.5). 

After that, thc tcchnical de\ign is workcd out in further detail per \ u b p r ~ ~ c e s s  for 
cach typc r~t'\url;ice. The suhproccucs deicribed in \uh\ectiíins are: 

Storage in unsaturatcd zone (detenninatim of eflective 
prccipttation); 

Storage in jaturatcd zone (determinaticin of runoi fc~~urse) ;  

Ile\criptton of the water quality 

T ime step 
Thc u s u  delines the time step in the precipitatinn runr~ff module, which rcmains 
ci~nstant during the calculation. lt is recoinmended t11 u w  time steps similar to the 
time \tep used in input data a\ precipitation and evaporation, commonly given a\ 
24 hour data. 

Calculation discharge frnm l inear reservoirs 
The calculati«n o f  the run i~ i f  takes placc in two stcps. F in t  the spccilic discharge 
(unit: jmm/day / J  per timc intcrval i \  calculated. Recau\e thc inputted 
precipiratir~n intcnsity and refercncc vegelation evaporation applie\ to the 
prcceding timr interval, the spccilïc discharge at point of time t is defined as the 
specilic dischargc during thc timc interval 1-1 t i l  t .  In the s e c ~ ~ n d  step, the specific 
d ixhargc  is convertcd to tlic mr~mentanious discharge at the end of thc time 
interval defincd at prlint o i t i m c  L (unit: (rn''/\l). 

Ijefinition precipitation a n d  cvsporation t ime interval 
Thc daily ohvxvations 111 thc KNMI are usually used for the precipitatinn 
intensity and the refercnce vegclatiim evaporation. The precipitation intemity 
and the refcrence crop evaporatii~n arr delined at timc interval t irom point in 
timc 1-1 tii point in timc t (the prcceding time intcrval). Thc prccipitatir~n 
intcnsitie5 providcd hy thc KNMI are the intensities meawred during the period 
from 0X:OO huurs «n the preceding day to OH:00 hours on the day involved. The 
reierence crop evap~~ra t ion  is the evaporation measurcd during a period from 
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4.2 Open water surface 

4.2.1 Determination of effective precipitation 

4.2.2 Description of the Hydrograph 
I l i c  d i a i i i ~ y c  i j l  ilic opcri ir;iicr \iirl;icc i \  i lclcrii i i i icii h! iiicari, 01 imc liriciir 

j ' O  l I 

32 Formulas 

Output 
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Input .; Imm/duyl Speciíic d ixharge  open water surfdce 
(lopm wut<>r,l - l (Irtrmula 2-a) 

Iminiday l ESlzctive prccipitatirjn open water surface 
l Mulo-, r iformula 1 I 

[hal Open water surface 
A o p c n  wdrrr 

Model pararneter\ 
+J Idayl 

Time cr~n\tarit rcicrvr~ir open water surface 

Target valucs time constant 
In practicc, harclly any 5lowing down ol thc di\charge thr«ugh open water wil1 
occur. In this ca\c a value 1iS0 may he taken as time constant. In relatively large 
catchnicnt area\ \Ir~wing down rnay, hi~wcver, play a part. In this case a target 
value <if0.0014 i 0.002 days may he taken a \  time cr~n\tant,  in acctlrdance with a 
tiinc criri\tant <IS pavcd 5urlacc iCultuurtcchnisch Vademecum, 1988). 

4.2.3 Description water quality 
Nitrogen 
Thc riitrogen in ihc prccipitatioii on opcn water farm\ a direct emission wurce  to 
the watcr ithe time interval hctween Lhe precipitatiiin supply and the prccipitdtion 
drainage tri thc watcr is /.crr~j. Thi\ m e m \  that no proce\\ei occur that are able t11 
inllucncc the N-crintent in thc nicantimc. Thc nitratc and a m m ~ ~ n i u m  1oad\ 
Lhnugh this flriw t ~ i  the canal\ may, thcrefore. be dexrihed in accordance with 
the zero order relation: 

Input lm'/sl Discharge open watcr wrfacc (fortnula 2-b) 

Model paraincter\ [mg N/lJ Ainnirinium-N concentration of 1 ('N114 - N ,  prm ipi/uiion,i 1 
precipitaiim 

output  

. . 
Img N/l l Nitrate conccntratirm of precipitation 

' N 0 3  - N .  prei ipi1urion.t 

[ g  N/\] Animiinium~N h a d  <IS  open water wrPacc 

Iri thc drainage \y\ieni al1 \ort\ 11Ipro~c\ \es  occur, \uch as iiitrification and 
dcnitrification, which influciicc thc actual ammonium and niiratc content\ in the 
canal\. T h \  a5pect i \  ílc\crihcd in the Ilow model acid, thcrefiirc, is outside the 
\copc OS thc prccipiiatir~ii runriff mudcl. 

In additii~n t r )  nitratc iind arnnii~iiium, al\<, organic lixcd nitrogen may he 
\upplicil wiih rain watcr. Kairi wetcr i f tcn comain\ a ci~ii\idcrahl~. arnount of 
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4.3 Paved surface 

O u t p u t  j P - / . , i  ML"<' . i  

4.3.1 Determination effective precipitation 

Reference Manual RAM 
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Keference vcgetation 

Vegelation factor 

paved iurface 

lmmlday l 

Immlday l 

1 - 1  

I mmlday l 

Input 

Model parameter\ 

Output 

a Thc crop laclor lor open watcr i \  equal I r >  Ll1 1 EK in which P.ll i' lhc ripen water evapurution according 10 

Pcrirnann. thi. ractrir varici ioniewhat hut may ; ipprox~rri<itïly hc cquatd with 1.25 (Cultuurtechnisch Vadernccuin 
1988) 

ph,, 

t 
l.1 

/t; 

'N, purcd,/ 

4.3.2 Description of the Hydrograph 
ï'he dischargc of paved surfacc i \  divided irito two ~uhf lows:  

I .  I'aved iurlacc draining directly through thc drainage iyitern: 

2. Surfacc draining through a \eparated c w c r  system. 

The run~iSl 'oIhr~th wbll<iw\ are detcrmined with an singular Iinrar reservoir. A 
\ingular lincar reservoir was cho\cn becausc of the rclatively rhon reaction timc. 

Input 

Output 

Spccific dischargc separated icwer hyitcni 
( h r m u l a  6-a) 
Specific di\chiirge pavcd surfacc (fortnula 6-b) 

Effective precipitation paved surface (forrnula SJ 

Separated x w e r  \urface 

Paved wrface 

Time cr>n\tant r e w v r ~ i r  scparated sewcr sysiem 

Timc constant re\ervoir pavcd surface 

Timc 5tcp 
Cimvcriion factor units 

Discharge paved wrface 

'Target value time constant 
Thc timc cm\tant  is a rnca\urr: of thc velocity with which thc prrcipiiation is 
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4.3.3 Description of water quality 
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by the functiim of thc area. The Nationale Werkgrí~cp Riolering en 
Waterkwaliteit f 1086) di\tingui\hes the Sollowing main functioiis: 

Kcsidential arca\; 

Cr~mmcrcial arcas (shíip\, officci, catering cwnpanies, secondary 
hi~using Sunctir~n); 

Indumial arcas 

The quality o f  thc dixharged precipitation als« dcpends on the type o f  scwer 
\y\tem. The water quality in ca\c o lan  impmvcd separatïd scwer systcm wil1 be 
difierent from a separated scwer systeni. I S  the luwer discharge amounfs o f  
impríived separated \cwer sy\tem are taken into account. i t  is acccptable t i l  use 
thc \ame target valucs for thc ci>nccntration\. 

The c<incentratiun «l  pollution i n  the discharge from pavcd surface fluctuates 
\trmgly. I n  tahlc 4 thc handwidth hctwcen which thc concentration\ vary art. 
indicated. 

4.4 Unpaved surface 
For the runolf of unpavcd \urVacc, thrcc prucc\w\ were distinguishcd: 

I. Infiltratiun int0 thc \<lil nríii\ture funsaturated mnc) 

2. f'crcolation into the griiund water í\aturatecl mne) 

3. Griiund water dischargc int<, the drainage system. 

These proce\w\ are di\tingui\hed in the precipitafir~n runollmo(lule a l w  This 
%-up i\ reflected iii figure 10. 

Ammonium (mg M) 
Nitratc fmg Nl l )  
Total I'hosphatc (mg 1'11) 
N-Kjelddhl (mg N/I) 

4.4.1 Infiltration into the soil moisture (unsaturated zone) 

Roads 

0.13-2.5 
0.28- 1.4 

0.05-0.48 
0.68-5.1 

tirst. thc infiltration in111 thc unsaturated zone is dctcrmincd. In  addition, the 
\torage in thc \urface dcprcïsioni and poisihly occurring surface runoff are 
determincd. 'These a\pccts are addrc\\ed bclow point by point: 

Industrial 
Area\ 

I .Z-6.9 
5 

1.2-2lH) 

Kesidcntial 
Area\ 

0.15-2.5 
O. 10.7 

0.22-1 .S 
1 .S-3.6 

lnfiltration; 

C~~nirncrcial 
Area\ 

0.01 
0.2-0.5 
0.1-0.6 
0.7- 1.1 

The amount o f  precipitafion that inliltrate\ i\ dctermined hy the infiltration 
capacity o f ihc  \uil. I f i he  precipitatirm intcn\ity surpa\scs the infiltrafion 
capacity, the remaining part u i  the prccipiiation wil1 bc stored on the surface 
level in thc rurfacc deprcssion\. I f  thc maximum storagc in the surface 
deprcs\ii~n i\ surpas\ed, thc extra precipitation wil1 runiiff over thc surface 
í~urface r u n r ~ w .  
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No infiltratiiin fortnula\ have hecri included in the precipitation r u n d  mi~dule.  
The u s u  may cnter an irifltration capacity lor thc catclimcnt area invrdvcd, 
which i \  con\tant in time. The error intrr~duccd hy this wil1 he minor in case r ~ f  
iinic step\ rif  iinc day iir I;irgcr. Tahle 5 giver ;in rivcrvicw of thc values found in 
[he literature. 

