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Bureau SAMWAT operates as the executive office of the Cooperative 
Association in the field of Research for Water Management. The princlpal 
aim of this association is to arrive at some f o m  af coordination ('soft 
coordination') b.( giving infomation on al1 aspects of research within the 
field of interest. The main points of attention are: 

. research activitiea; the research activities currently taking place, 
as wel1 as chose planned for the near future. 

. hydrological data; the bureau has direct access to a datdbase i-ioldlng 
hydrologlcai data. 

. literature; the bureau has direct access to a library specialized in 
the field of water management. 

. &els; the bureau holds information ori computer models developed in 
the field of water management. 

To serve a l i  participante in the associatlon vit.h correct and sufficiently 
detailed information on the latter item, i.e. the properties of models, 
the development of a database for computer madels in water management was 
initiar.ed in 1987. 

T h i s  second SAMWAT report is published in English because. during the 
development of the database it appeared likely that the interest in the 
questionnaire might not be lirnited to institutions in the Netherlands. 
The questionnaire is in English f o r  the Same reason, but also it appeared 
easier t0 work in English because literature on the theory of aspects of 
water management is often in English, and so are many definitions and 
model descriptions; and, finally, it may be possible in (near) future ta 
include models from abraad. 

A lot of people were involved in the preparation of the questionnaire for 
the inventory. It is included in the appendices although it is the most 
important part of this report. The executive office itself has worked in 
a task group to accomplish the development of the questionnaire, the 
database p r o g r m e  package, the interviews for 180 models as wel1 as this 
report in the rather short time of eight monthc. The task group cansisted 
of: 

. A.C.W. Lambrechts 

. N.P.J.M. Neefjes ~ . .  . , .  

ElBLlOTtiEEh~ . M.J. Potter 
. C.VOlP 
. H.A. Zanting %~.IKSTC?Ï~T~:J~\:*~C;~ I<I;'TuuRBEHEER 

p0gP;:;I .?Z 



The SAMWAT database for computer models, the development of which was 
initiated in the second half of 1987, was designed to include models 
covering a wide range of different subjects. The design aimed at great 
flexibility for more modules. The database now consists of modules for 
groundwater, surface water and sewer systems, rainfall-runoff relations 
and agricultural production. It is suitable to contain a high degree of 
detail of infomation concerning the models of al1 modules. The modules 
were developed in close cooperation with specialists in each specific 
type of research. The development and the extension of the total database 
with other model modules wil1 be continued in the coming years. Much 
attention wil1 be given to validation and actuaiisation of the 
~nfomatian of the database. 

The database holds general infomation relating to the models, such as 
availability, documentation, kind of computer on which the model is 
irnplemented and referentes on applications. Apart from this general 
infomation details are included about al1 features of the models. The 
following main characterictics c m  be distinguished: fluid, solute, heat 
and sediment transport as wel1 as biologica1 processes, solution methods 
for basic equations, statistics/ctochastics and required boundary 
conditions. 

The choice of the progrme package for the development of the database 
and the storing and retrieving of information was carefully considered. 
Various progrme packages were analysed and compared. Mainly on account 
of the great importante attributed to acpects such as flexibility, 
accessibility, availability and PC-AT compatibility, the choice finally 
fel1 on dBase 111 plus. 

Bureau SAMWAT can now give detailed answers to al1 questions concerning 
madels for water management available in the Netherlands as far as models 
are concerned of the above mentioned four types of models. Apart from 
that, for those who are interested in 
subscribing to a yearly updated download of a part of, or the total 
database, bureau SAMWAT is able to offer the desired service. 

The Hague, the Netherlands. 

September 1988 



La base de doniiées CIIMWRT pour les madèles :rifomiitiques dans le nona;ne 
de la gestion des e i u x ,  dont le  développement a été entamé dans 
deuxième moitié de 19117, a été élaborée dans Ie but de contemr ries 
modèles, qui sr rapporterit à un grand nombre de sujets. Lors de 
I'élaboration ort ii p r é v u  la possibilité ii'iine extension du nombre de 
aiodules. Actuellement, la base contient des modules pour les eauz 
souterraines, les eaur de surface, les relations précipltations-debits et 
l e v  productloris agrlcoles. Elle peut contenir de 1'~nfomatlon t res  
dttaillée poar tous ies modèles de tous ies modules. I.es rnodu.es ont é'é 
développés en étroite callahoration avoc  les spéclallstes aan. i e a  
cloiriairies en question. 1.e déveioppemenf en i'ertensian de ia aase ii'Jec 
d'autrei modules +;eront poursuivis i l'ivenir. On prëtera beauc0.p 
ri'attention ä la valioat iori e l  à ia mlsr à :au= de la base. 

1.a base contient des i::formatluns géntrales rea11.ives aux moaèles. comme 
disponibilité, dcicumentatlon, espèce d'r,rdir.ateur s u r  iequel le r n ~ i i ë ; i ,  
est implérnenté e l  rittrences à des applications. En plus de cette 
~nformation gérirrale, clle contient des dtriails s u r  toutes les 
caractéristiques sptcif~ques des modèies. Les caractéristiques 
principales mivarites peuvent être distiriquées transport des f l u l o e s ,  des 
niatières dissoutes. de c i ia leur  en de sédimrnts, proces biologiques, 
méthodes de résoiutlon pour les équations de base, cratistiqvs/ 
stochastique et coriditions. 

Le choix du proglciel pour Ie développement de la base ainsl que le 
sl.ockage et I'accesslbilité de l'infomation a été pesé solgneusement. 
Plusieurs progiciels ont été analyses et comparés. Particulièrement 
en raison de l'impartance lui a eté attachée ä des aspects comme 
fleïibilité, accesshlllt6, d~sponibilitt et compatibil~té PC-AT, <,n a 
ctiois~ dBase I I i  plus. 

Le bureau SAMWAT peut rloriner des réponses détalliées ä toutes les 
questioris relativei; aux rnodèics dans ie dornalne de ia gestxun des eaux 
qui sont dispaniblcï aur  Pays-Bas, pour aurant qu'il s'agit d'uri ,,u rje 
plusieurs des q a t r e  types de modèles siismentlonné. En plus, le bureau 
SRMWAT peut faurnir chaque année, à tous les ~ntéresséc, u n e  partie ou 
i'ensemble du c o n t u r  de la base. 

La Haye 
se~tembre 1988 



lier SAMWAT Bestand für Computemodelle auf dem Gebiet der 
Wasserwirtschaft. dessen Entwicklung in der zweiten Hälfte von 1987 in 
Angriff genomen wrde, wurde aufgestellt In der Absicht Modelle zu 
enthalten, die sich auf e lne  grosse Anzahl Themen beziehen. Rei der 
Aufstellung wurde elne Erweiterung der Zahl Moduln berücksichtigt. Der 
Bestand enthält jetzt Moduln f ü r  Crundwasser, Oberflächengewässer, 
Niederschlag-Abfusc-Beziehungen und Agrarprodukte. Der Bestand eignet 
sich um für alle Modelle aus allen Moduln sehr detaillierte Infomation 
zu enthalten. Die Moduln wurderi in enger Zusammenarbeit mit 
Sachverständigen a u s  den betreffende" Fachbereichen entwickelt. Die 
weitere Entwicklung und Erweitkriing des Bestandes mit anderen Moduln wird 
in Zukunft fortgesetzt. Viel Aufrnerksamkelt wird der Validierung und 
Aktualisierung des Bestandes gewidmet. 

Der Bestand enthält allgemeine Information bezüglich der Modelle, wie 
Verfugbarkeit, Dokunentation, Art Computer worauf das Model1 betrieben 
wird und Verweise auf Anwendungrn. Neben dieser allgemeinen Information 
wurden Einzelheiten über alle spezifischen Merkmale der Modelle 
aufgenommen. Die folgenden Hauptmerhale lassen sich unterccheiden: 
Flüssigkeits-, gelöste Stofte-, W ä m e  und Sedimenttransport, biologische 
Prozesae ,  Lösungsmethoden f ü r  Basisgleichungen, Statistik/Stochactik und 
Randbedingungen. 

Die Wahl des Progrmpaketes für  di Entwicklung des Bestandes und die 
Speicherung und Erschliessung der Information wurde sorgfältig &gewogen. 
Verschiedene Pragrmpakete wurden analysiert und verglichan. 
Hauptsächlich auf Grund des Wertes, der auf Aspekte wie Flcxibilitat, 
Zugänglichkelt. Verfügbarkeit und PC-AT Kompatibilität gelegt wurde, 
wurde für dBase I11 plus entschieden. 

Bureau SRMWAT k a m  detaillierte Antworten geben auf alle Fragen bezüglich 
der Modelle auf dem Gebiet der Wasserwirtschaft die in den Niederlanden 
verfügbar sind, insofern es sich um einen oder rnehrere der vier obigen 
Modelltypen handelt. Auscerdem kan" Bureau SAMWAT denjenigen, die daran 
interessiert sind. einen Teil des Bestandes oder den ganzerl Bestand 
verschaffen. 

Den Haag 
September 1988 



Het SAMWAT best.ard voor computer modellen is het waterbeheer, w a a r ~ a n  de 
ontwikkeling is gestart ~n de tweede heift van 1987, is opgezet cm 
modellen te bevatten, die betrekking henben op een groot aantal onder- 
werpen. Bij de opzet is rekening gehouden met uitbreiding van het, aantal 
modules. Het bestand bevat nu modules vor,r grondwater, oppervlaktewater, 
neerslag-afvoer relaties en landbouwopbrengsten modellen. Het is geschikt 
om voor alle modellen ult alle modules een hoge mate van der.al; aan 
~nformatie te bevatten. De modules zijn ontwikkeld in nauwe samenwerkmg 
met speclallsten uit de betreffende vakgebieden. De verdere onl-wikkeling 
en tultbreiding van het bestand met andere modules zal in de toekomst 
worden voortgezet. Veel aandacht zal worden besteed aan de val:da?~e en 
het up to date houden van het bestand. 

Het bestand bevat algemene informatie met. betrekking tot de modellen, 
zoals beschikbaarheid. documentatie. soort. computer waarop het model 1s  
geïmplementeerd en referenties van toepassingen. Naast deze algemene 
informatie zijn detalli; opgenomen over alle specifieke eigenschappen van 
de modellen. De volgende hoofdeigenschappen kunnen worden onderscheiden: 
vloeistof-, opgeloste stoffen-, warmte- en sedimenttransport, biuiogische 
processen, oplossingsmethoden voor de basisvergeli~kingen, stat;stiek/ 
stochastiek en randvoorwaarden. 

De keuze van het programmapakket voor dc ontwikkeling van het bestand en 
de opslag en ontsluiting van de in fomat le  1s z o r g n l d i g  afgewogen. 
Diverse progrmapakketten zijn geanalyseerd en vergeleken. Hoofdzakeli2k 
op grond var) het belang dat gehecht werd aan aspecten 31s flerlbiiiteit, 
toegankelijkheid, beschikbaarheld en PC-AT compatibllrteit. i s  de keuze 
gevallen op dBase I11 plus. 

Bureau  SAMWAT kan gedetailleerde antwoorden geven op alle vragen met 
betrekking tot modellen in het waterbeheer, die beschikbaar zijn in 
Nederland, voor zover het een af meer van de vier hierboven genoemde 
typen modellen betreft. Bovendien kan bureau S W R T  aan hen, die e r l n  
geïnteresseerd zijn, jaarlijks een deel of het totale bestand 
verstrernen. 

's Gravenhage 
september 1988 
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As was rnentioned in the Preface Bureau SAMWAT operates as tne executive 

office of the Cooperative Association in the field of Research for Water 

Management. The principal aim of this association is t0 arrive at some 

form af coordination ('soft coordination') by giving information on al1 

aspects of research within the field af interest. The main points of 

attention are: 

. research activities 

. hydmlogical data 

. literature 

. models 

Research activities 

In order ta serve al1 participants in the association with correct and 

cufficiently detailed information on the research activities taking place 

in the Netherlands, the development of a database was initinted in 1986. 

The database is designed to contain essential information of the research 

projects such as the project name, a description of the project, supple- 

mented if available with a series of keywords and information &out the 

location of the project. In addition, information is included &out the 

institutes and other arganizations participating in the project, as wel1 

as infomation about the research period, the expected cost and the name 

and telephone number of the research coordinator. Infannation about the 

status of the project is very important in view of the airns of SAMWAT. The 

status of a project may be: idea, propoced, definitively accepted. 

Especiaily projects with the status 'idea' or 'proposed' are important 

because they are in a phase in which project fomlationc c m  be easily 

changed if it appears that parts of the project are being carried out 

already or are part of a project of another organization. The information 

for the database originates from regional SIIMWAT groups. In every 

Province in the Netherlands SAMWAT related groups have been established 

where information about research activities in the field of water are 



exchanged be tween t h e  p a r t i c i p i r i t z .  Th<. p a r t i c i p a n t s  of  such  g r o ï p s  a r e  

r e s e a r c h  i n s t i t u t e s ,  governrncnta!  a n c  p r o v i n c i a l  wa te r  a u t h o r i r i e s ,  

Wa te rboa rds  and wa te rworks ;  t h e y  mee' '3 t o  4 t i m e s  a y e a r .  Wi th  t h i s  

ne twork  o f  r e g i o n a l  S M U T  rjroiipï r r i r  c e n t r a l  e r e c u t i v e  " f f  ice i s  a s i i i r e d  

o f  h a v i n g  up t o  r i a t e  in tormot . i rm.  38;rwiu SAMWAT ca" now g i v e  d e t a ; l e d  

answer s  t o  a l 1  s u r v e y s  conre rn i r ig  re: ;e; irch a c t i v i t i e s  i n  t h e  f i e l i  r i f  

w a t e r  management t a k i n g  p i a c i  I n  'r.* N c t h e r l a n d s .  

Hydrological d a t a  

Wlth r e s p e c t  t o  clie : ; c r : rmd  irern, t i y r i ro ioq i ca l  d a t a ,  +.+,e birenii  r:%- :;er.,e 

a s  1rlt.enneriiary for  r c s o a r r t i e r s  who riend h y d r a l o g l c a l  d a t a .  If rcriearcneri 

a r e  nor  eqii ipprri  io ,:,,nt~act nn- l l r i i .  r iafabases t hemse i . i e s ,  ! ie h r e a . ~  c m  

of fe r  r h e  s e r v i c e  r i f  s e a r c h i n g  f o r  r h w ~  because t h e  burea.: t a s  a ~ c e s s  r" 

v a r i o u s  on - ;me  natabasas. Of specia l  ,riterest are  'tie dat.iitases ak.A~:.n, 

g i v o  i r i formal~lor i  abiiiit t i y d r o l o g l c a l  d a t a .  t i e  s " - c a l l e d  s e a r r h - s y s - e n c .  

From t h e s e  d a t a b a s e s  i n t o r m a t i o n  c m  be iier:ved m vi i r i - ius  ; t emi  r o n c e r n l n q  

t ~ h e  meisurementi t r iernsei ' ies.  I n  t h e  case o f  i h e  TNO-Dr;Y I n ï tL ! ï t i i  rif A p p l i e d  

f;eosclence groiinciwiiter d a t a b a s e  f o r  exampie ,  ~ n f o r m a t l o n  ca-  De e x p e r t e d  

a u o u t  t i e  oxacr. ~ o c n t i a n  t h e  f i l t e r ,  t.he 1engt.h and d e p ' t  -f r h e  f l i t e r ,  

t h e  d u r a t i o n  of  t  tie u t i s e rv i i t i on  p e r i o d ,  t tie f r eque r i ry  af t h e  Feas i l r rmen ts  

e t c .  A n o t h e r  exampie  is t t i r  Ncltierliir.ils Geoiogy Su rvey  g e o i a g i c a l  d a t a b a s e ,  

i n  which i n f o r m a t i o n  can b e  e x p c r e n  r h u t  t h e  e x a c t  l o c a t i o n  of  bore 

h o l e s  a n d  a b o u t  which d a t a  was d e ï i ï e r i  f r om t h a t  b a r i n g .  I n  a few rnonths 

t i m e  t h e  b u r e a u  w i l 1  b e  r e s p ~ n s l b l e  f i i r  a s i m i l a r  d a t a b a s e  on s u r f a c e  

w a t e r  d a t a .  The d a t a b a s e  w111 contair. m.ta a b o u t  t h e  l o c a t i o n  of 

measu remen t s  on siirfnce water ,  what kind of p a r a m e t e r s  are m o n i t o r e d .  ?'e 

d u r a t i o n  of  obse rv i i t i o r i ,  t.he f r e q e r i r i  e t c .  The d a t a  i n  t k e  d a t a b a s e s  

men t ioned  above  c m  a i 1  b e  r e t ~ r i e . ~ e d  i n  v a r i o u s  ways g i v i c g  t:ce 

o p p o r t u n i t y  t o  f i n d  a i 1  h y d r a l o g l s a l  d a t a  i n  a p a r t i c u l a r  r e g l o n ,  n i o t l t  

w i t h  a number of c o n s t ~ r a i n t s .  

L i t e r a t u r e  

The b u r e a u  a l s o  has a f t i n c t i o n  r e l a t i n g  to l i t e r a t u r e .  I+. hi is a d q p t e d  a 

wei1 known l i b r a r y  s p e r i a l i z e d  i n  t h e  f i e l d  of  w a t e r  management a n d  l a n d  

deve lopmen t  as t t i e  SAMWAT L i b r a r y .  The SAMWAT l i b r a r y  o f f e r s  t.he o p p r -  

t .uni ty  t o  c a r r y  ou t  ! i tcrat i i rr :  seiirciies i n  i i b r a r y  d a t a b a s e s ,  nor m i , )  i n  

t h r  N e t h e r l a n d s  bii t  n i x  a b r o a d .  Thr  most i m p o r t a n t  a s p e c t  o t  SAMWAT 

l i t e r a t u r e  f u n c t l a n  however is tha t .  tne bureau  entourages a l 1  



participants in the association to send the library one copy of those 

reports and articles, that otherwise would often have limited 

accessibility. 

Many problems in the field of water management are s0 complex that 

computer models are required to solve them. There is a wide variety of 

models on the market, and it is often difficult to find the appropriate 

model to solve a particular problem. One of the reasons for this 

difficulty is that for a nwnber of complex problems, na suitable model 

exists. Secondly the potential user is not always mare of the existence 

of a model. 

To serve al1 participants in the ascociation with correct and sufficiently 

detailed information on the properties of rnodels, the development of a 

database for computer models in water management was initiated in 1987. 

The term "water management" here referc to the technica1 management of 

the quantity and guality of curface and groundwater, and the 

relationships between them. This report gives detailed information about 

the features of the database, the guestionnaire and the package of 

progrmes which has been developed as wel1 as the limitations of the 

infomation in the database dated May 1988. 

1.2 The SAüUAT database for computer models in water management 

A number of surveys have been carried out in the recent pact into the 

existence and use of computer rnodels in the Netherlands. Among these can 

be mentioned the surveys carried out for the following publications: 

a. "Milieu Effect Rapportage, rapport 21: E££ectvoorspelling, deel 

111 Oppervlaktewater". (MER, 1985). 

b. "Milieu Effect Rapportage, rapport 22: Effectvoorspelling, deel 

IV Bodem". (MER, 1987). 

c. "Inventarisatie grondwaterkwaliteitmodellen"; CHO-TNO. (Boumans.1982). 

d. "Inventarisatierapport A.O.W. Deel 111: Computermodellen"; 



Riitornatisering Waterbeheer elf proviricies (A.O.W., 1982). 

e. "~nventarisatlerapporr comput.ermodeilen op het gebied van het 

waterbeheer bij de provincies"; Automatisering5overleg Waterbeheer 

(A.O.W.; 1987). 

The results of these surveys are, however, rather outdated. The "MER scrveys" 

(a and b), the CRO-TNO survey (c) and the first AOW-survey (d) were carried 

out in 1982 and 1983, and have nat been updated since then. Ac far as 

results were filed in databases, it has becorne clear that the databases 

are not easily accessible and virtually impossible to brawse through. 

Furthemore the quality af the surveys, related to the aim of the survey 

itself, appeared to vary strongly between the various surveys. The MER 

survey for groundwater models (b), for example, was a highly structured 

survey, aiming at a high degree of detail, which was not the case for any 

of the other surveys. The AOW-survey of 1987 (e) is a recent survey, fiied 

in a database which ca" be browsed through more easily, but which does 

not go into details of the models. Itc information, furthermore, is 

restricted to the software used by provincial authorities. 

Another cource of infomation concerning groundwater models originates 

from the International Groundwater Modelling Centre (IGWMC). The European 

bureau held an survey in 1985 amongst the institutes and universities in 

the Netherlands. The data of the IGWMC database concerning the deveioprnents 

in the Netherlands needed updating and after contact with thlc bureau it 

was agreed to pass on the ~nformation of this new survey, as f a r  as the 

groundwater models were concerned. to the IGWMC to prevent the famous 

'survey tiredness' amongst the researchers. The knowledge and the 

experiences of the IGWMC has been rather important to the development of 

this SAMWAT database becauce of the annotation farm on groundwater models. 

This annotation form has been adopted in broad outline as far as the 

groundwater rnodels were concerned. The degree of detail of this f o m  has 

been the base for the other Adulec that were and are being developed. 

Specifications of the database and its infomtion 

The specifications of the SAMWAT database for computer models in water 

management are: 

. al1 models of some importance, available in the Netherlands are 

included; 

. the data give a detailed description of a model; 



. the database is easily accessible; 

. the database is easily exchangeable; 

. the database is extendable; 

. the database is easy to update. 

