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0 TEN GELEIDE 

Met versie 3.3 is er eveneens geheel herziene handleidingen van DUFLOW beschikbaar. Zowel 
de User's Guide D u v ~ o w  MODELINC SI'UDIO, de Reference Manual DuFLOw als de 
Reference Manual R A ~ T  ri,jn vcrnicuwd. Daarnaast is cr een nieuwe versie van het rapport 
DUFI.OW Waterkwantiteits proces beschrijvingen uitgekomen. Alle handleidingen worden 
automatisch gezonden naar de DUFLOW gebruikers met een abonnement op de 
Gebruikersondersteuning & Updates regeling. 

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

De Reference Manual van IXJFLOW geeft nu ook een beschrijving van het bestandsformaat 
versie 3.0. Eveneens wordt in het hoofdstuk DUPROI. ingegaan op de de werking van de 

8 variabele dispersie en zuurstof inslag in een kwaliteitstnodel. De Reference Manual RAM is 
sterk uitgebreid door de functionele uitbreidingen m.b.t. de onverzadigde zone en de 
mogelijkheden bij het verharde oppervlak. 

Internet site 
DUFLOW heeft sinds kort een eigen internet domein WWW.DUFLOW.NI, !!! 

Vanaf de DIJFLOW site kan de allcrnicuwstc versie van DLiFLOW worden gcdownloaded. 
Gebruikers met een abonnement o p  de Gebruikersondersteuning & Updateregeling kunnen de 
wachtwoorden voor de installatie van de volledige versie aanvragen bij de DUFLOW helpdesk. 
Meer inforniatie over de »UFI.OW helpdesk staat uiteraard ook op de internet site. 

De werkr;iainheden rijn uitgevoerd door EDS met als projectleider ir. H. Reitsma. Het project 
is vanuit de STOWA begeleid door ir. J.J. Noort en ir. L.R. Wentholt. 

6 Utrecht, auguhtus 2000 De directeur van de STOWA 

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

1 .l Duflow Modelling Studio 
Thc I l u l l ow  Modcllirig Studio I I I M S )  supplic\ thc water au ih~~r i t i cs  wi ih  :i 
crmplete \ei 01 t i i i i l \. i o  quickly pcrlor in c;i\y analysis. On the other hand. ihc 
priiduct is als<, cupahle of p c r f ~ ~ r n i i n g  cornplcx, integrul 5tudieï. 

I>ul l i iw ,Vv~dciiing Studiii consi\t\ r i l  ihc I r ~ l i r ~ w i n g  cornponcrih 

I)uSl~>w water q~iant i iy  and qualiiy 
Wi th  this prograni i inc can pcr l r~rrn unslcady Slow cornputaiions i n  
nctwirks o f  upcii waicrcour\c\. I>ullow i \  al\u uïeful i n  Gniulaiing 
ihc tr;in\pi~rt;iiion ii l ' \uh\tancc\ in Ircc \urlacc Sl i~w and riiorc 
ciirriplcx waicr quality procc\\c\.  

K A V  prccipitat i ír  ru i i~ i f l i r iodulc 
Wit l i  ram orie can calculnte ihe hupply o t r a i n l i l l  to thc \urlacc 
I l i iw.  I<;iiri c:ilcul;itc\ thc Ir>\sc\ 2nd dclays that (~ccur  heforc ihc 
prccipitat i~i i i  I ia\ rcached thc \urlacc Slow. 

M ~ i l I u l i ~ > w  (iinplcincntcd in I I M S  vcrsion 3.4) 
Thi \  prograin \iiriulatcs en inicgr;ited ground water and wr lacc 
water prrihlciri hy c i~mhin ing tlic p u n d  water iniidcl M ~ i l l i ~ w  aiid 
I> i i l l r~w.  

I he pr~\ \ ih i l i ty  o l  entering cii inpiii icii i spccilic data depend\ ori ihe in\tallcd 
ciiiriponcnis. 7 h c  (!\er'\ Cuidc givc\ n coriiplcte instructiiin ahout al1 data. wl i ich 
caii he cntered in 1)ullow h l ~ ~ d c l l i n g  Studio when al1 coniponcnts are iri\talled. 

1 .l .l Network Editor 
Thc Nctwork editor o f  DM5 r,l'lkrh thc u w  a trlol for crcating a model i n  a uscr- 
f r icndy way. Thc nctwiirk cditrir i \  a graphical c d i i ~ r  thai cnahle\ you ti l 
intcrait ivcly draw thc i ic twr~rk \chcmaii/ation. Thc dc\ircd ohjcct ( c g .  a node) 
c;iii caGly he \electcd Iroin thc I'alcite toolhar. The mouw i\ u\cd to placc thc 
ih jcc t  i n  the i rc twirk  windi>w. This nctwrrk cdiiur is h a d  rm ihe St;ind;trd 
F.xcharige Forniat i h t c l i :  Siandiinrd Uitwi\ \el ings Forrnaat - SUF). which h a  
c<in\cqiicnic\ lor thc way in which thc i i c tw i~rk  i \  \ct up. 

N<idc\ are point, a i  which w c  11r more scctir~n\ iirisc or end 

Ohjccth ihai can he dclïned <in \cction\ arc: \iructures. are21 points, 
ili\ch;irge point\ and ohject\ c(miaiii ing c rm \  \ei.ti~~nnl data. etc. 
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1 .l .2 Scenario Manager 

1 .l .3 Presentation of the Results 

1 .l  .4 DMS Compared to Duflow 2.0~ 

111 1 ) \ 1 \  c i i > i \  \i.itioii\ c:ir l ic .  dciiiicil :i1 ;in! l i > i . t i i < i r i  o11  :t \ c ~ i i < i r i :  i ioi iiiil! ar thc 
1ic;iii cii-ciiil iii ilii wil i i i i i  IiLc iii l>i i l I i iu 2 l I \  i lii. I'I<>iii I ~ , \ c l  ihinft i>i i~i i \  

dcliiiicl i11 :L i t o \ i .  > e i t i i i i i  x l i i i i i c .  
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1.2 Hardware and Software Requirements 

1.3 Internet 

1.4 Installation 

I3efore startirig tlic iri\i;ill;rtiri~r pr<>cc<lurc ril'thc I>ul'li~w Vodclling Studio. clme 
;i\ inany opened ;ipplic;rtiiiii\ ;li pr,\\ihlc. I h c  prograiii rnakeh iise ofscvcrnl files 
tdll. ocx) which iiiighi he u\cd h! iitlicr ;ipplicatii]ri\. I h e  \el-up procedure wil1 
i i i l t  he ahlr co i-eriew tlic\c lili.\ iI l i ie)  are iii u\c. 

S h e  inst;ill;ition proczduic r,l ilic 1)ulliiw Modcllii ip Studio is a l w  descrihcd o11 
ihc Iriierriet. 

1.5 DUFLOW Helpdesk 
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.6 Courses 
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2. Getting Started 

In ihir chaptcr u \iiriplc príihlcin i \  cntcrcd and crmputcd in a \lep by \iep 
;ippri>ach. 'l'hi, vxtiim i \  dc\igncd I i i  help thc heginning u\cr t ~ i  gct aqua in tcd  
wiih ictiing [he input parwncicr\. pcriorrning a calculiition and vicwing the 
result\ whilc u\ing I X I  i.ow hloi>tii . iur,  s'roiìio íi>h~Y). Firsi of al1 thc Duflow 
corripimcnt must he in\tallcd corrcctly. 

2.1 Define a Project 
ASicr you have startcd i>\ l \ ,  you can d d i n c  a Prt~ject with the fir\i \cciiariu by 
chi~«\ing ihc Nrw, ciiinmand in the l i i r  menu. Thc NOM. f'r,!j<wf dialog box wil1 
he displaycd. 

Chcxiw ttic name oSa I'rqcct. bay I>emi#. A pn~jec t  contains one rir mixc 
\ccnarii>\. I h c  Iocatiim ii i  ihc directory r i l  ihc project rnay he altcrcd in ihc 
Locriiion Sicld. A suh-dircciory fix thc Sir\[ \cenarii> - hase scenaric - is 
auiriinaiically crcaicd hy i>\I\ in thc Prr,jcci directory. knier rcal valuci l o r  thc 
c c > - d i n a t e \  a i  \h~iwii in thc Sigurc. Whcri y i ~ u  huild a \chcinatixatirin rll'ihc 
water \y\icin in ihe \IJ-c;rllcd Nctwork window. thc lc l t~handcd h<iitorn corner 01' 
ihni windiiw reprebcnt\ thc\c initia1 co-r~rdinaics. Hy chuosing L'rcwrr, a ncw 
pro.ject i \  huilt. 

User's guide Getiing Started 5 
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2.2 Building the Network 
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shiipc-Silc Water.shp1 Irrirri ihc Wi,iOuflrirr/i'ii~,,~~,~ dircctiiry in Ihc l i l r  Oprn 
c l i a l ~~p  hox. Th ] \  \li;rpc Silc ci,iitnin\ ihc w;itcrw;iy o f  a rcgion i n  thc Kcthcrl;ind\. 

Whcii ;i shape-lik is \elected. I j M S  wil1 show the Chlor d ia l í~g  hox to ch~iohc ihe 
riplit c ~ i l o r  - e.g. hluc - Sar thc \clccted laycr. A l le r  [he \elcction o f  a color DMS 
u i l l  rciurri t11 thc » i . ~ / d o ~  I.riicn diii log hox. The order 01 thc laycrh i11 thi\ l is i  
corrc\p<iiid\ with ihc oidcr i i i uh ich  !he I;iycr\ are diiplabcd in ihc Nciwork 
w ind i~w.  Ti, in rd i l y  thi \  order, \elect ;i laycr and pre\\ thc Up <>r I h w n  hui t i~n.  
tii>v. ;idd ihc Citiesshp file i,, thc I; i jcr\  l i \ t .  Thi \  Silc ci]riiain\ the eitic\ r11 ihc 

L w  tiie Zoomii ig TIWI i~ i  \liriw parts o i t h c  geographical background i n  i i i ~ ~ r c  
dct;iiI. A l i c r  \clccii i ig thi \  cíiininaiid (I'rriiii i l ie menu (>r thc tilrilhar) the cur\iir 
i i i l l  chaiigc i i i io a iriagnilqiiig g la i \ .  Draggiiig ihc cur\or di\pl;igs a rectaiiglc i m  
thc +crccii. Thi \  rcctaiiglc rcprc\cii i\ ihc area that usill he megnilicd íthe 
rcciaiiglc u i l1  he h lour i  up until i t  lill\ thc Uc tw i r k  w indow~ .  

Snbc y i u r  iviirk ni iw u\ i i ig ihc Suve c<mniand Srorn thc File iiicnu. I>II this 
rcgdar ly !  

13) drag~. i i ig  tlic rihjecii I r i ~ r i i  tlic Setwork Pnlctic, you can draw your neiwork. 
I.rorii the palcttc. c h o r w  thc No,/,, tool and click ai two pii\ it ion\ in (he Network 
Winilíiw. Ncx i  choo\c thc %xtiiin t c i ~ > l  aiid click thc Iclt niíiu\c hui t r~n rin iinc oS 
thc two Ni idc i .  LIi,ve ihc iiir,ii\c hy draggiiig ihc \ c ~ t i i i n  i i iward\ ihc othcr N i d c  
;ind rclc;i\c thc rnou\c huitrin. Thc Iciigth r i l  thc \cctiiin\ i\ calculatcd hy thc 
Nc tu i> ik  cd i i i r  ha\cd i in thc pmit ion\  iiI thc Node\. 

II thc linc hctwccn two nrii lci rciiiaiiis dotted. i t  incan\ ihat ihc Nodes are nix 
c i r rcct ly  c~i i inccict l  hy  ihc Section. l 'he Node\ can he propcrly cr>rinectcd by 
u\inp thc S ~ l w f  i r i i i l  l t l ic arríi i i I l r i i i i i  thc palciie 2nd dragging ihe end «f the 
\electcd Scciioii urilil lhc linc i \  cririiplcic. 

User's guide Getting Started 7 



8 Getting Started User's guide 



Chixi\c O K ,  O K  and O K ,  thc River Schcinc ha\ niiw hccn c~inncctcd t11 onc 
( ' ro \ i  Swfion. 

Hccause I j M S  rcquirc\ ii l o l  o ldalu,  i t  allows thc u\cr to simultanci~usly cnier 
data l i ~ r  a nuiriher »i' <ihjcct\. In thc 0hj1,r.i.~ fo ( '11un~r cornhi~hr~x you can choose 
thc rihjcct\ you uaiit 10 chiingc. 

Sclcci All Cross Sections Sriirii iiic Oi)jv<~.> iri Chan~e cornhii hox and hchind 
Srlicinr~. \clcct ihc Scticnic I<iver Sríini the pull driwn list h o x  Click O k  and ai1 
o1 ihc C,-,)\\ .Siwiows iri thc netwrirk are conncctcd t11 the samc Schcmc. The 
('mi\< Scrlirin\ wil1 n i ~ w  appcar hluc. 

.Xr iu add a \tructure - in ihi\ ca\c a wcir - t r ~  thc nctwork, hy choming thc red 
iraperiuni 01 ~ h c  Ncluurk Palcitc und placing i t  into the n c t w r k  a\ foIlr~w\: 
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( ' l i i h  i l ic i i y l i l  i i i<>i i \c I>iili<r ir i l ic  u c i i  li, ~ i i i , < > w  i l ic i i c i i  ~ p i i p c i l i ~ ~  x \  I < > l l i i i i \ :  

51 l i c i i i ; i t i ~ . i i i ~~ i i  I ~ O I I ~ I '  I , ~ n  : ~ I \ i i  Iii. i iwl li, Ihi.iiiI .i . ~ . i i ~ i i i i  i i i  t i l  i l i c  ??.iii,rii;i! 
i cp i '~ i ' i i i i ' i i  li! IIIL f c u g ~ , t ~ ~ l i i ~ i i l  I>;icl.griiiiiid 'l c ,  LI~.,IIC ,L ,L ~ , ~ l l c d  H c i ~ ~ I ~ i i : ~  
~ioi i i l .  . d d  ;i 5~l i~~t i i , i i i / . i i1 i> i i  l io i i i i  li, ; i  wc i i< i i i  I i \ i  l h i i  i i . I ~ . ~ i  i i i c  
S i l ic i i i : i i i /~ i i i i i i i  ~ I I I I I   IK  dic cl. i i i i i l ic r i i l i i  i i i i , i i ~  l i i i i i i i i i  .iii,l d c L i  ihc  o p ~ i o n  
I lc i id i i i?  p<>i i i i  I i o i i i  i l ic ~ i i i i t i . \ i  ~ i i c i i i i .  Ij! ili.t;;iiig t l i ~ .  l k i i d i i i g  p ~ n i  10 ihc  
i I o l i t i I  h  l r N I 1111l011 
iI,c i\~,icr,\;l! 
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By ;iddinf a Discharge point at Schciiiati~ation points you c;in define a time 
= Disdirii-xr poitit scrich of dihchxged mater »r wasicd load or concentrati«ii. 

2.3 Flow Model 
T« turn a network schciii;iti~ation in a flow model only the lollowing thrcc s t e p  
h a  to he taken: 

Define Iriitial Cwditims 
- Define Boundnry Conditions 
- Configure the c;ilcul;rti(m 

2.3.1 Initial Conditions 
Initinl coiiditinns are added to thc nciwnrk hy using the hiiiiiil Cotiditiom 
coniiiiand i n  thc Scenario riieiiii. For al1 Nodcs and Schematization points we wil1 
now clioosc nn initia1 discharge of 3 mlls and a initia1 level »f h meters (ahove 
ihc rcierence level). IJse the Set Column ... button. Chmsc thc column 
Dihcharge or 1.euel and enter thc apprnpriate ualue. 

2.3.2 Boundary Conditions 
In this nctwnrk a Boundai-y Condition at Lhe upstrenni hound;iry of the water 
system. the node ;it the riglit-handed upper side of tlie Network, should he 
dciined. 'l'he Boundary Cotiditions caii he configured hy hclccting the coi-rect 
Node and activating thc Ohject Properti<,., dialog box lilr ihih node. Click the 
Houndary Conditions ... button. The Boufirlrrri. (r~trdifiotl dialog hox wil1 
appcar. First ;i Bouridary Scheiiie should hc defined. 

To add a Q-Add S<.Ireinr L.lick oii the ... button hchind ihe text hox. Then click 
on thc Add ... button. The f«llowing schcme is configured: 

Mame R .eiBaund 

Iims Senes 

Type constont 

3 inssneetom I 
ioisnMei I 

Click OK ;ind O K  and ihc Q-Add Scheiiie is iiow connccted lo the first Node. 
Repent thcsc action\ i« delïrie a constant Level of h inetrcs as a Boundary 
Ci~ndition 11n ihc ntlier end of the Network. 

N n d c ~  on whicli ljoundary Coiiditioiih are defined have n hrightcr color than 
uther nodcs. 
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2.3.3 Configure and Start the Calculation 
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Hydraul ic and Outi l i iy calcul;iti<jn are \ct  i n  this diakip box. I n  Special Cc in t rd  
the \peeia1 control data w c  \cl. \uch m thc threïhold Ic\.cl which i\ the valuc i~ f  

ihc water I c ~ c l  at wt i ich thc d ry  Iliicid procedure is actiuatcd i l>clault=O.IO in) .  

Startng network consistency check 
Check completed 
Starting Duflow conversion 
Duflow conversion cornpleted 
Wrtng project file C WnDufIowconflg duf 
Duflow conversion completed 
Wrting contro t ie C \WnDuflow Projects Derno!iScenario ccenarlo CTR 
Wrtino network file C \WinDuflow\Proiects Derno\\Scenaro\scenario NFT L ,  

~ r i t i n g  baundary flow file C WnDuflow Propcts\Derno Scenario scenario BND 
Writng i n t a  flow f le C WinDuflow Projects Demo Scenaro scenario BEG 
Wr lnq  conversen d s file C WinDufiow Projects!Derno Scenario'scenario sid 
~ o m p h n ~  mode Flow 

The Siaiu., k r r  \ l i r ~ \ w  rhr pri,grcr\ of lhc calculation in  l ime  \ iep\.  I t  inay he 
\i>iricthing l ikc :  

Cornputng flow 124( 744) 

2.4 Display the Results 
Rc\uIt \  c m  bc di \playcd iii thrcc d i l lc rcnt  wayh: 

A Ti t i ic  I<clntcd (kaph. 
- A Sp;rcc Kclatcd (;raph. 
- A \  ' l cx t  iii a iahlc a\ a Siirictiriti 111 Liinc. 
- In  thc Netumrk window in  I>rc \c i i ia t i i r  riiodc. 

By chr~ i i \ i i i g  ihc Ncir. Timp f;ruph wiridriii. opl ion Srrlin Ihc Scenario C«ntcxt 
rricnii, thc rc \u l i \  u i l 1  hc displaycd i r i  agraph a\ a í'unction cil'iirnc. I > M S  wil1 
opcn ihc 7 ; ~ n v  I~cluicd (;i-rqdi <liulrip hcix O n  the I>uSliiw tah y i ju  can dc l inc  
ujhich iar iah le \  i n  which hccticin\ ha\c  111 he displaycd. 
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l i i l  i l lq' l : i ! , l i~ i l iL  i i~.ii l l\ ,i\ l i . \ i  li, , i  i . l l > l ~  !<,li l,.,,.: i < >  .Iiiiii\~ lik \ < ' i ,  I r , /  
i'iiii!i,i; <>p i i> i i  Ii<,iii IIiL \c i . i i . i l i i i  ( ' i>iil i.\i l i l i~i i i i  l ) \ l \  5iiII i'l'i." IllC l,,,,, 

- 
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2.5 Quality Model 

2.5.1 Define the Quality Description File 
'I(> add a ()iiiility Model I l c ~ c r i p i i i ~ r i  Silc t i i  thc Projcct cnicr thc nariic o l  thc 
Qimlii! Modv l  dvir ~-i/ i i iof i  l i lc  w i th i~u t  thc cxtcn\ion I'.MOD) i n  thc 1hiSIi1w tah 
iil thc (.'ui< uiniirin Seriiri,q\ d i i i l i~p hiix. Piir cnnmplc. cntcr thc name T ~ i c c r '  in 
hoth field,. Il thc Q ~ w l i i y  M o i l r l  fik, l ikc i n  thi\  ca%. diics no l  cx i \ i  i n  [he 
Scenario dirccir,ry. [)MS w i l  pr<iiiipt yi l i i  k] crcalc it. 

You cnii enicr thi \  descriptiiin i n  thc Qudirr. M r i d ~ i  dpwripi ir in fi le hy chmsing 
thc Qi<riIir! Model /:di[ coniniand Irr,iii itic .S<enurio iricriu. I l t h i \  dcfinitirin is 
iiiscricd c<,rrcctly d r ~  rio1 Irirgci itic hl;rrik linc ai thc end - i t  can he ciimpilcd hy 
chi i r i~ inp tlic Qiiiiiiri. Modi4 í. '~~rnptlp cr~inniand I r i ~ i r i  thc .Swn<iriri rricnu. 

2.5.2 Initial Conditions 
N<>w tti;i~ ihc qu;ility riiodcl i\ dcSincd. wc would l ikc to cnicr thc Initial C)ualiiy 
(~' i i r idi i i~m, 1riiti;tl i í i i i d i t i ~ ~ n \  arc addcd tri ihc nctwrirk hy ih ing ihc Iri i i irrl 
(',iizdiiir,m ciiiriniund in ihe Srcn<irio Iiricnu. Fiir al1 Nodcs 2nd Schcinati/.aticm 
~puinl\  we wl l l  riiiw e h ~ o s c  a!l initia1 ~ o n ~ ~ n l r a t i í m  k i r  'l'rac of' I 0  mgll .  TO do 
thi,. i i \e the Set Column... hu i t im Cho«se thc columri Trac and enter thc valuc. 

2.5.3 Boundary Conditions 
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I<L.IX:II I I i c w  ; i i t i r i r i \  iii i I ~ l i i i c  ;i i r i i i \ i : i i i i  ~ i i i i ~ ~ ~ i i l i : i t i i ~ i i  i i l  i i i  i i i y l l  ;i\  ;i hi>iiiid;ir! 
i~~i i i l i i i< i i i  iiii tlic <> i l ic r  i.iiil 0 1  tlic S c i i i i i i A .  I\ qu;~l i i !  hii~iiitI;ii! i ~ ~ i i i l ~ i i i ~ ~ i  i \  oiil! 
\ ' : i l id iir i l i c  iiiii~iiiiii; ii;iiei-! 

2.5.4 External Variables 
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Afler crcnting \chcrnc\ l'vr l..xtcrnal Variahles you nccd to connect aii Extcrnal 
Vari;ihle\ \clicinc t11 al1 Nr,dc\. Schcmatiïation points 2nd Structure\. I n  thi\  
cxaiiiplc thc \chcrnc KiverI>isper\ ion wil1 he u\cd I i l r  cvcry ilhjcct. (:hrio\c 
Connw r ro u i l  ,h jerr \  li-urn lhc ciintcxt menu i n  thc Sccnarir~ Manager on 
Extcriial Vnriahlc\. (;\c ihe A r r o w  hutton hchind thc b;xtcrnal Variahlc 'd' - 
which appcar\ h) \clccting thc input l ic ld  - to \elect thc Kiverl>ispersion 
\cliclllc. 

2.5.5 Configure and Start the Calculation 
Befilre \tarting ihc cnlcul;rtiiin. check thc input i n  thc (iilc.ul~iiirm soli in^\ dialog 
hox. Thi \  brlx i\ actiiatcd hy ihc r i f l i t  rnoii\c hutton I I ~  Culculnlion .S?l l in~\  i n  
the Scciiario iiiannger. 

' l t ic calculation i \  activiitcd hy chix,\ing thc ( lpdo i~  Al1 option l'r~>in thc 
('ui< iriuii,i,z Menu írir tlic ( < i / <  d u l r  toíiihar hutton 11r thc (.'ul<ulure ilpti i in l'rriiii 
thc Sccnari~i ('r~ntcxt nicnu). 'I he Oir~pi ir  winduw aiid thc Statu\ har wil1 5how 
thc propre\\ of thc calcul. CI i' i o n  

II )uur n i ídc l  cr intui l \  quality houndary conditir~ri\ without l ' l i~w hí,und;iry 
c i i i r< l i t i i in~ wiirnii ig\ wil1 generaicd in thc Ourpui win<low. 

2.6 RAM 
Thc actioiis r i ier i t i~~ncd in thi\ paragr;ipli can only bc carried out if thc R A M  
component ha\ hecri ci~rrcct ly in\vallcd. 

2.6.1 Precipitation and Evaporation 
A n  iiriportarit part 1 1 1 t h ~  input rcquircd hy KAM i s  the precip i tnt i~~n and thc 
c\apr~rat i i in. l i i  enter ih i \  data plca\c I i i l l i iw thc\e in\truciion\: 

Ch<i<>\e tIic I'rm i p i i u i i o~ i  u m ~ n i x i d  dn lhc Sccnariu M e n u  I I M S  wil1 \tiow yriu 
/:dil 1'1-m i/ìitofiotz thc /'rrtipir(iti,i,i dialrig h i > x  Iri thi \  dialiig h r ~ x  a Preeipitation ti i i ic \cri?\ c;in he 

in\crtcd. b i n t  click in thc Inser t  Ikfore huttrm t<, cntcr thc hcgirining, i11 thc 
tiriic \erie\. Ncxt click thc Shi f t  ... hutton III open thc 5hi/1 Vuluc\ dialog hox 
and ctiaiigc thc 5 t x t  date aiid iirnc r~ l ' thc  tinie \erie\ t<, Jariuary I ' .  2000 undcr 
.Srr ?.'?\L Srrirt /)ut,, K< 711ric. Hack (in thc Pw<ipii<riir,n dialíig hox. p r c v  the 
Inser t  A l l e r  huttori  I>MS wi l !  in\crt n ncw I i n c  I lcpcai thi \  ;ietion IO time\. 
Sclcct thc lirst l i i ie i n  i l ic li\(. D M S  wil1 autr~niaticnlly junip to the Value Sicld 
whcre a value for tlic IJrccipiiatiiin iii riiiriiday c m  bc entered. 

Enter the values as shil\vn heliiw: 
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2.6.2 Configure the Area 
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Al ic r  ciirineciirig ;iri ;irc;i i<, a \cliciri; i i i~;i i i i>n point. i t  c m  he iiirivcd - hy 
r r  t a w )  li-iiiii i l ic \ihcni;iii/atii>ri point I r 1  a I rcc '  part i n  the Sctwrirk 
w n d i i i i .  
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I ' ic \ \  111c Oh: huii,iii. Pic..\ i l ic  Oii  Iiiiiiiiii iii ilii. .k/ri i  I i i / u i i< 'O  S i i i l i i r  c \ c  l i v i i i <~  
d ; i log   ho^. 11\75 n i l l  \IIO\\ i l ic  \ ; ~ l ~ t c \  ,,l I I I C  l IIII,L\L,,I S~II~I:KL. ~L.IIL~IIIL~ 1 1 1  1 1 ~ ~  

/ ) / l , , ' ,  l ,  /',.,,,W,l,,., hd,; \h,\ !,Ik.,, 111~. L;,IL.~,,!! Cl f l  ,,/U,,,</ >!, , l<, ,  c , ,  ,, 
,L~IL~L!C,I 

2.6.3 Configure and Start the Calculation 
I j c l i i i c  i iari i i i ;  ilii. ~ ; i l ~ ~ i l ; ~ i i < i i i  ~1ii.i.h i l ic  i i i p ~ i i  i i i  l l i c  i <!/i i i / < , i r i i i i  \ < ~ l l i i i - \  di;ilop 
Ihox I Iii, hlik i ,  ; i ~ i i ~ , i i ~ ~ i l  li! l l ic  i l<,i ihlc c l ,<  hiii: <iii IIIL í < i / <  i i / i i i i < , i i  i ~ ~ i i i i i : . ~  iii 
I S I I  I I I  1 .111k1  , i \  C;IICLII;IIIIIII p i . ~ l < d  IIIC \,11111. lpciiod ;I\ i i d  111 i l i c  
i i i i i c  \c i i i . \  i < > r  i l ic  I'IKI~III:~II~~II .">d ilii. I:\;ip,>i.iii<iri i l i i i i i i  I iii 1 1 1  J.iiiii~ir! ~ l l O 0 l .  
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Chriri\c Modi Q... to display the tinie \cries that reprcsents thc boundary 
c~iridition. 

Whcn a Dullriw calculatim i \  pcrfurmcd again thc rc\ult\ o f t h c  Ilow 
computation wil1 diSSer froni the first computation. In the f i n t  Dullow 
coniputation n<> Prccipitatiori was taken int11 account. 

A Dullriw calculaiiir can he pcrfímned automatically aster a RAM calculalirin 
hy chccking ihe q i o n  Pprlorrn DUJIOM Culcululion (Calculatirin Setting\ - 
Dullow tab). 

2.7 Scenario Manager 
A Sccnario conLain\ tbc input data of thc niodcl. The input data o f  a model are 
divided into \cveral \uhjccts. T h c x  \uh,ject\ are visihlc in the Scenario Manager. 
Uriuhlc clicking rin thc \uhjcct in the Sccnario Managcr wil1 open a relatcd 
window r ~ r  dialog h i~x .  Clicking with the right mou\c button on thc suhject in the 
Scenaric Manager wil1 open the contcxt iiicnu. Thc scenario, which is di\played 
in a hold trmt. is thc \<i-callcd activc rcenari~i. Command\ given hy menu choice\ 
rir toolhari u'ill aiway\ he cxccutcd for thc activc \ccnario. 

With thc Scenario Managcr the user al\o can detinc more sccnarios in thc \ame 
projcci. Other \ccnarios can he defined when thc uier wants to calculatc the 
cflect o f  changes in the hase \ccnario. 

By adju\ t~ng thc S<rnurio I'rop<,rrir.s, thc uscr can ca\ily combine input data 
from diSSerent \ c c n a r i ~ ~ s .  I S  in the Scenario Manager the subject is marked with 
an ajtcrisk, thi\ means that these data are used froni another \cenari~i.  Thc 
whjecti in thc haic sccnariri are 01 c w r w  never markcd. 

Whcn u\ing relcrcnccs t11 r~thcr iccnarirji. thc data i \  \hared. Mwlifying thc 
sharcd data at imc IrIcation m e m \  that thc data wil1 he changcd lor al1 accnarios 
sharing thi\ data. In case iif a neu, scenuriii - sccond, third etc. - the user can 
chimic kir cach \uhjcct ~i l ' that  \ccnario to uic thc data from an~ithcr  \cenariii 
(relcrcnccj <>r t<i dclinc a local ciipy and u\c this data iown data). Thc default 
valuc Irir thc siiurcc o f a  suhjcct in a ncw \cenarirt i \  always \cl {in a rclcrcnce to 
the h a x  scenario. 

I n  this ca\c wc wil1 analy\c thc cSfcct riri thc re\ults when u\ing rither Uoundary 
Conditions. F i n t  c rcak  a ncw sccnario hy opening the context incnu aflcr 
selection of thc I'r~qect Demo in thc Sccnario Managcr, ch«o\e NCW Swnurio. 
Name the new \ccnari~i ScenHound. Thc new sccnario shares its data with the 
haie wcnario. T o  u\c othcr hriundary crinditions in thc \econd \cenario d o  thc 
fi~llowing; 

Chr~ri\c .Swnurio l'roqertioi Irrim the ccmtext menu alter the \elccticin of the 
\cc~ind scenario ScenUound in thc Sccnario Manager. DMS wil1 open the 
Swriariri I'ropcriic< dirtlnji box. Changc thc siiurcc rif thc \uhjcct Ohje<.t»uiu 
iiitii 'Own data'. change al\o thc suhjcct L)-udd into 'Own data' (tab Generalj. 
In thc Scenario Manager di\appears thc a\terisk hehind Qudd í\chemeaj o f  
scenario S c e n l k m d .  

Ilouhlc-click im thc \uhject @A& (schcnicj rif \cenario ScenUound in the 
Scenario Managcr. Select thc schcmc KiverHound and change the constant 
value t r i  6 inilday. 
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3. User Interface 

3.1 User Interface Components 

. Mci iu  har 

'I'oolhar\ 

Statii\ har 

i Work\p;icc with thc Nclwiirk wind(iw and Kc\ult \  windriws 

Wi,rk\pacc Muriagcr ~ ' i n d r ~ w  iincludirig thc Sccnxi r i  Manager) 

Outpul win<lour 

I n  I I M S  coriiiiiniids cari he givcri ai l ive di l lcrci i i  w a y ;  

R y  makirig n chiiicc\ i n  tlic iiicnu har. . 
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3.2.1 File Menu 

I'rint ... 
I'rint I ' r w i e w  
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Prin t  Se tup  ... Sclcct a printcr and printer cimncction 

Hcrcntly opcned File5 (1-6) Opcn thc \clcctcd project ïmni thc l i \ t  with 
thc mmt rcccntly opencd prí>ject\. 

Exit lixit thc I>ufl<iw Modclling Studiri. 

3.2.2 Edit Menu 
T h c  t d i i  menu oii'cr$ t hc  io l lowing cornniand\:  

Cndn  Cndo the l;i\t actiun in01 al1 action\ c m  hc 
undiinc). 

C u t  C:ut the vAcctii>n. 

Ohjer t s  b I'roperties ... liilit thc propertics <>I al1 nctwork ohjectc. 
Select ... C'hïck, [he noder for dccticin.  

í : raphsfrahle ... Set di\play r,ption\ per nodc lor  Graph and 
Tahlï  Wlndo i ,  

C o l o n  ... C'imligure the ci~liir\ <>l thc G a p h  Windowi 

Set thc display p r i>pcnw of the Nelwrrk 
Windnu r>r thc Graph window. 

I'rewntatiiin Mode Ccr ihc wript fnr thc prc\entation mode 

I'rrsenlaliiin Scripts ... Edit al1 prcxntation script, \chcrncc 

3.2.3 View Menu 

Sta tus  Har 

Workhnok 

Shriw <,r hide the Statu\ har. 

Shiiu windows as u'r,rk\heet\ in a workhook 
or as normal winikwi.  

Workspace Manager  Show <,r hidc thc Workspace Manager 
Window lincluding the Sccnarii, Manager). 

Output  Show <,r hidc thc Output Window. 

Full Sr rcen  M~x in i i , . ~  thc activi Wiirkyxacc window li> 
\crccn 

Ncw l e x 1  Uindiiw ... Opcn a ncw T u t  output windou 

New Time <;raph Window ... Opcn u new Time Kclatcd <,utpui window 

Scw Spacc <;raph Window ... Open u ncw <;ruph Kcluicd riutpul winduw 

Open  Network Window Opcn u ncw Netwerk window 

3.2.4 Project Menu 
T h c  I'ri,jcct menu  d i c r i  thc io l lowing comrnands:  

I'ropcrtics ... Set thc pn,pertie\ «I thc p q e c t .  
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3.2.6 Calculation Menu 

3.2.7 Options Menu 
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3.2.8 Window Menu 
The Window menu rflcr\ thc l o l l ~ iw ing  c<,nirnand\, which cnahlc you t11 arrangc 
iriultiplc prijject w i n d i i w  i n  thc Work\pncc. 

Cascade Arranges ~lin<l i ,u\ in un ovsrlappcd la\liii>n. 

ï ï l e  A r i a r i p  w i r l d ~ ~ ~ ,  in non-wcrli lpp~d lilt\. 

.Arrange Icons Arr;tngr\ icim\ dniininiiscd *iridi,u\. 

Window 1.2, ... Aciivatcs ihc qxcificd window 

l m 3.2.9 Help Menu 
' lhc Help inciiu oI'lcr\ ihc S~il lowing conimands, which pruvidc you a\\i\tancc 
with I>MS. 

Help 'Topics l'riiiidi.\ thc ti,pici m which y i u  ciiri pct 
ticlp. 

Ahout D\IS ... I>i\plays it ic icrs io i i  nuinher 01 I>MS. 

3.3 Toolbars 
Thc I h l l o w  Modellirig Studio di\tingui\hes six loi~lhars. Thc Standard tilolhar, 
ihc S c c n x i i ~  ioolhar. Ihc Wiriduw toi~lhar. itic Tinic <:<introl timlhar and lhc 
I lu l l i iw  toiiihar ;m di\playcd acrri\\ thc top i ~ l ' i h c  [>MS-window. hcl i iw thc 
Menu har. 'I hc Palette i<,olbar i \  d i q l aycd  next to ihc w<irk\p;ii.e. 

' 10  hidc rir di \piay a toiilhar, choo\c T i idhar  Irrirn rhc Vicw incnu. i.c. ihc 
L)i\play or hidc ' l ix i lhar coinrriand. T o  cu\twnizc a twlhur ,  choo\c <:u\toinizc 
Sr~irri ihe O p t i i m  rnciiu. i.c. thc Cu\totni/.c To«lhar\, M c n w  and Windows 
cimiinanil. 

N<>ic lhat il ihc Menu har is u\cd t0 givc ci~nimarid\, thesc comniand\ are alway\ 
enccutcd frir the Acl ivc Scenario. Use ihe Set as Ac i i re  Scenario cornrnand t i l  
change thc Actikc Sccn;rrio ({cc c h a p t ~ r  h Scenario Managcrj. 

3.3.1 Display or Hide Toolbar 
l l sc  the Display i)r hidc Toolhar cornriiund to display or hidc a toolhar. D M S  wil1 
open thc Tr]r~lhar\ di;tlr,p hox. I)MS di\play\ a ioolhar i1 thc chcckhilx ncxi  tn 
thi \  toolhnr I \  iriarkcil. 

Command: 
hlenu har: View - 7.wIhar 
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3.3.3 Scenario Toolbar 
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3.3.4 Palette Toolbar 
Thc I'alciic t o o l h x  i~l ' lcr\  thc following cotnmands: 

Click To 

Cj S r l c i i  zin iihjcct in the nciwiirk. 
. . 

Q I'an thc cntirc ne iw i rk .  

q Shiiw ;I pari i j l ihe n r i w r k  in  miirc dciail. 

Shrm ihc critirc i ietwoik 

pi I e i  Ihc \elcclirm <>I ihc riciwork i,hlcci\. 

T 1 Show <ir t ide  th ï  icni  - II)', -<,i r i c i u < r k  <ihjcct\ 

IFI~DOUUO~ V I.i,cale iihlcct in  the i ic twork u indow.  
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3.3.7 Duflow Toolbar 

30 User Interface User's guide 



3.4 Status Bar 

l'hc Stat"\ har i \  displaycd at thc hottrim of thc IIMS windriw. T o  di\play (11: hidc 
thc Siatu\ har. u w  thc Statu\ har criinmand in the Vicw incnu, i.c. thc Display o r  
hidc Statiis har coiiim;ind. 

' lhc  Iclt area O S  ihe St;itu\ har descrihe\ :icti(in\ of  riicnu itcni\ as you u x  the 
a r n w  kcy\ t i i  nauignic ihrough menu\.  In a sinlilar way the Statu\ har \how\ 
iric\wges that rlcscrihc ihc ;ietion\ 01 t i~olhar h u t t m ï  a\ you rnoic  ;icro%s Ihcm 
with the rnou\c pointer. Release ttic rnousc: hiitt<~ri whilc the pointcr is o f f t h c  
riirilhar huttim i (  y ~ i u  d o  nol want to  cxcculc thc cr~rnniand. 

Thc Status har di\play\ a l w  in thc lelt arca thc pr~sitirln r11 the cur\rir in thc 
nctwc~rk. \+h ik  mwir ig  tlic curror throuph thc window. When editing the Quality 
mi~dc l  ihc right area displays the pr~\it ion ol ' thc  curs i~r .  

Thc right arca, 01 thc St;itu\ har indicaic tlic pi>\iriilri rililic c u r w r  in ihc Quality 
rriidel and al\(> indicatc which i11 thc following kcys are latched down: 

Indicator Dcscription 

('Al' ' l  hc f'iip, I.mk kcy i \  laichcd iliiwn. 

KLIM Thc Suin 1.0ck kcy I \  latihcd down. 

SCRI. Tlic Scrdl Lock kcv ic  letched down 

3.4.1 Display or Hide Status Bar 
(!\c ihi\ coriiinnnd 10 cli\olav or hidc thc Siatui har. Thi\  . , har di\plays ihc actir~n 
t i>  he cxccutc<l hy the d c c t e d  incnu item rir pressed ti~rllhar b u t u ~ n  and thc 
kcyhriurd Intch \iate. A chcck inark ;lppcar\ ncxt t r i  the riicnu item whcn thc 
S t a w  har i \  di\pl;iycd. 

Command: 
Mcnu har: View - Stiitu5 Bili 

3.5 Workspace 
I h c  Work\p;icc cari crininin thc Uctwork window aiid Kcsulis winduws o1 
dificrcrit IJn>jcci and Sccnariri'\. l ' h c  Nctw~irk k,ditr~r crin\i\t\ of thc Nctwork 
window i i r d  ttic I'alettc timlh;ir. 

I i i  open a window ii\c riiic of  thc Sollowing ci~rnmand\ :  

01 V i c c  Opcri ncih I c ~ t  windim 

Opcii ricu l i r i i c  I<clatcd t i rdph %indo% 

4; Ycc~uriu Lidii ()~iulity Moilcl 
. ., 

@ Siimditrd Ildii thc I'rc\cntziti<m Script < > l  ihc Neiuork iiindow. 
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3.5.1 Full Screen 

Command: 
i l c i i i i  h:ir L I i111 5crcc11 

3.5.2 Workbook 

Command: 
M c i i i i  har: \'ic$i ~ \ \ , , ikh<,oh 
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3.5.3 Arrange Windows 
IJ\e thc Cascade Wind~,wï  c~inirn;irid ti, arrangc multiple clpen window! in an 
i~ucrlappcd Id\hiim 

Command: 
Menu har: Window - Cawade 

T i ~ i ~ l h a r :  I 

3.5.4 Tile Windows 
C\e  ihc T i k  Window.; coinmaiid to vcriically arrange multiple open window< in 
a non-<ivcrlappc<l Ii\hirln. 

Command: 
Menu har: Wiridr~w ' l  ilc 

Ti~olhar: 1 
Tri hori,,i~nt;rlly wrange rnultiplc open windíiws in a non-ovcrlappcd Sashion yuu 
cnn use thc fdlowing shortcut: 

3.5.5 Arrange Icons 
[!\c thc Arrangc Ic<ins c<irnrriarid iii arrarigc thc i c m \  ril'iniiiirni\ed windows at 
thc bottrim o l t h c  main wiridr~w. IS thcrc is an ~ ~ p c i i  wiridow at thc h~ittilm of thc 
Wi>rk?pacc. wnie  r>r al1 o f t h e  i cow may nut he visihlc hecausc they wil1 he 
uiidcrncatti the activc windiiw. 

Command: 
Mciiu har: Windou, - Arrangc I c r m  

3.5.6 Activate Window 
D M 5  display\ ii l i \ t  r i l  rq>eri wiridr>ws at thc hrittim iif'thc rrienu. A check mark 
appears in Srmt (11 the lihlcd window nainc o l t h e  active window. Chimse a 
wind11u' I r im thi\ l i \ t  to hring it t r i  thc front. 

Command: 
Menu bar: Wiridou' - Windi>w\ 1,2 

3.5.7 Windows 
[;\e this cr~rnmarid 11) custoini7e thc appcarance of thc Windows in thc 
W<,rk\p;icc. I jMS i>pcns thc Wiridows dialog h i ~ x .  

Command: 
Mcnu har: Windom Windows 
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3.6 Workspace Manager window 

3.6.1 Display or Hide Workspace Manager 

3.7 Output window 

3.7.1 Display or Hide Output 
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3.8 DMS Commands 
Thc Ii>lli,wing ciinirii;iiid\ can hc u\cd in al1 piin\ ol'I>.MS: 

I,'ndo la\! action 

Cut, Ciipy 2nd I';i\tc \clcctiiin 

I'rini. I'riiit I'rciicw and Print Sctup 

Cu\toini/c i<~i~ih; i r \ ,  menu and winduw\ 

t 'rug~un \citing\ 

5plitter . Hcip and ('ímiext Hclp 

Ahr,ut DMS 

f i x i t  I>MS 

3.8.1 Undo Last Action 
lJ\c thi\ coinriiund to undo the I;i\i nctiiin 

Command: 
Menu har: Ed11 - Ondo 

'To~~ihar: C)' -" 

K c y :  CRII.+% 

3.8.2 Cut Selection 
Usc ihir comriiaiid 10 ciit thc c lcct io i i  or \electcd i ihject(\~. Y(>u can pa te  thi\ 
selection <>r \clccted ohject elwwhcre hy u\ing thc Puste coininund. 

Command: 
Mcriu har: Edit -  ut 

l i u ~ l h a r :  8 .  . . 

Kcy\:  CR'I I .+X 

3.8.3 Copy Selection 
[!\c thi\ crmrriand io c i~py Ihc \clcc.iir~n or \clcctcd i~hjccti\). Yilu ciin pastc (h15 
\clcc!iori or sclcctcd ohjcct el\cwhcrc hy u\iiig thc I'a\te cwiiinand. 

Command: 

Menu har: E d i ~  - C.'i~py 
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3.8.4 Paste Selection 

3.8.5 Print 

3.8.6 Print dialog box 

Related topics: 

I'iint 
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' 3.8.7 Print Preview ~ 
IJ\c thih ci~mmaiid til di\play ihc active view. as it w ~ ~ u l d  appear whcn printcd. 
When chori\ing this cuniinand, [he niain window wil1 he replaced with a Prini 
Prcvicw windoic iri which <>nc or twi, piiges wil1 hc displaycd in Iheir printed 
lorniat. 

Thc I'rint IJrcvicw tuolhar providc\ opiion\ lor viewing cither rine o r  two pages 
at a tinis: movinf huck and forth through thc dr~cuinent: zooming in and out of 
p a g o ;  and initiaiing a print joh. 

Command: 
Mcnu har: File - l'ririt Pre\,icw 

3.8.8 Print Setup 
I!w this c<>riiinand ti, \elect a printcr and a printer conncction. ' lhi\  command 
present.; a I'rint Setup dialog b i x ,  where you speci t j  thc printer and its 
cimncctiim You c m  al\<> control dclauli printer \ctting\ li>r the selccted printer. 
All iiption\ are printcr \pcciSic. 

Command: 

Mcnu har: I.'ilc - Print Sctup 

3.8.9 Customize Toolbars, Menu and Windows 
IJ\c the Cu\t<iiiiizc ci~riiiriand tri cu\tomizc the s t y l z .  col(irs and uther fcaturcs in 
thc IIMS window\. IIMS i c i l l  \huw thc Cu\iomiLc dialog hox. 

Command: 
Menu har: Ontir~n\ - Custwnize..  . 

3.8.1 0 Customize dialog box 
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'I'Iii, 'I'ooll>ar 1;iIi <,Ilci.. II ic tiilliiwiii:! o p t i i i m  

'I OOIIN~P 5I i im\  ;i l i \ !  i i t  i l i c  . i ~ . i i l . i l ~ l c  iiiiilli.i!- l i )  4 i \ i  ii! liidc ihr. 
iiii,lh.ii ~ l i c ~ h  ilic ~ C ~ I I I A I  i c ~ ~ l l u  iii ilir 11.1 

Oii  ttic C'oniniaiid t;ih 111c h i i i i <m> 01' i i ic  i i i i i i i i i ; i i i d ~  hcl i i i ig i i i f  i<> il ic w lectcd 
c,iic;iii) ;tic ili\pl;i!ccl H! ili:ii;iii; ; i  h i i i i i ~ i i  t i i  .t tiiiiIh;ii IIic hi i i lo i i  i \  ; i i l i lci l  li, 
t l i c  iiiiilI>;ii li! i i i ; i p i i i ~ p  i 1  Ii<iiii Il ic t i i<iIh,ir l l ic  t i i i l t< i i i  \ u I I  hi. r c i i i r i i d  i r< i i i i  t l ic 
i ~ , ~ ~ l l l ' l i  

Related topics: 

3.8.1 1 Program Settings 

3.8.12 Program Settings dialog box 
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3.8.16 About DMS 

3.8.17 About DMS dialog box 

Related topics: 

3.8.1 8 Exit DMS 
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4. Project and base Scenario 

4.1 Project versus Scenario 
In IjMS u Dullow model is con\idcred as a Project. To huild a model in DMS 
you have t11 crcatc a new I>ri>ject. A I'roject conii\t\ of m e  o r  m~i re  Sccnarios I S  
a ncw Project i \  crcatcd. the f in t  Sccnarir~ wil1 he crcated automaticaliy. Thc firit  
Sccnario is thc base Sccnario. A Sccnarii~ c«ntain\ the input data o l t h e  model. 
The Sr i l l r~~ing  type\ i ~ l d n t a  can he di\tingui\hcd; 

Ikscriptiiin o f thc  \ccnarir~. 

Schcniati~ation l Network ohject\ 

lniiial C:rmdition\. 

Ikiundary Condition\, \torcd in \chcmc\. 

Othcr ciindition\ and \chcinc\ 
íprccipitaiion, evapiiration, u'ind directinn. wind velí~city, structurï 
c~mtriil and unpxved ',chcmc\). 

(Jualiiy Model. 
íOualiiy Model dcscription file, parameters. cxternal variahles) 

C'alculatirin Setting\. 

Thc Neiwork xheinatization can he huild with ihc Network Editor. The Scenario 
Manager \uppriri\ thc u\cr t r ]  cntcr the ilthcr data. 

With [he Scenario Manager thc u w  alho can definc more \ccnari«\ in the sainc 
prrtject. Othcr \cenario\ can he dcfined whcn thc u\er want\ t 0  calculaie the 
cll'cct ~ S c h a n p  in the ha\e \cciiariri. Thc Scenario Manager managcs al1 the 
data and infiirrnation nccded l i l  run thc variou\ bimulation iniidcl sccnarios and to 
siiirc and adininistrate al1 sccriarids which have hccn run. I t  also supervises w c r  
the inicgrity o l t h c  data and !nakc\ i t  pmsihlc tri quickly view and compare the 
re\uit\ riSc;ilculati<~n\ rn;idc wiih dilterent input paramcter\. 

Emry  Pro.ject i \  storcd in its riwn directory under thc project name given hy thc 
u s x  Thc data r i l a  Sccnariri ir sti~rcd in a \uh directory o l t h c  Project directory 
under ihc Scciiario narric a \  glvcn hy thc u\cr. 

Related topics: 

Ncw I'ro,jcct 

Open Project 

Prrijcci I'rripertic\ 

U\agc of thc Neiwork 1:ditor 

Uwgc r ~ l t h c  Scenario Manugci 
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4.1 .l Project Properties 

4.1.2 Project Properties dialog box 
111 ik I ' r o ~ c ~ i ~  ~ ' r ~ ~ p c l i l c ~  h;d<,g h í n  i1 c211 hc \ p c c ~ l ~ c , l  N l ic l l lc r  10 ~1.c 
~uip i ,gp l i i i ; i l  li;icA;ioiiiiil or m> i  l i i dc l i i i c  ihc I:i!i.i- ,,I tlic gi.i>:iuplii~.il 
h:i ihgri>ii i i i l  iiic i t i ~ ,  I)i\pl;i? I.:i>cr\ ciiriirii:ir~il. 

Related topics: 

4.2 Project Commands 

I l \ I S  i>l ' lcr \  rio c i i i ~ i i ~ i . i i i d  iii dclcic ;i p r i i l c i i  Pr<>lcc i \  i ~ i i  lii. i1clcti.d li! ~ i \ i ! i p  i! 
 lil^, i i i ; i i i ; i c r  PI,,~K[II I  ;b1111 dc I~ l i l !< '  lhc  i l l l c ~ l o r !  111 llli I ' r o l c ~ l  ,ind 11, ~o l l l i . l l l \ .  
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4.2.2 New Project dialog box 
In  the New I'riJect dialiig hox you can \pccil'y ihc IJrojcci name and f in t  
Scenariii nariie you wi \h t r ~  usc i n  ihc I>MS prujcct. A i l  Prujcct dava (<>r rekrencc 
to data in files) wil1 he \ i r~red i n  a f'rojcci fi le aficr ctior>\ing Save in the Fi le 
menu. 

I h c  \clcctii>n i11 thc Iiic;rtir,ri 01' thc Pr i~ jcct  dircctiiry c;in he inadc aller cl icking 
thc Hrriwic hutton hehind thc edit l ic ld. Thc displaycd \clcction dialog i\ thc 
I3rowic Siir I ï i lder  dialijg hox. 

The fíi l lowing option, ;rllow' you t i l  spccil'y the ini i ial  \ettings o f  the Network 
windiiw: 

X Co-ordinate I hc X cwirdinatc iii thc hiittmi Idt-hand ~ i i r n e r  of 

tiic Sc tw rk  winduw when it i \  opencd lor t i k  l ir\t 
tinie uithin thi, project. 'lhc unit ol'thc X co-ordinale 
15 mclrc l m  

Y Co-ordinate Thr Y c i i -d ina te  ulthc hotti~in lelt-hand corner o f  
ihc N.lctwi>ik wnrli>w whcn i t  i \  opcncd lor thc l i n t  
i i rr ic within ihi, project. Thc unit UI ihc Y co-imlinaic 
I \  rnctic I r11 l 

Nurnher5 of metres per The xaling ol'the N r tu< rk  window ~ i l i c n  i t  i\ iipcned 
pixel iar ihc 1ir.i tinic within ttii. project. 

Yoi i  caii íipcri an existing I'roject Fi le with tlie Open Project cornni:ind 

Related topics: 

New I'riljcct 

Opeii IJroJcct 

4.2.3 Open Project 
Use thi\ ci~iriin;rnd i11 ijpen :in cxisting Prujcct file. Sclcct the file i n  thc Fi le 
Opcn dialog h í ~ x .  Thc Ir>llriwiiig op t iwx  alli lw you t0 specify which file t i j  open: 

1,ook i n  Sclc~t  thc drive ;ind dirccliiry in uh i ih  DMS 1ric;ii~w 
ihc li lc that y i iu want ti, ripcn. 

File Same ï'ypc <,r \cli.cl the fllc yim want ti> open I h c  li\thox 
li\t, Iilc, with the cxtcnviin you xlcct i n  thc Fiic\ 01' 
Typc ii>mhoh<ix. 

I S  thc pn~ l cc t  i\ rcccritly indiSicd. try t<> usc the Kcccntly Opened I'ríijects 
coinniand. 