/ l 'exture* 

~ ~ 

Vcry Sincldi\turhinp I;iycr\ 1 3 - 1 8  rnrriihriur 
Inipervir~u\lclay with \welling 0.0- 1 .3 mm/tiuur 

Infiltration capacity** af ter  much  
I rain 

Sand íWy\curc and k y e i i ,  1982) 
Piricr tcxturc 

'Target values maximum storage in surface depressions 
'The niaximuni storagc in surfacc dcpre\sion\ clepcnds <>n the riiughnes\ o f  the 
terrain and thc dcgree of vegetalion. Kcprcxritative target valuc\ lor the 
maximum \tilrage in wrlacc dcprc\\ion are dillicult t i ,  givc, in view of the wide 
varicty of t h c x  pardniciers withiii arcas. B a d  iin the roughnc\s and vegctation 
im thc grriurid, an ebtimete wil1 tiuvc t r i  be made fiir this vuluc. In general, the 
chilicc 111 thi\ valuc wil1 harclly intlucncc thc mi~dcl  rc\ults, hecauw a situatiiin in 
which thc maxinium \tor;rpc in wrface dcprïs\iriri\ occurs, hardly takes place in 
the Ilutch \iiuativn. 

7.6-1 1.4 minihuur 
3.8-7.6 rnrnlhour 

Saturated d a y  wil (BUIBAK. 1994) 
Lriainy and pcaty wil 
Vcry pcrvii~u\ rand 

4.4.2 Percolation int0 the ground water (saturated zone) 

appr~iximatcly 4 nimltiour 
X m m h o u r  
apprrixiniately l 2  nimlhour 

The percrilativn int11 thc gr i~und watcr is descrihcd by mcan\ iif a silil moisture 
rescrvoir. A watcr halarice of the amount «f mi~i \ ture  in thc unwturated zrme is 
inaintaincd in the soil inoisture rc\crvoir. Thc rcplcnishmcnt ~ i f \ o i l  moisture in 
thc un\aturated zone or thc inSl~iw rif thc \ < l i l  mr,i\turc rcservoir i \  thc inliltraliiln 
calculatcd hy thc rnodcl. Thc riutfliiw\ are thc cvapotraii\piratii,n and the 
effectivc prc~ipitati~iri  íthc prccipitati~iii that run\ riff through drains or grrlund 
water). Thc principle of the mil  rni~i\ture reservoir is rctlected in figurc l I 

" Thc texiure cla$\c\ are copicd frorn thc literature. 
" l'he infiltratiiin capacity i \  e x p r e \ w l  in Immldayl instcad of  Immihriurl 

In thc precipitatiiin runriff module, capillary rise trom thc grourid watcr to thc 
un\atur;rtcd m n c  ha\ r1111 hccri includcd. Funhcrmr~rc, i t  ha5 heen assumccl thai 
thc iiiïiltrati~in irnmcdiatcly result\ iri pcrcolation. Thc occurring blowing down is 
ignored. Thi\ rcsulth ii i  errors in thc calculatcd cv;ipotran\piration and ihe 
pcrcrilatiiiri. 

I<vap«transpiration relation 
'The potential cvapotran\piratioii i \  dctcrmiiicd h a d  on thc reScrencc crop 
cvap»tran\piration ani1 a erop fiictor. Tlie cnip factor is a nicasurc for thc 
tran\piraiirin r i f  thc criip arid ilcpcnd\ on thc lype OS crup and thc growlh \lage 
ilunctiriri i>ilirricj. I S  tlic cn>p  ha\ nrit heen \upplicd with water in an optimum 
way, thc aitual cvapritraii\piration i \  \maller thun thc potential 
cvapotrari\piratir>n. A \iinplc relatiwi hctwccn the actual cvapotranspiration and 
the actu;il nioisture itorage is includcd (evapritr;inspirati<,n relatiori). I t  has been 
a\wriicd that in ca\c ol w;itcr i m l e n t \  Iarpcr than tho\c in c a x  of field capacity 
thc nctu;il cv;ipr>tran\piratiori i \  cqual t11 the polcnlial cvapotrari\piratir,n. 
13ctwcen the nioisturc \tor;igc at licld capacity and tlic wiltirif puini, thc actual 
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Input i lm? Actual moi\ture strirage 
íformula 141 

11 
Imni/dayl Irililtration intcn\ity i l ~ ~ r m u l a  Y) 

Model Pdrametcrï O,,F Imml 
Moi\ture \Lordge if pF=O 

/;)cI~. rnax Imtnlday] 
Perci~lation to thc \aturated zone that occurs betwcen 
p i k 0  and pF=2 lmaximum) 

Output 
Pnrrc. r lmmidayl 

Percolation int11 the wturated m n e  

Por O, a1 point o1 time t = O .  a \mluc ol O i \  takcn, cquidling ;l \itu;iriori with licld capacity pF=2 li<> he dctcrmincil 

frim thc Staririg \cric\) 

W a t e r  halance wil rnoisture reservoir 
In thc water halance, hoth the cvapiirdtii~n and thc pcrcolation depend rln the 
actual soil rnoisture content. Thc change in thc s i~i l  moiiture content is descrihcd 
with thc diflcrcnlial cquation: 

I h c  cquation is solved cxplicitly. At polnt of timc 1-1 thc conditk~n of the soil 
mui\turc rc\ervoir i \  exprc\\cd in thc moisturc ctoragc O,+, . Based on thc actual 

iri~ii\turc \torage at point (]f time t- I ,  the ~vapotranïpirdtir~n and pcrcolation are 
calculated lor thc time ititerval friirn pnini nf timc t-l t11 t. Hased (in the 
calculatcd cvapotrun\piratir~n and percolation, thc actual mr~isturc \torage at 
pr~int of time I is calculatcd (0, ) 

Input 

Model Paramcten 
Output 

Actual rnoisture stordgc (fiirtnula 14) 

Infiltratiun inten\iiy íformula Y )  

Percrilation int11 the wturated zone i lo rmuh 13) l I Actual cvapotran\piration (fortnula 12) I 

e F r  O I at puim ijl tinic I = O .  a value 01 O i \  takcn, equdlirig a vtuutii>n with ficld capacity pF=2 ito bc ileterrnined 

Srom thc Staring wriea) 

Diiadvantagc of ari explicit solution is the risk IJS instable calculations, vccuming 
with large timc $rep\ or a rclatively \mal1 ciintcnt of thc soil moisture rescrvoir. 
In case uf instdblc calculativn, thc user should dcline smallcr time i k p s .  

I h c  miiisture \toragc in thc wil moi\ture rc\crvoir varies hetween the minimal 
moi\ture \torugc at wilting pilint and the maximal rnoisture storagc at saturation. 
For moisture stordge valucs smaller than at wilting point, nu evaporation ~ iccur i  
lfiirrnula 12-c). fnr valucs larger than thc at wurdt ion thc pcrcolation i, set equal 
trJ thc infiltration capacity ilormula 13-a). 

l a r g e t  values c rop  factor Makkink  
Thc crop factor dcpcnds on the type of ovcrgrowth and thc growth stage. In 
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4.4.3 Ground water discharge int0 the drainage system 
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Surf'ace runoff 
This di\charge is deicribcd with one lincar reservoir, equal to the &\cripiion for 
dischargc of open water (the discharge of the water a c n n s  the surface level to 
operi water takes placc relativcly quickly) 

- k 
[, sur k ( 1  S"' ) 

u  q ,  - I + p ~ . . u t r , r  

Input I mmiday l 
~ , U , - , I  - I 

A ~ n p ~ v c d  Ihal 

Model Parameters 
ksur lday l 

Spccific surtace r u n i ~ f l  unpaved surface (formula 
15-a 
Elfective precipitation surface runt~ff unpaved 
surlacc íformula l l )  
L'npavcd surface 

Timc constant reservoir surface runoff unpaved 
surface 
Timc step 
Crmversion factor unit\ 

Surface runoff unpaved surface 

* 
For ~ . S U K ,  - I at point n1 time t = O .  a valuc o1 O i \  taken 

*+  Thc crinvci\ion factor i\ cqual IC, 1íl/l24 ' 3hílíI) 

Targe t  value t ime constant  
'lhe time constant is a measurc lor the vclocity with which the prccipitation is 
dischargcd. The surlace runoff wil1 take placc very quickly. As  target value a 
value of 0.001 4 á 0.002 days may he taken, equalling the time cimstant IJS paved 
surfaic i(:ultuurtcchriisch Vademecum, I O X X ) .  

Quick a n d  slow component  «f the ground  wate r  discharge 
I h r i n g  the discharge thr~iugh the u t u r a t e i  m n e ,  a 5ignificant \Iuwing down 
cflect occurs becausc of resistances in the wil .  This proces\ is described by a 
configuratiun of lincar rescrv~iirs. The quick and \low cumponent of the grrund 
watcr disiharge arc dcscrihed hy scparatc linear re\ervoirs, of which two 
possibilitic\ are taken up. 

ia) 'l'wo parallel Nash-cascade\; 

(h )  C~~inhinat i rm <i1 N a h c a s c a d e s  and Kraycnhoff van de Leui 

a d  (a)  two parallel Kash-cascades 
In this option, thc di\chargc i \  divided into a quick and a slow component ground 
water runoïf by means of a di\tributii~n code. The percolation calculated wil1 
partly run~iffthrough a \low coinpmcnt (/llJIler, 1 and panly through a quick 

component 11 I - PIP J. ' lhc  hydrographs of huth the quick and slow ground prrc 

water discharge are descrihed hy a \erie\ rif linïar reservoirs iscc figure I I ) .  By 
entering thc time crmstant and the numher of reservoirs, the uier may enter the 
propenics of the discharpc p r t ~ c h s .  In the precipitation runuff mvdulc, a default 
value d rmc ha5 been taken for the numher of reservoirs. 

Thc quick and \Iow ground water dischargcs are dcscribed by the following 
lormulas: 
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ad (b) combination Nash-cascade and Krayenhoff van de Leur 
In  this option the discharge is also divided int11 a quick and a slow cornponcnt 
ground watcr dixhargc, hy mem\ of a di5trihution ede. l h c  hydrograph of thc 
quick ground water dihcharge is dewihed in this opt im hy a nutnher o f  parallel 
linear rcscrvoir\ (Krayenhuff van de Leur). Thc \low ground water runoff i \  
dcicrihed hy a serie\ o f  lincar rc\crvoir\ (\cc figure I I ) .  A default valuc ofone 
has been taken l i ~ r  thc nurnhcr «frc\crvoirs in a series. 