. the data are collected using a questionnaire in interviews; 

The computer models used in water management ca" be divided into the 

following categories: 

. groundwater; 

. surface water; 

. rainfall-runoff relations; 

. agricultural production; 

. data-processing; 

. decision support; 

. regional water supply. 

. meteorology; 

There will certainly be models or model packages consisting of elements 

from several categories. The SAMWAT database as it is operational by 

mid-1988 is restricted to models of the above-mentioned five categories. 

The questionnaire modules of the other categories will be completed in 

the near future. 

Design of the questionnaires 

Collection of data concerning more or less complex computer models can 

best be carried out ucing a questionnaire which is used in an interview. 

Interviews are the best way to obtain the most detailed and complete 

description of a model because of some major advantages. Rn important 

advantage is that the questions in the questionnaire are interpreted 

unmbiquously due t0 the fact that the SRMWAT ctaff is available for 

explanation if necescary. The issue of multi interpretable questions is a 

wel1 known difficulty in interviews and can partially be prevented by the 

method of questioning. But even with questions which "eed only a yes or 

no for an ancwer, discussions about the definition of a conception c m  

arise and can succecsfully be unraveled by the precence of an 

interviewer. Another advantage is that the interviews ca" be completed 

relatively quickly. The set of questionnaire modules was developed 



fr>llowing n pr~cer lure  where the knnwiedge af survefs recently carrled out 

was included in a flrst draft of the questionnaire on a particuiar sub3ect. 

as wel1 as o t k r  information E r o m  literature searchec and knowledge already 

acquired by SAMWAT. Iriformation aboiit westionnaires used in ather surveys, 

with relevant addresses and literatiire references was requested from various 

foreign colleagues wit.h relation t." 'he "Hydrologrcal Operationai 

Muitipurpose System" (HOMS), the World Meteorological Organisatior (WMO)  

and K.G. Renard (Haan, 1982; Chapter 3 ) .  In the drafting of the groundwater 

questionnaire the f o m  used by RIVM for MER groundwater survey was 

used which, in turn, was derived from the IGWMC annotation f o m .  The 

structure of the <>t.tier f o m c  was der ived  from the revlsed groundwater 

questionnaire. These t-emporary f o m s  wrre discussed wlth experts from 

different disclpiines and tested ngainst one or more exicting modeis, in 

cirder to improvr the f o m  and to arrive at its final version. This version 

of the questionnaire was the f o m  used f o r  the survey, and the design of 

the database was based on it. However, the questionnaire and database can 

stlli be adjusted ~f mistakes and omiasions are discovered in the f a m  

durlng the intcrvlcws or if new developments in research should make ~t 

appropriate. 

1 . 3 .  Structure of the  report 

In Chapter 2 the way in which the speclfic questionnaire modules were d r a w  

up is described for each category of modeis, together with the vnriaus 

criteria according ta whlch the ditferent categoriec were distinguished. 

The requirrmonts for the database mentioned I" Section 1 . 2 .  affect both 

ttie structure of the questionnaire and the choice of database management 

software. This wil1 be dealt with in n i x e  detail in Chapters 2 and 3 .  In 

Chapter 4, the appiication possibilities of the database are ill,.istrated 

with some examples. The experiences with the database co far, result I" 

conclusions and recomendatians in Chapter 5 .  In the references, I n  addition 

to a list of llterature used, a Section is included with the names of the 

experts who have coritributed by criticizing the drafts of the questionnaire 

modules. The questionnaire modules are included in the appendices. 



In this Chapter the development and stmcture of the questionnaire used 

in this survey is described. To begin with, it must be stated that the 

choice to use the interview technique for an surrey on models uced in 

water management is purely pragmatic. The interview technique offers 

advantages with respect t0 other techniques such as the unambiguous 

interpretation of questions and conceptions. It furthermore is time 

efficient for the person interviewed and it results in a high rate of 

response. A11 aspects contribute to the quality of the database. The 

interview technique offers these advantages if the foms used fulfil the 

following conditions: 

. al1 acpectc of modelc in water management should be covered; 

. al1 aspectc should be described in a fairly high degree of detail; 

. al1 questions must be mono-interpretahle; 

. the succession af the questions should insure a time efficient interview. 

In the final design of the questionnaire-modules the implications for the 

database design should be considered. This aspect wil1 he discussed in 

detail in Chapter 3. Suffice it to note here that the performance of the 

database management programme is strongly related to the number of data 

files, the number of index files, file size etc., apart from the features 

of the database management package itself. The above mentioned conditions 

with respect to both the questionnaire and the implications for the database 

resulted in a questionnaire which contains a high rate of logica1 questions 

that can be answered with a simple yes or no. 

2.2. Devel-nt of the questionnaire h l e s  

2.2.1. I n t ~ c t i o n  

The questions of the survey are grouped in such a way that the following 

modules ca" be dictinguished (Fig.2.1.): 



. Hlock I corifaining general information; 

. Block 11.1 contalning the questions concernirig groundwater; 

. Rlock 11.2 which is the surfnce water module; 

. Block 11.3 the ramfall-runoff relation module; 

. Block 11.4 the agricultural production module; 

This modular set up offers a great flexibility with respect to the 

addition of more modules in future. 

~ r i  which: I : General infarmation 
11.1 : Groundwater 
11.2 : Surface water 
11.3 : Rainfall-runoff relatlons 
11.4 : Agricultural production 

Flgure 2.1. The modular set up af the quectionnaire and of the data in 
the SAMWAT database for computer models in water management 

A11 aspects of a model or a package of modelc are covered in the questions 

of two or more modules. In the firct module concerning general ~nfomation, 

data are acquired such  as the model objective, the name of the scientists 

who built the model, the basic characterlstics, the hard- and coft-ware 

requirements, the availability of the model, the availability of model 

documentation ( ucers manual and progrmers guide ) ,  an lndication of 

the necessary level of assistance requlred for model use, whether the 

model has been verified and the number of applications with referentes. 

The second block consists of 4 sub-blocks, the modules for each model 

category. In these blocks the Eu11 description of a model or  part of a 

model is given in detail. Most of the questions can be ancwered by yes or 

no. The outline of the quections is equal in al1 the modules.. The followrng 

six main sectians c m  be distinguished: 

. the main characteristics of the model; 



. the basic equationc and numeric solution techniques; 

. statistic and stochastic aspects; 

. boundary conditions, input data and input facilitiec; 

. output data and output facilities; 

. applied error checking routines. 

The quectionnaire modules are enclosed in the report as appendices 1 to 5. 

In order to decide which model category to consider and thus which 

quectionnaire modules are to be used during an interview, the following 

criteria and definitions are used t0 give a first indication about the 

differencec between the categories: 

- Grounhiater model: A groundwater model describes processes of and in 

the water below the ground surface. 

- Surface water model: A surface model describes processes of and in the 

water on and above the ground surface in open and cloced cyctemc. 

- Rainfall-runoff model: A rainfall-runoff model describes - via a 

transformation relation - the relationship between rainfall and 
consequent runoff. 

- Agricultural production d e l :  An agricultural production model hac as 

its main objective aim the quantification of agricultural production 

as the result of the hydrological and meteorological circumctancec. 

It is to be noted here that in each module, aspects of other categories 

are imbedded as long as they are of minor importante in the model or the 

approach used is very simple. For example, curface water aspects such as 

water levels, are considered as a boundary element for groundwater flow. 

The categories are not absolute and unequivocally distinguishable from 

each other. If, during an interview, after completing a module, the model 

builder feelc that certain aspects have been underemphasised, another 

category ca" be used in addition. If, for example, in a rainfall-runoff 

model the groundwater flow and the curface water flow are described by 

means of the numerical solution of a differential equation, the groundwater 

as wel1 as the surface water modules respectively are used in the survey. 

In general the more complicated the way a particular aspect is modelled, 



the more likely the decision to use a specific module far that aspect 

In 1982 as part of the Milieu Effect Report (MER, 1987) a survey on 

groundwater models in the Netherlands was carried out by the National 

Inctitute of Public Health and Environmental Hygiene (RIVM) far the Ministry 

of Houcing, Physical Planning and Environment, and the Ministry of Agriculture 

and Fisheries. The questionnaire uced was based on the so-called "groundwater 

model annotation form" designed by the International Groundwater Modelling 

Centre, Indianapolis (IGWMC, 1979) which was adopted and extended far 

this purpose. The result was published as an appendix of the MER, 1987. 

In the new annotation form of the IGWMC al1 improvements suggested by the 

National Institute of hiblic Health and Environmental Hygiene were included. 

In the CHO-TNO survey of groundwater quality models, the old IGWMC form 

was uced. (Bouwmans, 1982) 

Foï the the SAMWAT groundwater questionnaire, the RIVM form was adopted 

in broad outline. Using thic form has several advantages: 

- a solid base for the drafting of a module which completely covers the 

problem area; 

- trancferability of results of above-mentioned surveys: 

- compatibility with internationally accepted model descriptions. 

For the interpretation of the questions, formulated in this £ o m ,  the 

RIVM investigators were consulted (van Ee, 21.9.87). The questions were 

regrouped to encure the interviews to be logica1 and time efficient. The 

questions ahout boundary conditions and input/starting conditions for 

example, were naw grouped next to each other, and general questions are 

transferred to block I. In the module, distinction is made between transport 

in aquifers and aquitards in a saturated and uncaturated zone. Another 

divicion was that between fluid-transport (quantitative), the transport 

of solutes, and heat transport. As was indicated in Section 2.2.1, the 

questions in this module are sub-divided into c i x  main subjects. 

The module has been improved by the study and assimilation of subject 

literature (Belmans, 1985; Bouwmans, 1982; CHO-TNO, 1978; CHO-TNO, 1980; 



Engeien and Jonec, 1986; HOMS, 1981; Lauenroth, Skogeroe and Flug, 1983; 

MER. 1987; van der Molen, 1977; van der Molen, 1980; Skaggc, 1982; Smith 

and Rycroft. 1986; Vasiliev. 1987) and by discussions with speciaiists 

(Booy, 3.9.87; Rijtema, 2.10.87). The module is now more complete, 

especially in the field of water quality and the 3-D models. 

The results of the MER and CHO surveys have been input t0 test the new 

set  of qestions. Only those models were chocen which are regularly used. 

The results of the ahove-mentioned surveys together with those of the 

LOW-survey helped in the selection of inctitutes where the surveys would 

be carried out. 

The groundwate> module is included as appendix 2. 

2.2.3 Surface water 

The new groundwater module as treated in Sectio" 2.2.2. has been the basis 

far the drafting of the surface water module. Many questions - such as 

numeric methods, quality aspects, in and output and statistic aspects - 

are mare or less identical. Supplementary quectians have been iricluded, 

relating to the geometry of watercourses and reservoirs. the layout of 

network systems, sediment transport, biologica1 processes and pressure 

waves. Lfter adoption of results of a literature study (Allersma, 1973: 

Berkhoff. 1973; Booy, 1983; Griffioen, 1987: Lauenroth, Skogerboe and 

Flug, 1983; MER, 1985; Prins, 1978; Skaggs, 1982; Strelkoff, 1984; 

Vreugdenhil, 1973; Vreugdenhil, 1985; Waterloopkundig Laboratorium, 1986) 

on surface water (models), a first temporary module was drafted. This 

first set of questions hac been discucsed with experts ( de Boer, 25.9.'87; 

Booy, 3.9.'87; van Mazijk, 25.9.'87; van Rijn, 16.10.'87; Veldkamp, 6.10.'87; 

Visser, 25.9.87 ) -and improved on soma subjects. The module in its final 

accepted form was tested on the basis of descriptions of a l-dimensional 

network model FLOWS (Booy, 1983) and a surface irrigation model BRDRFLW 

(Strelkoff, 1984). 

I" this module, in t h ~  same way as in the groundwater module, distinction 

is made between fluid transport (wantitative), transport of solutes and 

heat completed with stctions for sediment transport, biologica1 processes/- 

oxygen control and multi-layer transport. This subdivision is reflected 



I in al1 the question blocks 

l The surface water module is included as appendix 3 

1 2.2.4 Rainfall-mof£ relations 

The first draft of the rainfall-runoff relations module was based on the 

surface water module. Based on a literature study (Anonymus, 1981; Bren, i987; 

Diskin, Wyseure and Feyen, 1984; Haan, 1982; HOMS, 1981; ILRI, 1979; Karlsson 

and Yakavitz, 1987; van der Kloet, 1981; Pearce, Steward and Klash, 1986; 

Rainfall-runoff modelling 1981; Seyhan, 1976; Seyhan. 1977; Sklash, Stewart 

and Pearce, 1986; van de Ven, 1981; van de Ven, 1987, van der Wai, 1981) 

some questians were omitted, other questions added. Questmns for example 

on mathematical solution methods, heat transport and the details of the 

fiuid transport have been omitted. Qiiestions, for example on rne geometry 

of the model, the nature of the c a t c h e n t  area and specific rarnfaii-runoff 

processes were mcluded. These aiterations were carried out in accardance 

with the criteria which vere set out to distinguish between the model 

categories (Section 2.2.1). The module was discussed with experts 

(Kraayenhoff-van der Leur, 15.10.87; van der Ven, 16.10.87; Vermeuien, 

9.10.87; Wamerdam, 2.10.87) and irnproved using their suggestionc. The 

rainfall-runoff relation module was tested on the models Nlva (van Lultelaar, 

17.12.87) and Twee Pompen (van Acker, 17.i2.87). 

1 The rainfall-runoff reiations module is included as appendix 4 

The new groundwater module was als0 usrd in the dratting of the agricultural 

production module. Based on the definition of an agricultural production 

model fomlated in Section 2.2.1, it was decided not to include questions 

with which the transport processes in the ground profile are described in 

detail. This means that a large nwnber of questions ca" be omitted from 

the groundwater module, such as those concerning nwneric solution methods 

and boundary conditions for the transport processes of water, s o l u t e s  and 

heat. Questions have been included such as those relating to water and 

nutrient absorption by the plant and relations between crop production 



and the hydrological circumstances. In the agricultural production module 

the processes are sub-divided into 3 categories: 

- processes in the plant; 

- processes in the ground profile; 

- processes on and above the land surface, including those in open 

water channels. 

A temporary module was draw" up on the basis of a literature study 

(Basstamie. Belmans, d'iiertefelt and Vandendriessche, 1983; Belmans, 

Wesseling. Feddes, 1983; Belmans, 1985; Farschi, Feyen, Belmans, 

de Wijngaert. 1987; Feddes, 1986; Feddes et al, 1978; de Graaf, 

Feddes, 1984; van Keulen and Wolf, 1986; Skaggs, Hardjoamidjojo, Wiser, 

Hilar, 1982; Skaggs, 1982; Volp, 1988; van Wijk and Feddes, 1986; 

de Willigen and Noordwijk, 1987; Wolf, van Keulen, van Diepen, 1985). 

Following consultation with experts (Kabat, 30.10.87; van Keulen, 

5.11.87) the module was approved. This final module was tested in a 

interview on the models Springwheat (van Keulen, 19.1.88) and Wofost 

(Wolf, 19.1.87). 

The agricultural production module is included as appendix 5. 



MReTw 3 .  THE DATABRSE 

It has already been mentioned in Chapter 2 that the recults of the survey 

m c t  be stored in a database. In this chapter the development of this 

database and the software package used wil1 be described. In Section 3.2. 

the choice of the basic database progrme package is discussed, the structure 

of the database is treated in Section 3.3. and the programme package itself 

is deccribed in Section 3.4. 

3.2. Choice of software 

In order to decide on the most suitable standard progrme package t0 proces6 

the results of the survey, a number of requirernentc can he established 

directed at a software suitable package for the storing and retrieving of 

the database. These requirements arise as a logica1 consequente of the 

objective of this project, as fomulated in Section 1.2. It should be 

noted however that not al1 demandc are ecpally important. The most important 

onec are: 

- Exchangeability: it should be possible to make the database accescible 

to SAMWAT cllents, so that they ca" search the database by thernselves. 

It should he possible to exchange progranunes and data at low cost and 

as a £ree domain progrme. 

- Space: the data chould be filed so that the information can be easily 

stored in a perconal computer with a fixed disk drive. 

- Updating of the database chould be sunple. 

- Searches in the databace chould be easy to carry out. 

- Expancion of the database should be cimple. 

- The progrme should include good reporting facilities. 

In addition to the above-mentioned requirements, a number of other requirements 

of less importance can be mentioned, tbat may be included as determining 



factors in thr cnoice of software: 

- The speed with which a search in the database ca" be conducted must be 

as high as possible. 

-   he structure of the database must te as simple as possible. 

-  he supplementary sofware necessary f o r  thls applicatlun must be q u l c k  

and simple to develop. 

3 . 2 . 2 .  ~ossible software 

There is a number of different kinds of programmes for storing and retrieving 

data. Three important groups are: 

- relational databases; 

- "data-retrieval" progrmes; 

- semantic databases. 

The qualities and features of these Lhree kinds of p r o g r m e s  wlll be 

diccussed in the following sections. 

Relational databases 

In a relational database, the information is grouped according to a beforehand 

set pattern. This structure is illustrated in figure 3.1. In this type of 

database, the characteristics of a (large) number af "cubjects" are stored. 

For erample, in a database of model descriptions, each model description 

is a subject. Evcry charncteristic ot a subject is stored ln a "field". 

Fig. 3.1. Structure of a relational database. 



The fields are grouped in a "record" or card. The records are grouped in 

files or card indexes. In this way in the example each model is described 

on a card and the cardc with descriptions of different models collected 

in a card index. There may be several files (card indexes). 

A very wel1 known and broadly uced relational database package is the 

family of dBase 11, 111, and 111 plus of Ashton Tate. Features of this 

dBase I11 are that: 

- the number of fields per record is limited (128); 

- the number of fields is the same Eor each record; 

- similar fields in al1 the recordc have the came status; 

- the number of records per file is unlimited in practice ( o m  

thoucand million); 

- the maximum number of files which can be opened simultaneously is ten 

The term "field status" relates to the sort of information that can be 

stored in a field. The following distinctions ca" be made: numeric fields 

(figures); alfanumeric fields (text); logical fields (tnie or false); 

date fields and memo fields (large blocks of text). Different files (card 

indexec) ca" be coupled if nececsary: in this way the number of characterictics 

that can be fixed per subject increases. The maximum number of simultaneously 

coupled files is restricted to ten. 

In order to begin a cearch in a relational database the field code (the 

field name) must be uced. In al1 records, the contentc of a ctated field 

are then compared to a fixed criterion (eg. a piece of text, a number, a 

yes or no ancwer). An example of a cearch of thic kind is: look for al1 

models (or recordc) in which the logical field "cteady flow" is 'true'. 

In "data-retrieval" progrmes large blocks of text about each subject 

(see above) are included in their entirety. A "subject" again may be the 

description of a model. Large blocks of text are included in "data - 

retrieval" programmes. The fields are grouped in a record (card) and the 

records are grouped in a file (card index). In these progrmes, as in 

the preceding type, the number of fields per record is restricted and a 

large number of records can be placed in one file. The fields have no 

pre-defined set length. In "data-retrieval" progrmes every word (and 

even every character) in a large block of text in a field, can be searched 



for. This is different Erom relational programmes. The criterion ectablished 

during a search is compared with every word or series of characters in a 

field. In the same example as used above, the model (record) with the 

text block "Simulation of groundwater levels" in the field "Aim" is found 

with searches on both "simulation" and "groundwater levels". This model 

is found even with a search an "grou". 

The SAMWAT database on research activities has been build upon such a 

package i.c. in the Micro Polydoc "data-retrieval" progrme. 

Semantic databases 

Semantic databases (eg. XPLAIN DBMS) are to some extend simllar to relational 

databases. A semantic database is set up ~n the same way as a relatianal 

database. Every characteristic of a subject is stored in a field and fields 

are grouped in records. Similar fields have the same ctatiis in al; records. 

In i semantlc database records can oe tilird part.1~ wlth general characte- 

ristics (wh~sti, lor example, are identicai for al1 modeis) and partl.) 

with characteristics vhich are only 'riir fo r  n specific model ,:at.eglry. 

Thr Latter part of a record does not tiave to be the Same lor different 

records. This has many advantages. Thr storage of the data is more simple 

and lecc space is required than in relational databases £ar example. It 

furthermore results in a more efficient processing of the data. 

The main advantage of cemantic database progrmes is conctituted by the 

relations that can be defined between the various fields af the various 

files. The programme is capable to guard the consistency of the data entered. 

Semantic databases are built up, as is often the case with relational 

databases, of several smal1 databases or files. I£ relatianal databases 

are concerned. links are laid between databases. In the case of semantic 

databases, nat only the relationships but a l m  the connection between 

them is defined. This connection is carefully maintained while ucing the 

database. Example: it c m  easily be ectablished in the database that the 

model characteristic "modelling of supercritical flaw" c m  only accur if 

the information is introduced that the model describes the movement of 

surface water in a system of watercourses. It is impossible to add the 

characteristic "supercritical flow" i f  the characteristic "surface water" 

is not entered. Vice versa it is impossible to remove the characteristic 



"surface water" if the characteristic "supercritical flow" is included in 

the database. 

3.2.3. Qiaice of progr- package 

Rased on SAMWATts experience with both a relational (dBaie-111) database 

and a "data-retrieval'' database (Micro-Polydoc), it can be concluded that 

both types fulfil the strictest requirementc in the programme. In order 

to compare the variouc progrme packages, the the TNO Institute for Applied 

Informatics (TNO-ITI) was consulted. TNO-ITI is a TNO department specialized 

in computer progrming and applications. In collaboration with this department, 

several different packages were examined. On the basis of this consultation 

a score table (Table 3.1) was drawn up for the three most important packages. 