You can open niultiplc pro~ccts. Usc thc Window nicnu t i j  switch arnimg ihc 
niultiplc upcri I'ri>jcct\. 

A project cari a l w  hc iipcricd hy d i~uh lc  clicking im thc '.I>.VS fik in  thc 
Lxpliircr. 

You can crcatc a ncw prr>lcct with thc N c w  Project corninand. 

Command: 
MCIIU har: l.ik - Open 

I w l b a r :  &i 
Kcys: CTI<l.+O 
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4.2.4 Close Project 

4.2.5 Save Project 

4.2.6 Import Files 
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I.iIc rclatcd to the lliw+ arc stored 

I d i t  t ' l 4 l :K  I n  thi\ f ik  al1 ~niiial condition\ rclated 111 

1.11~ the quality arc \tured. 

Nidc lilc ~ UOI) I.ilc ihat conlain, ihe p<i\ilii,n of node 
i n  ihe nelwiirk. 

Nctu<,rk t i k  ' N P S  I h c  nodes arc conncctcd thrriugh a 
nctwork Thc Nctwirk I'llc conkin\ thc 
nciwrk. ilnd i t \  gcogiuphical 
d i \ p c n i m  

l k r ~ m c t c r ~  Filc ' I'KM In  thi, lïlc al1 pararrictcrs 01 thc quality 
mijdcl are stiircd. 

Thc di\playcd \clcctiiin diali~j! i \  thc wrne a\ thc Open dialog hr~x 

You can \ave thc rild t'nijcct ;i\ a new Pro.ject (+.OMSI file with the Save as 
criinmand. 

Command: 
Menu har: t.ilc Irnport 

Tip 13cfiirc inipoiting a "PKJ r>r a 'NOIJ file make surc ihat the 
c<>-i,rdinatc\ iri ihc nii<lc\ are not cqual io  zcro. Il'\o. al1 thc 
ohjects in thc Netwerk window wil1 he píisitií~ned in one 
place which makes ii imprissible io u\c t h ï  cornriiands of 
the Neiwrirk window. 

Tip HcSr>rc impi~riing a project file ( "PKJ )  or  Ilow hiiundary 
ïilc (* .HNI>)  niake \ure th;it if milre thiin m e  Ilow 
bi~undary condition i \  dcfincd on onc node, evcry Ilriw 
hriuridary coriditii>n on that node has its riwn unique 
cimdition nunihcr. Othcrwi\e iinly onc Ilow hr~undary 
crindition lor that node wil1 hc convcncd. 

4.2.7 Recently Opened Projects 
Usc thc iiunihcr\ iind filenunici li\tcd at thc hoitoni of thc File menu to <>pen one 
o l t h c  la\[ \ i n  cliiicd I1ro.jcct\. <'hoo\c thc Project yrlu u i sh  t11 open. 

Command: 
Menu har: File - Rcccntly Opened IJn;jccts 1.2 . . . .  
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5. Network Editor 

5.1 Usage of the Network Editor 
'The Netuvrk k.ditiir i\ a graphical cditi ir that cii:ihlc\ you ti> intcraciively drau 
thc nctwrrh <cheniatizaiirm I 'hc Netuxirk cdiii ir cr~ i r \ i \ t \  o l  ihc Nctwrirk window 
i ~ i i d  ihc I'alcttc tixilhiir. Thc dc\irctl i iciwork ilhjcci í c . g  a n d c )  ciin ca5ily hc 
\electcd Iwlm thc Palcttc t i ~<~ lha r .  Thc mi>u\c i \  u\cd t11 place thc i~h jcc t  i n  thc 
S c t w ~ r k  window. Wlieri opencd. thc Nctwiirk window appear\ in thc 
Wiirkspace. 

A network caii he easily huilt on a Map Iaycr, reducing the error\ i n  the 
\chcrriuii~aiii iri o f  a iur lacc water \y\tcrri. 

I h i \  Nc tw i~ rk  kxiitrir i \  hascd i in ihc \tandard cxchangc i~irrnat ISUFI .  which ha\ 
cim\cqucricc\ Irir thc way i n  which thc nctwork i\ \ct up. 

I n  the btandard cxchangc iorniat. a \chcinatizatii~n i \  huilt up (11 node\ and 
\cctions. 

I ' hc  i i i l l i ~w inp  qu;irititic\ can hc dcfincd on a u t i r l n :  

Structures. 
w c h  as weirs, culvcrt\, siphoiis, purrip, and general wuctures l ikc 
un<lcrilí iw\. . Arca pí,irlt\. 
In  arca prints thc drainage ir i i i r i  thc arca\ (due t i l  r i i i i i l i l l )  and 
cv;ipi>ratir~n is taken into account iilr ttic surlace walcr. 

I>i\charge point\. 
'I hc\c prlint\ take wa\tc Io:id\ at the \uriacc walcr inti1 account 

Schcniatizatioii priint\. 
I n  t h c x  points thc rcwl ts  of the calculat ion~ are rcci~rdcd. Area and 
Il i\charge point\ are attachcd 1iii \chcrnatiration p r i i n t~ .  On  a 
\chcniati/;iii<iri point onc <>r riiorc arca\ ;rnd di\ch;irgc\ ma). he 
dc l inc~ l .  

Thc scheiriatization i\ \ct i ip and ad.ju\ictl hy \clccii i ig and drafging thc iihjcct\ 
I r i m  thc I'alcttc idh;ir intc thc Sctwork windr~w. 

By  \elccting r~hjcc i \  i n  the Nc iw i r k  window, ime can activatc thc Ohject 
Pnipertieï dialog hrix; wherc thc pr~ipcrties of ihcsc iihject5 can he niiidificd 
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.1lw n c i u , r h  t \  c o ~ i ~ c r ~ c d  10 ;t ' 1 ) u t I o ~  n c ~ u < ~ i h  h! ~ ~ ~ I ~ ~ I I I ~ ~ I ~ ~ I ~  ihc ii<,de\ m<! 

icl icr i i ; i I i / ; i i i i~ i~ nii i l  i . i l ~ i i l ; t t i o ~ i  p i i i i i i i  in10 I>~il'li>u i i < ~ i I c \  < i t d  i ~ ~ i i i ~ r ~ l i i i ~  th? 
11\15 \cct i i i i i  i n l i>  \i.\i.r,il 1)iilloii \ccl i i ) i i \ .  Ti ic i i w r  c.iii dcl i i ic lhc  (1i~i;iiicr. 
hci i rcci i  i w i i  oi i ip i i i  r i i i i k \  h! cli.iiigiii; i l i c  I ic l i l  ll.,\iiiiiiiii lc i ig i l i  <,I :i \cciioii. 
'Ilii\ Ic;icl\ i r i  lhc I;KI ili;ii :i l lcr c i i i i i c r \ i i i i i  <>l il ic i ic i i i i i r i i .  i l ic I ) \ IS \cctioii I \  

cl i i iclcd i i i i <>  I l i i l l i i i i  r c ~ . i i i > i i \  111 ; i p p r o \ ~ ~ i i ; i i c l ~  i h i \  iii:i.iiiii~iiii 1cii:ili 11\75 \ b i l i  

:ciici;iic C;il'~lil;ili~iii p<> i i l l \  1iir lIii\ pu i -p i i~c.  

I r i  i t ic S c i u o r h  u i i i i l i i i i  .ilui c;i lci i l ; i i i i i i i  r c \ ~ i l i \  ~ ; i r i  hi. l i rcwi i icd:  i. 2.  ihc color of 

;t WCIIOII c i i r  ~ C ~ ~ C I C I I I  ;I i i i l i ~  1 1 1 1  thc l c \ c l  oi. iliicli.ii-pi. . t i  s ~ c i l i i i i i  i i i i> i i icni .  
l l i i i  u;,) <>I Iprcxiiiiii: i i . i i i l i \  i \  ~ ; i l l ~ . i l  i l ic I J r c ~ c i i i . i i i ~ > i i  \ I < d c  

Related topics: 

5.1 . l  Open Network Window 
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Context mcnu: In thc Sccnari i~ Manager window aitcr the d e c t i o n  i ~ f a  
xciiariii - Opcn Nctwork Window. 

'Todbar: g, 
Related topics: 

U\agc o f  thc Nctwork I<ditor 

Workymcc 

5.1.2 Display Layers 
1 , ' ~  thc Iliiplay I.aycr\ comriiand 10 add ur rcmuvc iaycri in thc Nctwork 
window. DMS wil1 show thc Display Laycrs dialog hor dialog box. l 'his 
corninand can oiily he used when in the Projeci Propertic\ dialog hox the setting 
Gcographic Ikickgrt~und is niarkcd. 

Command: 

Only Shapc-lilci can he uscd a \  ;i map laycr in I>MS. 'I'hcic file\ arc o f t h e  typc 
' S t i p .  I h c y  alway\ cr~nic  togeihcr with a datahaic f i k  (*.»HF) and a index fik 
(*.SHX). [:ach \hapc Sik rcprc\ents a ccrtain g c ~ ~ g r a p h i c  therne. Shapc files can 
he \ave i n  a p u p  in a VSI;- l ik  

Tip I I  you want t i l  usc A u t K A D  ïiles (?IlXP) as  background 
iiiiagcs. y i ~ u  c m  caiily convcri thern L I J  Shapefilci with C.P. 
Arckicw. On thc Dullr~w Internct site you can Cind a t A Q  
wiih a hricfdc\cription r l la  provcn incthi~d. 

Related topics: 

Display Laycrs dialog hon 

1'ro;cct I'rupcriics 

5.1.3 Display Layers dialog box 
Tlic Di\play Laycr\ dialog hun coniain\ a list wiih the prcscnt laycrs. The order 
<>l '  thc laycr, i n  thi\ Ii\t ciirrc\p<~nd\ with thc ordcr in which thc Iayers are 
di\playcd in ihc Nctwi~rk window. To niodify thi\ i~rdcr .  \elect a laycr and u\c 
the Up or  Ihwn hution. 

User's guide Network Editor 49 



L w  IIIC . idd  I~LIIIOII 1,)  clcl cl 
0,"ll lilt ol:,li>; h < > \  Oli l !  
l i l c  i i i  i I ic I i l c  Opc i i  , i ~ t l i i g  

Related topics: 

5.1.4 Layers Properties dialog box 
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Thc I i ~ l l i iw i ng  i ipt i i in\ in thc I.aycrs Priipcrtici di;ilog hilx ul low yrlu I r 1  spccily 
thc propertic\ i i f  the laycr: 

Size I liici.iicss 01 ihc lint\. 

Colibr Ciilor o l ihc l i r w  <>r ihc fiilinp ci>l i ir\  ~ i f  thc objeclr in ihe 
laycr. 

Outlinc Opiiim li, choi>w wl ic i lw thc  <>hlcil\ ol thc liiycr shr~uld 
have an riutlinc iir mil. 

Hy rcrnrii,ing thc inark in thc rtlu i ~ ï u  prcwnt laycr ihc laycr wil1 iemporarily nut 
he ili\piaycd. [!SC thc I>elete hiitt i in or I k l e t e  A l l  hutton to rcrriilbe thc luycri \)  
Sriirn thc l i \ t .  

A icc ol laycrs c m  he i i v c d  as *VSF lik hy choo\ing thc button Collection. 'S(J 
ure thi, huttiin nilirc ihaii «nc Inycr rnuht he \elccted in thc Display L;tyer\ dialog 
hox hy u\ ing thc C H ï L  i l r  SHIFT huttori 

Related topics: 

0 5.2 Network Objects 
'Shc N c f w w k  u i n d < ~ u  SIIUWI thc s ~ h ~ m a t r ~ i i t i ~ x  oSihc M-atcrwilys. ' l hc  
\chcriiatimiii]n i \  hui l t  by using Nciwork Editor. A \chcrnatizati«n ci~iihisth of 
r ~ h j w ' ~ \ .  Thew ohjcct\ can be draggcd îrorri the Palcttc timlbar int« thc Network 
u indr iw.  

' lhc Palcttc toíilhar r,lSers thc ïo l l r~w i i ig  ohject\: 

*j . . Ni,dc 
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5.2.1 Node 

\.,,,,c <,f  l l i c  li,>ill. 

l I , c  X ~ L < , ~ < , , i l i i i . i i ~ ~  <>l 11ic i i i i i k  l \  L . i l i i i l . i i d  li! 1ni1 
Il\I\ l>:i,cil. i , , ,  il1c />II\1110I, 1 1 1  11,~. ~ l l l d t  l,, I l l~  
i c i u i d  \ i i i iAw 1%) r i i i c i i i i i  8 .l\r.cL iixiil. 
hi.Iilriil i hc  lircld ilir. li-<, ~ . i i i  i i \ c r i i i l c  i l i c  \;diic 

L ~ : ~ I L L ~ : ~ I L ~ ~  l>! I J t l S  
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ISa nodc \hriuld he addcd [(J a v x t i i ~ n  of an cxigting nctwurk u w  thc I n w I  Nridc 
corninarid in\tead oS dragging thc uhject Nodc Sr<iiii thc Palctic Ioolhar. The 
\cction on which thc comrnand i \  u\cd wil1 be +t int« two sectirin\ that inherit 
thc propertie\ OS ihc splitted \cctiwi. 

II twri \cction\ cíinic togcihcr at a riodc, thi\ node can he rcrnoved with thc 
Rcinrivc Node and Jriin Scction\ crirnriiarid. I3y using thi\ cimirnand the sxtions 
that comc trlgcthcr at thi\ N d c  wil1 he jrlincd. Othcrwr\c - with thc Remove 
Ohjcct c<iii i i i iaiid . iw<i scciiiiii\ without a begin or end node wil1 he crcated. 

Related topics: 

Ohjcct f'r~>pertie\ conirriand 

I n w t  Nodc 

I<crni~vc Nodc and J11iii Sectií>n\ 

5.2.2 Section 
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( i l l l l r i l l t .  Olltllllt <liltll 

\dd 10 \Ionitoring lílv 

RAM 

Related topics: 

5.2.3 Cross Section 
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General 
I 0  

Name 

Sertion IJ> 

Duflow 

Ke\istance po\iti\e 
direction 

Ilesismnce iicgalivc 
direclion 

RAM 

l l ~ n  ttic (';ilculuiiun Seliin;.\ [>i. ( ' h k y  ;i\ I~ I , ' " /~ I  <,r 
Rc\i\i;incc I<ir i i i i i la is spccil lcd. ilic >;ilue [ r i i " ' l ~ ~  ( K )  
is cqu;L 10  ihc Chézy-coellicicrit i n  

p , \ i i i \ c  rlircciiriri iiriini hcgin n i d c  i i i  crid 
riodc). I1 M;inni~ip i \  \pccified. ihc iziluc 
i \  cqliul li, ihc ~r iel ' l ic ieni  K in ihc Ii,rniul;i 
i i t  Llunr i inp  (I=K*K"'"I'- j in p < ~ t i v c  
diri.ctii,n. 

Propertieh dc icr ih i i ig  ihc  Cross S c i t i m  are grouped i n  a Cros\ Scci ion schcinc. 

The  schenici  laci l i iate the use 01 prcdeliried data and ihc  u i c  01' rcheines l u ~ m  
othcr vxn; i r io\ .  A l t c r  d c c t i n g  a Cr<,\ \  Ycciirm ichenic  !>MS wil1 i h o w  ihc  
<:rrii\ Sc i i i on  d ia log hrix 

Related topics: 

Ohject I'rí>pcriic\ crmiiriand 

Cn15s Scci i im dial(>:! hox 

I~itcrpolatir,n < > I  ( k i r \  Sectional I j s i a  
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5.2.4 Cross Section dialog box 
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Height (l.inel I kp th  to Flnrir I .cwl lhnttomj r ~ n  which lm 
ihc p;irsniciw arc v a l d  

Flow Mid th  (I.inc) Widih i>SI : l~w I'rrililc ui ih ï  relatcd [ml  
hcighi. 

\laxirnum Width íI.ine) Widih o1'Stor;ipc I'rofilc at the rclated [n i l  
tieight. 

Related topics: 

5.2.5 Interpolation of Cross Sectional Data 
A i  Ica\t rinc ('rij\\ Scciirm niii\i he dclincd im a \eetion. Il 'morc than i ~ n c  Cr<,\\ 
Scctirln i \  defincd (>n a section. I I M S  wil1 dchu l t  interpolak thc cru\\  \cciirinal 
prr~f i lc .  The option Interpolak Cross Seciiriiiai Dara is a property of thc sectim. 
Thc Flnix lev t i  - ;il\o :i propcrty o f a  C n w  Scction xhe tnc  - howevcr wil1 
alway\ he inicrp<il;itcd, u c n  il'thc op i i~> t i  Intcrprilatc C r ~ r \ \  Scci imal  I h l a  i \  r~f l ' .  
Notc that inicrprilatiiin ol' it ie c m \  \cciiimal profile\ wil1 i inly iakc place over 
imc w c t i ~ m .  Interpolation ril en>\ \  vxt io i ia l  data wil1 nevcr take place hctween 
(:r<,\\ Sccrion\ on twu different \cctions. 

I:ir\i thc u;iluc\ irir klrjr,r Lcvcl and ihc cri,\\ \cciional profile rin 
thc I Iu l l r iw point\ hetween two  Cross Sections wil1 bc cakulatcd 
hy inicrpolat i i~n (red line i n  ihc l igues) .  I I u l l ow  point\ are nodes. 
\chcniati,atirin point i .  \tructurc priitii\ - i.e. \rrucrure\ - or 
calculatirm point\. 

Scci~i idly the I h l l o w  p~ i i i t t \  hetween the hegin Node and  the first 
Cross Section hili inherit (heir crohs secttrinal data fr<im the first 
Cro\$ Sccticm 

'Shird ihc Dul l r iw p i ~ i i i i i  hetween the last Cross Section and the 
end node wil1 inhcrit their er l i \ \  \ection;il data fnm that la\t  C~IISS 
Scci ir~n. 

Noic ihat ihc dircciiriii ~ i l ' thc  scciiriii pl;iy\ ati important rolc in ihts 
intcrprcialirin. 
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\ l i c l  d c l ~ i i i i i p  i l ic LI,>\\ ~ c ~ 1 1 i ~ i i ; i I  i1:iI.i oii llii I)!il'l,nr / > i i ~ n l \  i 11  i ,  vxlioil. IIIC 
crii,, \cc i i i i i i ;~ l  r1; i l . i  l i i . i~ii.ci i ilii.\c l)iiIli>u iiiiiiii\ L.W Ik i,iliiil;l~i.ii h! 
i i i l i . rpl ; i i i im I lic ii.\iili, 01 1111, ~ r i i c ~ p ~ l , i i i i i i i  :tic i i \ i h l c  i n  !tic ti;~iic, ;i\  :i hl;ich 
l i t i c ,  IIII lt ic k l i i o i  li.\cI IIii~lIiiiii) ;iiiil itie h l w  .ii~,.i i l ~  l l ic I I i i \ in i i l i l i  :i1 ;i ~ c r i i l i n  
<1q111i l)iiiili: < ~ i l i i i l ; i l l ~ ~ l i  l i < , \ \ ï \ c i  i i i i l '  ilii. cl,,.\ \ciil<iii.il li;ii:, i , , ,  ihc I>lilliiu 
I101I1I' ~ l l l  t x  , , \cd 
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Tip I I  i l ic l:li>or l.cvcl ihriti i i ir i) up<ircain frorn a wci r  d i f l 'cn from 
thc I:liior l.cvcl di>wn\ircaiii. thari ju i i  add a h'i ldï vcry c lmc t r i  

the weir. I l ' thc diiturice hc iucci i  itic Nodc und the wcir i\ Ie\< 
ihan tlic Mini innl I.erigth r i l t hc  \celion. thc Fl i ior level wil1 nrlt 
he iirtcrprilatcd ovc i  thc w c i r  [:\c ihc ln icr t  h'íidc coniinand to 
add thc Sislc. 

Related topics: 

Crms Scction 

<:r<>\\  Scction dial(,g hrix 

Scctiilii 

5.2.6 Schematization Point 
Schcin;iti/.atiíiii po int i  arc cxtrn pij int\ i ~ n  a wci ior i  u ~ d  hy thc I I M S  calculai i i~n 
mil oi i  hh i ch  output can he pciicralcd. On a \chcnralizati»n piii i it onc ilr niorL. 
arca\ ~ i n d  d ixhargc pi i i r i t i  iii;iy he <Icl ir icù 
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Related topics: 



5.2.7 Discharge Point 
0 1 1  I)i\chargc points d i x h a r g c  in o r  out of ihc Network o r  wa\cc laad\ at thc 
\ u r f ~ c e  water into thc Nctwork can he taken into acciiunt. Il iwhargc point\ must 
aiway\ he aitachcd ti l  a Schcm;iti~aiioii point I t  i \  pos\ihlc ti, attach niorc than 
onc I>ischarge point to th r  samc Schcmati/atirin point. 

Synihol k! 
Thc IrAlowing prr~pcrtics c m  hc descrihed: 

General 

11) Idcnlilicaiir>n codc of ihc Dixliarpc point 

Same zi;irric <>i  thc I1iwh;irgc piiint 

Schematization p i n t  11) I I >  i j l  ihc Schem;iti,.ation point i m  which thc 
<Iixharge point i \  aiiachcd. At  thi, 
Schcmatiratiirn pi>inl thc disch;irgc into the 
nciwrrk wil1 hc iakcn inIr, account. 

Related topics: 

5.2.8 Area 
In Area pr~ints the drainage Irorri thc area\ intc lhc \urlacc watcr.í<luc t11 r;iinlall) 
i \  taken into account. A r ~ i s  must always he nttachcd t i l  ;I Schcmati7atir1n puint. 11 
i \  po\\ible to  attach niore than onc Are;, to the \ m i e  Schcinntization point. 

Syinhol: 9 
Thc Sdlowing properties can he described: 

General 
11) Idcntiliiatiim c < d c  < , l  thc iihject 

Name l'uiric d t h c  iihlcct 

Schematiration point JIJ <>l  ihc schcrriati,aii,m point r m  uliich lhc arca 
i i  ~ii;ichzd. Ai thi, \chcmatimtii,n point thc 
di\churgc <,l'thc ;irc;i intii thc nctuiirk i \  tukcn 
inio accr,uni 

Surface liitai w i l c e  <,i thc :ire:i. l lm'.] 

RAM 5cc dcxripriir  hck,u. 

D U ~ ~ O W  N<, I>ullriw \ ~ C C I I ~ L  ditla c m  h ï  ~lc l~ncd  

The KAM specilic pn~pcrt ic ,  are displaycd as Sollowh: 
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open wrface value i \  alui uwd lor paved 
wrlace. 

Y Niiruic cimccn1r;itiim 

I'hosphor <:,iii~cntr~ti<m i ~ h i . m c \  lir: 
Opcri Wuicr 
F;iic,l S u r ï x e  

Pr~)pcrtic\ dcïcrihing tlie cimccnirntioii are groupcd in ;i C~~nccniral ion schcmc. 
which i \  in lact a iiinc serie\ ichcinc. IIMS ihcretim i i x s  a variaii~m of ihc 
Modif) Schcnic dialog hi~x.  

I'ri,pcrtic\ dc\crihing ihe unptivcd iurlacc arc groupcd in an Cnpavcd Surfacc 
scheinc. 'l'he schcinci Iaciliiatc the uhe ol'prcdelïiicd d;ita and thc use of \chcincs 
Ironi oiher proji.ct\. Atier \clccting on Unpwed Surhce schemc FlMS wil1 \how 
ihc IJnpavcd Surkicc Setting\ dialog hox. 

Imr icchnical dciatl\ p l c a x  rclcr t11 the RAM K e l r c n c c  Manual 

Related topics: 

Uiipavcd S u r f k c  Scherrie ~íiinrnand 



5.2.9 Unpaved Surface Settings dialog box 

SAacr  T,pe im m 
d 

Gencmlinnbule; 

sreriario 

r; ZNashCarcadri 

tlumteiafRearwoiri 
P M  Irrmrr 

SIW I 

Related topics: 
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Area 

Unpaved Surlace Schciiic c~~rnn iand 

Advanccd I'crcrilatiri E\,qx>raiiim Rclatirm\ diulrig h ~ n  

5.2.10 Advanced Percolation Evaporation Relations dialog box 
Thc pcrc<ilaiirlri ;d cvap<iruti<iri relation\ dcpcnd i ln thc nioislurc ciintent i n  thc 
un\aturatcd Yrinc. AI dckiult i l  thc rnoi\turc c~mtcnt l i c i  hciwcen @,,i.=zii1'l;2' in 

Unpnvcd Surface Setting\ d i ahg  hrix) 2nd $[,i ,, ( ' W  i n  Unpavcd Surlacc 
Settings dialog hox) thc relation hctwccn the inii i\ture content and the 
pcrc~~l;it i i ln i \  a\ iunicd i o  a Iincar relation and l ikcwt\c I i>r ihc cvaporai im i f t h c  

rnuiiturc content i i c i  hctwccri Q,,) 3 2 nnd ei,,i=ii,. 

In  this di;ili>g i i i\ poi \ ih lc  tc1 rlverridc t h i i  defsult. Thc firit p i~ i \ i b i l i t y  i \  an 
cxponeritisl rc ln t im a i  i t imvn i n  ~ h c  Sigure h e l ~ ~ w  íPcrc«leiir~n relalion): 

Thc \ec<ind pos\ihil i iy i11 ovcrride thi\  defiiult i\ a piccc wisc: linear relation 
ll;vapirali~,n rclatiiin): 
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5.2.1 1 Siphon 
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5.2.12 Culvert 
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5.2.13 Weir 
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Related topics: 



C r i w n  W i d t h  

Cr r iwn Hc ight  

T h c  I r ~ l l o w i i i g  propert ic\  can hc  dc ic r ihcd:  

General 
11) Idcntiiicaii<in crdc <>l thc Wwr. 

Name Kunie o i t h c  Wr i r .  

Secticm ID 111 o i t l i e  scction i m  u i i i ch  thc Weir is 
delincd. 

Uistance 'l he di\tuncc Smnr thc hcpiri node of the In11 
xc t i i i n  unii l  the w u r  i \  c;ilcul~iicd hy I IMS.  
h u ~ d  r m  thc pii\irion\ of thc n d c  and thc 
w c ~ r  i n  ihc Netwoik w i n d r w  Hy cntering ;i 
check mark hehind ttic i ic ld thc u w  can 
i,vcrridc thc value calculatcd hy 1)MS. 

f h c  width of f low opening <>i ihc wcir. lm1 

Thc hclght <,l ihc hottiiin i11 ihc i k i i i  opening I m l  
ahovc thc rclcrcnce Icvel. 

M u  i \  u crrrccti im Iactiir Iir sddiiiimal 1 ~ 1  
tiydr;iulic c l icct \  i ikc ~ i in t r~c t i< i , i .  in1crn;tl 
Ir ict i i in ctc. i n  ih r  w i r  und c m  he dclïned in  
p i>v i ivc  ;ind negaiivc rlircctii>n. 

Duflow 
I n i t i d l  con dit ion^ Al tcr  thc iclcction o l t h c  I n i t i a l  

Condi t ion\  ... hution D M S  wil1 \huw thc 
I n i t i a  Ciind~tir,ri\ dialag hi,x w l h  thc ini l iul 
crmditirrn (in dixhargc.  levcl ;ind uil 5tatc 
vari;ihle\ dcclarcd i n  ihc OJuIity mi>dcl. 

thc 1)efaults huttiin t<, \ct thc \aluc o f  
iii5charge ;ml Ilcm cqiiul i<> /i.rr> ;ind the 
valuc ol ' lhe state \uri;ihlc\ 10 thc deiauIr 
value\ declared in thc ()ui i l~t j  M d e l  
dc\cripti<m fik 

Ehternal  Variahles After thc d c i t i o n  o f t hc  Ex lerna l  
Variahles ... hutliin ü M  wil1 \ h i m  thc 
I:xtcrrial Variahlci diulrig hox. ' l h i i  diulrig 
h m  p i v m  sn overvi tw i d t h c  \clected 
\chcnies l o r  tht. di\pcr\iirn 2nd the rithcr 
cxicrnal variables dcciurcd In thc Quality 
mridcl. B y  cl icking <in the a r n w  hchind thc 
xheinc-n:i inr a li$( wi ih the avsilehlc 
x h e m c i  wil1 hc di\pl;iyïd U w  thc I...] 
hull im to <>pen ihc Sclcct Scticrnc dialog hi>x 
ti) udd <>r rn<idiSy ichcrne, 

RAM Nri K A M  5pcciSic d;rW c m  hc dd incd  

Related topics: 

Object  Properties c ~ m i n i a n d  

5.2.14 Pump 
IJun ip  stands f o r a  purnp ing siat ion in o r  i icar a watcrway.  

Symho l :  f 
T h c  i ~ ~ l l o w i n g  propcrt ics can hc  dc ic r ihed:  
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5.2.15 General Structure 
Gcncral Struciurc\ are \iructurc\ that c m  rio1 he dcl incd a\ othcr I I M S  
\rructurc\, I i ~ r  cxaniplc wcir, w i ih  fíjrccd undcr l l r~w.  

Syinhol 
B 

l Thc Srillowirig propertic\ c m  he dcwr ihcd:  

General 

I I1 

Name 

Scitiiin 11) 

1)istance 

Wdth M hirlpool 

Height Whir lpool 

(;ale Lercl 

Duflow 
Initial condition\ 

1,:xternal Variahles 

II> d ihc \cciirm <in ul i ich ilic (;encr;il 
Siiucturc I \  defincd 

Tlie di\iuncc fiom llic hcpin node r,l ihe 11111 

sccti<>ri until the pcncrdl \irocturc i \  calcul;itcd 
hy I ) M S  hci\cd on ihe pii\ition\ i r l  thc nildc 
:iriil ihe pcncrul iirucilirc i n  ihc Nctwixk 
w i n d i i ~ .  I3y cnicririp ;i chcck iiixrk hehirid ihc 
I d d  ihc u\ci c m  iivcrritlc the ~ i l u c  
c;il~ul:iicd h) DM5 

Tlir widrh o l t l n u  <,peninp r>fIhc gcncral lm1 
5tlL1ClurC. 

I l i c  ticipht iiI thc llriu iqiciivrip < > l  ilic pcncral I r r i l  
\IIUCIUrC 

The lcvcl i i l the uppcr 5ide o l thc l low [[n1 
iqxninp iiI t t i ï  gcnmil 51ruLiurc ahovc Ilic 
rclcrcncc I c ~ d  

Mii i \  ;l cirrccti im Iit~tr,r l m  addjtiimal 1 ~ 1  
hydi;iiilic cllcct\ likc ciinir;iciiim. inteni;il 
frictiiin etc. i n  ilic pcncial \tructure and c m  
hc dclincd i r i  p i \ i t ivc  iind ncgaiivc dircctiiili. 

e RAM 

Related topics: 
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5.2.16 Calculation Point 

Duflow 

RAM 

5.3 Network Object Commands 

72 Network Editor User's guide 



Select Ohject ond Check Ohjects 

Fl ip c~ricntatic~n iSectiori) 

Hcnding point (Schernati~ation point) 

Keriiovc Ohjcct 2nd Di\cimncct Ohjcct 

I n x r t  Node iNodc)  

OfS\ct (:i~-írdinatci 

Wi th thc I r~ l l i>w i i ig  ci>rnrn;ind an ohjcct in thc h ' c tw~ rk  windiiw can he Iriund: 

Locatc Ohjcct 

5.3.1 Object Properties (command) 
Usc thi\  cornrriand t r i  cdit pr i~pcr t ic \  o l t h c  r~hjcct \ .  A l i c r  sclccting thi\  cí~rnmand, 
D M S  di\play\ thc Ohjcct l'rr,pcrtic\ l:lialiig h r i x  lJ\c the Sclcct Ohject cr~mrnand 
t i i  selcct the ohjcct. 11 i \  al\,, pohiihlc to open thc Ohject Propertics d i dog  h r ~ x  by 
double clicking w i ih  thc Icfi iriou\c hutton «n thc object in thc Nctwork wiiidow. 

Tip 71, change a propcrty o i a l l  or al1 chcckcd ~ h j c c i  ionc type) to 
{int viiluc u\e thc corninand Srrlrn thc nienu har. Ch(io\c i n  the 
Ohjcct Propertic\ dialog box in the Ohject  t« Change l i \ t  Sor 
'A l l  . . '  or 'Chcckcd ....'. I n  the latter caSc uce the C'hcck 
O h p x \  coiiirnand S in t .  

Hone  or more ohjeei\ in the Neiwíirk windoir are \clccted whcn using the 
toolbar shiirtcut for thi\ ciimrnand. you can only cdit the pri>pcrtics o f  thc 
\electcd «h,jcctf\). 

Cornmand: 
Menu bar: Edit - Ohject\ - f'rr~pcrtic\. . . 

Contexi menu: I n  thc Nc tw i~ rk  w i n d i ~ w  aftcr the 
\clcction iiI an ohjcct - IJropcrtic\ . . .  

I l i>uhle-cl ick: In  thc Nc tw i r k  winduw 1111 a ohjcct. 

Tw lba r :  % il i \ ts  al1 chjcct\ o lnct ivc sxnnr io)  

% ' ( l i \ t \  only thc \cleetcd ohject) 

Related topics: 

Ohjcct Pr iqxr t ic \  dinliig hiix 

5.3.2 Object Properties dialog box 
The Ohjcct I'ropcrtic\ dialog hiix con\i \ t \  i i i th rcc  part\. 'Thc (;eneral data, 
K A M  \pccilïc data ani1 thc 1)ufiow \pccifïc data. Af ier  thc \clectiori o f  thc 
ohject(s) t i i  change on thc Geiieral tah you can change the prr~pcrties ol'thc 
rhjecti\). Mi i rc  iniririniition ahout thc priipcrtic\ o f  thc ithyxt i\ givcn i n  thc 
paragraph ahiiut [hut rihlcct. 

Related topics: 
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5.3.3 Select Object l Selection Mode 

Command: 
C,>i i ic\ i  r i ici i i i : Iii \ c i i \ i i i h  N iiiili>ii i i i i i i iclc i ic t i i i r ih  t,iiji.ct> - Sclcci i<m i i i od~ .  

' I o o l l i i ~ i  I.; 

Related topics: 

( IICLA O~ILLI ,  

5.3.4 Check Objects 

1 Command: 
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A l l  iih,jcci\ are listrd. thc checkbox hckire cach ohlcct tclls you whcthcr thc 
ohject i\ chcckcd. Thc \late i j l  ;in iihjcct caii he cli;inged h) dircctly clicking thc 
(>hlcci\ cticckhox in tlic l i \ thox. 

I h c  Select AI1 huitori rriakc\ i t  piis\ihlc l í i  innkc a ctir~icc l i ~ r  al1 ohject\. hy using 
thc Cir l  (>r Shift buttim III hy dragging ihc i i io~ise i~ ther  ri iultiple \clcciirin cati bc 
r .  Shc Check chcckhi ,~ \ h w s  thc \Late 111'Ihc \clcclcd ohject\: 

('hcckcil iric;iri\ al1 i c l ~ x t c d  ohject\ zare chcckcd. 

(;ra? t r i u n i  l11;il VIIIIC r i l  thc x lcc tcd  iihjcct\ are chcckcd. 

IJnchcckc<l meaiis thai i i imc oS the sclccted ohjects are cticcked 

Y<>u cara ;iI i i i w c  thc (:heek chc ikh~ ix  t i ,  cti;riigc thc state íil thc sclcctcd ohjccis. 

Related topics: 

Check Ol~jccts 

W c c i  Ohlccl 

0 5.3.6 Flip Orientation 

Command: 
t I I ~ I U :  I r 1  lhc Nciwork w ind i~w  ;ilier thc \election of e \cc i i r~ i i  F l i p  

Oricnt;rIiiiil 

Related topics: 

5.3.7 Bending Point 
IJhe ~ h c  l iending Point ci~iriiri;ind t r i  rn;irk ;i schei i iat izat i~x point into a henditig 
, X , I ~ .  I < i  crc;ilc ;i hcndirip iii thc nclwork \elcel lhc hcndinp priirit and drag i t  l o  
~ l i c  ~ I c ~ i r c d  po\i i ioi i .  

Command: 
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Related topics: 

5.3.8 Remove Object 

5.3.9 Disconnect Object 

Related topics: 

5.3.10 Remove Node and Join Sections 
I ' \ c  i l i c  I<ci ! i i i \c Sodc iiliii Ií,iii S c c t i m \  cí i i i i i i i ;~r i i l  iii rc i i i i i i c  :i iioilc Iiiiiii ihc 
i ic iv,<rh ;mil l i i in Ihc \ixii<,ii\ ih i i i  h c p n  <,i- c i id ;i1 i l i i  r c i i i i i i cd  r i i dc  Th!, 
i i n i r i i ~ ~ i ~ i i l  c m  iiiil> tic i i \c i l  u hen iuil \ c c l i o i i ~  C(> I~ IC io:'~,II~cr :ai ihc w l ~ t l ~ d  
ili><I~. 

Command: 

Related topics: 

I<c i i i < i i c  Ohjcci  
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5.3.1 1 Insert Node 
U\e the Iii\crt Node c~iminnnd til ;rdd a node ti, a \cction of' tin cxistiiig nctwi~rk 
ï'hc \eetion wil1 he split iiiti, two \ccti<~ns thnt inhcrii the pr~~pcr t ic \  of thc 
\plittcd \ecti<in. 

Command: 
Context rricnu: I n  thc Nctwork winduw aficr the selectir~n (IS ;r section - I i i w t  

Node 

Related topics: 

5.3.12 Offset Co-ordinates 
L!\c thc Olt\ct Cri-iirdin;itc\ ciminand t i i  change ihc X-  and Y-c~~-ordin;itc\ Sroiii 
al1 <,hjcct\ at oncc. I l M S  wil1 \h<iw thc Ol l \ct  dialrif h ~ i x  to \pccily valuc\ - 

ricgativc i>r pii\itivc - to add t i j  thc currcnt cw~rd i i ia ic \ .  

Command: 
Coritcxt nicnu: Iii thc Nctw~irk window outside nctwt~rk ohject\ - Spccitil 

Olssci . . .  

Related topics: 

Ohjcct Propertiei dialog hox 

5.3.1 3 Locate Object 
I l \ c  thc Lilcate Ohjcct crminand tri Sind an ohject in thc Nctwi~rk window hy 
giving thc object ID .  I S  thc ciiininarid i \  given hy u\ing thc crmtcxi iiicnu I lMS 
wil1 show ttic L.ixate Ohjcct d ia l~ig hí ix When an ihject-id i\ ciitcrcd, thc 
\pccilïcd ohjcct wil1 hlirik in the Nctwork wiiidow. The search-Suiiction i\ nol 
cth\c 'icn\itivc. 

Command: 
Context mcnu: I n  thc Nctwork windi~w - 1mc;itc Object 

Twlher:  IPIOUTJTJOIJZ v 

You caii u\c thc toolhar hy entering the i~hjcct I[> in the cr~mhri box S~~llowcd hy 
<Enter>. Thc \carchcd item wil1 blink in the Nctw<irk window and savcd in ihc 
drop down l ih t  for reuic. 

Tip I t  is al\<, p i~\ \ ih le to \carch Tor intcrnal ohject nuriihcrs that 
;irc u'icil in thc I l u l l i ~ w  Sik\. Thc ijhicct which corrc\r>r,nd\ til ~~~ ~ 

thc nuinhcr in thc I l u f l i ~ w  lilt\ can he liiund in thc Nctu'ilrk 
w ind i~w just entering that nurnher preccdcd hy a 'n' in case of 
a Nrdc rlr ;r 's' i r i  cn\c of a Sectir~n/Structurc. 

Related topics: 
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5.3.14 Locate Object dialog box 

Related topics: 

5.4 Customizing Network Window 

5.4.2 Zooming Tool (Network window) 
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a rnagniiying glas\. Draggiiig i l ic  cursor display\ a rectanglc «n your screen. Th i \  
rcctariglc rcprcscnli thc area that wil1 he niagnificd (!he rcctanglc wil1 he h h u n  
up uiit i l i t  1ïII\ thc netwoik w i r iduw~.  

Command: 
Ci~ntcn i  incnu: In thc Nctwurk w ind i~w  oui\idc nc tw i rk  ohjcctr or iii thc 

Graph winrlriw - Zrmni niiidc 

Triol bar: 

Related topics: 

Zormiing out 

5.4.3 Zooming out (Network window) 
Zi~o in ing  i\ u\ually diinc i n  \tagc\, inrirc and niorc deta l  r > i  thc network rir graph 
i \  displ;ryed Zoorning «ui Iets you rctrace these \iage\. Zoom oui  wo rk i  
indcpcndcni Trim thc f o i~n i i ng  tr>i>l i thc zorming tool doe i  nilt have to he 
selectcd tu Loom r~ l i i ) .  

Tc m i ~ r n  riut t i j  thc unmriincd i ia ic  iri i l ic Nciwíirk winduw. usc in ihe Entire 
~ i c twn rk  ci~niriiand. 

Command: 
(' imtcni mcnu: I n  thc Nctwork window riutsidc nctLci~rk rihlcct\ or i n  thc 

<;raph window - %riorn out 

To~ i lhar :  Ek 
Related topics: 

5.4.4 Pan Network 
[:\c this cornin;ind pan ihc netwerk and m w c  i t  ihrough the Network window. 
TU rriovc thc nctwr~rk drag itic cu rw r  (a hand) through i11 the Nciwork window. 

Command: 
Ci~ntcn i  incnu: I n  ihc Nctwork th'iridow i~u i \ i dc  rictwurk ohject\ - Pan mode 

T<iolh;ir: Q; - -  4 

5.4.5 Current Position 
[!\e the Currcnt I'<i\iiion cr>inriiand t(, show <,r set ihc X and Y-co-(irdinatc 111 

the hot i r im-k i t  corner o l t h e  Kc tw r~ rk  window. D M S  wil1 show thc Current V icw 
Pmit ion diakig box. ' lhc Currcnt k i \ i i i o n  dialog h<in iiI\~i shows thc currcni 
/.l,0111 factor. 

Whci i  ni i lv ing ihc cursor through thc Nctwork window the p i ~ s i t i ~ ~ n  l i f the  c u r w  
i\ di\playcd i11 thc St;iiu\ har. 

Command: 
<:r~ntcnt incnu: In thc Netwrirk window rutside nctwork rihjecis -Special - 
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5.4.6 Show Object Types 

Related topics: 

5.4.7 Show Network Objects dialog box 

;\li id,lcci i > p c i  ;tic l i i i cd .  tlic chcckhlix hef i i rc e;icli l lh jcc i  teil\ !OLI i i l i c l t ic r  lhc  
<,l\jcit i\ r l i c i A c d  T l ic  \istc o l ' a  ohject ciin hc chaiigcii h! dircci l )  i l icL i i ig  tiic 
i>l>,cci, clii.chhi>~ i n  ~ l i c  l i \ ihi,x. 

Related topics: 

5.4.8 Network Properties 
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Related topics: 
I)i+play r i r  hide in'! 
Display iir hide Dataiip\ 

Editahle 

5.4.9 Display or Hide ID's 
Usc t h i i  cr~inrnand to display i i r  hide ihc II>'\ i ~ l ' i h c  objects in thc Nctwork 
windrjw. 

Command: 
Mcnu har: Edit - Windriw l'ropcrtic\ - Show: T c x l  

Ci~ntcxt  nicnu: I n  the Nctwork window r~ulsidc nctwilrk ohjccts - Special 
Show: Text 

I 
5.4.10 Display or Hide Datatips 

U w  t h i i  conimand t11 display i ~ r  hidc thc ohject ID i n  the Neiwrirk w indr~w when 
the cu rw r  is placcd ahove that ohjcct. Ori C r o s  Scctions a small picture ol ' the 
crms sectirm wil1 a l w  hc displaycd. 

Command: 
Menu har: Edit  - W i n d i ~ w  Propertics - Shilw: Data t ip  

<:onicnt menu: I n  thc Nciwork window <>ut\idc nctwork ohjects - Special - 
Show: I)atalip\ 

T«ol har: P! 
A 

5.4.11 Editable 
U w  thi\  coniinand to ;illi,w i i r  priihihit change\ in thc Nctwork. 

Command: 
Mcnu har: Edit  - Editahlc 

Cr~ritcxt rncnu: In thc Nc twr rk  wiii<low out\ide netwrirk ohject\ - Special / 
I l rawing p r o p c r h  - F.ditahlc 



6. Scenario Manager 

6.1 Usage of the Scenario Manager 

Thc i i ipui dat;, are d i i idcd  i i i io \wcra l  iuhlcct,. Thcic \i ihjcct\ are iiiadc vi\ ihlc 
in rhc Sccnuriii Maii;igcr. I>ii i ihlc clicking im thc whjcc i  in thc Scci ia i i~ i  M u i a p r  
h111 open ;i rcletcd winiliiu. ( i s  d i i i l ~ ~ g  hox. Cl icking h i t h  thc right i i im~x huttrlii 
i i r i  ihc \uhjcci in ihc Sccri;rri<> M;iii;igcr uil1 <~pc i i  thc contcxt incii i i. Thc \cciiarii,. 
wliich i \  displ;iyed in ;I hi,lcl l iml. i \  thc s~i -cal lu l  uctivc \ccnnrio Coininiind\ 
~ I L ~ I I  hy iiicnu c I i ~ i w \  or too/hitr<i wil1 ;iIwiiys hc C X C C U ~ C ~  10s the activc 
\cciiurio. 

M'itli thc Sccii;irii> M;in;iycr thc u\cr ; i lv> c m  iicliric rr i i rc xcii;iriri\ in thc mine 
prii jccl Otlicr \ccn;iriii\ c;cri hc i1cltiii.d bhcr i  lhc u\cr wuiit\ tri calcu1;itc thc 
c i lcc i  (>l change\ in ihc h;i\c \ccii;iriii. 
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Related topics: 

6.1 .l Managing Scenarios 

\Vlicii ii\iii; r c l c r c i i c i ~ ~  10 < i i l i c i  \ccri i ir i<i\. ihc i1;ii.i i, i11,tii.d I l r d i l !  in: ihc  
i11;iri.d i1;ii:t iiI ol ie l i> i : i l i i i i i  iiic;iii\ lliiii l l ic  il;ii;i i i i l l  lx ~ l i ; i i i - c i I  lor ;dl \ccn;irio\ 
hlxiriiig iIii\ dxi ;~. 

Kiiii. 1Ii;ii 1 1  i l i c  L lc i i i i  h;ii i, ~ i w l  10 g i i c  c i> i i i i i i : i i i i l~ .  1lii.w ~<mi i i i ; i i id \  ;irc ali i i ly' i  
cxiciiIi.il l o t  i l ic t \ i l i i ~ .  5ccii;irio [ ' \ c  i i ic \:i . i \  .\LII\L. 51cri;~rio ~ i ~ ~ i i ~ i i i i i i d  111 
~II,I~IW ll ic  !\LII\C ~ L L ~ I I X S ~ O .  
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Scenario\ can he delctcd with the Ikieie Scenario command. The base \cenarii) 
can niit he dclctcd. 

Related topics: 

Csage oS the Scenario Manager 

New Scenario 

Scenario I>e\cription 

Sec as Activc Scenariii 

Sccnariii Propertics 

Iklete Sccnario 

6.1.2 New Scenario 
\!\c thi\ command til dd inc  morc ihan imc Sccnario in a Project. DMS wil1 \hi>w 
thc NCW Scenario dialog hc,x co qxci ly  thc narnc r11 thc Scenario. 

Command: 
Cmtext rncnu: In ihc Scenario Manager windriw aficr ihe helection 111a 

pn>jcct - h'cw Sccnario.. . 

6.1.3 New Scenario dialog box 
In thc New Scenario dialog h m  you can spccifl thc name (IS the new \ccnarici 
[>MS wil1 crcale a ncw hccnario directory in thc project directory. 

Thc data ol'thc ncw Scenario wil1 hc primarily h a d  rm thc data ul'the hasc 
Sccnario. I f  rither d;ita than the Calculatii~n Setting\. Dcscriptir~n or Initial 
Condition\ \hould bc changcd in thc ncw hccnarii~, ihan thc Scenario I'r~~perties 
rll'the new Scenario \hiiuld he changcd. 

Related topics: 

New Sccnario 

6.1.4 Scenario Description 
Uw thi\ cwninand ti l  add crinirncnt\ ahout U Sccnario UMS wil1 \how Ihc 
Sccnario I>c\cripliiin dialr~g hox. 

Command: 
Menu har: Sccnariii - Dcscriptir~n.. . 

Context mcnu: In thc Sccnariri Manager winduw on I>e\cription - Edit.. . 

Double click: In thc Sccniirio Manager window i ~ n  Dcscripiim 

Toolhar: bi 
. 
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1.6 Set as Active Scenario 

6.1.7 Scenario Properties 
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'l.he dat;i í i i i i  Sccnnriii ;irc groupcd intii \uhjccti. Thc iuh jcc t i  ;irc mcntioncd i n  
tlic i i i l l i iw ing tahle: 

-7 

Level 1 Subject Data Module Relation with ... 
I 1 

Thc iourcc o l cvc r y  \uhjcci o l t h c  hase xcnar i i i  i s  always \ct tu 'Own data' and 
c m  not he chanpcd. Thi \  meani that thc h a x  iccnario o w n i  i t ' \  i ~ w n  data. 

Iri caic r i l  a i icw iccriuriíi \ ~ C I I I I ~  third etc. - tbc u w r  can c h i x ~  lo r  c i ~ h  
\uhjcct 01 that iccnnrii i ti, u w  thc data lr<ini anriihcr iccnarii i frclcrcnce) or to 
dclinc a local copy aiid u w  ttiih da1;i (own datal. The d e i u l t  vduc  ioi- the bourcc 
o l 'a  whjcct in a ncw iccnario is always \ct m LI rekrei ice tr ,  thc hase scenarir~. 

If iii ;i ncw i.c. wconi l  I i r  t l i i rd i!r ctc. - \ccnario ihc Dc\cr ipt im,  Calculat im 
Scitingi. Par;rinctcr vuluci, Output Variahlci (>r 1niti;il C:onditirini ihr iuld he 
charigcd, than i t  cari he donc withuut i i i rd i ly ing thc Sccnariii í 'r i~pcrlic\. 
I l o t hc r  dnki i t iou ld he ch;iripcd iii a ncw \ccriario, Ihc u w  ihould \ct thc 
I'r<q>crty r i f  thc rclatcd whjcct  to 'Owi i  data'. I r i  that case. thc data is ini l ial ly 
copicd Snini tlie hase \ccnario. Wheii thc ncw \eetiario own\ ihc data, thc data 
can he ch;infcd with(~u1 díi.ctiny the &ia rit ' i~thei- \ceriarioi. 

'I hcrc are wrric reitriction\ in cliunging itic wurcc r i l a  iuhjcct. I t  i \  nol allnwcd 
to Iet ;i v,urcc i,Sa higher Icucl \uhjcct d i l icr  Irom a rclntcd Iowcr Ici'cl iuhjcct. 
(Scciiario 15 Ihc highc\t Icvel. \cheriie thc I r ~ w c \ t  level.). ko r  cxainplc i l  you want 
to iet thc ii iurce for thi. \uhjccl Schcinati,ati<in to 'Own d;il i l, a l w  thc sourcc u1 
objectdata h;is i o  he \ct t < >  'Owi i  data' hccaii\c Scheinalizatiim ha\ a iclation with 
Ohjcct daia. 
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Quality Model 
In cas ï  <IS ()uality modclling thc lollowing comhinatirm of pr~lpcrlic\ are 
allowcd in thc ncw sccnaric 'Yccnariol': 

Object 
Data 

- 

O w n  data 

O w n  data 

Own data 

l 

I Command: 

Quality 
Model 

Scïnariri 

Sccnariii 

..~ 
Scenariu 

Own data 

External 1 Description 
Variables 

Sccri;rrio 

Scenario 

~ -- 

Own data 

OW,, <lillil 

Menu har: Scenario - f'ropcrtic\ 

Cmtext  menu: In thc Scenariu Manager window alicr thc \clcctim oSa 
scenario - Properties.. . 

Related topics: 

Managing Scenario\ 

Sccnario Properties dialog hrix (General) 

Scenario I'roperties dialog ~ I J X  íDullow) 

Sccnario Propcrticr d i a h g  hox (KAM) 

6.1.8 Scenario Properties dialog box (General) 
Thc Scenario may contitin thc iiipur data it\clS or i t  inay contain ;t rcfercnce t11 
input data r~lani i ther  Scenariri. In thi\ dialog hox a l i \ t  r>l'\uhjcct\ i \  \huwn. Isach 
subject rclrrr\ trl ccrtain typt\ r i t  data item\, defincd hy thc w c r .  Ncnc to cach 
suhject, the u\er can choo\c thc \i,urcc 01 thc data t<> he uscd lor thi\ Scenario. 

Per iuhjcct the following iiil'orniatioii abriut the model is str~rcd: 

Schematization All data conccrning the layout ol'the network, 
iuch a\ the Icngth IIS thc secti~in\.  a\ 
culcul~tcd hy [he netwirk editor. 

Oh,ject data Thc prupertic\ i i lall  ohjcct\ delincd in thc 
nctw<irk, such a\ thc crriss vxtirinal pr~ifiler 
and the \truciurc prr~periics. 