The quick and slow ci,rnpi)ncnts of the p u n d  water discharge i\ descrihed hy 
the fijllowing forrnula\: 

Fur i i \  the l "  unto and including thc d "  rcscrvoir: 

For the l "  rcwvoi r :  

Fur i ii the 2"" upto and including the nIh rcwrvoir: 

Input I Imrnldayl Percolation into thc saturatcd zone (forrnula 133 

[rnrnldayl Specific slow cornponcnt ground waicr discharge 
unpaved suriace lformula 17) 

Irnrnldayl Specilic quick ciirnpmcnt ground water diichargc 
unpaved surfacc lforrnula 17) 

[hal Unpavcd .surface 



I > i ~ t r i h ~ i i i o i i  iíde quicl. ; i r i i l  \ l i>$+ ci i i i ip i i i ic i i t \  
proui id u l i ~ c r  diieharge 
l i i i iv ~iiii\iml r r w i i , , i i  \liiu ~ i i i i i p o i i c r i i  p u i i d  
\\;tici d i x h x g c  
I iriic i i i i i i i m t  r n c n i i i r  q i i i ~ h  i im iponcn i  yr<>ui id  
\&;iicr i l i~c l i ; i igc  
"\i i i i ihcr i i f i c \ c r v i i i r \  quicl. i i , i i ipoi ic i i t  grourii l  u n t r r  
h x t i a r p c  
Kui i iher  iií r cwrvo i r \  i l o i i  co i i iponai t  g r i ~ u ~ i d  i in ter  
~ I i x l i a r p c  
I i , l l C  \ icp 
( '<>i i i i . r \ i i~ i i  i i i i i o r  unit, 

I > i ~ i l i ; ~ r g c  \ l o b  coriiporicni pru~111<1 u: i tc i  i I l \ ch i~ igc  
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I Drainage type l 
Dischargc o f  1000-4000 ni' paved surface 
Surlacc runofl on strongly sloping grourid 
Surlacc runoff, runofl of grounds with impervious laycrs 
at a vcry \hallow depth 
Kunoff IJS wcll-drained farmland 
Badly draincd graïsland with overgrown ditches (\wamp 
runolt j  
Dischargc o f  secpage from high, very pervious grounds 
(Vcluwe, Zuid-Limhurg) 

Target values configuration linear reserwirs 
Thc prccipirati<iri runoff ini~i lule di\tinguishe\ a quick and slow component of the 
gr11und watcr dischargc. Thc u x r  dcfincs thc nurnhcr o f  reservr~irs and the 
distrihution code rcl;itcd to thc application. 

For rather sirnple applications. i t  i s  nol particularly neccssary to distiriguish a 
quick aiid slow cr~mp,~neiit of thc ground water dixharge. The ground water 
dischargc is descrihcd hy a \ingle component wiih a 5ingle lincar reservoir and a 
valuc I i ~ r  thc di\trihutir~n lactor <ifO or I 

k i r  more detailcd application\, hiiwcvcr, i t  i s  rcconirnended til diitinguish a 
quick and slow componeni ~ i f ' t hc  ground watcr discharge. I t  is nut pm%ible to 
give target valuc\ for the distrihution factor. 7his factor should therefore be 
calihrated oii rncawreil hydrograpli\ simultane~~usly to the time constant? (see 
target valucs lirne con\tant). 

In  thc Nash-ca\cadc, the iiurnhcr i11 reservoirs in \cries must he entered. The 
dcluult is oirc rc\crvoir. In  ca\e r i l  Iargc catchment arcas, extra travcl time ma). 
he created by critcring sevcral rcserv~~irs. 

ï h e  model Krsycnhoff van de I.eur theoretically dcscribes an infinite number o f  
rc\crvt~irs. I r i  thc precipitation ruriolf module, thc mildcl is discretici\cd intcl a 
finitc numhcr of rc\crv<iir\, in which cach ncxt rescrvr~ir cmpties quickcr hut 
proccs\c\ a smaller pan of thc prccipitation. In  ca\c o f  a numher o f  rc\ervoirs o f  
5. thc crrm introduicd ii ncgligihlc. 

4.4.4 Description water quality 
The descriptim rl l thc watcr quality is h a d  on ihe dixhargc pn~cc\se\ distinguished lor thc determination of thc 
hydrr~graph, \urfacc ruiiofl, quick and \kiw cwiiprmcnt r11 dischargc (\cc sccti~iri 2.3.4.2). 

4.4.4.1 Surface runoff 
Nitrogen 
Thc surlaic runlifl i \  fi>rmcd by prccipitatir~n that run\ of f  directly across thc 
\uilacc Icvcl. In  this cax,  rcacti~in p rocc \w  occur to a I c \ w  degrcc Thcrcfllre, 
thc load is dcscrihcd hy an a zero ( d e r  relaticin. 
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4.4.4.2 Quick component of the ground water discharge 
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0 INTERMEZZO III: Calculation examples 

At l m  surlace level is a drainage svstern that discharges directlv into the drainage systern under consideration. The - .  - .  
average nitrate concentration in the ground rnoisture is expected to be higher than in the discharged precipitation 
Ceriainiv n case of fertilised surlaces with hioher concentration in the toolaver this is the case In the examoles 
below. uniform concentration distribulion is ihe point of departure. In this &surnption, the ieaching of nutriints is 
equal to the ratio between the amounts of soil rnoisture and effective precipitation. Runoff of precipitation occurs if the 
field caoacitv is reached. Two exarnoles have been worked out. one lor sand with a siiqht field capacity and one for 

precipitation is, however: seldom so heavy'thát thik capacity is reached 

Overview of the degree of thinning of the soit rnoisture l say l o,2mo'isture/m3) l (&m/h i  l 6;rou;:u;ter 
moisture per 

Cla 0.37~045 08-1% 

Average annual thinning 
of the ground water 

moisture 

Maximum 
thinnina of the 

Field capacity 
(m3 soil 

The thinning on a hourly basis is relatively slight. The concentration course as a result of thinning is, therefore. 
negligiby smail. 

. . ~~ . ... ~ ~ ~ ~ ~ - ~ . - .~~ - 

Infiltration 
caoacitv 

In  caic of t'ertili\ed surface\. an iiicrea\cd coiiceritration i n  the drained grr~und 
water may occur. duc to migrat~ori of nitrate-rich u'atcr h m  the Sertilised 
t~~p laycr  r,! thc \ o i l  The interlacc bctwecn iiitrate~rich and nitratc-poor ground 
watcr i \  inoving in a vertic;il dirrction, uritil i t  arrivc\ at the drain piprh. NITSOL 
calculaiions (fl~ipstaken ei al., 1987) Siir \andy sr~ils indicatc that nitrate 
concentration\ at a dcpth i1I50-75 cin are r c l a t i d y  constant, In case o f  a \lep 
s i x  of decades. Variariccs in ci~nccniraiion iiccur rnainly in thc topnimt 25 cm IIS 
the wil. In caie iif'\maller \iep \izc\. for cxamplc of hi~urs, thc cilncentration 
counc may be vcry different. As far a \  kiiown, on-lirie rneawring ha5 ncvïr bcen 
cnrricd out regarding iu r fa ic  runoff, Sr>r cxarnplc after a ferli!iration perirxl. A\ a 

re5ult i~ l ' lack  of inlorniatiim. it i\ prripo\cd to k w p  thc ammonium and nitrate 
concentration\ cm\tant. Thi\ hr~wcvcr reduce\ thc accuratene\\ i ~ l ' t hc  model 
result\ iii casr ~>l ' \n ia l ler  \lep \ irc\. 

Thc relarion hctwccn thc gr i~und watcr level and the denitrification has bcen 
irivcstigatcd (Slrenv~mrdcn, 19x3, Bouwmari\ ct al., IYXY). The ground water 
levcl i\ classilied in g rwnd  watcr step\, which are dcterrnined hy thc average 
highe\t and avcragc Iowe~ t  ground watcr ievel (GHG or GLG). The 
denitrificaiion lactur indicatc\ wiih which lactor the leaching ofnitratr niu\t he 
corrected. A situation with vcry low griiund water levels (CitVII*) i s  taken as a 
refcrencc. These valuc\ are, howcvcr, applicahle til the t r ~ t a l  nitratc run «ff, \o 
that tran\lation lor thc suhllr~w\ i\ difficult. 

Thc nitraic concentration in thc quick ground watcr discharge niay be linked to 
the concentrati~~n in the dccper wil layer\ (slow gri~und water runoff) hy means 
l i l  denitrification iacror\. 
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Iripii l 

Model I?irnriicicr\ 

Outpui 

Qqilri i r 

('1, l<d<,/.q,r!< .l 

.(P - 1~1l,,/.q,r!~ i .l 

I I I I  1 5 1  

111ip I'II] 

1 Y I'/\\ 

(>UICL L ~ ~ ~ ~ ~ C I I I  ;>UWMI ~ ~ X I C I  d i \ ~ h ; ~ y c  
i i r i p : ~ v d  \iirl;tic fioi-iiiiil.i I h iii I:) 

I ' l i o ~ p I i ~ ~ r  L ~ ~ L C ~ I I ~ ; I ~ ~ ~ ~ I I  q t ~ ~ c h  L O I I I ~ O I I C ~ ~ I  prouiid 
ii~i1i.r iIi\cii:irgc i i i i ~ x ~ ~ i . i l  ~iiil;iii. 

I ' l i o~p l~o r  l,ml qiiich C O ~ I ~ ~ ~ I K I I I  :I~OUIIC \ +a~c r  
l l l \ i l l ~ i r ~ c  uilpa\cd , ~ , r l x c  



í ì ~ \ i d e i  the\e categorie\, arca\ with cpecific land u w  can he distingui$hcd such 
a \  honiculture or hulb farming. The impact o f thc \c  type\ of land usc in Icaching 
i ~ f n u i r i e n t ~  i \  very \pccific, duc ti, thc \pccific condition\ with rcgrct to 
fertili\ation and water management. 

Tahlc 7 li\ts the targct valuc\ f r ~ r  thc type\ í i t  discharge. \pecificd f«r wil type 
and land U\C. T h c x  valucs are rough c\tirnates based on incidental rneasurcments 
lound in thc Iitcraturc. Thc concentrat i~~ns i ~ t  nutricntr in dixharges fluctuate 
over \eason\, degrcc of Icrtilization, orgdnic content etc.. It is \trongly 
cmpha\izcd that thc\e target valuc\ are incidental and therclrre ncit 
rcprc\entativc fur othcr areas. It is thcreforc \trongly recommended t r ]  use 
mcacurcd valuc\ within thc area of intcrc\t a \  much a \  pm\ihle. 