In the table the possibilities for the different packages are shown and 

compared. If a ranking can he given the score 't' rneans a slight preference 

over 'o' and a strong preference over j - ' .  The score 'o' mans a slight 

preference over ' - l  and is valued lower than the score ' + ' .  The score ' - '  

rneans that the package under consideration scores lower than the 

Table 3.1. Relative score on requirernents for four database packages. 

+ slight preference over o 
o slight preference over - 
v no ranking can be given 

Space required 
Updating features 
Simpliclty of searching 
Report facilitiec 
Speed of searchiny 
Stmcture of the database 
Simplicity of input 
Simplicity of programming 
additional of software 

Extra investment in guilders 
Costs in hourc for additional 
progrming work (internal) 
Costs additional progrming 
work in guilders (external) 

relational ata ret semant 

XPLAIN 



other packages. Tho  a c ~ r e  ' . J '  rreans that rio ranking couid be gl'ier. I R  

addit.ion an es tmare  is made for 'he effor:  and c o c t c  invaived ;n the 

development of tne database and the s~pplernen~ary programrres tor eacn  of 

rhe four packöqcs in rwrstion. It is tri be noted that for XPLAIN tie PC 

version still t , a i  nn experimental char:icter. 

The choice ficaiiy fel1 on dBase-111. The aspects relating to errhanqe 

ability, reporti:irj facillties and cost *iere important reasons f o r  tnis 

decision. 

3.3. Constmction of t h e  database 

Ttie final st.ruct,~re of Ihe database was largely dependent on the cholce 

o t  t h e  soft.ware package. The way in which ths structure of tb.e database 

is formed is closeiy Ilnked to the type of infannation to be stared. :t 

has already been mentioned in Chapter ? rhat the questiannaire : s  di.,ided 

into two parts: a biock I and a block I;. This is aiso the case in t"e 

database. Block 1 conslsts of a lirnited number of quectionc (appraxmateiy 

175), requiring a more extensive answer thin a sirnple yes or na. Biock I 

is stored in n ?rad~tional way, as descrlbed in sectio" 3.2.2: rolationai 

~Intnbilse, where each record rontains the characteristlcs of a mode:. &s 

the niimber of c p e s t i n n s  is larrjer than the maitimwn number af fieldc per 

record (128). two files are necessary. Biock I1 on the otner hand, 

cnnsists of so rany iharacteristics (approxlmately 4000). that Ene 

Fig.3.2. The organization of the SRMWAT database for computer models 
in water management 



traditional construction of the database is not practicable in dBase 111. 

The number of fields per record is limited to 128 and a maximum of ten 

files ca" be opened cimultaneoucly. Although it is poccible, it is not 

advisable to work with more than ten files, especially if characteristicc 

of models, important for searches are distributed at random over al1 

these files. The solution for this problem was to "tilt" the databace: 

each record now contains answers to a particular question for the various 

modelc. The fields in thic record refer to model namec. A model is now 

described by the collection of those records where that cpecific field 

contains a 'true'. In Figure 3.2. the principle of both these forms of 

construction is illuctrated. 

Such a construction of block I1 is only poscible if the status of al1 the 

fields is equal. Block I1 consists almost exclusively of yec/no quections, 

ca that this condition is satisfied. The few non-yes/no questionc in block 

I1 are stored in separate files which have the Same traditional ctructure 

as the block I files. This does not cause problems because these questionc 

include cupplementary infomation which does not require that it is open 

for searchec. By "tilting" the database, a number of standard dBase-I11 

processes for input, output and searches are no longer ucable, but the 

package offers sufficient possibilities to carry out these proceccec via 

self-made supplementary progrmes. These wil1 be described in the following 

sectio". 

3.4. Stmcture of the supplementary prograomes 

Because of the organization of the SAMWAT database, the 'tilted' block 

for instance, the usual dBase comands are nat very convenient to apply 

for searches and reports, especially if users are not familiar with the 

package. Supplementary progrmes were developed for storing and retrieving 

data, for printout of recultc of searches and for maintenance of the database. 

An important feature of thic set of progrmes is that it makes the package 

userfriendly and menu driven. Supplementary progrmes were written for: 

. adding data of new modelc; 

. updating of data; 

. searches in the databace; 

. printing of results of searches. 



rhe layout and the interrelation of the main rnenus is given in Fig. 3.3. 

aintenanct 

hard copy 

-I edit/append model data in block I 
edit model data in block I1 I 

characteristics block I 
edit\append characteristics block I1 1 

explore data of block I 
explore data of black I1 
screen display data of black I 

cumary of data of block I 
review of al1 data af block I 
review of data of block I1 for m e  model 
table block I1 data f o r  number of models 
review of models, sorted by institute 
review of madels, sorted by type i 

Fig. 3.3. The layout and the interrelation of the main menu 

The input programme 1s  based on the following requirements: 

- entering the data, the questionnaire can be followed in broad outline: 

- only the characteristics of the model at hand have to be entered. 

On the basis of the above requirements an input programme was developed. 

The resultc of the survey are entered per model. A number of screens are 

used for entering the data of block I, which display the questions of 

block I. Following the quection, the corresponding ancwer can he entered. 

The input data is stored inmiediately in the database, but c m  be changed 

at once. For the input of the results of block 11, only the question 

numbers, given in the firct column of the questionnaire answered by "yes" 



"eed he entered. After compieting the list of question numbers, a 

overview of these nwnbers is given, supplemented hy the corresponding 

questionc. The questlons from block I1 that cannot be answered by yes or 

no should be input in the same way as the questionc in block I. 

3.4.2. Updating programnes 

Updating of the database is an essential task attached to running a 

database because of the main objectives af such a database: the 

production of actual reviews on existing and available computer models. 

To fulfil this objective the following two actions are part af the taskc 

of the executive bureau. 

O m e  a year al1 institutes and organizationc whose computer mode:s are 

included in the database are addressed with the request to verify the 

infomation within the database with special attention to new 

developments and new models. This request will be escorted by a full 

review of the data concerning that particular institute. Another request 

will he placed in the SRMWAT newsletter, the SRMWATkrant, and journals on 

related subjects, in order to reach researchers whose modelc have not yet 

been included in the database but are of value to others. In this way it 

is hoped that the researchers be ctimulated to contact the executive 

bureau for interviews. 

Because of this systematic updating procedure it is important that 

possibilities for extensive and reliable updating are available. For this 

purpose a programme was developed. £ar a quick and simple review of the 

data of a particular model; with this progrme data c m  be altered at 

the Same time. The data in block I c m  be changed as it is entered, the 

differente being that the original data is displayed on the screen. 

For block I1 there is the possibiiity of adding characteristics of a 

model in the same way as they are entered. Removal of characteristics of 

a model from the database can take place by entering the question nwnbers 

of the recpective characteristics. Thic progrme displays the meaning of 

the question before removal of the characteristic. The overview af the 

characteristics of the model can be obtained by using the print facilities. 



3 .4 .3 .  Seamh programs  

In the database a large number of model characteristics are included. in 

order to make such a large amount of data accessible for ucers, a number 

of senrch facilities has been developed. By means of these search 

facilities, u s e r s  c m  search for models with particular characterlstics. 

I n  proctice, searcnes wil1 nut b- made on al1 the characterict.ics of a 

model. T h e  database is s0 constriicted that the characteristlcs wich wlii 

bo searched for are included ~n block li. Searching for data ir, blnck I 

is also possibie, hut no special software has been developed. T h e  

standard dBase-Iii comands offers sufficient possibilities. For 

seorching in block T:, there are the following possiblllties. 

i< search ca" be carried out by entering the quectlon numbers, as uced in 

'he questmnnaire, corresponding t" the characteristics of the model 

searched for. A special feature of thr search p r o g r m e  is that mare 

characteristics c a n  bc given than ere necessary, ~n addition to wt.ich the 

minimum number of characteristics a piirticular model should satisfy can 

he given, thus offering the posslbility to get an mpression of the 

n~odels in a particular field of interest.. Usually this number w111 be the 

same as the riiiher of question n u h e r c  ~f t 'it problem at hand is well 

de firied. 

In addition to searching for model5 having a number of given 

choracteristics, it is possible to search for models which, apart from 

certain characteristics which they must have, certainly do not some other 

characteristics. Finally there is the posslbility ta search for modelc, 

which must possesc certain characteristics, in addition a f e v  

supplementary characteristics can be searched for which are not a hard 

constraint. The result of a search 1s a list of names of models and a 

t&le showing al1 the model characteristics. 

3 .4 .4 .  Print progr-s 

For the production ot tables or reports of the search results, an number 

of print progrmes was developed. These progrmes concern data included 

in block I as well as the data of block II. The following possibilities 

have been developed: 



- o u t p u t  of a l l  c h a r a c t e r i s t i c s  of a model,  s e l e c t e d  by t h e  u s e r .  

- o u t p u t  of a table  of  a l 1  models,  which were t h e  r e c u l t  of  a s e a r c h  i n  

t h e  d a t a b a s e  showing a l 1  t h e i r  c h a r a c t e r i s t i c s .  

- o u t p u t  of  a l 1  models of  t h e  d a t a b a s e  s o r t e d  by i n c t i t u t e ,  w i t h  t h e  name 

of  t h e  mode l l e r .  

- o u t p u t  of  a l 1  model8 of  t h e  d a t a b a s e  s o r t e d  by t h e  k ind  of model, 

groundwater ,  s u r f a c e  wa te r  e t c . ,  w i t h  in fo rmat ion  about  t h e  a v a i l a b i l i t y ,  

t h e  e x i s t e n c e  of a PC v e r c i o n  and t h e  n e c e s s a r y  a s s i s t a n c e  f o r  use. 

- o u t p u t  o f  g e n e r a l  i n f o m a t i o n  o f  models ,  s e l e c t e d  wi th  t h e  h e l p  of t h e  

s e a r c h  programme or s e l e c t e d  by t h e  u s e r .  

- o u t p u t  of a b s t r a c t  a f  t h e  g e n e r a l  in fo rmat ion  of models,  s e l e c t e d  wi th  

t h e  h e l p  of  t h e  s e a r c h  p r o g r m e  o r  s e l e c t e d  by t h e  u s e r .  

1 The o u t p u t  can be d i r e c t e d  t o  d i s k ,  screen and p r i n t e r .  



CHAETER 4 .  APPLICATIONS 

The objective of the survey i s  to obtain a compiete nvervlew of the modelc, 

that are used in the field of water management and that are available 

in the Netherlands. A selection of models from this database may be 

utiiized in various ways: 

- to select the best model that c m  be applied without modifications for 

a research at hand; 

- to select the most suitable model for a certain research, which can be 

extended / modified without much effort; 
- t.o obtain certainty that a really suitable model has not yet been 

developed. 

Tne information gathered in this framework is very detailed. A model 

description based on the data in the database gives a good impression of 

the characteristics of that particular model. In addition a overview of 

characteristics of a number of models in one table facilitates comparison. 

Depending on the criteria of the selection al1 kinds of overviews ca" be 

generated. Progrmes for the generation of six types of overviews that 

were considered cufficient for comnon uce,  have been pre-proqrmed and 

are part of the progrme package as described in Chapter 3. The ctructure 

of the database is rather simple. Anyone who is familiar with àüase 111 

is able to make additional applications for his own use. 

In the following tables three of these overviews are given to illuctrate 

the contents of the database and the overviews that ca" be generated. 

Table 4.1. gives the contents of the SAMWAT database for computer models 

in water management, listed by institute. Table 4.2. gives the contents 

of the SAMWAT database listed by type of model. The third table is an 

example of the hard copy output especially suitable to compare the various 

models found in a search. This Table 4.3. gives a overview of model 

characteristics of five groundwater models, in which fluid and solute 

transport have been modelled in the unsaturated zone. The three tables 

contain infomation which is dated June 1988. 



Table 4 . 1 .  Contcnts a t  the SAMWAT database for computermodels in watermanagement, 
listed by 1nstitut.e. with names of contactc and dates of the 
interviews. dated June 1988.  

Adviesbureau B a n g a e r t s ,  Kuyper en Huiswaard 
Postbus 93224 
2509 RE 'c-Gravenhage 

BAKMOD J. Zuidervliet 0 8 - 0 4 - 8 8  
BKHRIOOL J. Zuidervliet / J. koos 08-04-88  
WARIBO J .  Zu~dervllet 08-34-88  

Adviesbureau voor Water en i4illeu "IWACO' B.V. 
Kantoor Rotterdam 
P o s t b u s  1 8 3  
3000 AC Rotterdam 

DISWACO G. Vogelezang 
SALINA C. de Graaf 
STIWACO c. de Graaf 
TRIWACO C. de Graaf 
TRIWACO-TRRCE C. de Graaf 

C e n t r u m  v o o r  Agrobiologisch Onderzoek ICABO) 
Postbus 14 
6700 AA Wagenmgen 

SPRINGWEAT 
WOFOST 

DHV Raadgevend Ingenleursbureau B.V 
Postbus 8 5  
3800 AB Amersfoort 

GELQAM B de Boer 
GROVERON C. Vree 
RILlASI H.J.S. van Wlrlngen 
RICHTLIJNEN B. de Boer 

Dienst Grondwaterverkenning TNO 
Postblui 2 8 5  
2600 AG Delft 

CISKA F.C. van Geer 
DARTEX 3D W. 7,111 
FLOSA-FD W. 7,131 
PLASM 3D W.I.M. Eldershorst 

Euro~onsult B.V. 
Postbus 4 4 1  
6800 AK Arnhem 

GM-2 W.K. Boehmer / J. Nonner 21-03-88 
PUMPIBOEHMER W.K. Boehmer 21-03-88 
SALNONSTAT 05-02-88  
SALSTAT 05-02-88  



Table 4.1. Contents of the SAMWAT database for computermodels in watermanagement, 
listed by institute, with names of contacts and dates af the 
interviews, dated June 1988. (continued) 

Fugro Geotechniek B.V 
Postbus 63 
2260 AB Leidschendam 

FL02 s. Kay 
FLOW2-FUGRO 
GROW1-FUGRO 

Grondmechanica Delft 
Postbus 69 
2600 RB Delft 

EDICO 
LIGHTS 
MSEEP F.P.H. Engering 
PLUTO (Spons) J.A.M. Teunnissen 
SEEP F.P.H. Engering 
VERA G.A.M. van Meurs 

Grontmij N.V., Advies- en Ingenieursbureau 
Huize Houdringe 
Postbiis 203 
3730 RE De Bilt 

DENSIT S.J.A. Copray 11-03-88 
DOMMEL C. de Graaff 17-i2-87 
EXTPAN H. van Luijtelaar 17-12-87 
NIPEST J. van Acker 17-12-87 
NIVO H. van Luijtelaar 17-12-87 
OTHENE J. van Acker 17-12-87 
PARTRAC C.A.M. Besselink 11-03-88 
T 5310 J. van Acker 17-12-87 
TWEE POMPEN M. R. Lageveen / J. van Acker 17-12-87 

Haskoning B.V. Koninklijk Ingenieurs- en Rrchitectenbureau 
Postbus 151 
6500 AD Nijmegen 

CODOS C.D. Leenen 
DYNAMO 2 C.D. Leenen 
DYNAMO 3 C . Q .  Leenen 
HASMOR Opdam 
HD-sus RUBICON A. Prins / J.D. Schepens 
RESRO A.H. de Vries / E. v.d. Woude 
RIOSYS A.H. de Vries / E. v.d. Woude 

Heidemij Adviesbureau B.V. 
Postbus 264 
6800 AG Arnhem 

HYDRA J. Bouwknecht 
POEEM-3D R.J. Andringa 
POEEM-V R . J .  Andrinqa 
RSC H.G.M. Mooij 
STR H.G.M. Mooij 
SWIP-HEIDEMIJ G.J. Groeneveld / A. Willemsen 
THETA H.G.M. Mooij 
WSC H.G.M. Mooij 



Table 4.1. Conterits af the SAMWRT database Eor computermodeis in watermanagement, 
listed by ~nstitute, with names of contacts and dates of the 
interviews, dated J u n e  1988. (contrnued) 

Instituut Onderzoek 
Bestrijdingsmiddelen 
Postbus 650 
6700 AR Wageningen 

PESTLEACH J.J.ï.1. Booster 
TKABESKAS M. kistra 

Instituut voor Rodernvruchtbaarheid 
Postbus 30003 
9750 RA Hareri 

CD. TRANS W .  Chardon 31-03-88 
GREENWOOD J.J. Nelison 31-03-88 
ZANDT P.A. Zandt / P. de Willigen 31-03-88 

Instituut voor Cultuurtechniek en Waterhuishouding (ICW) 
Postbus 35 
6700 AA Wageningen 

ANIMO 
CAPSEV 
CRIWAF? 
CROPR 
ECONUM/WATBAL 
FEMSAT 
FEMSATS 
FLOCR 
FLOWEL 
REDRAM 
REUSE 
SIMCROP 
SIMGRO 
SIMPRO 
SIMWAT 
STAT 
SWRCR 
SWACROP 
SWATRE 
SWW 
TDSATU 
TRADE 
UNSAT2 ( I C W )  
WATDIS 

P.E. Rijtema 
J.G. Wesseling 
M.G. Bos / I L R I  P. Kabat / ICW 
R.R. Feddes e t  a:. 
R. Kenmiers 
E.P. Querner 
E.P. Querner 
J.J.B. Bronswijk 
A.L.M. van Wijk 
C.W.J. Roest 
D. Buels 
E.P. Querner 
E.P. Querner 
E.P. Querner 
E.P. Querner 
J. Zuidendijk 
J.J.B. Bronswijk 
S.G. Wesseling et al. 
R.A. Feddes et al. 
J. van Bakel / Beehan 
J. Buitendijk 
C.W.S. Roest 
R.A. Feddes / J.G. Wesseling 
M.F.R. Smit 

Internationaal Instituut voor 
Waterbouwkunde en Milieubeheer IHE 
Postbus 3015 
2601 DA Delft 

GRW2M W. Spaans 
HO-SYS RUBICON. A. Verwey 
MUST P.J.M. de Laat 



Table 4.1. Cantents of the SAMWAT database f o r  computemodels in watermanagement, 
listed by institute, with names of contacts and dates af the 
interviews, dated June 1988. (continued) 

International Institute f o r  
Land Reclamatian and Improvement (ILRI) 
Postbus 45 
6700 AA Wageningen 

B A S W  J. Boonstra / M. Jurriëns 29-03-88 
JACOB/HANTUSH J. Boonstra 29-03-88 
SGMP .l J. Boonstia 29-03-88 
SGMP . Z  J. Boonstra 29-03-88 

Keuringsinstituut voor Waterleidingartikelen KIWA N.V 
Hoofdafdelino Speurwerk KIWA NV - .  
Postbus 1072 
3430 BB Nieuwegein 

BUBBLE 
TOFEMZ 
TOFEM3 W. Boersma 
TOFEMb W. Boersma 
TOFEM7 W. Boersma 

Landbouwuniversiteit Wageningen 
Vakgroep Theoretische Teeltkunde 
Bornsesteeg 65 
6708 PD Wageningen 

MICROWEATHER J. Goudriaan 28-04-88 
STOFOS S.E.A.T.M. van der Zee 02-05-88 
SUCROS J. Goudriaan / C.J.T. Spitters 28-04-88 

Landinrichtingsdienst 
Utrecht ( L D )  
Postbus 20021 
3502 LA Utrecht 

BUIBAK G.J.E. Hartman 
DIWA A.J. Gelok 

Rijksdienst voor de IJsselrneemolders (RIJP) 
Postbus 600 
8200 AF Lelystad 

BECAOP K. Rijnierse 
KNOTA Hebbink 

Rijksinstituut voor 
Volksqezondheid en Milieuh.miene (RIVM) . . 
Postbus 1 
3720 BA Bilthoven 

ALDENBERG-FRAME T.A. Aldenberg 
BIODEG J.C.H. van Eijkeren 
CONTOUR E.J.M. Veling 
EXAMS T. de Nijs / J.M. Knoop 
FCONC1\2 K. Kovar 
FEMFLO A. Leynse 
FLOP-LIESTE R. Lieste 



T a b l e  4.1. C0nten t . s  IE t h e  SNIWAT database f o r  c o r n p u r e r m a d e l s  = n  w a t e r m a n a g e m e n t ,  
l i s t e d  b y  i n s t i t i i t e ,  w i t t i  riames of c o n t a c t s  a n d  d a t e s  of t n e  
interviews, d a t e d  June 1988. I c r m L i n u e d )  

FI .OPZ1 R .  L i e s t e  09-12-87 
ï L I i P Z N  E..T.M. V e l i n g  09-12-87 
?LORAN G . J . M .  t i f f i n k  0%-G3-88 
FLSTAT H.  L i e s t e  13-01-83 
HYDROPRR A .  L e ~ n s e  30-12-82 
INTERA A .  L e y n s e  
KONIKOW-BPEDEH K .  K o v a r  
LEAKINV E . J . M .  V e l m a  09-12-87 

ONZAT G .  v a n  D ï e c h t  13-Oi-88 
S L  s i n g l e  l a y c r  E . J . M .  V e l i n g  / v . d .  E e r ,  09-12-t: l 
SOTKAS ,T .C.H.  van  E y k e r e n  08-03-88 
STATRECT K.  Kovar 30-12-82 
TREiNS E . J . M .  V r l i n g  09-12-87 
TRANSRECT K.  Kovar 30-12-%2 
T R I N S  A .  L e y n s e  30-12-82 
T R I S T  A .  I . e y n s e  30-12-82 