Precipitation I'recipitation data 

Evaporation tvaprirution data 
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l{! ~ILM,~LIII. 11\15 K I I  ~ c l > r  I,, i l ~ c  III\I c rcx ic~ l  ~KI I ,NIO 1 1 1 1 ~  lhct\c SCCI~;I~IOI l k ~ r  ;dl 
\,ili]<~'l\ l I 1c  , , \L . ,  i , , , ,  i i .1 i . i  t i ,  l l ic \ < i L l i C C  i i t  .iiiiilI,~i Yit2il;iri<i h! i l l i A i i 1 ~  011 i1ic 
;iii<i;i .i1 i l ic i i ? l i i  \ idc i i t  i l i c  i h i  OXIY u i l l  \ l i i m  .i l i \ l  i i t  .til ; i i : i i l~ ihlc S ic i ia i i i ,  
\<,, i i i i \  \ i ' i l l i1 i i  llii. I i , i  ilicii. i \  : i l \ i i  iliï ] i<i \ \ i I i i l i i !  li, L t i<> i i \c  i,\iii <l;il;i' II iIli\ 
i, i l i< i ic i i  i l i c  iI: i i ,~ Iiii i l ic riii.ii ~ i i l i ~ c i t  i i i I I  hi. ,i<>cciI i i i  i l i i . \ci.ii:iiiii d i r ïc ior )  
i i i i i i . ; t i l  i i l , i i i i ~ i l i c i  \ i  i i i . i i i i ~  i l ircci<>r!. \ I I  cli:iii;ci i i id i .  iiiiiiiii i l ic il:it;i c i i n iu i i cd  
h! i l ic , i i l i jc. i i  w l i  'L.:.II d;ii;i' i l i < > w i i  i i i l l  iiiiii u i l !  . i i l cL l  i l ic i l i i r c i i f  wcii.iriii. 
I l i c  iii1ii.i Y~c i i . i i i i i >  .,.iiIiiii i l ic I ' i i i lcci  w I I  IL ' I I I .~ I I I  ~ ~ i ~ l i : i i ~ ~ c i l  

Related topics: 
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6.1 .l 1 Delete Scenario 
IJ\c t l i i \  cr~ni i i innd 10 rlclctc ttic Scenario. DMS uil1 pronipt yriu tri cilhcr dclctc 
ihc Scciinric director) iziiii al1 i[\ crmtents (Yes), delctc thc sccnarir~ f r i~ i r i  thc 
project, hut Icnvc ihc ldc \  in tlic hcen;iri« dirrctíxy i i i t x i  iNo )  or d11 iiothing 
iC';inicl) 

Command: 
I l c l i u  hal:  Sccnxi i i  - I>clctc 

n c x t  III~III: In Ihc 5ccn;ii-io Manager uindi i \v alter Lhc x l c c t i ~ i i i  iil';i 
Sccn;ii-i<i Ilclete Scenari~i 

6.2 Initial Conditions 

I he uwi- i~iii\i p rw idc  iIic\c ii i it ial cr i i id i t i~~ns l i ~ r  cnch I lu l ' l i~w point. i.c. lo r  cach 
nodc, \chciriotilation p~ i i i i t  í i r  \tructurc. [Jse thc [ i i i l ial  ( : i i~icl i i i r in~ coiiiniand tri 
cnlcr Il ic\c i i i i l ial  valuc\. Thc V;~/LIC\ Cilri he h i i \ ~ ~ l  <in li i\ lorical riic;i\urcmcnt\. 
ohtuincd l'rr>rii Iririricr c~i r r ipr i t ; i t i i i~ i~ i i r  lri i ir i a l i n t  rcx+iinahlc gut\\. 

Iri ttic In\( ca\c ttic iiw \hiii i ld i-caliic ihat h) m(>dclling water quuliiy thc f i r \ t  
p i r t  01  l l ic \iriiul;ition pcrii id rnay rc\ult inti, i i i i i i - r ca l i \ t i~  rc\ult\. Thc l iu r i~por i  
r a k \  and thc ch:iraeicri\tii l i inc c~in\tanis k ~ r  thc rc:iciion\ coiitrol the I imc 
durirng uh ich  the elli.ci ( > l  ihc i n i i i i  cr~i idi t ioi i \  I \  pcrccptihlc. A\ a rii lc i j l  thumh 
ií i r  ;i \ingle wcrion. i l 'on ly  advcction is kiken into account, thc in ip ic t  01 thc 
ini i ial  c~~nd i t io i i s  is corriplcicly gonc alter threc tinie\ thc residcnce tinic in Ihis 
p;irliculur \cctir,ri. 

A \  ltic cncti;irigc r;itc\ hctwccn thc \ccliriicni I;iyer and thc r i icr lqi i ig watcr are 
r;ithcr I<IW c\p~.ciul ly I l l r  thc ~ 1 1 1 1 ~ ~ n t l i i t i o r i ~  in thc \cdiini.nt rca\ilnahIc initia] 
i; i l i ic\ hauc 11, he u \ c d  I l ' n í i  ri.a\ím;ihle ii i it ial valuc\ are availahlc i t  i \  
rccoriiriiciidcd III perliiriri \ i i inc i i i i i ial  \iinulatiiiri\ Iriirri uh ich  the re ï~ i l t \ .  at thc 
ciid 01 tlic \ i i i i~i lnt ir i i i  pc r i r~d  c;iii he uhcd n\ i i i i t ial value\ lor a riext run. 7 h i \  can 
hi. dimt with thc NCW 1riiti;il ( ' i i r i i l i t i r i r i  corriiiiand. 

Related topics: 

6.2.1 Initial Conditions (command) 

User's guide Scenario Manager 91 1 



It i \  ;ilw p ~ ~ \ i h l c  to \t;iri itic Initi;il (:oiidiiii~n\ u i i i i i i ia r i i l  in ilic Oh~cct Pri>pcriic\ 
di;ilog hiix im itic l ) i i l i ~ ~ w  inh. DMS \bil1 \hoi\ thc 1niii;il C i i i i i l i i i i ~ i i ~  diol i~f  hox 
íohjwt i ir ici i tcd~ i i i t l i  Ilic 1iiiti;i l Ci~i idi i i i i i r \  i i I  i l ic ~ c l c ~ ~ i c d  i)hlcct 

Command: 
hlenu har: i i i  - Initial ('oriditiíiii\ 

('iiiiicxt iiiciiu Iii ilic Sccii;liii> M;iri,tgi.r uindir i i  i i r i  1iiiti;il Ciiiiditioii\ 
[:dit 

Related topics: 

6.2.2 Initial Conditions dialog box 

Related topics: 
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6.2.3 Set Column dialog box 
In  the Sc1 C ~ ~ l u t n i i  dialug hox ihc i n i i i i  valuc\ lor al1 ohject\ Irlr one colunin can 
he changcd t11 ihe samc raluc. Iii this diali>g hr~x you ctin d c c t  thc column 111' 
whicli yiiu want t« clitingc thc initial vliluc\ and enter a ncw initia1 value fbr al1 
ohject\. 

Related topics: 

lnitial Ci~ndit ion 

Initial (:i~nditions dialiie hox 

6.2.4 Initial Conditions dialog box (object oriented) 
Thc Initia1 Condition\ dialog hox coniain\ an overview with ihc initial conditiiin\ 
lor discharge, Icvcl and al1 \t;itc variuhlc\ (c<inccntrati<in\j declxcd in thc 
Quality Mi>dcI dcxription lik lor thc \electcd r~hjcct. 

Usc thc Defaults huttiin ti> set the value ij l dixharge and flrlw cqual 10 zero and 
thc valuc CIS the state variahlc\ ti, the delault valucs declarcd in the Quality 
Model dc\criptiím lilc. 

Related topics: 

Initial ciiriditii~ns 

6.2.5 New Initial Conditions 
Whcn y ~ i u  have coiriplctcd a 1lull11w calculatii~n you can d\<i re-initialize thc 
Initial C~mdiiioris iisiiig ihc NCW Inilial ('rinditims c~lrnrnand. DMS wil1 shuw 
~ h c  NCW Initial Cr~nditii ln\ d ia l i~g hrix. 

Tip Thc Ncw Initia1 Ci~ndi i i r~r i \  c<iininnnd can al\<] he uscd in ca\c 
of in~idcll ing drcdging r>pcraiim\. Calculatc l i n t  your model 
helrirc drcdging. thcii change ihe initial ci~nditi<ins and the staic 
vari;ihles o l thc  botroni and calculate thc drcdgcd situation. 

Command: 
Criiitcxt inciiu: Kight mouw huttrln in thc Scenario Manager window (in 

Initial (:rmdiiir~ns - h'cw Initial C m d i l i r m  . . .  

Related topics: 

Ncw Ini t ia Ciiridition\ dialr>g hox 

Iriitinl <:imditions 
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6.2.6 New Initial Conditions dialog box 

Related topics: 

6.3 Boundary Conditions 

94 Scenario Manager User's guide 



the nctwiirk, D M S  suppo\c\ that the I l i \chargc at that Node i\ constant x r o :  a 
dead end in Ihc ichernatizi t i im 

Tip Node\ and cliichargc points at which Boundary Ciinditi<in\ arc 
defincd. have ;j hrighlcr c t ~ l i ~ r  than the iithcr n i~dc \  and 
di\chargc points. 

Bwnd;iry Crinditions for levcl i i r  a Q-H rc la t i~m can nut he defined ori a 
di\chargc point. 

I n  ca\c 01 watcr í)ualily Modcl l ing. [>a) atl~mtion to thc fd low ing :  

l .  11 you don't deïiiic Ouality Hi~undary Ci,ndition\ lor a point. thc 
cilncciitratiori (11' thc uutllriwing watcr íand aI\o Sar the incoining 
water) i\ iuppoicd 10 he /.cri]. So ni i  \uh\tancci are Ica i ing thc 
\y\tci i i  at thi\ point. 

2. I S  y i ~ u  dclinc Quali t j  I3riund;iry <:i]nditi<ins lor  a pilirit, thcic 
x h c m e i  wil1 urily he u\cd Irlr thc inciiming watcr. ' lhc 
crinccntratiori o f the  i ~ u t l l r ~ w i n g  watcr i i  ;ilways equal to thc 
c(>nccntration o f  the watcr ma\\ at t h i i  pr>int, which i s  calculated h) 
I>uI11,w. 

Prccipitati<>n and cruporation c;in only he u icd  a i  l3ound;rry Condition\ in thc 
K A M  module. I3a\cd (111 valucs liIr prccipilatiiin and cvapilratiori ;ind the 
propertic\ r i l  thc Arca ilhjcct. K A M  wil1 calculatc thc additional flriw irito thc 
inctwrirk at Area pilint\. ' l hc ic  calculntcd Q-~ idd  tinie i c r k  automntically 
hcciiine I5i1un<lary C:widition\ rln thcw Area í \chcrnat i~at ioni  point\ 

Tip T-hc l3oiindary <'í>nditirini Irir Level, Diieharge. Ci~nccntr;ilion 
;ml I .<>ad (,;in he rcad Srom rir writteii LI, an external ASCII-f i le: ~~ ~ ~ ~~~~~ 

a T imc S~r ic \  lik (". lSS). Thc forma1 ol'thc fi le i s  dcscrihed 
in the Duflow Rcferericc Manual. 
I!se thc I n i p i~ r t  Tiriic Serie\ coinriiand or the Export Tinie 
Scries ccmiriiand to achicw th i i .  

Wind dircctiriri and wind velocity. which nxiy he i ignif icant i n  cxtensivc shallow 
nctwr~rk5. cari ;iI\o he incluilcd. 

A t  wcirs and uther i t ructurc i  di ichargci and level\ can he c (~ i i t r r~ l l cd  hy 
rnanipulating thc gate\. 1>1:I1 OU. aIlow\ Siir ~pcc i f i ca t i i~n  (11 huch an iipcration 
u\ ing thc \o-c;illcd triggcr ci~ndit ir in\:  dcpcnding on flou; coriditirm\ at \pccificd 
li>catiíiri\ in thc nctwirk.  paranicter\ \uch ;r\ thc width ol'thc wcir. the Icvcl of 
thc sil l ctc. can hc adjustcd during lhe cornpii1;iiion. In D M S  thcw condi t i (~n\  ;irc 
ciin\idered a\ Structure Control. 

I S  K A M  i\ in\t;rllcd. thc tahle wit l i  the í>uality Hounclary Condilions nlways 
crmtaini the quality variahles Airiinimiurri. Nitratc ;ml I'hosphor. These quality 
variahlm are prcdciined i r i  R A M .  

Related topics: 

Impijr t  T imc Serie\ 

Othcr ci,nclition\ and schemcs 
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6.3.1 Boundary Conditions dialog box (object oriented) 
I tic I j i~~ i i i< l ; i i v  ('oiiditi,iii\ i l i ; i l<>c hi>x p i ie ,  nii o \ c i i i r i \  ol  tlic \cIcclcd \chellles 

Related topics: 

6.3.2 Level Schemes 

Related topics: 
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6.3.3 QH-Relation Schemes 
C w  this cominmd t11 set 11r ini~dify the QH-Rclation Schcincs . IIMS wil1 show 
thc Sclcct Qli-Rclatiíin Schcnic dialog h r x  After thc iclcction 01' a ( ) H - R c l a ~ i ~ n  
ichcrnc yr~u can \ct, implin or modil'y ()H-Kclation time ierier in thc Modify 
QH-Rclation Schcmc d i a h g  hon. 7 h c  unit d d i i c h a r g e  in DMS is rn'li, ~ ~ f l e v e l  
ii m Onctrcs). 

()H ichcines w c  uicd as Boiindary Conditioiis on Nr~dcs 

Command: 
Menu har: Sccnurii~ - Schcrne\ - OH . . .  

I>whlc  click: In thc Scenario Manager winduw on ()H iSchcrncij 

'Soíilhar: B! 
..d 

Related topics: 

Briundary Cimditir~ni 

6.3.4 Modify QH-Relation Scheme dialog box 
A ()-H rclationïhip cxi\ti  ol 'a  numher íif \ct\ including a isalue for hoth Levcl 
(H)  ;ind Diichargc i<)) Per Level iH)  a ipecific valuc lor Dischargc can he 
given. The Modify O H  Schcine dialíig h m  is uscd to add «r iníidify thcse \ets. 
Thc \ets wil1 he iortcd by Levcl autoniatically. 

lJ \c  the Ir~llrlwing crminands lo mridil'y the value\ for Level and Dixhargc:  
Insert Inwri\ a ncw Iinc isct) i n  thc l i5t .  

Kemove I<cnirwc\ lhc highlighlcd lincs l 'rrm ihc liQ. 

Select All Sclccis all lines i n  the li51 sr> that thcy can he 
inunipulatcd topcih~w 

Import 

Export 

Enahlw y u u  i i i  impiin a f) l l~rd~tir in  frim an 
cxtcrnal AS<:II lilc. u b i r i g   OU thc rrouhlc <,l 
cniering thi ,  data nianuully. 'lhe \aluc\ Iiii 
Ili\churge and L.c\cl 5hiiuld he szparalcd hy a hlarik. 
jl;ihl rir [Kcturn/ 

I:nahlcs you 10 cxpiri a QH-relation 10 un cxternal 
ASCII l'ili.. 
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Related topics: 

0 1 1  l < ~ ~ l ; i l i i i i i  S c 1 i ~ ~ i i i c ~  

6.3.5 Q-Add Schemes 

Command: 

Related topics: 

6.3.6 Concentration Schemes 
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Related topics: 

6.3.7 Load Schemes 

Related topics: 

6.4 Other Conditions and Schemes 
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~ i \ i i i g  i l ic ~ i i ~ c ; i l l c i l  i i l yyc i  i . imdi l i~n\ :  d c p ~ i i d i i i ~  i~ I I ~ I ~  c o ~ i d i l i o t i i  i11 ~~CCIIICLI 
li,i.:iii~m, 1x1 ~ l i e  i i r i ~ ~ t > r h .  I~:,I:"IICIC~\ \LIL~I ; i \  ilii. iiiilili i t 1  i i i c  \ \ c i i .  tlie l c b ~ l  111 
I!IC ,111 cti c ; r  Ik .iil~ii.tcd i l i i t i i i y  i l ic c<mi~ i i i : i r i i > i i  Iii 11\15 11ii.w c i i r i d i i i i i n~  w c  
~ i > i , \ i < l c i c i l  ;i\ \ l l i i i i i l i s ~  l 1i i l i i0 l .  

Related topics: 

6.4.1 Precipitation 

Related topics: 

6.4.2 Evaporation 
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6.4.3 Wind Direction 

N i ~ t e  that f r ~ r  R A M  therc i\ a differcncc in thc D M S  intcrpretatir~n «f the imened 
valueh. In c g .  a coiiccnrration schemc »MS \uppoie\ a linear relation hetween 
two-inicrtcd time step\. Por the evaporation i n  R A M  thc given valucs are 
interprctcd as thc vaiue\ "up unti l  nr~w".  

P i ~ r  cr;iriiplc 11 cntercd in thc d ia l i~g  hi lx: 

Time Value 

The di\charyc r x  cimcciitratiim at 02:00 i\ cqual ti> 2, thc cvaporation at 02:00 i\ 
howcver cqual tri 3. 

Bccauic thc unit of prccipitatiíln is mmlday, i t  alsu mcans [har i n  thi\ cxainple 
the lotal aniímnt of evaporation betwccn OI :O0 nnd 03:00 is; 

3inm l l ílay * 2 hilus\ = 0.25 mm. 

Command: 
Menu har: Scenario - Evapi~rat i i~n. .  . 

Context menu: I n  thc Sccnarir~ Manager window on kvaporarim - Edit 

Lhuhlc cl ick: In  thc Sccnarir~ Manager windi iw on Evaporation 

Tí~olhar :  $g i 
.--A 

Related topics: 

Othcr coni l i t i í ini  and \cticinc\ 

U\agmiS ichcnics aiid ii iric scrieh 

Preci i~it i i t i i in 

Use thi\  coinmand t í i  i e t  <>r m í~d i f y  thc Wind Direction time serie\. I I M S  wil1 
show thc Wind Directirin dialog box. The wind d i rcct im schcine i \  i n  Pact a tinic 
\erie\ schcmc. I j M S  thereliirc u\e\ a variatir~n o f  the Mr id i fy  Schemc dialog box 
111 niiidify thc wind dircct~rin. ' lhc wind dircction is the anglc mcawrcd 
clockwi\c l ' r i~m thc Nonh.  I h c  unit o f  thc wind direction i n  I j M S  i \  dcgrce 
(160). 

Wind  IXrection serie\ wil1 only he u\cd i n  thc Du i l ow  compmenl. T ~ J  calculate 
thc n i i~dc l  with 2nd without thc influciicc o f  thc wind direction usc ihc r ~ p t i ~ ~ n  
1:xcIuclc in thc Calculatirin Settings dialog box. 

Command: 
Menu har: Sccnariu - Wind Uirection ... 

Contcxt incnu: In thc Scenario Managcr winduw on Wind  Dircctiíw - Edit  

Driuhlc cl ick: I n  thc Sccnuriri Managcr window <in Wind Direction 

Toolhar: 

Related topics: 

Othcr c<inditiriii\ and schcnic\ 

U\agc ol \chcincs and tinic icr ic \  

Wind Velricity 
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6.4.4 Wind Velocity 

Related topics: 

6.4.5 Structure Control 

Related topics: 

6.4.6 Structure Control dialog box 
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[:\c ihc Add ... rir Modi@ ... hui i im i11 i l c x r i hc  a ncw Siruciurc Operation or tri 
i i i í ~d i l y  onc. IjMS wil1 íipcn thc Siruciurc Opcratiíiii d ia l iq  hiix. 

Related topics: 

Struciure C ~ m i r o l  

Slroctiirc Opcration di;iliig hijx 

6.4.7 Structure Operation dialog box 
I r i  Ihc Struclure Opei;ilii>ii rli;iIo.v hox thc spccilic;tiiím\ iiS\lruclurc «pcratiiiri\ 
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Continuous Operations 

l IK Op~,~: i i i<>i i : i l  I':I~:IIIIL.~c~ iilll i h i m g c  ~ccord l i ig  iu IIIC CIIIC~C~ i i r i ic &c\. The 
l i n t  i i i l i i c  i r i l l  Ik ;i\\ipried i i i i i i i c i l i ; i l c l~  u l lc i  IIIC w i i i i i l i ~ l n  i \  IIICI. 1.11~ 1ili.t valuc 
a i l l  he hepi i i i i i i l  ihc  i icxt  co i i d i t~ i i i i  i\ i i ic i  
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I S  thc iicxt trigger condition i \  met hefrlrc thc end of this time \cries then thc ncw 
cmdit i r~n i>vcrrulc\ the oid ilnc. 

Related topics: 

Structurc Control 

Structurc Contn~l  d i a h g  ~ I J X  

Usage ~ ~ f \ c h c n i c i  and time series 

6.4.8 Unpaved Schemes 
Usc thi\ coinmaiid t11 set or inr~dil'y the Unpovcd Schcrne\. DMS wil1 show thc 
Select Cnpaved Schcnie dialog hun. Aftcr thc \clectirm ilyan Unpaved schemc 
you can \ct thc properties of thc \clccted \chcrnc. 

I,'npavcd \chcine\ are u\cd a \  Houndary Cr~ndition\ <in the Nctwrlrk ohject Arca 
and wil1 only he u\cd in RAM c;tlcuiaiiíiii\. 

Command: 
Menu har: Sccnarir, - Unpaucd Schcmc\ . . . 

Ilouhlc click: In thc Scenario Man;igcr nindrlw on Unpaved Surlacc 

Related topics: 

Othcr cr~nditioni and schemes 

Area 

6.5 Usage of Schemes and Time Series 
Much i>f the  data in I jMS i \  \ tr~rcd in xhcnic \ .  U\ing \chenic\ tiiakc\ i1 ca\y to 
add r ~ r  inr~dify &ita without ovcrwriting thc old data. Schernc\ cari he cr~nncctcd 
KI Nctwork ohjccts. Just crmncciing anothcr schemc can chungc thc propcrl ic  o f  
an ohjcct. I t  is also pos\ihle io changc thc prr~pcrties of \cveral uhjcct\. which 
use the \sine \chcmc hy inodiîying the valuc\ r ~ l i h a t  \chciiie. 

The \election of thc connected scheme iakc\ placc iri ihc Select Scheme d i a h g  
box. Aftcr ihc \election of a schenie it i \  pos\ihlc ti, rnrldiiy the scheine in the 
MíidiSy Schcmc dialog box. This dialog h ín  wil1 a l w  he \hown when ;i new 
schcme i \  addcd. 

M i ~ s t  \chcnic\ contuin different kinds r~f t i rnc  \erie\. A time series c ~ ~ n t a i n s  a 
\erie\ i>fv;iluc\ fiir ;i time dependent iarinhlc in  parameter. Time serie\ tire 
in\crtcd hy thc u s u \  or can he iinprrtcd Irrim an cxi\ting ASCII-file. 

Related topics: 

Sclcct Schcmc dialog h m  

Import Time Serie\ 

Export Time Serie\ 
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6.5.1 Select Scheme dialog box 
I ' rolw~li i . \  i l i~wi i l> , i i~  1 1 1 ~ .  i1.ii.i . t r i .  ;iiiiil>cil i 1 1  :i \~Iii. i i ic \II ;ii.iiI;ihlc \c l ic i i ic~ ure 
\ l i i i i i l l  l i l tl1c I i \ l  i , ,  111c S C I ~ L I  i i l i c i ~ l i ~  ill.iliig l><>\ 

.. ,. . . 

Avadahle Schemer 

6.5.3 Modify Scheme dialog box (time series) 

l 
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A iirnc \cric.. c;iri hc c i i r i i i~ i i i t .  cq i i id i \ i~ i i i i  (;d v;rliii.\ wpar:iicd hy  ar1 qua1  ii ine 
\iep). 11s iiori-cquiili\i;iiii i thc tiiric hciwccn v:diic\ d i i k r ) .  WIicri \ h i k h i n g  Srim 
mln-cqui i l i~tari i  lo eqi i id i~ iar i i  datc aiid iiiiie. Ilie m lue  i s  chaiiped i« 1'11 ih i \  
cq~iii l i\t; iri i icquircrncrii. 11 i \  ; i lw po\\ ihlc i í i  I~~rrr iu l i i tc  tlic tirnc whcrric a i  a 
I . l i l i r i c~~  \erie\. 

Thc tiiric \cric\ opiiim, c;m hc i c i  in ihc M ~ ~ d i l y  l iiric Scrici  Scitings d i n l i ~g  box. 
~ i l i e r  clicking tlic Modi b... huttrm 
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6.5.4 Modify Time Series Settings dialog box 
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Equidi\tant Time series 
A n  cquidi\iant time \eiie\ tbhich cover\ thc cntirc siinul:itir~n pcririd plu\ onc 
" l- inic \lep Quality". 

Non-equidistant Time series 
A ni~r i -cquid i \ imt  time \cries nccds to cr l icr  the cntire simulalion pcriod. 
Nunicricnl valucï ï l i i ~u l d  he cnicrcd Iur date. tinic aiid actual v;iluc. Thc valucï 
uscd hy l l u f l ow  uil1 he c;ilcul;ricd hy rrican\ 01 lincar inlcrpolal i i~n. 

Whciicvcr y i ~ u  change thcse ïcttings arid press OK. DMS wil1 ask yciu t i l  c<~nSirrn 
thc ciinvcr\iori. 

Related topics: 

.Vo(lify Schcriic dialrig hox 

6.5.5 Shift Values dialog box 
ï r, h i f i  an cx j \ t ing i;iluc to a ncw daic, u\e t h i  dialog hrix 

6 E<-.i" TG4 - W P  

i ime Step Sim 

Chrimc wticthcr thc valuc ha\ t r ~  go f<~rwar<l rir hackward i n  tiiiic, \pccify thc 
day, h w r ,  ininutcs and \ccund\ o f  ihc \hif i  u r  set a nciv \rart date and tirnc of thc 
time \cries. 

Related topics: 

Mrid i iy  Sclicrnc dialog hox 

6.5.6 Import Time Series 
C\c thi\ cririirri;ind i<, rc;id thc I l~ iundary C:r~iiditirin\ f ( ~ r  L.cvcl, Dixharge. 
Conccnii;iti(~n 2nd Load f iorn an cxtcrnal ASCII - l i lc .  I I M S  wil1 upcn a dialrig 
h i ~ x  10 d e c t  thc so-c;illcd Timc Series l i lc  (*.TSS). Thc I r~ rmat  c i f  the fik i\ 
dc\crihcd in ihc I lu í l i iw  Kefcrcncc Maiiual. 

Command: 

Context inenu: I n  thc Scenari<i Maii;tgcr winduw af 'kr the selection of a 
n a r i  - Import Tirnc Serie\ . . . 

-~ 

Tip Crcatc and change a \i i i iple Tirnc Serie\ file, which clin he 
donc with tlic I x p o r t  T imc Scries cominand, ini tcad of 
crcating a largc Silc from xratch. 
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6.5.7 Export Time Series 

Related topics: 
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7. Quality Modelling 

7.1 Building a Quality model 

a 'Sc set up :i ()uuli(y M i ~ d c l  ihe fol l i iwing steps i h ~ u l d  he curricd out: 

I)(,/.line Q u d i r i  Moclpl I .  Open a pn,jcci that cíini:iin\ ;i H o w  irirxìcl. Make \ure that thc ciimputatirm 
i \  \i;thlc ;rnd ihal thc rc \u l i \  ere crirrcct. 

I k / i t l ~  Quu l i l , ~  Modr.1 2.  I k l i n c  ;r Quality Mridcl description file. I n  thi\  fik thc relevant quality 
pn~cc \ \ c \  caii br dc\crihcd. A ()uality Model descripiiiin file is ;in ASCI I  
f i le  mith thc cxtcn\iím \'iOI>. 

I ~ i i ~ ~ u q q r  r < / r r o l r c  More inli irti iati i in ahout tlic \yniax of thi \  fi le c;in he f i ~und  in ihc 1)ullon 

Itcfcrencc Mariuol, chupicr 1)uprol. 

A \iriiplc Qu;rlity M<idcl de\cripii i in l i lc  l ikc h c l i ~ w  cimtain\ ihc dc l ïn i t i i~n (11 a 
tracer iiarriccl Trac ' .  Thc ii;iinc o f  ihc Silc i r  Trilccr.MOI1': 

l<.xirnrlpd r.rtiniplr~ Whcn U M S  i \  iri\ iallcd prrjpcrly m n c  Qu;ility .Mi>dcl\ with cxtcndcd Ouality 

Model dc\cription file5 are availahlc in thc Win l )u l l~~w/Qual i tyM~~dc ls  
directory. In l i~r i i ia t ion ;ihout how t i i  ohvain the Itcfcrciice Manual for thcic 
f)uuliiy model5 cari he found <in thc I>u l l r ~w  internet \ik 

3 .  Save itic f)uality M i ~ d c l  dc\ ir ipt ion I i lc  in rhc Sccnariii dircctiiry i ~ f t h c  
appri>piiatc Priljecl. 

4. Add tlic Ou;ility Modcl  10 tlic I'rojcct - Flow inridcl - hy critering thc n a m  
< i f ihc  ()ualii) Model dc\cription l i l c  wiihiiot cxicn\ion i n  thc I > u l l i ~ w  iah IJI 
itic ('alcul;iiii~ii Set t i t ip  di;ili,g h í i x  I-íir cx;iiriplc. enter the name Trucer' .  
I S  tlic Ouality M ~ i d c l  dc\cripiiiiri l i k  d w i  niit cxist i n  thc Sccnario 
d i rcc l i ry ,  »MS wil1 pronipt yriu t i )  creatt: i t .  
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0 II Ihc (.ìii;iIiiy \ l i> i ic I  i lcwr ip i i i i r i  l i l c  i\ c ~ ~ i i i p i l c i i  ~ i i i . c c ~ i l i i l l ) .  ihc  liii1i:il 

( ' i> i id i i i<> i i \  liii ili~, \i;ii~, Vnri; ihlci c i~ncc i i l r . i i io i i i  - c;m he c i i t c r d  
( ' l i i i i i~  IIic 1iiiii;il ( r i i i i l i i i i i r i \  coiiiiii;irid t i >  ; d d  l l i c ~ c  i<> ihc Se tu i i r k .  
N o i i  i t i ; i i  i1 \I<ii\ qii;iIii! l i r i i i c \ \ i . \  :tic d c l i ~ i c d  i n  it ic ()ii:iIii! I)c\cr ipi i i jn 
l i l c .  lhc  CIICLI 111 tllc iiiiIi;il c ~ ~ i i c c n t r ~ i l i ~ ~ i ~ \  c m  lx ~~: i i i l i c ;mt ,  



If thc Quality Model descriptiin lik does n r ~ t  contain any Extcrnal 
Variahlc. thcn at Ica\t onc r ~ r  rnorc \chcmcs Sor Ui \pcrs i í~n \hriuld bc 
cntcrcd. I l i iwcvcr  thc d i \pcrs i~ in cocllicicnt I1 íidenti l icd hy 'd') dr~cs not 
have to he dcclarcd i n  the Quality Model description file, i t  ha\ i11 he 
defiricd in the Quality Model it\clS. 

' lhc valuc iif thc d i \pcr \ i í~n cíicll icicnt I1 cithcr can he dclineíl hy thc u w  
iir cnn he calculatcd u\ ing thc prí~pcrties ~ S i h c  I l r ~ w  (I)=I1i,+ rik Síl l i~w)). 
I:or technica1 detail\ please rcfcr to thc D u l l i ~ w  Kefirencc Mnnunl. 

I n  ihc f i n t  ca\c ;i schcmc for the cxtcrnal variahlc D,,( 'U i n  DMS)  ha\ ti) hc 
crcatcd m d  ti\\igncd ti, thc nctwork ohject\. In  thc lattcr ca\c a l w  ;i \chctric 
lor 11, i ' a l i k '  i n  I I M S )  lias tci he crcated . I n  ca\c uk cquak O (whcn n u  
5chenic i \  c r~ i t ed ) .  di\persion i \  nilt calculaicd by thc model and Ihc u\cr 
wpp l i cd  valucs ( lo r  cxternal variahlc '8) are wed.  

L;\c rhc 1:xtcrnal V;iriahlc\ cíimniand t11 add or mr~di l 'y External Variahlc\ 
schcrnc\ t11 the prr,jcci. kxtcrnal V a r i a b l ~ . ~  \chcincs can hc connectcd 111 

Node\. Scheiiiati/ation point\ and structurc\. 
Duf low i~Sfcr\ twi i  opticin< to conneet Extcrnal Variahlcs schcmcï to 
ohject\. 

Thc l i r \ t  option i\ i l ic ca\ic\t. U l e  thc Címncct t i l  Al1 Ohjects cí~mii iand 
tr, címnect an Extcrnal Variahle schcinc tilt al1 ohject\ i n  the Nctwork. 

I S  an Exicrnal Variuhlc i\ spacc dcpcndcnt you can cimncct an I<xtcrnal 
Variahles schciiic 11, aii ohject by using thc External Variablei 
cornniand. II thi\  i ~ p i i i m  I \  u\ed, make \ure you cunncct a schcnic t11 

cvcry object - nodcs, schcrriatization puints and \tructures - i>Sthc 
nctwork. 
IJ\ing thi\ option íiverwritc\ thc \chcmc that is \electcd i n  tlic l i r \ t  
i~pt io t i .  

Ni,tc that an External Variahlcs s~.hciric is i n  Sact a properly i i f a n  rh jcct .  nu t  i l  
rhc <:<iriricct [<J  A l l  Ohject\ ciiriirnand i \  u\cd, thc d e c t c d  \chcmc i \  nol 
d~\p layed in thc Object IJropcnics dialog h i ~ x !  

(Lil<uluiion Se l f ing  C). Beliire a Quality calculation can he started thc swne calculation o p h i i \  
\hould he changïd. l i \ c  thc Caiculation Setting\ coniniand to opcn 
Calculatirin Setting\ d ia l i~g  h o x  Check thc follrlwing opt i i~n\ :  

a Thc time step l o r  Quality at the Generai tab must l i t  to the Quality 
prí~ccsses in the Quality Mildel descriptiun l i lc .  

A t  thc Du l l i iw  tah thc 1-ype 01'Calcul;itiim must he \ct <in 
FlowBiQuali ty. 
t i \e  the Output Variahlc\ c i~ inmand - on the samc tab - ii~ sct variahles 
~ S t h e  Quality Mode l  io  hc availablt: lor output. 1)efaulr no  Variahlcs 
are sclcctcd Sí~r iiutput! 

C u l i ~ u l u i ~  Chimsing thc Calculate <>r Update A l l  comniand activates thc calculatir~n. 

7.2 Quality Model Commands 
Thc coinniand\ in this paragraph can rinly he uscd i f  a Quality Model is deiincd 
within thc project. 

I h c  follí iwing ci~mri iand\ are avail;ihlc: 

[:dit Qualiiy mixiel 

<:ompik Quulity niodcl 
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7.2.1 Edit Quality Model 

7.2.2 Compile Quality Model 
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A l i c i ~c~ , r i ~p i l i r i p  l h I l < w  wil1 g i i c  ;I w;irriirtp ;ih<>ut thc tc! inkir~g o l ' ihc Qualii) 
V;iri;ihlc\. I S  thc Qu;rlity .V<dc l  dc\cripii i i i i  l i l c  i \  ~ í> i i i p i l cd  \ i iccc\\ lul ly thc 
0i i ; i I i iy Var iah lo  wil1 he rcl i i ikcd w i l l i i ~u t  any p roh lcn i \  Ot l ic rwiw,  i1 pr<ihlcrn\ 
i jccur cluring ciiriipilatii>n. ihc Quulity Variabic\ wil1 i iot hc Iinhcd. 

Related topics: 

7.2.3 Parameters 

Related topics: 

7.2.4 Parameters dialog box 

Related topics: 

7.2.5 External Variables 
[:\e t h i i  cr>ininnnd 10 iet r n  iiiodiSy !tic Iix1erri;il V;trinhlcs \chcii ic\. UMS wil1 
\hou  n \uri;iti<,ii i ~ l ' t h c  M i d i l y  Ccillcctii)ii of Schciiics dialog hox. A l i c r  ihc 
\clcctiirn of ;i lixtei-rid V;iri;ihle DMS wil1 \how i l ic  Sclcci S~hcr i ie  diall ig hox. 
A l i c r  i l ic \clcctii,ii < , l  ;in I:xicrri;~l V i i r i ~ h l c  xhcrnc y i w  c m  \ct. i l r i p i r l  or inr idi ly 
I:xicrrial V a r i ~ h l c  i iri ic \cric\ iii a ~ ; i i l ; t l i i , i i  r,l thc ModiSy Schcinc dialog hiix. 
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Dispersion 

Related topics: 

Related topics: 

7.2.7 Connect to All Objects 
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Thc schcmc, which is connccted ti, an ohjcci hy using ihis command, can he 
r~verwritten by sclecting an uther x h c m e  in [he Object Propcrties diai«g box on 
thc Uuilow iab. 

Command: 
Cmlcxi  mcnu: In ihc Sccriario Manager window (in External Variahlc\ - 

Ci~nncci t11 al1 iihjccth .... 

Toolhar: 
~ ~ 

Related topics: 
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8. Calculation 

8.1 Calculation Preparation 
f k l r ~ s c  a cal i i i lat ion can hc \inricd, l ' ir\ i \i>rirc gcncral i i ikirniation coiiccrning ihe 
calculai i ix \l ioii ld he cnicrcd i n  thc C'alculatioii Settings di;ilog hox. Thc  utp pul 
ut  ;i calcul;iiiim I J ~ D M S  \ irmigly dcperids «n ihc opiions that are choscn iii this 
dialrig hiix. 

Related topics: 

(:;ilculnOi,n Settings 

8.1 .l Calculation Settings 
I l \ c  ih i \  comniaiid t i i  \ct <>r irmidit'y rhc \citing\ thai govcril thc cal~ul i i t ion.  [>MS 
~ s i l l  \hou. thc Calciilatiiin Sc t i i r ip  dialrig hox. Thc M r ~ d c l  Culcul;itii>ii Setting\ 
dislíig hun consisis rl l ' ihrce part\. Thc gcncral \cttinps. delining ihc 
cuiripiiiational durat i í~n arid i i inc \iep\. Thc RAM part. lor  dc l in i t i~ lns 111 ihc 
K A M  ca lcu la i im Thc 1)uflow pari. lo r  dcfinin: thc qualiiy inildcl. De C h c ~ y  
valuc\. l ï i c l a  valuc, eic.. 

Command: 
Menu har: Scenario - C:ilculstioii Settirig\ 

Cwi tzx i  iricnu: In thc Sceriiiriii M;in;rper windou oi i  C u I ~ u l a i i m  ~c t i ings  
1:LIit 

Related topics: 
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Related topics: 

(';ii'iil;ill,iil ~ ~ i l i l i ? ~  
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8.1.3 Calculation Settings dialog box (Duflow) 
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8.1.4 Output Variables dialog box 
I .r imi tlic i l iq>layed c l i c i k l i \ i  st;iic vai-inhlcï arid intcriricdrsic rcxi l ts dclincd a\ 
coel'ficicnt\ ;ind Sunciiori idcntificr\ in thc Oiiali iy Model Silc can he sclcctcd i'or 
i iulpui. 

Tl ic coiiihiri;iii~>ri '$0 hclorc tbc v;iriahlc riican\ ihc zen) iirdcr coclficicnt o l  ihat 
i;iri;ible. ' S I  iiic;iris ihc I i r \ i  ordei cixi ' l ic icni.  

Related topics: 

User's guide Calculat ion 123 



8.1.5 Special Control dialog box 

Related topics: 
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8.1.6 Calculation Settings dialog box (RAM) 
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Tip 111~. II~I,,, , I L , ~  ~ X L I I I C C I  l h 8 1  1 1 1 ~ .  l< l\! L , , I <  I H I , ~ I ! < ~ ~ I  L.LII thc ~ I ~ U L I I  
I.ilgL.l i l i . l i i  lil<. l,llli. \lq> lli.il 1 -  l , . . ,~, , , ,~~, l  l>! IIlL l ) i l l l ~ ~ \ \  ll<,,,~ 
liiiiili. li,, .i \I;itilL , . , l i  i l l : i l l i ~ l l  Iíiii 1 1 , ~ .  I< \ \ !  l l l l l l .  -1i.p \ , / C  

. l~~~ i i I i l  iic\i.r />c I: i i i i , i  111:iii i l ic \li.p .I/C i h i i  i \  ii.i.iI III l l ic t i i i ic 

.c, l < \  11>r I'IL.~ l~>'l:'ll'lll ,""I l i ;ilNNil""l 

8.2 Calculation Commands 



8.2.1 Update All I Calculate 

I f  in thc Ouipui windi>b a nic\\;igc rclcrh li, a nijdc. \cction rir structure with a 
ccrt;iiri riurriher. u\c tlic Lr~catc Ohjcct cr~riiiriarid to Sind ihc - 11) o1 thc - ilhjcct i r i  
thc N c i ~ o r k .  l t i c  rcSerrcd iih,cct\ i n  thc Nctwilrk w i n d i w  wil1 turn red. IJ ic  ihc 
I<r\ct h o r \  cornrriand to givc ihc cihjcct\ ihcir «rigiiial color hack. 

Command: 
Mcriu har: <::ilculatiiiii - Cpd;itc A l l  

C«iiicnt iriciiii: In  thc Secriario Manager window aller the \clcct ir~n o l  :i 
\cciiur-io - ('nlculatc 

Twilhi ir .  9.; 

Related topics: 

8.2.2 Convert Network 
C\c thi\ ci,riiriiand t i>  c<,iivcri ihc I>MS Nctwrirk in i i i  a nctwíirk that c m  hc 
wriiicri ir, the UuSlí>w S i h  

By u\irig this coinriiaiid DMS wil1 show thc cnlcui;iti~m point\ i n  the Network 
w i n d ~ m  L w  ttic C:lc;inup Nciwork ciiinriiarid. t i ,  rcrri<,vc thc ciilculation point\ 
l roin ihc iiciwrirk. 

Command: 
Mcnu har. ('alculution ~ (:ori\crt Nctwíxk 

Kcy\ :  1.6 

Related topics: 

Cslculati(in C:~inini;iticl~ 

Writc I h f l ~ i w  fi le\ 

Cleiuiup Nc iw~ i r k  cíiriiriiand 

8.2.3 Write Duflow files 
IJ\c ih i \  cr>rriirisnd i o  writc I ~ u f l i ~ w  Sila without running Ihc nii~clcl. l >MS wil1 
\h»w thc progrc\\ i11 the wri1iiig i n  thc Output winduw. 

l 
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Tlic Io I I i iu i r ig  I)iil'Iir\i l i I i . t>~>c\  c m  hi. l l i \ i i i ~g i i i i i i c i I :  

F i le  t ype  Ex tens ion  Descr ip t i on  

14<>i t1 i i I , i i !  ( ' < i i i , l i l i r > i i i  R N K  In iI i i \ l i l r  : d  lv>iiiiil.ii! cr~i idi i i<i i i ,  rclatcd 
()~t,tI~i! l ,IC iii tiic ilu,tlii! ,>,c iirircd 

ln~lwtl ( ' w K I ~ I ~ ~ \  l l h m  l ,IC f4f.,li f i i  ilii. lili. .ill iiiiiid ~ r i i d \ i , < , i ! \  rr.l;<wd i<> 

IIIC lll1ii ,111. ,IIIIC~I 

iniii;,l ('<mdiiiiiii, i)ii:iIii! 131.K In iiii\ tilc ,111 imli.il i w r i < l i i i i i i i \  rcl.itid i , )  

1111. ilii rlo,tlil! ;tic r1iiri.d 

( , m r , ~ l  5vtt111;\ l . i k  ( I  I< f ilc lh.it i i w i . i i i i -  ilic iiipui d;ii:i CII~CII.~ l r i  

'('<,,llH,l ,li\t'!' 

I .,IL~II~ V: t ~ , )  Ihk\ MC .I.'X'l' In t l i i .  tili. ,i11 i ' iiirii.il i.iil:ihlcr 01 lhc 
qu:11ii! i i i~,i lcl d i  ili,rcii 

Tciiurirh f ik .?4I: l  i h c  ii i iclk, oei. C<IIIIICL~C~ thrixi;h :I 

nc iu< , i l  I h c  N < i a w h  Filc ciiiii;iiri\ ~ l i c  
~,ct\,.,,rl. ,d 11, ~ c o p r ~ ~ p l i i ~ , ~ l  d ~ q x r w r  

FIN r ~ ~ e  d c ~ i l  i i ~ ~ ~ ~ r m ~ ~ t ~ r  ~ h ~ u t  ttic l)11l111u ii lc, I, d ~ ~ ~ i ~ i h ~ d  i11 D i i t l í ~ u  
I<clcrciicc M;inu;il Thc l<iiiii:ii iil ihe l) i i t ' lo i i  Iilc, i c r \ i i , i i  l . O S  iir i c r v o i i  i 0  - 
c;iii he i lc l i i i cd  in  it ic jcci i ; i r i i ,  I>r i ipci l ic\  di; i l<>g h>\ i>ii tlic l)iill<>u tuh. 

Related topics: 

8.2.4 Run Duflow Model 

Related topics: 
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Tcrrninate <::ilculation 

Output windrlw 

Stahility I'rohlcini 

8.2.5 Cleanup Network 
Usc thc Cleanup Nctwork cornrnand t r i  rcniove thc Calculation points rlr to makc 
change\ visihlc alter uiing thc Undi~ crlmrnand. 

Aller giviirg ;i new Caiculate cornrnand, Calculation points wil1 he generatcd 
a p i n .  

Command: 
Mcnu har: C;ilculatir>n - Clcanup Nctwork 

Cmtcxt incriu: In thc Nctwork window - Cleanup Nctwork 

Related topics: 

Calculation point 

Updaic All l Calculate 

Convcri Nctwork 

8.2.6 Reset Errors 
IJ\c this crminand irr r cx t  thc m o r \  in thc Nctwr~rk windr~w. DMS wil1 change 
thc red colrircd ohjecl\, which whcrc displaycd red whcn during calculation 
errors occurrcd rcgtirding to theic ohjects, t r i  thcir originnl color. 

Command: 
Menu har: Calculation - Koe t  Error\ 

Related topics: 

IJpdate All l Calculatc 

Kun Dullow rnodcl 

8.2.7 Terminate Calculation 
Usc thi\ ct~rnrnand tu tcrrninatc thc RAM calculation, thc I>uflow calculation »r 
the Duprrll crmpilirtion. 

Command: 
Mcnu har: Calculation - Tcrminatc Calculatir~n 

Related topics: 

IJpdutc All 1 Calculatc 

Run Duflow model 

C:rlrnpilc í.)uality rnrldcl 
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8.3 Stability problems 

8.3.1 Flow Calculation 

( I ICL~. i i l i c i l i c i  i l i c i c  i \  .iii iiicic;i\c iii lliiii ,irc.i t ic i i rccr i  i t i i i  L. i lc i i l ; t~ i<i i i  p< i i n i \ .  
h ;i I l , i i l , ' ; l l  11ic \I"" "l ,".ll"ll,iii<iii ~""111 i \  i i l  i i i t  i i i i~ " ' " , " l~C.  Ijli. ~ll;lll:c\ li l 

I I X I I I I I  C I I I i . I ; U I U , ~ I  

:il>iiiii i l ic  \ r l \ i c i i i i i i  i ~ . i l i i '  I n  C;i lci i l . i i i i i i i  S c l i i i i ~ ~  (;crici;il i.ih i l ic  c;i l~i i l : i i i i) i i  
01 i l ic  ;id\i.i i i x c  i i . i~i i  . . t i )  hc i ~ i i < > r c < i  <>i \ u ~ ~ ~ > K L . \ - c c I  l l i c  \ L  I i ~ ~ i ~ i . i ~ i / : i ~ i i i i i  ~ ; i i i  ;d\<, 
Iii. ~ i i ~ > i l i l i ~ . ~ i  I<> Ioiii. .i i11 i l lc  I I < i i r  ,ii~.,i i i i \ ic . i i l  i 8 1  .i i i i i i l c  ;i,iilii;il ili;iii;i. 
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Soi 'Maniiriiiiri Icngih' iOh j c i i  I'roperties - tah Il i i l ' l i iw) thiit i\ 
i i i inl lcr ihuri tlic lcnglh r i l  i l ic \c i t i i i i i .  Ai coniputiiiirin tirnc thc 
\cclii,n i\ \plit hip iii pari\ i , I x  Ihni ai-c cqulil or \ l i fh t ly  wiu l lcr  
i h w  1I1c \;iluc of 'Maxi~r iur i i  Icngih'. 

li l i i ial ly iI ic\c c l l i , r i  rc\ult i n  ;i \iahlc c;ilciil;itir>ii, i t  i rcci,iri~iicndcil I r >  

wc rw r i i e  the iiiiti;il cr~r i i l i i i i~r i \  i r i  ihc riiíxlcl il ith thc result\ i i l ' ihc siahlc 
coinpui i i i im hy u\ing thc Ncw  111iti;iI ( ' ímd r~ i~ms  cr~i i inianci l ( ' \  r~h\ir i i is r1111 t11 

u w  ihc vaJi!e\ ai ihc hcginriirip 01 lhv ~ í i r r i p~~ I ; i t i r ~n  pcrhd !  

Related topics: 

8.3.2 Quality Calculation 
It tlic waicr qualiiy ciilciilatiiin hcci>iric\ un \ l~h le ,  e.g. tlic rc\ i i l i \  ci,iiiairi\ 
iiegiitivc coiicciiir;itioii\. ríi i ighly ihi, c;iu\c\ c ~ i i i  he distinguislied: 

First. thc in\i;ihility i\ c;iuicd hy i l ic p;irl in whicli the tr;insport i f t h c  suh\tniicc\ 
is calculnicd. 

Sccriiidly. ihc in \ i i ih i l i i j  I \  ciiu\cd hy ttic iwa1i.r qurl i ty prriccrs. which i\ dclincd 
hy ihc uscr in tlic qu;ilii) inridcl 

I S  ihc uatcr qii i i l i ty cnlculii i ir~ri hcciiiric\ un\t;ihle ihih is i i io\t  r ~ l i h c  tiinc cau\cd 
hy n ioo I;irgc valuc r i l  ~ h c  IJcclct riiiriihcr ll'i. i 2). 1Sa chari i\ di-awii whcrc il ic 
c n c n i r i ~  a u h t  i t i n  i p i i n  i'Spiicc I<clatcd 
<;raph') ii rc\ult \  niíi\ i í i l  thc ti i i ic\ i i i  ;I ticxvily i i i i~ thcd  cliuri. wticrc S(>r cach 
ciilculaiiiiri pii i i it ;ilicrii;iiiiip ;i tiiiriitriiiiii ;iiid a ri i i ixiinuiii i \  \ho%. 

Thc I'cclci i ; i luc i\ dclincd hy: 

\i hcrc: 



Related topics: 
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9. Results 

9.1 Presentation of the Results 
Thc rc\uit\ rif a calcul;iti~>n can he di\playcd in four diïïcrcnt ways: 

A \  Tcxt in a tahlc a \  a lur ic t i~~n i ~ í t i m c .  

In a Tirnc Kclatcd Ciraph. 

In ;i S p a ~ c  Relaicd Graph 

In ~ h c  Network window in Prc ïcn ta i i~~n  Modc 

Tcxt and graph\ are displaycd in winilí~w\. These windrlw5 appcar in thc 
Work\pacc. A texl (,r praph window can conrain thc output o f  more than onc 
variahlc r,r the output Inmi diilcrcnt \ ccnar im R y  rlpcniiig more than onc rc\ult 
winduw the re\ults can hc interprctcd hy coinparing thc different windows. 

I<c\ult\ can als« he di\playcd in ihc Nctwork window. In a Presentation Script i \  
dcfincd how the result\ have t ( i  hc displayed in thc Nctwork window. To u\c the 
IJrc\cnvatir~ii Modc ;i ì'rc\cniati~in Script must he sclectcd. 

e 9.2 Text Window 
I r i  n tcxt window thr data are di\played in a nurncrical way and can be written to 
;in cxtcrnal file. Use thc h'ew 'l'cxt window wrnrnand to open it .  

Thc ïiilliiwirig coniiiianils x c  ~v;iilahlc i n  a Sext window: 

Copy Kc\ult\ 

Transpo\c I'iihlc 

Change Tahlc crmtents 

Related topics: 

S c w  Tcxt wiridom 
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9.2.1 New Text Window 

Related topics: 

9.2.2 Save Results 

Related topics: 
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Command: 
('riritcxt incnu: In thc ' lcxi wirid<,w lran\pr i \c .  

Related topics: 

9.2.5 Change Table Contents 
(!\c thc ( h r i g c  'lahlc ci~rriniaiiil t í i  r c x i  ihc di\play iiptiim\ per wurcc and per 
i>hlcci. Aiicr \cicrtiiig ihc ciirnrnmd. DMS wil1 s h w ~  thc Time Kclaled Craph 
rlial<ig hiix. I h c  o p i o n i  i i i  i k  Tinic I<clakxl 'l'ahlc dialog hox iirc cxplairiïd i n  

thc Tinic I<elutcd (;raph dialog hox. 

Command: 
Menu har: I ; d i t  (;raph\/Tahlc. 

C'iiritcxt riiciiu: Iii Ihc 'Icxl wi r ido~;  - ' lahlc 

Related topics: 

I irnc I<claicd fjrnpli dialog h i ~ x  

T C X ~  wiiido"i 

9.2.6 Change Font 
(!\c tlic Changc l.íiiit cr>rriiriarid io chaiigc thc font í i i ihc I c x t  window. IIMS wil1 
<>pen ihc 1.íint i1i:ilog hiix \i, > < ) u  change ihc typc. \i/c iind \tyle of'ihc lont. 

Command: 
<:ímicxi nicnri: In thc 'lcxt windíiw - Font . . .  

Related topics: 

.rcx[ ~ l l l d l ~ ~ '  

9.3 Graph Windows 
.rwo iypcs 01 gr;ipli c m  h~. iipeiicd: 

l i i n c  Itcliitcd fiiuph 

Spicc I<clatcd Graph 

fhili graph' nrc q ~ c i i c d  a i  wiiidow\ in lhe Wwkspiicc. 

Thcrc are xvcriil cr~inni:irid\ :iv;iil;ihlc io  Cu\ i ími/c  Graph win<low\. 

Related topics: 

Tiinc Itclatcd ( h p h  

Spacc Kclalcd <;rapli 

User's guide Results 135 



9.3.1 New Time Graph Window 

Related topics: 

9.3.2 Display Time Graph per section 

Related topics: 
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9.3.4 Time Related Graph dialog box 
The Tirne Reliitcd Graph didog hun rriakes it possihle to dcfiiic what i \  di\played 
in thc graph mindow. The 'firnc Kclatcd Graph dialog hox cmsist of thrcc part\. 
Thc tah (icncral uiritain thc gcncriil data i.c. thc houndary condition\. 

Thc [ah\ I>uSl~~m and KAM conkin thc ini~rc \pccilic datii lo display thc rc\ult\ 
of thc calculation. 
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Duflow 

Soiirw 
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Show Data o f ' l ~ p e  I!ic Show Data ti, wlcct <>l thc iclccted nil<le\ in  thc 
Node\ to (Iiangr l i s i ,  thc hlrid <, l ' f r~p l i  ti> shou Aiicr 
a dcci i i in  i \  madc U picturc ~cpicwniing thr data iypc 
15 di\pl:i)cd i n  tlic ri i i*(\J iil thc \clccicd <>hjcit\. 