Targe t  values dcnitrification factor 
Tahle X ;in <iverview of tlic dciiitrification factor tor thc variouh gr~>urid 
water \teps. 

surface level) 

50 X 0  
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4.4.4.3 Slow component of ground water discharge 
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output 

( O \ .  i/,,\, . l  

5.i~~~ i. \iiiii . i  

' 0 7  \ .,ii>ii .i 

litig \;l 1 

lp \!'l 

1; \ / \ l  

Yltrxtc cimcciiti; it i~m JON ~ o i i i p ~ m c i i ~  prourid 
\ i ; l i i . r  di\i l i; irpc i i i i p i c i l  \iirt;icc 
:Ii i i i i i i i i i i i i i i i  líxiil ilini ~oi i ipo i icr i t  :ri)urid \+iitcr 
ili%iii;!rgc iinp;i\c(l u r t ' x ~ .  
Kitrate I<iad \ l i i\r c<>iiipi>iiciit ;ro~iiid i ia tcr  
<II,'I,~,~cc u"p;,\cd \ , , r t xc  



Target values 
Thc ctlnccntratiiins r ~ f  thc s l i~w component u i  ground watcr dischuge are mainly 
determincd hy thc type i i f  \<lil and the land u \ c  Sandy w i l ,  clay wil and peaty 
\<iil are distingui\hed hctwccri. A Sunhcr di\tinction is mark hy: 

Output 

Fcnili\cd othcr Iarnilarid. 

In  addition, rticre are arcas with a spcc~lic ground u\c. \uch as bulh-growing ani1 
greenhouse culture. Thc corrtrihuti~~n hy ttic\c areas to leaching o f  N and I' is 
vcry \pcciSic duc to thc \pccilic lcrtili\atii>ii ;ml watcr managcnient. In  thi\ case 
the u\cr him/hersell'will have i o  estirnate thc pararricters rir dci-ive these f rwn  
mcasuring. 

S~ -r, iol ,sl / ,w,t 

In  thc dcscriptir~n o1 thc watcr qualiiy i t  uzi\ tricd t11 picture thc rclation hctwccn 
thc Panil N h a d i  di\chargeil in111 tlie drain;igc systcni and the hydrograph. Zero 
rirdcr equatirm\ iccni iii he most suitahlc lor a enipirical approach in a rimple 
model. In  gericral, thi\ approach i s  rriotivaicd hy m a n s  of argumcnts regarding 
thc prcicc\se\. On-linc rricasuring data r i l  rhe N and P concentration\ in the \uh 
I low\ considcrcd are hardly known. ModclLrclared data are iiften applicahle t« 
Irmger pcririds iilecadc\. sca\<ini and ycars). A smiillcr Ctep sire in which aki) the 
rclatim i\ indiidcd wjih thc di\chargc. rcquires a much more detailcd in\ight int11 
the processe\ thaii i\ availahlc at thi\ nioincnt. 

With r c p r d  t 0  thc turgct valuc\ 111th~ coriccntratiím. thc pruhlcm ari\ci that thc 
availahle data usually do ni i i  apply tu the variíius griiund water llows, un which 
thi\ stutly i\ hawd. Thcrcforc, thc availahlc data necd 10 he translatcd Sor the 
\uhflow\ in thi\ study. I n  addition, many data are n<]( known. Al\<> model-related 
values uiually arc not applicahlc dircctly t i i  the suhí'low\ in this study. These 
valuc\ are oltcn calculatcd in mr~dcl\. hut rinly act a\ interim value\ that are not 
presentcd in reports. In  order to gencrate values for the suhflows, calculati~ins 
could he executcd, Tor cxaniplc h) meun\ of ANIMO. 

1 g 1% 1 

The \maller a \tep's \izc. thc niorc the inaicuracy ol the niodcl rc\ullz incrc;ise\, 
hecauw on thi\ time w a k  thc i i iaccurxy in thc input parameters incrcaie\. Thi\ 
iinly applies trl the rlc\criptirin o l thc  water quality. 

I'hii\phor klad slow compncnt ground water 
discharp unpavcd \urface 

4.5 Seepage 
I n  addiljon t11 the di\chargci that m calculatcd l i ~ r  open water, paved surface 
and unpavcd surfacc. thc u\cr may erilcr a terin \ecpagc. which is dcfined f i x  thc 
t~l ta l  surlace. 
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Input Ah 
C 

Iinl 
I d V  

llyilraulic hcail diffcrcncc 
Vcrtical hydraulic resi\taiicc 



Q,,,,',,. i Ir11 /\l 

4.6 Total discharge and total load 

I i i i  1x1 
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Input 

Midel Parameter, 
Output 

Amrnriniuiri Iriad opcri watcr 
suriacc iíi~rrnula 3-aJ 
Nitrate load open water \urfiicc 
!Simnula 1-h) 
Animmiurn load uripaved surface 
!irimuIa 28-a) 
Nirratc Ioad uiipavcd \urface 
(Irirmula 28-b) 
Ainniriniurn Ioad pavcrl 5urface 
iliirrnula 7-a) 
Niiratc Iimd paved surfuce íforrnula 
7-h) 
Ammonium loarl surïacc runoff 
itrirrnula 18-a) 
Nitrate Ioad surlacc run<ilf(fwrnula 
1 X-h) 
Amrniiriiurn h a d  quick crmponent 
ground wuier di5charge unpavcd 
wrlace iliirniula 20-a) 
luitrate load quick criinprincni 
ground walcr dixhargc unpavcd 
wrfacc i f~~rniu la  20-h) 
Ammonium laad h w  cr~mponerit 
grriuiid water discharge unpaved 
wrfacc ilririnula 2 2 - 4  
l i t ra ie  h a d  slow crimpiment 
grourid water dischargï unpaved 
wrfac ï  (fr~rmula 22-b] 
Ammonium load wash out 
~ecpape(f<irmula 25-a) 
Kitrate Iimd wa\h out 
~ccpageífr~rniula 25-h) 
I)rgariic;illy Sincd nitrogcri laad 
wvcd hurfuce (I<irmula 7-c) 
3rganically Sixed nitrogen load 
,urSacc runoff unpaved wrfacc 
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?\wp, i 

V l o~u / .  c 

I ~ ' / \ . I  

l rn 'l\ l 

I ~ I ' I S I  

Slow crirnprment of ground water dixharge 
unpaved surfacc lfnrmula I6 rir 17) 
Ruiiofi \ccpagc iS(irinu1a 24) 

Trival d id i a rgc  



4.7 Relation ground water discharge and surface 
water level 
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2. surface water level as input 
In thi\ r~ption thc wrfacc water level i \  input in the precipitatirm runrff module. 
Thi\ time w i e s  can he ohtained from a flow mridel. By an ilerative prncess, the 
relatir~n ground watcr dischargc and surf'ace water level can he approached. 

Thc ground water discharge i ?  dacr ihed  hy a cmfiguration of linear reservoirs 
(%e \eciion 234.31.  Thc rclation hctwccn the griiund water d ixharge  and 
surlace water level is irnplicitly di.;counted in thc time constant of thc reservoirs, 
wherea\ a con\tant \urfacc water Icvel i \  a\sumed. The relation hetween the 
ground water discharge and surf'acc watcr levcl becomes relevant in case  IJ^ more 
fluctuating \urfacc water levcl\. 

Thc Sluctuations in surîace watcr level\ wil1 he relativcly smal1 compared to the 
Iluctualion\ of'thc ground watcr level f«r sloping arca\. Assuming a constant 
surface water ievei wil1 he sufficicnt. Hi~wever. in spccific \ituation \trong 
fluctuations can uccur. Fix cxarnplc wiih large percentage? of paved area, 511 the 
prccipitatirin wil1 he storcd rathcr quickly in thc surfacc watcr. Als11 within 
downstream polder area\. large dccree\e\ of thc surfacc watcr level can occur. 
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5.3 Recommendations 
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7. Index 

ammonium. 19 
area 

greenhoux,  Y ,  24 
polder, 12 
rural. 9, 24 
urban, '9, 24 

calculatiun, 31 
calihration. 15 
canals, 29 
cupillary r i ~ e ,  14 
conceptual mtdcl ,  26  

1) 

Dc Jager, 2X 
De Zeeuw-Hellinga, 28 
denitrification. 17 
deposition, 16 
druinage, 2X 

ditehe\, 12 
drainage \ystern, 9; 24 
drainpipc\, I I 

fcrtilizati«n. 15 
field capacity, I 1 

greenhouse area, 'i 
griiund water 

levcl, 12 
ground water dixharge,  11; 19, 27 

curnponcnts of, I I 
ground water runiiff, 2X 

H 

hydrograph, 27: 2X 
h y h l r l g i c  cycle, 7 

I 

incuming fluwi, 13 
inl'iltratii~ri, 10: 14; 26  
iiifiltration capacity, 10; 26 
intereeption. 10 

K 

Krayerihiifl van dc Leur, 27: 28 

I ,  

laieral inflow, 14 
lineur reicrvoir. 2X 
linear re\ervuir miidcl, 22 
h a d .  32 

M 

Makkink 
crup laciur t r ~ r  open water, 32 
relcrence crop evaporation, 1 2  

mimentaniouï dixharge.  l l 

N 

N a h e a s c a d e ,  28 
nitrilication, 17 
riitn~gen halance, l 5  

O 

rlpen water wrfacc, 23  
uutgoing flowi, I I 

P 

paved wrlacc, Y; 23 
I'cnmann, 32 
pcrc~~lat ion,  I l ;  14: 26  
pho\phur halance, 15 
phy\ical-mathematical miidcl, 27 
polder, 12 
porc volume, l 2  
prccipitatiun, 13 
precipitatim inten\ily, 3 1 
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Appendix A Evapotranspiration 

In\tead «f the evaporatiim fnim a hypothctical water surfacc, alvi the evapiitran\plration «f a rcfcrcnce crop 
iaccording io Makkink) rnay be taken a \  rneasurc f«r the potential crop evapíiiran\piration. 