R i j k s i n s t i t u u t  voor N a t u u r b e h e e r  I K I N )  
P o s t . b u s  46 
3956 ZR Lesrsum 

WAFLO-2.4 J. W i t r t z  

R i j k s w a t e r s t a a t  
D i e n s t  B i n n e n w a t e r e n / R I Z A  
P o s t b u s  17 
8200 AA L e l y s t a d  

I l t S T A  V l a g  15-12-87 
MODEL DE RONDE v . d .   vol^ 15-12-87 

R i j k s w a t e r s t a a t  D i e n s t  I n f a r m a t i e v e r * i e r k i n q  ( D I V )  
P o s t b u s  5809 
2280 HV R i j s w i j k  

F I E S T A 1 0  R .  A w a t e r  30-12-82 
GELGAM H .  h w a t e r  30-12-82 
WAQUA J .  B o s s e l a a r  13-06-88 

T A W  Infra C o n s u l t  B . V .  
P o s t b u s  479 
7400 AL D e v e n t e r  

CONTOUR-TAUW A .  B l o n k  
HYSTED G . 9 .  G e l d o f  
MEETSTED L D .  C e l d o f  
STROP-TAUW A .  B l o n k  
T R I F L O  A .  B l o n k  

V r i j e  U n i v e r s i t e i t  A m s t e r d a m  A f d .  l i y d r o g e o l .  e n  G e o g r a f .  i i y d r o i  
I n s t i t u u t  voor A a r d w e t e n s c h a p p e n  
P o s t b u s  7161 
1007 MC A m s t e r d a m  

PHREEQM P . H .  N i e n h u i s  04-03-88 



Table 4.1. Content3 of the SAMWAT database for computermodels in watermanagement, 
listed by institute, with names of contacts and dates of the 
interviews. dated June 1988. (continued) 

Waterloo~kundia Laboratorium 
Postbus i77 
2600 NH Delft 

ABOPOL R. Maate 
BLOOM I1 F.J. LOS 
CHARON N.M. de Rooy 
D.M. F. Most 
DELWAQ L. Postma 
DELWAQ-BLOOM I1 J.J. Brinkman / S. Groot 
DEMGEN P. Grashoff 
GREWAQ 
GROKWA 
GROMULA 
GROVERPLA 
IMPAQT 
JSBACH 
MODOUAI - 
NETFIL-OBS 
NETFLOW 
NITSOL 
PHOSOL 
PREDIS 
RIVCOM 
RIVMOR 
SEFLOW 
SOMOF 
SPUIS-2 
STPATIF-METEO 
SUSTRA-3D 
SUTRENCH-2DV 
TIJTEM 
UPTAQE 
VLKOLK 
WAELOW 
W Q - m  
ZQUA 

I. de Vries / C.F. Hopstaken 
J.W. Wesseling 
J.W. Wesseling 
J.W. Wesseling 
D.J. de Vries 
N.M. de Rooy / F.J. Los 
R. de Ridder / S. Groot 
J.R. Mol1 
C. Flokstra 
C.F. Hopstaken 
C.F. Hopstaken 
J.W. Wesseling 
Struiksma 
Struiksma 
C. Flokstra 
J.W. Wesseling 
J. van Kleef 
J. Smits 
L.c.van Rijn 
L.C. van Rijn 
J. Driegen 
M.B. de Vries 
W.L. Kook P 
C. Flokstra 
J. Smits 
J. Smits / J.A. van Pagee 

Witteveen+Bos Raadgevende Ingenieurs 
Postbus 233 
7400 AE Deventer 

BROMAL J.W.E. Keijzer / L. Posthumus 
DEBIET J.W.E. Keijzer 
FEMGRO-HORSTER A. Posthumus 
NETBERG J.W.E. Keijzer 
OPRINS J.W.E. Keijzer 
OPWAST J.W.E. Keiizer 
PERS J.W.E. Keijzer 
RAINY DAISY A. Hooqendoorn-Roozemond 
RIOINST L. vos-/ F. ~ l e r n e n s  
RIOOL2 H. Keijzer 



T a b l e  4 . 1 .  C o r t e n t s  iif t h e  ShMWAT database For computennodels ~ f i  v a t e r m a n a g e m e n t ,  
1 l s t . ed  by i n s t i t u t e ,  with names of contacts and dates < f  the 
intor~iews, dated June 1988. lcontlnued) 

Others 

FLOWNET H. van Elburg 
MATE C . J .  Hemker 
MFLOP C.J. Herker 
MICRO-FEM i,? C. J. Hemker 
MIJLTIMODEL T . N .  O l s t t i u n r n  



T a h l e  4 . 2 .  Contents of t h e  SAMWAT database f o r  computemodels i n  
watermanagement, l i s t e d  by type of model; dated June 1988 

Deteminer nifrag." and csrbanates manag-ment in q m u n d  and surface water. 
Xifh bpeclai effention f 0  land use an4 ,.na use intena1ty. 

Oeteminei  moirture YiFLd "f i i o i l  profil* ia  a dry yaar, d i r - o d  a, t h  
" P f m i i a t l o n  af s o i t  rtructuie iwrouementr. 

BIOOLC Oetemmca t h e  transmrt of blo-degradable micro-pailutanfs in an ~ ~ ~ ~ a g a f a d  
rafurated soll. 

micribes al* possih1e cheniical rsactions in nurtsce water. groundxarsr and 
rail. 

OLNBIT D e s c r i h ~ r  groundxaier flox " i t h  denrify flox and solut. transport 



Table 4 . 2 .  Contents  of t h e  SAMWAT da tabase  f a r  computemodels  i n  water-  
management, licted by type  of model; dated June l988 ( c o n t i n u e d ) .  



~ a b l ~  4.2. Contents of the SAMWAT database f o r  computermodels in water- 
management, l i s t e d  by type of model; dated June 1988 (continued) 

OP-cmLnsa lo. .ecMLI?Z.Cl  .T ibuI~*l l l . , r i  r f f n ? t i i  -1 l l n ~  d3,3p01.1'~1 dYrl,wi 
c r e  ti., ":,l a f r i r  T o r e r i r i g .  

PYrr'il~ t h 8  ri:~ct Of *erer  wriiyerunt oiwrationn ui. ooi1 ar0 e i a i n a g e .  
water 9Yl"Zlt, and -qra .> iy .  



T a b l e  4 . 2 .  C:onteritï of t h e  SAMWAT database f o r  computetmodels ir ,wat<lr- 
rnariaqernent., i i s t e d  by 1:pe of modei; da ted  .Tune 1988 ( ror i t inurd)  
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Table 4.2. Contents of the SAMWAT database for computermodelc in water- 
management, licted by type af madel; dated June 1988 (continued) 

Dr.cribe. unriaus water min1 i ty  p r o c e r r r s  i n  1. 2 ar 3 dimensluii. 

netermin.fes rtsady a f a f P  heles ond aiiiharge. in t ree system ."d camputsm 
"ecorrarp earthmoving. Plot cross-ssctions and longitudinal profiles. 

DefPrn'"es *atsrmirii.ty o t  the m m e ,  befreen Lindh""en ana 
S t .  Iichielrgesksl far a nunber of yaraniefmrs (BOD/COD. oxpgen. m n i m .  
t o t n i  phobfate. heavy meka ls . )  
limulafei alwe biomars concsntr~tion in relafian xith nutrienf. lnitrogm 
-"d phosph.te) in pond= and lees 

Simulaks  aigus biomass cancrntiation i n  relation uitb nufrients Inifroqsn 
and phosphete) in l a o s  and pandr. 

HO-SYS RUBICON Slnulates flQ" in a" open chruinel nstxor* *r.tem. 

"D-SYS PUBICON. Sinnilltms flox in en opsn channsl netxork system. 

HYDWi Defsminate. heads. disrhar9es and ro,ocitiee stendg and non steady as "s11 
a i  transport -f 'OnsPIYatlVe so1utee. 

I V I P T  S i . u h t i i  concwtrit ian of nkropallufion. In surface rsfsr and eedunsnf. 

J981CR D.iErU.. v i l i l p  pr= .si.. In iuxfis. s i f i x  systrns. 



Table 4 . 2 .  C o n t e n t s  of t h e  SAMWAT database for c o m p u t e m o d e l s  i n  w a t e r -  
management, listed by type af model; dated J u n e  1988 (continued). 

EUI I I ICL.  X i i r n l  

nam* midel ob,acrius 
a"s l la l .  Pc aisistexca 

s m r c *  vers  m-re fLl: 

Oc::crib-r stsddi f i ' l i d  i n a  b o l u t c  ri.n.ror: i n  a i,rt*m "f op*,, .d 'lor.* 
cioduit,. 

Drrcribrs steady L:"* i n  systels ai c i r i n d  and open  cundu;fs. erpecially 
uibar r..era". ryife.* 

Oercriosa i dimensional ,horiiuntal) #ready iluw aad 2 dimensional 
,horlPonral) time dPp.,d."l bedievel chn"g.l. 

Describes ilUid snd red-.": transpurt. l l ~ i d  t r a n n o r t  i n  .rlndy 
ssdLricnl tianaporf i n  non-sreaay srmtp .  

S i m i l n t e s  L i m  depondenr ~ a i t  intnision ar a f r n c m n  of varyin9 bircnargo in 

'-1; m;xsd aihuial estvar,ss 

Detemines sfeadl state valt in--s.an i n  rali~mix.d a l h u l a l  estuarila. 



Table 4 . 2 .  C a n t e n t s  o f  ttie SAMWAT da tabase  for  computemadelc i n  water-  
management, l i s t e d  by type of model; da ted  June 1988 (cont inued)  



Tabl.? 4 . 2 .  Corit tr i1.s of t h e  SRMWAT d a t a b a s e  f o r  cornputermodels I" water- 
mamgement ,  l i s t e d  by t y p e  of model; d a t e d  J u n e  L988 ( c o n t i n u e d ) .  



T a b l e  4.2. Contents of the SRMWAT database for computermodels in water- 
management, listed by type of model; dated June 1988 (continued). 



T a b l e  4.2. Contents of the SAMWAT database for computermodeis in water- 
management, listed by type of model; dated June 198% (continïed). 



Table 4.3. Review of model characteristicc of five groundwater models, in 
which fluid and solute transport in the unsaturated zone has 
been rodelled; dated June 1988. 

NATURE OF MODULE: 
2.1 deterministic 
TYPE OF MEDIUM: [24] 
3.1 Saturated zone 

Aquifer(6) 
Aquitard(s) 

3.2 unsaturated zone 
Aquifer(s) 

3.3 Inteqrated saturated/unsaturated zone 
Aquifer(s) 
Aqultard(s) 

BASIC MODEL PROCESSES IN THE MEDIUM: 
4.1 Unsaturated zone 

Fluid transport 
Solute transport 
Heat transport 

DIMENSIONS OF FLOW IN UNSATURATED ZONE: 
7.2 1D vertical 
7.3 2D vertical 

9 .  FLUID TRANSPORT TIME DEPENDENCY: 
9.1 saturated zone 

steady state 
non-cteady 

9.2 unsaturated zone 
steady state 
non-steady 

10. SOLUTE TRANSPORT TIME DEPENDENCI: 
10.1 saturated zone 

non-cteady 
10.2 unsaturated zone 

non-steady 
11. HEAT TRANSPORT TIME DEPENDENCY: 

11.1 saturated zone 
non-steady 

11.2 unsaturated zone 
non-steady 

14. MODEL PROCESSES CONSIDERED IN UNSATUMTED ZONE: 
14.1 fluid transport 

laminar flow 
capillary forces 
osmotic forces 
cwelling / shrinking 

14.2 colute transport 
Conservative processec: 

convection 
dispersion 
diffusion 
stagnant phase 
mixing (e.g. dilution by ground water recharge 



Table  4 . 3 .  Review of  model c h a r a c t e r i s t i c s  o f  f i v e  groundwater  modeis ,  ~n 
which f l u i d  and s o l u t e  t r a n s p o r t  i n  t h e  u n s a t u r a t e d  zone hac 
been mode l l ed ;  d a t e d  J u n e  1988.  ( c o n t i n u e d )  

Nori -conservat lve  p r o c e s s e s :  
i , ~ ~ a t ; l i z a t i o n  
l i n e a r  a d s o r p t i o n  
n o n - l i n e a r  a d s o r p t i o n  
d e s o r p t m n  
complexa t ion  
f i x a t l m  
decay th rougb  d i s s o l v e d  phase  

Ilnear decay 
n o n - l i n e a r  decay 

oecay through absorbed phase  
l i n e a r  decay 
n o n - l i n e a r  decay 

d r c a y  c h a i n c  
b i o l o g i c a 1  a c t i v i t y  

dependent  on t e m p e r a t u r e  
r a d i o n u c l i d e  decay c h a i n s  

1 4 . 3  h e a t  t r a r i s p o r t  
c, ,nvection 
cr,nduction 
tieat c a p a c i t y  

l i .  UTHER MODEL PKOCESSES: 
15 .2  c o n d e n s a t i o n  (above/on landsurface] 
1 5 . 3  f r e e z i n g  (above/on l and  s u r f a c e )  
15 .4  p r e c i p i t a t l o n  ( r a i n ,  snow) 
1 5 . 5  m t e r c e p t i o n  
1 5 . 6  s u r f a c e  wa te r  e v a p o r a t i o n  
11 .7  e v a p o t r a n c p l r a t i o n  
1 5 . 8  t r a n s p i r a t i o n  
15 .9  soil e v a p o r a t i o n  
15.10 w a t e r  u p t a k e  by r o o t s  
15 .11  r o o t  growth 
15 .12  c r o p  p r o d u c t i o n  
15 .13  o v e r l a n d  f low 
15.16 d e p r e s s l m  c t o r a g e  
15.17 r a i n f a l l - r u n a f f  
15 .18  s u r f a c e  w a t e r :  

t r a n s p o r t  
w a t e r b a l a n c e  

1 5 . 1 9  n u t r i e n t  u p t a k e  
20.  UNSATURATED ZONE CONDITIONS: 

2 0 . 1  i s o t r o p i c  
20.4  he te rogeneous  
20 .5  cracks/ rnacropores  
20 .7  changinq u n s a t u r a t e d  zone t h i c k n e s s  i n  t ime  



Tahle 4.3. Review of model characteristics of five groundwater models, in 

which fluid and solute transport in the unsaturated zone has 
been modelled; dated June 1988. (continuedl 

40.1 linear/non-linear boundary conditions 
40.2 heads on upper model boundary 
40.5 precsures on lower model boundary 
40.6 flux on upper model boundary 
40.7 flux on lower model boundary 
40.8 moisture content an upper model boundary 
40.9 moisture content on lower model boundary 
40.10 head/preccure dependent flux on upper model boundary 
40.11 head/pressure dependent flux on lower model boundary 

49. UNSATURATED ZONE INPUT DATA OF MODEL: 
49.1 elevation of land surface 
49.2 thickness of unsaturated zone 
49.3 initial depth of water table 
49.4 thickneas of rootzone 
49.5 hydraulic ~onductivity/~otential or rnoisture content 
49.6 mil moisture characteristics 
49.7 initial soil moisture distribution 
49.8 initial potential distribution 
49.9 initial pressure distribution 
49.10 porosity 
49.12 infiltration rnte 
49.13 diffucian coefficient 
49.14 dispersivity 
49.18 initial temperature 
49.21 decay rate 
49.24 initial solute concentration 
49.26 fluid velocitv 
49.28 otherc 

50. OTHER MODEL INPUT DATA: 
50.1 species of crop 
50.2 m o p  characteristics 

height 
soil cover 
root grow activity parameters 

50.3 precipitation rate 
50.5 rneteorological data 
50 .6  surface water evaporation rate 
50.7 evapotranspiration rate 
50.8 soil evaporation rate 
50.9 solute concentration in injected water 
50.10 solute concentration in ground water recharge 
50.12 other input data 



CHAPPW 5. (XINUUSIONS AND REUXWENDATIONS 

This chapter was included to reflect on the performance of the progrme 

package for storing and retrieving model data, on the qualities of the 

contents of the database and on future developments. First, some attention 

will be paid to the frequency of use and the kind of questions that have 

been answered. 

U8e of the  database 

Although the first official version of both the progrme package (BSS SAM 1.1) 

and the database will be released in September 1988, the number of questions 

that reached the executive bureau increaced from the month of January 

onwards, indicating an increasing popularity of the database. From May 

1988 the number of questions concerning the model database exceeded the 

number of questions concerning the SAMWAT database for research activities. 

Many questions concern groundwater modelc available for PC. An equal number 

of questions concern surface water modelc, als0 available for PC. In both 

categories of quectionc it turned out to be important, that solute transport 

is considered in the model. In addition, as far as curface water models 

are concerned. biologica1 processes were often asked for. Als0 the assistance 

needed to run the model appeared to be an important selection criterion. 

Surprisingly less interest was directed at the model categories agricultural 

production and rainfall-ninoff relations. More than these the model category 

data processing packages was in demand, and a little less, ecological 

models. These two modules, according to the planning will be developed in 

the near future. 

In view of the short existente of the database, its use has proven it to 

be a success. 

The experience so far with the progrme package has established it to he 



qiite easy to ose and, ~f irnplemented on a PCJAT, to have a r e n s o n a b l y  

good performance in terms of time neceósary to select the modeis by hard 

and soft constrairis. 1t.s performance wil1 imprave if by the end of 1988 

the properties of dBase IV can be fully utiilzed. 

The quality of the data 

Two aspects are notable regarding the qiiallty of the contents of the 

database. The first is that, although t h o  data were callected by 

int.erviews, ~n a few cases some mislnterpretation may have ccrurred in 

the nnswering of the questions. The second aspect concerns the mlstakes 

that are made occasionally during the data processing, in spitn af the 

qiiality cont.rol routines applied. The effects of both sources of mlstakes 

in the database will he discovered and repaired in the yeariy update af 

the information. As the executive bureau does not have t.he capacity to 

fulfill a clearinghouse function this is the only method t." check the 

quality of the data. 

Future developments 

As has been mentioned before future developments will involve the development 

of additional modules. This thr develr~pment will be slower tban the nne 

described in thi.: report. Drie reason f o r  that is is that the s,ib;ects of 

these categaries imply that more speclalists from different ~nst.~totes 

will have ta be involved in the development which will take more time. 

A secand reason is that the budget of the executive bureau does nat allow 

for paid task groups too often. The followiriq act-ivities w111 he performed 

in the near future: 

- The continued extension of the database and its updating 

- The extension and rnodification of the p r o g r m e  package. 

- The rnodificatian of the existing questionnaires. 

- The development of new modules. 

Concerning the t m  latter items a =-est is made to al1 readers of this 

report and to al1 users of the database to provide infomation to the 

erecutive bureau concerning their experiences, and to cament on the 

questionnaires any time they have reason to do so. 
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APPEHDIX 1 

Block I: General information module 



bureau SRIIW\T I: General information 

LAST UPDRTB SURVEY: 
Date: 
Interviewee: 

BASIC  ISTI TICS HODEL: 
4.1 groundwater flow <II.l> 

surface water flow <II.2> 
rainfall-run off relations III.3) 
data processing <I1.4> 
agricultural production <II.5> 

4.2 steady state, quasi non-cteady state, non-cteady state. 
4.3 fluid, solute, energy, sediment 
4.4 deterministic, stochastic 
4.5 time scale model procecc 

years 
season 
months 
dayc 
hours 
minutes 

AUTüOR IDENTIPIULTION ORIGINAL VERSION: 
5.1 Name: 
5.2 Adress: 
5.3 Telephone: 

AUTHOR IDBNTIFICATION NEW VERSION (if original model is extended 
and/or improved) 

6.1 Name: 
6.2 Adress: 
6.3 Telephone: 

HODEL CONTALT ADRESS: 
7.1 Name: 
7.2 Adrecc: 
7.3 Telephone: 

üODñL HISTORY: 
8.1 Date of model completion: 
8.2 Last update by modeler: 
8.3 Model is built upon an existing model: 

(if relevant indicate the name of basic model(c) and/or 
the references). 
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9.  M0DF.L IS PART OF A PïCGimi PACKAûE: 
(mention names of related modelc; pre-processing and 
post-processing programs are to bc listed seperately in block 1:) 

9.1 
9.2 
9.3 

10. 110DF.L HRS A FLFXIBLE IIODULRR SET W ( e . g .  different s0iut;on 
methods c m  he chosen by Zhe u s e r ) :  
Give a descriptlm of this set up. 