9.3.5 New Space Graph Window 

Command: 
Menu har: View - N e %  Spacc (iraph Wii idow 

Tip 'IC iri~>vi. quickly iri time ih r~ iugh a Spacc Relatcd Gfiiph. 
placc i l ic curvir (in a part o f t hc  d;itc/tiriie Sield helow thc 
í i i i iph,  thcri u\c thc L'p cri Down huttori on thc keybriard t i j  
i i i iwe forward\ <,r hackwards i r i  time. 'Ik step size iii tiiric 
dcpeiids ori tlic pari ol'tt ie t ime-l icld nnd thc Output tiiric 

Uw thc .., huttori (Start the tiiricr) t<> di\play the rc\ult\ i n  l inie l ike n ii i i lvic 

The time s i ~ p  \izc aii i l ihc dcl;ry hctuccri two filin stiiits cun Ik (Iclincd with ihc 

6 hution i(.i~iifigiirc thc tinicr). 

Related topics: 
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9.3.6 Space Related Graph dialog box 
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Related topics: 

M d f y  Koutc dialog hox 

9.3.7 Modify Route dialog box 
In  ihe M o d i h  I l i>i i ic dialoe bon you can defiiic ihc route tu  hc di\playcd on  the 

. . . . . . . . . . . 
. . . . . . . 

. . . . .. . 

A route consi\[\ of ihe section\ in ihc 'Sectiom i n  current route' l i \ i .  Thc 
i i ~ l l í ~ w i n g  cornrnands or op ion \  arc available to i n r~d i l y  this lisi. 

Insert hefore I r ixr i \  ihe selecti.d xct i i in trom thc 'Ava~lahic 

I3y dimhlc cl icking on a \cctiw! iii the 'Availahlc sections' 
liht, thc \clccicd scctioii wil1 he inhertcd in ihc 'Scctioiis o f  
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9.3.8 Change Graph Contents 

9.4 Customizing Graph window 

l 9.4.1 Hairline Mode 

. - 
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9.4.2 Zooming Tool (Graph window) 
IJ\c thc Z~mrning 70111 t11 shilw part\ r ~ l t h c  graph in more dekiil. Al'tcr selecting 
thc cr~rnmand f l r~ i r r i  ~ I i c  incnu <>r thc I~]olh;ir) thc cur\rir wil1 change into a 
rnagnilying glas\. I l ragging thc c u r v x  displii)\ a rect;inglc m your w e e n  Tlih 
rcctanglc rcprc\cnt\ thc area that uil1 he rri;rgiiificd itt ic rcclanglc wil1 he hlmvn 
up uritil i t  lill\ thc grapti wiridrlw). 

Command: 
Gmicx t  menu: I n  ttic Graph winduw - Zoi>iri irii>dc 

Timlbar: 9 . . . 

Related topics: 

9.4.3 Zooming out (Graph window) 
Zwr i i i r ig  i\ u\u;illy dime in \t;~gc\. inore and more dct;iil o f t hc  graph is 
di\playcd. Zix,iriing oui Icts rctracc ihcsc \tape\. Z11oin out werk\ 
independent I i í> in ihe /~ io i i i ing t i ~ i i l  i thc ïooni ing tooi does not have to he 
x lcc lcd  ti, /ooin out). 

Iii /(,om liut t i l  thc unïrioincd \vate in thc <;raph window. u\c in thc Zoiirnii ig 
l'i,i~l coininand. 

Related topics: 

9.4.4 Graph Window Properties 
U\c the Windriw Pnlpertjes a,nirri;ind io edit thc prrlperties of thc < h p h  
windr~w. D14S wil1 i q x n  thc Graph I'rripcrtic\ dialog h i ~ n .  

' l r i  i h m ~ c  ihc unit < i 1  Ihc Y-axih helcc1 ;i drminlii l'rrim 
ihc Ih\l m d  C ~ O O \ L .  OW uljri incd Y - u i \ .  

I>WS wiII oper thc í 'oli,r\ (;riiph Wiri<li>u diul~ig hox 

Command: 
Mcnu har: f A i t  - Wii id<>w I 'n~pcri icï.  

C'mtext menu: Iii the Grapt] wiiidow - Pn>pcilic\ 
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9.4.5 Change Colors 

9.4.6 Colors Graph Window dialog box 
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Related topics: 

(:harige CI>III~\ 

9.5 Network Window in Presentation Mode 
k i r  \ m i e  ycar\ I)ul low 15 ahlc t11 \hriw thc rc\ults of cornputatirm\ i n  tahlcs ;ind 
gr;iph\. ' lhc introduciiiin o f  I > u l ' l ~ ~ w  for Wiridi>w\ and it's ahility IO visual edit thc 
network have iiiade ii poi \ ih lc  t11 show tlic computation re\ult\ i n  the nctwork 
window. I h e  netwerk\ prc\cntation depend\ on the calculation rc\ults f i ~ r  a 
giucii prlint i n  l i i i ic. 

Thc Prc\ci i tat i(~i i  milde i upp i r t \  thc D M S  u w  hy ii iaking ~ lcc i \ ion \  in water 
iriarieguncnt. 13ccaiisc o f  thc airiouni 01 p<i\ \ ihi l i t ic\  thc dcci\iciri ha\ heen rnadc 
k ]  iriakc thc Prcscntniiori rnr~dc prograrnrnahlc. Whrn  a iictwork i\ presented in 
Prc\critatir~n riiode, hcfore ariy element i \  drawri a script wil1 he execoted. Thc 
result\ 111'tIiis scrip1 dctcriiiinc ttie prescnt;itii~ii o f  the nctw~>rk.  I f  no script is 
delincd thc nc tw i rk  i \  sh<iwii in ii\ u\u;il appcaraiicc. 

Thc w i p t  tri he excciitcd d i f lcr \  per i~h jcc t  typc. 11ïur cxarnplc you do nut want 
ti, \huw tlic crri\\ \ectii>ii\ iii prc\cntutiori nirldc. you iiicludc thc "hidc" 
coriiiriand in thc script. 

9.5.1 Presentation Mode 
IJK thi\  corninxnd t i l  \clcct a IJrc\cntatim Script k i r  thc network window. With a 
IJrc\cniatiim Script one u n  dclinc ihc attrihute\ o f t hc  Network i~h jcc t \  - such ;i< 

r n y - a \  ;i function lil' thc   utp put-v;iluc\. II a Prc\cn?atiim Script i\ n<it 
dircctly choscn, DMS wil1 open the Selcct l're\cnlati~m Script Schcme dialog 
box. Af tcr  thc sclcction o l  a I'rc\cntation Script, D M S  wil1 rcdraw the Network 
wiridow according i o  thc prewi tat ion script with ihc rcsult\ <,fthe Iïrst ti inc step. 
I n  tlic Nctwork window a datc-field arid iirruw-huttoni are ;ivuil;ihlc t0 move 
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9.5.2 Presentation Scripts (command) 

1 Command: 

Related topics: 
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Creaiing Presentatioii Scripis 

Presciii;iii<,n Script i!xnniplcs 

9.5.3 Presentation Script dialog box 1 window 
I n  thc Prcsciit;iti«ii Script dialog hos or winclow you caii specify the presentatioii 
script hy tlic following properties: 

Name KV.:IIIIC 111th~ presenlalion w i p t .  

Ohjeci Type 

Script 

I.i\thriu prcscriting ;dl type\ of N e t w i k  ohjzcis. 
After the wlcctioii of an 11hjec1 type a prcïcnt;itimi 
\cripi iix tIi;ii type of <>h,jcct can he witten. Thc 
;ivailahlr aitrihuies u l ihc \clcctcd type of objecl 
c;in he piewiied u i t l i  t l ic Attrihutes button 

Tcxt window io e i l i i  ilie script for the sclecied 
ohj rc i  Usr the Syiitax Check huiion io check tl ic 

5)iitur < i I t l i c  script. wie syntax i\ dcscrihcd i r i  Ihc 
Duilmv Rcfcrciice Mamial. 

Related topics: 

Prcscnt;iti»ii Script:. 

Crealiiig Prcsciit;itioii Sc r i p t  

Prcscntatii>n Script Exainplcs 

9.5.4 Creating Presentation Scripts 
A Presciiiation Scripts is created hy g i r i i i g  ralucs i« the attrihutes «f Nciwork 
«h.jrcts. A valuc can he ;i c d i r  Iii that way colors cnn rcpresent a cel-tain values 
«r i-;inge\ of ai1 ou tp~ i t  vwinhlc. Als« fuirctioiis 2nd exprcssioiis caii he uscd i<] 

dcfirie the values. A spccinl part oTn Presentatioii Script is i l ic dcfinition «f tlic 
Legcnd. 

Iii tIii\ par~graph thc f i ~ l l i ~ w i n g  is dcscrihcd: 

Attrihutes of  i l ic Nciwork uhjects. 

Atti-ihutes o f  ihc Lcgcnd 

Attrihutes o f  tlic Prcsciitation 

Values tor color:. 

Fonci ims iind Espressions. whicli c;in he uscd t» assigii values k, 
ihc sitrihute\ « f the  Network ohjecis 

Related topics: 

Prc\cniaiioii Script? 

I'reseiitation Script Es;iiripler 

9.5.4.1 Attributes of Network objects 

A l l  variahles o f  f i i nc t im prcfixed with d are only availahlc whcn the I l u f l ow  
coinponent is wailahle. 

All objects 

ï ï i e  fnl lowing aitsihuics w c  nvailahle tbr al1 ohjccts: 
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Attribute 

l<l 

u.iiiic 

('iiI,ii 

l ,,ll,,l 

Description 

Sections 

Nodes, Schematization points and Calculation points 

Structures 
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d-dischargc-hcgin The <Ii\chxgc at n ccnain point in time at the begin i ~ f  
ihc ,[l-ucturi. 

d-dixhiirgc-cnd 'lhc diwh~rgi.  at u cïnsin piiint in  t irnï al th ï  cnd d 
thc dructurc. 

d-level hegin 'The Icvcl ai a ccrtain point i n  tinic ;i1 ihe hegin <,I the 
SlrUCtUK 

d-levcl crid 'I he le ic l  bariahle zit u ccrtain point in time ai i h ï  end 
<,t  thc \iructurc. 

d Ii,sd_hcgin I h c  Ikiad i i S  a quulity viiriahk at a cïrtuiii p<>int in time 
u1 ihc hcpin r i f  ilie \tructure. 

d-had cnd Thc k>ad r i f  a qualily variahlc at a certain point In tirnc 
at the ciid i f t h c  structure. 

d i i 1  Ihi. ,d "\cd h) thc Duflow c;ilculatiíin enginc. 

9.5.4.2 Attributes of the Legend 
Thc Sollowing attrihute\ are uvailahlc: 

A t t r i bu te  Desc r ip t i on  

A u t r i c < h  [)MS thc rniiiirnum and rn;inimum v ~ l u c \  i if thc f i n t  
variahlc \ct Sm 5cript type w c t i m  t<> calculatc the v;duc\ 
lor <l-c<>li,i. Ik color\ gcncratcd arc light blue. light 
green. y d l i w ,  light rcd 2nd light magenta 

lki n<,t uïc \iniultuneously with the kgend uttrihute. 

I I M S  \c;ilc\ thc w l u u  \ct with thc l ~ i p d  aitrihutc to thc 
min and nmx values UI ihe variablc \el  Sor d-culiir. 

Hidcï thc Iepend 

I.cgcndívalue. ~ i ~ i i i r )  

hnct iur i  iii \el ;i colix in thc legend. 

Exampli.\: 

i , ,  , j ~ . , ! , I l ' , ,  :':,!l 

: . ~ v , r ; ' l  1 ' 1 ,  r i t i  1255, i, ' i ]  l 

Do nut u w  \imultuncou4y with thc nuio<olrir ;iiirihuic. 

Roundiitl Idcm a\ auti,ii>li,r. Thc valuc, S r i i  thc ci i lon arc scalcd 10 

thc miiiinium ;ind niaxinium r a l u a  of thc f i n i  variahlï 
\ct Sor \cripi typï  seclirm 

Smioth UMS wil1 try io dra* U \rnooih lepcnd hy render~ng 
colin\ tor mi\Gng vaIuc\ 

' i i i lc 'Ihc i i i lc \h<>wn ahwc thc crili>r\ of thc Icgend. 

I n  additi i jn to these attrihutes fo r  thc Legend. a attribuie LcgcndColor  i \  
availahle Ir i r  the Scctton ohjcct script. I f t h i ~  funct ion i s  cal lcd DMS wil1 l i nk  its 
Icgcnd t i l  thc Sirit variahlc i t  cncountcr\ i n  thc \ecti<in x r i p t .  Scc the special 
cxamplc\ i n  Ihc cxaniplc ',cclioii. 

9.5.4.3 Attributes of the Presentation 
Thc fo l l ow ing  attrihute\ are av;tilahlc: 

A t t r i bu te  Desc r ip t i on  

Kcdraw Cal l  thi \  lunctirin i f  you want DuSlow to redraw the 
entire nctwork to r  every t ime s tep ' lh is  can he uscful 
fi>r script\ ihat change the width <IS a c c t i o n .  



9.5.4.4 Colors 

9.5.4.5 Functions and Expressions 

9.5.5 Presentation Script Examples 

9.5.5.1 Complete Examples 

example 1 
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li wc take the !)MS deirio p rqcc t  and would l ike to show thc water Icvcl of the 
rivcr. Wc have to take the follriwing step\: 

I .  Chm>\c t 3 i t  - l'rc\eniatir~n Script\ 
I n  thc dialog Sclcci I'rc\cntatirin Script Schcrnc cl ick on thc Add 
button 
Kame i t  "denii>l.cvcl" 
Sclcct i n  thc Ohject 'l ypc\ lisihox iw i i on i  and type in thc 
I i ~ l l ow i i i g  \cripi: 

d - w i d t t r l  0 
d-color=4. . level  I r )  
l e q e n d c c , l o r  

d-width mem, thc width ofascct i im i \  always 10 pixcls. d-colr~r 
rrican5 i l ic cr~ l í i r  i \  dcpcndcnt (in thc wntcr level. 
Thc uariahle t in d-level iridicatc\ tiinc. Th i \  rncaiis that thc color is 
dcpciident on  thc watcr level at a ceilain point i n  tiine. t h i d e s  t 
í i i i nc j  iri wint case\ a quality variahlc can he includcd as a 
pararnctcr: frlr in\tancc d-crinccntiationít. '\;r!t'). 
Sclcct in the Ohjcct 'l ype\ l i\thox lr#e>id and type i n  thc I i~ l l r lw ing  
script: 

autoco; ',r 
x t r , , ,  ILk~ 

Aiit<xolcir mem\  thc legend wil1 u w  a \ tandml c<ilrir palctte. 
Sinouth indicate\ thc Icgcnd wil1 try to draw a \niooth Icgcnd hy 
rcndcring color\ lo r  inishing valucs. 

2. Chomc OK ;ind OK 

3. Open thc Nciwiirk w ind i~w  and cnwrc  that thc c(~rrcsponding 1 .30~ 

i i ~ r ~ d c l  is calculaicd correcily. 

4. C'hi>o\e F.dit - Prc\ciitalinii Modc 

5 .  Sclcci the \cripi "dc~ i i r i l~cvc l "  
l>ul'low wil1 ni,w rcdraw thc Nciwork i r i  Prc\cntation Mode. A t  the 
h i ~ t t ~ i i n  111' the N c t w i r k  windriw a number o f  buttons nppcar 
tiigcthcr with a time indicatr~r. Wi th  these button? wc can \how the 
5 t ; l i ~ i i  iil itic nc twí rk  at aniiihcr pil int iii rinic. 

h. l lul ' iow determine\ the range o l  ihe variahlc\ u\cd i n  thc w i p t  
h a x d  <m the result\ i n  the rc\ultl i le. Wi th this range acri lor I rg rnd  
and which color corrcïpiinds to which valuc i\ deterniincd. 

example 2 

For this cxamplc u3c u\c ;r nc tw i~rk  with :i ~ iun ihcr  o f  punipj.  I f  the watcr Icvcl 
rcachc\ a ccrtain Icucl ttic pump \wi tchci  <in and causci a di\chargc. Thc lunny 
thing i\ that wc c m  usc rclativcly \i inplc <cripi Ir> te51 whcthcr Duflow i \  
wi irki i ig pn~pcr ly .  Supposc wc want a pump t i j  start at ;i watcr level r i l '  10. Wc 
can viwal ize Ihi, by using thc fol luwing \cript lo rpumpmg engines: 

if íd-C z r h a r g r  k , ~ g i n  ft1 'J) t h e n  
l a b e l =  ' r ~ n '  
e l sc  
l a b e l - ' a f t '  
e n d i  f 
i £  ( d - I e - 1 - 1 - h e q i n  i+, i 19) t h e n  
c o l o r = l r i d  
els62 
colar=l blue 
e n d i f  

Now whcn wc turn thc prc\entiitii,ri niodc timer on antl thc colrir o f  thc pump 
turn\ red, the acconipanying tcxt changes I r i ~ rn  of ft^^ (in. 
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9.5.5.2 Legend Examples 

Example 1 
I i 11  ,,rr,-r,r 
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Example 2 
Autocolcr  

Example 3 
Ai:tacolnr 
:Jrnooth 
Poundoff 

Example 4 
Smooth 
Roundo E f 
l e y e n d ( 0 ,  y r l i o w )  
l e g e n d i l ,  rndgental 

Example 5 
Sm~fith 
Pnundof f 
l r g e n d f 0 ,  yellowi 
I e y e n d i l ,  magent,) 
a u t o v a l u e  

I I w c  arc inlcrc\tcd in \pcciai valuc\ wc have 10 d o  a littlc inrm prograrnniing. 
Say the values in thc range Ih.65, 6.751 arc r~lpai l icuiar  intcreht. Wc couid then 
u w  the following \tript: 

Example 6A i m 

Isection] 
d-width=lr~ U 75 

d-co lor= igray  
O M i f  ( d - l e , ~ e l ( t )  j= 6 . 6 5 )  t h r n  

d - c o l o r = l r e d  
, ' endj f , . , 

if d r t  i 5.75) then  U 00 
d - c o l ~ r = y e l l o v i  

e n d i f  
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Example 7 
I,>% \\i. 1\11111 i 0  lllilki. \I\IIIIC \ i l l ~ 1 1  1 1 , ~  

I cvc i  ;!I l l i c  hcgi i i i i i i ip i , I t l i c  iii.ii ii.;ichc\ .i 

cci!;tiii IL.\C,I: 
[weirs] 
r:., 1 ',l 7;;: .  . . c .  

if ieve;~~t,r.,~in(~-!.. C L 7 7 . 5 ~  
i t i i r ,  

, . ',I ~. I / I! 

' r : !  f 

9.5.5.3 Sample Scripts 

Duflow IDs 
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Thc  purp<i\c ol ' this script i \  10 show ihc I > u l l ~ w  I I > i  a i  uscd by thc calculaiion 
cnginc. I hc ic  nurnbcri can nl\u bc l'riiind in the *.NP:I, ".BND, * R t 3  and alikc 
f i l e b .  

Object type Script 

Level 

' lhe purpoic ol'thih icripi i i  10 repi-cicni ihc Icvcl 
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Maximum Width 

156 Results User's guide 



User's guide Results 157 



10. Glossary of Terms 

Area 
Schemati/atirin-point in which thc drainage frwn the arca - duc to prccipitaiion 
is taken Into accriunt for thc \urlacc watcr 

Boundary Conditions 

Valuei lor Flow aiid C)uality variahlej defined hy thc u w  at the physical 
houndaries of the network aiid on hydraulic structurc5 required starting a Du l l r~w 
coinputation. 

Calculation point 

I )u l l i ~w  generales calculaiion poinis when ihc length r ~ l  a seciim excccds the 
defincd maximum Icngth. Calculation pclint\ dividc a I IMS iection in Duflow 
\ccti«n\ equal or smaller then this maximum Icngth. 

Cross Section 

Cru\\ Scctiim\ crintain cros\ \ectir,nal data \uch as c r w \  \ccti<>niil proliles and 
rc\i\tancc crxl'Sicicnt\. Cri)\\ Scctii]n\ mu\t he defincd rm a \ectirm 

Culvert 
A pipc-con\truction with a rcctangular or circular er(>\\ xc i ion which conncct\ 
two wuterways. 

Discharge point 
Schcrnaii~atiiiii point on which additimal di\chargc int<> or out rif the network i \  
taken inti, accriunt. 

DMS 
Ahhreviatioii lor  D u f l i ~ w  Mi~dc l l ing  Studio which inanages the Scenariil 
Manager and ihc Nctwiirk E d i t ~ ~ r  io pcrlorni Dullow and RAM calculatii~n\. 
DMS supplics thc water authoritic\ with a crimplctc set o f  tr>ril\, to quickly 
perfiirm cary analy\i\. On lhc othcr hand, thc product can al\(, pcr l i~ rm complex, 
integral \tudic\. 

Duflow 
Program with which m c  caii perloriii unsteady l l o h  computations i n  netwerk\ o( 
open water coursCs and c m  siinulatc the transporiati<in <)f suhktances i n  Srcc 
surface I low and inorc c(implex water quality proccssc\. 
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DUPROL 

External variables 

l:xiirii;il i : ir i: ihlc\. ii hicl i  ;iic ip;icc ; i i i d / i~ i i i i i i c  d c p ~ ~ i i i i ~ ~ t i t  ;iiid u w d  iii ihc qualil). 
p r o ~ c \ \  cq\i; l i ir i i i i  i i i i l ic ()ii;~Iii> \ l í i i l c l  i l c \ i r i p i i<> i i  tilt 

General Structure 

Network editor 

(;r;q)tiicaI ~ ~ I ~ I J I ~  t l iai c i i : h I c~  !oii K dra\+ i r i t m ~ ~ i ~ ~ c l ~  thc i ic t \ \o ik  
i~ I i~ i i i ; i i i / ; i t i i i i i .  V i ' i ~ i i t l l j  lhc Nclwork k~d1101~01111\1\ 01  thc S c l u o l k  ~ i i i d ~ , i (  
;iiid i l ic l ' ~ l c i i c  iiii>lii;ir 

Parameters 

Presentation Mode 

h?idi. 01  [he N c i i i i i i h  i i i i idi,\r iii whic l i  thi. rc \ i i l i \  i i l  n c;ilciilatiiiii ;,re \patially 
vi \ l i ; , I i \cd 
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Presentation Script 
Dclinition o1 thc presentation of Nctw~irk rih,jccts in thc Presentation Mode. 

Pump 

Pumping station in or ricar a wiitcrway. 

Quality Model description file 

File in which thc relevant quality p r u c e s w  are descrihed. A Quality Model 
description f i k  i \  ar1 ASCII-ïilc with the extcniion MOD. 

RAM 

Prccipitation runoff module (Dutch: Regen Alvoer Modulc) 

Wiih KAM onc can ciilculaic thc supply ofrainlail  to thc \urfacc f low R A M  
calcul;ites thc losses and delays thai occur hcfore the prccipitation has reachcd 
thc surface ïlow. 

Scenario Manager 

Purt of DMS which nixkc\ it possihlc ti, work with sevcral \cts of input datu 
within the \amc I'riijcct. l h c  Sccnario may contain thc input data it\cll or it may 
rclcr 11, input data of anothcr Scenario. Each Scenario registers ieveral sets of 
data. Per sct of data «nc iniiy choriic to siivc thc data in ihc own Scenario 
directory or reccivc the data ïroin aniither Scenario directory. 

Schematization point 

Extra points on a \eciiun u\cd hy thc »MS calculatirm and on which outpui can 
he gcnerntcd. On a \chcinatizatir~n prlint onc or m r m  area\ and discharge pointi 
niay hc dcfincd 

Section 
Conncction hctwceii two nodes. 

Shape file 
F i k  in a pre-deïined lorinat, which represent\ a certain geographic theme. Shapc 
l i k  can he w v c  in a grclup in a VSF-file. Only Shapc-file\ c m  he uïcd as a map 
Iaycr in I1,VS. 

Siphon 
A circular pipc u\cd t i>  carry water over i~h\t:iclc\. 

SUF 
Standard Exchange I'rirmat i l h t c h :  Siandaard Uitwii\clings Forinaatj; Standard 
daia model Ir>r the schcrnati~ati~in of surfacc water s y t c m s .  

Time series 
A series of valuci f o r a  Lime depcndcnt variahle or parameter. Time series are 
itrlred in n \cheine. 

Trigger Condition 
Thc variation afone paramcter in rlne or more structurcs depending on actual 
hydraulic conditiims. 
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11. Index 

adiection. 91, 122 
allak. l l 3  
alpha, 124 
Ar i im~n iu r i i ,  (2 
arca poinii. h l  
auto a d p t  l inii is. 7% 

hcndiiig pii ini. 75 
hrioiidary coridiiiim\. 52.  h l .  04, 96 

ca lcu la t i~~n 
progrer\. 127 
typc. 121 
update, 127 

calculatiwi pi i ini i ,  53, 72 
c;ilculatii~n \clting\, I 19  
cap i l l xy  rise. 61 
ChC/.y-cr~cfficicnt. .\w rc\i\vancc coci'ficicnt 
clcaiiup nc[work, I 20  
comniand. 2 1  
coiriponcrit. I 
ciinccntratiun 

rchcriie. Y8 
content menu crirnmand, 24 
co~ordinatc 

currcnt p~ i i i i i i i n ,  79 
i>l'I\et, 77 

c11py. 35 
c i~ur ie\ ,  4 
C r i i \ i  Scciiiiri. 54 

intcrpiilatc dal;,, 54 
cro\\ wciirmal l l í iw area, 130 
cri,\\ wctional I low widih, 130 
culucri, h7 
currcnt pii i it irm, 79 
cu\totni,.c 

iiiciiu. 17 
tr,iilhar. 37 
wiiidi>ws. 33. 37 

cut. 35 
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dccrniplc. 123 
dischargc points, hl 
í l ispcr\ i i~n, 113. 116, 123. 13 1 
i l i~uhlc-c l ick ing ciiininand, 24 
dry l lo<>i l  pr(iccdurc, 123 
dry-ilri i id pmccdurc. 124 
DI![-I.0W. I 
DUFLOW 2 0 x  pi-ojcci, 44 
Du l l ow  Kicr, d;iy 3 
IIUPROI.. 114 

cvapoiaiiim. 65.  100 
cxit [)MS, 40 
cxtcrnal iar iahlci .  115 
cnirli iicration. 122 

file-type\. 44. 128 
t lnw widtli, 57 

gemral itruciurcs, 7 1 
ymgraphic background, 49 
Graph window 

c111m. l 4 4  
propcrtic\. 143 
\pacc rclutcd. 13'1 
tirric rclaicd. 136 

groundwaier dischargc, h4 

hairlinc. 142 
hclp 

cimtcxl hclp. 39 
hclp t,ipicr, 39 

helpdeik. 3 
hyilr;iulic r x l i u i ,  56  
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K 

RAM. I 
r c c r w i r  \ioragc, h2 
rc5ist;iiicc criclficicni, S(> 
resimnce l'urrnula, 122 
Kc\ult wiiidrlw. 31 
rc\ul l \ ,  l 33  

\;,ie, 134 
run IIUF'LOW model, 128 

S 

saturatcd ronc. 64 
\cenario 

~ i c t i i c ,  86 
dclcte, 91 
dc\criptiim, X5 
ricw. X5 
prt~periics. X0 

Scenario Manager. 34 
whcmatization prints, 59 
chcmc.  105 

concentraiirln. 0 8  
level. Y6 
had.  99, I05 
Q-Add, 98 
OH-relaiion, 97 
u\agc. I Oh 

script. 146 
ieclion, 47. 53 

f l ip rlricntation. 75 
jrlin. 76 

secpige, 63 
\ctting\. 3X 
siphon, 66 
software requircnicnts, 1 
\plittcr, 39 
\tandard cxch;inp l'r~rinat. 47 
Statu\ har. 3 1 
storagc width. 57 
\iructurc 

cí,lltrlll, l i l 2  
operations, 102 

\urfacc 
dcprcssion\, (12, 63 
grccnhuusc\. h2 
ilpcn water, h2 
pavcd. 62 
\cwcr, 62 
unpaved. h2 

\y\tcrii rcquircmcni\, 3 

T 

icxt window. 114 

thct~i, 122 
i h r c i hd i l  level. 124 
time ieries, 105 

con\iant. 10X 
cquidistant. 109 
export, IOX 
Fouricr serie\, 108 
import. 107 
non-cquidisiant, 109 

ti inc \tcp 
flow, 120 
output, 120 
quality. 120 
KAM calculation, 126 

toolhar. 27. 38 
Dut low i i ~ i~ l ha r .  30 
t'alciie toolhar. 29, 11 
Scenario iodbar,  28 
Siandard toolbar, 28 
Time Cont r í~ l  imlhar ,  10 
Windo\*., ir~rilhar, 10  

tr]í>lhar cominand, 24 
trigger conditions. 95, 100, 104 
triggcr \erie\, 103 

U 

undcrllow, 71 
undw 35 
unwiumtcd zonc, h4 
u w r  inicrfacc, 23 

v 
v c r ~ i i i n  nuriihcr. 40 

W 

weir. h8 
wind 

c~,r ivcr\ i~>n Saciiir. 54 
directirin. 101 
vck~ci ty ,  102 

winilo\*. 
activaic, 13 
;mange. 31 
cu',iomizc, 33 
tilc. 33 

Wr~rkspacc, 3 1 
Wrlrk\pacc Manager. 34 
writc D C F L O W  file\. 127 

z 
moni ,  79, 143 

in, 78. 143 
out. 79, 141 
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1. Introduction 

1 .l In History and purpose of the model 
Thc intriiduction i11 pcrsonal or inicrc computer\ i n  iirganisatir~ns involvcd i n  
water iuun;ipcmeni and Iiydr;rulic engineering \timulatcd the deiriand lor easy-tri- 
u i c  c impi i tcr  rriodcl\. 
Water authr~ritie\ rcquirc a clyriarnic inenagciiicnt ol ' their extcn\ivc wuier 
\y\teins 2nd relatcd inîrn\tructure 111 priwidc water l'w industry, iigriculture, 
drmic i i i r  iripplj, Si<h<iry i r i r r i y  :incl water quality ci~i i tr í>l,  taking inti, accriunt 
rcduction UI dainagc duc trl exces\ iii water. etc. I n  hydraulic cnginecring a 
pruper dc5igii aiid i~pcrat i i in o f  r ivcr haïed i tructurei and irnprrivcment works 
i i l \ i> rcquircs th ï  con\ideration <]l' I ~ r g c r  paris (i1 thc overuil watcr i y i t c in .  

Ir1 1988 11i.i-i.ow I O wah developcd hv n collahorak c i f ~ i r t  <>l' thc International 
Iri\ l itutc kir Hydraulic and tnvirr inmcntal tnginccring lilli:). thc Faculty of C iv i l  
1:ngiriecring at I>c l l l  l l i i i i c r \ i t y  ~ f ' í c c h n ~ i l i ~ g y  and thc I>uhlic W w k \  Department 
iKijkru~atcrskint), Tidal Water5 I l i v i \ i w i  ( n o ~  KIK%).  

Variou, cducaiioiial in\ti iutc\ \ i ic\ \cd í i i i  havirig Irce acecis Lr]  a hydrodynamic 
u\cr-r~ricritcd corriputcr codc. Thc cr~iriput;itiíinal corc r i l  thi, i r i i ~ k l  i\ h a d  on 
thc I:OK~I<?V coniputcr c i d c  IMPLIí which was r~riginal ly dcvcloped hy thc 
Ki jk\wi i tcr i tai i t .  7 1 1  i r i iprow it '  u w r  ir icnta[ i im thi\ IMI' I . I~codc wa, fitled with 
;I incnu operatcd intcrl;icc iii I ' IXO. I ' r i r~r tu thi\  inirilduction. thc usc í i l  

compuiational rniidcls for uiistead). I lows in nctwork\ 111opcii water criurscs was 
rci tr ictcd i11 a m a l i  group oI ' \pcc id i \ t \ .  

In  l 992  ~ c r s i r ~ n  2.0 was crlinplctcd. I3y order í ~ l ' t he  s i o w ~ ,  thc Agricultural 
L'nivenity o f  Wagcniiigcn/ Ikpannict i t  rif Nature Cwiiervation cxtended the 
prrigrani with watcr quality irií~dclling, callcd i~i: i~i<Oi..  Sincc thc rclatiim\hip 
hciween quality and I low reccive\ fpccial aitention nowedayi. a progruni \uiiuhlc 
(01 inridcll ing huth a\pect\ inakeï iit:i:i.r,u. a useful Loril i n  watcr quality 
niaiiagcniciit. 

I3ccaux uwrs al\ri iiccd t i >  thc abilit) t11 n i í~dcl  thc preeipitation run - í~ l l  pnlcc i \ ,  
thc prccipitatiiiri runoff i r i i~dulc K A M  wa i  clcvclopcd hy Wittevecn + B W  and 
i.i1\. h y  i irdcr o f t hc  51r1wn. 

With thc introductirln of 111 'ii.ow 2.0. the riiaintcnance ol'thc pnckapc was 
\upplicd hy !.IJS íthcii 11 ibíi. Tl ic uier inay ;ipprr,ach thc hclpdc\k at  ti^? with 
que\tion\ and priihlcriis Ihat arise whcn using i l i : i , i r iw.  I<AM and ,voi>i' i. i.ow. 

i)i:ri.ow i\ ihc jo int  iiwriership of Ki~kiwater i taat ,  IIIk:, thc I l c l f t  Cnivcr\ i ty i11 
Tcchnokigy. s'rrlwh and thc Agricultural IJii ivcr\ity 111' Wngcnirigcn. 

I.'iirtherniorc, thc KIWA aiid I>iensl Weg- en Waterbouw (iI\Vw) of 
Ki~k\watcri ta: i t  have r,rdcri.d thc dcvclopnicnt r i l  iurthcr cxrcriiiriii of thc 
I1t.l-l.OM prilduct. 
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A lrcc ~i i i i lc i i t i .  vei-viiii I \  ;g\;iilahlc. u l i ich i i icl i ir lc~ ;til < ~ X I I ~ \ .  hui i\ rc\irictcil 
in ilic iiiiiiilicr iil \cciiiiii\ ;d c\iciii,i l inii;ihlc, liili~iiii:iiiiiii oii p i i r~ l i aw  ~iiiil 

II~III\ \+III ,Llllll~l~~,~ 11) I.IX ~ . ~ ~ o ~ ~ t ~ ~ ~ ~ , ~ ~ ~ ~ ~ ~ .  -nlp s c ~ ~ l c l ~ ~ ~ l l l ~ ~ ~ .  

1.2 Types of users 

1.3 Design considerations 
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can bc ileicrihcd in detail. Thc rci i i l ts i11 ;i K A M  calculation can he used a i  input 
I r ~ r  a I>I!FL.OW~calculation. 

I h e  \clccied riuii icriial \chcnic ;dlow\ liir :i rather large iirric i t cp  iii itic 
coinpuiaiion iind f r ~ r  chwising differeiii Icngthi 01 tlie clcmeiitary \ections 

Waicr qualiiy i i  an incrcii i ing ci~riccrn in watcr nianagerricni, c g .  prr~hlcni\  d 
algal h l ~ ~ o n i ,  crmianrinatcd silt, i a l i  intimiion ctc. More i i l ten tlmn not. w i e r  
qu;ility ha\ ir !  hc dcicrihcd hy a í ir i inct i inei large) nurnhcr rif parameier\, 
thcrcfíirc i u i ~ i I . f ~ w  a l low i  ior a nunihcr <IS quality consiiiucnts, and ii is ahlc t11 
niodcl tlic in icract imi  hctween ihcsc coiistitucnt\. Therc i\ an ahundaiicc 111 

lorinulatirini arriurid, which g i vc i  a gre;ii I rccd~ir i i  Sor thc u\cr i r i  lorniulatirig thc 
production II~ de\tructii~ri i11 hirilogicnl n r  chemica1 niatcriiils. '1'0 tcsi such a 
li>rniuliitir!n rhcrc is thc possihil i iy » i a  ijrnple hox moilcl. For  coiii inoii uscrs a 
nuinher íif pre-liririulatcd inicraciiorii i \  auailahlc i(ir which thc cocSSicicni\ can 
he inSlucnccd 

A n  iniprirtant topic in waicr quality prohlcni\ is a l v i  ihe inieraclion hciwecn rhc 
h i> i i~>n i  Iiiycr and the waicr ma\\ i ih~ivc;  111 11.0w distinguishcs trunsp~irtcd 
materia)\ ihat Slow with ihe waicr 2nd hottorn maieriali ihai are i io l  t ran \p~~r icd  
hui thai cun he \uhjc~.t 10 i i in i lar  intcraction\ a\ dcicrihcd ahrivc. 

The intcractiilri hetwccii surhcc Slow and ground waicr Slow is a l w  playing an 
iniporiarit part in water iiiaiiitgctncrit. Whcn applying water iiianagcmcnt t i l  lhc 
change, i n  phy\ic;il pliinniiig. iiric mu\ i  deuclop insighi iri ik changes i n  [he 
preeipilation rurioff. 

Ill!f.I.OW cari direct rc \u l i \  10 d i i k  l i l c i  which can he approachcd hy ririicr 
cwnputcr pri~granis ( c g .  ecoiiriinic nna ly i i i  and itructurai design). 

I.'rir irnmediatc arialyii i, thc ie iu l t \  caii he graphically di\pli iycd (in thc icrccri in 
i i inc i i r  ipacc. Opt i~ inal ly  ~ iu tpu t  i\ givcn i n  thc Sorni o l  tahlcs. while al1 output 
can hc dirccted co  a ígraphicalj prinicr. 

11L'I~I.OW i s  cl'iicient hr~ih iii tcrins i11 ciinipuiaiion tinic und rcquircd i n c m ~ ~ r y ,  
ihus allowing the p r ~ c c i s i n g  111 large rnod~ ls .  (.r>mpuli~tion tinie is usually i n  thc 
range (i1 inir iuici  up to onc hour. 

1.4 Options and elements 
I n  r w i . o w  ;i mr,dcl. reprcwniing ;i spccific appliratir~n, can he put togcthcr from 
;i range r l i  clciricni\. Typc i  of clcmcii t i  whicli are availahle are open channcl 
scction\ (hoth river and caiial wctiorn), end con t rd  scctions or i i ructurc\ such as 
wcirs, culvcrts, \iptirini und punip\. 

For in\tiince an iri-igiiiion <!r drainage iy \ ie in  consist.; r11 a netwilrk of i i ina l l )  
cnnal\; watcr iriey he locally i ianiportcd throug,h punips ;ind siph(iiis and i n  rhc 
nciwork i l ic di\cti;trpci m d  lekcl\ riiay he cr~iitrri l lcd hy incati\ 01' wc i r i .  

I n  ca\c o i  a Sl(x>d wxve i n  11 r ivcr i l ie diichargc iiiiposcd at ihe up\ircarn 
hiiuiidary <>l U riucr wc t ch  i\ tran\initted tlirough a q u c n c c  111 r i \ w  \cctiorii 
wliich inay hc icpiifiiicd hy ím<ivahlel weirs. 

H i iundxy  cor id i t i i in~ c;in he spccificd a i :  

u'atcr IcvcI i  ;ml di\ch;irgc\, ciihcr const;int I I~ in ihc lorin <IS i imc 
i c r i c ~  or I:c!uricr \erie?; 

additional rir cntcrrial tl(>w i i i w  ihc nctwork cali he \pceilicd ;is a 
itiri ie dependent) discharge o r  can he c~iniputed froin a piven 
r;iinSall, u i ing  ihc \i inplc p rcc ip i ta t i i~n- rund rclatiim rif DUF-LOW 
í>r thc cxtcnded prccipitatirin-rurioS1' niodulc KAM; 
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1.5 Structure of the DUFLOW MODELLING STUDIO 
Thc i>i:ki.ow ~ol>l.l. l. lhc; s~c . l i i r i  t i  dcvel i~pcd undcr thc Window\YS/Wind~iw\ 
N T  r~pcrat i i ig sy\tcni. 'She graphical user iritcrlacc givc\ thc user the po\\ ihi l i ty 
ti, niaiiipulatc 2nd activate thc (~hjccts «f thc m d c l  dircctly. Inexpericnccd uscrs 
wil1 have a shilri learning time duc co the uier fricndly inicrlace. The prexencc of 
cmtcx t  icn i i t ivc rnciiu'i and Shortcut Io i i l har \  wil1 contrihutc t11 quick operation 
i11 thc iy \ tc in hy cxpcriciiccd uier\.  

Thc prograin c i~n \ i \ t \  111a Sccn;iri,~ Manager with which thc u w  can dcfine 
scvcral different xcnario's. ' l hc  Nctwork Edi l i i r  cnahlei thc u w  in crcatc a 
netwiirk ~ i l 'wa t c r  cour ic i  hy dragging and dropping thc clcmcnt\ from thc 
Nctwork I'alcitc. Tlic nctwíirk c m  he prc\cntcd on a gciigraphical hackground. 
The prcsciitatii~ti rnr~dulc makc\ i t  possiblc t<i open sevcral graphical windows, 
per Pr1,ject sevcral extra window\ riiay be opcncd to givc thc uscr a complete 
i ivcrvicw 01 the rc\ult \ .  She usc ofdockahlc windr iwi  has h e m  applied. which 
placc\ Ircqucnily u\ed w i n d ~ j w i  i in thc hurdcr\ o f  thc \ereen, avoiding overlap o f  
othcr windows. 

Thc I>I:FI.OW MOI>~I.I.IN<; SI 1.1110 cwlsist\ (IS !he fol lowing parts: 

11i!r I . C J ~  hwtcr quantity 
Witt i  thi, prrigrani onc can pcrlorrn unstcady flí)w cornputatiriii\ i n  
nctwrlrks i11 open wuter cour\c\. 

o i ' i l ~ ~ w  water quality 
'Thi, prtjprarii is u\cl'ul iri i imulat ing thc tr;in\pi~rlation o f  
\ uh i tmcc i  in frcc \ u r l c c  I low and caii \imulatc niore cr~iriplcx 
water quality pr i icc\w\ .  

K A M  prccipitatir~n runi i f f inodulc 
With KALI OIIC c m  c:ilculatc thc \upply of ra in lu l l  ti) the wrfacc 
I l i iw.  R A M  calcul;itc\ thc Ir,s\c\ and dclay\ that (iccur hclrirc thc 
prccipitation ha\ reachcd thc \urlacc Slow. 

w ~ i > i ' i ~ ~ o w  (not intcgrated in I>MS 3.3) 
Thi \  pmgrain \iniul;iic\ an inkgraled ground-water and surl;icc- 
%ater pruhlcm hy cornhining thc ground water rnridcl M ~ i l l l . 0 ~  
and i~i:i-l.~>w. 
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2. Physical and mathematical 
background 

2.1 Introduction 
In this chaptcr an outlinc i \  givcn o f  the hasic equations uscd in DuFLoW and the 
nurncrical procedures used lo di\creli/e and iiilve these cquiitions. 

Scction 2.2 deal\ wiih ~ h c  cquation\ lor unsteady Slow in open channel\. In 
\pecial paragraphs thc u\c of houndary-. initia1 conditions and \tructure\ is 
presented. 

In \cction 2.3 thc iniics tran\port cquation and nurncrical $oluti(m appiied in tht: 
quality part are di\cus\cd. Special attention is paid to the usc of houndary 
condition\ and proCe\\ deicripiion\. 

Scction 2.4 givcs an oullinc rif the nuincrical niethods uscd  Finally in sectitin 2.5 
\r~rnc practica1 con\i<lci;ition\ fin the application of thc rnodcl are L '  'ivcn. 

'rhe equstiim\ presentcd in thc sequcl are often given in thc fwm valid f o r a  
nciwork. In a nctwork any section connects two nodes, onc iiï which is always 
denoted as I and the othcr a \  2: i t  is dctcrrnined hy the uier which node is taken 
a \  node I and which a \  node 2. Di\charge\ and loads are taken to he po i t ive  if 
translcrring mass f r tm node I to n i d c  2. 

The nunierical method is hased on ihc use of hoth thc mass conservation 
equation and thc cquation <il'rnotion in thc \cction, and the use of the 
crinservati«n equation (\taling that thc \urn «f thc d i ~ h a r g e i  i \  O) in the nodes. 

2.2 Flow 

2.2.1 The unsteady flow equations 
i>tii.ii)w i \  h a d  tm the r~nc-dirncn\irmal partial differcntial equation that 
dcscribe\ non-slatit~nary lliiw in opcn channel\ (Abhott, 1970; Dronker\, 1964). 

These equations, which are the mathemlitical translation of the laws ol 
coniervation of rnav and of niornenturn rcad: 

and 
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frriudc term. In cu\c i11 uhrupi change\ in cri, \ \-\cctir~n thi\ Froudc tcrin may 
Icad t i )  coiiiputatir>nal iii\inhiliiic~. 

2.2.2 Discretization of unsteady flow equations 
liquaiiimh i I I and  ( 2 1  are discrcti/cd i n  \pace and tiiric uring thc luur-point 
iinplicii Prcis\rnaiin \chcnic. 

at node x, arid tiinc i + HA! 

i n  hcluccn iiiidci n, ani1 a , ,  , ;i1 iimc r 

I n  a \iinilsr u a y  othcr dcpciidciii v;iri;ihlc\ cari he appniached. 

Ttic traiisforiiicd partial differciitinl cquntions can he urittcn a i  u \y\tern 01 
;ilgchraic equation\ hy replacing thc dci-ivativc\ hy finitc differcricc expreïsion\. 
Thc\c cnprc\\iilii\ appn>xiiiiatc. ihc <Icrii';ilivei at thc point i~l'rci'crcrlce\ lx, . ; 1. 
t"'") n\ \hrlwn in I-igurc 2.1 



.l tii;i,. c i i i i \ c i \ ; i l i i c  -~I i i~ i i i i~ liii i i ; i i i . v  i i i i i \ c i i i ~ ~ i i i  i, c ~ \ ~ i i i i ; i l  l i l i p i , ~ p c r  u a k r  
<III:~III! ~ i i i i ~ i I ; c ~ i < i i i  1 1  i l ic c ~ i i i i i i i ~ i i ~ !  qi~;~Iii>ii I \  i1811 ~x '>pc i I !  i.ihcii in l i>  n ic i i t i i i i .  
1I1c i i l l l i l l i l l ~ < l  ~ l i l l ; i : l l I i~ , l l l l l l  \ i 1 1 1  I 1 0 1  l l l ; l l~li 111:. i lr1ilill l i l l l ' C i l I l i 1 1 1 O 1 1  ' 1  l l c  Il!;l\i 

~ ~ ~ i i \ L ~ i i . i i i \ C  i i l i i ~ i l i i  i. Ii.iWl < i , ,  il1c I.111 iil,ii IliC i.i i i, i ,li;iiIc lil iI1c c ~ i i i i i i i L i i i ~  
iclu,i l iuii i i i l l  l x  L ~ ~ I I ; ~  r i . i l  i i i i l i c  iii.i.1 l i i i ie \ lep \I.I-. c < i i i w i i . i i i < ~  i \  iherel i i ie 
;i;ii:iiilccd 'I'Iii, i ~ i w i l i ~ i t l  LIWI Io i  1111, ~ c l i c i i i c  I \  tl;..~ r i l ic<l i i i  i l3 i i i i i1.  107Xi 

Si, l i i i ; i l l>. i l i r  ;,I1 i l i ; i ~ i i ~ c l  \cci ioi i \  iii i l i c  i i c i i ro ih  i ~ < i  C ~ U J I I O I ~  ,sic L r i ~ i c d  
\ i l i i c l i  l i : i i c  0 aii i l  II .I\ ~ i i i h i i < > i i i i \  i>i i  ilii. i i c i i  i i i i i r  I c \ ~ , l  i 

2.2.3 Boundary and initia1 conditions 
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i iridication kir thc junction node 

Q ,  discharge firiin node j to node i 

4, iiddrtioniil r r  latcixl Ilow t r i  n ~ d e  i 

Thc ahilvc cquation\ are wivcd ai c;ich linie \tep. 'lhey are tran\Srirrncd into a 
sy\tciri i11 ilincarj cquatiim\ I r~r  thc wnier Icvcl\ hy \ubstiiution r i l ~ h c  equatii~n\ 
(Ya) arid (Yhj. Aller thc water levels are cornputed using a \tiindard solution 
tncthod frlr systcnis o f  Iincar qua t ions ,  ihc discharges are Sound hy suhstituting 
ihc cornputed water levcl\ into equationi (Oa) and Nh). 

fquatirln ílO) i \  níii u\cd in nr~dc\  whcrc a water Icvcl i \  prescrihcd a \  hilundary 
cr~nditiiln. Iii 5uch a nodc nr ,  cqu;ttiiln i \  ncedcd hccause ihc water Icvcl i \  
already kriown. 1)isch~rge hriundary condilirlii\ are taken intrl accrluni as the 
;idditi<inal Ilow y,. 

Ti> \tart the crmpiitatiim\. iniiial values lor H ;iiid Q are iequired 

'lhc\e iniiial valuc, must he prribi<lcd hy the u\cr: they inay hc hi\ti~riciil 
nica\urcrncnt\. iihiaincd ïrijni Soriner cornputaiir~ti\ or just ;i f i n t  reav~nahlc 
p c \ \ .  

Additi<>nally wind W c \ \  2nd taiiiSdl condttir~ns can he specilied. 

2.2.4 Structures 

2.2.4.1 General about structures 

Variou\ types of contriil \tructure\ can he defined such as wcirs, culverts, 
\iphoii\ and purnping si;iiii~ii\. which cover rnmt 111'thc conirol structurc\ 
cxi\ling in rcal-lik systcni\. 

At nc i r \  and rithei \tructurc\ di\chargc\ and level\ can he crintrolled hy 
tnanipulating thc @c\. l11 ' l i . O \ V  ;rll«ws I<ir \pccification of  \uch an operation 
using thc \r)-callcd triggcr ï ~ l l l d i t i ~ n ~ :  dcpending on flow cr~nditions at specificd 
location\ in ihe iieiw<irk. p;irarneters such a\ ihe width of the weir. the level (11' 
thc sill etc. caii he adj~isicd during thc cornpu~atir~n. Thc\c conditions are trcated 
in m i r e  detail in thc i x : i . i . r w  U\cr's Guidc. 

A cwnniori characicri\tic ~iS\tructurcs i\ thai thc storage of  water insidc the 
structure i \  ncgligihlc ci~riipared with thc \toragc in the open channels. 
Tlie dcfiriitiori of flow direction in a structure i \  the same a\ the definition in 
ordiiiary channcl scciioris, flilw f r i m  the hegin node to thc end node is assumed 
t < >  he po\itivc. 

Any \tructurci\ dclïncd hctwcen two n d c s  i ;ind j and thc d ixharge  in the 
structurc i \  denoted hiinply a i  Q. 
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2.2.4.2 Weirs 
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/ Flow condition 

l i r e  discharge <>ver a weir dcper id  rm thc water level at h i ~ t h  des, thc level of 
thc \ill. type o f  \lri icturc\ m d  tlic I l í>w cimdition i l rcc siirl;icc or suhn ic r~cd  
I l i ~ w ) .  

Pigure 2.2 s h o w  thc \even hydraulic condi t i i~n\  i1l'Ili,w over a weir that c m  he 
di\tinguished. whcrc it is asiurned that H, i H,. If H, < H , ,  thc picture i \  
\yrnrnctric;il with Figurc 2.2 cxccpt i<ir ihc I<i\\ cocilïcieni, which need nrit he 
~)~ri i r i ictr ical 

I 'hc gcneral cqu;iti<~n lor thc diwharge «ver thc weir i\ 

Q'"' = p / l ~ d 2 n . ~ ~  11 I J  

whcrc: 

H width r i i i l i c  wcir. 

P ll ic cii\chargc rcduciion i i r  li,\\ cocf'licicnt. 

I1 dcpth ovc i thc  sill. 

AI1 diffcrcricc 111 hcad. 

'Thcic quantitic\, which riiay hc dillcrcnt ilcpcriding rm thc actual type and 
i l i rcct i í~n oSfli,w. arc @ven in '1;ihle 2.1 

H AH 

f f 0  H,'" - f10 

S H," ' l H:' 

4 H:'-' L H," 

H,'' - W ' 1  
l 

11; H,"+' - H:' 

HO cl:'. l - / ,". i 
I 

HO H,''+ - H;" ' 

7hc  paranieier\ are deïiiicd a\: 

i ,  H w;iicr dcpth over thc sill, rcïpecti\cly at the hcginning and ai thc end 
(IS thc \eetion 

t10 heiglit 01' gate opening 

Vit lm\ c~~cf f ic ient .  gxte t low 

i io tc  th;ii thcsc lr,ririula\ are approxiriiatiim\ r i l  thc real phy\ical 5itu;ition and can 
bc cnlihrated u\ ing I r i s \ -c i~ l l i c i cn t \  p,,and p, 
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2.2.4.3 Culverts 

( ' i i lbcr l \  ;tic p < ~ i ~ i - i i c i l  li! i l ic \;tiiic I l < > i i  c q i ~ ~ i l i i i i i ~  :i\ u c i l \ .  iiiil! i i i i h  u I r i c t i i r  
Icr i i i  ;iilded. I Iii, i c \ i ~ t i i i i c c  i k  i l i i~ i ig l i r  10 l i c  i.iiiiplci1 wri i i l l !  iiiili rlie \+ctr. nt the 
i ip\ i rc i i i i i  5idc 

i i l i c rc  AH i \  i l ic Iic:iil l i l \ \  i luc 10 I r i c i i m  oiid L. I \  i l ic icii:ili i i l ' ihc c i i l \ c r i  n\ 
p r c \ ~ n l i c i l  h) ilii. ii5i.r l l i i  ~ j ~ i i i n i i i l e \ . l .  C.   ml l{ ,,i? i l ~ ~ í ï i i d  III \ e c i i ~ m  2 2.1. 
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2.2.4.4 Siphons 

0 
2.2.4.5 Pumps 

A siphon i \  a fully lilled closed conduit to traniport water over ohitaclc\ (hili\, 
itructurc\). I n  ca\c o f  Ilow thc equation lor () i i  thc same a\ caSe V11 in \cciion 
2.2.4.2. cimhincd with rcsi\tancc in the sainc way as in scction 
2.2.4.3. 

Start Icvcl Start Icvel 

SLIJP Icvel 

A \iphon is in Sull operation wheii ihe up t rcam and downsircain watcr levels are 
ahovc thc u w  dcfincd itart valuci. The \iphon runs dry when at onc ofhoth 
\idci thc water Icvel i \  heluw ;I uier defincd \witch-off 11r \tilp Icvcl. 