In which 
E, : reference LIOP evapotran\piration Makkink (mmlday] 
f : crop lactr~r Makkink for thc cnip invulved 1 - 1  
E,, : open watcr cvaporation I'cnmann linm/day I 

The rcference evapr>tran\piratiiin may bc calcuiatcd ihn~ugh:  

In which 
KL : Gliihal radiation I W / ~ ~ I  
F. : Specilic cvap~>raiion heai rif the water [Jlkgl 

' I  : Psychrometric constant IrnharIKI 
A : Slope <>S thc wturation watcr vapour temperature curve at air tcmpcraturc ImbarlKI 

Combination íif the Pcnmann Sorrnulri and thc Makkink formula reiuit\ in: 

In which 
6 : crrip Cdctar Penmann 
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rnonth_ 
decade 

pra\i 
LCIC:,~, 

Iliillli: 

p«i;iioc\ 
\ u p "  IhWl\ 

I c p i i i i n i , i i \  l i l, i i i i\ 
I'I:,,,! L , , ~ , ~ ~ , , ~  

v i i r i r i p  o r i i i , r l ~  

'I,,C<,<~ 
winter t , ~ r r o I \  

cc l c ry  
I c c k i  
I > U  l> / l u l x  L,,>[h 

,,011i<./\l1111c l11111 

( l u l l i  p r i i u l i l  

11'1 l i 1  

1.0 1.3 
I i X  I 0  
l . ?  1.2 
I 0 I 0  

( 1 %  i i X  

l i j  1 , -  
11s 115 
117 l i ^  

l l i  1,: 

1 -  0 ' 1  
1.6 I 0  i 

P 

I 
I o 
1.0 
I I 
l .2 
l . ?  
I o 
l 0 
1.0 
l h 

1 X 
) X  
17 
I ? 
l 7  

?r 
111 
0.Y 

I ? 

l 1  

1.1 
1.1 

o '1 
I .? 
l . ?  

- 
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Appendix B Staring series 
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~ ,~ - ~ 

O ( % l  hij 13 v r r r iq%n ><rirrlii:. resp. p r  

1,l 2.0 2.3 
~ . . .. 

O, llrrnl I In )o 3;  5n I n n  >!n 533 w*l lm ~ u i , ~  10000 1mno 

PP 0.0 1.0 1.3 1,s 1.7 2.0 1.2 2.1 3.0 1.4 3 . 7  .~ ~ ~ 

1I I IVCNClIONLl~N 

4 0  l 31.7 3 0 . 9  3 6 . 2  1 5 2  ) ? . R  27.1 ? l  1 1'1.6 1 5 9  l ? , !  1 1 . .  9.9 2!.? 2 2 9  18 X 
1!111 / 44 R 40.8 4C.I 19.6 l&  9 37.7 35.1 11.9 2 b . l  I h ! S  7 I<.$ I d . ]  2 4 . 5  13.4 2 :  t, 

i R  O 24.7 11.1 1.0 i 7 2 . 7  ' 0 
l 1 l l ' r 5  7 1 5 . 1  h 

' l  7 I , 7 5 I S  4 ; 
1 ., l l l .  2 L.' J i 

1 3 1  1 1 . 1  7 6  4 6  j' ? i  ! C  

h l  I 
i!li 
1116 

U I %  

1.1 
1.1 

1.6 
!,L 
I .i 

l i  < 
a 1 

9.1 
11.9 
I b  6 
1 1  1 
32.1 
i , !  

I ' . .  
i >  l 

51 7 41 .2  46.1 d i ' >  45! 2 ! , 5  ?',,d 34,; 2'1.7 !:.O 2 '  i ! Y 8  1 7 0 ' 2 8 , Z  2 6 6 7 1  

5 1 E  5 1 , '  12.4 5 , >  \ ' ; . S  4Y.5 4 6 4  $ 3  1 40.5 ?f , , ?  l 1  l 10 l 7 8  l ??,X 21.4 IQ: 
l 7 6 . 8  4 b l  8.9 5 d .  l . !  2 .  11.6 14.5 1?.'1 4'; P 46.0 40.1 
71.! b 7 8  4 8 5  i?.! h 1 . i  111.9 53.9 4b.6 44 fl 1 0  14.5 3C6 27.9 17.1 1311 7 1 . 7  

1, '  )!.i 11.0 J . ?  
2 . '  ' l i  10.8 9.0 
2 . 3 ' 7 4 . 7  :,?,l !Cl7 

!.<l ? G . I  ~ i i i  l i d  
1 0 :  i 0 4  6.6 d : 
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Appendix C Translation 
definitions 

hydroloyische kringloop 

afvver 

afvocrharc nccrilag 

afwateringsstelwl 

hcrginpcapaciteit van de onverza<ligdc zone 

capillaire opstijging 

capillaire z r i m  

dcprcsiieherging 

drain 

drainage-afvoer 

cvapr~ratie 

evapotranspiratic 

gri~ndafvocr 

grc~ndwatcrstand 

gr<mdwatcr',iandidiepte 

hydrolrlgischc kringloop 

infiltratie 

infiltratiecapacitcit 

intcrccptie 

kwel 

necr\lag 

,intensiteit n e e r d a ~  

nccr\lagovcr\chr,t 

ncito neerslag 

ílnvcrcadigdc zonc 

riritwatcring 

~ippcrvlakte-afv~ier 

percolalie 

xhijrispicgcl 

\chijnipicgelalvocr 

Encilish 
hydroloyical cycle 

dischargc 

clfcctivc prccipitatiíin 

drainage iystem 

itriragc capacity o f i h c  unwuratcd zone 

Upward capillary migration Icapillary rist 

capi1l;iry fririge 

Storagc in surfiicc depreisions 

drain pipc 

drainagc 

cvaporatir~ri 

cvapotranspiraiion 

gr~iuriù waicr dixhargc 

ground watcr Icvcl 

dcpth OS thc groundwatcr Icvcl 

hydrologie cycli. 

iniiltration 

inliltraiion capacity 

intcrception 

\cepagc / exíïltraiii~n 

prccipitatirln 

prccipitatiori ititeri\ity 

prccipiiation 

prccipitaiivn exccïs 

iinwuratcd zrinc 

drainage 

wrlace rurioff 

pcrcolatir~n 

pcrched water tahlc 1 apparent watcr tablc 

interflow 
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i , ,  : , I ,  8 ,  ' ,  l ! , l ,  ' , ,  

, 8 ,  1 ,  , , , l , , ,  , ,  , , 

, ; ! l  , . s , , ,  , : . t l i ,  , ! , l : #  1 :  , l & , ,  ' / & l  \ l  ' > l  , ,  : ,  , 
4 , , ,  . 

I , ,  , .  : , # s  , , , , , i  

Often variouï term\ with the \ame m k i " i ? ~  y c ~ n  ci&atioi. ]t is i r iporpnt  to 1- &adiitiility to &ïvocally,defik! 
the terms used. The definitions o f t h c  terrhs ie  wdir lg ' thc hydrplogicil C)cE aie !+pt 'i'"accord&ce with the , c "  : -  7 , I ,  
definitions listed in the hydn~logic g1&ïary ( HO TNO, 19XX), whenever PÒssible. &$in a few cases t h k  r u k  k a s  
deviated f r o m  The terms w e d  in the description of thc water quality is kcpt to the dcfinitions gcncrally accepted in 
the literature, whenever possihle. 

Capillary fringe 

Capillary rise 

Ca tchment  a r e a  

Depth of the  ground  water 
level 

Discharge 

Downward seepage 

Drainage 

Drainage 

Drain pipe 

Effective precipitation 

Evaporat ion 

Evapotranspirat ion 

Field capacity 

G r o u n d  water  level depth 

Hydrolugic cycle 

The pan  of the saturated m n c  111cated dircctly ahiwc the phreatic u r f a c c  

Upward flow of water a h w e  the phreatic surface 

An arra  from which the outgoing watcr is discharged by onc specific water- 
coursc. 

The height cumparcd to a rcfcrcnce level of a priint whcrc thc ground water has 
a prcswrc height that equal\ zero. 

Instantanious dischargt: int0 a canal at a givrn píiint in time, in volume per time 
interval 

Downward flow «f groundwatcr 

The discharge of water fríim plots across and thrr~ugh the ground and in some 
events through drain pipeï and gullies to a Tystem of larger watercoursci 

Flíiwing off rif ground water through drain pipc5 

Cndergrr~und drainage pipc\ with a pervious or perforatcd wail, which serves to 
discharge ground water. 

Part of the precipitation that i \  discharged from the surface or suhsoil into the 
surfacc water. 

Evaporation from open water, interception and ground 

Thc total of cvaporation and transpiration 

The water content that is found in the toplayer <]f the s i~i l ,  a few days after a wet 
period. This is not constant a \  the ahwrption pressure varie\ depending on the 
depth of the griiund water level. 

The distance between the ground surface and the ground water level 

A continuous pnicess in which water circulatcs from thc oceans through the 
atrnospherc and the riverï back to ihc occans. 
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I'recipitatii~n exie\\ 

I'recipitation inten\it! 

I'rccipitatiim \iirplu$ 

Storage capacit? 01' tlie 
iiniaturated m n e  
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Wilt ing point The watcr content of thc wil at which i r  i s  no Iongcr pmssihle for the plant tr1 

ahwrh the p u n d  water by rneans o f  the nmt\. 

Adsorption 

1)enitrificatir)n 

Desorption 

Dry deposition 

Immohilisation 

.Mineralisation 

Nitr i í îcation 

Phosphor fixation capacity 

Reaction processes 

Kunuff  

Vulatiltzation 

Washing out 

Wet deposition 

Fixation of \uh\tanccs tri w i l  partiele\ 

Keaciion prrlceïs duririg which nitrate i\ converted intc N2 hy denitrifying 
hacteria ianuxic and hetcr~itrophic circurnstances). 

Hcing releascd of suhstanccs which are hound to wil particles 

KcilCtii~n~~~l'ec~e<~lin'MkI3<*ii+'&tii(g kdhth V I I H C ? ~ ~ Y  ~b&!!ijnbhi:l]!" ' d ' l \ d \  

, 1 ,  i i : ,  l i , , ,  s;. , , i  i I .  . \ l i  i,, i .iii,~i.il I>! l \ i i >  ,I'.I>'.'I, o,, l l i < - < i , i  li.,iiil 

~it~hai~~tfibhs~ahi.~+~hrOh~~~~~lrb~cl.dikrhhrYPl'"~"~'~\' ~ ' I ' I ~ I " ~ ~ ~ ~ ' ' ~ ~  
i . i I I  I C  '.11iI l i ,  I,I1I, , i , ,  l i l l . < , l l < i l l ,  o 1 1  1111. ~ i l l l i l  llilllil. 1 1 1 ,  \ l i \ l l  < . \ l \ l ~ .< l  l i ,  

' i h d ' t r á ~ ~ ~ ~ k w ~ t i i ~ ~ ~ o f i ~ ~ 1 i ~ 4 1 ? 1 ~ ~ k f ~ Y h  dlfi~)blll'~~~rllli,\thc gas phase. 

l i  ili. Il '" ll'll.lll"" i i l i i i I I  i i i i i l i l i  1",1;'"1.'1" ,.iiliiliii!i\ \\i,,. i~l l i . , ,  < l l i i .< l i  \ l  

Djrclaar& w R l ; ~ ~ u b t y ~ ~ , ~ ~ ~ u &  ~ ~ ~ ~ 4 , u i a t e r i r ~ ' y U f 1 , ~ 1 !  i,L,. I , . , I I~ . ,~L ,i IIII II L .  