12. iR4ITS: 
12.1 Enql~sh unlts 
12.2 Metr~c unit-s 
12.3 SI system 
12.4 Any consistent unit sytem 

13. CMIPUTWHARDYARE: 
13.1 Computer system specificatien: 
13.2 Implementation on other systems possible 

which other system 
efforts (Iittle, much) 

13.3 Core storage rrqiiired: 
13.4 Batch mode: 
13.5 Interactive mode: 
13.6 Specific computer system 

dependent programming features: 

14. HARD-IARE RELATED SOPT-IARE SPECIFICATIONS: 
14.1 Required execution time (total of CPU and 1/0 t 

time: 0-10 secondc 
10-60 seconds 
1- 5 r r i i r iu tes  
5-30 minutes 

more than 10 minutes: 
t m e  problem dependent: 

14.2 Number of statements 
14.3 Nwnber of subroutines 
14.4 Coding language and level 

15.1 Operating system 
15.2 Software required from 

computer center library: 
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bureau I: General information 

16. PBRIPHBRRL EQUIPHENT INPUT: 
16.1 Disk unit 

Required 
Optianal 

16.2 Digitizer 
Required 
Optional 

17. PERIPHERAL EQUIPXENT EXECUTION: 
17.1 Disk unit 

Required 
Optional 

17.2 Graphical screen 
Required 
Optional 
EGA, Hercules, CGA, VGA 

18. PERIPHERAL EQUIPIIEN'I OUTPUT: 
18.1 Disk unit 

Required 
Optional 

18.2 Printer: 
Required 
Optional 

18.3 Graphical screen 
Required 
Optional 
EGA, Hercules, CGA, VGA 

18.4 Plotter: 
Required 
Optional 

19. IIODEL IS AVAZIiABIE: 
19.1 Run version c m  be obtained 

On flo~ov disk -. - 
On tape 

19.2 Model ca" be uced as a part of a consultants participation 

20.  PROGRAM SOURCZ AVAIULBLE FUR USW: 
20.1 Tape 
20.2 Floppy disk 

21. E C O ~ I C S :  
21.1 Run version 

£ree or at nominal costs: 
fixed price: 
no fixed price (order of mag1 

21.2 Source 
free or at nominal costs: 

iitu de): 

- - 

fixed price: 
no fixed price (order of magnitude): 
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I: General information 

22 .  HAINTIUiANCü: 
22.1 Available free  of c h a r g e  
22.2 Available against papent 
22.3 Not avallable 

23. HODEL -ATION: 
23.1 User's manual is avaiinble 

iariguaqe 
niiinber of pages 
exmple iriput/o~tput iricluded 
referente 

23.2 User's manual is being developed 
2 1 . 1  P r o g r m e r ' s  manual is available 

language 
number of pages 
refrrence 

21.4 Programmer's manual is o e m g  developed 

24. IXUNENT STATEKENTS INCLUDELl IN CODE: 
24.1 Languaqe 
24.2 Extent 

Tri~idental 
Heasonable 
Comprehensive 

2 5 .  INDIWITION LEVEL OP ASSISTANCE FOR MODEL USE: 
25.1 No assistance required; complete manual ava1lab:e 
25.2 S o m  asclstance recomended 
25.3 Ass~stance required 
25.4 Full assistance required 
25.5 Assistance available free of charge 
25.6 Assistance available agninst payment 

26.  HODEL VERIPIWITION: 
26.1 Model has been verified against analytica1 solutions 
26.2 Model has been verified against o t h e r  programs 
26.3 Model has been verifled against measurernents 
26.4 Other f o m s  of verlfication 

27. NUIIBW OF APPLICATIONS: 

28. PRACTIUUi APPLICATIONS: 
Indicate up to 5 practica1 applications of the model. Give 
referentes of these appllcatlons 

28.1 



bureau W A T  I: General information 

28.2  

28.3 

28.4 

28.5 
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APPENDIX 2 

Blodr 11.1: Grounäwater &le 



bureau W A T  11.1 : groundvatei 

B= 11-1 : GROIIND WATER 

NIME OF UODULE: 

NATURE OF MODULE: 
2 .  i de;enr~in:!sr  ic 
2 . 2  8tw:hast;c 

T W E  OP m 1 m :  
i. i S a t u r a t e d  zone 

Aqiiif i ir i  z )  
fiq,, i ,,;,rd( ! S )  

i. 2 U n s a t , ~ r a L e d  zone 
A q u i f e r ( s )  
A q u i t a r d l s )  

i .  ; i n t e g r a t e d  ; a t u r a s e d / u n s a t u r a t t d  zone 
Aqll; ieï(  S )  

I q i i t . i r d (  s )  

BASIC MODEL PROCESSES LN THE IIEDIm: 
4 . 1  I j n s a t u r a t e d  zone  

E l u i d  t r a n s p o r t  
So1ut.r t r a n s p o r t ,  
Heat 1 r a n s p o r t  

4 . 2  iquifer(s) 
E h l d  t ranspor t  
S0iut.r t r m s p o r t  
Hea t  t r a n s p o r t  

4 . 3  R q u i t a r d ( s )  
F l u i d  t r a n s p o r t  
S o l u t e  t r a n s p o r t  
Heat t r a n s n o r t  

5 . 2  : ; i ng l e  a q u i t e r  / s i n g l e  a q i l i t a r d  ( r inder-  or  o v e r l y i n g  
t ~ h e  aquiftr) 

5.3 : s inqle  a s u i f e r  / t-wo a q i i t a r d i  ( u n d e r  and oi ier iyins 
t h e  a q x i f e r )  

5 . 4  Two a q u i f e r s  ( s e p a r n t e d  b., nn a q u i t a r a )  
5 . 5  T h r r e  aqu:fers ( s e p a r a t e d  by a q u i t a r d s )  - - 

S.F, More t h a n  t h r e e  dqurters ( s e p a r a t e d  by a q u i t a r d s )  
5 . 7  d q u i t a r d  a n l y  

DIMENSIONS OP P m  IN SATURATED ZONE: 
6.1 OD (reservoir aïiriroscr.) .- 
6 . 2  1D n o r l z o n t a l  
6 . 3  ID h o r i z o n t a l  / q u a s i  2D v e r t i c a l  
6 . 4  :D v e r t i c a l  
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f , .S  1 D  v i r t  icii / q u a s i  1; k.i , r lzonta;  
6 . 6  2D hr,rizont.al 
6 . 7  2D h , , r i z o n t ~ a l  / quasi '::i 

6.;: ?i v e r t i c a l  
h.? F i l i y  ?D 
f .  r ,  y  i :  "r r s d i a l  

DRIPJiSIONS OF m I N  UNSATURATED ZONE: 
7 . 1  O D  (resc:rvoir a p p r o a c h )  
7 . 2  1 D  v c r t . l c a 1  
7 . 3  20 v e r t l c a l  
7 . 4  F l ~ l I y 3 D  
7 . 5  C v l i n d r i c a i  ,,r r a d i a l  

F.XlF.NT / SHAPE MODEL RRER: 
8 .  1 I n f i r , i t e  
8 . 2  Semi-inflnite 
8 . 3  Line i i r  
R . 4  R w t a n g u i a r  
8.5 C l r i u l a r  
8 . 6  Pnlyqon 
s?. 7 A r b i t r a r . ,  ,:on.icr ln 2b 
3 . 8  A r b i t r a r y  c.irira'ie i r i  2 5  
8.9 A r b i l r a r y  :<hap i n  2 : )  
8 . 1 0  Hexatiedral 
8.11 C y l i n d r i c a i  
8.12 A r b i t r u r y  s h a p e  i n  30 

FLUID TRANSFORT TIHE DEPEHDIWCY: 
3 .1  s a t u r a t e d  anns 

s+ endy s t a t e  
q u a s i  r i on - s t e ady  
r . on - s t e ady  

9 . 2  u n s a t u r a t e d  zone 
s t e a d y  s t a t e  
quasi no r i - i f c ady  
n o n - s r  e ady  

SOLIJTE TRANSMRT TIK@ DEPENDEHCY: 
1 0 . 1  saturated zone 

s t t a d y  s t a t e  
q u a s i  n o n - s t e a d y  
n o n - s t e a d y  

i C .  2 iur!saturatetI zone  
s t e a d y  s t a t - e  
q u a s i  n o n - s t e a d y  
r .on-st~<ii idv 

HERT TRANSMRT T m  DEPEHDWCY: 
11.1 s a t u r a t e d  z o n e  

s t -eudy s tate 
q u a s i  n o n - s t e a i y  
nori-st- tndy 

1 1  .Z u n s a t u r a t e d  zorie 



bureau SAmIAT 11.1: grmmdrater 

steady state 
quasi non-cteady 
non-cteady 

IIODEL PRMESSES OONSïDERED I N  AQUIPW (SAT. ZONE): 
12.1 fluid transport 

laminar flow 
turbulent flow 
delayed yield from storage 

12.2 solute transport 
Consrrvative processes: 

convection 
dispersion 
dif fusion 
stagnant phace 
two phase transport 
mixing (e.g. dilution by ground water recharge or 
wel1 infiltration) 
trapped air 

Non-conservative processes: 
linear adsorption 
non-linear adsorption 
non-equilibrium adsorption 
decorption 
hysteresis in ad-/desorption 
influence pH on adsorption 
influence redox potential on adcorption 
influence ion strength on adcorption 
complexation 
f ixation 
decay through dissolved phace 

linear decay 
non-linear decay 

decay through solid phase 
linear decay 
non-linear decay 

decay chains 
ion exchange 
clogging 
redox reactions 
precipitation 
coprecipitation 
dissolution 
hycteresis in precipitation/dissolution 
equilibrium reactions 
biologica1 activity 

dependent an temperature 
radionuclide decay chains 

12.3 heat transport 
convection 
conduction 
thermal expansion 
change of phace (condensation, freezing, etc.) 
heat generation (e.g. due to decay or chemica1 
reactions) 
heat capacity 

12.4 compression 
compaction 
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i 1 3 C 2 5 0  13. m D E L  PROCESSES C O N S I D F .  IN AQUITARD: 
11!0100 1 - i . i  f i u i d  t r a n s p o r t  
. . .  
i ;  501C1 l aminar  f low 

cor ,servaLive p r o c e i s e s :  
~:"n"e<:t10r: 
d i s p r r s i o r  
< i i f f u s i o n  
s t a g n a n t ~  phase 
t . io phase t.r:3?.sport~ 
mixing ( e . g .  d i l u t ~ o n  by ground water r r c n a r g e  n r  
wel1 i z f i l t r a t i o n )  
t rappod a i r  

r r j n - c o n s r r i a t i v e  prore!;sec: 
l i n t a r  ndsorp t  ior, 
rion-l i n e a r  ari:;,;rption 
r.on-eipl i i b ï m r n  ads- i rpt ion 
desnrptlor 
t , y c t e r e s i s  I" ad- /desorp t ion  
i n f l u o n c e  pH an a d s o r p t i o n  
i n f l u e n c e  r e d m  pr>Lent.ial on a d s o r p t i o n  
i r , f h e n c e  i u r i  s t r r r : g t h  on adsorp ' im 
cornpiczation 
f ixal.i,,n 
rieciiy t h r o i i l n  r l issoived phase 

linrar docay 
n ~ n - l i n e n r  decay 

decny through s o l l d  phase 
l i n e a r  ciecay 
" , , r . - l i n e i r  decay 

decay chains 
ior,  exchange 
c l a g g l n g  
r e d m  r i a c t  ion!; 
p r e c l p l i a t i u r i  
c ;ouri . r : iui ta i i r r  
d i s so i i i t io r i  
i i y s t e r e s i s  i r i  p rec ip i t . a t ion /a i sso : i i t ion  
e q u i i i b r i u m  ï e a c t i o n s  
b io log ;ca l  a , ; t iv i ty  

depenaent  on t empera tu re  
r a d i o n u c l i d e  d t c a y  rhainc 

l?. i henl. transport.  
Con'Jrctlon 
conduct ion 
Ihermol exp;irii i o n  
change af phase ( c o n d e n s a t i o n ,  f r e e z i n g ,  e t c . )  
h e a t  generation ( e . g .  due t o  decay a r  chemica1 
r e a c t i o n s )  
h e a t  capaci t 'y  

11.4 cumpression 
compactiori 
c o n s o l i d a t i o n  



bureau SAII*AT 11.1: gramdrater 

deformation 
oxidation 

14. i4üDF.L PROCESSES CUNSIDERED IN UNSATüRATEO ZONE: 
14.1 fluid transport 

laminar f low 
turbulent f low 
capiliary forces 
osrnotic forces 
hysteresis 
swelling / skirinking 

14.2 sok~te transoort 
conservative processes: 

atrnosferic depasition 
salt-distribution due to sweiling en shrinking 
convection 
dispersion 
diffusion 
stagnant phase 
two phase transport 
mixing (e.g. dilution by ground water recharge ar 
wel1 infiltration) 

non-conservative processes: 
crop-use of minerals 
volatilization 
linear adsorption 
non-linear adsorption 
non-equilibrium adsorption 
desorption 
hysteresis in ad-/deaorptian 
influence pH on adsorption 
influence redox potential on adsorprion 
influence ion strength on adsorption 
com~lexation 
fi~ation 
decay through dissolved phase 

linear decay 
non-linear decay 

decay through absorbed phase 
linear decay 
rion-linear decay 

decay chainc 
ion exchange 
clogging 
redox reactionc 
precipitation 
copreclpitarion 
dissolution 
hysteresis in precipitation/dissolution 
equilibrium reactionc 
biologica1 activity 

dependent on temperature 
radionuclide decay chains 

14.3 heat transport 
convection 
conduction 
thermal expansion 
change of phase (condensation, freezing, etc.) 
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1140305 tieat generatior, (e.g. due to decay or chemlcal 
reactlons) 

1140306 heat capacity 
11404C0 14.4 cornpressmn 
i140401 compact.ion 
1;40402 consolldation 
1140403 ?efi>rmation 
i140404 oxidatiur 

1150000 15. OToIER MODEL PROCESCES: 
15.1 sriow / icr melt 
15.2 c~riderisation l atiovelon landsurface) 
15.3 treez ing  (abuve/ori  Idnd surface) 
15.4 preclpitation (rain, snow) 
1: .5 int-erception 
15.6 surtace water evaporarion . 15.7 svapotranspiration 
1 5 . 8  transpiration 
15.9 m i l  evaporation 
15.10 w a t e r  uptakc hy rr,ots 
15.11 m o r  growth 
15.12 erop pïoductlon 
15.13 overland f?ow 
15.14 interflow 
15.15 baseflow 
11.16 depression storage 
i5. ;-l rairifall-runoff 
li. la ciirface water: 

storage 
t.ransport 
waterhalance 

15.19 nutrient uptnkt 
15.20 wel1 bore storage 
15.21 skin effect 
15.22 root deteriaratlm 
1 5 . 2 3  ecanornis 
15.24 o t h e i  

16. FLUID CONüITIONS: 
16.1 hornogeneous 
16.2 heterogeneous 
16.3 multiple Irmniscible fluids 
16.4 saltwater-freshwater (immlscihle) 
16.5 steam-water 
16.6 air-water 
i6.7 oil-water 
16.8 thema1 properties 
16.9 compressibillty 
16.10 eïpansion 
16.11 constant density 
16.12 density-temperatïre relation 
16.13 densitv concentration relation 

1161400 ib.14 constant viscasity 
1161500 16.15 viscosity-temperature relation 
li61600 16.16 viscasity-concentration relation 
1161700 16.17 viscosity-density relation 
1161800 16.18 polarity 



bureau CAI(WRT 11.1: groundwater 

17. SOLüTüS IN WRSS TRRNSFQRT: 
17.1 total discolved solids 
17.2 chlorides 

consemative 
anion exchange 
temperature dependent 

17.3 sulphur components 
redux reactions 
precipitation 
consewative 
influence on pH 
temperature dependent 

17.4 nitrogen components 
volatilization 
nitrification 
denltrification 
nitrogen fixation 
mineralisation 
influence on pH 
influence af pH on procesces 
infiuence an oxygen content 
influence of oxygen content 
temperature dependent 

17.5 phosphates 
adsorption 
precipitation 
influence of pH 
temperature dependent 

17.6 organic 
biological oridation 
anaerobic decay 
redox patential 
influence of other nutrients on 

oxidation/anaerobic decay 
biologica1 activity 
soluabillty 
humification 
temperature dependent 

17.7 heavy metals 
specific adsorption 
precipitation 
influence of redox potential 
influence of pH 
complexat ion 
f ixation 

17.8 organic chlorides 
volatilization 
reactions (e.g. hydratation) 
biologica1 activity 
soluahility 
adsorption 
temperature dependent 

17.9 radionuclides 
17.10 coiiforms 

temperature 
nutrients 
retention 
temperature dependent 

17.11 hydrocarbons 
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11.1: grounduater 

l 
~ 
l 

1171101 t e n p e r a t u r e  d e p e n d e c t  

1171300 1 7 . 1 3  one s o l u t e  
1171400 17.1.: two s o l u t e s  
117;500 1 7 . 1 5  more t h a n  two s o l ~ t e s  
1171600 1 7 . 1 6  o t h e r  

AQUIFER CONDITIONS (SAT. LAYER) : 
1 8 . 1  c o n f i n e d  ( a r t e s i a n )  
1 8 . 2  water t a b l e  ( p h r e a t l c )  
1 8 . 3  s emi  cor i i i r ied  ( i e a k y  a r t e s i m )  
1 8 . 4  i s o t r o p i c  
1 8 . 5  a n i s o t r o p i c  
:8 .6  hamogeneous 
1 8 . 7  h e t e r a g e n e a u s  
1 8 . 8  d i s c r e t e  f r a c t u r e s  
1 8 . 9  dua1  p o r o s i t y  
1 8 . 1 3  c h a n g i n g  aqulfer c o n d i t i o r s  i r  t i m e  ( 

f r ee  w a t e r  t n b l e )  
1 8 . 1 1  changi7.g a q u i i e r  b o i n d a r y  I n  time 

e .  g .  ccnf m e d /  

1190000 19. AQUITRRD CONDITIONS: 
1190130 1 9 . 1  h a m o g e n e ~ ~ s  in d e p t h  
1190200 1 9 . 2  h e t e r o g e n e o u s  i n  d e p t h  
1:90300 19 .3  h o m o g e n e a ~ s  in space 
:190100 19.4 h e t e r o g e n e o u s  I" space 
1190500 1 9 . 5  w a t e r  t a b l c  ( p h e a t i c )  

1200000 20. IRISATURATED ZONE CONDITIONS: 
I20C100 2 0 . 1  i s o r r a p i c  
1200200 2 0 . 2  a n i s o t r o p i c  
1200300 2 0 . 3  hornogeceous 
1230400 2 0 . 4  h e r e r o g e n e o u s  
1200500 2 0 .  5 ~ r d c k s / i n u ~ r o p o r e s  
1200600 2 0 . 6  d u a l  p o r o s i t y  
1200700 20 .7  c h i n g i n g  u n s a r u r a t e d  zone t h i c k n e a s  i n  t iw  

1210000 21. EQUATIONS SOLYED IN MODEL FOR AQUIPER (SAT. LAYER): 
( p l e a s e  i r d i c a t c  a l 1  e q d a t i a x  ir b o t h  words  and e ~ a t i o n  
f o r m s )  

1210100 2 1 . 1  i l ï i d  t r a r i s p o r t  

1210200 2 1 . 2  s o l u t e  t r a n s p o r r  

1213300 2 1 . 1  !:e&: t r a n s p o r t  

1220000 22. EQUATIONS SOLYED IN MODEL FOR AQUITARD: 
( p l e i i s e  ~ r i d i c a t e  ai1 equations ;n b o t h  words a n d  e c p a t m .  
forms) 

1220100 2 2 . 1  f i u i d  t r a n s p o r t  

1220200 2 2 . 2  s a i u t e  t r a n s p o r t  

l 1220300 2 2 . 3  h e a t  t r a n s p o r t  

i 8 



bureau SAHWAT 11.1: groundwater 

1230000 23. EQUATIONS SOLVGD IN MODEL MIR UNSATlJRAT6D ZONE: 
(pleace indicate al1 equations in both words and equation 
f o m s  ) 

1230100 23.1 fluid transport 

1230200 23.2 solute transport 

1230300 23.3 heat transport 

1240000 24. SOLUTION UETHOD OF BASIC EQUATIONS WUIFER (SAT. IA=): 
1240100 24.1 fluid transport 
1240101 numerical 
1240102 analytica1 
1240200 24.2 solute transport 
1240201 numerical 
1240202 analytica1 
1240300 24.3 heat transport 
1240301 nmerical 
1240302 analytica1 

1250000 25. SOLUTION UETHOD OF BASIC EQUATIONS AQUITARD: 
1250100 25.1 fluid transport 
1250101 numerical 
1250102 analytica1 
1250200 25.2 solute transport 
1250201 numerical 
1250202 analytica1 
1250300 25.3 heat transport 
1250301 nwnerical 
1250302 analytica1 

1260000 26. SOLUTION UETHOD OF BASIC EQUATIONS UNSATüRATED ZONE: 
1260100 26.1 £luid transport 
1260101 numerical 
1260102 analytica1 
1260200 26.2 colute transport 
1260201 nwnerical 
1260202 analytica1 
1260300 26.3 heat transport 
1260301 numerical 
1260302 analytica1 

1270000 27. TIIIE APPROXMRTION TECXNIQUE MIR AQUIFER (SAT. IiRYW): 
1270100 27.1 finite differente 
1270101 fully implicit 
1270102 fully explicit 
1270103 iterative 
1270104 time step determination 
1270200 27.2 method of characteristics 
1270300 27.3 particle tracking 
1270400 27.4 manual time increment selection 
1270500 27.5 automatic time incrernent selection 
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SPACE APPROXMRTION TEWIQUE m R  AQUIFER (SAT. m m ) :  
2 8 . 1  finite difference 

upstream 
backward 
forward 
central 

2 8 . 2  finite element 
variatianal 
Galerkin 
collocation 
subparametric 
isoparametric 
superparametric 
numerical integration (e.g. Gauss quadratuur) 

28 .3  boundary element 
2 8 . 4  method of characteristics 
2 8 . 5  particle tracking 
2 8 . 6  contra1 volume approach 
28 .7  integrated finite differences 
2 8 . 8  Iwnped cel1 approach (incl. reservoir approach) 

TïHE APPROXMRTION TECHNIQUE m R  AQüITARD: 
2 9 . 1  lumped approach (linear distribution over aquitard) 
29 .2  finite difference 
29 .3  boundary element 
29 .4  manual time increment selection 
2 9 . 5  automatic time increment selection 

SPACE APPROXMATION TECHNIQUE m R  AQüITARD: 
3 0 . 1  lumped approach (linear distribution over aquitard) 
30 .2  finite difference 
30 .3  finite element 
30.4 boundary element 