A pump i \  a\\uincd ti> he i n  lul1 opeiation or n i ~ t  at all. Operation of the pump i \  
crintríillcd hy thc watcr Icvcl at upitrcani or hegin nodc i .  

'iherc are iwu iypci of punip\ th;it c m  he dclincd by thc uier. The firit type is a 
drainage pump and the second is a so-callcd supply pump. 

In thc Sint typc, thc drainage pump water is carricd Srom begin nodc to end node. 
Fur thii type IJS pump the \witch-on Icvel (\tart Icvcl) muit he higher than the 
switch-uff (stop levcl). When the water Icvcl rises a h w e  thc switch-on level, 
givcn hy the uwr,  the discharge is set to thc pump capacity C), ,which i \  carried 
to thc end nodc of thc icction. Whcn thc waicr Icvcl drops helow thc uscr dcfincd 
5witch-of1 Icvel, thc diicherge ii \ct t« zero ( iee  Figurc 2.4). 

Por reasons of \tahility ii niay he necessary ti> dcfine a rca\onahle additional 
storage capacity hy intn~ducing an extra scct im at nude I .  

' ihc second typc of  puinp is the \upply pump Here water i carried froin thc end 
nodc tíi  thc hcgin nridc risthe section. In othcr wr~rd\ ,  from a hegin node 
viewpoint, a ncgativc dixhargc i \  curried til thc end node  In order for thc user to 
dcline thi\ supply pump thc iwitch-r~n Icvcl (start level) must he belíiw thc 
switch-off levcl (stop levcl). When the watcr drops helow the switch-<in Icvel, 
the iupply «f  water hy the pump is activated and the discharge is set to puinp 
capacity -Q,,. When thc watcr Icvcl r i x s  ahovc thc switch-iiff Icvcl, thc d ixharge  
i \  \ct t i ,  m r o  (sec Figurc 2 . 5 ) .  
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2.2.4.6 Gap growth structure (not available in DMS 3.3) 
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H,,,,,, rnaxim:il width iil the gap IniI 

H([) gap heiglit ut l inie t [ rn]  

Fl,, , ,  initia1 \ill Icvcl i i l ' thc gap [ i i i l  

H,,,,,, rnaxinidl dcpth o1 thc gap I m l  

L currerit timc \iep after start i11 ci~input;ition 151 

Thc inaxinial dcpth iinil riiuxiriiurn width tnu\t hc givcn in meter\, whcrc ihc 
t r iu ima l  i lcptli i \  givcri wit l i  reipccl t í i  ~ h c  r c l r cncc  Icvcl. 7hc  \iII grrlwth i inic 
2nd widtti gruwih time ure giucii in \ccond\. 

A inodcl that can b r  u\cd io sirnulaie thc conscquericc\ r ~ l ' a  dikc hur\t niny 
coii\i\t ol ' thc fol lowii ig \chetnsti7.riiii1ii: 

pulder which c~>ns i \ t \  i11 ;i matrix l ikc nc iu i l rk  ~ ~ f s c v c r a l  \ecli«ns 

ihe struciiire type: gap g,rr~wth. 

2.2.5 Dry flood procedure 
A dry l l i iod priiccdurc 1 5  dcvcl i i~ icd Irir ihc i ~ i . l ~ i . ow ,  which !nakc\ i1 pm\ ih le IIJ 

pcrlurin ~ a l c u l a t i ~ m \  with \cciiims th;il hcc imc dry. A t  thc sarric timc. thi \  
i i icthoil enlargcs thc \tahility o l i i ic l incd \yhtcins v i t h  shallow b l i ~ o k i .  A dry 
\ectioti i+ dd ined hy a \ cc t im  wherc thc calculated water has driippcd heneath 
ihc delincd hottoni Icvcl 01 ihc vxt ion.  (:on\cqucnccs i11 ;i dry \celion arc thai 
ihc 1 ' 1 0 ~  arca and thc hydraulic radiu\ i11 ihc \cctiiin hcciinic cquiil t r i  x r o .  

The dry l l í i ~ i d  proceùurc i \  n\ lo l l i iw\ :  ihc u x r  dct inm a thrcshold v;iluc: when 
the calculatcd water Icvcl drops hcncath this valuc, the width of thc cross 
\ccti<insl prrii i lc dccrcnsc\ with aii cxp<incntial îuricti~in. 
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2.3 Quality 

2.3.1 The mass transport equation 

i l h i  
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I' pr~ iduc t i (~ i i  ~ I ' i h c  con\tituent pcr unit Icngth o f t hc  \ection lglm.\ l  

'Shc prudiicticiri tcrrii <,I tlic cqiiatiriii includc, al1 phy\ical, ~hc in i ca l  aiid 
hiologic;il procc\scs to whicli ;i spzcilic coii\titucnt i\ tuhjcci to. I11 xc t i u i i  2.3.4 
a dctailcd dcicription <,I thc way thc príicc\\c\ ;w dealt with i \  prcsciitcd. Frir the 
ii ine hciiig i n  t h i i  paragrapli tlic overall prc~ciuciioii ratc I ( i r  cr>ii\litucrit ( ' i \  
rcpresciitcd usiiig tlic luinpccl vx iah lc  P. 

I:qu;itii>ri 116) h;,, 111 he irdvcd n u i ~ i c r i c a l l ~ .  1-hc \i i luti i in techniquc \electcd is 
thc incthíd u i cd  iii niodel f l o u \  iBorii i. 197X~. I n  ordcr to apply thi\ iiicttiod 
cquatir~n ! 16) i \  rcwrittcri n\: 

in which S i5 thc i ianipi ir t  !quaiitity o l  thc criri\tituciit p i i i \ i i ig  a crmi- \cct i i i i i  per 
unit o! linie): 

I:qu;itiir !I X )  dc ic i ihc\  ihc t ra i i ip i r t  hy advcctirm atid dispcrsion. I:quatii>n (17) 
i\ the iiiatheiiiatical I<>riiiiil;iiiriii of thc rilas\ cr~nservation law, which state\ that 
thc accuiiiulaii i~ii at a ccrtaiii lí icaiir~n n I \  q u a 1  to thc rict production ratc miriur 
the trari\pi,rt gradieni. 

Iii thi, limn thc traii\p<irt cquatiiin cli>\cly re\cinhlci  thc cquatirin\ f r ~ r  tlic I l i ~ w  
\o that \inli lar nuirierical apprrixii i i; it i i~n\ iriay he applicd. 

I'hc di\pcr\ion cociliciciit cither can he \upplicd hy thc uier rir c m  he calculatcd 
In~iii thc characteristic\ r i l  thc l l o w  The empirica1 cquation according to l-i5her 
i 1979) i 5  uïed to calculated thc I low dcpendcnt part. In  order iii prcvent thc 
di\pcr\i(ln c<icllicierit tri hccoinc O ;i1 I i ~ w  I l <>w  vclíicil ic\ a con\tant terin i 5  a d d d  
that r c l l c ~ t s  background dispcriioii. The flow independent part is in particular 
irripr~rtant in \tagn;ini \y\tcins. wlicrc i t  rcpre\ent\ thc wind induccd iriixing. l'he 
I i~ l lo \v ing cq~iat i ím i\ uicd: 

:n. 
LI. = u ,  - 

C 
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2.3.2 Discretization of the mass transport equation 
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I n  wliich iridice\ 1 ;incl 2 r c l w  10 ihc heginning anti the end o l  thc \ecti<in. I n  
cquati«n\ (24) arid 125) di\crctizaii(>n with re\pcct i o  i ha5 taken place: thc 
qu;miitic\ 5 ;ind C arc \IIII contir i~iou\ l'uiicti<>ns <i1 i .  

I> i \ c re t i~a t i i~ i i  01 thc cqualiim\ 124) ;irid ( 2 5 )  with reipcct i o  time using a time 
\iep Ar rc\ult \  inio: 

Thc indicci + and - rclcr tr] tlie prciciit nnd la\[ tirric step rc\pcctivcly. l 'hc 
wcightiirg h c i o r  with rc\pcct i0 l ime i \  H. Usiiig a valueol 'H = I result\ intc a 
lu l l y  i iriplicii iricihrid. I r i  \cctiíin 2.5 \ i m c  pr;ictical criii\idcrution\ [in thc 
\clccti<in i11 H are givcn. 

+ ,  
Crikn«wii\ i n  ihc ubri ic cquation\ are: c, , , Si' aiid ,s; . h'orrnally hut nol 

cii i iccnir;it ir~n\ iri I l ic ;idjacciit n d c \  \i> th;it S,' ;ind Si can hc cxprc\\cd i i i l r i  thc 

cimcentratiiiii\ a i  thc riodc\.just Iikc thc dischargei are exprc\\cd i n  thc wntcr 
levels at Llic nr~<lc\ hy IcJ;i) and i9hr: 

[!\in2 thc\c cqu;itir~ir\ tíigcthcr with u r i i ; i \ i  halmcc o i c r  ihc node\ re\ult\ inti, a 
\ct i~ l ' l i r icar  cqiiati<m\ hh i ch  c;in he \í>lvcd. sec vx i i u r i  2.4. I h c  ligurc hckiw 
\hows at which Iwn t i on i  in the \)\tein innlrix ol ' the set ol'cquaiions Irir C tlic 
whriintrix N giben a h w c  lil\ iii. 'IIic coeltïcicnt\ N , , ,  N I 1 ,  N;, and N?: m h u n d  
in the rii;itrix f: im  ihe lel't I i m d  \i&, ihc c<iclfi iccnt\ N,, and N,% appcar i n  thc 
right h;irid \idc (f;): 
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2.3.3 Boundary and initia1 conditions 

2.3.3.1 Initia1 conditions 

2.3.3.2 Boundary conditions 

2.3.3.3 Physical boundaries of the network 
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Il thc I low dircction ;it node j i\ triwardi the cnvironnicnt: 

.s2 = f&.> 

I S  ihc I low clircctiiln at node j is intcl the nctwrirk Ior  .Si cquiition 
1271 i\ u icd  and in thc mass halancc cquiition lor n d c ~  an 
additional Iiiad equal t i l  &c,> i \  addcd. Whcrc c,, i s  thc houndary 
cmcentrat i l~n 

li the flow direction at node j i \  toward\ thc envirrinrnent: 

.s; = L??(.? 
I S  thc f luw di rcct i i~n at node j I\ int11 thc nctwork lilr .S2 equatirln 
(27) is used end i n  thc rnass balance equiition for node j  an 
~iddit ional lijad cqual tri L), <,,i\ added. Whcrc Q,,and <,,are thc 
Slow and concentration at thc houndary rc\pectively. 

I1 a C-houndary is dcl incd at nridc j. withrlut u i ing an H 11r O 
houndary. I h c  spccificd conccniration r , ,  i \  iuhstitutcd i n  equatir~n 
127). 

ISnc H. (2 i ~ r  C buundary cond i t i ~~ns  are \pecilïed at node j; .S, = O. 
Phy\ic;illy t h i i  siiuaticin represent, a dcad end \ccti<in OS thc 
rictwork. 

I n  case of physical H-hound;iric\. Q-boundarics and coinhined (2-H houndarici. a 
concentration hiiunckiry lo r  cvery dcfincd d i \ io lvcd \uh\tancc i\ cr~rnpul\<iry. 

2.3.3.4 Internal nodes 

Thi \  si tuatim represent\ a dischurgc wi th ii f low rate C),, and a conccntratim I , ,  at 
node j i n  ihc nctwork. 

ISQ,, i s  pmi t ive (I low inio thc network): i n  the ma\\ halance 
cquatiim I r~ r  node j an additilmal Iwad Q,, I,, is addcd. 

ISQ,, is negativc ;In additional I<,ad equal - Q,,c,,,,,,,. i i  added t0 thc 
mass balancc cquation Sar node j .  Wherc: 
c.,,,,,,, = c l  ,. if thc I l r ~ w  in thc network i\ positivc ( f r r~rn i t« i+l J 
,,,,, , i l t h c  I l r lw i n  thc iictwork i \  ncgativc (Srrirn i+l to i )  

For thc calculaiionï o f  thc mais Iran\pr,rt i n  scction i and i+\. two 
rq t i rm i  are availahle in t h i i  ca\c. 

I f the  calculation i \  pcrlorrncd u\ ing ihc r~p t io i i  dccouple (sec 
ca lcu la i i~~n dclïnition, piiragraph 3 . 4 1  I. I)cci~uplc = Yey). 

. Y 2 ,  = Q2 ,c?,, iSSlow i s  from i t11 i+l 

.Ti,,+l = Q l . , , !  . C l  ,+l i S  1111w i s  S r ~ m  i+l 10 i 

Th i \  rneani thiit thc di\pcr\ion c~icff icicnt iri Ihc 5cctirm 
downstreani thc d ixhargc i s  set cqud  tri zer1) 10). 
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2.3.3.5 Loads 

2.3.3.6 Structures 

i 2.3.4 Standard process descriptions 

2.3.4.1 General 
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dc\cripii<in\ or i lc l i i ic 21 n cu  \ei i~ ldc \c i - ip t i~ i i i \  without ciianging and 
rccii inpili i ig ihc v i l l icc code i>Sthc calculatiíin part o l  i i t . i  t . l l \ \ .  A lul1 
cxplanation iiI itic hyntah oSihc Inriguage ;ml thc usc o1 iiiii~i<oi. i\ givcn in 
Chaptcr 3. 

Iii ihc criiiipui;itir,iial p;m tlic pri,cc\\ i lc\criptiím\ arc ciiinhincd with ihc 
tmii$port cqu:iliims. Aciual ly thc luniprd mri;ihlc P intnxìuccd in eqliatioii 116) 
i\ Sillcd in. In  ihc prcccdirip pnrapi;iph i t  uw \hown I iow thc nuriicric;il s«Iutim 
o f  (he inia\\ tr;in\pirt cq~~a t i o r i  rcwl tcd i1110 ;I {ct 01 niiltrix cquation\. In  this 
cquatiím P i \  in thc right Iiaird \idc iiI ihc cquation, ibhich m a n \  ihut al1 procc\\ 
i ic\cripiion\ ;irc cv;ilu;itcil u\ i i ig thc ralues r i l  ihc sinte variahlcs at the p r c v i ~ ~ u i  
tirnc \ t cp  Th i \  explicit cv;ilii;iti~iri i ~S ihc  priicc\\ dcscripi im dom h;iw sonic 
ciiii\cquciicc\ lor  itic tirric \iep iii he u \ c d  Th i \  \uhjcci i \  i lcali with in \cctiori 
?.(l .  

l1 inoic than onc variahlc i\ defiricil i11 the pn i ccv  dew ip t i on  file, tlie i i iairix 
cquatiíin i \  \olvcd Sor cach variahlc. Thi \  rnatrix cqustirin i \  i i i l vcd  u\ing I.i!i~ 

dccriiiipositiiin. lJ\i i ip i l i i \  irlcihiid thc I c l i  hand side niairix hss t i l  he 
riianipul;itcil only oiicc 

2.3.4.2 Boffom variables 
I I ~ I  i o w  waicr qiiality i l i \ t i i igui\hc\ hetwecri \uhst;iricc\ ihai are t~inhpoi-tcd w i ih  
tlic uit iei  phi iw. ( l i \ \ i i lvcd \~ih\t;incc\ lo r  iii\t;incc ;ind \uh\t;rncc\ thai tire iiot 
iran\pi,ricd witti thc s:rtcr p t iax ,  hui nrc ciiiiiiccicd t i>  thc híiitorn. I h i \  Sc:itiirc 
al low\ the u\cr i0 iiicludc ihc ho i t i~ i i i  i i l t h c  w i i c r  cour\c in ihc water qualiti. 
i r i idc l  aiid io  ii i i idel thc i i i i c rx i i i i i i  iilsuhsi;inccs helwccn unicr  phasc m d  
h<>iir,rii. Water type \tatc \uriahlc\ h u w  hccii d c d i  with in thc prcviiiu\ pari 01 
thi\ paragraph. k i n  bíitloni itatc ~sr iah lcs  thc iraii\port part i~Scqu;ition (16) i \  
nijt calcoli~tccl. I n  ihis way Sor ~ i c h  \cctiori ;i hoiir>iri \iate v;iri;ihlc can bc dci incd 
i o  dc\crihc ihc iiiteractiiiri hctwcen \he sedirncnt and the r>verlying water coliinin. 
Ttie clcpth ol ' i t ic hriiiiiiri luycr and thc tr;rri\prirt ; ic i~>\ \  thc waicri\cdiincnt 
ir i tcr l ice riiu\t he \uppiicd hy il ic uier in tlic príicc\s dc\cripiioii f i le. 

water level  

c ,  Secricin o v e r l y i n g  water  c o l u m n  

c, A c i i i c  5cd iment  t op  l a y e r  

i C n d c r l y i n g  sedi tnent  l a y c r  

In thi, cxairipic wc con\idcr ;in sctii.c icdi i i icr i i  i i ~ p  iaycr. Thc th ickncs oí'thi\ 
top Inycr ii c~in\ idcrc i l  i o  he cori\r;int i n  iirnc. li the pormi ty  o l t h c  \cdiinent i\ 
;il\ii asslimcd i<, he ciin\t;irit the cxcliarige I l i ix o l a  d i \w lved  c~in\t i tuent hciween 
thc \ciliiiicnt intcr\tiii;il M.;IICI imd thc wiltcr colunin ciin he cxprcs\cd a i :  
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I lii. <lc\iii,'liiiii <#I II i ,  ~.\iIi;iii;c l l i i \  li:,\ l i> lic .iiiil~.il 1 u  iIii, i l i l l ~~ i c i i l i ~ i l  cil.i;ilii>ii 
<l<., i i t > i i i v  I l i c  I>i i>rL..>c\ $ 8 1  ilic ci>i i , i i l i i i . i i i .  l i< i i l i  !lii i lq i l l i  lil lili. \~il i i i i~i, i  I<,), 

I,i>ri .iriil IIIC t ~ L / I , > I > ~ L .  IAI; h > u l t l  hc IICCI:IICLI : I-  ,t !p,i~,~~il;i;~ 

2.3.5 Options for computations 

time step Flow 

- time step Quality --I 

2.4 Solving the set of equations 
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Sincc the numer i c i  schemc 15 iinplicit. a \ct o f  lincar cquations has li) he sdved 
lo r  cacli tirnc \Lep. 

C), and Q,,, rcprcxn t  the d ixharge th rwgh cnxs-\cctions at the hegin and cnd 
nodc rifeach scction. aiid H,and H,,, rcprcxn t  thc water level at these nodcs. 

Alter whst i tu t i r~n olcquation (O, 1 1 ,  14) into 110) a i y \ i c in  o f  lincnr equationi 
re iu i t i  in which thc ivaicr levcl\ are thc unknown vari;ihlc\: 

~ M , ~ H ,  = K  ( 3 0 )  

This \yi tcrn o l c q u a ~ i i ~ n s  i\ huilt up in thc program x c t i o n  by \cciion. For thc 
channcl \ectioii with node\ i and j .  the coelfïcicni\ NI,, NI?. N?, and N?? in 
cqu;iiio~i (9) contrihuic t11 thc matrix cocfïicicnts M,,, M,,. M,, and M,, 
rc rpcc t i~c ly ,  antl thc cocl l ic icnt\ Nli and N:, t11 K,and /<,re\pcctivcly. For 
contriil wucturcs i im i ln r  conditions hrild. 

I n  thi\ way the \trucluw of thc network i \  recogniwhlc i n  the \tructure o l  the 
\y\tern i ~ f c q u a i i o n ~ .  w c  Figurc 2.9. 

I n  nimi ca i c i  thc matrix N i \  \parw. which incan\ that mo\t clcinenti are zero 
with non-zcro r lcrncri t i  scnttcrcd uver thc entire 1n;iirin. 

T h c  wlut ion rncthiid i \  h ; i d  on i.i:i> decompi>\ition. Frir details of thi\ mcthod 
thc u w  i\ rclcrrccl ti, nurncrical handhri~ik\. Fm instance (Numerical Kccipci) a 
cwnprchcnsivc dc icr ip t i r~n r > l  i.i!i) decornpo\iiion is b '  7~ven.  

2.5 Practica1 considerations 
I n  thi\ paragraph a Scw suggc\tions arc given conccrning practica1 modelling 
a5pccts u\ing thc i)i:i;i.ow product. Thcsc wggc i t ion i  are isalid Sor any open 
channcl nctwork and are d c w i h e d  i n  cvcn more detail i n  thc litcrsture. Hcrc 
only a hriel outlinc i\ b' >iven. 

I le f in ing n inodcl Sor a spccilic \ituation rcquires deeisions l ikc: 

cxtcnt <>l ttic coniputatimal rcgion, in ipacc and time: 

\chematiwtion ofchanncl \cc i i i~n\ ,  slructurei etc.; 

spacc and tiinc di\creiizntion: 

type o f  quality mr~de l  selcctcd and level r~l'detail uscd i n  proces5 
dcscript~un\. 

l 
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2.5.1 Extent of computational region, in space and time 

2.5.2 Nature of boundary conditions 
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I l i \chargc\ at inicriial i ií i i lc\ i n  thc nc iwr~rk  can he sirnulaicd u\ ing ;i O arid c 
buiiiid;iry. Hriwcvcr i l t h c  i l o w  ol'tht. diwhargc i\ sir idl  comparcd tu thc l l r iw i n  
ihc rccciving water al\ [> a l i ~ a i l  GIII he u\cil. 

2.5.3 Schematization of channel sections, structures, etc. 
Vcry dctailed \chciriati\:itiiin o l a  rictwiirk i \  \eld<iiri nccc\\;iry duc 111 thc nature 
i ~ f t h c  equatiiins ii ivii lved. l isual ly \inal1 change\ iii ~. r i~ \s -scc t i i~ns  have only 
litt lc influcnce on thc stnic in ;i rcgirm ~ i l i i i l c r e \ i .  

P i n  iri\iaricc, i t  i\ nol clficiciit 10 ri i i i i lcl cvcry hridgc or íithcr i>h\taclc a\ a 
ieparaie \tructui-e. I t  i\ hcttcr to ii itniducc aii incrcascd ch;iiincl lrictiri i i Ir1 
conipcnsatc kir tliis rcïi\taiicc. Only striictures tliat cim\idcr;ihly rcduce thc 
cru\\-\eetion ihould he iniidcllcri cxplicitly. 

I n  gcncral. thc Icvcl r>fdct:i i l ugcrl in quality i irnulation iIcpcrid\ on h i ~ t h  ihc 
nature i j 1  thc iysieiri ;ind tlic typc o l  i\siic\ iuh jcc l  tu  rniidelling. Tl ic tiinc ;ind 
spatial scalc\ r r f  ttic variuiiims i r i  the ciincctitratioiis ;irc itnprrtant i n  this rc\pect. 
I l i c \ c  \culc\ nrc c imtr i~ l lcd hy i l ic rniei iiI tlic iin<ierlying prr icc\\ci  m d  thc 
v;iriahility lil ttic di\chargc\ ;iiid thc envirrmiricntnl coriditi«ii\. 

Nok:  AI hiith cnds 111 ;i \ irucli i ic a i i r~ir i ial  scctii>ii i i iu\t  he defincd, i n  [)!her 
ui irds, ;i \truciurc cun iii,t he l i~caicd at thc houiidary 111 thc niodcl. 

5.4 Space and time discretization 
F r ~ r  \pacc uni1 tirnc \te115 \irriilar arguincnts ;ipply. Vcry dctailcd dew ip t i on  i \  
i ~ i t c r i  unnccc\snr). ' l l ic  sp;rce sicp riiust he such that change\ i n  cro\\-scctirlii arc 
rcawn;ihly wcl l  Ir~llr,wcd: lurthcriiir,rc thc \p:icc \tcp mu \ i  he a \iri:ill fiactirm 
(sa) I l l í l i h .  i x  I cs i l  111 Ihc wavclcngth. i l a r i y .  Alsu thc linie step niu\t Iie a \inal1 
fr. d~ t i r i n  . ' ol'thc whiiivc p c r i ~ d .  11 \cn\ i t iv i ty uiiiilysi\ giving thc iriflucnce r l f ihc  \ i /c  
o f  thc ii i i ic \Iep i\ alwiiy\ rccoiiiiiicndcd and ca\ily csrricd wc. 

'I hc \ c l c ~ t i o n  ol yxicc and tiinc \lep\ al\(, inll i icncc\ thc nuincrical i l i\pcisir>n 
i i i t r i~di iccd hy discrc1i~:iiiiin r~ l ' rhc  inas\ transport cquation. ' lhis nuincrical 
i l i spcn i i~n  Ic i i~ ls  tri nn addiiiiin;iI snioothing 111 c i~nce i i i r~ t io i i  gradierit\. The 
nunicrical iIi\pcrsiiiri l u i  tlic \olutir,ii i i i c th i~d  u\cd ctin he approxiriiatcd hy: 

I.'<ir O = 0.5 ih i \  rciults inti, a iiuriicriciil di ipcr\ ior i  cqual i<> O. A v;rluc o l 'H  < 0.5 
hriwc~.\er niiiy Ieticl i(> n iiriri prisitivc solut i(~n. which niay cauw iiistahilitie\. A 
viiliic r i l  O 55  i \  recriininendeil. 

A I  tlic production terin\ Lire calculatcd u\iri? tlic state at the prcccding h c  \iep 
the \clcctii i i i  01 ihc time \ ~ c p  u icd i \  al\o rc\trictcd hy tlic procc\\ rate\. A\ a r u k  
111 thuiiih. At rhuuld he IC\\ than ha l l o l  thc charactcri\tic time conbtant oí'thc 
l:i\tc\t p r w c \ \ .  

I n  thc \patial \cheiriaiisatir~ii l'irht nude\ nrc selcctcd ai thc hi~undaric\ US ihc 
iictwork, ;it lunciii in\, aiirl at h<ith \idc\ i j l  U 5iructure íimnicdi;itcly adlacent to 
tlic \iructurcl. Suhdivi\i<in\ <it ' ihc hr;inchcs are applicd whencicr a hranch i \  
Iriripcr th;m thc dcsircil yxicc \tcp: dcriscr \uhdivi\ir,ns are applicd i n  ;i rcgirm 
wiih r;ipid change\ iri cri,\\-\cctir>n. Ncighhr~uri i ig rivcr scciiims with diil'crcni 
Iciigth we iiot diwlv;ii itagcouï u'ith regurrl to uccuracy siiicc thc Prci\\iiiann 
\chcinc i\ u x d .  
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2.6 Limitations of the model 
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3.1 Language reference 
Thc intcractioni invrllvcd without tranipirt  procc\w\, advectiiln and disperiion, 
need t11 he supplicd hy ihe quality rnodcl dcvclopmcnt part of thc program. These 
are storcd i n  thc procei5 <Icscriptir~n file *.rnod. I h c  rcsulting set i~fequat ion\  haï 
ti l  he compilcd u\ing i~i:ricr,i. Aficr coinpilation a ' i n r ~ h  file i \  created which 
c m  he read hy I J I . I I . I J W .  

3.1.1 Syntax 
IIIJI'K«I. i \  not caic  icnsitivc. 

An ideniilicr inarnc (11' a variahle) start\ with a charactcr and 
ciin\i\t\ of a rnaximuni o f  \ix charactcri. Non alpha-nuinerical 
characterï are nut ;illowed. The niimc of variable d is reservcd lor 
tIic di\pcr\ii~n cocificicrir and \hould not he u\cd. 

C'otnmcnrs start with i" and end with " i  

An include .slutemc,nt can he used to include part\ r ~ f  the iXI'RO1. 
code frrim riihcr lilci i\yntax: #include "<Silcnxno", lor 
<f i l c i i amo thc name r1fthc Sik mu\t he suh\tituted) 

A model file cilniiits of thc partb: 

»ecl;iratiiin scctirln: 
In thii pan thc different variahles are dcïined 

Coinpoiiiid statcnicnt for water couricï:  
Thi\ part crlntains thc cquation\ descrihing thc prt,cc\\c\ in the 
water courici.  

Curnpound statement b r  wcirs, gcneral structure\ aiid culvcrt\: 
I h c  rnass traii\fcr of gasic\ and volatile suhstanccs at these 
itrucrrci can he inridcilcd. Althrlugh thc concept was i~riginally 
intrriduccd 10  \imulatc ihc crihanccd rlxygcn tran\fer ai weirs, i t  
al\<, can he u\cd io  deïcrihc thc relcaie olvolatilc \uhstancci. 
Thi\ part is optional. 
The wciri part start\ wirh ihc kcyword 'wcir\'. 

Thc *.niod lïlc muit  he c l i~ icd  with an cmpty linc at thc hottím, r~thcrwiic 
~>ui~i<oi .  cannoi cr~inpile thc lïlc correctly. 

Chr~osc tii edit the midel  definition f i k  if y i ~  want to dcvclop the quality model 
Thc program wil1 a\k which rnr~dcl dclinitii~n Sik is to he editcd. ("mrld). Thc 
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Altcr  cditing ihc model l i lc.  lcavc thc editor and chiioic to c<>riipilc !tic rrindel 
l i lc .  .l'Iic pi-ogimrn wil1 tmn\I:iic ihc ' . rmd Sik irito a .'.nic,h Sik 

l h c  .h rn»h lik can he divided inti1 a hcadcr. a \ecti»n with declaratioiis and ihc 

pr(>gi-ai11 \cc i i i i r i  Thc hcadcr ciinrairi\ ihc dirncn\i~iris 21% dcl incd hy ihc water 
qud i ty  riii,tlcl. Thc ieLirijn wi l l i  cIcclaratiim\ dc i inc i  ihc \uh\tancc\ ihai are u icd  
;ilr,ng with iai inhlcs ;iiid p;irnnicicr\. The pr i~grani  pai l  i11 thc I i lc  contains thc 
pr<,grainniirig code of tlic qiiali iy niodel in rcvcrscd p i i l i \h  n«taiiori IKI'N). 

3.1.2 Declaration section 
In  tlic dcclar:iti~in \cciion A I  di l lcrcni vari;ihlc\ h;ivc 10 he dclincd. i-ivc typci  rif 
variuhlc\ are dii i irigui\i icil. 

water 

huttrm 

x t  

parm 

flan 

Wnicr c<,liiirin i iatc  ariab bles. ' l l ic  Slow I iu i  ;iSlect rm ihis iypc o f  
n r i a h k .  

Sciliiricni \i;iic viiri;ihlc\. fr,r tl ic\c type o l  u r i a h l c i  hririïrmt;il 
iran\pnin I \  oriiiiteJ. Hcnce only ihe procc\\cs are calculntcd. 
F.xcli;ingc hciuccn ttic \ediincnt and the í iverlying watcr c(ilurnn 
\hould he dc\crihcd hy IIic uicr. Thc I l< iw  h;,\ rio cffcct iiri ihis iypc 
(11 variahlc. 

F.xicrn;il varinhlcs. wliicti arc \pace andI<>r time depcndcnt 

IJerarncici-i. e im ian i \  and ci~cRicicrits uscd i n  thc pri>cci\  cquation\. 

l . Iow v;iri;ihlci. iuppl icd hy tlic tiydr;tulic part o f i he  model. Thcw  
val-iahls\ d i l lcr  frurii ihc oilier v;triables hy the fact that the 
idcni i l ic r i  i ~ i i l i c \ c  \;iriahlc\ nrc huilt-in. Thc lr i l l í iwing idcniifier\ 
x z  ;iv:tiI:ihlc: 

Z Ucplh o f  wa ic i  i rn j  

Szctiíin dircc!iiiriidcgrcc\ - 3hO". nic;tiurcd 
c l i xk iv i \ c  lri iri i ihe Ncirthj 

d X 1I;ill i j l  ttic Icngih o i \cct ion i r i i ]  

M' I Wind vclrxi ty Ir i iA) 

W c1 Wind dircctirin idcgrce\ IhO" .  rnc;i\iired clockwisc 
froiri ihc North) 

f;;illh f a l l  Iicigtit f r i i j  

dclincd u \  ihc cii\tancc hciwccn thc \i11 Icvcl iiSthc 
striicturc und thc water Icvcl dowri \ h a m  o l i h c  
wuct i i re .  

Widt l i  Thc w d i h  o l  a itructurc 



water. 

bottom, 

xt, 

parm. 
ti0 w 

dentifier 

Dimension 

Description 

default 1 
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chaructcri. Loiigcr I i i i c i  wil1 he truncxted. 

t k l o w  a pari OS thc dcclaration iect ion ii given o f  thc i r io~ lc l  dcscription file. 

m 3.1.3 Compound statement 

3.1.3.1 Processes in sections 
In thi\ p;rt ~ h c  pr<icc\ i  dc~c r i p i i o i i i  have ti> hc included. Th i \  sectirin slarl i  wi lh  

{ '  and \ h d d  he c l i i icd J ' .  A l l  arithmctic expreisiuni inay bc u i cd  (scc ncxt 
paragraph). ' lhc wey thc difierential equationi lor the i ia te variahles sl ir~uld bc 
cntcrcd nccdi i omc  adclitiiinal cxpl;ination. 

For  inoi t  ~ t a t ~ .  i'ariahIc\ the kinctic dcrivaiivc ha\ ihe foi lowii ig lorm: 

; )C  
-- - k,C+ k,, 
d r 

I n  t h i i  equatiun al1 l i n t  and /mi r,rdcr terin\ ihould hc \cpar~tcd.  For cxamplc 
rhe l i ~ l l ow ing  equritir~n: 

Intcrnally luinpcd lirst and x r o  order coelficicnt are uicd, which hhould be 
dcfincd hy thc u ier  ;is: 

k, (L') = -k,, 

k,,(C)=+k,,C, -k,,/. 

If thc k !  nnd k,,c<ietlicicnt ;irc not delincd thcy wil1 he i c i  equal t« rero. 

For ni i i i  stak variablei a iui ici ion idcntil icr i \  uicd. 7hc  dcclaration o I i hc \e  type 
of variahles i \  iinplicii, which rneaii\ thii i they iiiay not he dcclarcd i n  thc 
declaratiiin scction. 

3.1.3.2 Rearation at structures 
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3.1.3.3 Compound statements 

f s t a k  

variable 

function 

identifier 
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alrcady havc heen delined hclorc i t  can he u\cd in thc 
right \idc elan equati~~n. 7hc Irillowing operator5 are 
availahlc ( i i i  ~i rdcr  ot'priority): 

m i x  ( x l ,  x?. .. .xnJ 

if- else i f-  else- executable 

exwessie exmessie exwessie statement 

The (f s/ui<,m,v~/ can hi. applied in xverul w i y s  Thc irirhi cominon u w  ol'the 
staieinent wil1 hc \hown in ihc li>llowirig cxamplc~. 

Example l 

M m t  h;i\ic li~rmulntiiiri. li the coridiiiiiii in ' l '  iind ) ' I \  true the statcmcnt 
hctwccn the ' 1 '  and ' 1 '  wil1 bc cxccutcd. 

i f  fN03==O. f~~  

Example 2 

Exaniplc I ctin he cxtcndcd with ;in altcrriaiic cxccutahlc \tatcrneni il'thc 
condi~iun i$ l d \ c .  

i£ í I K i = = O .  O )  
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4. Other applications 

4.1 MODUFLOW 

Thc dixhargeto and irom thc groundwatcr to thc water course has conscquences 
I'ur thc watcr levclin thi\ water course. on the uthcr hand the water I c d  
inlluencc\ the discharge tr, and from ihe groundwatcr. T o  invcsiigate t h c x  
inicractionï, the cxi\ting groundwatcr iiiodcl\ and surfjce watcr mrdcls did nol 
\ulSice. By perlorming thc calculation\ ol thc two scparaie model\ \uccc\\ivcly 
onc can nat inve\tigatc thc mutual inllucnce thcy periorm ori cach anothcr. An 
(in-lint approximati<in i \  thercforc nece\\ary. 

With M ~ I N F L O W  m e  can model thc dynamic interaction betwecn surlacc water 
2nd ground watcr. During thc MODIIFI.OW schcniatimtion, the calculatcd 
M O I J I I O W  dischargcs iirc \ent til ~ ) l i ~ i . o w  and ihc calculatcd watcr levcl\ of 
ix.f I.OW are \cni lo  klrIlJii.(Jir. 

L101~1:l ~ . o w m a p \  hotli schcmatizntion\ ijn top o f c a c h  othcr. Thi i  rc\ult\ i11 

detcrrnining thc Ii~catiím per M(~i>i-l.o\v ccll in each ni:li.<lh gcctiiln. I h r i n g  
calculatim, MDI,UFL<JW activutcs cach model. The calculation w i t c h c \  hctwccn 
lJiii~i.ow and MOIJPL(1W lilr a certain time intcrvai. 

4.2 RAM 
The Hydro11)gic Cyclc i \  a continuou\ pr<icc\\ in which water circulatcs f r < m  ihc 
oecati\ through thc atrno\phcrc and thc rivcrs hack to the occan. 01 thc 
hydrdogic  cycle, the preeipitaiion runoff model dcxr ihes  ihe proces\ that occurs 
hciwecn ihc lalling o i  thc preeipitation til1 thc di\cherge developcd hy thc run CISS 
irl thc grr~und watcr or  \urlacc watcr. 

l'rccipitation runofl procc\\c\ are generally dcfcrihcd at a caichmcnt area level. 
Within a ciitchmcni arca, thc rclcvant prrameters rnay vary \uh\taiitially. likc thc 
wil type, \Ir~pe, land u\c, cic. A detailcd phy\ical de\criplion ol ' the occurring 
pr ixc\ \c \  is, thercforc, dilficult to give. 

In K A M  a division int11 type\ <,i surfaceï is made: 

Open water \urlacc 

Pavcd \urlacc 

A divi\ion into type\ 111' surlacc is made in view of the dilSerenee\ in 
prccipitation runoffproce\\c\.  For examplc. in ca\c  of an open watcr \ui 
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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 into the drainage system 

4.2.4 Description of leaching and runoff 
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lJiiini i,Silcp;iriiirc lor Ihc dc\cripiion o luatcr  qri;rlii> in i<:\hi i \  ii dircct link wiih 
thc di\ch;irpe <,lihe xpai-alc \uhl'lr,u\ and the water quality. C~iiicciiiraIiriii\ iirc 
iitiributed tri ihe \uhf l i~w\.  which ai-c ;rl'lected hy thc wpp l j .  ihc reaction 
proccïses 2nd the dischargc. These conceiitratii,ii\ are workcd out l'or niinigen, 
pho\phor and iiirinioiiiuni. 7hc cxpcricnic ~ i t h  tli i\ crmccpt can he u\cd t11 

dccidc whcilicr a rrii,rc dciailcd cmccpi i \  iiccc\\ary or iioi. 
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5. File Formats 

5.1 Introduction 
A Duflow calculation is divided inio three steps. In the first step the Network is 
converted. I n  this conversim calculation points are defined and - based on the 
Cross Sections - the cross scctional profile at the Duflow points are defincd. 
Next the input data of the Network window is written to the so-called Duflow 
files. These Duflow files contain ASCII trxt. In this chapter the format of these 
files are described. Finally the calculatioii is perîormed and the results are stored 
in the results files. Als» the forinat of these results files are described. 

5.1 .l File types 
There are four groups of file types: 

General Dutlow files 
These files are created and used in every Duflow calculation and 
contain general information about the calculation and the network. 

Duflow Flow files 
These files are created 2nd used in Duflow flow calculations and 
contain water quantity inforniatioii about the model. 

Dufluw Quality files 
These files are created and used in Duflow quality calculations and 
contain water quality inforiiiation about the model. 

Import  and Export files 
These files are used to read or write data of the model 
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Description 

5.1.2 File format version 

I ,  l i l  I.:, 1 1 1 1 1 1 1 l  i i~llil,l l i i l l- ~ ' l , , l ~ t l  IIi 
II,, 1 1 < 1  i ,  4 1 I d  

l l l .  l l  l ~ , 1 1 1 1 , 1 1 ,  1 1 l l i 1 I 1 l l ~ i l -  

, 1 d : 1 1 ~ ~ 1 1  181 Ill,' l l l i \ i  ,,,k -l,lll,l 

File format version 2.05 
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In  g,ciicriil ihc pi i \ i i i im\ iri thc 2.05 Iiirmat Sik\ arc i n  u\c a\ S«lli~wiiig 

For intcgcr, thc pnigraiii rcscrveh 4 pii\ it ioiis 

k > r  a rcal Sormat thc prrigrarii rc\crvc\ 6 pri\itiim$, including thc 
deciriial. I S  thc real format needs n i ~ ~ r e  ihcn 6 po\itioni, the forinat 
ih written a\ u scieritilic Si>iinnt. 

File format version 3.0 
I h c  1.0 Silc Ir~ri i iat i i  cnpl;iincd w'ith a nota l i i~n at thc hcginninp o f  thc l m \  i n  
lhe exari ipl~ 

Notation 
a200 

4x 

i10 

3p7 O 

ciirdch 551 

gIhX 

5.2 SID - Standard Exchange Format ID 
I n  D M S  i111 nctwork iihjcct\ have can he indeiiti lïcd hy an rlhjcct 11). Ari  othcr 
terin liir thc 11hjcct I J >  i \  'Ytandiird I:xchange Fi~r inat  111' í l l u tch  'Standaard 
J i w i i i g l ' ~ r n t  l '  - SUt. 11)). I k i r ~ r e  a calculatií~n can he niadc. the 
D M S ~ n c i m i r k  i c ~ i n i e i ~ c d ,  caliulatirm pu i i i i i  are added ctc. Dur ing t h i i  
conves\ií>n I lu t l i iw  ;is\ign\ oiher nurnhcrs to the convcrted DMS- i~h jcch .  ' lhc\c 
\i> cnllcd ' I>ul low nuirihcr, are wriltcri i n  tlie I1ul'low li les. Thc cr~nvcrs i i~n 111' 

Ohject-11) to I )u l l i>w nuirihcr i\ writtcn in tIii\ lï lc. 

'Tbc í 'ol l i~wing liht g i \ c \  cxplanatii~ri ahiiut the i tcn i i  in the l i lc .  l 
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Version 2.05 file format 

Version 3.0 file format 

/ : / ' , ,  
i :>'.'i, 

l.,,' ' j ,  

l , i , , '> ,  
l ,  . . . . . . . . . . . : . .  
7 , :  , , ;  I 

'C,, .'., , . . 
6 ,  ' . .  , I  : . . .  , I 

I t i c  li,lli,iiiiiy l i , ~  p i \ ~ \  ;in c\lil;iri:tiiiiii ,ih<iiii ilic itciii, i i i  ilic lilc. 
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"Start olcoinputation" (date) i n  yyinmdd (2.05) or yyyyrnmdd (3.0) 
'Start o lc~i inputut ion"  (time) i n  hhrnm 
" h d  (IS cornputatirm" (date) i n  yymmdd (2.05) or yyyymindd (3.0) 
'I:nd o l 'c imputat i r~n"  (time] in hhmm 
"Start o f  output'. (date) i n  yyninidd (2.05) (Ir yyyyinrndd (3.0) 
"Stan 111'oiitput" i t i n ic j  in hhrnm 
"Time step I l ~ i w "  i n  minute\ 
'T in ie  \tcp outpui" i n  ininutes 
'Ke\i\tance lormula", pii\sihlc valucs are; 

O=Manning 
I =De C h c q  

I - "thcta", hydraulic part r11 thc rnodcl. 
"Calc. U I  advectirin term", possiblc values are; 

[)=Tlltai 
I =Neglcctcd 
O=Dainpcd. 

"Extra iterati~in". possihlc valuc\ are; 
O=No 
]=Yes 

"Alpha (corr. frir vclriciiy d i \ t r ihut i~ in j "  
"Minimum # tinic\tcps between triggcrs" 
"Timestcp quality" i n  ininutes 
"Thcta". quality part í>Sthe rnodcl. 
' I kcoup lc "  ", possihlc valucs are; 

O=N« 
I=Yc\  

"Crcatc intcrmediatc Slow l i ie" ", po%ibie values are; 
O=No 
I=Yc\  

rkpcndcn i  on thc \pecificatiiin i n  "Lr~cation\ l o r  outpu 11 lines 
wil1 he in\crtcd representing that particular specificati~in. For instance: 
"Ixtcndcd"=All; 

Fll..? p~~~ ? ~ ~ 4 
p~~ 

r, 
i l l ï  i --- 

\ "Locations for output", scctir~nnumbcr(s) ur structurc 
numhcr(s) \cparatcd h y  a comrna (Ir a daih, or A l l .  

t "í>uulity variables tor output". x lcc tcd  variablc ]=a. 
u "()uelity variablcs lo r  output", selcctcd viiriabel.Z=hod 
v "Quality variahles I r ~ r  i~utput",  \electcd variahci l=nh4 
W "(>uulity variables tor output". selectcd variabel.4=no3 
x 'Quiility variables lor output", selccted variabelS=norq 

Y "Quality vliriahlcs Irr r~utput", \electcd variahcI.6=02 
z "Quality v a r i a h b  ior  output", selccted variahcl.7=panorg 
:ia "(Juality variables lilr output", selccted variahel.X=p~irg 
ah "Quality v a r i a h b  lor output", sclcctcd variahel.c)=chIa 

5.4 NET - Network 
Thc N ~ t w o r k  File c<intain\ data Sroiri thc Nctwork Window including thc node\, 
scctions. cnlssections and al1 availahle structurcs. 
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" L i  l l ~ ~ l ~ ~ l l l \ "  

l  ' I ~ q > i l i  !< i  l>< i i i <> i i i i  
i l l l l " I k p i l i  li> I>iilliilii'- C l i  

l  'i1 .'l,'l,n\ l<lll," 
?l id t . l < > i i  i \ i l l l I i .  C l '  

l \ (  - H , m  \~.i~lll,Ï ,,i IIIC lhcg,ll < > l  11,c ,CLI,,,!, 

1'1 "I.'I11\1 \llillll'~. i11 1 1 1 ~  c11<1 Ol' l l lc \ C L I I I I I I  

l  5 i i i i : i y i  ::idiIi' . t i  iIiï hcgi i i  i i i  IIIC w i i ~ , > i i  
1 5 1 < i i ; i ; c  i i l i l l l i .  .,i iI1c cml  i i l  ilii' \ C i i i i i l ,  

I I I  I l h i i  ; i i c . i  ;i! ilii' ~ C F I I I  1?1 lhc 'CCIIOII 

. I i ' l l  I l i i . . ,  ~ i l i~ : i "  ; i 1  1I1c CII<I <> I  ilii, .i.i1,,m 
A , l ~ , , \ l ~ d  ~ ' l l ~ , l i , , l l l l ~  r;,h,1," 
l 1  ' l< i .~ i \ i . i i i iY '  i r i  l l ic phiiiii. < l i i~ .~ i~<>l i  
: \<11p\I i~ l  ' ~ l < c \ i \ i : i i i i c  i r i  l l ic iic;:itiic i I i i i~Ii i>ii 

l l i l \ i \  ;i11 i ~ i . i i i i ~ ~ l i ~  :~Iiiii. iiii ~ i i i i c i i i i c ~  ;iic < i c t ~ i i i ~ i i .  l Ihc I,LC\I pil trwIl dc~gl n ~ t h  
i i ~ c  :~\ i i i l . ihtc ~ i i i i i i i i i i . .  i i i  ilii I J \ IS .  Ilii. l < , l i i i ! \ i ~ i i  > i i i i c i i i i~ , .  ;iic i r i i < > I \ c d  
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i I'uinp: . Gap g"lwil1 

5.4.1 Weir 
Helí>w a wcir cxainple is \hown. 

Thc lrillowing l i \ [  g i w \  cxl>lana!iíiii ahoui ihc item\ i i i  an iivcrllr~w. 

ii " l ~ u l l o w  '~cctioiiiiiruciiirc' nuriihcr" 
h 'I>uIl~iw 'icctioniiiruciurc nunihcr" 
C "l)ullow nodc '  nuiribcr" o l t h c  hegin nude i i i the ivcii 
d "I>iiIlíiw 'node' nurnhcr' i j l  thc cnd nr~dc 01 1tic wcir 
c "I.cngih" r f i l i c  wcir 
l S i l l  I c ~ c l ' .  wcir 

C 'Widih'. wcir 
h "(inic Icvcl", in c;iic I I I I ; ~  wcir i \  sci io999 .0  
I "Llii'. pi,iiiivc diicciiori wcir 

I "Mu". iicg,;iiivc direciiiiri weir 

5.4.2 Underflow - General Structure 
Thc ncxc cxairiplc deals wiiti a gcricr;il iiruciurc 

Thc I< i l l~~winf  list g i ~ c s  explanniiiin ;ihoui thc itcnis in a gcricral structure. 

a "l)ul111u ' \~ciiiinI\iruciurc'  nunihcr" 
h "Ihllriw '\cciioni\iruciure' nuinhcr" 
C "Ilullow 'node' nuinhcr" r11 ihc hcgin n i d c  i j l  rhc gcncrel \ t r u c t i n  
d "l>uflriw 'iir~de' riunihcr' r ~ f  ilic crid iiodc of itic gcncral structurc 
c "l.ciiglh" 01' ilic gciicral \lruclurc 
I "Sill levcl". gcncral hiruciurc 

E 'Width". gcncral \truciurc 
h "(ialc Icvcl". gciicr;il struclurc 
I "Mil Ircc \urI'accv. in p<i\it i ic dircciion 

1 "Mu lrcc ~ui l ; icc~ ' .  i r i  ricgaiivc dircctiiin 
k "Mu \iihrncrged Ilow". in positiw dircction 
1 "Mu \~ihincrgcd Ilow.'. i n  iic:ativc dircciioii 

5.4.3 Culvert 
'I hc ncxt cxariiplc deal\ with n rcctaiigiilar culvcrl 

Thc I<>llowiiig list givcs cxplanaiiim ;ihí~iii Iht. iicrns in a culvcri 

Tuhc Iimn 01 ihe culvcrt; 
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' l > u l l o i \  ' \~CIIIIII/\IIIIU~~I~~' i i u i i i h ~ r ~ '  
1>1i1'11n\ ' \ c c t i i i i i / ~ i i i i i i i i r i . '  iiiiiiihcr' 
' I > u l l o i i  'iii>di.' i i i ~ i i i t ~ c r "  iii i l ie hcgi i i  i i i i i lc 01 ci i l \ i .r i 
I 1 1 l  ' i  i ~ i i h r "  <,I tlic ci i i l  i i i i i lc i11  i l ic i i i l i c r l  
' I . e i i ~ i l i ' ~  oI i t i t .  c i i I i t . r l  
'S i I I  Ic ic l " .  c u l i c i l  
' \ l i d i h " .  c i i l i ~ . i i  
.Y;;iic l c \e l "  ).c ~'5111 lc \c l "+"Hcip l i i~ ' .  cu l \ c r i  
'.\Iii Ircc ~i i r l : icc".  i n  p i i \ i l i \ c  d i r c c i i < ~  
' M u  S i w  \iiil;icc'. i 1 1  i i c p i i i e  <Iirccrioii 
M i i  ~ ~ i h i i i c r p c i l  l l r > i i ' .  i i i  p ~ i \ i i i i c  d i i c i i i ~ > i i  
l u  ~ i i h i i i c i p c d  I l o i i " .  iii iicg;i i i \c d i rcc i i iw 
Y'Iiw\ ~ ( ~ c ~ l ~ ~ i c i ~ i " .  c ~ i I \ c r i  

5.4.4 Siphon 

'l Iic l u I l ~ > ~ t i i g  lt\ i g ~ i c \  c i p I ; ~ i i i i i ~ m  a h w i  !lx JICIII~ j11 \ ip I i ,x  

ii I ) i i I ' l ~ > i i  ' ~ c t i i i i i i l ~ i i i i c i i i i c  ri i i i i ihcr" 
11 I h l l i i i r  ~ c i i i r , i i i ~ i i - ~ i c i u i c '  riuitihcr'. 
C " l > u l l ~ ~ i i  i i i i i l c  i i i i i i iher" 01 ihc hcpi i i  i i < d c  i j l  i l ic \ ipt i i in 
d  ' l  >ri I l i iu ' i i < d ~ c  ~ i ~ i i i i h c i ' .  iiI ilii. i i i d  ii<i<li. iii i l ic \ ipli i , i i  
c  I .e i ip i I i "  01 i l i c  \ ipI ion 
I ' l > i ; i i i i c l c i .  <,l 1111. i i p l i i i i i  
p ('IICO c i i c l l i ~ i c i i i "  i i l l h c  ~ i p l i o i i  
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h "Mu" i n  pmitive direction 
i "Mu". in ncgaiive direction 

J "Start Icvcl', at ilic begin of thc \ i p h m  
k "Sti,p Icvcl'. at thc begin of thc siphon 
I "St;irt lcvcl". at thc end of thc siphon 
rn "Str~p Icvcl', at ihe end o f t h c  siphon 

5.4.5 Pump 
Thc ncxt ex;irriplc dc;il\ with ;i pump 

Thc killowing list givc\ cxplanatioii ahout ihc i t e m  in a pump. 

ii " l h l l r ~ w  '\cctioril\truciure' nurnhcr'  
h " l h l l i ~ w  '\ectioii/~iructurc' nuinhcr" 
L "l>ulli>u 'nrdc '  nurnhcr" r,J'lhe hcgiii node 111 thc pump 
d "Uuflow 'node' riurrihcr' i ~ f t h c  end nildc i~f ' ihc  pump 
c "Capacity". 111' thc pump 
l "Siart level" 

L' "Stop level" 

5.4.6 Gap growth 
7 he next cxamplc deal\ witli a gap gri>utii 

Thc Ir>lli>wiiig l i \ [  givcs explanalion abllut Ihc iterns in a gap growth. 

a 
h 
c 
<i 
C 

f 

I! 
h 
I 

I 
k 
l 
iri 
I1 

O 

P 

'.l)ullr]w '~cctionlstruciiire' nurnhcr" (iio nieaniiig) 
' I )ul l r~w '~ectioriistrocture' nurnher" 
"l>ulli~w 'node' iiuiiihcr" of the hegin node of the gap g n ~ w t h  Wucturc 
"l>ulli~w 'rirlde' nuinhcr" of the end node of thc gap grilwth Wucturc 
Icngth r ~ i g a p  growth s t ructu~z 
initia1 \ i l l  level of gap growth structurc 
iniiial width «f gap growth structurc 
gate levcl (\ei to999.0)  
inu trcc \urtace posiiive direction, defauit = I 
inu frcc  wrface ncgative dircctioii, deiault = I 
gap grriuih start time triggcr in sccmds ,  default = O \ 
p i p  pr<lwih siaii hcight trigger (surplus height), dcliiult = O.  
iiiaxirrial dcpth of fap .  default = S. íinitial ~ i l l  level) 
rnaxinial with ~ i l g a p .  dciauli = g.  íinitial width) 
\ i l l  growth iiiiic in \cc<ind\. dclault = O \ 
width growth tirric iii \ c c m d \ ,  delauli = O \ 
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5.5 BEG - Initial Conditions Flow 

Version 2.05 file format 

Version 3.0 file format 

5.6 BND - Boundary Conditions Flow 

Version 2.05 file format 

Version 3.0 file format 
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Thc l i i l l r iwi i ig Ii\i gives enplanaiion ;ihi,ut [he iicins iii ilic lik 

a "Type' r i l  houiidar): 
H - - 'il.~\.cI" 

o - - Y) :1dd." 