. i i i l . i i i  . : i11,  l i  \ , l i  I l i ~ ~ i i . l " l ~ ~ ) '  lil, Illi \ l l \ l l r \Ol  IIIC L l \ i . l \  C \ I ~ ~ I I \ I I I I I >  I,,.,! I k  
Suppl~@li,$&tfi~qx&htough precipitdtion lii l l ing onto rhc grwnd. 

Hydrograph description 

Description water quality 
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L w & B v e r v i e w  sym boles 

a 1-1 Ci~nvcrsion factor units (= 10112413600]) 
b ~ ~~ 1 - 1  Conversion tactor units (- If)flfJ~f24*36fXljf - 

6.1 General 

I,,,", 
I, 

\mm1 Maximum storage in ground d e p r ~ y ~ n s  j ,  I , ,  , , : ,  , 

Imml t o r a g c i n  i r  p und dcprc\siun\ , , 

Immiday l Actual evapr~tranipiratii,n v .  , '  , , '  , , ,  , , ,  8 

Immidayl Oben water cvap~;ratinn Panmann 
Immidayl ~ e f i r e k & ' c r h ~  evaporatib" Makkink 

, , , <  1 , .  , , 

Immidayl '1nfi1tr i i i0h 'ca~acit~ i 
Imniidayl Infikration inieniity 

. ,. 

o k, Idayl iTitqe çoqstanl r w ~ r v o i r  sqaratqd,pqwapp qyqtqm uurt&cq , I  , . , l 

k, Idayl Timcyngiirnt rewuoi r  q u i ~ k  grpqndn/&qr,.dr~jnagc , : 

k,", Idayl Timc constant reservoir surfacc drainage unpaved iurîace 
k,  I d w  iTim: coqstant ?qsçivuir pavul figrPsw , , 1 r , ,., ', , , 1 , , 

Immidayl i I I i , ,  , , N  

, , . , , . , , ,  ' 

Immldayl Effcctive prccipitati 
Immidayl !@ff~~tivcipreoipitiitiori p w w i  hurfitpe I:! 1 1 :  , I  

Immidayl Effective prccipitatim unpaved wrface 
Immldayl PwLo/ ,~~~IY\  ~ J G C W T J ~ ~  bctwwp p I m i n i u r n )  
Immidayl j .  , , , . , ,  , !  

I I  I , ,  

Immldayl Specific runlifl open water wrface 





I kg Nis] 
1 kg Nis l 
lkg Nlsl 
(kg NIS/ 
[kg  Nlsl 

I kp Ni\] 
I kg Si\l 
Ikp Ni\] 
Ikg Si51 
Ikg Wrl 
I kg Nirl 
[kg  Nis] 
I kg NA1 

I kg Nlsl 
Ikg Nlsl 

Ikg I'Al 
lkg I'i\l 
Ikg I'l\l 
Ikg I'lrl 
I kg Pis l 
I kg Pis l 
[kf r'isl 
I kg PIS l 

Animmium-N Imad secpi<gc/pcrc~ilation 
Amrnoniuin-N li>ad ulow p u r i d  water mnoff unpaved rurfacc 
Amm~~niuni -N Iimd surfacc runoff unpavcd surfacc 
T3tal arrirrwtiiurn-N Ibad ' , ' ' ' , , 

! ; , j  ' ,  

Arnmotiium-N load linpaved wrface 8 f , ,  i )  ' 
, , i 8 N , ,  . 

N i t r ~ t c  kiad open w a m  \urlace 
, ,  , Nitrale líihd k v e d  \tiflace , 

i i~trdto klad ceepage/pcrcdlati«n ' ' ' ' ,  I I 

h'irriite h a d  quick ptound waterrun~ift '  uripaved Vuríak ' ' , '  

'\iiratc Irnd i low g n ~ u n d  water runolf unpavcd surhcc  
Niiraic Ioad \urfacc runoff unpavcd \urfacc 
'%al ttitratc Ioad I 

I , I ,  / l ,  I 

Nitralc loidbripav&d surl'uce 

Organically fixed nitrogeri crmccnirlitim paved surhce  
Chganically ,fixcd nitrogen concentratiori SiirfacB drainage uniiaved 

/ i  surfliLu< ' ' 

' 1  : 
Phoiphm load q x n  water uurfact 
IJhri%phi>r l i m l  pavcd rurlacc 
Phr~rphor Ir~iidrctpage ' ,  , , ,  

Phrisphor Imd quick g r h n d  water runol ' lunpavd~urfacc  
I'Ii~i',phhor ! d d  slow ground watcr runriff unpavcd srirfaw 
I'hi,\phr,r Iuad surfirce runíiff unpa\,cd wrlacc 
Total phosphor Ioad 
I'li~isphor Ioad unpaved suilace 



2.1Admde slag met DMS 

In dit hoofdituk wordt stapNi1ilr stap een simpel vi~i~rhceld doi~rliipcn. Dit 
hoofdstuk i \  hedilcld voor die bekend wil raken met het 
invoeren van de gegevens, en het bekijken van 
de re\ultaten met behuln met de eerste 
stappen van dit voorhceld, moet allereer\t het programma ci~rrcct geïnstalleerd 
zijn. 

, , ; , l l l ~ l  1 ,  , ~ 

,,, , , ,  ; , ! , l 1 1  ,l,,*,! ' ! . ' 0  

8 ,  I i ~ , , l , i . ! '  - 1 ,  I ' l ,  
1: 2.1. Definieer een Project , , , ,  l , , ,  , ,  
1 :  l  l ,  ' , :  l  

Na hei starten van het ~ r i ~ c h i m m a  Duflilw Modellinx Studii] IDMS), kan je een 

- - 
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. - 
Priliect definiëren door het Nrw commando u k h e t  File mrnu te selecteren. Het 

\ l i  l , , h  
Kies een naam voor het Project, Qjjv,ot~$p&ld Repo.gen $uh-directory wordt 
automatiich aangemaakt door PMS, de Ip(igtiq,yu? ,&&G sub-directory kan 
worden aangepast deur cenp&rp+d,in,te wp69.1n heqLocurion veld. Door op 
Crealr te drukken wordt een nieuw príiject gecreëerd. 

\ 
DMS heeft nu het scherm geopend, dat we de Swnurio Munugrr noemen. De 
Scenario Manager toiint a112ndMig gerS>e& projecten, met bijbehorende 
Scenario,, in een boiim s t r ~ t ~ b + : E W ~ d e n a r i o  bevat een verzameling van 
gegeveni, die zichtbaar wotdWhf:b&dM'jhei! Boor het aanklikken van de plus of 
minus in d e  boom. o 
Als de Scenario Manager Vy$rJpy,~&t f~ihttpoj', kan het te voiirschijn 
worden gehaald door middy),,van,de, &~~ur i ( , ,Munupr  optie uit het Virw menu 

De Scenario Manager zi~rgr'krvoor dat er, binnen hetzelfde Project, met 
verichillende verzamelinge() y q  g~&yçnu,ge\yerkt kan worden. Het is 
bijvoorbeeld mogelijk om qeq,)lp&tbvan twee Scenariiis uit tc voeren met 
identieke invoer gegeveni, fpe ty jyf~qdyjny  yan,$e neerslag. Dit geeft de 
gcbmiker de mogelijkheid vfl.~##$Jj1<,re.>ulpIen van een zware regenbui te 
evalueren. De Scenario kar$$elf,d%,iny,qe;r g p j ç v ~ q + , b ~ y p t t e n  of het kan 
verwijzen naar de invoer gt$gqypqs van een ander Scenariu Elkc Scenario 
regi\treert een verzameling:y+q g ~ @ , ~ ~ n s .  Per verrameling kan de gebruiker 
be\li$sen om de gegevens in, de @yq,$ppirrio directory te bewaren of o m  de 
gegeven, van een ander Sccnariu ,e vqkri jgty. .  , ; 
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2.2. Ontwerp het netwerk 

I l c t  Uc i i \ c rh  h;iii r ipgchi i~ i \< i l  u i i r i l c i i  op c i i i  ~i .<>pi; i l ' i \ i l ic ; ~ ~ I i i c i ~ r i ~ i i i i  i l ix i r  <IC 
<,piIC l ' , c  qc,,y,,,/i/,l< , ) ,< , / l  0 %  l,<,< Lyrol,ll<! li l I1ci I~ I~<~, ,~~LI  l ' l~,q,~i l lc\  ~II~II,,,,~ 
x t i c r i i i  mii 11. /ct ic i i  1111 <Ii:iIiiii: \cl icr i i i  i i o i i l i  / icIi ih;i: i i i l imi l ic i  P r i i p c i t i c ~  
io~mr!i;iri<lo IC ~ C ~ C L I C I ~ ~ ~  1111 l i c l  I ' r i~ jcc i  IIICIIL~ 

( ;cI>wik c k  .\dd k w > p  CNII !,;~;~i~tIagcn loc k \<K::CII , ~ m  hei \ c l \ ~ c i ~ h .  l ) \ lS  <)pcti l 
l i c i  0 1 1 ~ 1  1 . 1 1 ~  rli;iliiii; i i l i c i i i i .  ; l I lccri S l i ; i ~>c~ t>c~ i :~ r i c l c~ i  kii i i i icri ychru ik i  uí i rdcr i  

de hu;titl;ipcii i i i l I \ l S .  Sclcciccr Iici I h c ~ i ~ i i i ~ l  ~ a t e r . \ h ~ l  iiii dc <I i rc i t i>r)  
~{I,u/I!/!,>M P j t ~ p  i $  , S / i ~ ~ ~ w ~  111 lict f C i k  (Jpc i~ h , ~ l o , i ~  ~ c l l c r i i ~ .  1111 Shapc-hc~t i i r id 
hc\;>t dc' w a ~ c r l ~ q ) c n  \;in IIC W m l  lbij 1 h 1  P O ~ L I I  



l iet  Netwerk window lal  er als volgt uit zien: 

q Gebruik het Inzoom mechanisme om gedeeltcn van de geografische achtergrond - = In%,,orncn verder in detail te bekijken. Nadat dit commandrl is geselecteerd (uit het menu u i  

, N ,  vanu,it d: w c l b a l k ~ ,  zal d e  c u r w r  veranderen in een vergrliíit g l a \  Ilet slepen 
. , va( het "&groot $+s l i i t ' e e n  rechth~iek achter o p  het scherm. Deze rechthoek 

' , , , ryr l \en$ir t  h? ehied dat vergrímt zal worden (de rechthíiek wordt uitvergrmt f '  . ' 
totdat het h'etber windriw gevuld is). 