T m e  APPROXMRTION TECHNIQUE m R  UNSATURATED ZONE: 
3 1 . 1  finite difference 

fully implicit 
fully explicit 
iterative 
time step detemination 

31 .2  method of characteristics 
31 .3  particle tracking 
31 .4  manual time increment selection 
31 .5  automatic time increment selection 

1320000 32. SPACE APPROXMRTION TEWIQUE m R  UNSATURATED ZONE: 
1320100 3 2 . 1  finite differente 
1320101  upstream 
1320102 backward 
1320103 forward 
1320104 central 
1320200 32 .2  finite element 
1320201  variational 
1320202 Galerkin 
1320203 collocation 
1320204 subparametric 



bureau -T 11.1: grounduater 

icoparametric 
superparametric 
nwnerical integration (e.g. Gauss quadratuur) 

32.3 boundary element 
32.4 rnethad of characteristics 
32.1 particle tracking 
32.6 control volume approach 
32.7 integrated finite differences 
32.8 lumped cel1 approach (incl. reservoir approach) 

GRID -TICIN AND SIZING: 
33.1 manual grid preparation 

posslble 
recpired 

33.2 grid generation by a pre-processing Program 
33.3 gïld generation by an other program 
33.4 automatic grid generation 
33.1 regular grid spaclng required 
33.6 variable grid spacing allowed 
33.7 movable grid 
33.8 local grid refinement 
33.9 nesting of models/yrids 

CELL SHRPE FUR AQUIFW (SAT. LAYER) : 
34.1 linear 
34.2 triangular 
34.3 curved triangular 
34.4 square 
34.5 rectangular 
34.6 quadrilateral 
34.7 curved quadrilateral 
34.8 polygon 
34.9 cubic 
34.10 hexahydral 
34.11 triangular prism 
34.12 tetrahedral 
34.13 other 

CELL SHAPE FUR UNSATURATEO UIHE: 
35.1 linear 
35.2 triangular 
35.3 curved triangular 
35.4 square 
35.5 rectangular 
35.6 quadrilateral 
35.7 curved quadrilateral 
35.8 polygon 
35.9 cubic 
35.10 hexahydral 
35.11 triangular prism 
35.12 tetrahedral 
35.13 other 

SOLVING TEamIQoes: 
36.1 Minimm search techniques: 
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Newt.0"-Raphcon 
Gauss-Newtor, 
Steepest descend 
others 

36.2 Matrix s o l v i m  techniauci: 
iterative 

Causs-Seioel (point over relaxatie:) 
Z,irir-si~iresï i.>e over ceiaixatlori 
iterative alternating direction 
poirir zacobi 

direct 
Gauss eimination 
Ct*o i e sky  squire root 
Ooolittie 

Standard matrix solvlng package 
Otter 

1370000 37. SPATIAL INTERPOLATION: 
1370100 37.1 Lagrange rnethod 
137C200 37.2 Spline functions 
1370300 37. 3 Krlgirig 
i370400 37.4 Liriear, Li-liriear, tri-iinear 

38.1 CiiaracterlstiCs of lnput~ 
m e m  value 
standard deviatlon or variance 
skewness 
covariance functian 
covariance matrix 
tiistogram 
confldence (contours) 
other 

38.2 Characteristics of output 
m e m  value 
standard devlation or varrance 
ckewness 
covariance functian 
covariance matrix 
histogram 
conf~derice (contours) 
other 

38.3 Frequency distribution of input 
normal 
log-normai 
extreme values distrlbution i e . 0 .  Gumbei) 
others 

38.4 Frequency disrrrbutiun af output 
normai 
log-nomai 
extreme values distribution (e.g. Gumbel) 
others 

38.5 spatial statistlcal characteristics of input 
correlation function 
covariance functian 
semi-variogram 
generalised covariance function 
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variance-covariance matrix 
other 

38.6 spatial ctatistical characteristics of output 
comelation function 
covariance function 
semi-variogram 
generalised covariance function 
variance-covariance matrix 
other 

38.7 Monte Carlo generation af spatial distributions 
uncorrelated (normal) random 
multi-variate (normal) random with given covar. 
matrix 
nearect neighbour method 
conditional generation 
other 

38.8 Kahan filtering 
based on stochastic model 
based on deterministic model 
spatial interpolation/extrapolation 
interpolation/extrapolation in time 
parameter estimation 
other 

38.9 Residual analysis 
38.10 calculation of frequency distribution/variance/ 

confidence 
due to parameter uncertainty 
due to uncertainty in boundary conditions 

38.11 time series analysis 
input variables only 
output variables only 
input and output variables 

38.12 simlation in time 
RRMR/ARIMA proces5 
Markov chains 
other 

38.13 stochastic differential epations 
38.14 regrescion analysis 

linear 
non-linear 

38.15 non-parametric methods 
38.16 other 

BOUNDARY CONDITIONS H>R PLUID TRANSPORT I N  SATURATED ZOHE: 
39.1 linear/non-linear boundari conditions 

linear 
non-linear 

39.2 heads on model periphery 
constant in time 
changing in time 

39.3 pressure on model peripher~ 
constant in time 
changing in time 

39.4 flux on model periphery 
constant in time 
changing in time 

39.5 head/pressure dependent flux on model periphery 
constant in time 
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boundary condition calculated by other model 
boundary condition calculated by other module 

39.22 faults 
39.23 movable erternal boundary 

peripheral boundary 
upper boundary 
lower boundary 

BOUHDARY WNDITIDNS FQR PLUID TRANSmRT IN UNSRT[IRATED 
40.1  linear/non-linear boundary conditions 

linear 
non-linear 

40.2 headc on upper model boundary 
constant in time 
changing in time 
calculated by model 
boundary condition calculated by other model 

40.3 teads on lower model boundary 
constant in time 
changing in time 
calculated by model 
boundary condition calculated by other model 

40.4  pressures on upper model boundary 
constant in time 
changing in time 
calculated by model 
boundary condition calculated by other model 

40.5 pressures on lower model boundary 
constant in time 
changing in time 
calculated by model 
boundary conditio" calculated by other model 

40 .6  f l u  an upper model boundary 
constant in time 
changing in time 
calculated by model 
boundary condition calculated by other model 

40.7 f l u x  on lower model boundary 
constant in time 
changing in time 
calculated by model 
boundary condition calculated by other model 

40.8 moisture content on upper model boundary 
constant in time 
changing in time 
calculated by model 
boundary condition calculated by other model 

40.9 moicture content on lower model boundary 
constant in time 
changing in time 
calculated by model 
boundary condition calculated by other model 

40.10 head/pressure dependent flux on upper model boundary 
relation between head/pressure and flux is given 
by user 
relation between head/preswre and flux is 
calculated by model 
relation is constant in time 
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constant in time 
changlng in time 

42.7  temperature in ditches/drains 
constant in time 
changing in time 

4 2 . 8  heat flux a n  model periphery 
constant in time 
changing in time 

4 2 . 9  temperature of atmosphere 
4 2 . 1 0  heat flux to atmosphere 
4 2 . 1 1  genthermal gradient 
42 .12  heat flux through lower boundary 

YEIiIi INF'UT DATA OF UODEL: 
4 3 . 1  one well only 
43 .2  two wells only 
43 .3  one to ten wells 
4 3 . 4  more than ten we115 
43.5  fully penetrating an aquifer 
4 3 . 6  partially penetrating an aquifer 
43 .7  diameter of well bore 
43.8  depth of well bare 
43.9 diameter of well screen 
43.10  elevation/depth of top of wel1 screen 
4 3 . 1 1  elevation/depth of bot-tom of well screen 
43 .12  length of well screen 
43 .13  well characteristics 
43.14  others 

LRKES/WNDS/ INPUT DATA OF HODEL: 
4 4 . 1  fully penetrating an aquifer 
4 4 . 2  partially penetrating an aquifer 
44 .3  elevation/depth of bottom 
4 4 . 4  bed cross-section (vertical) 
4 4 . 5  leakance or hydraulic resistance of bottom 
4 4 . 6  wet perimeter 
44 .7  linear ground/surface water flux relation 
4 4 . 8  piece-wise linear ground/surface water flux relation 
4 4 . 9  higher order ground/curface water flux relation 
44 .10  others 

R m / c n e e R s / u u r r \ l s  I m  DATA OF MODEL: 
4 5 . 1  fully penetrating an aquifer 
45 .2  partially penetrating an  aquifer 
45 .3  elevation/depth of bottom 
4 5 . 4  bed cross-section (vertical) 
45.5 leakance or hydraulic resistance of bottom 
45.6 wet perimeter 
45.7 linear ground/curface water flux relation 
4 5 . 8  piece-wise linear ground/surface water flux relation 
45.9 higher order ground/surface water flux relation 
45 .10  others 

DITCHES/DRAINS INPOT DATA OF UODEL: 
4 6 . 1  elevation/depth of bottom 
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4 C . i  h d  c r o s s - i r i t i o n  l i e r t i c a i )  
4 h . S  l e a k o n c e  -r h y d r a , ~ i l r  r e s i s t a n c e  of each d i t c t  Lot'.om 

r>r 4rainp~pr 
4 6 . 4  wet p e r i m t t ~ a r  
e46.5 w i d t ~ n  o f  bo r tom o r  d r a i n  d i m e t e r  
,:h.f; dlsiar ice be tween  d ~ t c h r s  or d r a i n s  
4 1 . 7  linear q r o i i n d / s i i r f n c o  w a t e r  f l u r  relarla: 
4h .Z  p i e c e - w l s e  l i n e a r  g round / : ; u r f ace  w a t e r  f i u z  r e i a t - o n  
4 b . 3  i i i g k r  r ; rder  g r o ~ n d / s , ; r f a c e  w a t e r  f i u x  reia:.cri 
4 C . X  d r a i n a g e  r e s i s t a n c e  (:o d e f i n e  r e l a t i o n  h e - w o n  

tieaddrop a n d  f  Lux) 
S i , .  11 , , t h e ï s  

1470000 47. AQUIFER INPUT DATA OF MODEL: 
4 7 . 1  e l e v a t i o n  o f  l a n d  sur face  

c o n s t a n t  i n  s p a c e  
d i s t r ~ b u t e d  

4 7 .  % e i e v a t . i r m / d e p r t i  of  o q u i f e r  t o p s  
c o n s t a n t  i n  s p a r e  
djst . r ibut .ed 

4 7 . 1  i l v i a t i o r i / d e p t h  of i q u i f e r  b o t t o m s  
c o n s r a n t  i n  space 
d i s t r i b u t e d  

4 1 . 4  I n i c k r i r i s  o f  aquifer 
c o n s t a n t  i n  space 
d i s t r i b i i t e d  
~ n i t i a l  c o n d i t i o n  

4 7 . 1  tiead 
cc ,notant  i n  npacs 
d i c i r l b u t e d  
i n i t i a 1  c o n d i t i o n  

47 . f> pressure  
c o n s t a n t  ~n s p a c e  
d i s t r i h u t d  
i n i l ~ i o l  c o n d i t A o n  

4 7 . 7  f i u l d  f l u r  
i : o r i i t ~an t  i r i  ï p a c e  
dii t . r ibi i t .eci  
c o n s t a n t  In t i m e  
c i i a n g i n q  i n  t i m e  
. n i t i a i  ~ o n d i ? . ~ o n  

4 7 . 8  f l u i d  ' v e l o c i t y  
c o n s t a n t  i n  spac i  
d i s t r i b u t e d  
c a n s t a n t  i n  t i m e  
c t i ang ing  i n  t i m e  
i n i t l a i  c o n d i t ~ i o n  

4 7 . 9  p e m e a b i l l t y  
constant .  i n  :;pace 
d i s t r i b u t . e d  
c o n s t a n t  i n  t m e  
c h n r q ~ r i g  i n  t i m e  

4 7 . 1 0  t r a n s m i s s l v i t y  
cons!.arit iri $;pace 
d i s t ~ r i b u t e d  
~ n l t i a l  c o n d i t l o n  

4 7 . 1 1  porosity 
c o n s t a n t  In s p a c e  
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distributed 
47.12 storage coefficient 

constant in cpace 
distributed 

47.13 specific ctorage 
constant in space 
distributed 

47.14 hydraulic diffusivity 
constant in space 
distributed 

47.15 diffucion coefficient 
constant in space 
distributed 

47.16 dispersivity 
constant in space 
distributed 

47.17 thermal conductivity 
constant in space 
distributed 

47.18 thermal capacity 
constant in cpace 
distributed 

47.19 specific heat 
constant in space 
distributed 

47.20 temperature 
constant in space 
dictributed 
initial condition 
constant in time 
changing in time 

47 .21  fluid density 
constant in mace 
distributed 

47.22 cpecific weight of fluid 
constant in soace 
distributed 

47.23 Cation Exchanqe Capacity (CEC) 
constant in cpace 
distributed 

47.24 Adsorptian-isotherm 
constant in space 
dictributed 

47.25 chemica1 equilibrium coefficients 
constant in cpace 
distributed 

47.26 decay rate 
constant in cpace 
distributed 

47.27 initial solute concentration 
constant in space 
distributed 

47.28 initial pocition of calt/freshwater interface 
constant in space 
distributed 

47.29 campressibility parameters 
constant in space 
distributed 

47.30 pathlines 
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1473100 47. "1 o t t i e r s  

i4a0003 48. AOUITARü INPUT DATA OF MODEL: - 
48.1 c:levaiion/rlepth of a q u i t a r d  t o p s  

constant. i n  c p i c e  
d i ï t r l b u t e d  

48.2 eleva!.ian/depth of ö q u i t ~ a r d  buttoms 
cunst.anr i n  -pace 
d i s t r l b u t e d  

4 8 . 3  t h i c b n e s s  of a q u i t a r d  
c o n s t a n t  In space  
d i s t r l b i i t e d  

4 8 . 4  heads 
c o n s t a n t  1" space  
d i s t r r b u t e d  
i n i t l a l  cor idl t lon 

48 .5  pressures  
coris twit  i n  s p a r e  
d i s t r ~ b u t e d  
; n i l ; a l  condit..on 

4 8 . 6  p e m e a b i l i t y  
c o n s t a n t  i n  space 
d i s t r i b u t e d  
c o n s t a n t  i n  t lma  
c t a n y i n g  i n  t m e  

48.7 poros ; ty  
c o n s t a n t  ? n  :;pace 
d i s t r i b u r r d  

48 .8  :;pecific st.orage 
c o n s t a n t  i n  coace 
d i s t r i b u t e d  

41: .9 lenbance ( a q i i i t a r d s ,  r lve rs ,  iakei;, e t c )  
c o n s t a n t  i n  suace 
d i s t r i b u t e d  

4 8 . i 0  n y d r i u l l c  r e s i s t a n r e  ( r e c i p r o c a l  of ieakance) 
c o n s t a n t  1" space 
d i s t r i b u t e d  

48 .11  d i f f u s i o n  c o e f f i c i e n t  
cori:;tant i n  %pace 
d i s t r i b u t e d  

48.12 d i s p e r s i v i t y  
cur is tant  iri space 
d i s t r i b u t e d  

48.:3 thermai  c o n d u c t i v l t y  
c u n s t a n t  i n  space  
d i s t r l b u t e d  

48.  i 4  t ~ h r r m a l  c a p a c i t y  
c o n s t a n t  i n  spare  
d i s t r i b u t e a  

48.15  s p e c i f i c  h e a t  
c o n s t a n t  r n  s p a r e  
d i s t r ibu t . ed  

48.16 t empera tu re  
cor i i ran t  i n  :<pace 
d i s t r i b u t e d  
i n i t i a 1  c o n d i t m n  
c o n s t a n t  i n  t ime 
rhany ing  ~n t ime  
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1481700 48 .17  decay rate 
1481701 constant in 5Dace - ~ 

1481702 distributed 
;481800 4 8 . 1 8  Cation Exchanqe Capacity (CEC) 
1481801 constant in suace .. ~ 

1481802 distributed 
1481900 4 8 . 1 9  chemica1 equilibrium caefficients 

constant in space 
distributed 

48 .20  initial solute concentration 
constant in space 
distributed 

4 8 . 2 1  fluid velocity 
constant in space 
distributed 
initial condition 

1482104 constant in time -~ - ~ -~ 

1482105 changing in time 
1482200 4 8 . 2 2  initia1 position of salt/freshwater interface 
1482201 constant in space 
1482202 distributed 
1482300 48.23 compressibility parameters 
1482301 constant in space 
1482302 distributed 
1482400 4 8 . 2 4  pathlines 
1482500 48.25 &hers 

1490000 49. UNSATURRTED ZONF. I m  DATA OF HODEL: 
4 9 . 1  elevation of land surface 

constant in space 
distributed 

49 .2  thickness of unsaturated zone 
constant in space 
distributed 
initial condition 

49 .3  initial depth of water table 
constant in space 
distrihuted 

49 .4  thickness of rootzone 
constant in space 
distributed 
initial condition 
constant in time 
changing in time 

49.5 hydraulic conductivity/potential or  moisture content 
relation 

constant in space 
distributed 

49.6 soil moisture characteristics 
constant in space 
distributed 

49 .7  initial soil moisture dictribution 
constant in space 
distributed 

49.8 initial potential distribution 
constant in space 
distributed 

49.9 initial pressure distribution 
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constant In space 
dlstributed 

4 9 . 1 0  purnslty 
constant in spare 
dlstributed 

4 9 . 1 1  speclflc yield 
coristilr.t in SpaCP 
disrr~butrd 

4 9  . : 2  in£ilt.ration rate 
constant in space 
d~stributed 
constant I" time 
chariging in time 

4 9 . 1 3  diffusion coefficient 
coristant I n  :;pace 
distributed 

49.14  dispersivity 
constant in space 
dlstributed 

4 9 . 1 5  thermai conductlvity 
constant In space 
distributed 

4 3 . 1 6  thermal capacit'y 
constant in spnce 
distributed 

49.17  specific heat 
constant I r i  space 
distributed 

4'3. i8  inltial temprrat.ure 
constant I n  space 
distributed 

4 9 . 1 9  initlal fluid denrity 
constant in haace 
distributed 

4 9 . 2 0  specific weight uf fluid 
constant in space 
dlstributed 

4 9 . 2 1  decay rate 
coristant ~n space 
distributed 

4 9 . 2 2  Catiun Exchange Capacity (CEC) 
constant i r ,  space 
distributed 

4 9 . 2 3  chemica1 equilibrium coefficients 
constant in space 
distributed 

4 9 . 2 4  rnlrial solute concentratlon 
constant in space 
distributed 

4 9 . 2 5  hysteresis 
constant ,n space 
dlstributtd 

4 9 . 2 6  fluid velocity 
constant in space 
distributed 
initia1 conditlm 
constant in t-ime 
changing in tlme 

4 9 . 2 1  compressibility parameters 
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constant in space 
distributed 

49.28 otherc 

OTHER UODEL INPUT DATA: 
50.1 species of crop 

constant in time 
changing in time 

50.2 crop characteristicc 
height 
soil cover 
reflexion coefficient 
Leaf Area Iridex 
root grow activity parameters 
cropfactor 

50.3 pïecipitation rate 
constant in time 
changing in time 
constant in space 
distributed 

50.4 thickness snow/ice layer 
50.5 meteorological data 

constant in time 
changing in time 

50.6 surface water evaporation rate 
constant in time 
changing in time 

10.7 evapotranspiration rate 
constant in time 
changing in time 

50.8 soil evaporation rate 
constant in time 
changing in time 

50.9 solute concentration in injected water 
constant in time 
changing in time 

50.10 solute concentration in ground water recharge 
constant in time 
chariging in time 
initia1 condition 

50.11 rainfall-runaff parameters 
50.12 other input data 

UODEL INPUT FACILITIES: 
51.1 number of input files 

o m  
two 
more than two 

51.2 maps of equal value linec 
converted to nodal/element values by the program 
itself 
converted by an auïiliary program in advance 

51.3 maps of ewal value subzones 
converted to nodal/element values by the program 
itself 
converted by an awtiliary program in advance 

51.4 maps of point values (regularly or randomly 
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d i s t r h u a t - e d )  
1510401 coriverted to vida l le le rnen t  v a l u e s  by +.i:* p r o g r x  

i t s e l f  
i510402 r o n v e r t e d  by ar; a u x i l i a r y  program i n  ad'iance 
1510500 51.5 reads from f i l e ( i 1  qerieroted by o t h e r  p r o g r m ( c )  i n  

ad.iaiicr 
151060C Si.<, irit.eracti.ir 1r.p"' f l i e  g e n e r a t i o n  

1520000 52. ERROR (3IECKING OF INPIIT DATA: 
1520100 52.1 no error checkinq 
1520200 52.2 i n c i d e n t a l  error ct.ecking 
1520300 52.3 reasonabie error chcrk ing  
1520400 52.4 frli error checkincg 

i530000 53. PRE-PRC€EssING PRCGRAw (name and purpose): 
i530100 53.1 Part ot model 

1530200 13.2 No part of model 
l530201 I 

1540000 54. ~ST-PROCESSING PROGRAIIS (name and purpose): 
1540100 54.1 P a r t  of model 
1540101 A .  

1540102 2. 
1540103 i . 

1540200 54.2 No p a r t  of model 
1540201 1. 
1540202 2. 
1540203 3. 