K - - "l<ain"(Prccipitation). noi uied i n  D M S  
W - - "Wincl \ 'clr~cily" 

'1. - - '-Wind dircci i i~ir" 

h ' I l u i l o w  'iiode' nuiiihcrí\)" (2 .05 forniai: p i i \ i t i i~n \  hO til1 83) 
C "Type of liinction" = "Consiani" 
d Enlcrcd ia lue  for "Ci~n\tant" 
c C imd i t i i r  nuiiihcr i n i ~  riic;triing i n  I I M S )  

5.6.2 Equidistant time series 
Beli lw an cxaniplc i \  @\,en, dealirig wi ih  a "l.cvel" houndary type w i i h  
"Equidi\tnii i i ir i ic \cries" \pcci i icat i i~i i .  

Version 2.05 file format 

Version 3.0 file format 

l 'hc l i i l l r iwinp li\[ giveï cxp lan~t ion  ;ihriui !he item\ i n  thc f i k  

a '.'l.ypc' o l  huundary: 
H - - "l.cvcl" 

O - - 'T) add." 

I< - - 'Kuin"(lJrccipi!atic~n], nrii uscd i n  I>MS 
W - - ' W i n d  vcl ixi ty" 

T - - "Wind d i rcc i i r~r i '  

h "Tiinc \iep" iii minute\ 
C "Siari d;iia". in yyinindd 12.05) or yyyinii idil 13.01 
d "Start iirnc". in hhiiini 
C Coiidii i i ln number (no m a n i n g  in D M S J  
S "Du l l r~w 'iiode' nuinhcrfs)" (2.05 Srirrnat: pi~\ i t i ( ins 60 til1 81) 

E I \i v;iluc oS "Tinic x r i c \ "  
h 2nd u;rluc of"'Timc \cric\'. 
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5.6.3 Non-equidistant time series 

Version 2.05 file format 

Version 3.0 file format 

5.6.4 Fourier series 

Version 2.05 file format 

Version 3.0 file format 
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Thc Iollowing li\t giveï explan;itiw ahout thc item\ in the file. 

ii "Type" III  h<iunclary: 
H - - 'Ixvel" 

O - - "Q add." 
K - - "Rain"(Prccipitation), not u x d  i n  L>MS 
W - - 'Wind  velocity" 
T - - -'Wind direction" 

h Period i n  rninuto 
C "Start dutc", in yymrndd 12.05) or yyyymindd (3.0) 
d "Start tinic", in hhniiii 
C Crindition nurnhcr inu rncaning in [)MS) 
l "Dullow 'bode' riurnher(\j" (2.05 Sr~rinat: po\itions 60 til1 83) 

E .'Type of function" = "Constant" 
h "Mcan valucníyi, in Fourier \erie\) 
I lintercd value for "Amplitude" OS k'! c r ~ r n p ~ ~ n e n t  

j Entcrcd v;ilue for "I'hase' (IS k"' criinponent 

5.6.5 QH relation 
Bclriw an cxarnplc i \  givcn. dealing with a "QH-relation" houndary type 

Version 2.05 file format 

Version 3.0 file format 

Ttic folli~wing li\t givc\ explanation ahout the itcms in the file 

Indicatirjn "OH-relaiion' houndiiry type 
"Llullow 'n<>dc' nurnhcris)" 12.05 Sr~rmat: positirin\ 6 0  til1 83) 
liidicatiir "L,cvcl\'~ 
1st valuc f11r Ievcls 
2nd valuc f r x  level\ 

. . .  . . .  

4th vnluc Sor levels 
5th value I<ir Ic\wl\ 
lndication "l)ischurgc\" 
I \ t  valuc ïor discharges 
2nd value fix di\charge> 

. . .  . . . .  . 
4th valuc l'ur dixharges 
5th valuc lor discharges 
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Version 2.05 file format 

Version 3.0 file format 

5.6.7 Structure control - trigger series 

Version 2.05 file format 

Version 3.0 file format 

( < . , i ,  . . , I I', ' : . , 
l ,  , ',I . . . 
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Thc I<~ l l<ming  list givcs cxplaiiution ;thout thc itcnis i n  the fi le 

Iiidicatiiin "Opciatiimnl p;ir;iiiictc< iri "Triggcr scrics": 
1511. = "Width"; 
.IWIU = "SIII I C V ~ I - :  

T(;AT = "(isie lcvcl"; 
1 MI! = "Mu iali j": 
' ~ M V I  = 'Mu Irce \~ i r facc p i~ \ i t i v c ' :  
T M V 2  = "Mu  frcc w r l i c c  ncgativc"; 
T M O I  = 'A411 \uhnicrgcd pi>\itivc"; 
I M 0 2  = ' M u  whinei-ged ncg;itivc". 
'Ihlliiv. '\tructurc' iiiiriihcr" 
I ypc ol'trigger címdilií i ir '~: 
I IM l i  = -~l. i rnc~.: 

H 2 H I  = "H7 < l l  l t6W: 
H I H 2  = "I1 I > HZ+öH': 
I1I'P = "Hnode > Ht r ig ' :  
H P M  = "1iiii)dc c Htrig.'. 
I h i c  01 "Tiiric". in yyinnidil 12.051 í i i  yyyyniiridd 13.01. 
'1'111ic o1 'Tirite". in h h i n m  
T y p e  r ) l  lunction'. = "Cr)iistnnt": i icw valuc. 
'öH" 
"I  ypc 01 lui ict iur i '  = "Tiiricwrie\": "Tiii ic \iep" i n  iriinutes 
I \l valui: 01' "Tiine\crics". 
Kel'ereiicc iiridc" 
' l ' r i gger  Icvcl" 

5.7 RES - Results Flow 

Version 2.05 file format 
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Version 3.0 file format 
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Thc foll~iwing list g i i c i  an cxplaiiation ahout the item\ in thc Silc. 

ii # Hr>w linie steps 
h # Sectirin\ and $tructurc\ 

# N<idc\ 
Raiiri hetwecn Output time step and Flow time \lep 
Flow time slcp in seconds 
"St;in of cornpui;itionV (date) in yyinrndd (2.05) iJr yyyyrnmdd 11.0) 
"Stan ofcwnputation" itirnc) in hhniin 

Linc nurnher 
"Scctioniypc"; 
SEC7 = "Scctir,ii' 
CSKIJ = "Structurc" 
'~ll~il ' low 'secti<ml\truciurc' nuinbcr" Irwn thc NET-filc 
"l)ulliiw 'iiodc' numher" of thc begin node ~ i f  thc section 
'Dullriw 'node' nurnhcr" r ~ f  thc end node ol'the \ectiiin 
" l m g h t "  UI'  thc \ccii~>n 
"l3ottoin levcl", hegiii 
" R r ~ i t ~ ~ r n  Icvcl". end 

HOL\, tirne \Lep nurnhcr 
"llullr~w 'seciir~nlstructurc nuriibcr' froni the Nk,T-Sik 
Watcr Icvcl at heginning of scctim 
Water Icvcl at end of scction 
Di\chargc at hcgiiining of  \cct im 
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5.8 BEK - Initial Conditions Quality 

Version 2.05 file format 

~ Version 3.0 file format 

60 File Formats Reference Manual Duflow 



e 5.9 BNK - Boundary Conditions Quality 
In ihc Briundary Ciindiiiilil\ - (Juality File al1 thc houridary cíinditirin\ reiaicd iri 

ihc qualiry v i i r i a h l c w c  \iilrcd. 

Bclok is \híiwn thc houndary coiidition quality l i k  (ScenaririBNK). oSihc 
appendix A í i : i isno~l J .  

Version 2.05 file format 

Version 3.0 file format 

. . 
I. ' ..1111OI'. ': 

~ ,. , , 
Z ,,,,, , . _ I _ . > ( J (  I 

;.'J 
i_ 

; , , , , , , . , , .  , J ' , .  , 1 ' .  I 

' lhe  following lisi givc\ cnpliinati~in ahru t  the iicrns in ihc Sik 

i, *'SY pc"; 
C = "C<inccntr:itii~n" 
1. = "l.oa~lV' 

h Coixiiion nunihcr 
C .-Variable", \clccicd f'roiii [he pickl is~ 
d "l>uSli~w 'nudc' nunihcr" 
C T y p e  01 lunctim" = 'Cim\tani'. 
S Valuc Sor ihc 'Variahlc" 



5.10 EXT - External Variables 
i h l . 1 1 1  l l l x ( '  cricri i; i l  \;iii;it>lc\ i l ~ ~ l i i i e d  iii i l ic pr(,cc\\ 
i I c ~ i i i p i i i , i i  lik :t ic \ i i i r c i l .  

l i  I I K 0 1  1 1  

Version 2.05 file format 

Version 3.0 file format 
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l' "Time step", in minute\ 

E 'Start data". in yyinmdd 12.05) i ~ r  yyyymmdd 13.0)  
h -'Start time", in hhmin 
I First value of "'l'imc\cric\" 

l I.a\t valuc r>l'"'l'imc\crie\" 

5.1 1 PRM - Parameter 
In the lJarametcr Filc al1 paramcicr\ defincd in the proces\ de\cription f i k  are 
storcd. 

Hclriw i \  \ h i~wn the paranictcr file lScenario.PRM), í~ l ' thc  appendix A 
1i:i:ii<oi- I). 

Version 2.05 file format 

Version 3.0 file format 

Thc Iullowing list givm un explanation of ihc  item\ uscd in the file 

a "Name", parainctcr name in the proce\i description file. 
h Entered "V,4LJCF..". 
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5.12 REK - Results Quality 

Version 2.05 file format 

Version 3.0 file format 

64 File Formats Reference Manual Duflow 



V ' ; - ' ,  : , , :  > , . < , " i .  
, ..-, . , _ I !  

. . ,,., 
; L ,  , . , 1 1 2 ,  ;.zz,. . . 

,,.. / , ,, . : +  r : .  . . 

I h c  ti,lli]wing lirt g i ~ c \  ;in cxplaiiation oSihc i icnir ~ ised  i n  thc fi lc. 

# t h w  tirne \ l ep  

# Scclirin\ aiid struciurcs. 
# N<idc\. 
Kaiiíi hctwcen Output time \iep nrid Quality i imc  step. 
C)uulity time step i n  sccondr. 
# O~ i i pu t  iariahles 
"Start ~Scoi i iputat ir i i i "  id;iic) i n  yyriiriidd i 2 0 5 1  or yyyyi i inidd (3.01 
"Start ~Sco i i ipu ta i i r~n"  ii i ir ic) i n  hhmin 

I.inc nuirihcr 
"Scctiimtypc": 
SI:[-1 = "Sccliiiri' 
S'I'KLJ = "Siructurc" 
'I>uSl<iw ' rcct io i i l~ t ructurc nunihcr '  Srom the NET- l i lc  
" l>ul l i iw 'noilc' i iuii ihcf' i j l  thc hegin iiodc iiSthc \cction 
'Uul l í>u, 'node' nuriihcr" of Ihc crid nodc o l  thc wcl ion 
"Lcnght '  i j €  thc scction 
" lh>tioni Icvcl", hegiri. 
"l31,tioiii Icvel", end. 

()u;iliiy iirne \iep iiuiiihcr. 
I l u l l i iw  '\cciion' riumher. 
(:~>nccn[ration vduc  ai hcginnirig 01' s x t i r i r i  

(:i>iiccritr;itim v;ilue ai  end d \ c c t i o n .  
I.ii;~l valuc ai hcgiiiriiirg i i i \celion. 

Reference Manual Duf low Fi le Formats 65 I 



5.13 MON - Monitoring file 
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w 'Gate Icvcl", in case off a weir is set to 999.0 
X "M u" 

Y "Flow condition number" «f thc I low condition in thc \truciurc. 
inrlrc inliirrnation about the t h w  condition number i s  descrihcd in 
paragraph 2.2.4.2 

5.14 TSS - Time Series File 

Wirh thc I>MS ci~rnrriand 'Export Time Series' the user can wriic al1 Boundary 
C<indirirmi lor Level, Dixhargc, Concentration and I.oad to an cxtcrnal ASCII- 
li lc. DMS wil1 crcatc a so-callcd Time Series file (".TSSj. A fik in th i i  format 
can a lw  hc importcd in DMS wilh the ci~ininand 'Import Time Series. I i y  rnean\ 
rif this lik thc u w  c m  iniport several timc series int0 the I)uilow model. 

Whcri in thc Modify Time Series dialog only m e  timc serici i\ exportcd 10 an 
ASCl l~ l i l c ,  thc d;ita are storcd in a *.TSF file. Thc format o l th i \  file i i  idcnticel 
111 thc lririiiat ijl lhc '.TSS file. 

Nurnerical valuc\ in this lik ure seperated by tah-characten 

Lincs hcginning wilh chariictcr '#' are ignored 
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C thc tinie \criei  c i~n \ i \ t s  of  a ci)n\tant value. (time and date are 
n r ~ t  uscd) 

I thc time \wie\  i \  delincd hy mcans of a l'i>uricr \erie\ 
e thc time \cries is a cquidi \ tmt  iirne series 
n thc time \cries is a non-cquidi\tani time \cries 

Jiven. I n  the ahovc exarnplc thc different pi)\\ihilities are b'  

Ilatc dclincd hy: yyyyimrnidd 
Tirnc dcfined hy: hh:mm:\ \  
C i~n \ t an i  ualuc. 
Pcriocl in rninutc\. 
Mcan value (y,, i i i  Frlurier berie\) 
Phiisc o f  kt'' ci>inpi~ncnt 
Ainplitudc <,f k"' conipiliicnt 
Time \tcp in minute\ 
n "  Valuc o f  t i i ix \cric\ 

5.15 TSF - Time Serie File (single time series) 
In thc MidiSy Tinie Scric\ dialog orily onc time \erie\ can he cxported ti) an 
ASCllLl'ile wiih the lixprirt-hutton. The ticm \cries is written in a l i k  with thc 
extcn\ir]n *.TSF. l'he Iílrmat i~l ' th is  file i \  ideritical t« the lorniat o f t h e  *.TSS 
file. 
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7. Index 

C 

caichniciii area. 39 
ci inicnlral i i~r i .  I O. I X 
um\crv;itiori OS m\ \ .  7 
ci~ri-cction l'aclor, 8 
cross-\ccii i~iial t low arca, 8 
cross-\cctii~iial flciw widtli, X 
cnl\ \- icct i i inal \loragc width. 8 
cri,\\-\ccliiinal \lor;igc ;reli. X 
culvert. 4. 14 

f) 

I k  C h t q  4. X. l 4  
dcc~up lc .  2 1 .  23 
density. X. 30 
diffusive cxcharipc mlc. 26 
di5charpc. X. I 1 .  28 
di\crcti/atiori. '1 
di\per\iiiii, I X, 24. l l 
dry t lo í~d .  17 
I)~'IwII.. 25. 31 

*.ri ir~d. 24. 3 1 
cornplluiid \talciricrii\. 36 
lorinula. 36 
if-siatcrrient, 17 

1: 

elliptic culvert. 4 
cxcliangc I l i ix.  26 

1: 

Illc-typt\. 1 4  
I'low v~riahles, 3.3 
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Appendix A Eutrofl 

I:t:TI1OF1 is one o f  the twri pre-dclincd cutrophication modcls included in 
i>i.;i-i.ow. I t  i \  a relativcly \iniplc mr~dcl h a d  on ihc u\ cpa mrldcl culro4. I t  
includcs thc cycling i1fnilrogen, phmphorus and uxygen. Thc growih of one 
phytoplanktrln specie\ i s  \imulatcd. The interaction betwecn the sediment and the 
ovcrlying water column i \  not included in a dynamic way. Sediment exchange 
fluxc\ of oxygcn, arnmmia and phmphriru\ cm he spccilied hy the uscr. These 
íluxc\ rnay hc Irlcation spcciíic and time dependent. reflecting tempiml and 
\easonal variations. 

Thc model i\ i n  particular suitablc to \tudy thc short term hchaviour o f  systems. 
F i x  cxamplc to cxamine Ihe inlpacts r i fa di\chargc on thc oxygen dynamic\, i lr  
to cxplorc thc cl'l'cct~ o l  {lushing (in the ch l r~r~~phy l i -a  cr~ncentrati~in. 

In  case thc long term lunctioning r11 a systcin i\ of interest thc uther pre-defined 
eutnlphicatirln inodcl rii;TK01'2 is milre appropriate. EUTR(lk2 includes three aigal 
\peeie\. so \uccc\\ion can hc \imulatcd til a certuin cxtend. Funhcrmt~re thi\ 
mrldel a lv i  descrihes thc inicractiilns hctween the sediment and the overlying 
water column. 

A.I .  State variables 
Figure A-  I prcsents thc principle kinetic interactims for the modelled \tatc 
uariables. The model includcs thc (ollowing state variahles: 

A Algal Bi<imils\ (mg CYl) 

Porg Organic Pliosphoru\ í ing WIJ 

Pinrlrg Inorganic Phosphi~rus (mg Pil) 

Norg Organic Nitrugen (mg NA) 

h'H4 Ammr~nia Nitrogcn (mg NIIJ 

N 0 3  Nitratc Nitrogen ímg NII) 

0 2  Oxygcn lnrg 02/1) 

bod Carhon 5 day Bi<>chcniical Oxygcn Demand (mg 0:II) 

SS Su\pciided Solid\ Imgll) 

Hcsidc\ the state variahlc\ mcntiilncd in Sigure A - l  a numher <~ l ' r~utput  variable\ 
are calculatcd: 

Porto Dis\rilvcd Iiiorganic Phrxphr>rus (ing Pil) 

Piot Total Phoïphorw írnf P/\) 

Nk j  Kjcldahl- Nitrogcn i ing NIIJ 

Ntot Total Nitrogen (mg NII) 
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l  t ! ~ ~ ~ ~ ~ r 1 L l  1.1 / i O l / ~ O l  1 \i,,! i i r r ~ r i ~ l i i i i ,  i i i r i i < i i i i i > i i \  

A.2. Process descriptions 
Iii i l i c  i i i l l i iu i i ip IN I  IIIL C C ~ U X ~ I O I I ~ .  dc\,iihiri; i l i c  INOLL.\>C\ ,$,c 1pr~~xn11.d I h c  
c,~pl;iii;iiii,ii o l  l l i c  \ ! i i i t>< i l ,  ~ i w < i  i i i  i h i i  1xr1 i \  i ' i t i i i  i i i r;ihli.\ .\ I ,iiX . b 2  ;ti ihc 
eiiil i 1 1  :'il>peiicli\ ,\ 
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with a coeilicicnt, detcrinining ihe change per ' C  diflerencc frorn the rdercncc 
tcrnperaturcTwi~ tcrins descrihing ihe los\ processcs cornplctc the algal halancc 
cquatirin. Thc first onc describes the endogen~ius rcspiration, which is considercd 
t11 he tcrnpcraturc dcpendcnt. The second is a lurnpcd rate cm\tant  including 
death rate and the effect ofgrazing. 

I.'iir internal crmputatir~nal p u r p ~ ~  nlgal carbon is u\cd a \  a rncasure f i ~ r  thc 
hirirna~s. Thc algal-C concentration i \  cilnvertcd to chlrirr~phyll-a uvng  a fixcd 
chlorophyll to carhon ratio. 

Organic Phosphorus 

d?,"fi -- "w, - - k  ,,,,,, 0~;,;,21''í:,,;, - 
dl , ( [ - I ; , /  ,,,,, x,,:. 

0 20, 
+ . f ; , , , , ,  + k  ,,,,. ]u,,, A (A- 

6)During thc phytoplanktrln l ( ~ \ \  prtJcc\scs part r i l  thc a\sr~ciated pho\phr~rus is 
released a \  organic phosphorus, thc rcniaining part is distrihuicd t11 thc inorganic 
pho\phoru\ pool. l'hc phosphorus to carbon ratio is assuined til he con\tant. Duc 
111 rnineralisati~in. rirganic phosphorus is cr~nverted to inorganic phosphorus. 
Mineralisation is dcscrihed as a ternperaturc dependent príicc\s. Pan  of the 
urganic pho\phoru\ i \  present in a particulaic frxrn and is suhjeci to \ettling. 

Inorganic Phosphorus 

i,,,,,,;: "51 
pp- -- 

p + k  ~ " ~ " ' f  - p  F F F u  A 
(Ir - (1-.f,); ,,,,,,, x ,,,,,, v,,,,, ,,,,,, 8 ,,,d x i h i ,>r 

Z 

7)lnrirganic phr>sphi~ru\ wil1 he Iilrrncd during rninerali\ation r i t  r~rganic 
phi~sphr>rus and is a l w  rclca\cd during thc algal reipiration and die-olf Part r~l 
rhc inlirganic p h m p h o r u ~  i \  adsr~rhcd to thc su\pendcd \r>lid\. Thc dksolved 
fracti~in is cakulatcd u\ing: 

p 

l 
-.- 

LIj,<,", ,  - (A-  1 + K,,,,,SS 
X)Thc u w  o f e q .  A-8 iinplic\ that i t  i \  a\\urncd that thc cquilihriuni is reachcd 
in\iantane<iusly. The sorptiori ratc is lusr cornparcd t11 niw,t other relevant 
proccsses. Funherrnorc i t  i assurned that ihc lincar pan ~ ~ i i h c  sorptirin iwtherrn 
rnay hc used. 

Organic Nitrogen 

Organic nitrogcn i \  produced during rcspiration and die-uff~iSaIgae. Likc 
organic pho\phorus part rif the organic nitrogen is assriciated with particulatc 
niattcr and wil1 he subject 111 settling. Due to mineralisation organic nitrogen wil1 
hc rclca\cd as arnrnonia. De rate constant for the rninereli\atim of hoth organic 
n i t r ~ ~ g c n  and pho\phorus are assurned to he equal. 

Ammonia Nitrogen 
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l l i c  niti-ilicniiiiii ralc i \  ~i i t i i r i i l lc i l  h) tlic r,x)gcii ciiricciiir;tii<iri. u\inz ;i Mi in i~d  
type o l ' ~ x ~ ~ i i ~ ~ i o i i .  D~l ic i td i i ig o11 llic \ii luc 01 K.,,, thc r;IIc cati he liiiiited :it lm 
IIX)~CII ~ o i i ~ c i i l l i t t i o n ~ .  

Nitrate Nitrogcn 

63 ,,,, @ I - : " ,  
O. SOU 

14 "" O , + K ,,, I ?  - 
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32 48 
+p ,,,.,x Fl F+k;A(-+-a, , ,  (l-?vl,4P03) (A-  15) 

12 1 4  

Thc ma% t ran \kr  cocllicicnt f f ~ r  oxygcn i \  given hy the follr~wing cinpirical 

d thc rciulting k,,,,,. i \  in mlday. AI Iow 
strcarn velrxity thc u w  rlfeq. A I  h can rcwlt into extrernely Iilw value fc~r the 
ma\\ tran\fer coellicient. ' lhc user can deïine a minimum value fix k,,,,,,, which is 
used a \  a lower bound lor thc mass transfer coefficient. The reaeration rate 
constant kre is given by: 

Thc onygcn saturatiori conccntratim is also calculated, using an empirical 
equation: 

Additional ti, the oxidatiim of carhiin bod the fiillowing oxygen ci~n\uming 
processes are included in thc oxygen ma$\ halance cquation: the algal 
re\piratinn, nitrilication and thc sediment oxygen demund. bod c m  be \upplied 
hy the u\cr as a time dcpendcnt and location spccific function, in d e r  t« 
\imulate \easonal and tcmpoial variations. Prrlduction of oxygen resultg Inlm 
primary production. In c a w  nitratc is used as a source for nitrogen an additional 
oxygcn production take\ place, hccause «f the reduction of nitrate during the 
as\imilation prr~ccs$. 

Suspended Solids 

dSS v,, 
-- - -- o,?; SS+- 
dt Z Z 

Sedimentation is de\crihed a \  a Sirbi d e r  pn~ccss .  The resuspen\ion p n ~ c e s s  is 
nol m~irlellcil l h c  rcwspcnsion flux \hould he supplied hy the uwr. It can he 
cntcrcd U S  a time dependent input variable. The choice uk' thc resuspension flux 
and thc xt t l ing velocity governs the level ofsuspended solids in the water 
column, which is important for the distrihution of inorganic ph(hphoru5 bctween 
the disvilved and particulatc phasei; (see eq. A-X) 

Output Variahles 

In i~rdcr  to make dircct cfirnpariwn 111' thc results with frcqucntly mmitored 
variahle\ more cmvenient,  thc following output variables are calculatcd. 

N,, = N  ,,,x +NH,+Au,, (A-21) 

N,,,, = "J, + '"('3 (A-24) 

Chl - a  = u,,,, A (A-25) 
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P,, , , ,A Maximum \pccilic growth ratc algac l /d 4.0 1.0-5.0 

v,,, Nctt wtt l ing iclr ici ty organic matter mld O. 1 0.00 1 O .  I 

A.4. External variables 
I 'ahlc A-2  prc\cni\ thc exicriial vnriahlc\ u\cd i n  the mu i c l .  A l l  input variahlei 
rncntioncd in i h i i  tahle are Iocaiiiin spcciSic and tinie dependent. ko r  \ome r i l  thc 
variahlc\ a typic;il range i\ providcd. Frir thc \urlace light intensicy and thc 
tcmpcraturc an cxariiplc time series i\ givcn on thc di5kctte. These \erie\ 
rcprc\cnt aciu;il rnc;i\ured d;it;i diiring ;i \Liininer in r~n ih  ;i! miideratc 1;iiitudc and 
can hc lound in the in thc Sik i<ii:i:rl txr. 

Sy inhd Description Dimenïi i in Default Range 

5011 Sediment i ~xypcn  dcniand g 0Jrn2.d 1.00 0.0-2.0 

f'llux P h m p h ~ ~ r w  rclcaic Slux g ~ /n i ' , d  0.00 0.0-0.01 

N l lux  Ammonia rclca\c Slux g ~ / rn ' . d  0.00 0.0-0.05 

Flow variables 
'Ihc vcl,~city i \  calculatcd lr i ini  thc l l ow  and thc c r ~ \ \  \cctionul area, which are 
dclined a i  I low v~iri:ihlc\. I h i \  inean\ that thcy arc rcad dirccily I l i ~ m  thc 
hydrodynainic pari 01 i,i:i i . r ~w .  

Symhol I>c\cripti<in I l imcn\ ion I l d a u l t  
O FI<Jw rn '13 1 .O0 
A \  Cr<]\\  icctirinal arca ni2 10.0 
/. Depth m 1.00 

Tcihk A..? FIOM v u r w l ~ l ~ ~ ~  ~ v < , , l  in 1;r!~/wl~/ 
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Like thc criher pre-defincd rnridel i i u i < o ~ 2  i \  a eutrophicaiion type of model. The 
inain diffcrciice betwcen this inodel and ti:riloFl is the way thc \cdimcnt water 
intcractiori is dealt with. In thi\ model thc \cdiriiciit top laycr 15 niodclkd to, 
which cnahlcs a dynumic description rlf'thc fluxc\ acres\ the sedimcnt watcr 
intcri;icc. As thc \cdiiiiciit act as thc mcriiiiry < , f a  \y\tern with respcct Lr> thc 
Irlading histrlry. this makc\ the inildcl e\pccially \uitable lor \imulatir~n i>fIr~ngcr  
tinic \calc\. i:i:rKoi:2 can hc u\cd b r  cxamplc t11 study the effect\ riireductioir in 
nutrient Iiiad\ upun tbc rclcasc <i1 nutrient\ Irom the sediincnt. 

T.he watcr column kinciics arc vcry sirnilar to ihose used in t : i i i i<l~iI .  Al\o in Ihi\ 
rriodel thc cycling of' nitrrigcn, rlxygen and phohphorus is inridcllcd. Hriwcvcr in 
r:i:rno~2 three types of algal specie\ can he dcfined, which m e m \  thai alsri 
\uccc\sion and the dynainic5 «f the cmiposition o f t h e  algal pi~pulatirln can be 
simulatcd to a ceitain cxtcnd. 

B.I.  State variables 
Thc Irilluwing state variahles are includcd in the model: 

A.A>,A+ Algal I<iiiinas\ \pecic\ 1,2 and 3 iing Clli 

A ,  Totai Algal Uiriina\\ in tlie sediment (mg Cll) 

SSw Suspcndcd Srilids cimcentration (mgll) 

SSA Solid concentration in the sediment (mgll] 

TIPw Total inorganic phrr\phoruï watcr column irng PII) 

l Totul inorganic phr~sphr~ru$ sediment (mg Pil) 

'TOP,, Tíital r~rganic pho\phr~ru\ water crrluinn (mg PII) 

TOP,, Total organic phri\phorus sedimcnt (mg Pil) 

'I 0% Tr~tal organic nitríigcn inig NIIJ 

TONl, 'l'ot;rl iirpanic nitrrlgcn sediiiicnt (inglN1li 

NH4, Anirnrini;l nitrrigcri water column (mg Nll) 

NH4B Ainnirmia nitrilgen d i i n e n t  (mg Nll) 

N 0 3 ~  Nitraic nitrrlgcn watcr column (mg Nll) 

N01, ,  Nitraic nitropcn sedimcnt iing Nll) 

Oxygcn watcr cillurnn írngllj 

02,, Oxygcn \cdirncnt (mgli] 

HODN 13irichcrnic:il rmygcn dcrnand inigíl) 
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Thc cquatiun\ B-I to B-6 form thc hagis 11fthe dynarnic de\cription of the 
\ediment water intcractions. The crmcept i \  illu\trated in ïigure B-I 

WATER COLUMN 

I.OWER SEIIIMENT LAYEK 

Filr thc dcwription r ~ l  thc exchange Iluxc\ a di\tinction mu\t hc niade hctwccn 
di \wlvcd ciin\titucnt\ ilike ammonia, nitiatc and oxygen) and constituent which 
can be ai\«ciated with the w s p n d c d  \olids (ijkc inr>rg:mic ;,nd i rganic  
phosphí~ru\.  organic nitrr~gen and bod). These la\t type of con\titucnts are 
considered til he present huth in a d i \ \ d v e d  and particulate fi~rrri. F o r a  ccrtain 
conititucnt X the fiillr~wing lormi Lire di\tingui\hcd: 

TX , PX, = ( 1  - f;,<b )- 
SS," 

(B-7) 

(B-X) 

Whcre 'TX, and TXI, are the toinl concentration\ ~ ~ f c o n ï t i t u c n t  X in the water 
c d u m n  and thc \cdimcnt top laycr re\pcctivcly. DX and PX rcprcxnt  thc 
di\\olved and paniculatc fraciir~n\. Thc total \cdiment conccntration i \  expre\red 
per unit of \cdimcnt  w l u m e .  Thc di\\olved f rac t ion~  in the water column und 
scdiment arc considercd  ti^ he comtant and givcn hy f;,,, and f,lxh. t u r  inorganic 
phr~\phoru\ ihc\e fractions are c;ilculatcd using linear panitiiln i\ee eq. B-?h 2nd 
B-371. Thc conccnir;itiim oldi\\i i lved con\titucnt\ in ihc \edirnent is exprcswd 
per unit of porc watcr i -dumc 2nd thc parricuiute con\titucni concentmtrun :m 
@ven per unit of dry \ediment weight in both thc watcr column 2nd sediment top 
Iayer. 
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The diffwiie  exchange flux: 

'fhe wlimentation flux: 

l , = l ,lJX,, + i IJOK /)X,, 

ï'he resuspension flux: 

I.',, = /.;,\PX,, + I., POR DX,, 

'l'ransp~>rt hetween top and lower wdirnent lajcr: 

or: 

I l cc i i i iw  111'thc c í ~ l i ~ c p t  of ;i c i ~ i i ~ i i i r i l  top In)cr depil i i l icrc i \  U trari\port (11' 
icdi i i ie i i t  het\i.ecii tiic top ni id l o w r  \ediiiicrit I;i!cr i f  tiic riet di\pl;iceiiirnt 
\c I<>c i ty  v ,, i \  riot cqrixl 10 O. ISi iei  \ctliriicritatiíiii occur, ~ c d i i i i c r i i  i s  tran\portcd 
I'KW thc tup tw.iird 1 1 1 ~  I í ~ c r  l i qc r .  I n  i i i w  I A  iict r c i u q x r i w m  the wdi i i icnt  trip 
r i l c ~ l i c  u h  c l i i c ~ i l  r h r l .  l tic cíi i icciitr;tt i<m iii th r  
I i i i i c r  \cdi i i ic i i i  I;iyci i \  c o i i d z r c d  to he ciin\l;iiii ;iiid \ I i i>uld he \uppl icd h y  the 
~ i w i  lA l ' l i i \ i vc  cxc l~ impc h c i ~ c e n  ihc I u o  \cdinicti i l i t>cr\  i \  i1111 1;Acii i i ~ t o  
;iccriiini. I le i ice Il ic cimicii1r;itioii i n  i l ic i i tp Inyer I \  <ml! i i i l lu rncc i l  h? tlic 
qua\ i i? i>Sthc \ l >uc i  I q c r  i l ' i i c t  rc\u\pen\ i<in r>ccor\. 

E,!,,, / .  = - ( x !  x,, J IH-18) '" HB 
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I l i c  i<,i:il c ~ i i i i i i i i i i i  ~ i i ~ ~ i l i i . i c i i i  i\ dc ie i i i i i i i ïd  h! i l ic h.~h:in>uiid r x t i i i ~ i i m  o l t t i e  
Li;iici ;iiiil i l ic  c i i i i i i i I ~ ~ i ~ i i i i i ~  i> l ' i~h l i i i i ip l i ! I I  ;iiid ~ i i ~ l i c i i i l c i l  \<> l id \  ti> the \criic:il 
l ig l i l  ;ilic!iii:iiii,ii 

1-01 iii1ciri;il r i i i i ipi i i . i t i<>ii:~l ~ p i i ~ i p o w  aIya1 c; i ih i i i  i, ii,cd ;i ,  ;i iiic;iiiirc l o r  i l ic 
hii,iii;i\\ I l i c  ;il;;il ( '  i i , i icci i i ia i i i i r i  i i  c i i i i i i . r ic i l  10 ~ l i l i i i r i l i l i ! I I ; ~  i i \ i i ig  ;i f ixcd 
~ l i l i i r i , p l i ) l I  iii i ; i i h < r  i . i i io  I , , i - c ; ~ h  \pccii.\ l h c  ii~i;! i l r I i~i i ,pl i ! I I  ci i i icciit iaiion 
c;,!] t1c ~ s ~ l l ~ \ , c ~ l  : t \  

I liici. I<,\\ p i i ,cc i \c \  .tic i i ic ludcd iii ihe algal li.il,iii~c cqii;iiii>ii ieq. 8-21). She 
CIII~,)~CIIIILII i c ~ \ p i ~ i l i ~ ~ ~ i ~  i 5  i.oii\ideied iii he i c i i i p c i i i i ~ t r ~  dclicridsnt. Ti ic x c o n d  
lih., Icr i i i  I ~ P I C \ C I I I ~  111~. d i c - (> l i  i i i id the el'fcii, i j l  :i.i/iii; ;iiid i \  i-e~;ii-dcd 10 he 
ci,i i~l; i i i i . 1iii;i11! 111~. \c i l i i i ic i i ln i i i i i i  o in lgnc  1, i i ic l i i i ic<l  i l i l i i i u g h  Ihc 
~c i l i i i i c i i i ; i i i i i i i  i c i o i i i !  iii tlic ;tls;ie i\ l i n .  ihc i<>i.il I<M<I \i.iiliiis t<> i l ic d i i i i i . n i  
c:iii hc \iih\i;iiiii;iI l ii;cilici u i l t i  ihc i c d i i i i ~ r i l a i i r ~ i i  i 1 1  rlc:iil q n i i i c  ~ii: i I l~'t. 
i c l c i i i i ~ i ~  :iiiil Iiiiiii iii;,ii i i i :de \ i r i i rcc\ j  i t  ~ L ! I ~ ~ I I I I I I C \  i l ic oiy;uic :$lid iiLltricii1 leid 
<,I i l ic ~ c i l i i i i c i i i  ;iiid i r , i i i i i i l i  i t ic i c i i i l i i i i g  i i r i c r ; i~ i i<m h c i ~ c c i i  i l i c  w i i i i i e n \  ;ind 
l l i c  i i i c i l )  irip ir;gici i i ~ l i i i i i i i  OIICC \ci l lcd i r i l i i  l l ic ~cd i i i i ~ . r i l  tlic ;ilyiic :,si. 
c < m \ i . i i d  t i i  hcr i i l i i i  i i ip;inic i ; i ih i , i i  uii i l  \ i i l i lcci  iii : i i i ; ic i i ih i~ dccoi i ip i ,~i i i i i r i  
'I I ILC~C I \  t ic, i i a i i ~ p o r l  ( 1 1  I h t~ r i y  ;tly;x IIOIII i l ic x~ l11 r i c i11  10 lhc  ~ ; ~ 1 ~ 1 ~ ~ ~ ~ l i 1 1 1 1 1 1  A \  
i l ic ~ i i , i i l i i < i i i i c i i i c  c i i i i i  li,i ,ill :iI:;tv \pccic\  ;m c ~ m ~ i d c i c d  10 lhc i l ic ,;iriic l i i r  ihc 
t l h i i i  I m i h l i h n .  I he 
l l>l I ,>i i i i ip C~~LI;~IIOII  I, t~,cd t i >  de\ci ihc i l i c  ;ily;ic c i i i i i c i i~ i ; i i io r i  i n  thc wdi i i ie i i t :  



I n  thc icdirncnt rirganic phrl\philru\ is only \uhjcct 111 anacriihic dcci> inpl~\ i t i~ in.  
I ' hc  t ~ i i i i l  r i r p i c  pho<phr,ru\ i n  thc \cdiiiicnt top laycr i i  g i w n  hy: 

Inorgmic Phosphorus 

The cquationi deicrihing thc inorganic p h i ~ i p h ~ i r u i  conccntrati~in iii ihc watcr 
cii lunin and the \cdiincni top laycr are givcn hy: 

+ ( l  f ,  ,,,,x w,,, C[~K,~ , , . ,  + K ,,,, e:,:, JA,",] (8.34) 
, l 

and: 

1nirg;inic phoiphurui i \  I r~ rn icd  during acrrlhic und iinacri~hic mincral i \at i l~n i n  
thc water cciluinn and \cdinieril rc\pectivcly. li i\ a i w  rclcaicd durii ig thc algal 
reipiratioir and die-i,lf I'wi i i f  ihc inorganic phmptiorui i\ ad\i~rhcd tri Lhc 
iu\pcnded \d ids .  Thc di i \r i lvcd Ir;iction\ in thc waicr coluinn ;ind in ihc 
iriteritit iai waicr are c;rlculatcd, i i \ ing lincar partiiion: 

' l t ie usc ol'cquniiori\ f 3 - 3 0  and 13-37 iinplic, that i i  a\\urned that ihc equilibrium 
i\ reaclicd iii\tnnianeou\ly. I he \<irption ratc i\ crii i i idcrcd t11 he l a s i  coriiparcd to 
thc othcr rclci,ani pn,cc\\c\ in thc ph<i iphr~ru\  cyclc. Furihei-nir~rc ii i\ a\\uincd 
ihat the li i icar part of ihc i i r p t i on  i\oihcrni inay he u x d .  

Organic Nitrogen 

'I'hc hchaviour of orgiinic nitrogcn i \  \irniiar to that r11 i~rganic phosphorus. I n  the 
watcr coluriin release during algal Ir,\\ pr r lcc i ic i  and ariacrohic ii i incralisatir~n 
t;ikc\ place. I n  thc scdiniciit thc anacriihic riiincraliiatiori lil \cii led algac aiid 
organic n i t r ~ g e n  are ihc crinir<>lling pr i icc i ic i .  Thc trltal organic nitrrlgcn 
c~~iicei i trat ion i n  ihc water c<>luriin arid \cdirncnt top laycr are f ivei i  hy: 
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X , , ,n ,  = 1 - exp(-5K1,,, 1 1 8 - 4 5 )  

Thc oxidatim of BOD in the water column is tempcrature dependent and limited 
at Iíiw oxygcn concentration hy a Mrmi~d type of kinctic. 

Water column I ~ ~ J I ) ~  is given hy: 

In thc scdiincnt thc \cttlcd algzie and hcnthic r~rganic inattcr are whjcct to 
anaerohic degradation. In rcality thc rcactii~n mechanivns invdved are very 
ciiinplcx. In thc rn~ldcl í ~ n l y  thc initia1 \tep in which thc organic carbon i \  
coni,crtcd t11 rcsctivc intermediale\ i \  included. Thi\ fwmulation is similar and 
ci~n\istcnt with thc degradatirin iif ~irganic nitrilgen and phosphorus within thc 
\cdimcnt Thc rmictive intcrmediates however panicipate in further reactions. For 
cxuniplc volatilc acid, rcaci t r l  methane. In thc model the redox reactions 
r~nidizing thcsc interniediaies are not included, bui these reduced carbon pri~ducts 
are enpresscd as ncgutivc oxygcn equivalents that are transported acro\s ihc 
\cdirncnt watcr interface. Th15 concept first introduccd hy Di Toro and Connolly 
enahles a dynamic dcscriptirln of ihc wìimciit  oxygcn demand. A further 
explanation < > f t h e  concept i \  givcn in thc part <in oxygcn hckiw. Thc equation 
de\crihing íirganic carhi~n cxprc \xd  a\ li(J11~ is given hy: 

Oxygen 

Di\\íilvcd onygcn in thc watcr ci~luinii i \  dc\crihed hy: 

Additir~nul to thc r,xid;ition r~fcarhon  lioi, algal respiration and nitrilication are 
includcd as Ilnygcn cíin\urning pr<ice\\e\. 

Rcaeiation i \  dcïcrihcd using a empirica1 equatiíln for the ma\\  transfer 
ci~eflicient. This coefíïcicnt i \  rclated to the f l r ~ w  vclocity and water depth using: 

k,,,,,$ = 3 . 9 4 ~ " ~ ~ ~ ~  i ( 8 - 4 9 )  

( l r  i f  L,> < k!  ,,,i" 

k,",,, = k,",, , ,  (B-50) 

Thc dimcn\ion rilthe velocity i \  ml\ and the rcsulting k,,,,,, is in inlday. Al low 
strcarri vclocity thc usc i i l eq .  R-49 can rewlt into cntrcmcly l i ~ w  value\ f í ~ r  thc 
ma\\  tran\ier coefficicnt. Thc u\cr can dclinc a minimum value fix k,,,;,,, which i \  
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8.5. External variables 
T.ahlt. 8-2  present\ ihc extcrnal vai-iahles in thc niodel. For \ m i e  iil the vnriahlci 
a typical valuc i i  providcd. t o r  ihc daily avcragctl l ight intcnsiiy, day lcngth and 
tcriipcraiurc a time \cries r i f í inc ycar i\ availahlc on di ikctte in thc fik 
K I H  r i 2 ~ : x i .  L igh l  inicnsity aiid water teniperature are mcii\ured at inoderatc 
laiitudc. 

Syrnhol I lc\cr ipt i<in I l i rnc~is ion 1)cf;iuIt 

pre\ Kesu\pcnsion Ilux f /in2. (1 5.00 
T Te~iipci-;tiure "C 20.0 
1, Avcragc light inlcn\ity ~ l i n '  100.0 
I_ I lay  I l 

7<ih/<, /I-2 /.xrr,n<il i ~ i r i u h l , ~ $  ~ r w d  i n  1.1.7K1112 
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1. Introduction 

1 .l Purpose 
Water authoritic\ rcquirc a dyn;irnic rnanagciricnt r f t hc i r  cxtcn\ivc water 
\y\iciii\ and rclatcd infra\tructurc lil provide watcr frlr indu\try, agriculturc, 
diirncstic supply, reductiiln of dairiagc (lue t i l  cxcc\\ o f  watcr, water quality 
control. ctc. I n  hydrauiic engineering a proper deiign and r~pcr;ition of rivcr 
haicd \tructurc\ ;ind iinprrivciiicnt werk\ alïo rcquircï con\idcration 01' thc 
ovcrall uwer \y\tcrn . Thc u\c i11 \urfacc water mildcl\ \uiting ;i widc rlingc (11 
u\er\ und thcir applicatiim\ lias bccr>iric a prcrcqui\itc for ~ipt in ia l  dcsigii and 
rn;inagcmcnt. 

Onc o f  thc rewietirins o f  inii\t i11'thc \ui~lacc watcr i n ~ ~ d c l s  is thc ah\cnce o f  an 
accurate dc\cripiirm of thc prccipitatir~n runoíl proces\. In ordcr to irnpruvc thc 
applicahility i i l t hc  sur lcc  water rii<~dcI\. STOU'A has initialed the devclopmcnt 
ol a precipitation runolf module (I<AMJ. 

An adequate dc\cription oSIhc prccipitati<in runoff prricc\\e\ is nccc\sary ior thc 
prcdiciion o l  riinoff pcaks nnd 111~. prerliction o f  thc N'atcr quality i n  thc \url;icc 
watcr. 

1.2 About this manual 
7.hi\ inanual i \  dividcd iii the \eciion\: 'I hcory. Gcncral Sclup and For inu l i \ .  In  
chapter 2 (Thcory) an cxpl;in;iti~m on thc hydrol~~gicel cyclc, thc iiitrogcn cyclc 
and (he Pho\phor cyclc i\ given. In  chapter 1 (Gencval Sctup) a general 
dc\cription i ~ í t h c  mr>dcl i 5  fivcn. whilc in chaptcr 4 il~íirinul;i '\ j un cxten\ivc 
dc\criptim ij l thc govcrnirig cquxti~in\ i \  L' >tven. 

More iniiirrnntim ahuui 111~. u w  01' K A M  is dc\crihed i n  thc U\cr's Cuidc o f  ilic 
I>uflow Modclling Studio I IVS) .  
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2. Theoretica1 System 
Description 

2.1 Introduction 
Insight iritr, the v;irious h jdro iogic procc,w% 1% ncccssliry l o r  a correct 
dcicr ipi i ím i l l i h c  prccipit;itirin r u n i ~ l l ' p r i x c i v x  Thc famc applics t i l  gii.int. a 
e<>rrcct dcwript i i in i,l'runoSl and Ieaching. u'hich rcquirci  ini ight into thc r i ia\ i  
halancci. 

Prcccdiiig thc Fi~r inula i .  thc hydrologie cycle iscction 2.2) and thc n i i r í~gcn and 
phosphrir halanee\ i s x i i o n  2.2) tire cxplaincd i n  t h i i  ch;iptcr. I t  i> noi intendcd i11  

give an cxhaustivc cxplanatiím ( lo r  ih i \  rcasori the l i te r~ tu rc  is refcrrcd 10). Hui. a 
ih<,ri descripti<>n that i \  \ul l ic icnt ;i\ rcfcrcncc for ihi\ manual. 

l ' rcc ip i ta i i i~~i  rui iol l  procc\ic\ arc gcr ic r~ i l y  dcicrihcd ai a caichmcnt area Icvcl. 
Within a catchnxni arca, thc rclcvani parameter9 riiay \ary substsnti;illy (s<iil 
~ypc ,  dopc. land u\c. ctc.). A detailcd phyiical dc\cripiion 01 ihc occurring 
proce\ic\ i,, tlicrclrirc, dil'ficuli t< i  g i k c  In thc liierature, ihc hydrolrigic cyclc i \  
gerierally dewrihcd a\ a chun [IS príIcc5fcs (indicating thc course r i l  prc~cesfcf 
and quaiitifyinp ihc ;mmuni\ hy inc;in\ i ~ l u n t c r  balancc\). This also appl im 10 
li ia\\ halanee\. In  i h i i  chapicr. ih i \  point iil' view i\ thc poi i i i  (11 dcpariurc. 

2.2 Hydrologic Cycle 
The Hydr i~ logic <:yclc is u c~int inu<i i i i  proces9 i n  which water circulatcs froni thc 
rxcai i \  thríiugh thc utnio\phcrc and thc r i vc r i  hack t11 the <iecan. In figurc I ihe 
hyd rd i~g i c  cyclc i \  imtlincd i r i  u schcniaiic cr i l i \  \cciion. Thc varioui procc\\e\ 
;irc rcflccicd i n  a f luw chari i n  fifurc 2. 

0cc;tn watcr ci.;ipiir;itc\ ink i  tlic atrnrliphcrc Th i \  waicr hll\ a i  prccipitatiiln 
partly iiii ihc laiid iur lncc and panly on tlie sea \urliict-. Thc prccipitat im thai 
I l l s  (in ihc land iur l ice,  I\ sti~i-cd icnipiirarily ori vegeraiion (intereeption). on 
~>h j cc '~ \ .  ori thc wrl;icc fdcprc i \ i r~n i ) ,  in thc wil (rcplcriishmcnt i i l 's r~ i l  tnoisturc 
und gríiund wuicr rcwrvc>irl m d  i n  ripcn water\. Thc \urplui prccipitiition. thi \  i \  
the prccipiiation ihai does nut cvapíiratc cvcnrually. wil1 end up running o f l a \  
ground w;iicr or surlacc water ci.cntu;illy [Van Dam. l<JcJ1). 

I k l r r c  prccipiiatiriii i\ dischargcd. 11 g i x \  Lhruugh varitju\ proccswi. Part o f  thc 
preeipitaiion wil !  cvaporatc. Thc ainíiuiit o f  prccipitatioii ihai is draincd during n 
iirnc inicrval. c;innot he pur im u par u'ih thc d i l k r m ~ c  hctuccn the prccipitution 
und ihe cvaporati<in. duc 10 ihc hul icr  c l l cc i  r i l  ihc terrain. ihc \uh\oiI and thc 
drain;igc iy \ tc i i i .  Th i \  bul lcr  clli.ct, which is ihc rcsul imt l i l a  nurnhcr o f  
r c ï e rw i r  c f kc t \  01 dilTerent nalurei ;ind \i7.e\. Icadi  to tinie \hifts hctwccn thc 
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In the f l r~w chart, thc grr~und watcr Ilows (the item\ \cepagc ;ind diiwnu'ard 
\ecpagc) have heen Icli out, in rirdcr to keep thc chan surveyahle. A h  ihc 
meitwater drainage land sroragc in the forin «I\riow) has bccn Iclt out ol' 
consideratioii. This process is nol included in thc precipitation runr~l'l'inodule. 
Fiirthcrmorc, artificial \upply (inlet) or cxtrnctim i>lwatcr  have heen IeSr out of 
ct~n\idcraiioii. 

Thc precipitation runr>l lpn~cc \ \c \  are dc\crihcd in thc lollowing \cctirin\. In thi\ 
description pavcd aiid unpavcd \urlaces are di\tirigui\hcd hetwccn. 

2.2.1 Paved surface 
Within pavcd \urlace a h r thcr  di\tinction rnay he rnirdc in: 

Pavcd surface in a rural area; 

Urhan area: 

The prccipitatiori rm pavcd \utiacc in a rural iircu i \  di\chargcd irnrnediatcly hy  
m e m \  r ~ l t h e  \urlacc (ditehe\), or it i \  d ixharged hy mcans ol'thc ground waicr 
due t« infilrration wts idc  thc pavcd arca. 

Prccipiiation in urban areas wil1 partiy fall m pavcd \iirlicc (r~iads, huildings) 
and partly «n unpavcd arcas (park\,  gurdens). Thc prccipitation on the paved 
\urtacc (grr~und precipitatirm) wil1 he draincd thrr~ugh thc \cwer sy\tcrn. Part of  
thi\ prccipitiition wil1 tcinporerily he \torcd (in the streel wrlacc. Thc 
prccipitation on unpavcd wrfacc wiil he draincd through thc mil or IIic drainagc 
\y\tem. 

Thc way in which preeipitation i \  dixh;irged dependi on thc typc OS \cwcr 
\y\tem. In ca\c o l a  eimbincd \cwcr hystem, thc prccipitation i \  dkcharged in 
principle through \ewagc trcalrncnt plant.;. In c a x  ol'cxtrcmc 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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Prccipiiation that r u c h e \  ihc \iirlacc. wil1 inli lrratc ;tnd wil1 he \torcd i r i  thc \oiI 
rrii,i\turc / i m c  1 he arriouni r i l  ~~rcc ip i tat ion.  uh ich  i\ siorcd i n  ilir \iiil, dcpcnd\ 
on tlie prcc ip i ia t i i r  inten.;ity nnd iiniourit. as wcl l  as ihc inli ltratioii cnpaciiy. Thc 
inli l iratinn capaciiy dc\crihc\ thc amouiii 01 w;itcr, which iiiay iniiltr;ite iritil ihc 
g n ~ u n d  h i i h i n  a time unii. Th i \  dcpciid\ on thc n;iturc and ihc \inic o f  the griiund 
(water contcni, culiiuation, prcïcnce 01' vcgclatiiin). If thc prccipitat i~m intcri\ity 
\urpas\e\ i l ic in ï i l l ra t io i~ c:ipaciiy. ihc wtri- \t;i)+ hchind oi i  rhe surl'ace lrvcl.  A 
water iilin i \  Sorriicd on ihc \urlscc. uh i ch  lili\ thc h d l o w \  f\urlacc dcprc\\ion',). 
I n  case iil prolongcd precipitatii~ii. ih i \  precipiiation wil1 partly aaprlraic iind 
ptirtly Ilr,w ol'fihrough tretichc\ i n  ihc dcpres\iím\ (siirface ruiiofl). Surlacc 
r u n i ~ l l  i\ chiiractcri/.cd hy \ h ~ r t  hui heavy ruriol f idi \ch~irgc pc&\ and repremi l \  
a qiiick c<iinpiincrit o l  thc r un i i l l  p r w c \ \ .  

' lhe storagc iii surl:icc <lepic\\ i r~ns dcpcrids to a largc cxicrii on thc n]ughne\\ 111 

thc terrain. l 8 1  ' lhc Nctherlanil\, ihc ir i f i l t r ; t t i i r  capacity is iiïtcri high and ihe 
prccipitation intcn\ity kiw, \i, ihat di\ch;irgc o ï t hc  precipitatirin over thc \ u r l ~ c c  
level play\ ;i suhirdirrate pari. I n  cnsc r i l  ihundcr\tornis icniporary \ k m g e  11n thc 
iiirfacc lcvcl may. indeed. ari\e Iocally. 