= b'ewuur het ukrieve 
Bewaar nu je activiteiten dímr middel van het Suvr c i ~ m m a n d c  van het Irk 
menu. Doe dit regelmatig ! 

projecl 

w = 
Knoop 

= Sectie 

Duor middel van het slepen van de objecten van het Netwerk Palette. wordt het 
netwerk getekend. Kie\ het Knoop mechanisme van het palette, en klik »p twee 
afzonderlijke positiei in her Netwerk window. Kie$ vervolgens het . S r c t i ~  
mechanisme e n  klik met de linker muisknop o p  één van de twee knopen. 
Beweeg de muis door de .Secrie te slepen van de ene knoop naar de andere. 

Als de lijn tusïen de twee knopen gestippeld is, betekent dit dat de knopen niet 
goed verbanden zijn door dc  Sectie. De  Knopen worden op een juiste manier 
verbonden door het <;ele(.teer mechanisme (de pijl) van hct palctte te gebruiken 
Pak hei einde van de geselecteerde Sectie op en sleep deze richting de andcrc 
Knimp, totdat er een doorgetrokken lijn unt\taat tussen de twee Knopen. 

De profielen van dwarsdriorsneden worden aan de Sectie toegevoegd d u w  het 
Cro.i.\-.Scí.tiofl mechanisme van het palette te gebruiken. Als de gegevens over de 
dwarsdoorsnede gekoppeld zijn aan de Sectie, wordt dit mechanisme blauw. Als 
de Crms-.Tewion niet luist aan de sectie is gekoppeld blijft het object gestippeld. 
Zolang e r  geen gcgïvens ovcr de dwar\dr~r~rsnede zijn ingevrxrd blijft d e  Crois  
.Se< trrin gearceerd. 





, '  

= Bewerk Eigenschappen 
: van Netwerk . . 

(hlerten 

, 

= StW 

, I 

Ander-r kumlwcrken: 

3 = Sif in  . , ' ".,,' c 

q Duiker 

= Pomp 

= ~ l p r m e c n  kuni rwrk  

Kies O K .  OK en OK, het Uiver schema is nu  gekoppeld aan één van de Crr~rs -  
a?[ iic,ns. 

Nu kunnen we he< River schema aun elke Cross-.YetVirin in het netwerk koppelen 
door de Ohjecr - Prop,p<.rries optie te kiezen dit het E d i ~  menu. Het Ohjrcr 
Properlir.\ dialoog hcherm wordt nogrnauls getoond, nu is het echter mogelijk 
om de eigenschappen van meerdere rhjecten tegelijkertijd te wijzigen. 

Omdat DMS veel invoer gegevens nodig heeft, is het mogelijk om in één keer 
gegevens in te voeren v i ~ m  mecrdere objecten In het Ohjerrs r o  Chunpe combo 
veld kan rncn keizen van welk object d l  eigenschappen gewijzigd moeten 
worden. 

Selecteer All cross secti»n;van het Ohje<r.s ro Chunge combo veld en selecteer 
onder Schernr het schema Uiver vanuit d e  keuze lijst. Klik Ok en alle C r o w  
Secrion.\ in het netwerk zijn nu gekoppeld aan hetzelfde schema. De C m s -  
sec rio n.^ worden nu blauw. 

Voeg nu een kunstwerk - hier eeq stuw-(weir) - toe aan het net\r,erk, door d e  
rode driehoek van het Netwerk palette te gebruiken. Plaats de stuw a l  volgt in 
het Netwerk. 

Op deze manier wordt er  een kunstwerk tiiegevoegd aan het netwerk o p  de 
tweede uectie. Voordat d e  DUFLOW berikcning van start gaat zal deze sectie 
automatisch in twee apanc secties wordcn opgedeeld. 



I3cgiii \.c~i~ru.a:irilcii i \orclcn xiii hct i i c t u ~ . r h  i o ~ ~ . i < ~ c ; d  ~ l o o r  IICI /I~II~U/ 

íiiiidtiiiiiii ~oi i i r i i ; i i i i I<> uit lict Sccriariii i i i c i i ~ i  I C  gchruihcii. \ 'o<>r  d l c  K i iopcn cn 



Schemati\atie punten kiczcn we ecn initiële waterhoogte van h meter (hoven het 
referentie niveau). Gehruik de Set Column.. . knop. Kies v o i ~ r  de kolom Lcvel 
en vul de waarde in. 

Na het definiëren van een \chemati\atic puiit. kan een Neer\lag tijd recki gcrct, 
var1 het Pr~ripirur ion dialoog 

winiponccrd r ~ f  aangepa\t wi~rden dour middel van het tvuporutiori dialíiog 

d e f i n i t i o n S h e r m .  
Mumentcel wordt de lengte van de Secties berekend door de Netwerk editor aan 
de hand van de onderiingc positie\ van dc Knopen. O m  het ontworpen netwerk 
meer rcali\ti\ch te rnakcn, kunnïn we deze Sectie lengte, ook r~ver\chrijven d i ~ i ~ r  
zelf gedefinieerde waarden. Voor elke Sectie kan de waarde van de lengtc al\ 
volgt aangepast worden in het SP< tirm 0hjeí.r P r o p e r r i ~ ~ ~  dialoog scherin: 

Referente Manual RAM 

'IIIII M I  ~ l i ~ l c i ~ ~ ~ c l ~ ~ ~ ~ ~ c  
Nu zetten wet lp  de een tc  noop cn randvonrwaurde. Kandvr~orwaardcn 



2.3. Definieer en start de berekening 
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Op het DI:FI.OW tah blad is het mogelijk om DUFLOW-specifieke simulatie 
opties te definikren. 

I l i c r  kan gekozen worden voor het type berekening. Voer allereerst een F low  
hcrckcntng uit o m  te cr~ntrolcrcn o l h c t  Network juist rmtworpcn is. Als  de F low  
herekening ccnmaal geverifieerd i s ,  kan een kwaliteit5 model toegevoegd 
worden. In dit dialoog scherm worden de details van de kwantiteit\ en kwaliteits 
herekening gezet. Men kan hier de naam van het het Quulily mildei defïnirion 
bestand invoercri. Zorg crvilor dat d i t  hestand geplaatsl i in de Scenario 
directrry. 
Door op Ou tpu t  Variahles... te drukken. kunnen de variabelen van het 
kwaliteit.; mr~de l  geselecteerd worden voor uitvoer. 
I n  Special Contr r~ i  worden de speciale stuur gegevens ingevoerd. zc>al\ het 
drempel niveau, dat aangccfl h i j  welk waterpeil het droogval rnechanime 
geactiveerd zal worden. (Standaard=O.lO m). 

De hcrekening wordt geactiveerd door de Updorp AI/ optie uit het Culrulutir,n 
menu ii,f de Cu/< ulur? knop van de werkhalk óf de Culrulure optie van het 
Scenario snelmenu). Het Oirrpui window toont het initialiseren van de 
hcrekening. Het zou er als volgt uit kunnen ~ i e n :  

Startng network consistency check.. 
Startng Duflow conversion ... 
Duflow conversion completed. 
Writing boundary flow file C:\Winduflow\Exarnples\Demo Scenario\scenario.BND 
Writing network file C:\W~nduflow\Exarnples\Derno Scenario scenario.NET 
Writing inita Iow file C. Wnduflow Exarnples DernoScenario.scenario.BEG. 
Cornputng mode: Flow 

De Stuius Huik toont het verlor~p van dc berekening i n  tijdstappen. Het ZIN er als 
volgt uit kunnen zien: 

Cornputing flow t241 744) 

Het Ourpur window wr~rdt  zichtbaar ( o f  verdwijnt) d w r  middel van de O~irpur w = k O u l p  I i,ptic uit l,irw 



2.4. Tonen van de resultaten 



Als d e  keuze als in het bovenstaande dialimg scherm is aangeklikt, zal D M S  de 
v~ilgcndc grafiek tonen: 

D w r  de .<;l>ur r Gruph wlindow optie vw hct Scenario snclmenu te  kiezen worden 
dc  resultaten ruimtelijk g c t r ~ m d .  DMS zal het S p ( c  K(4ured Gruph dialoog 
\chcrm iipcncri. Allcrcer\t ni<iet d e  route die de graliek door de sectiei heen moel 
lopen gedcf'iniccrd worden. Dit gchcurt door het achtercenvolgens dubbel 
klikken op de gewenste secties. Een rouw bestaat uit één of meerdere secties. 
Nadat de roirtc i \  gcdcf'iriieerd en ge\clcctcerd, kunnen de gewenste variabelen 
aangeklikt worden. h o r  de knoppcn onderaan de grafiek aan te klikken kan de 
grafiek in het Spacc Relatcd Greph window vooruit en achteruit in d e  tijd 
d<ir>rlopcii worden. 

I k  uiteindelijke ruimtelijke grafiek ziet er dan al\ volgt uit: 

Om de resultaten al\ tck\t weer tc  geven in een tabel kies voor de Nuw ?>x1 
~ i n i l r i w '  optic vunuil het Scenariil \riclmenu. DMS opent het 7ïme Kelurrd Gruph 
dialoog schcrm. Onder het I>UFLOW tah blad wordt gedcfinicerd welke 
variahelen o p  welke \cctie\ wccrgcgcvcn moeten worden in de lahcl. 