1550000 55. REVIE* OP m m  R E m T S :  
1550100 55.1 heads 
1550200 55.2 p r e s s u r e s  
1550300 55.3 concentratlons > n  rnodei area 
1550400 55.4 cancentrat~ans at pumplng wells 
1550500 55.5 temerature 





m R  cR1mIR: 
59.1 f l u i d   transport^ 

f l u i d  oalnnce over  mndel 
sm h e a d l p r e s s u r e  change  over model be t 'dusn  
i t c r a t l o n s  
maximum head/pressare change  a t  a n y  node 
maximwn f l u i d  fluï change a t  any bounda ry  rnde 
maximwn change  of  h e a d l p r e s s u r e  o v e r  a !;me 
increment.  
maximum £ l u i d  f l s r  change  o v e r  a t i n e  Ar:crernenr 
ottier 

5 9 . 2  s o l u t e  t r a n s p o r t  
s o l u t e  b a l a n c e  over model 
sum conr r 'n t ra t io r i  i;kange over model b e l . r r r r  
i t e r a t i i m s  
maximum c o n c e n t r a t l m  change  a t  any n d e  
maximum s o l u t e  f l u x  change  a t  any baundnr'f node 
maximum c o n c e n t r a t i o n  change  o v e r  a t i m e  i n r r e m e n t  
maxmum saiute f l i i x  change over a t i m e  i z c r e m e n t  
other 

5 9 . 3  h e a t  trarisport 
heat balance m,er modei 
sum t e m p e r a t u r e  change  o v e r  model be tween 
i t e r a t l o n s  
maximum t e m p e r a t u r e  change  a t  any node 
maximum h e a t  f l u x  change  a t  any bounda ry  node 
m a x i m  t e m p e r a t u r e  change  o v e r  a tmr  l n c r e m e n t  
maximum h e a t  flux change  over a t i m e  i n c r e m e n t  
o t h e r  
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NATURE OP m D m :  
2.1 deterministic 
2 . 2  stochactic 

W E  OP m: 
3 . 1  open water conduits 

rigid lid approach 
3.2 open water reservoirs 

rigid lid approach 
3.3 cloced pipes 
3.4 overland flow 
3.5 flow in structures 

DDOBSIONS OP PLO*: 
4.1 0-D flow (reservoir approach) 
4.2 1-D flow 
4.3 semi 2-D flow 
4.4 2-D flow, depth averaged 
4.5 2-D flow, width averaged 
4.6 semi 3-D 
4.1 fully 3-0 

GF,mETRY l - D  m IMDELS: 
5 . 1  unbranched conduit 
5.2 tree system 
5.3 network system 

flow in one direction 
return flow possible 

5.4 structures 
weirs 
f lumes 
culverts 
sluices 
siphons 
shutes 
Pumps 
groynes 
other 

BRSIC IMDEL PRûCESSES M TE3 MEDrmi: 
6.1 Fluid transport 
6.2 Solute transport 
6.3 Heat transport 
6.4 Sediment transport 
6.5 Biologica1 processes/Oxygen management 
6.6 Multiple layer transport 
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11.2: surface water 

2070000 7 .  FLUID TRANSFORT T m  DEPENDENCY: 
2070100 7.1 steady state 
2070200 7.2 quasi non-st-eady state 
2070100 7.1 non-steady 

8. SOLUTE TRANSFURT T D E  DEPENûENCY: 
8.1 steady state 
8 . 2  riliasi noii-stendy state 
R:! non-steady 

9. HEAT TRANSFORT TIHE D E m E N C ï :  
9.1 steady state 
9.2 q~iasi non-steady state 
9.3 non-steady 

10. S E D I m  TRANSFORT T m  DEPENDENCI: 
10.1 steady state 
10.2 quasi non-steady state 
10.3 non-steady 

2110000 11. B I O m I C A L  PRMIESSES Tm DEPENDWCI: 
2110100 11.1 st.eady state 
2110200 l l . ?  quasi  non-steady state 
2i10300 ?i.i non-steady 

IWIDEL PRMIESSES CONSIDERED: 
12.1 fiuid transport and ronditions 

lamiriar f low 
turbulent fluw 
integrated laminar and turbulent flow 

turbulent flaw 
.~ubcritical flow 
;upcrrrltical flow 
thema1 expans ion  
ather thermal properties 
compressibiliLy 
storage 
additional storage (inundation plains) 
wave effects 
wind effects 
preccure waves 
back water effects 
other *vervolg" 

12.2 solute transport 
conservative processes: 

convection 
dispersion 
diffusion 
stagnant phase 
two phase transport 
density flow 

non-conservative processes 
volatil~zation 
linear adsorption 
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non-linear adsorption 
non-equilibrium adsorption 
influence pH on adsorption 
influence redox potential on adsorption 
influence ion strength on adsorption 
complexation 
f ixation 

decay through dissolved phase 
linear decay 
non-linear decay 

decay through solid phase 
linear decay 
non-linear decay 
decay chains 
ion exchange 
clogging 
redox reactions 
precipitation of solutes 
co-precipitation 
dissolution 
equilibrium reactions 
biologica1 activity 

dependent on temperature 
bacteriological activity 

dependent on temperature 
radionuclide decay chains 
(chemical) reactionc between two or more 
colutes. 
influence of oxygen content on processec 
cucpended transport 
other 

12.3 heat transport 
convection 
conduction 
change of phace (condensation, freezing, etc.) 
heat generation (decay, chem. reactions) 
heat capacity 
other 

12.4 sediment transport, erosion and sedimentation 
sedimentation 
erosion 
f locculation 
concolidation 
bed laad transport 
suspended load transport 
bed load and cucpended laad transport 
cohesion 
siltfcand transport 
cand transport 
silt transport 
mud transport 
sediment concentration over profile 
time dependent bed level 
storage of sediment in the system 
erosion due to rain impact 
erosion due to curface flow 
sedimentation by surface flow 
other 

12.5 biologica1 processes/oxygen management 
reaeration 
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depending on flow velocity 
depending on wind effects 
depending on depth 
depending on turbulente 
depending on temperature water 
other dependency 

BOD/COD 
decay of organic matter 
respiration 
hacteria 
phytoplankton 
virusses 
nanoplankton 
zooplankton 
higher organisms 
eutrophication 
oxygen uptake by bottom sludge 
oxygen production 
nitrification 
temperature dependency of processes 
other 

r2.6 multiple layer flow 
immiscible fluids 
salt/fresh water processes 
mixing 
two layer flow 
more than two layers 
density-temperature relation 
dencity- concentration relation 
constant viscasity 
viscosity-temperature relation 
viscosity-concentration relation 
viscosity-density relation 
other 

2130000 13. üTE3 MODEL PRüCESSES: 
2130100 13 .1  snow / ice melt 
2130200 13.2 freezing 
2130300 13.3 precipitation (rain, snow) 
2130400 13.4 interception 
2130500 13.5 infiltration 
2130600 13.6 surface water evaporation 
2130700 13.7 evapotranspiration 
2130800 13.8 coil evaooration 
2130900 13.9 ground water conditions 
2131000 13.10 floating oil polutian 
2131100 13.11 floatin: transport ( e . q .  ice) 

2140000 14. SOLUTES M HASS TRRNSFQRT: 
2140100 14.1  total diccolved solids 
2140200 14.2  any conservative solute 
2140300 14.3 one colute 
2140400 14.4 two solutes 
2140500 14.5 more than two solutes 
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14.6 chlorides 
conservative 
anion exchange 
temperature dependent 

14.7 sulphur components 
redox reactions 
precipitation 
conservative 
influence on pH 
temperature dependent 

14.8 nitrogen components 
nitrification 
denitrification 
nitrogen fixation 
mineralisation 
influence on pH 
influence of pH on processes 
influence on oxygen content 
influence of oxygen content 
temperature dependent 

14.9 phosphates 
adsorption 
precipitation 
influence of pH 
temperature dependent 

14.10 organic 
biologica1 oxidation (BOD) 
anaerobic decay 
redox potential 

2141004 infl~~ence of other nutrients on oxidatinnl 
fermentation 
biologica1 activity 
dissolved oxygen content 
temperature dependent 

14.11 heavy metals 
specific adsorption 
precipitation 
influence of redox potential 
influence of pH 
complexation 
f ixat ion 

14.12 organic chlorides 
volatilization 
reactions (e.g. hydratatron) 
biologica1 activity 
precipitation 
abcorption 
temperature dependent 

14.13 radionuclides 
14.14 colifomc 

temperature 
nutrients 
retention 
temperature dependent 

14.15 hydrocarbons 
temperature dependent 

14.16 other 
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11.2: surtace water 

EQUATIONS SOLVED IN MODEL HIR FLUID TRANSPORT: 
( p l r a c r  ; " d i c a t e  al! eqïa i  i o n s  i n  botb. wnrds  nrd e q ~ a l i o r  
forms, 
l 5 . i  t r a n s p o r t  e q u a t i o n s  (e.g.Navler S t o k e s  

inallow water  eq .  
k i n e m a t i c  wave *q. 
back w a t e r  e q . )  

15.2 s p e c i a l  e q u a t i o n s  a t  s t r i x t u r e s  ( e . g .  d i s c h a r q e  e l .  int 
wcir;, cii?vert.;, c!i.itci, s;ph,ins, pumps1 

EQUATIONS SOLVED IN MODEI. FUR SOLUTe TRANSPORT: 
( p i e a ï i  ~ n d i c a t e  a l 1  r : q l ; a t i~ns  i n  b o r h  wards  and e q x a t i n n  
farms) 
l t . ;  t r a n s p o r t  c q i i n t i o n s  

EQUATIONS SOLVED IN MODEL HIR HERT TPANSHIRT: 
( p i e a s e  ~ n d i c n t e  a l 1  eqiiat.irins i n  b o t h  words an.1 eTi;it:o-. 
f o r m s )  
17.  i t r a n s p o r t .  c q u a t l o n s  
i 7 . 2  s p e c i a l  equatior:s al striictïres 

2180000 18. EQUATIONS SOLVED IN MODEL HIR SIDIHENT TRANSHIRT: 
( p l e u s e  i n d i c a t e  a l 1  e q d : i t l o r c  i n  bot t i  words a n d  eo ia t los  
for rns)  

2180130 1 8 . 1  transpart equatiuns 
2183200 Ie.? s p e c i a l  e q u n t i o n s  a t  s t r u c t u r e s  
2180300 1a.3 spec~al equatlon f r i r  surface erosron 

2193300 19. EQUATIONS SOLVED IN MODEL HIR OXIGEN -: 
( p l e a s e  i r i d l c a t e  a l !  cq i i a t ions  IB b o t h  words nna equarlon 
f o m s )  

2190100 1 9 . 1  decoy e q u a t i o n s  
2190200 1 9 . 1  special e q u a t i o n s  ar s t - r u c t u r e s  

2120000 20. SOLUTION m m O D  OF BASIC EQUATIONS: 
2100100 20 .1  f l u l d  t r a n s p o r t .  
2200101 n i m e r i c a ;  
2200102 a n a l y t ~ c a l  
2200200 2L. 2 s n i u t c  t r a r i s p r i r t  
2200201 n i i rner ica l  
2200202 a n a l y t i c a 1  
2200300 2 0 . 3  h e a t  t r a n s p o r t  
2200301 r iwne r i ca l  
Z200302 a n a l y t i c a 1  
2200400 2 0 . 4  s ed imen t  t r a n s p o r t  

2200402 a n a l y t i c a ;  
2200500 2 0 . 5  b i o l o g i c a l / o x y g e n  management p r i o c e s c e s  

m m e r i c a 1  
a n a i y t  i c a l  
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fully implicit 
fully explicit 
iterative 
time step detemination 

21.2 methad of characteristics 
21.3 particle tracking 
21.4 manual time incrernent selection 
21.5 automatic time incrernent selection 

SPACE APPROXIHATION WoWrQUE: 
22.1 finite differente 

upstream/upwind 
hackward 
forward 
"ent.ral 

22.2 finite element 
first order approximatmn 
second order approximation 
higher order approximation 

22.3 boundary element 
22.4 method of characteristics 
22.5 particle tracking 
22.6 control volume approach 
22.7 integrated finite differences 
22.8 lumped cel1 approach (incl. reservoir approach) 

G R D  GENüRATION ANû SIZING: 
23.1 manual grid preparation 

possible 
required 

23.2 grid generation by a pre-processing program 
23.3 grid generation by an other program 
23.4 automatic grid generation 
23.5 regular grid cpacing required 
23.6 variable grid cpacing allowed 
23.7 movable grid 
23.8 local grid refinement 
23.9 nesting of models/grids 

CEIiIi s n m :  
24.1 linear 
24.2 triangular 
24.3 curved triangular 
24.4 square 
24.5 rectangular 
24.6 quadrilateral 
24.7 curved quadrilateral 
24.8 polygon 
24.9 cubic 
24.10 hexahydral 
24.11 triangular prism 
24.12 tetrahedral 
24.13 others 
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11.2:  surface water 

SOLVING TEWIIQUES : 
2 5 . 1  minimum i e i r c h  t n c h n l s l e s  

Newt~nn-Raphson 
Gauss-Newton 
S t e e p e s t  d e s c r n d  
o t h e r s  

25 .2  m a t r i x  s o l v i n g  recb.riiques 
i t e r a t i v e  

G a ' ~ i s - S e i d e 1  ( p o i n t  over r e l a x a t l o n )  
Llr ie-s ;~cci .ss ive o v e r - r e l a x a t i o n  
: t e r a t i w e  5 : t e r n a t ; n g  d i r e c t l o n  
p o i n t  J a c o b i  

d i r e c t  
G a u s s  e i i r i n a t i a n  
Cho le sky  :+ware r o o t  
D o o l i t ~ t l e  

s t a n d n r d  m a t r i x  s o l v l n g  package  
o the r  

s T A T I s T I C s / S ~ T I C S :  
2 6 . 1  C t i a r a c t e r i s t i c s  of i n p u t  

mean v e l u e  
s t a n d a r d  d e v l a t i o c  or v a r i a n c e  
s k e w n e i s  
covarioncc f u n r t i o n  
c o v i r i a n c e  m a t r i x  
h i s r o g r m  
conf i d e n c e  (cont. j i ir :s)  
o t h e r  

2 6 . 2  C k , a r a c t e r i s t i c s  of v i t p u t  
m e m  v a l i i r  
s t n n d a r d  d e v l a t i a n  or v a r i a n c e  
skewnesr, 
cova r i i i r i c e  f u n r t i o n  
cuvariance m a t r i x  
h i s t o g r a m  
conf  i d e n c e  ( c o n l ~ r ~ u r s )  
o t h r  

2 6 . 1  Frerwency d i s t r l t x t i o n  of i n p u t  
normal  
l og -no rma l  
e x t r e m e  vo i i i r s  d i s t r i b u t i o n  ( e . g .  Gumbel) 
o t -he r s  

2 6 . 4  F r e w e n c y  d i s t r i b u t i o r i  of o u t p u t  
normai 
iiirj-rinrmai 
e x t r e m e  v a l u r s  r i i s t r i b u t l o n  ( e . g .  G d c i )  

o t h e r s  
2 6 . 5  s p a t i a l  s t a t i s t i c a i  c h a r a c t e r i s t i c s  of i n p u t  

c o r r e l a t i o n  f u n c t i o n  
c o v a r i a n c e  f i r i , : t ion  
s e rn i -va r iog ram 
g e n e r a l i s e d  co.,ariance f u n c t i o n  
variante-covariance m a t r i x  
ot.her 

2 6 . 6  s p a t i a l  s t a t i s t i c a :  c h a r a c t e r i s t l c s  nf o u r p 2 t  
c o r r e l a t i o n  íunction 
c o v a r i a n c e  f u n i t i a n  
s emi -va r iog ram 
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generalised covariance function 
variance-covariance matrix 
other 

26.7 Monte Carlo generation of spatial dictributions 
uncorrelated (normal) random 
rnulti-variatr (normal) random with given 
covariance matrix 
nearest neighbour method 
conditional yeneration 
other 

26.8 Kalman filtering 
baced nn stochastic model 
based on deteministic model 
spatial i n t emola t ion /ex t r apo la t ion  
interpalation/extrapolation in time 
paramet.er estimation 
other 

26.9 Residual analysic 
26.10 calculation of frequency distribution/variance/ 

confidence 
due to parameter uncertainty 
due to uncertainty in boundary conditions 

26.11 time series analysis 
input variables only 
output variahles only 
input and output variables 

26.12 simulation in time 
ARMA/RRIMA proces5 
Markov chains 
other 

26.13 stochastic differential equations 
26.14 regrecsion analysis 

linear 
non-linear 

26.15 non-parametric methods 
26.16 other 

2270000 27. BOOHDRRY CONDITIOEIS FQR m m  TRANSPORT: 
2270100 21.1 heads on model periphery 
2270101 constant in time 
2270102 changing in time 
2270200 27.2 discharge on model periphery 
2270201 constant in time 
2270202 changing in time 
2270203 instantaneous 
2270300 27.3 head dependent discharge on model perifery 
2270301 relation constant in time 
2270302 relation changing in time 
2270400 27.4 seepageJinfiltration through bottom 
2270401 constant in time 
2270402 changing in time 
2270500 27.5 evaporation/piecipitation 
2270501 constant in time 
2270502 changing in time 
2270600 27.6 heads at point extraction/addition 
2270601 at node6 
2270602 at branches 
2270603 constant in time 
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ci ia i ;g lng  i n  t i r n e  
i n s t a n t a n e o u s  

2 7 1  d i s c h a r g e s  a t  p ~ i r i t  e x t r a c t ; o n / a d d i t i o n  
a t  nodes  
a t  t r a n c h e s  
c o n s t a n t  i r  time 
char iq ing  i n  t.;:nr 

i r i s rantanroi i r :  
2 7 . 8  h i a d  depende r , t  d i s c h a r r j e s  a t  p o i n t  eïtractl~-ld.iaillor../adait~m 

a t  n o d e s  
a t  branches 

2 7 . 9  : i n e a r / n r i n - l i n e a r  o.,:.: 
l lriear 
n o n - l i n c a r  

27 .10  rnovable eïternai b o i n a a r y  
l inear 
n o n - l i n e a r  

2280000 28.  BOUHOARY CUNDITIONS HJR COLUTE TRANSFURT: 
2280100 2 8 . 1  concent.ratlon on model p e r l p h e r y  
228010i  c o n s t a n t  i n  t u n e  
22D0102 c h a r i g ~ n g  i r i  t imri 
2280103 ~ n s t a n t a n e r m s  
2280200 2 8 . 2  s o l u t r  d i s c h a r g e  O-. rnodei p e r i p h r r y  
2280201 cons t - an t  i n  t i m e  
2280202 c i i anq lna  iri tme  - .  
2280203 i n s t a n t a n e o u s  
i 280300  2 8 . 3  c o i c t r i t r a t l o n  i n  s eepage / l r i f  i l t r a t i o n  warer 
228030: c o n s t a n t  in t i m e  
2280302 c h a n g i n g  i n  tLine 
228040C 28 .4  s o l u t e  d i s c h a r g e  i r ,  c e e p a g e / l n f i l t r a t l a n  w a t e r  

r < i n ï t r i n t  i r .  t l m r  
changi r iq  I n  t.ime 

28 .5  c o n c e n t r n t i o n  m p r e c ~ p l t a t i o n  
cons l . an t  i n  t imn  
c h a n g i n g  I" t i m e  
i n s t a n t a n e o i i s  

2 8 . 6  s o l u t e  d i s c h a r g e  i n  p r e c i p i t a t i o n  
c o n s t a n t  i n  t i m e  
c h a n g i n g  i n  t l m e  
I n s t a n t a n e o u s  

28 .7  c o n c e n t r a t i o n  in e r t r a c t l o n l a d d i t m n  
c o n s t a n t  i n  tme 
chang ing  i n  t i m e  
i n s t a n t a n e o u s  

2 8 . 8  c o l u t e  d i s c h a r g e  I" e x t r a c t i o n J a d d i t i o n  
c o n s t a n t  i n  time 
c h a n g l n g  ,n t m e  
i n s t a n t a n e o i i s  

2290000 29. BOIR(DARY OMIDITIONS K>R HFAT TRANSFORT: 
2290100 2 9 . 1  t e m p e r a t u r e  on model p e r i p h e r y  
2290101 c o n s t a n t  i n  t i m e  
2290102 c h a n g i n g  i n  t i m e  
2290103 i r i s t a n t a n e o u s  
2290200 29 .2  h e a t  f l u x  on model p e r l p h e r y  
2290201 c o n s t a n t  iri t m e  



bureau SAüUAT 11.2: surface water 

changing in time 
instantaneous 

29.3 temperature of seepage/infiltration water 
constant in time 
changing in time 

29.4 heat flux with seepage/infiitration water 
constant in time 
changing in time 

29.5 temperature of precipitation 
constant in time 
changing in time 
mstantaneous 

29.6 heat flux wlth precipitation 
constant in time 
changing in time 
instantaneous 

29.7 temperature af extraction/additian 
constant in time 
changing in time 
instantaneous 

29.8 heat flux with extractionladdition 
constant in time 
changing in time 
instantaneous 

29.9 temperature of atmosphere 
constant in time 
changing in time 
instantaneous 

29.10 temperature of bottom 
constant in time 
changing in time 

30. BOUNDARY CONDITIONS mR S E D ~  TRANS~RT: 
30.1 sediment concentration on model periphery 

constant in time 
changing in time 
conc. profile over depth 

30.2 sediment transport (discharge) on model periphery 
constant in time 
changing in time 

30.3 sediment concentration in extraction/addition 
constant in time 
changing in time 

30.4 sediment transport in extraction/addition 
constant in time 
changing in time 

2310000 31. BOWY CONDITIONS m R  BIOKGICAL ~ S S E S / O X Y G E N  
-: 