2.2.2.2 Percolation into the ground water (saturated zone) 
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2.2.2.3 Ground water discharge into the drainage system 
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quick component 

i i,u curripilnmt 

Specilic charaiterist ics 111' runo ï ïp rwesse\  in The Netherlands 
I l i c  prccipitniiim runol l  p r<> ic \ \  i n  Thc Ncthcrluid\ i\ gcncrully ihnr;ictcri/.cd hy 
Iriu prccipiiniiiiri i r i~c i i \ i t i c i  and high iriSilimtiori capaeitic\ rhc \r , i l .  i r i  
cí>nihin;iiiiin u ith \l iglit \ l i ~pc \  i j 1  thc griiund \url;icc. 'l'hi\ ci,rrihinutii~ii o l  Sacti>r\ 
rc\ult \  in r ~ ~ i i o t l ~ ~ l ' i h c  prccipitiition i h i i ~ug l i  i i i c  grriuiid wa lc i  lili- ll ic grcaicr pari. 
Suil;icc r uno f l ~cco rs  in ;i I c i w  degrec. 

Iii Ilic I l i i tch situaiií~ii. nri intcii$iue draiiiapc \y\ lcin generally exi\ t \ .  I h c  
prc\cncc o l ' i~pcr i  witter C~CUIC \  c'tirir \roriipc capacity. which re\uIt\ in cxtra 
qiicll ing aiid \lowirig down 01 thc di\cli;irgc c i~ur \c .  The dcgrcc 111 qiicll ing and 
\ I<>ui t ig  dour i  dcpciid\ r i i i  thc piiticrri. thc \url:icc. thc \ l r~pc  and thc inaintcn;iricc 
i 1 1  water ctiur\c\. In  prilder are;?\ uiiti ;r rclativcly high grriund wstcr level. thc 
\izc o l t h c  active drnin;igc \ ) \ i c i i i  doe\ noi LX). i n  accordance u i i h  ihc lieiglit o l  
tlic pr,>unrl water Icvcl. I h c  iiiichiicss <~ l ' i l i c  iin~atur;ited z m e  i s  \l ight aiid ihe 
h r r r l  r i ~ e i s u r c r i ~ i i ~  01  i i ic gii l i ind warcr rc \c r io i r  ;irc cr~ri\lanl. \o thot i1 
riia) hc cxpccicd ih;it ik iotal i c \ c r v i~ i r  e l ' l x t  b i l1  he s~ih jcc i  tri otily ininor 
v;iriaion\. In  \lopirip ;rrcu\ incicn\cd Iluciiiatirin\ rnay. iridccd. occui-. 'l h i \  i\ 
u~ri ip:r;~hIc IC, dficitiiiyc ~ t i ;mc i c r i \ i ~c  (q- l i  rc1;ition). I n  p(11dcr arca\ a n iwe  (lr 
IC\\ linc;ir rcl;rti ir c x i i i i .  whcrcn\ in 5liiping arca\ ;i hcridctl crlur\c iiccurs. Thc 
hcriih ;m i i d  I>y iricrcarc\ iri tlic aciiuc drainage \ysicin u'hcn thc ground waler 
l e i c l  r i \ c \ .  
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2.2.3 Water balance 



\,,r,1:1, , , ! . , I  i ,,p]> .,,, N . ,  .1.11.1 

I , l l , i , l  I , ,  i ,.,hlr 
,!,llh 

2.2.3.1 Water balance unsaturated zone 

2.2.3.2 Water balance saturated zone 

Tlic I I I~ I I I I I~  ic r i i i \  iri tlic \;illiriilcd /i i i ic c i i i i$ i f I  i ~ ~ p c r c i i l ; i l i i i i i  li-oir1 ltic 
n i t u i - i  i I I c ~ l  l .  l l i c  <nilp<,iii&! term\ i í > n \ i \ t  i j l  capillor!. rist 
iii ihc ~ i r i ~ i i t u i i i t c d  /onc ;ctl i l  ~ c c ~ ~ ~ g c / d o ~ ~ ~ u ~ i i i . ~ l  \ccpiipc. T l ~ c  \I<,rapc lei-ril i \  
I < r i i i c d  hy tlic \i<,rupc chiiripc i i i  I l ic gr<iuric h a i c i ~  

' l l i c  ncitcr lxdiuice set ~111 lo r  a ~ c l c c t c d  I i i i ~ e  i i ~ l c r \ i i I  i \ :  

/ i  + j /  Q, (q~iiini-3 
+ K + \ \ ' .  h5 

,,,,,<i <,l?</ 

: \toi;ipc chii i ipc iri \; i tuiuicil /onc liir l l i c  r c l l c i l c i l  l in ie  
~ ~ i i c ~ ~ i l l  i11 111111 
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2.3 Water Quality 

2.3.1 Supply 

l e t - l i l i m l i w  
l l<,i l l I l l C  W \ C l ~ i i i \  . i t i i i \ L . .  1 1  :'l'l"',"' 1Il.il l ~ ~ l l l l i / . i l , t ~ l l .  ~ ~ q c i ! , i l l !  i l i c  i l i~glcc illld 
I l i c  t:.,, <> I  liillli,i,lg. 1'1,1!' ,,,i ,iiiI""I;"" ['."I ' l, l i" l i i l I ~ ~ ~ L ~ l ,  .iiliI pll<iqiliiiir 
lr.il.iiiii.\ I IIC Ii.irili/,~riiiii i \  li,>iiiiil 11) iiili.. .i. icit)~di~tI III I O C  . \ \ h l <  " ( i ~ l h ~ h  
r l i h  I I I I  i l ' w  iil III.III~IIL.I < i 1  I'JS' 1-~~riiIi/,i i i i i i i III.~III~! i i ~ ~ i i r ,  
d~ir i i ig  ilii. ;iiiiilI .~.~ i \< i i i  ' l ' l i i~  r i i i r i~?~. i i  1 1 1  lii,iiiiiii, I \  iii.~iii.iii~~I l<i i  : i l i w i i ~  ÏO', 
i!lll,, gl;i\\l.,liil. 2 í ' f  i i l l i i i  ;rci~Ii l l l ; i l /c  l'liil\ .illiI -'. ,i,,lii i i i l 1 ~ ~ 1  1.tliiil.iilil 
1 1 1 i i ; c i i  III . ~ i l ~ l ~ ~ i , i l  I i ~ \ i l i / ~ . i  i \  i l i 'pi~i l i 'd li31 .iIii,iil SO',  i i i i l i i  :~.i~,I.iiiil .ind 
?li 't i11110  r , l i i ~ . l  I . i i l i i l . i ! i~ l  l I\liii., i.1 ,t1 . llJIJfl, 
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Serpagddonnward secpage 
I h r  ~i ir i i r ihui ion r i l  wcpngc ;iiid d iw i iunrd  \eepagc 10 ttic tolal P- nnd K-lrii id in 
The Nctlicrl;iii<ls I\ vci-y \light im averagc. I.ocally. thi\ inay. howcvei.. hc :in 
iinp<>rt;rnt rcvjurcc. c\pcci;illy in N w i h  aiid Síiutli H o l l m l .  

2.3.2 Reaction processes in the soil 
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INTERMEZZO I: I l lustrat ion of N-balance in the soi l  

The preccrir.ii 01 nitrogcn iri the c a l  m&>, tic! iubdividi4 ,r i l , ,  

Fxr:d r i t rogen as part of u s u a l j  orqaric compr,i.r,i:. ,i% part of pants hurnii: f, r ~ r r a i s  (,r arisbrbed to soil 

, ,  . " 

iAireraIization of P1 r ~ t o  a fixcc iiit,itance d u r r i l  : h c h  ammonuni is fo rned 
iri ttie i o i i  animonum i ior i . i i r tcd n t o  ntrate t q  $o-c:rllr;cl nitrficatny bo i *~ : rö  

NH! i 20, i NO. + 2 H  i H . 0  Iby P.litriihac!ir anC Idtroiomas spp 

These bacteria have the fol i iwing charactc:riCitics 
They are aerobic. t hs  rneans thdt l t ~ey  usc o x y y i r  r W a r  metabolsrns and. t t ~ i r c f c re  are a b r  t9 w s t  onty 
iindcr nxyqen~rch  conditons 
Tnr;y are aulotrophc and uir; CO. a i  c a r h r i  v i i i r i . i  ni1e;ifJ of o ryanr  n t r o ~ i n  coni~ol ; r id i  T b s  rnians !hal 
tt ie riitrificatiori is independcnt o! ttic orqarlir. ~oritr;rtt in ttic scil. Nitratc is ciiriverterJ int6 f l .  Sy dcntr~fy ing 
bacteria in the s o l  

Important ctaracteristics of t k s e  höcti:r~:i ar2 
Deriitrficaton rnainy f j i w r i  in ;in :rnqxr. eriwroririerit t h i  rrieani n the abser r.' ,,f o i y g i n  a rd  n Ik presence 
ol riilr'dte Under tvieie cirr. , i r i tonrr5 riitrôtc. iriili:;rr! DI iix;iq"n 6 uscd a i  donr,r of e~cclrr,ri In the netabolism 
o! 11-IC hacferiuin 
The hacteria are heterotrophic ano rcrjuire a carbon ?%irrce. manly short carbon m a n s  The f r a c t m  of organc 
matter in ttie soit and l t c  miner;iliz;~tun rlegree of l t i  therclorc infli~rtrices th? df: ! tr~f icat~on 



INTERMEZZO II: Illustration of P-balance in the ground 

Phosphor in the so l  rnay be suhdivided into 

P in fixed substances 
P in hornass The plants absorb phosphor for growing and incorporate t n the cel1 rnateria of the plant Also 
hacteria 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 A contents The phosphor Iixation capacity dffers per type of soil The 
phosphor fixaton capacty for clay soil is for example rnuch higher than for sandy so l  
The phosphor absorhslcomplexes Al- and Fe-oxides in the sol lf the utilization degree of the phosphor fixation 
capacity is higher than 25% t is phosphor saturated ground 
P in precipitation phosphate forrns precipitations in the form of for example iron hydroxide complexes calcium 
and barium phosphate 

P in solution 
Desorpton of phosphor P party becornes solvable again due to desorption The concentration is determined by 

a the adsorption/desorption equilibrium in the so l  This equilibrium rnay be described by a so caled normaired 
Freundllch isotherm (Kroes e l  al 1990) The equilibrium depends on the P-content in the soil rnoisture !he 
phosphor fixaton capacty and specific reaction velocity coefficients 
Decornpostion of organc matter Due to rot of plant materal the fixed phosphor partly becornes solvable again 
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2.3.3 Discharge 

Si l r f i ice i.iiiiiiïïiriiii~~l'l'i 
l11 ( . , \ C  i i l  111.11 : i . i i~~ l  I<.\L l \ .  $ 8 ,  IIC,,\! p t ~ ~ c l p l l , t l l ~ ~ l , .  %,U I,>LL, l 1 1 , l ~ ~ I l  l,,,,! 8lLctlr 
' I ' ~ ~ ~ i . l l i c s  u i l l i  l l ic i . i i i  i'..iiii ::.i\Iiiii: i > I t .  .i11 .iiii<,iiiii til i i i i i i i ~ ~ i i i .  i. i l irccil! 
i l i x l i a i - f i ~  iiii<> i l ic i i~..i i i i ! \iiil;ii.c i i ; i i i . i .  l i l i \  ~ I I~ ' I IOI I IL~I~~I I I  IIM! lic ic l l i .~ i i .< i  
~iIii~!ii.iIii..ill~ 1 1  ~ii,Ii .i nii! 1Ii;il i l i i .  im i i  i i i i 1 i . i  LUILI\ UI? " 1  :UI 11ii;i;11~~1hie \ i i i l ; icc 
ir.. i i \<i i i .  i i i  i i l i i ~ l i  .i ~ i i i i i l ~ l c i i .  r i i i \ i i i y  O L L ~ I P  i l i i i > ~ . ~  i . 1  .i].. l~JLJíl i I n  L ; ( \ <  t 1 1  I i ~ y l i  
~ p ~ ~ i ~ ~ i i : i ~ i i , ~ i  ~ i i ~ i . i i ~ i i c ~  ~\ ,~ IL . I  i u I I  I I i i t i  i~ l l l ' i i i i i i  1 1 1 1 .  l>l, i~i. I ~ C I  IIIC ;:iiiiiiid 
\ i i i I ; i i c  Iliii, i i i  i l ic r i - c i  \ < i i i  L.IICLI. l l ic ~ i ~ i i c ~ ~ i i i i , i i i i ~ ~  ~ o i i i - c  <,l i i i i i i i l l  i \  
r c I ; i l i ~ i l !  ~ i i i i \ i , i i i l  iliiiiiiw , i  .1ii.i11 IIIIIL. \c:ilc OII ,i lh~;;.~ IIIIIC \ ~ , t l k  \:III,III~I~\ i11 
Il,L ~ ~ ~ l l ' c l , l , , , l , ~ ~ , ,  Lt,N!,\L, 5,111 ,l'L.,,l. d ~ ~ l ~ ~ l l ~ l ~ , , l  o, ,  l d ~ l m l -  * W L 1 l  L I \  l ~ ~ l l l l l / d l l t , l l  
l c \ c l  ;lmll i , l h , ~ ~ ] ~ I , ~ ~ ! l  1,) <,l,ql, 

( ;~ I~I I I~  \ i a t e r  d i w I i ; ~ r g c  ~ I t ~ ~ ~ c l ~ i i ~ g l  
lil > C ~ i i i i l i  11 ' ., i i i i ! i i l ic i  i i l  i i " l l ~ " " l ~ l ~ l '  .,ie ili.liiliiii.licil . ? l l l i l i  l i i i l l i  lili. 
!liillllil \i,iICl <l l \ i l l : i l l . i  I l1C.1. .,li l l i i ~ ~ l l l l i \ i .  i I i , l l l l < l n i . ~ l l l \ l I l . l l i ' C  ,111~l \ l i l \<  
i ' i i l i i l i i l  \i,,li.l i l ~ \ ~ I i . i l ; <  I lir. .illh\i.iiiii~, I l i > i i  1li.iI i \  ill.iilli.il i i l l l i ilil\ c i l l l l~" " lc l l l  
I, lc.icliiii; Iii p,tiii.c Ii~;icliiiig I \  III,AI~! i l c l c r i i ~ i ~ i c ~ l  l,! L / I , ~ ~ I I : I ~ ~ . ~ L ~ I \ L ~ I , ~ I ~ ~ '  

O t l i c r  d ra i i i egc  
I'.iiI i i l i l i c  iiiIi<i;i~ii d i i l  l > l i i l \ p I i<~ i  i, ; i l h< , i l i c~ l  li! ~i l , i i i i .  ,iiiiI i i ~ i i i i i ~ ~ ~ i I  t i i i i ~ i  IIIL. 
I:illil di!iili; li;il\c.l I I~L ,  li.iiili/;iiiiiii ] i<>l ic!  111 I lii. \ c l l i ~ ~ i l d l i d \  i. illlllCd i21 i l l l 

i i l i l l l l l i l111111 I 1 ~ l i i ~ ~ i l  I~~ l l l l~ l i l l lO l l  d i l l i .  illlll I ~ ~ ~ I I ~ c I I I  i ~ l > \ i i l ~ > l l l l l l  l,, p,,11cc. 
I i o ~ ~ i ~ i c i .  i l i i~  i \  i i ~ i \ i  d i l ~ i ~ i t  i l ic c ; i x  Iii iii<i,i ~ i i i i , i ~ i ~ i i i . .  .iiil,lii. r i ~ i ~ i i i r n r t ;  

1 1 1 1 1 1 1 \ .  
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3. Translation Theory into 
General Set-up 

I . ~ i i c a ~ ~  rc\cr\<, i r  i i i ~ ~ d c l ~  ;wc ;applicd I r c q u ~ i i ~ l ~  i l l c  Z c c ~ ~ u - I i c l l i ~ i g : t .  Kr ;~yc i~hol ' !  
V;iii ik l.eiir. Ik Sikger ,>r ihc  Naih-cu,c;iclc): 

Haicd i i r i  i h c w  c r i i i i l i i ~ i i i i i i .  l i ic i Ic\ igi i  i i ic ludc\ n v i i l  i i i i> i \ turc r cwrvo i r  l i l r  l l i c  
deteiiri inatioii t i l  thc cl ' lScti\c prccipi1;ilioii. l i i iked i í i  ;i l i i iea i  i -c\cr\oir  ir i i~clcl l o r  
thc dc ic r i l ~ t i i i i i  i i l t l i c  tli\ch;irgc ci,iii-\c. lil ;iOiiilioii. ;i dis ikii in iiil<> t>pc'. "1' 
wrl;icc i \  iii;idc iri bicv. o l ' t l i c  dillcreiicc'. iri prccipii; i l i i>ii r i i r io l l  p i o c c i \ c i  I o! 
cnaiiiplc. tri c;iic ( $ 1  ;i pn\c i l  ,~irlnce oi i ly ;i quick rirri<>l'l p rocc \ i  uill i icci i i .  
uhcrcu, ;in uiipii icci \iii-l,icc iricliidzs u \ I i i x  coinpimcrit. By r l i \ i i i i p i \ h i i i y  
hctwccn [?pc\ r i l  \ i i i i : i i c  ;d hciucc i i  \ i i h p i i x c i ~ c \ .  ihc Ir;iiiii.v.~>iL i ~ f  tlrc 
prccipi iai ioi i  runo l l  iriridiilc i \  ~lcliiii.cl. Iii ,ie\< ijl tlic i,hlccti\c\. ihc  cii iph:i\ i i  01 
~ h c  p r ~ i i p i u i i o n  iruii<~I'l' n i ~ l d c  i \  ai  ihc d c ~ c i n p t i í ~ n  <,l thc r u m ~ f i  p r < u \ \ c \  <)l 

i inpa\ci l  nrcn. i- iprirc 10 s l i ou \  ihc  I ru i r icwi rh  i i l ' i l i c  prcc ip i ia t i~> i i  rur i i i l l  i r i i id~ i lc .  
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- - -  

3.1 Open water surface 

3.2 Paved surface 

-- 
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. l:rhari area: 

<;rcciih<,iiic ;irc;i. 

I hc di\cli;irgc Ir i i i i i  p;i\cd \url'acc i \  t h c r c l i n  dividcd iriiu Ihrcc \ i ih l ' l í i \~ \ :  

I .  I'a\cd ii irlacc di\ch;irging dircctl) thriiugh ihc draiirapc \y i ic in:  

2.  Siirlacc diichurgirig thr~ i i ig l i  a ieparatcd i c u c r  \ ) \ t em  

i. Srirl;icc c~ !vc rc~ l  wi i t i  grcc i ih i , i iw 

3.2.1 Rural area 

A pcrccni;igc iif ihc \ u r i x c  caii he dciiricd I r ,  he iqicri. Iii ihat caic ;i par-1 i j l t he  
v.;~tcr u i l1  iriSiIir~tc 11, i l ic uniaiur;iicd /ímc. TIK d~\cl iargc 111 itic i i i l i l i raicd %aier 
i \  rrc;ircd I>y IIic i i i ipaici l  ;irc;i part. 

3.2.2 Urban area 

I h c  c l l luc i i i  diichtirpc (11 \cu.agc ircatriicni planli. i \  iiic;i\urcd in g c n c r ~ l .  Iii tlic 
>ct-up i i l i l i c  prccipii:itiori ruiiri l l i i i ixlulc i I i i> di\char:c i \  nol iricludcd. hui ihc 
pi i i i i i  oldcpari i i rc i\ thai ii i \  cnicrcd ii irccil) i i i io tlic Slow iriodcl. 'l-hi\ a l w  
;iliplie\ i o  ihc ili\ch;irgc i 1 1  i i ic r l l i ,w\ .  

I r i  caic o l n  \cp;ir;ite<I ICACI \)\LcIII. (tic prci ipi lal i i in on p;ivccl w r l x c  wilt hc 
ilirchnrgcd h) die r chc r  ~)\ICIII tliroilgh ihc draiiiiigi. \y\tciri i i i i i i i ~ d i ~ t c l y .  I'ari 01 
(tie p rec ip i in i i~~ i i  wil1 he \t<ircd i c i i i p imr i l y  iii ik \c\vcr \y i tc i i i  niid 1111 tlic pavcd 
i u r l c c .  Iii geriei-al. y i c c i l ~ c  ii iodcl\ iN;iiioiiulc Wcrkgriicp I<iiileriiig en 
W;ilcrkw;iliicit. IWO ani1 Wcrhgri>cl> AIviicrhcrcl\cningcii [W i~ rkg i i l i i p  
di\ch;irgc c;ilculatiiiiiil. 1070) wc  ir\cii lor  ihc i lc icr ipt i i in 111'ilic di\chnrgc 
c i i u r x  Tlie i ~ i i i p i i i  i 1 1  tlic\c i i i i idcl\ iiia) hc u icd  dircclly u\ i i ipui lo r  tlic I l i lw  
i i i i~de l  

Tl ic discharge li-wii n \cp;ir;itcii \eucr iy\tcir i  i \  dcicrihcd i r i  ;i \harpl) \ i i i ipl i l icd 
wil). The uscr is nhle t i ,  c l i i iow hctwccri: 

The choicc hciweeii hi,tli ~ i pp l i ca t i im~  wil1 dclicrid ori ihc desircd accuracy (1f1Iir 
c;ilcul;iiii~ns aiid tlic prcicncc 01 i i ipul i l t i t~i .  

Jiixi l ik thc pnvcd ui-l; icc tlic u icr  c x  dcliric ;i percentage i ~ l  thc siir1;ice t ~ i  hc 
~ 1 1 1 ~ 1 .  I n  ih;ii case ;i p;irl i j l  i l i c  %aier wil1 ii i l i l traic 111 thc unsniuraied mi i~. The 
11isch;irge of the i i i l i l i ~ i i c d  wuicr I \  ircatcd hy ihc uripsvctl aren part. 
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3.2.3 Greenhouse area 

3.3 Unpaved surface 
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3.3.1 Infiltration into the soil moisture (unsaturated zone) 
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3.3.2 Percolation into the ground water (saturated zone) 

24 Translation Theory into General Set-up 
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A waier halance of thc aini~uni  r~lirioisiure in thc unwiuratcd zone is maintiiincd 
in the \uil riioi~ture rcxrvoir.  Thc rcplciiishmcnt OS wil moisture in thc \o11 
moi\turc rcxrvo i r  i \  thc ctilculatcd inliliraiii~n, the ouiflou i \  calculatcd as  ihe 
cvap<,r;itiori and ihc percolatirin t ( >  thc ground waicr (\cc ligurc I I J .  130th thc 
c ~ a p r ~ r a i i i m  and rhc pcrcoltition dcpcnd im ihc actu;il \oil riioi\ture c(micni. Thc 
prliential c\sapr~tran\piration i \  (leiermincd h a d  on ihc rcl'crcricc crilp 
ci.apr~iraii\piration aird a crrip lactor. IS cr11ps have nol hccri \upplied with watcr 
in uri uptimum way. ihc actual cvapotran\piration i \  \inaller than rhe piliential 
cvapi~iraiispiraiioii. Thc rcduciii~n i \  calculated hy incanh of a linear relaiirin 
hciwccii ihc cvap~~traii\pirati<in arid the ;ictual w i l  inr~isture conienr, whcrc thc 
actual cvapr~traiispiratii>n d c c r c a w  fhriii the potciiiial cvnpotranspiratii>n at Iïcld 
capticity tiiwardi ~ c r o  at thc uiliin:. priini. Thc percolation intri thc gniund watcr 
also <Iepend\ (in ihc ;iciiiiil soil ini~i\turc cmicnt .  Th ; \  i \  dcicrihcd hy means IJS a 
lincar rclatiriii hctwccii ihc pcrcolation and ihc acttial \ < l i l  moi\turc, whcrc thc 
percolatiriii d c c r c a x i  Irlrin ihc iiiaxirnal pcrc<,l;ition tit \aturaiiiin ioward\ /erli al 
field cttpucity. 

3.3.3 Ground water discharge int0 the drainage system. 
tiiially thc cl'l'cctivc prccipit;iti<in wil1 d ixhargc  as  g r ~ ~ u n d  warcr jnto rhe 
drariage \y\tcrii. I>uc [I,  (he rc\i\lance ( i l thc  wil lor water Ilrjw, a \ignificant 
\ l i>uing down cllcct wil1 w c u r  duc ti, \ioragc in the viil. Uuc t(, ihc \irnilarity r i l '  

thc di\chargc pn>cc\ \c i  with a ilclaycd dijcharge duc t r i  ihc rc\i\iaiicc in the wil .  
aiid a lincnr rc\crvi~ir with ;i dclaycd discharge duc t r ,  Ihc rc\i\tancc í ~ l t h c  
<,pening. ihis p n ~ c e s s  i \  dcwrihcd hy mcaiis ol lincar rc\crvoir m«dels. f k \ i d c \  
thc intcrllow and ihc drainage d ixhar fe ,  a quick aiid 4r1w cwqxmcni  u'crc 
di\tinguishcd in thc gr~iurid water discharge in thc ihcr~rctical sysiem dc\criptim 
l\cciii~ii 22.2). This di\tinci w;ii rnade becausc I J S  Ihc dil'l'crencc in 
chnracteri~tic\ r ~ f  thc prr~cc\\c\ aiid watcr qualily. H11ih the quick and \ I I I W  
cmnprincnt 111 thc grriund waicr di\charfc c m  he delined a \  ti conSiguratiun <]l' 
lincar rc\cruiJir\, T w ~ i  opti~iii\  are incrirpor~tcd in ~ h c  prccipit;itim runolf 
module: 

I .  'I 'ui, parallel Na\h-caxadcs:  

2.  ~~ '~~inh i r i a t i r~ i i  r i l  Na\h-cti\cadc and Kraycnh~il l  van de Ixur .  

I n  thc Sirs1 option. boih thc Iiydrograph c ~ i i h c  quick and \ I I I U ,  component are 
de\crihed hy a iiuiiibcr of lincar r c s c r v ~ ~ i r s  in serie\. a Na\h-cascade. In ihc 
x c i ~ n d  opiion. thc hydrí~grapli 01 ihc quick criinpílncni i \  dcxr ihcd  h) m e m \  111' 

ii nuinhcr r, l  liiiciir rc\crvriir\ parullel. Kraycnh~~ffva i i  de Lcur. thc \Iriw 
c<irnp<incnt hy iiiean\ o f  ii numhcr oS Iincnr rc\crvr]ir\ iri \erie\, a Na\ti-cmcadc. 
C\ing h(,ih optiori\. i t  i $  píi\\ihlc i<> \irnulntc al1 widcly applied rmdel \  w c h  a \  
I k  Zeeuw-Hcllirig~. Krayciihrill van de Lcur. Na\h-ca\cadc and I k  Jager. 
Varying ihc time c~~i i \ t an t  CIS ihc rc\ervi~ir and thc numher of reservoirs. ihc u w  
can \pcciSy tlic model acciirding to ihe applicatiim Fix rclativcly quick di\charge 
prilcc\\c\ onc rcscrv~iir with ti m i t i l l  time constant ul'ihc r c s c r v ~ ~ i r  wil1 he 
wllicicnt,  for ;I relativcly slow discharge procci\ niwc rc\ervoirs with a \inall 
tinic coniiiirii r i l  thc reservoir wil1 givc ;i hcticr dcscriptiiln. 

3.4 TotaI runoff 
In additioii t11 ihe g n ~ u n d  waicr runol'l'a icrin c c p a g c  i \  included. This i \  

cnplaincd Surthcr in scctiiiri 4.5. ï'he ií~tal runi>SS ( > I a  catchmcnt area con\i\i \  01' 
thc di\churge l'roin thc ihrcc iypc\ of surface 2nd thc icrin seepage: 
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l l i c  i1i:iiii;y~. 01 I I I I ~ \ L . ~  \iiilacc c,~i i \ i \ i  iil iliï t i i i i i ~ l i i i l  ilic w h I l < n i \  

~ 1 i i i . t ~ ~  i i i i i ~ ~ l l  1 0  i: . 1 1 1 1 , 1 1 1  l l l l l  1 1  I 1 , l l  d . 1. . l l l l l  y 1 1 1 1 l  l i l  l i l  l l . 

3.5 Water quality 
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a 3.6 Remarks 
Only part «f tlie drainagc hystcin (priinary canals) are included i n  the flow model. 
Within the ctitcliincnt area dcl'ined, alm a drainage systern is present (secondary 
and tertiary canals). Thchc watcrcourscs are indicated i11 the precipittition runoff 
module as 'open water surfacc'. Thc contribution of open water surfacc io the 
total runoffcan he neglcctcd in niost hituationh, because it is only a smal1 surface. 
Rut, the discharge fri~in open waicr surfacc directly affects the water Icvcl. 

As part of the scheniatis;itim, thc uscr wil1 dcfine the catchment areiis in the flow 
model. The preeipitation runoff proccsscs within a catchment area are 
determiiied hy soil and terrain pn~pcrtics. such as slope and soil type (sec chapter 
2). The propei-ties iiiay, howcvcr, also vary hlroiigly within the defined catchinent 
area. The point of departure in thc prccipiiaiion runoff module is that only thc 
types «f sui-face (open water, pevcd and unpaved hurface) are distinguishcd. 
Within these surfaceh. ihe catchment area is regxded as being hoinogcneous: the 
soil tind terrain propcrtics inay he described as one (weighed) avertigc value. The 
spatinl vtiricty withiii thc defined catchment area is trunslated hy thc model's 
parameters. This iniplicntes that thc uhcr himiherself is responsihle for splitting 
up a ctitchincnt arca. i f  a divcrsity of soil and terrain properties clearly cxists. 

In the niodcl thc riiiiufi'coiirhc is deterrnined at the discharge point 1)f a 
cntchmcni arca. Wiihin n catchment area. however, als« a draintige syhiem is 
present. In case ofI;irge catchinent areas, storage in the surface wiitcr may play a 
part. Thih is discouiited i n  the linear reservoir. 

Thc clcinenth kom the Wageningen model (Warinerdain, 1993) a d  ihc model 
BUIBAK (Hartiiiaii, 1994) are incorporated in the preeipitation runoff module 
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4. Formulas 

4.1 General 
St ruc ture  of' technica1 design description 
Thc icchnical dciipn is workcd r~u t  per iypc ol'surliice. The type\ 111 surfacc 
distingiii\hcil are: 

Open waicr \uri;rcc (\celion 2.3.2): 

After ihai. ihc tcchnical design is workcd out in furthcr detail per subprocc\s l in  
c;ich iypc oS\url;icc. Thc \uhpnicc\\c\ <Ic\crihcd in suh\cctions are: 

Striragc in unuturatcd zone ldctcrrninaii~~n of c l l c t i v e  
precipitation); 

I>c\cripiiim U I  ihc water qualiiy. 

'Sime step 
Thc u x r  dclinci Ihc iinic \lep i n  ihc preeipirution ninoll'ni~idulc. which reniain\ 
con<tani during ihc c;rlculatiiin. l i  i \  recornmended 11, u w  time \iep\ \imilar ti> thc 
iinic \tcp used i n  input data a\ precipitation nnd e v a p o r a h n ,  c ~ i r n r n ~ ~ n l y  gi i~cn as 
24 huur data. 

Calculation discharge frorn l inear  reservoirs 
The calculation iif ihc runof'l'takc\ placc in two step\. First thc \pccilïc di\charge 
(unit: lmmldayl) per time inicrval is calculatcd. Bccause ihc inputied 
prccipilatirm inicn\ity and relerencc vcgciatirin cvaporalirin appiic\ l 0  the 
prcccding iime iiiicrv~il. thc \pccilic diwhargc at point of time t i \  dclined a i  thc 
specilic di\chnrgc duriiig thc iirnc interval t 1  t« t. In thc second \iep, thc \pccilic 
dischtirgc is conicricd to thc inomentanir~u\ dischargc ai ihc end ol'the tirnc 
inicrval delincd at point <iIiimc t (unit: lm' / \ ] ) .  

I>elinition precipitation a n d  evaporat ion t ime interval 
The daily ohservaiirms 11l'thc KNMI are uiually uicd Irx the prccipitiition 
intcn\iiy and thc rcl'crence vcpetation cvap~iration. Thc precipiiaiiim inteniity 
iind ihc rclcrciice erop ci.apration are (lelincd at time ~ntcrval t frrm pijint in 
iinic t I i ~ i  point in iirnc t ithc prcccding iinic interval). Thc prccipitation 
inteii\itic\ providcd hy ihe KNMI arc ihc iniensiiic\ niearured during the pcrii~d 
f n m  OX:OO huur\ rm ihe prcccding day io 0X:OO hiiur\ on the d ~ i y  involved. The 
rcicrcncc crilp cvaporaiion i \  ihc cvnp<>ratron mcasurcd during a pcriiid I ' r m  
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4.2 Open water surface 

4.2.1 Determination of effective precipitation 

4.2.2 Description of the Hydrograph 
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l iormula 2 ~ a )  
Ei lect ivc prccipiiatiori open waicr wr iace 
l ior inula I I 
Open water wrfacc 

'f i ine step 
Conversirm Iactr~r  units 

Target values time constunt 
In  practicc. hardly ariy slowiiig down i i f  the di\churgc thr i~ugh opcn watcr wil1 
rlccur. In  ih i \  ca\c a valuc r11 O niay he taken a\ tiinc cimstant. In  rclativcly large 
catchnicrit tireai slowing d i~w i r  rriay. huwcver. play a pari In  thi< ca\c a target 
valuc 1>1 0.0014 i 0.002 d a j i  niay he taken a\ ti i i ic consiant, i n  accordancc with a 
tinic ciiniiant o lpavcd  \urlncc !Cultuuricchni\ch Vadeinecun. lc1X8). 

4.2.3 Description water quality 
Nitrogen 
Thc nitri igcii i n  thc prccipitatiun on opcii *ater iurnis a direct cn i iu ion  sourcc ti, 

thc water ![he tiinc interval hetween the prccipiiation supply und Ihc prïcipitaiion 
dr;iiri;igc to thc water is ~ c r o ) .  Thi\ mem\  that n<, procc\\es occur that are ahlc to 
inllucncc thc N-crmtent in thc incaiitimc. Thc nitratc and ainmwiium Ioad\ 
through ihi, Sluw tr, thc clinal\ niay. thcrcforc. he dc\crihed in accordance with 
thc /er<> i ~ rde r  relation: 

I n  thc dr~iinagc systcrii ;i11 wn\ oiprocc\ \c \  clecur. such a\ nitrif ication and 
drnitriSicaiioii. which inilucnce ihe actual ammonium and nitraic contents iii ihc 
canal\. Th15 aspect i> dcwrihcd i n  the tliiw i n i~de l  aiid, thcrcforc. i \  outsidc thc 
\copc 111 ihc prccipi iat i~in r i i r io f i  iníidcl. 

I n  addiiioii 10 niirate und unitiioniiiin. ;ilvi orpanic I ïxed nitr(>gcn mny hc 
supplied with rairi waicr. Rain water oitcn contains n considcrahlc ainount o f  
su\pcndcd wlids. I n  thi\  phuw of the dcvcli~pnient. organic Sixcd nitrogen i%. 
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4.3 Paved surface 

4.3.1 Determination effective precipitation 

l i~ ,c ; i i i \c  <,I i l ic i l i l l i ~ i c ~ ~ c c  <,I \i i, l ;! ic ;iiiil i i i l i l i i . i i i i i i i  iIc1iciiiliri; iiii i l ic i ! [x  01 i l ic 
\ o i ~ l i ~ ~ c  <II~IILI>,,II i, I I I~~<IC~ ~KIMCCI I  opci i  lpi\d \IIII.LL, .md c l o w l  p x \ c d  
\iiiSace. 1: i i i  GKII i! pi. u i  11:nd wil';ici. i l i c  c~; i~~oi - , i i io i i  I, w i  cqii;d iii it ic i ipc i i  

i intci- ~ . \ ; I ~ < I I ~ I I , ~  , t ~ ~ t , t i l i i i ~  iii l'i.iiiii;iiiii. ;\I1 ~ i i i l : i c c  i i i i i i i l l  i \  i1i~ili;ii;ci1. 
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\urkiccd i\ <lc\crihcd with a ci~ri \ tant inli l iration intcn\ity: the inli l iration 
capacity l ia inc  ah infiltratirin in unpaved \urlacc). 

Iii gcncr;ll i t  c m  he \iatecl thut ;i coii\taiit i n l i l t ra t i i r  iiitciisity is reachcd withi i i  
23 h i~u r \ .  Thc Iierc intr i~duccd crrrlr i\ l i i i i i tcd at ti i i icïtcp\ ofmi>rc t h m  m e  day. 
Thc infiltration iiilcnsit) i\ ~alcul;itcd over thc l imc\tcp 1, )  lot I,. Thc rainiali 
i r i tc i i \ i t j  (over thc time \iep) i i l inu\ thc ciaporaiion i r ~ v c r  thc time \iep) i \  addcd 
t i i  thc availahlc \tilrage at thc \url;icc at thc \tart iil'the tirnc\tcp. 

II thc rainlall intcni i ty und ttic ;i~;ii lahlc \tor:igc inino, thc ciapornti<in are Iargcr 
thnri thc intiltration capacity. the in l i l t ra t i~ ln intcni i iy is hei equnl i[] ilic 
inliltr;itiíln capacity. Thc i i i l i l t rat ion capacity \arie\ with tiriie and i s  givcn i n  
fiiriiiula 5. 

li,,: ! 
I,,, = PI,,, - t , ,  l<# 8 + i l / ~ ~ , ,  At + /j,,,~l> f , ,  h-,, AI ;lnd 15-a) 

A1 

if P,,,, Al + li,,, i f ,, E,., Al (%h) 

Tlic í i~ i r r iu le lo r  ihc rcducti(in i n  inl i l ini t ioi i  capacity u p p l i c  whcn thc 
prccipitaiion intcn\ity \urp;i\\cï the inf i l t ra t im capacity of the mil nnd a\ long 
water i\ present ai thc \ ~ i r l i l ~ ~  1ir1 <lepre\ \ i~~i i \ ) .  7hc IOrmuIc lilr reco~c ry  of rhe 
iiililtr;itiiin capacity ;rpplic\ ;i\ long thc \urlircc i \  dry. Froi i i  thc rriiiiiicnt the 
\~irl; icc \ioragc i\ eriipty ttic ií irinii ln I i ~ r  thc recovery of thc i i i f i l t ralr ir~n capacity 
applic, uiit i l thc rriuirri i i ir i i n l i l i i n t i ~ ~ i i  capucity i\ rcuched. 
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i l ic IWLNIII \ I , ~ x  ,ii i i ic w l : i c c  :LI i l ic \l:irt iit'ilii. i i i i c i \ . i l  i i i i i i c  1 - 1  I. L\'lii.ii ~ I i c  
ili.i,iliiiiiii \I<>r;,;c l, ri.;icliciI \ i, l I: i ic iiiliiill \i.,li\ I l l ~ ~ i ~ ~ l i i l  i l ic i1<>i;ii'c l, \c1 
i.llll"l 1 0  iI1~. il,.d\ll,,l,,,, Ji,Sii..i. ;,i 111~. \ i i i l , ici. 
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Input P IPi- 

\tilrage i n  terrain deprc\\iiiris. Whcn part of thc \irlrage surpas\cs the rnaxiinurn 
\triragc. \urlacc runiiil siart\. l 

Irririildayj prccipiiatii~n inicn\ity 
~rrirniday I infiltruiion inien\ity ílormula 51 
Iinnil \tortige ai open pavcd wrfacc (S~~rmula  71 
[mrnlday! +ree-rip cvapíruiiir! a c c m i n g  !%Makkink ~ ~- 

(111111 1 mexirriurn \torafc ;i1 \urSacc 
_1 ~ 

1-1 I c n ~ p  fiictiir Makkirik Snr open water I 

'I hc prciipiiuiirr I r ) \ \  at c l i ~ ~ d  p i c d  \urSacc i \  dcicrrnincd hy i w t ~  priicc\\e\: 
cv;ipirr;itiori 2nd \tor;igc ;it the surlicc. The stilrage is rnodcllcd n\ a re\crvoir Srorn 
which evaporation can take place. I h c  precipitniirln i \  irnrncdiaiely storcd. 
1)cpcnding r ~ n  thc prccipitaiion at tirnc i ;iiid ihc storagc ai time t- I cvaporaiirin takes 
plucc. 

In thc ca\c thc cvapcrialion in tiinc 5tcp 1-1 to i wrpa\\es thc \urn of thc prccipitati~~n 
i n  tyhe qamc time \iep ;ind thc stilrage ;i1 time i. ihan !he sioragc a! tinic 1-1 is \er !o 
/ero. 

Whcn thc rainlal niinu, thc w i n  ol'cvaporation and \toragc ai time 1-1 \urpaïseï thc 
rnaniinuiri \tilrage. thc \tilrage at iirnc i is set cqual io the iniixirnuin s t imgc.  

H,,, = 0 
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4.3.2 Description of the Hydrograph 
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B , ,  l B ,,, , ,,,, x 
y,,,, = Pil,,, - PO( '+ 

Ar At 
i f  i P,,, , - poc.)Ar + ,,,, 2 B,,,,,,,, i l i - a )  

i i  ( /j , , ,  - poc:)A! + B ,,, B,,,,,,,,, (13-hj  

Input r- 

\uilacc runol'f(Sormu1a I I )  
\ t r i r qc  in scwer system (l'11rtiiu~a 12) 
\pcciSic d ixharge op ïn  paved \urlace ( lor- 
inula I ? )  
open pavcd u t i a c c  with w h e r  sy\leni 
cl i>\edavc&\urlacc with wwer  sy\tcm 

pilnip ijver capacity 
i imc \lep 
I1;ixinium \toragc in \ e w r  \)\lm 
i-;icior 
d ixhargc I r i im open pnvcd iurlacc with 

-- 

For thc d ixhargc rau l t i ng  froin grrcnhi iuw u i l a c e  two systcms can he 
di\tinsuislicd: di\charpc thnwgh stilrugc and through direct dischargc. Fur evcry 
iipplying node i n  RAM ihc u x r  ha\ iii rnakc a choi\c hctwcen these twi i  \ y \ t cmi  
(i>iiIy i f  yrcï r ih<~u\c \url;rcc~. I S  ni i  \torage i\ ;ivailahlc in the grccnhouse area thc 
valuc Sor riiaxiniurri \toragc 13, .  ,,,;,, I \  \ct lo / c r u  

7 
~~ 

\UI-&cc r u i i ~ ~ l l l r i i r n  c l í l d  paved surface wiih 
I í lor ir iula 14) 

[rnir~iclayl prccipitation intcnvty Sri~rri closcd pavcd surlacc ( I i~ r inu la  
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tz,ir, ~~~ 

P ~ -~ ~~ Q,,,,, 1111 1.1 cI~~cli;~r!!c IS<,III <,iI,cr O ~ C I I  p\d ~ i i r l ~ i c c  
l l c I 1  ,111, t ,=o I \  .c, I , ,  / , . , i >  

li<l\iiI ~ ~ 1 1 1 < 1 1 ~  i:/,liIl ~l l l i~I l , , i i .~ I \  Lillllll~Liil , I >  ,,,l!> ,..,I I 

l i <  I . , ~ i i i i  ~i l ' , ' I .  lfI.i74-:hiiii, 
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- -  - 

input 

Thc disciiarge i r r m  othcr ~ l i l \ c < I  pa\ccl \uriecc i i  celculaicd \+iih a single lincar 
rcicrvoir. The reaction tiiiic i \  rcl;itiicly sh~iri .  

inf i l tratcd water f rom open paved surface 

Thc iiifiltinied wuicr rcsuliing li-oin \urfUcc with a scwcr bystcrn ;rnd othcr open 
pavcd \urfacc i i  dctcrriiincd u i th  a \inplc lincar rcicrwiir. 

- 4  , , , , -c!, , , ,  1 $>f/1 +l ,,,; ( / - c , ~ ' l ' j , , )  i 19-a) 

u ,,,, = u 4  ,,,,, ( A , , , , + A , , , , , )  f 19-h) 

'Target valuc Umc ronstanl 
ï hc time ~on\ ta i i i  i\ B mw\urc ol-thc vc lo~ i ty  wiih which thc preeipiration is 
diich;irgcd . In  casc i~ l 'pavcd surfacc a valuc 11l0.0014 ;i 0.002 d;iys i \  gcncrally 
i;ikcn 1Coltuiirtcchiii~ch Vadcrnccuin. IOX I I ) .  II rnca\urcd ialucs are availahlc, i t  
i \  niore accuraic t r i  dcrive thc tinie ci>intnnt f r i ~ m  thc iail courx  ol-thc mcawrcd 
di\chargc\. This conccrnh hoth ihe time con\tant for ihc reserwir for thc 
icpar;itc<l wwcr \y\tcrii a\ lor thc pnved wrlacc. 

4.3.3 Description of water quality 
Nitrogen 
The discharge 111 pavcd \ur(;icc orig,iiiaics iroiii ro»l\ and roadi and i> cli\cliargcd 
thrrxtgh drain pipc\ ijr thr~iugh dn) iiriiproved) icparatcd icwcr \yi lcm into ihe 
draiiiagc \y\tcni. 11 i \  also applicahlc i11 thi\ dr;iinapc that hiirdly any prricc\se\ 
occur thiit inlluencc rhe N~crincentr;ii i~~ris. Thc nitrogcii Iimd riiay. thcrclore. al\<] 
he dc\crihcd in accimlancc wii l i  a ,ci-(i ordcr rclaiion. Howcver. ii i r  indccd 
applicahlc io tliis draiiiagc that orgiinic lixcd nilrogcii may he a Sactc~r 111 

iriiporiancc. Theiclilre, aii cqiiatioii has heen includcd l-or [h!\. Thc dixharge i \  
dc\irihcil I I ~  thc li>lkiwing lorrnula\: 
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Arcns I Arciih 1 I Arciis 

4.4 Unpaved surface 

Aniriionium finp Vil) 
Sitratc f m p  Uil) 
T(,tiiI f'h~~\phatc liiig Pll) 
N-Kjcldahl lriig Nil) 

h r  thc rurioll olunpavcd surlace, thrce proce\\es were di\iinguished: 

I .  Inliltraiii~n i n t < >  thc \oil n i ~ ~ i \ t u r c  lunsaturatcd m n c )  

2. Pcrcriliitim into the grmmd water (\attiratcd zone) 

3. (iiouiid water di\chargc int0 the drainiigc sy\tem. 

'She\c procc\\c\ iirc di\tingui\hcd in thc prccipitution runrifl miidule a l w  Thi\ 
\ct-up is rcllcctcd in Sigurc 10. 

0.15-2.5 1 0.03 / 0.13-2.5 1 1 2 - 6 9  

4.4.1 Infiltration into the soil moisture (unsaturated zone) 

0 . 1 0 . 7  
0 . 2 2  1.5 

1.5-1.(> 

l i n l .  the inliltration inti, thc unïaturatcd m n e  i \  d c t e r n i i n ~ d  In addition, thc 
\torage in thc surface dcpressions and pmsihly r~ccurring surlace runull are 
dcicrrnined. ' lhcic aipet!\ arc addressed hclow point hy point: 

Irililtratiim: 

Storage in \u r l i c ï  dcprc\\i»ns 

S u r l x c  runoll 

0.2-0.5 
0. I-0.6 
0.7- 1 .  I 

Thc ainoiiiit o! precipitatirin ihni inliltrate\ is dcicrrnined h) the infiltratirn 
capacity r i l  thc wil. I I  thc prccipifation iniensity surpases  the infikration 
capacity. thc rcinnininl: part i ~ f  thc prccipitatiim wil1 hc stored on the surlace 
Ic\'cl in ihc \ u r [ i i ~ c  dcprc\\ion\. I l thc  maxiiiium \toragc in the \urlacc 
dcprcssi~jn i \  \urpasscd. thc extra prccipitiltion wil1 runollovcr thc u r l a c c  
f\urSacc runollj. 

Inlïltration 
In thc dc\ign thc point i>ldcpanurc i \  a constant inliltration capacity. This i $  
lurthcr explaiiicd at thc target valuc\ lor ihc inliltration capacity. The inliltration 
intcnïity i \  calculated I r~r  thc tiiiic iiitcrviil l'roin point d t i r n c  1-1 t o t .  The 
prccipi tat i~r  intcnsity (iurinf the tiinc interval is added to the \torage existing in 
\urliice dcprc\\i(m\ ;d thi. \tart r i l  thc tinic intcr\,al (lormula h). Whcn thc 
prccipitation iriicnsity and thc \forage in thc surlacc d c p r e \ \ i ~ ~ n \  surpahx\ thc 
iníïltrariiiii capacity. thc iníïltrati~m capacity i \  \ct cqual 10 thc inlïltration 
capacity llr,rinula O-h). 

A \pccific \itu;iti~in occuri whcn thc unsnturatcd zone apprí~achcs saturation. The 
iiiaxiinoin percolation <>ut ol'the sr,il ini~ihiure rc\crvoir imtcad of ihe inliltration 
ciipiicity hccriinc\ criiicnl lor ihi\ siiuatiim iliirmula Y-c, \cc al\o \eetion 2.3.4.2). 

0.28- 1.4 
0.05-0.48 

0.6X-5.1 

5 

1 .2-200 
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Input 
%.l 

l rnrnlday l 

/ l  
1 inmlday l 

> ~11i1TI j 
- I 

Model Parainctcrs / rnrnldiiy l 
Iniax 

'niax 
1 ninil 

Al [dayj 
Output H! I niinlday 1 

InSiltrati~~n intcn\ity íforniula9) 

Stririigc in wrlacc dcprc\\ion\ ilorniula 10) 

Inliliration capacity 

Maxiinurn \iwagc in surlace dcpres~ion\ 

ï'inic \tcp 
St(>ragc in ur lacc  dcprc\\i(in\ 

Surface r u n d  
The ainouiit of prccipitiition that runs »ff ;t\ wrluce nini i l l ,  dcpcnds on ihc 
inl i l i rat i i~n capacity iir thc w i l ,  thc prccipiiatir~n iiitcn\iiy arid thc \toragc in 
\iirfacc dcprcs\i~in\. Whcn thc ainourit ij l\trlragc in surface dcprcs\i~inï 
\urp;i\ic\ ihc niaxirnuni \tiragc. \ u r l x c  runr~l l i~ccurs.  

In thi\ \eciion thc cllective prccipitatim for the surface runo(t is descrihed. The 
hydrograph i \  hrthcr dcwrihed in \cctii]n 2 . 3 4 3 .  

Thc cvapr~ration Sroin thc \urlacc dcprcssir~n\ ha\ n r~ t  heen included. Thc 
cvap~i ra t i~~n is iiidccd includcd a\ cvnpotran\piration Inlin ihc unsaturaied mne 
in thc \<lil rnoisturc r c \ c rv~~ i r .  t3y neglecring thc cvaporatir~ii ïroin suriuce 
dcprc\\irin\ a \light error i \  introduccd in general. 

l'arget Values in l i l t rat ion capacity 
Thc vciocity 111 inliltratir~ii dcpcrid\ r ~ n  [he intcniity and thc duration ol  the 
preeipitation, type o f  soil, land u\c. and w i l  inr~i\ iurc coritcrit at the start rfthc 
\Iiowcr. During a shower with a constant inicn\ity, the inliltration velocity 
dccrcasc\ cxponcntially Sroin a rnaxiiiiuin w luc I;. at the start i i i thc  \howcr t i l  an 
c<m\iant value I;. Thi\ valuc I\ rcachcd whcn thc \(lil rexhe\ thc field capacity 
(\cc ligure 12). Variou\ Iorniula\ have becn dcuclopcd to detcrmine ihc 
inliliration capacity o l a  type iil vli l .  
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Target valoe\ niaxiniuiii storage in \iirfarc depre\\ion\ 
l lic i i inxi i i i i i i i i  \i<~;i;c i i i  \ i i i l ; icc dcpru\\ i i i i i \  i l c ~ i c i i d ~  i i i i  iliï i- i i i i i l i i iu\ \  <,I thc 
icir; i i i i  ;iiiii i l iu iIc;i-CL, <i1 \u:ui;iii<iii. I < ~ p r u \ u i i i ; i i i \ ~ ~  i.ir:~,i \a l t ie \  l i > r  i i i c  
i i i . iui i i i i i i i i  \iiir.igc i r i  \iiil;icc dcp ic \ \ i i i i i  ;iic d i l l i ~ i i l i  t i i  ; i i ï  i n  \ I C \ \  i j l  i l ic  u i d c  
\,iiici! iil i t i c ~ c  ~ ; U . ~ I I I C I L ' ~ ~  " i i l i i i i  iirc;i\. H.i\cil i i i i i t ic i<> i ig I i i i c \ \  :incl \cgci;i l ioi i 
iiii i l i c  :riiiiii<i. ;c r i  ~ ~ ~ i i t i i . i i c  i i i I I  Ii:i\c 11, hc iii;i& Iiii iIii\ \ : i l i ic  Iii pc i i ï i ; i l .  ihc  
~ l i r i i c c  ,>l ilii, i . i l i ic  s i i l l  li;iidI! i r i l l u ~ ~ i i c c  i l ic i i i < d c l  ii.,iill>. lhi~c.iii\c .i ~ i i i i ,~ t i i , r i  i n  a 



which ~ h c  inaxiinuin stilrage i n  surlacc depressii~ns occurs, hardly takes place i n  
thc Dutch situation. 