2.5. Kwaliteits model e 

2.5.1.Definieer het Kwaliteits Model 

1 .  DIJFLOW COUPZE IE6EIJAF'f 1'398 
1 :JiIPLE ?PJ.CEPl<rlUEI. 
1- HIIJNE PE77ïMA Si-'11-1991 
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2.5.2. Begin Voorwaarden 



2.5.3. Externe Variabelen 
Di\periie i \  een externe variahele die in elkc Kwaliteit5 model gedefiniecrd moet 
worden. Wc voegen een cxtcrne variabele toe door middel van de rechter 
mui\knnp o p  External Variahlcs in de Scenario Manager. Selecter de externe 
variabele 'd' van het Modify h x ~ r r n u l  Vuriuh1e.r dialoog \ c h e m  en kies dan 
Modify.... Kies vervolgen\ Add. .. in het .Sclei.i S ~ h e r n e  d i a h g  scherm om het 
volgende schema voor diypersie (d) in tc voeren: 

Nadat het schema voor de Externe Variabele is aangemaakt moet dit \chcma 
gekoppeld wurden aan elke Knoop, Schematisalie punt en Kunstwerk. In dit 
voiirbecld gebruiken we hct \chcma HiverDisp voor elke object in het netwerk. 
Open het Ohjecr Prr~perl i r r  dialoog \cherrn door te kiezen l.di1 - Objecc - 
Properlies. Selecteer vervolgens Al1 Nndes en dmk up de External  Variahles.. . 
knop van de DUFLOW tab. Achter de External Variahle 'd '  kan nu het 
HiverDisp schema geselecteerd worden. Herhaal deze actie\ voor het 
Schemati\atie punt en h ï t  Kun\twerk. 



2.5.4. Randvoorwaarden 

t :  k c i i  hi i ; i i i t i ic i i \  r;iriilv<,or\i;i;irilc ,iiiidi.r vcii hii; i l i tcit\ rori i l \ i i i>ri ia;irdc 
l icc i i  ceii .pc~!;i lc hctchcii i\. (Iic ik hcrchcriiii:\ ri.\ultotcii hari 
t>ci i i \ l i>ci lc i i .  111 ii<>riii;ilr \iiu;iiic\ i \  lict il;i;woiii i i i~ ,~ i l~ ; i l \ t . l i j k  i i r i i  een 
hv.;i l i ici i~ i ; i i i i l i i~<>ri i ; i ; i i i lc vo i i i  clhc h\r;!iitiicit\ r;iiiil\iii)rir;i;irilc IC 

d c l ~ r n ~ c ~ c o ,  ,cll\ ;d\ er \ I e ~ l i i \  ,prAc \ ; t r i  LIII~IIOIIIL~I~ i$;tier (111 de r m d .  

2.5.5.Definieer Berekening 



2.6. RAM 
De hierna volgende \tappen kunnen slechts uitgevoerd wt~rden mct een juist 
gcïn\tallccrde K A M  c m p o n c n l .  

2.6.1 .Neerslag en Verdamping 
k n  belangrijk onderdeel van de benodigde invorr voor KAM i \  dc  neerslag en 
verdamping. Om de le  gegevens in te voeren, moeten de volgende stappen 
i~nderniimen worden. 

Kieï het Precipirurion ciinirnandc uit het Scenario menu. DMS opent het 
Prwip i fu~ion  dialoog x h c r m .  In dit d i a l ~ ~ o g  scherm kan een Neerdag tijd reeks 
ingevuld worden. Druk ccrst o p  de Insert Ilef'ore knop (lm het hegin van d e  tijd 
rcck\ in te voeren. Druk vervri l~en\  o p  de Shift ... knop i ~ m  het Shifl Vu1uc.r 
dialimg scherm te openen en verander dc \tart datum en tijd van de tijdreeks naar 
I januari, 1 Y Y X  ondcr Sr1 NCW .Slur1 Iluií, & Kmc.  Tcrug o p  het Prec~pi iu i im 
dialor~g xhcrm.  druk op de Insert After knop. DMS voegt ern nieuwe regel toe 
aan de lijst. Hcrheel deze actie 10 keer. Selecteer de eerste rcgcl van de lij\t. 
DMS hpringt automati\chc naar het Value veld waar een waarde voor de 
Nccrdag in inmidag ingci,uld kan worden. 

Vul de volgende waarden in: 

We willen de Dutlow herekening laten hcginncn in januari 1WX 



Im Sas; 

2.6.2. Definieer het Oppervlak 
O r r i  lict ik alvi icr \;i11 ik irnchtcr i  ri;inr cci i  Kri<,<,p iii tict r ic t i ic rk  uit tc rekenen. 
ticclt I<:\C1 iiivi,cr iiiih: i i i c r  tic1 opper\ l;ih r<mli ,r i i  di. dc\hclrci tcndc K n o i ~ p .  
, \ l lcrccr i i  i i i i ~ t  ccii ripper\ lak L~I~YIJ iri l i c l  i i c t i i c iL  ;cdïfir i iccrd \< i~ rdcn .  t e n  
A r a  u i i rd t  al t i l i l  gchi>ppcl i l  xari ccri Schcrii;!ii\atic Ipurit. Ori i  ccn Arca toe i c  
i o c y c i i  a;iri t icl S c l i ~ c r h .  \lci.p hct :\rc;i ithlcct \;i11 di. P o l r o c  ucrhhalk  naar hcr 
Sc1icr11;itiutir pi1111 ) \ l \  ,IC A r c ; ~  pchoppclcl I ,  ;i:m IKI S~hc i i i ; i t ~ \a t ie  punt. /al het 
groen i,plicliic!~. ai&<> ml l ic i  ~ C I I I ~ O C I ~  hI t j \ c l i  

I>uhhclhl ih 011 lict Arcn i ihjcct iii het S c t u o r k  u i r i r l o i i  < i i n  de c iscnxhappei i  <>p 
ie  gc\c i i .  1l.VS loiiiit het O/I;<,(I  Pioy~<~riri.~ di; i I i )~ig ichcr i i i .  O p  hei  (icneral tah 
hl;id h;rii I ici tr,t;ilc <,ppervl;ih 1 7 i i r ~ i l  \iil-/~ii ? J  \;m tici gchicd opgcgc\c i i  miirdeii. 
I r i  i 1 1 1  gci: i l  i \  ik i>ppcr i lok tc  10000 lia i lc+X i i i  i S c l c ~ t c c r  lict K A l l  tab blad 
im i  dc I<ZW\ l i cc i i 1ckc  gegeicr i \  ,q> Ie g c \ u ~ .  

Ik g c p c v ~ 1 ~  \c,or <IC ,Arc;i ~ i l n  ~ ~ i i d c r v c r d c c l i l  in I i ,?i i ihc c;itcporicCii. Eeri 
t r i  h c ~ c l c i l ï c i < l  u i r i dc i i  uit dc 111't. 'x lcclcer ik iatcgoric Ai-eu cri 
i p c u l i i c c r  l ic l  Ix!~cc:Biiagc f . ' i ip~ , \~ l  ! ~ i / < i i c  <,p IOO'r 

Sclcctccr Q lirii/,iii cd  > i i l / o i  <,J vim (IC (,itcgiiric l i j r i  I l \1S tiiiirit de Lr ipaved 
Surlacc gcgc\c i i \  xiii i lc rcil i tcrh;i i i t iai hct i l io l i i i ig x h c r n i .  0 r i i i l ; i t  ik gcgc\cn\ 
van <IC l : i ipavcd S u r l x c  rioptil i i~ tpchre id  / i i r i  cri < m d ~ ~ t  / c  d11;tnhcIiJk /.ijn Lan 
tici t y p  n p p c d a h .  i i  tiet i i i i igcl i jh o r i i  i r i  K.\ \ l  i i ict x l i c i r i a ' \  te uc rkcn .  
I l i c rd i><>r  i \  hct iiiiigi.IiJh <m ik L:iip;iii'd S u r l x c  in \<>i , r  g c g c i c r i  opnieuu i c  
gehrii ikeii voíi i ;~ii( lcre Kiioperi. 

KI?\ de I...] hi iop  in (Ie recliter kaiit \.;in \ i i l . /~i i  l ,IJC. I) \ IS ti loiit thc S r l r ~  I 
l ,  H / M ~  v ( /  .SIO/O, v IWIIM c l i a l ~ ~ o g  s ~ h e r n i .  0iiid;t1 cr i iog geen \clietiia'\ h c k a i d  
/ljll. LrCcrCrl U C  her CC11 nICU\IC. 



Druk op de Add... knop. DMS toont het Unpuvïd .Surfuw Serrinjis dialoog 
5chcrm. Vul de volgende waarden in: 

Druk o p  <)K. Druk op dc O K  knop in het Select Onpuied Surficr Scheme 
dialoog scherm. DMS toijnt de waarden van het Unpaved Surîace schema in het 
Ohjr< 1 %  Propí,rrie.s d i a l ~ ~ o g  x h e r m  als dc categorie Q í/lnpui,ed surfocc) gekozen 
wordt. 

ticgeven\ v w r  andcre categorieen kunnen o p  dczclfde manier ingcvuld worden. 
Voor het geval van Ammrmium, Nitrate and Phosphír,  gebruikt RAM ook 
schema'\. In k i t e  ~ i j n  d c x  \chema'\ tijd reckwn en kunnen worden ingevoerd 
d w r  middel van dialoi~g \chcmicn dic lijken o p  de Pr~r ip i ru l ion  en  Evuporurion 
d i a l w g  schernien. 

2.6.3. Berekenen 
Alvi~rcn\ de herckcning op te Xtarien, contríilccr dc invoer van het Culr.ulufi~,n 
Sciiin@ dialoog \chcrm. Het General tab blad geeft het begin tijd\tip en grootte 
van de tijd\tap voilr de kwantiteit  en kwaliteit sirnulatic. Vul nu dczelfde 



\iriiiilntie pcriode iii. a l \  pchruikt v o i n  Sccr\l;ip cii \crdaiiipii ig. í \ a n  I li,l 10 
jariuari IO'Wi. 

Ik hcrckciiirip uor i l t  opgeqart h i i r  ri i idilcl \;rii ~ l c  I jii l i irt ' -l!/ optie van het 
( ' d ~ ~ 1 1 1 ~ i ; r ~ ~ ~ r  rricrii~. l i c t  01trpt1 u i r iduu  cri (IC St;~tu\ f W h  t i~i ier i  liet \erloop \ m  
ik hcrckïrii i ig. 

Wiir i l l  ccri I ) i i l l i > i i  hcrekcriiiig riu i>pi i ic i iu i i i tyci<icr i l .  11;iii l u l len  dc re\ultaicri 
~ c r ~ t ~ ~ l l c r ~ c l  /IIII. 