4.4.2 Percolation into the ground water (saturated zone) 
Thc pcrcolatioii into thc ground water i\ descrihcd hy niean\ o f  a wil nioisture 
r c \ c r \ o i r  A watcr halancc r11 ihc ainfiunt iil rnoisturc in thc uniaturated zone i\ 
mainiaincd in thc wil rnrii\tiirc rc\crwiir. Thc replcni\hmcnt ~ i l \ o i l  inoiiture in 
thc unsaturatcd m n e  or thc in f low r i l the  \(lil m<ii\turc reservoir is thc inSillration 
calculntcd hy il ie riiodcl. 71ie i ~ u t f l ~ ~ w \  are thc evapotranspiratim and the 
c l t c c t iw  prccipitatirjn i lhc prccipitatii~ri tliar runs o l f  through draini cir g r~ iund 
Nater). 'l he principle o f  thc i r i i l  rnoiiturc reservoir i \  rcllectcd in l igurc I I 

I n  the precipitatii~n run i i f l  r n~~du l c .  capillary r i \c Irorn the p u n d  water i11 thc 
un\aturatcd m i i e  has i i r i t  hcen includcd. Furthcrniore. i t  ha\ heen lissurncd that 
thc inSiltr;iti<in irnnicdiatcly rciults i n  pcrc~,lation. Thc occurring slowing down is 
ignr~rcd. Thi \  rc\ulis in c r r im  i n  the calculatcd cvapo1ranspir;ilion and thc 
pcrco la t i~~n 

Thc piitcntial cv;rpiitran\piratiiin is dctcrrnincd hd\cd i m  ihe rcfcrcncc crop 
cvapi,tran\pirati~m and a erop lac i r~r .  Thc crilp Iac tw i\ a mcaiurc Iilr thc 
tran\pirai i~in lil thc crop and depend\ <,n the iype i ~ f c r ~ p  m d  thc growih \tagc 
(Sunciion ( > S  tiinc). I f  thc erop has nut heen supplicd with watcr i n  an optinium 
way. ihc acttial c\~apr~tran\pir;itir>n i\ \niallcr than thc potcntial 
cvapritranipiratirin. A i imp lc  rclation hctwccn the actual cv;ipi>tran\pirati~in and 
itic actual rni,i\iurc st<irngc i\ inclu<lcd íevapotran\piration relatirm). I t  ha\ heen 
i i \ iuined thai i n  case 111' watcr ctmient\ larger than ihose i n  caic o f  field capacity. 
ihc actual cvnpotranspiraiim is cqual t11 the potcntial evapi)iran\pinition. 
Hciwccn thc inoi\turc w r a g c  at field capacity and thc wil t ing point. ihe actual 
cvnpotran\pir~t ion dccrca\c\ linciirly f r~ i rn the potcntial evapoiran\piratir~n at 
l ic ld  c ; ipx i iy  t,, x r i i  at thc wil i ing point. I t  ha\ hcen assuiiicd that no mrli\ture is 
available to thc ucgciut i~i i i  at tlic wi l t ing point. 

Thc relaiion hctwccn thc rnii i iturc crintcnt and thc cvapotranipiralir~n can he 
dcSincd ;icci>rding t r ~  thc S r i l l í i ~ i i i f  po i \ ih i l i t ic \ :  
I .  thc cxprmcrit in thc inois turc content ra t io  

2. the dcf in i t ion o f  Sixcd po in t \  ( m a r k e n )  in the  evapoirdnspirat ion 

i u n c t i i ~ n  

In thc dialogue window lor uripavcd arca a ch~ i i cc  appcar\ k i r  thc\c t w ~ i  
pi>\\ ihi l i t ic i .  

The Io l lou~ ing  l i~rrnula\  i i ikc thc place o f  Soriiiula 12 i n  the K A M  manual 

I h e  actual cvapiration i \  dclïned acciirding 10: 
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Actual inoisture Storagc 
ílirmula 29) 
Milisture storagc a\ 
pF=O il'orrnula 26) 
.Voi\turc \trirugc at 
pl:=2 (S~irinula 26) 
.Voi\turc \tiirngc 
pl.=4.2 iforniula 26) 
Mi>isturc storagc h r  rnarkcr 
i í l i~rmula 26) 
clcrence crop evapriration 
Makkink 
Eiaporaiion-rrduclion- 
factor at <I>. 
.V~~ i \ t u r c  content for markcr 

1 i 
1 - 1  I Crop factor Makkink 

Q, < Q, 1 

,A O < v < I en v,,, 5 v,,,, 

No cxira marker\ wil1 he defincd il i i \  iiot fillcd in 

Percola t iw~ relation 
Thc pcrcrilation ti, thc gr~iund btitcr depend\ on Ihc water content in thc 
unmtuiatcd zrmc In the prccipitatii~n runoll' inodulc, a sirnplc relation hctwccn 
thc pcrcolaiim 2nd thc actu;il nioi\turc stilrage ipcrcc~lation relation) h;13 heen 
iiicludcd. 11 hns heen a\\umcd that in case íif\aturation, the percolation i \  cqual 
tri thc iiiaxiniuni pcrcí,latirm l3ctwccn the nioi\turc \tilrage raturation and at field 
r;ip;icily. lhe percol;itiu~i dccrc;i\e\ Iinearly fri~in the maximum percoluliim at 
\aiuruiii~ri to ïero at Iicld c;ip;icity. I r  has been a\\uincd that n11 rnoisturc i \  
:ivailnhlc ïor pcrcolatiiin at thc wilting point. 

Ttic pcrcrilatiim rclatiim can he niadc Ilcxihlc in the \anic inanncr a\ thc 
cvapí>tran\piratim Sunction. 

11 ar1 cxpimcnt for thc rnoi\turc \iuragc ratio i \  u\cd i \  dcfincd ihc pcrcolatioii i \  
c\t;ihli\hed in the folluwing niaiincr: 
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Ni i  extra rnarkcr\ xill he delii icd il '  i i \  nilt l i l lcd in 

Input 

Mi idc l  Parameter\ 

Output 

Water  halance wil moisture reservoir 
I n  ihe water b;ilancr. hnih thc cv;ipiirarioii m d  the percrilaiiim depend on ihe 
actual \i111 rnuisturc crlntcnt. Thc chaiigc in thc \o11 inriisiurc ciintcnt i \  dcxr ihcd  
with thc dil lercntial cquati im 

Thc cquatiiin i\ w l vcd  cxpl ici t ly. A t  point of time t 1  thc cr~ndit i i in ~ i l ' i h c  wil 
rn<,i\iurc rcscrw>ir i \  cxprcsscd in thc in<ii\turc \tilrage <t>, . I3aicd i in ihc x t u n l  

inii i\turc siclrage a i  pnin i  ol'tirnc I- I. thc cvap~,ii;inspirati<in aiid pcrcoliition are 
calculatcd for thc l inie interval l'riiiii poiiit of ti i i ic 1-1 III t. H a x d  on thc 
calcul;itcd cvap«lran\piration nnd pcrc~il;i i ion. thc actu;il miii\turc \tor;igc at 
point i~ f ' t i rnc I i\ c;ilculatcd i fl], J 

hc lual  iiinisturc \ií>ragc (fortnula 14) 

Dimdvantage US an explicit \ r i l u t i ~~ r i  i\ ihe r i \k  i~l' instahlc calculati«n\. uccurring 
with large time step\ or a relativcly sniall ciliitcnt of thc \<lil moisturc r c w v n i r .  
I n  caw of in\iahle calculatiori. the I i \cr \hould dclinc \mallcr ijrnc \iep\. 

ï'hc moihturc striragc i n  the \ui l  ini>isiurc rc\crvoir varic\ hctwccn thc ininirrial 
nioi\iure storagc at wi l t ing priint and the riiaximal moisturc \torage at \aiuration. 
For iiir>isture hinragc values m a l l e r  than ai wi l i ing pniiit. no cvaporatirin occurs 
(lorinula 12-c). lo r  vi l luci larger th;rn ihc at wturatiori thc pcrcolaiiiin i\ \ct cqual 
t i i  thc infiltrntioti capacily l lori?iula I ?-a). 

Target  values c rop  l a r t o r  M a k k i n k  
I h e  crop I;ictor ilcpcnds nii thc type n f o i c r g r i ~ w t h  and ihe grnwth stagc. I n  
qpcnd i x  A un ~iucrvicv, i \  siven < > I  tlic criip I;ictíir\ l'rir variou\ crilp type\. 'rhc 
crilp lacior lor  a catchriic~ii arca i \  dctcriiiincd a \  ihc i ncm crop Iuclor per 
percentage nl ' thc \url;icc lor thc difcreni criip\ in !he catchrnciit area. 

Target values moisture sturage 
In thc Soririulas I 3  ;ind 14, ihc iri i j i i turc \tnragc ai liclcl capaciiy ipI.=2) and t i l  
thc wi l t ing pmiit ipI.'=4.2) iiccd i o  hc ciitcrcd. I h c  t i i~>i\ turc \tnrUgc in thc 
un\aturatcd zone i \  dcrived trom ihc wil inrii\turc eimlent and the locatinn of the 
gruund water Icvel conipared t i )  ihe \ u r f x c  level. I t  is rcrnarked th;it the tnnisiurc 
aoragc dcpcnd\ nn ihe Incatinn d t h c  gri~urid water Ic\cl .  In  polder ;lica\ \l ight 
Iluctuntion\ i n  thc gniund watcr I c \c l  iiccur i n  gciicral. In  wndy \eik ninrc 
l'luctuatii)ii\ iiccur. \ < i  that ;il\í> thc inr~i\ turc \toingc wil1 cary .  
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4.4.3 Ground water discharge int0 the drainage system 
Tlii. ili\cli;ii:i. Iroiii ki i i~xi\cd \ i i i ls ic  i \  tii i i l i i i ~ i  ti! i;iiiiii i i rii i iotl l i rocc\w\. Thc 
1 1 c I l  l l I I I  l I I e e i  l t ~ l c l  ; I I I  hui lo~nll !  l<iiiii 

l l i c  qu1cA :I<NII~ i i ; i ic i  r i i t i i i l l  \\ ' i it i i i i ilic i l c ~ i y i i  ilic I i ~ l l i ~ i i i i i g  ;i\pcci\ ;irc 
d ~ ~ ! ~ ~ 1 p i 4 i c d  
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I ininlday I k,ïlcctivr prccipitat i~in \urlacc r u n i ~ l l  unpaved 
wrlUce i f i i rmula I I 1  

Input + 
4 \ ~ r . l -  l 

M ~ > d c l  Pararneter\ 

ï ' w e e t  ~ a l u e  t ime constant 

Output 

" 
Tbc t im ï  ci ini iani i \  ;i incaiurc Iur  thc vc l ix i ty  wirh which thc prccipitation i\ 
di\chargc<l. I h c  iurlacc ru r io l l  wil1 take placc vcry quickly. A \  target valuc a 
valuc ol'ijí1OI4 á 0.002 day\ riiay he taken. cqualling the time constant riSpai,ed 
\urlace iCultuurtcchiii\ch Vadeinccuin, 19x81. 

Iinnilday l 

" u n p i e ~ ~  

k.,Ur 

Quick and  slow component «f the g round water discharge 
I h r i n g  ttic di\chargc through thc \atuiaicd mnc.  a \igniSicant h w i i i g  down 
e l k c t  occur\ hecause r i l  rc\isi;incc\ in thc so i l  This p r o c a \  i\ dcscrihcd hy a 
con l igura t i~~n of linear re\ervoir\. Thc quick iind \ h w  component iif thc g r~ iund 
water diichargc are dcxr ihcd  hy wparutc lincar rc\crvr~irs, í i l w h i c h  twi, 
p<i\ \ ihi l i t ic\  are Iukcii up. 

la) I w o  parallel tia\h-c;iscadc\: 

I h j  C~mhina t i r in  i iSha\h-cacade\ and Kraycnhi i l l  ran de I.cur 

Spccilic wrïacc runi i l l  unpavcd \urT;icc i formula 
15-a 

Ai 
, .- 

/i 

"\ur,r 

a d  (a) two paral le l  Nash-cascades 
I n  thi\ iiptiori, thc di5ch;irgc i \  divi<lerl inti, a quick and a \Iow cimpíincnt ground 
water runcif'l hy nican5 (11 ;i di\trihuti<in code. Thc pcrcolatirm calculatcd wil1 
panly run i j f l  t h rwgh  ;t i k i w  coiripímcnt ( /3Pl,,rc. J mdpa r t l y  thniugh a quick 

Ih;! 

Idayl 

coiriponeiii i I I - { j l f , ,er ( .  J. The hydrographc o f  hoth the quick and slow g n ~ u n d  

Unpoved surfxc 

Time con\tant r c \ c rw i r  \urSacc runo l l  unpaved 
wr lacc 

Ldayl 
1 - 1  
1 in 'l\ 1 

water d ixhargc are de\crihcd hy a \cric\ i ~ l l i n e u r  rc \crv~>ir \  I x c  ligure I I ) .  Hy 
entering thc i i inc con\tant and thi. iiuinhcr o f  rc icrv~i i rs ,  thc u\cr rnay cntcr the 
propertic\ <IS the dischargc proces\. I n  the preeipitation runo l l  module. a dclault 
valuc < ~ l o n c  h a \  heen iakcn l i i r  thc iiuinhcr oí 'reicrvi>ir\ .  

T i  rne step 
Conicr \ ion I;icti,r unit\ 

Surl;icc runiif ' l unpavcd surface 

I.or i is thc 2'"' unlo and including thc iii"' reservoir: 
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t o r  i i\ the l "  uniu ;ind ii icluding the d"' reservi~ir: 

A t  12i - I j  2 - A l í 2 i -  l )  2 

I.or i i \  ihc 2'"' uptc aiid includiiig thc n "  r c \ c rw i r :  

vlodel Pararric 

I 'crci~laiion int<> thc ialuratcd zrinc íforniula 2x1 

Spccilic \luw component p u n d  watcr discharge 
uripavcd w r l i c c  (forrnula I I I 
Spccilic quick conipoiicnt grr~und water dischurgc 
uriptiicd iurface (forinula I I j 
I!ripuicd \utface 

Distrihutii in c ~ i d c  cjuick 2nd h w  cr~rnponcnt\ 
g ro~ ind  watcr di\charge 
'Siriic crin\taiit rc icr ro i r  \ low component ground 
watcr d ixhargc 
Tirric cimitant rcicrvoir quick conipmcnt gnlund 
water diichargc 
Nurnhcr OS reservoirs quick cr~mponent ground water 
di\charge 
Nuniher 01 reservoirs slrlw c i ~ r n p ~ ~ n e n t  ground watcr 
discharge 
Timc i t cp  
Crmvcr i i~ in  Inctur un i t i  

I)i\ch;irgc il11w c i~ inpr~ncnt  grrlund watcr di\charfc 

I)i\ch;irge quick conipi>ncnt g r i~und watcr dischargc. 
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'Target \uliie\ l inie ron\t;iiil 
llii: i;ii:ci i ; i l i ic\  Iiii lli~. i i i i ic c<mii;iiii iiI liiic;ii i -< .wi \ i i i i \  : i i c  dc.i-iic.d iriiiii 
i ~ ~ c i i ~ i - e d  I I ~ I  l l i c  in iyc i  \ ; i l i i ~  I o i  i l i c  K i - ~ i ~ e i i t i ~ i i t  \;ui de I.cur i i iodcl  
:IK f i \ c i i  i i i  I;thlc fi 5ii icc c;ilcliiiiciil : i i i , i i \  ; ,$c  i ! i ihl i! iiiii I l i i i i i i i gc i i c i i~ i~ .  tiie l i inc  
ciiii\i:irii c;iii hc i ; i l ~ i i I . i i ~ ~ l  ;i\ i l ic irci;iii ~ i ic ; i i i  I ir i ie cim,i:iiii pi'r ~cK~II I~I ;~ 111' 

iI1c \Li,i;lcc. 

A i i  i,ilii.r ii,i! I<> ihi i .  i l ic i i iw cim\i;iiii i\ 1riiii1 iiic.i,iilcii l i ! i l i < ~ g i ~ i p l i i .  7111, i \  

i l ic  iiiii\i h i ~ i  :iiid ; i i c i i i . i i ~  !\;i! iii c~1iiii:ilc i l ic i i i i ic ~ i i i i ~ i . ~ r i l .  111 ; i i l i l i t i<~ i i .  ihc  
i i i i ie ci>i i \~; i i i t  iii lii~ili i l ic qi i ich ;iiid +lii\i c i ~ ~ n p o ~ i e ~ i t  of i l ic gso1111<1 i i i ~ i c i ~  
ili\i.li;ii-ge cal1 hc c ~ i i i i i ; i i i ~ l  \ i~pniatel!. I l i c  q i i i ~ h  c ~ x ~ l p , ~ n i ' ~ ~ l  l \  c~l1111;~Ied fr l l l i l  
I l ie I i ) i I i ~ > y i a p l i  01 i l i ~ c I i : i i g c  pc;ih\. ul ic ic;~, ili~. *Ion ~ ~ i ~ i i i p i ~ i i i ' i i l  i ,  c~i i i i i . i red 
li-oiii i l ic Ii!iIrii;r;ipli cl i i i i i iy Iiiii diicli:ii:c\ 

i . I r , ,  ? < . l  i , i i i i , . ,  I.,, iii? K i l i i < , i i i i i ~ l /  i < , , ,  ( i ,  I .< , , , ,  i,i<~,i,.i 
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pnjcesw\ a win l lcr  part r i l i h c  precipitatiim I n  case o f  a numher ofrc\erv»irs of 
5.  the erríx i i i iniduccd 19 negligihle. 

4.4.4 Interaction between the saturated and unsaturated zone 
Thc chaiigc i n  lci igih i11 thc linear rebcrwir \  (which i \  ;in indicarioii I i ~ r  the 
change in thc groundw;itcr hcad) has i o  he \uhtracted Irrjni the Iength i ~ f t h e  soil 
riioi\turc rc \cr i<, i r  'l'hi\ ha\ ;in impact rin thc trajcctory hctwccii ihe diffcrcni 
prc\\urc hcu<l\ and thc hriundnry crinditi i ini lo r  cvapi~tran\p i r ; i t i~~n and 
pcrcolst i im 'l hc mil riii,i\turc \ior;rgc halaiicc is ni i i  \uhjcct 111 chaiigc. I t  is 
possiblc ti, dcxr ihe  thc c n p i l l q  r i x  in thc pcrcolaiir~n Icrni. 

Thc change iri thc \tiiragc i i i  Ihc \;iiiiratcd I i inc ha\ ;in impact rln the dcpth ( > f  Lhc 
un\aturaicd /<int ;in11 a l w  im thc ch:iracicri\tici i j l ' ihc wil inoi\ture r e w v i i i r  i ihc 
nioisturc content ;,t dii lcrcnt prc\\urc hcads). I l i rect ly al'tcr calculariiiii r i l  lhc 
actoal rnrji\ture content thc inoi\iure content is calculatcd. 

Spccific quick component r11 
1 gniundwatcr d ixhargc 

Spccilic \Iow ci~inpr>ncni 
<ifgr i~uodwatcr d ixhargc i 

1 Sil i l nioisrurc content (h- 1 

: /.(me 
I I'orc content 

Whcn c\tahli\hirip a ncw dcpth r i l i h c  unwtur;itcd donc thc characieri\tic\ o l t h c  
un\niuratcd /<me, the v ~ i l  inoi\iure \ t i rage at pF=O. pF=2. pF=4.2 2nd u w  
cleïined ii iarkcrï change in thc fol lowii ig niaiincr: 
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11mm1 1 Actual sti~ra!c in lincar 
reservoir\ ifr~rmula 5x1 

1 groundwatcr discharge- 
lutput  / BL, Ilmml ~- I Storagc in lincnr reservoir 

i P,,,,,, / I rnrnlday I Percolati~in raie (k~rmuia  

4.4.5 Description water quality 
Thc dc\cription of thc  water quality is h a d  rm ihe dischargc prrjccsscs distingui\hcd lor the dctcrminaiion o f t h c  
hydrograph, surfacc runoff. quick and \ Ir~w component of discharge (sec scction 2.3.4.2). 

p , ~ w  

i Y,,,,,L~,,,,,I t 

4.4.5.1 Surface runoff 

I I mmlday l Capillary flux as 
percdation term (fortnula 

[mmlday l Spccific quick ci~mponent 
01 groundwater dischargc 

Nitrogen 
Thc \uilacc runoff is lornicd hy preeipitation thai runs ofidircctly across tht: 
surlacc Ic\,cl. In this ca\c, reaction procc\w\ occur 10 a le\\cr dcgree. Therelorc, 
thc Ioad is described hy an a zero ordcr relation. 

/ %,,,,I.,, X,,,,,, N t 1 I inrnldey l 1 Specilic SI IJ^ component I J I  

In the f i n t  version of  ihc prccipiiation runoff module the tcrrri i~rganically lixcd 
nitiogcn ha\ nut becn included. 

- (37-c) 
Sor i : -N .sur , l  C ) s u r , i  ActIr:,- N.5ur.i 

Phosphor 
The phr~sphoi Irmd is <Icscrihcd hy a /cro ordcr cquatiim just a \  nitrogcn 

Input 

Mridcl Parameters 

Output 
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05ur,r 

' N f f 4 -  N..sur,t 

" ~ 0 1 - n , . s u r . r  

' o r x  - N.,\ur,t 

.'Nf14- N, .wr, l  

" N 0 3  - N , . ~ u r , i  

" o r ~ - N , 5 u r . t  

1ni4/\I 

l mgNIII 

[ m g  NII] 

I mg Nll l 

[ g  Nis1 

Ig Nis] 

\ f  Nis] 

Surlacc runoll unpavcd \urlacc ilormula 1 S-h) 

Ammonium-N ct~ncenlration surlacc runoff 
unpaved surfacc 
Nitrate concentratir~n wrface run~iff  uiipaved 
\utiacc 
Organic nitrogen crmccntrati~iii surfacc runoff 
unpaved surfacc 
Ammonium Ioad wrlacc runoff unpaved surfacc 

Nitrate load surlacc runoff unpavcd \uifacc 

Organic nitrogen Ir,nd \u rhcc  runolf unpiived 
\urlacc 



4.4.5.2 Quick component of the ground water discharge 

INTERMEZZO III: Calculation examples 

At lm surlace level s a drainaqe iystern that discharqcs drectly into the drainaqe sjstem under consideration The . . . . 
average nitrate concentration in the yrrjund mosture s expectnd to he higher than n the dscharged precipitalion 
Certainlv in case of fer t ised surfacts i i l h  tiuher concentratori in the tonlaver. this is lhe case In the exarmles 
beow. uniform concentration dlitrbution ic ihe  point r,f departure n this ássumpton. the eaching of nu t r in ts  s 
cqual tn the ratio between the amounts of so l  mosture anri riffective precpitation Runoff of preciptaton occurs f the 
field capacity is reached. Two exarnples have been ,iiorkiid ou t  one lor sand with a slght field capacty and one for 
c a y  wil t  a large field capacty Dranage takes placc at a dcplh of l m  and thc anni~al effeclve precptation is 
assurned to be 300 rnmly. As rnaximum suppy of prec[~italion the inlilIration capaclty of the type of so l  s taken. The 
precptation s .  however. scdom so heavy that t h5  capacty s reachcd 

O V ~ N I ~ W  o1 the deqree of thinninq of the $ 0 1  rnoistiire 

The Ihinnng on a houry basis s re latvcy sight The concentration course as a recul  of thnniny is therc 
neyligibly srnall. 

Sand 
Clay 
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Field capacity 
(m3 soi l  

moisturelm3) 

O 2  
O 37-0 45 

Inf i l trat ion 
capacity 
(mmlh) 

12 
4 

Maximum 
th inning of the 
ground water 
moisture per 

hour 
6"- 
O 8~1-. .  

Average annual th inning 
of  the ground water 

moisture 

1 50',0 
803.. 



I11 case oifcrtil i \ed surl~icc\,  ai1 incrcaicd coricentnitií~ii in thc draincd ground 
watcr niay occur, duc to migration i~lnitratc-rich waicr friim thc fen i l i~cd  
tilplaycr <,f thc \<l i l .  Thc iiitcrface hciwccn nitratc-rich and nitratc-pr~r~r ground 
watcr i \  nir~ving in a tcrtical direction, uiitil ii arrivci at the drain pipc\. N17S01. 
calculatiím\ íHr~pstakcn ct al., 19871 liir \aiidy \(lil \  indicate that iiitralc 
ci~iiccritr;itiwi\ at a depih i1f50-75 crn ; r e  relatively coii\t;int, in caSe o f a  step 
\;/.c ol 'dccadc\.  Variancc\ in crinccntrntirin c~ccur inainly in thc topmost 25 crri of 
ihc \ i i i l .  I r i  ca \c  i j l  \inullcr \iep \i/c\,  lor cxarnplc l i l  hriuri. the c~inccntration 
criursc iriay h? \try diifcrcnt. As Sar a \  knriwn. on-linc inca\uring ha\ never heen 
carricd out rcgardiiig \ u r l x c  runofl. lor cnample aftcr a fcrtilisati~iri pcriod. As a 
result o f  lack o f  inforiniitir~n. it is prilprned t« krep the ainin~iiiium ;ind nitrate 
conccntratirm\ crin\tant. 'I hii  howcver rcducc\ thc ;iccur;itcnc\\ IJS thc m ~ d c l  
rc\uli\ in ca \c  r11 \iii;illcr \iep \;/e\.  

Thc rclatirln hetwecii ihc ground waicr Icvcl and thc dcnitrification ha\ heen 
investigatcd íStecnv(>iirdcn, 1983, Bouwinnns ct ;it., I9X9). l'hr grr~und water 
Icvcl is cla\\ificd in ground water \teps. which arc dctcriniricd hy the avcragc 
highmt 2nd avcragc liiwc\t grrlund watcr Icvel i<;HG or  <;L(;). Thc 
dcnitrilication factlir indic;itc\ with which factor thc Icaching of initratc must he 
ci,rrectcil A iiiuniirm L L I I ~  very low pr<iund water levcl\ iGtVII*) i \  taken as a 
rcfcrericc. l.hese iraluc, arc. however. applicahlc to the toial nitraic run i f f ,  so  
ih;ii translation ii>r tlic \uhlli,w\ i \  dillicult. 

Tlic nitratc c<,nccntraiiiiri iii thc quick priiund watcr discharge rriay he linkcd t11 

thc conccriti-;ition in tlic ilecper wil laycr\ (\lr>w ground water runofll hy nicans 
oi'dciniirilicaiion fact i~r \ .  

/ lnniit O . ,  I lin'/\l 1 Ouick ct~innoncnt ~ l r ~ ~ u i i d  water d i s c h a r ~ c  1 

( infNil]  

Phi,sphor 
Significant Icachirig i>fpliii\phor iii:iy i u u r  whcn thc gríiund watcr Icvcl r i w  
into thc phri\phi~r saturatcd / ,me.  111 gcncral. als« thc phii\phor finaiion capacity 
in tlie \hallow grouiid l a y m  in S h e  Ucthcrlands is imly panly uscd. The Ministry 
of VROM indicated ;I numhcr of ai-eii\ in Thc Ncthcrlands, which are \cn\itive til 
IJ Icaching. In thc rcinainirig ;irca\. thc point\ ofdcp;inurc wil1 he that thc 
phmphor Sixatiiin capacity hii\ n í ~ t  hccn u\cd in thi\ wuy. an cquilihrium cxi\ts 
hetwecn thc I'-cwnplcx 2nd srllvcd I'. ;ind phosphor doe\ nol Icach \uh\tantially. 
Arcas with a utilisatiíin dcgree of thc phmphor fixation capacity 111 over 25% are 
ci,nïidcrcd phwphnr saiuratccl grounds. In thc\c ground\ incrraied P Ir~ads muy 
he Icachctl. Shc  rclation hctwccn Pconicnt in ihc quick cornprmcnt ~ S g r í i ~ i n d  
watcr di\chargc nnd thc u~ deprcc i i I  thc p h i ~ \ p h i ~ r  lixatiim capacity i \  a pi~int  
for furthcr investig;ition. 

unpnvcd suriacc iforrriula 1 5  or  16) 
Aniinmiiurn-N crincentration quick conipment  
grliund water di\chwgc unpavcd \url;icc 

Output 
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( ' ~ 0 3  - N.qiii<i..i 

N 

' N H 4  N , y u i i L , r  

Iriig Nil 1 

1 - 1  
lp Nkl  

Sitraie c~~ncciitration \low component gruund 
watcr dischargc unpivcd \urliice 
Iknitrification factor 
Arninoniuin lirad quick conipment ground water 
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Target values denitrification factor 
Tahlc 8 givc, an ovcrview olihc deniirificatir~n factor for thc vxriuui p u n d  
water s t em 

Ground water I GI,G (cm- 
step I u r f a c e  level) 

I I <s0 

(;H<; (cm- Denitrification 
surface level) factor 

0.04-0.05 
0.08-0. 1 

25-40 0.22-0.3 1 
40-80 2.00-0.42 

O. 15-0.5 
40-80 0.22-0.48 

X0 140 0.73-0.83 
140-200 

4.4.5.3 Slow component of ground water discharge 

Nitrogen 
(Nitrogen muy al\o hc dkchiirged cvcntually through the dccpcr wil Iuycn into 
thc watcr c o u r c  (\cc figurc 4)  hy ineani c i l  trifiltration and percr~latii~n. Thc \luw 
component olground watcr di\charj!c ha\ a rclativcly Iimg retention time in thc 
wil. In addition. thc ground water acts ai  a buller, hy rneani o l  which 
conceiitratiori differencc\ are flattcncd out to U Iargc exteni. This picture i \  
confirnicd hy calculatiim\ ~il ' ihc nilrdtc conccntratirm h y  m a n \  of thc 
prilgrarnmc N I T S ~ I .  (Hipiakcn ct al., Ic1X7). At a dcplh Iarger ihan 2 in. Iow 
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I n  addition. thcre are areas with a spccilic grriund use, such as bulh-grriwing and 
greenhouse culturc ' fhc c imir ihut im hy these arcas to leaching of Y and P i\ 
very spccilic duc t r ~  the specific fcr~ i l i ia t i rm 2nd water management In thi\  case 
the iiscr h i r i i l h c r~c l l  wil1 have t» csiirn;itc ihc parameters or derivc thc\c l'rom 
ineasuririg. 

4.4.5.4 Conclusions 

I n  [he dc\criptir,n OS tlic wiitcr quulity it w;i\ tricd li, picture thc rclatirin hctwccn 
the Pand N lí>;id\ di\chargcd inti, thc drain;qc \y\tcm and thc hydrograph. Zero 
c d e r  cqiiation\ \ccrii ti, he nm i t  iuitahlc lo r  a cinpirical apprwach i n  a \irnplc 
niodel I n  f c i i c r ~ l .  thi\ approach is rniitiv;itccl hy ineans i ~ l a rgumen t i  regarding 
the p rocc \ i c \  Oi i- l inc iiic;i\uriiig d;ita i j 1  thc N and P cmccnir;iiiiin\ in thc \uh 
I lows cr]n\idcrcd are hardly known. Mr~dcl-rclatcd data are d t c n  applicahlc t11 
Ioiiger pcri<id\ (decades. sc;ismï aiid ycar\j. A \niallcr step s iz ï  in which also the 
relation i \  includcd with the discharge, rcquirc\ a niuch i i i o r ï  detailcd in\ight into 
the prricci\c\ than i\ availahle at thi\ nioniciil. 

Wi ih  rcgi rd t i j  ihc targci v;iluci r i l  ihc ciinccntratiriri. thc prrlhlcrn a r i m  th;it thc 
av;iilahlc data u\ually dri no l  apply I r ]  the v;irir~u\ ground watcr l'l»w\, on which 
thi\ study is haicd. Therclrirc. ihc availahlc data nccd t<, he tran\lated for thc 
u h l l o w i  in t h i i  \tud). In  addition. innny data Lire nlit kiiown. Al \ ( ]  mr~dcl-relatcd 
valuc\ uii iull) are nrit appicahle dircctly Ir, thc \uhl l i>w\ i n  t h i i  \tudy. T h c x  
value, are íi ltcn c;tlcul;itcd in model\. hut only act a\ intcrim valuc\ that are n i ~ t  
p rewi tcd  in rcport i .  In  order to geiicrdic ia luc \  lo r  the \uhilows. calculaiirin\ 
could he cxccutcd, lor exairiple by m e m \  r i l  ANIZIO. 

The smaller :i i tcp ' \  h i x  the more Ihc inaccuracy o f  thc model re\ult\ inercase\. 
hecau\c <,n t h i i  time scalc the inaccuracy in thc input paranieters incrca\e\. Tli is 
oitly applic\ ti, thc description of thc watcr quality. 

4.5 Seepage 
I n  addililin t i )  thc di\charpc\ that are calcularcd lo r  opcn watcr, pavcd wr lacc 
and unpavcd \urlaci.. thc u\cr inny cntcr a term vxpagc. which i\ delincd lo r  thc 

M i ~ d c l  Parairicicr\ 

Output 

A h  lm1 Hydraulic hc;id dilfcrcncc 
c Idavl Vcrtical hvdraulic rc\i\tance 

Thc c im\c r i i i i n  I;icliir 15 cqiial to 1000i)I~Z-l'301~0). 

The relaicd water quality is deterinincd hy a /cru order cquation. 
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;ri;~il;ihle ;ilioiit ihc \ccp;i:c m d  ihc coiiieritrut~im\ 

4.6 Total discharge and total load 
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Input Ammoniuin lriad open waicr 
surface (formula ?-a) 
Nitrare laad open watcr suri'iicc 
ll'orinula ?-h) 
Amniímiuin Imd unpaved \urSace 
il'orniula 28-a) 
Nitrate Imad unpavcd surlace 
(Sr~rniula 28-h) 
Ainmmium load paved surface 
(Sorniulii 7-aj 
Niiratc Ir~ad paved \urSace (Sr~rinula 
7-b) 

l Ammonium Ioad surface runriff 
(forinula l X-a) 
Nitrutc load surfacc runoll i i i~rmula 
18-h) 
Ainmrmium I«ad quick component 
grriund watcr diwharge unpaved 
w r S x e  (lormula 20-a) 
Niiraie load quick ci~mprtnent 
ground watcr dixhargc unpavcd 
surface (forniula 20-h) 
Animonium load hluw coniponrnt 
ground watcr d ixhargc  unpaved 
\urSacc ilitrniula 22-a) 
Niiratc Irmd clow conipmcnt 
ground watcr d ixhargc  unpavcd 
\uilacc (hrrnula 22-h) 
Aminonium load wa\h out 
\eepagc(Sormula 25-a) 
Nitrate load wa\h r u t  
\eepage(Sormula 25-h) 
Organically Sixed nitrr~gen load 
paved surfacc íforniula 7-c) 
Organically fixed nitrogcn Iriad 
\ur(acc runoff uiipavcd \urlacc 
llorinula l 8-c) 

Tuial amnirinium load 

I Total niiraic Iriad 

Total organically fixcd nilrogen 
Ir~ad 

In the lir\t vcr \ im lil  thc prccipiratir~n run i~f ln i r~dulc  the term organically Sixcd 
nitriigcn ha\ nut heen includcd. 

o Thc trjtal pho\phor load I S  dctcrinincd in accr~rdancc with: 
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4.7 Relation ground water discharge and surface 
water level 
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Iluctuatioii\ c m   uur. I.'or cxample with large percentages o f  pavcd area. MI the 
prccipitation wil1 be 5iilrcd rathcr quickly i n  the surface watcr. Als11 within 
diiwnïtreain polder arca\, largc dccrca\e\ of the surface watcr Icvcl can occur. 
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5. Evaluation 

Wiih the precipitation mnoff m~idulc, a niodcl i \  devclriped to \imulate thc 
discharge proeesse\, hoth thc hydri~giaph\, Icaching and runiill of nutrient\ 

The point oldeparturc of thc prccipilatirm runolf module wcrc a G m p k  \ct-up 
lor opcratimal uic. c~innection wiih widcly u\cd prccipitatiim runiifl model\, and 
crcating a direct joining r i l  ;i prccipitation run i~f l  module and a Ilow model. The 
tcchnical design fits io al1 point of depanure. Thc simple sct-up o l t h e  technica1 
dciign create a widely u\ahlc applicatir~n. Using ihe suil moi\ture rcicrvoir and 
linear reservoirs, the set-up connects to widely used precipiiatim runofl models. 
Hy joining the STOWAICriic stekkerdoos WATER. a direct joint i \  inadc 
hetween precipitation runr>Sf inodule and a Ilow modcl. 

The set-up chosen is indeed \imple hut i t  is also cxtensive. 7 h c  uier wil1 have io 
enter a vast arnount OS pararneiers beliire using ihe m«dule. Thiit this rclativcly 
extensive form was chii\en anyway is causcd hy two aspect\. On thc m e  hand, 
the wiih cxistcd tij make thc mi~dcl suit;ihlc kir an cxtcn\ive applicatiiin area 
(with rcgard to type and applicatiiin~. On thc rither hand. [he wish exi\tcd to 
dcscrihc hoth the watcr quantity and the watcr quality. 

In ihc prccipitatiim runoff module, prafmatic \olutii~n\ wcre riften c h ~ ~ s c n .  At 
\ome priini\, the procc\sm are nijt dcxrihed ícapillary risc. fcedhack with thc 
iurlacc watcr Icvcl). Ikpending rm thc wishe\ of the users. extensirin\ inay he 
addcd in a later stage. 

5.1 Hydrograph description 
The Precipitation Runolf Module dcvcloped is « f a  strongly cnipirical nature. As  
a result, ihc parameter\ in thc mridcl uiually d o  nor have a direct physical 
meaning. Therefore, target values l'iir ihc model parameters have heen included 
in this manual. In view of thc  complcxity o f t h e  processes in catchment arcas 
(local variation in type of u i l ,  slopc, ground use, etc.), also thc target valuc\ 
indicated wil1 cause dcviationi in thc results. It ir, strongly recnmmen&dio 
calibrate the model pa ram el er.^ based on measured discharges. 

5.2 Description water quality 
In the theory i t  was concludcd that the procc\\e\ rif leaching and runoffrif 
nutrienti are extremely complex. Thc valuc i i fa  iimple concept for thc 
dc\criptiiin of the watcr quality wil1 thcrcforc he resiricted. Sincc an cstiinatc 
hascd on Sisi ruim and target i,aluc\ ~ihtaincd lrom literaiure wil1 give a hcit 
gucss, this concept wil1 he hclplull Irir watcr bmards. Also due t11 thc complexity 
r i f  the processes of micro prillutant\, a dcïcripti~in of these s d u t c \  wa\ cxcludcd 
Srom RAM. RAM is thcrclorc rc\trictcd to the leaching and runof lo l  nutricnts 
only. 
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i i i i i d i~ l  p;ir;iiiiclci\. 

5.3 Recommendations 
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7. Index 

a area 
greenhouse, 5. 22 
polder. 9 
rural, 5. 21 
urbaii, 5, 21 

calculation, 29 
calibration. 12 
ctinals. 27 
cnpillary risc. 1 1  
cunceptual niodcl, 24 

De Jager, 25 
Dc Zeeuw-Hellinga. 25 
dcnitrification, 14 
dcpoGtion, 13 
drainagc, 26 

ditches. 9 
drainage system, S, 21 
drainpipes, 8 

E 

evapotranspiration, 8, 10 

fertiliration, 12 
field capacity, 8 

grccnhouie area, 5 
ground water 

level. 9 
ground wutcr dixhargc, 8, 16. 25 

components of, 8 
ground water iunoff. 25 

hydrolugic cycle. 3 

iiicoming flows, 10 
infiltration, 6, 1 l. 23 
infiltration capacity, 7, 24 
intercepiion, 6 

Krayenhoff van de Leur, 24,25 

latcral infìow, I l 
l i na r  reservoir, 25 
linïer rcscrvoir model, 19 
Il,dd, 30 

Makkink 
crop factor for open water, 30 
referente crop evaporation, 30 

inoincntanious discharge, 29 

N. CIS .h  iscad ca de, ., . 25 
nitrificntion. 14 
nitrogeii balance, 12 

open water surface, 20 
outgoing fl«w\, 10 

paved surface, 5 ,  20 
Pciiinann, 30 
percolation. 7, 1 1 ,  24 
phosphor balance, 12 
physic;il-mathematical model, 24 
polder, Y 
pore volume. 9 
preeipitation, 10 
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prccipit;ition iiitensity, 29 

reaction [xocess. 13 
refererice crop ev;iporatioii. 20 
resistance. 8 
r i ~ r d  xca .  5 

s;itui-;ited 7one. 7 
secpage. 10. 13, ?S 
sewer syteni .  S. 21 
wil. h 
specific discllarge. 29 
Stariiig series. 50 
storage 

open water. 10 
satiiraled 7,one. 10 
siirf,ice, 10 

suriace rurioff. 7. I6 

tschriicol design. 29 
tiiiie step. 29 
trniispirati«ii. 7 

C! 

Wngeningeii inodcl. 21. 27 
\inter h;il;ince. I O 
\rnIerqii;ility. 12. 20  
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Appendix A Evapotranspiration 

Instead of the evaporatim ïrorn a hypothetical weter surface, a l w  the cvapotranspiration of a reierencc crop 
íaccording to Makkink) rnay be taken as measure for the potential crop evapc~transpiration. 

In which 
E, : referencc crop cvapotranspiration Makkink [rnmlday I 
f : crop factor Makkink for ihc crup invr~lved 1-1 
E,, : open water evaporatim Penrnann jmrn/dayI 

The rcference evapotranspiration may he calculated thruugh: 

In which 
K L  : Global radiation I wlrn') 
h : Specific evaporation heat of the water [Jlkg] 

Y : Psychr«rnetric constant ImbarIKl 
A : Slope ( f t h e  \aturaiir~n water vapour temperature curve ai air temperature [mbarIKl 

Comhination of the Penrnann formula and the Makkink ïormula re\uli\ in: 

In which 
L! : crop lactor Penmann 
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Appendix C Translation 
definitions 

hydrologische k r ing loop 

af v i ~ c r  

af'vocrharc nccr\l;ig 

af'watcring\\lclscl 

hcrging\capaciicit van de onvcr~adigdc m n c  

capillaire rip\ti jginf 

capillaire / o i m  

dcprc\\ichcrgirig 

drain 

drainage-alvixr 

cvaprratic 

cuapr~tran\piratic 

grondalloer 

a gr~,ndwater\tund\diepte 

hyd r i ~ l~~g i schc  kringloop 

inli ltratic 

infiltraticcapaciteit 

interceptie 

kwc l  

onvcr/.adigdc zrmc 

ontwatering 

Enqlish 
hydrological cyc l r  

di\chargc 

cl icct ivc prccipitat im 

drainage \y\tcrri 

\tiJragc capacity iif 'thc un\aturatcd zone 

Upward capillary migration lcapiilary r i \c  

capillar). fringc 

Storugc in \urf,tcc dcprc\\ion\ 

drain pipc 

drainage 

cvap~)rati<iri 

evap~~trar i \p i rat i i~n 

ground watcr di\charge 

grouiid watcr Icvcl 

depth of thc gri~undwater Icvcl 

hydrologie cyclc 

infiltration 

inli ltration capacity 

intcrccptioii 

\ccpagc l exliltration 

prccipiiatioli 

prccipitatiíin intcn\ity 

prccipitalicin 

prccipitaiirin cxcc\\ 

unsaturaicd m n c  

draiiiage 

surface ru r i i~ l f  

percolatir~n 

perched watcr t;rhlc l apparent watcr tahlc 

ii iterflow 
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Appendix D Definition of terms 

Often variuuh ierms with rhe same meaning are in circulation I t  i \  imponant 10 the rcadahility to univi~cally dclinc 
the terms used. The definitions of the terlm regarding the hydn~li~gical  cycle are kept in accwdance with thc 
definitions listed in thc hydrologic glossary (CHO-TNO, 198X), whcncver possihle. Only in a lew c a w  this r u k  was 
deviated from. The tcrms u x d  in the deïcr ipt i~~ri  OS ihe watcr quality is kept t11 the deSinition\ generally acccptcd in 

a lhe literature, whenevcr p~lssible 

Capillary fringe 

Capillary rise 

Catchment area 

Depth of the ground water 
level 

Discharge 

Downward seepage 

Drainage 

Drainage 

Drain pipe 

Effective precipitation 

Evaporation 

Evapotranspiration 

Field capacity 

Ground water level depth 

Hydrologie cycle 

The part «f thc saturated mrie 111catcd dircctly a h w e  the phrcatic wrface. 

Upward flow of watcr a h w c  the phreatic \urlacc 

An area irom which the wtgoing water is dischargcd hy m e  \peciíïc watcr 
c11ur\c. 

Thc hcight compared 10 a rcfcrcnce level o f a  point where the ground water ha\ 
a p resure  height that equal\ zen]. 

Inït;intaniou\ discharge int11 a canal at a given point in iiine, in volume per time 
interval. 

Downward l111w ofgroundwatcr 

Thc dihcharge of watcr from plot\ acri]s\ and thri~ugh the ground and in \rlmc 
cvcnts through drain pipes and gullie\ 11, a \ystcm ol'larger walercourse\ 

Fl~lwing oSi of ground wntcr thnlugh drain pipes. 

Underground drainage pipc\ with a pcrvious or pcrlorated wall. which \erve\ ti, 

dihcharge ground watcr. 

Rrrt o f t h e  precipilatii~n ihat i \  di\chargcd f r rm the \urfacc <]r \uh\oil into thc 
wrface watcr. 

Evaporation froni open water, intcrccpti~ln and grr~und 

The total «f evapora t i~~n  and tran\piration 

The water content thai i\ fuund in the ioplaycr rlithe wil, a few day\ aftcr a wet 
period. This i \  nol con\tant as the ah\orptir~n pres\ure varics depending on the 
depth of the ground water level. 

The distarice hetwccn thc ground \urfacc and thc ground water level. 

A continuous p r ~ ~ c e s \  in which watcr circulates frum the r~ccan\ th rwgh the 
atmosphere and the rivers hack to ihe ocean\. 
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Infiltration 

lnfiltration capacity 

Interception 

Interflow 

Perched watcr table 

Percolation 

Precipitation 

Precipitation excess 

Precipitation intensity 

Precipitation surplus 

Root zone 

Saturated zonc 

Seepage 

Specific discharge 

Storage capacity of the 
unsaturated zone 

Storage in surface 
depressions 
Surface runoff 

Transpiralion 

Unsaturated zone 

Water balance 

Tlic plieri»iiieiioii tlint wnicr enter\ i i i to the grouiid ai thc f r~ i u i i d  \urfacr 

Ivlaxi i i~ui i i  iiifilti-atioii i i itcii\ it). which is pos\ihlc ai thc :iveri circuiiistiiiices 
(nii ioiig other tliiiigs dcpeiident i i f  the warer contciit o f  t l i r  soil). 
Port of the grms prccipitniiíiii tli:ir i s  intsrcrpted h!. thc vegetation or other 
striictiirrs mtl thiit s ~ i h ~ c q ~ i e i i t l ~  evapoi-;ites. 

Ho r i~o i i t n l  trtinsportariori o f  groiind water in u rhal lou \atiii.,itcd Inycr. The terrii 
i prcfcrahly i i \ed if rhi\  phe i im ie i im i s  o f  n teriiporUry ii;iturc: t l i i s  

pheiii~ii icii«n i s  iisu;illy ncc~~ i i i i i i i~dn tcd  h? ;i pei-clird \~;iter iahlc. 

Phrctitic surf.ice «f ;i grii i i i id \v;ircr hodq I«catrd m i  ;i sciiii i i i ipavrd la!.rr. under 
wl i ic l i  another iiniatiiratcd /onc cxists. 

Di~wii\v;ii-d ii iovciiicii i o f  \\ater i n  tlie unrsiiiratcd mi ie .  

The ;iuerngc spccilïc precipitatiori i i iteii\ it) ( ihc precipitation fnll in$ per i i i i i t  «f 
1iori~oiit; i l \url;icc) tihiive tiie siiriacr; iii othcr v.ords: tlir actuall! inen\iircd 
precipitat i i~i i  i n  thc ;ircii. 

The differciicc hctwccii tlie grosï precipitatioii ;mil the i i i t rrcrpt ion 

Thc nctunlly fnllen precipitntioii per unit o f  tiiiie 

The differrnce het\bccii thc cxccss precipitation ;iiid thc poicntial 
ei;ipotrarispirciti«ii. 

The soil layer in wl i ic l i  the l iv ing roots are p r r x n t .  ii\ii;iIl) coi i i iderrd as the 
layer i n  wliich tlic i i iaii i p:irt of tlir roots :irr preiciit. 

P,irt o f t hc  soil i n  whicli i l ie pores are c(ii i iplcicly fi l led wi th water. incli idii ig 
tlic cnpill;iry friiige. 

Sccpiiig t l i r í~ugh «f groiirid u;iter undcr tlic iiitliieiice o f  higher Iiqdi-;iulic head 
oui i idc the area undrr c«iisidci-;iti«ii: sccpiiig tlirough o f  wnter. hich is 
x ippl icd iiii tlie surface u i i h i i i  i l ic nrcn. i s  initsids rlie wopc «f t l i i s  tcr i i i .  

Secpiiig thruiigh riitiy. aiiiorig other thiiigs. i ~cc i i r  directl! 011 tlie grouiid siiifacs. 
i n  d i l chc~ ,  drains or thriiugli c;ipiIlary rise. 

Discharge iiiteiihily iii ;i ~ in tc rc i i~ i rsc  duririg a time inicrv;il. i n  voluine per tinie 
i i i t c r v i  per surface. 

The niiioiiiit of umtcr that con he m r e d  i n  i l ic ~ii i~;itur:itrd zone ui i t i l  f ield 
capx i t )  i\ rcachcd. 

Sti~rngc o f  precipitotioii i n  hol low\ iiii the sorfice level. ;ippc;iriiig u hen th r  
precipitntioii i i iteii\ ity soi-pa\\es the iiifi itr;iti~~ii i i i tc r i i i t !  

Rui ioff  of precipit;iti<iii occurriiig over the ground w r f x c  ( i i i c l i i d i i i ~  pavrd 
s~irlaccs sucli ;is r»;ids. roo(h. i i irpori\. etc.) 

The e\';ip<ii.,itioii l l i ix  throii$ the htoiiios and cuticiilns o f  n dry surface o f  
plniits. 

I'ai-t o f  ihe groiii id nhovc tlie phreatic sor íxe.  iii u l i i c l i  tlic pores contaiii hot l i  
wntcr ;uid aii-. 

'l'he c»iiiparii»n (11' i l ic n i i i í~ i i i i t i  iif water i r i vo lwd iii siippl). discharge. 
~vithdrowal aiid cli;iiigc iii siornfc wit l i in a g iv r i i  arc;~ diiriii; n specitïc psriod o f  
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time. 

Wilting point The water content of thc vlii al which i t  i \  no longer pos\ihle lor thc plant trl 
ahsorh thc ground water hy m a n \  o l  the roíit\. 

ï'erms in nitrogen and phosphor halances 

Adsorption 

Denitrification 

Desorption 

Dry deposition 

Immohilisation 

Mineralisation 

Phosphor fixation capacity 

Keaction processes 

Kunoff 

Volatiltzation 

Washing »ut 

Wet depvsition 

Fixation of suhstanccs t11 wil particlei 

Keaction process during which nitratc i \  converted int« N, by denitrifying 
bacteria (anoxic and het~m~trí~phic circum\lances). 

Being releused of substance\ which are bound to soil particles 

Supply of substances thrr~ugh du\t participle from the air falling onto the 
ground. 

Fixing suhstancci so that these are nol availahlc b r  washing out or running í~ff .  

Reaction procc\\e\ duriiig which suhstance i n  thc soii arc converted into ~ithcr 
\uh\tancc\ hy ilxidatirln. 

Cimvcr5ion prricc\\ during which ammonium i \  convcrted int11 nitratc hy 
nitrificating bacteria (acrrlhic and autotrophic circum\tances). 

Dcgrce in which a wil type is ahlc to fix phrlsphí~r tri wil paniclc\ 

Kcaction prwcsses in thc silil during which wh\tance\ are converted. 

Discharge of substances through \uriace water run~lff 

The transforination « f a  \uh\tiincc Irom a liquid f m n  to the gas phase. 

Discharge of substances through ground water runolf. 

Supply of substances thrriugh prccipitation Ialling onio the ground. 
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Appendix E Overview symboles 

Conversion factor units (= 10/[74'L3600]) 
Conversion factor units (= 1000/[24"3600]) 

Open waler surface 
Paved siirfxc 
(Jiipaved surfdcc 
Separated scwcr systcin surface 
Total sorlicc (whcrc sccpage occurs) 

Maximum storege in ground depressions 
Stimigc in groimd depressions 

Actual cvapotriiiispiration 
Open watcr cvaporatim Panmann 
Referencc erup cvaporation Makkink 

Crop factor Makkink 
Crop factor Makkiiik f»r open watei 

[ininlday l 
[ininlday] 

Infiltratim c;ip;icity 
Inlïltratioii intensity 

Time constant reservoir open water surtice 
Timc constain reservoir slow ground water drainage 
Time constimt reservoir scparetcd scwagc system surface 
Time ci~nstimt rcscrvoir quick ground water drainage 
Timc constant reservoir surface drainage unpaved surface 
Tinie ci~nstant reservoir piived surface 

i-l 

Numhcr of reservoirs quick ground water drainage fbr the 
Kraeyciihoff aiid de Leur model? 
Nuinher of reservoirs quick ground water drainagc lor the Nash~ 
cascades inodel 
Numhcr of rcscrvoirh slow ground water drainage 

Dcnitrification factor 

Precipitatioii inteiisity 

Effectivc prccipiiatioii open water surface 
Effective precipitrition paved surfice 
Effective precipitation uiipaved sur îke  
Percolation occurring hctwccii pF = O and pF = 2 (maximum) 
Eflcctivc precipitation surface drainage 

Specific runofí open watcr surhcc 
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[kg Nls] 
I kg Nls] 
I kg Nis l 
[kg NI\] 
[kg Nlsl 

[kg Nls] 
[kg Nls] 
[kg Nls] 
[kg Nls] 
[kg Nls] 
I kg Nis] 
I kg Nls l 
[kg NISI 

[kg NIS] 
[kg NIS] 

[kg Pls] 
[kg Pls] 
[kg Pls] 
[kg Pls] 
[kg Pls] 
[kg Pls] 
[kg PIS] 
[kg Pls] 

Ammonium-N load seepugelpercolation 
Ammonium-N load slow ground water runoff unpaved surface 
Ammonium-N load surface mnoff unpaved surface 
Total ammonium-N load 
Ammonium-N laad unpaved surfuce 

Nitrute load open water surface 
Nitrate load paved surface 
Nitrute load seep~gelpercolation 
Nitrate load quick ground water runoff unpaved surface 
Nitrate load slow ground water runoff unpaved surface 
Nitrate load surface runoff unpaved surface 
Total nitrare load 
Nitrate load unpaved surface 

Organically fixed nitrogen concentration paved surface 
Organically fixed nitrogen concentration surface drainage unpaved 

Phwphor I»ad open water surface 
Phosphor load paved surface 
Phosphor load seepage 
Phosphor lond quick ground water runoff unpaved surface 
Phosphor loud slow ground water runoff unpaved surface 
Phosphor load surface runoff unpaved surface 
Total phosphor I«ad 
Phosphor load unpaved surface 
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