2310100 31.1 dissolved oxygen concentration on model periphery 
2310101 constant in time 
2310102 changing in time 
2310200 31.2 dissolved oqgen discharge on model periphery 
2310201 constant in time 
2310202 changing in time 
2310300 31.3 BODICOD on model periphery 
2310301 constant in time 
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2310302 chariging ~n time 
2310400 31.4 BODICOD discharge on model periphery 
2310401 constant in t m e  
2310402 changing in time 
2310500 31.5 dlssolved oxygen coricentration in addedlextracted fliiid 
2310501 constant l n  tlme 
2310502 changlng in t.ime 
2310600 31.6 BOD/COD in addedlextracted fluid 
i310601 constant i n  time 
2310602 changing in t m e  
2310700 11.7 concentration of cxxygen consuming substar.ces 
2310701 constant ir. t.inie 
2310702 changlng ~n t.ime 

32.  ïEQUIr<er> INPUT DATA: 
LENERRL ASF'ECTS 
32.1 geometry model area 1-D networks 

coordinates nodes 
depth w.t.-storagr relatlons 
iength of branches 
bottom e l eva t l on  
bottom slopes c-mduits 
cross sections conduits 

circular 
rect.nngular 
trapeïiuni 
river bed 
other 
any chapt 

maximm number of different: 
branches 
any structurec 

weiri 
f lumes 
cul,ierts 
sluices 
siphonc 
shutes 
P"PS 

total length of reach 
ot.her methods 

32.2 geometry model area non l-D systems 
coordinates 
maps 
dimensions waterbadles 

32.3 hydraulic resistance conduits/land surface 
constant in whole model 
constant per branch 
distributed over branch 
distributed over cross-cection 
different resistance laws: 

Chezy formula 
power formula (Manning f.i.) 
logarithuc formula 

depending on water table depth 
depending on vegetation growth 
roughness predictor 
others 
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3 2 . 4  locations structures 
32.5 dimensions structures 
32.6 hydraulic parameters stnictures 
32.7 schematization of hydraulic properties 
32.8 infiltration coefficients 
32.9 required depth af infiltration 
FLUID ASPECTS 
32.10 wave conditions 

height 
frequency 
direction 

32.11 fluid velocity 
constant in space 
distributed 
initial condition 

constant in space 
distributed in space 

32.12 fluid discharge 
constant in space 
distributed 
initial condition 

constant in space 
distributed in space 

32.13 depth water 
constant in space 
distributed 
initial condition 

constant in space 
distributed in space 

QUALITI ASPECTS 
32.14 diffusion coefficient 

constant in space 
constant over branches 
distributed 
dependent on fluid conditions 
different horizontal and vertical coefficient 

32.15 dispersion (diff./disp.) coefficient 
constant in space 
constant over branches 
distributed 
dependent on fluid conditions 
different horizontal and vertical coefficient 

32.16 thermal conductivity 
constant in space 
constant over branches 
distributed 

32.17 thermal capacity 
constant in space 
constant over branches 
distributed 

32.18 specific heat 
constant in space 
constant over branches 
distributed 

32.19 temperature fluid 
constant in space 
constant over branches 
distributed 
initial condition 
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32.20 fluid drnsity 
canstani in spacc 
constant over brli:!ches 
distributed 
density-temperalure relation 
density-concer.tration relatlm 
initial condirion 

3 2 . 2 1  iprcific weight of fluid 
constant ~n space 
constant over branches 
distrlbuted 

32.11 viscocity of fluid 
constant in spare 
constant over branches 
viscosity-temperature relation 
viscosity-concentration relation 
viscocit~-derislt~ relation 
distributed 

32.23 carnpressibility of fliiid 
32.24 Cation E~change Capaclty (CEC) of bottorr 

constant. in space 
constant over branches 
distributed 

32.25 decay rate organic matter 
constant in spare 
constant wier oranches 
distributed 

12.26 decay rate radio nuclides 
constant in space 
constant over branches 
distributed 

32.27 inltial solute concentration 
constant ~n space 
constant over branches 
distrlbut~ed 

32.28 in~tial posltian af saltJfreshwater interface 
constant in space 
constant over branches 
distributed 

32.29 oxygen management parameters 
reaeration coefficient 
decay rate af oxygen consming substances 

32.30 pathlines 
initml condition 
chanainq in time - - 

32.31 extinction coefficient 
mIIIENT ASPEcrs 
32.32 bed/land s u r f a c e  elevetion 

initial conditlon 
constant in tune 
changing in time 

32.33 sediment characteristics 
constant in cpace 
constant over branches 
distributed 
particle size distributian of bed materlal 
characteristic diameter(s) 
characteristic €311 velocity of suspended matter 
porosity factor of bedmaterial 



bureau SAI(WAT 11.2: surface water 

density of bedmaterial 
density of particles 
bed roughness parameters 

3 2 . 3 4  special characteristics of mud 
erosion parameter 
start of movement criterium 
flocculatian parameter 

3 2 . 3 5  dispersion coefficlent of sediment 
const-ant in space 
changing in time 

m I N P U T  
3 2 . 3 6  ground water conditions 

constant in cpace 
distributed 
constant in time 
changing in time 

3 2 . 3 7  wind characteristics 
velacity 
direction 
friction coefficient 
spatial distribution 
constant in time 
changing in time 

3 2 . 3 8  precipitation rate 
constant in space 
distributed 
constant in time 
changing in time 

3 2 . 3 9  surface water evaporation rate 
constant in time 
changing in time 

3 2 . 4 0  evapa(transpi)ration rate 
constant in time 
changing in time 

3 2 . 4 1  other metearological data 
constant in time 
changing in time 

3 2 . 4 2  rainfall-runoff relations 
constant in time 
changing in time 

3 2 . 4 3  operating rules 
constant in time 
changing in time 

3 2 . 4 4  others 

m D m  INPUT FACILITIES: 
3 3 . 1  number of input files 

one 
two 
more than two 

3 3 . 2  time series (curve?.) 
3 3 . 3  maps of equal value lines 

converted to nodal/element values by the program 
itcelf 
converted by an auxiliary program in advance 

3 3 . 4  maps/stretches of equal value subzones 
converted to nodal/element values by the program 
itself 
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11 .2 :  surface water 

c o n v c r t e d  by an a u x l l i a r y  p rog ram i n  ad ' i a r~ ie  

33 .5  m a p s / s t r e t c h e s  of p o i n t  ,values ( r e g u l a r l y  I r  randoaiy 
d i s t r i b u a t e d )  

c o n v e r l e d  t o  n ~ d a l / e l e m e n t  v a l u e s  by t h e  p rog ram 
i t . s e l f  
c a n v e r t e d  by an a u r l l i a r y  p rog ram i n  advance 
p o i n t  v a l u e c  on model "odes  

3 3 . 6  reads from f l l e ( c )  g e n e r a t e d  by a t h e r  p r o g r w l s i  i r ,  
advance 

33.7 i n t e r a c t l v e  i n p u t  f i l e  g e n e r a t i o n  

ERROR CHECRRY; OF IHPUT DATA: 
3 4 . 1  no e r r o r  c h e c k i n g  
3 4 . 1  i n c i d e n t a l  error ~ t i e c k i n g  
3 4 . 3  r e a s o n a b l e  e r r o r  check l r i g  
3 4 . 4  f u l l  e r ror  check;ng  

~ m - P n o c e S S u w ;  PROGRAIIS (name and purpose): 
3 5 . 1  P a r t  of mode l :  

1. 
2 .  
3 .  

3 1 . 2  No p a r t  of m o d e l :  
1. 
2 .  
3 .  

msT-rmo<iessE Pnocanris (name and purpose): 
3 6 . 1  Part o f  modei: 

3 6 . 2  No p a r t  of mode l :  
1. 
2 .  
3 .  

REVIEW OP IIODEL RESULTS: 
3 7 . 1  echo o f  i n p u t  d a t a  

i n c i d e n t a l  
reasonable 
ful1y 

3 7 . 2  heads 
3 7 . 3  pressures 
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37.4 discharge injections / ertractions 
37.5 concentrations in model area 
37.6 concentrations at extractions/injections 
37.7 temperature 
37.8 fluid discharges 
37.9 salute discharges 
37.10 heat discharges 
37.11 fluid velocity 
37.12 travel times 
37.13 fluid density 
37.14 evapatranspiration 
37.15 fluid storage 
37.16 solute storage 
37.17 heat storage 
37.18 change in sedimentation/erasion volumes 
37.19 change in bed elevation 
37.20 sediment concentration profile over the depth 
37.21 sediment transport dictribution 
37.22 pathlines 
37.23 stream lines 
37.24 equipotential lines 
37.25 position af saltwater/freshwater interface 
37.26 concentration of dissolved oxygen 
37.27 BOD/COD 
37.28 micro orqanisms concentration 
37.29 spatial distribution of pollution 
37.30 hydraulic parameters 
37.31 other output data 

2380000 38. WODEL OUTPUT: PRESENTATION OP RESULTS: 
2380100 38.1 printed tablec 
2380200 38.2 plotted time series curves 
2380300 38.3 plotted areal distribution maps 
2380400 38.4 printed alphanmerical maps 
2380500 38.5 printed contour map6 

2390000 39. IIODEL OUTPUT OP W C E S :  
2390100 39.1 over total model area 
2390200 39.2 over each model cel1 
2390300 39.3 over internal sectio" of model area 
2390400 39.4 over each time step 
2390500 39.5 over group of time steps 

2400000 40. HODEL OUTPUT FACLLITIES: 
2400100 40.1 Output of data on a file for restart purposes 
2400200 40.2 Output of data for post-processing purposes 
2400300 40.3 Interactive output generatian 

2410000 41. ERROR CRITERIA: 
2410100 41.1 fluid transport 
2410101 fluid balance over model 
2410102 sum head/~reccure chanse over model between 

. A  

iterations 
maximum head/pressure change at any node 
maximum fluid discharge change at any boundary 
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node 
majtmum changn of h e n d / p r e s s u r e  over a t ime 
increment  
maximum Elu ld  I i s c h a r g e  change over a ?:- ie  
i n c r e m r n t  
o t h e r s  

4 1  .i s ~ ~ l u t e  t r a n s p o r t  
s ~ l n t e  balanco wlcr modei 
sum concentrot:on change o v e r  model t e t e e n  
i t e r a t i o n s  
maxlmim c o n r e n t r a t i o n  c h a n g e  a t  any 11dc 
naxmum ir,!i:te dls,:i.arge change a t  i n y  boiirdary 
node 
maximum concerit r a t i o n  change aver a rime increment  
maxmum solcte d i s c h a r g e  change o v e r  i 'ime 
i n ï r e m e n t ~  
o t h e r s  

4 1 . 3  h e a t  t r a n s p o r t  
h e a t  b a l a n c t  wier model 
sum t e m p e r a t u r e  ctiarge over model between 
i t e r a ' l o n s  
maximiim tempera ru re  rhange  a t  a n y  node 
maximum hea t  d i s c h m g e  change a t  any o9,ndar.i node 
maxlmilm tempera t i i r t  rhange  wier  a t ~ m e  i n r r e m s n t  
maximum h e a t  d i : icharge change o v e r  a t i r e  
increment  
o t h r r s  

41.4 sediment  t r a n s p o r t  
sed imen t  balance a v e r  modei 
sum sed imen t  change over model between i t c r a t i o n s  
maximum sediment  mass change a t  any node 
maximum sed imen t  discharge change a t  a n y  boundary 
node 
maximum sedimcrit mass change over  a t lme increment  
maximum sediment d i s c h a r q e  chanqe vier  a t ime  
increment 
o t h e r s  

41 .5  b i o l o g i c a 1  processes 
maximum oxyqtn concen t - ra t ion  related t9 
t e m p e r a t u r e  
o t h e r s  
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TYPE OV IIODEL: 
2.1 deteministic 
2.2 stochastic 
2.3 linear 
2.4 non-linear 
2.5 time invariant 
2.6 time variant 
2.7 continuouc 
2.8 discrete 

GEMIETRY OV HODEL 
3.1 distributed 

phycical boundaries between the subareas 
(watershedc) 
artificial boundaries between the subareas 

3.2 lumped 
3.3 comhined distributed and 

lumped 

m OV HODEL ARBR: 
4.1 urban area 
4.2 sub-urban area 
4.3 intensive agricultural area 
4.4 rural area 
4.5 comhined urban and mral area 
4.6 polder area with pumped discharge 
4.7 fo res t  area 
4.8 large river basin 
4.9 sub-river basin 
4.10 paved 
4.11 unpaved 
4.12 combined paved and unpaved 
4.13 flat area 
4.14 hilly area 
4.15 mountainous 
4.16 other types 

TRANSPORT SIm: 
5.1 pipe system 
5.2 open conduits 
5.3 unbranched conduit 
5.4 tree system 
5.5 network system 
5.6 structures 
5 . 7  combined seweraae svstem - - 
5.8 separated sewerage system 
5.9 improved separaeted sewerage system 
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LDIITATIONS IN APPLIIATIDN: 
6.1 model c m  ii:ily he used f o r  one specific sl*.uatlnn 
6.2 model c ó n  be i i ied  :n ofb,er sltuations after deflr:ng new 

paranieters 
6.3 modei ran he used in o-her situatlons after calibraticg 

t h e  parameters 
6.4 ioooel can be used in orher situat.ions withoct adaptii~rs 
6.5 changes in modellen area c m  he accepted 

without a d ] u r t ~ n g  parameters 
'w i thout  v a ~ ~ d a r . i > r  of the model 

BRSIC WDEL PRMIESSES 
7.1 L o s 5  algorithm 
7.7 Transfer algorlthn 
7.3 iornbined rainfalj-l~iis and 

r.ransfer algarithm 
7.4 Solute transport 
7.5 Scdment transport 

MODEI, PROCESCES PLUIU 
8. i preripitation 

rainfall 
snow 

8.2 s r i c i w  melt 
8:: frceaing 

m i l  moicture 
wurface wnt.er 

8.4 interceptiun 
8.5 wetting losses 
8.6 iranspiration 
8.7 evipotranspirat~on 
8.8 e'iaporation 

open water 
paved surface 
soil 

8.9 infiltration 
sol1 surface 
paved surface 

8.10 surface retention 
8.13 surface detention 
8.12 overland flow 
8.13 flow in coriduitr 
8 . i 4  lnterflow 
8.15 percolation 

deep: out of syctern 
to groundwater 

8.16 capillary rise 
8.17 subsurface flow 

unsaturat.ed zone 
groundwater 
drainage flow 

8.18 groundwater level 
8.19 soil moisture content 
8.20 leakage from sewerc/watersupply systems 
8.21 rlriating transport 
8.22 external discharges 





11.8 nitrogen c5mpancnts 
niLrificatiun 
denitrif icntion 
nitrogen fixat:an 
minerallsatlnn 
i r i f  l u ' f l r e  on pH 

11.9 phosphates 
adsarpt m n  
preciuitatian 

anaerobic  decay 
redm potential 
ir!f!iience of othcr n.itrients or. oxinationl 
ferment.ation 
biologica1 acti'~ity 
diswived ox,(rjrr 
piiyio plankton concentrat.ion 
bacteriii conceril ratlori 
eutroph lcation 

l l. 11 t iea'q met.ais 
specific adsarpt:on 
precipi tation 
influence of redox potential 
inf liience o f  pil 
complexation 

11.11 organlc chlorides 
volatillzation 
reactions e .  hydratation) 
biologica1 iiiti'ilty 
precipitarion 
absorpt  ion 

11.13 radionuc!ides 
11.14 roiiforms 

temperaturc 
nutriertts 
retention 

11.15 hydrocaroons 

3120000 12. EQUATIONS USED FOR RAINFALL WSS CALWIATIONS: 
(plea:~ indicate in hort. words and equation £om) 

(e.g. 
31201~01 U.S. Sol1 C a n s .  Serv. Curve Number rnettiod 
3120002 phi-index model 
3120003 initiai lossei 
3120004 Horton-type (eqonentlal) > O S S  model 
3120005 percentage of precipitation 
312C006 physically bascd rnodels 
3120007 graficcil coaxiiti method 
.31211008 ot~her) 

3130000 13. TRANSFER FUNCì'IONS 
(plrasc indicate i n  botti words and equafion t o rn )  

( e . g . :  
3130100 resrrvnir approaches 
3130101 linear reservoir or Nash model: log ar gamma 



bureau SAUWAT 11.3 r a i n f a l l - m o f £  

f u n c t i o n  
n o n - l i n e a r  r e s e r v o i r  model 
c o n v e c t i v e  d i f f u s i o n  model 

t r a n s l a t i o n  approach:  
r a t i o n a l  method 
modif ied r a t i o n a l  method 

combined approach 
Cla rk  
o t h e r  

p u r e  emper ica l  
model based  on q u a d r a t l c  p r o g r m i n g  
s t o c h a s t i c  approach 
Sherman Unit  Hydrograph method 
f l o o d  r o u t i n g  f u n c t i o n s  ( e . g .  Manning) 
o t h e r  approaches  

Laguer re  model 
V o l t e r r a  model 
Q-h r e l a t i o n s  

F.QUATIONS SOLYED IN  EL m R  OPTIMIZATION OP PARA~ETWS 
(CRLIBRATION) ( p l e a s e  i n d i c a t e  in both  words and e q u a t i o n  

£om) e . g . :  
l e a s t  square  method 
max l ike lyhood  method 
extreme v a l u e  methods 
l i n e a r  programming 
q u a d r a t i c  p r o g r m i n g  
dynamic p r o g r m i n g  
Kalrnan f i l t e r i n g  
RRMA/ARIMA p r o c e c s e s  
Narkov c h a i n s  
Regreccion analysic 
r e c u r s i v e  g u e s s e s  

STRUCPURE OF RESERVOIR HODELS: 
15 .1  s i n g l e  r e s e r v o i r  
15.2 more r e s e r v o i r s  
15.3  p a r a l l e l  r e s e r v o i r s  
15 .4  r e s e r v o i r s  i n  s e r i e s  
1 5 . 5  r e s e r v o i r s  i n  s e r i e s  and p a r a l l e l  

EQDATIONS SOLYED IN WODEL m R  SOLDTE TRANSPORT: 
( p l e a s e  i n d i c a t e  i n  bo th  word and e q u a t i o n  £ o m )  
16.1 t r a n s p o r t  e q u a t i o n s  

EQüATIONS SOLYED IN WODEL FUR EROSION AND SED- 
TRANSPORT: 
( p l e a c e  i n d i c a t e  a l 1  e q u a t i o n s  i n  b o t h  words and e q u a t i o n  
f  oms) 
1 7 . 1  t r a n s p o r t  e q u a t i o n c  
17 .2  s p e c i a l  e q u a t i o n s  a t  s t r u c t u r e s  
1 7 . 3  s p e c i a l  e q u a t i o n  f o r  s u r f a c e  e r o s i o n  
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18.1 Characteristlcs of input 
m e m  vsilue 
standard deviation or variance 
skewness 
covariance 
histogram 
confldence (concours) 

18.2 Charncteristlcs of output 
m e m  value 
standard drviatim or variance 
skewnrss 
covaïlance 
histogrm 
confidence ( c o n t o u r s )  

18.3 Frequericy dlstrlbution of input 
normai 
log-namal 
extreme values dlstributian (e.g. Gumtiel) 
Pearson distriburions ( G m a )  
others 

18.4 Frequency distribution of output 
normal 
log-nomni 
extreme values o~stribution (e.g. Gumbel) 
Pearson distriout~ons ( G m a )  
others 

18.5 spatlal statistical characteristics af input 
carrelat ion funct. ion 
covarlance f i i r icc ian  
semi-variogram 
variance-covariance matrix 

18.6 spatlal statistica1 characteristlcs of output 
correlatlon functlon 
covariance funcrion 
srrni-variogram 
variance-covariance matrir 

18.7 Monte Carlo generat.ion of cpatial dictributlons 
uncurrelated (normai) random 
multi-variate (normal) random with glven 
covariance matrix 
riearest neighbour rnethod 
conditmnal generation 

18.8 Kalman filtering 
based on ctochastic model 
based on determirtistic model 
cpatial ~nterpolation/extiapolat~on 
interpolation/extrapoiat1on in t m e  
parameter estimation 

18.9 Resldual analysis 
18.10 calculation of frequency distribution/varlance/ 

confidence 
due to parameter uncertainty 
due to uncertainty In boundary canditions 
nwnerical calculatmn (eg. Honte Carlo generation) 
calculation basrd on probabiiism 

18.11 time series analysis 
input varlables oniy 
output variables only 
input and output variables 



bureau SBWAT 11.3 rainfall-runoff 

18.12 simulation in time 
ARMR/ARIMA process 
Markov chains 

18.13 stochastic difterential quations 
18.14 regression analysis 

linear 
non-linear 

18.15 non-parametric methods 

INITIAL CONDITIONS 
19.1 soil moisture content 
19.2 ground water table 
19.3 initia1 storage 
19.4 temperature soil/pavement 
19.5 water levels in conduits 
19.6 discharges in conduits 
19.7 meteorological conditions 
19.8 others 

INPUT 
20.1 rainfall characteristics 

rainfall intencity 
average intensity 
maximum intensity 
n-minutes maximum intensity 
rainfall duration 
t .he  distribution 
areal distribution 
total storm depth (rainfall / area) 
m e m  annual depth (rainfall / area) 
m-hour depth (rainfall / area) 
critical time of rain 
instantaneous rainfall 
snow and snow water content 
table of Curve Nwnbers 
frecpency of occurence 
hveto~ra~h 

A - .  
others 

20.2 evapo(transpi)ration 
meteorological data 
solar radiation 
air temperature 
crop coefficients 
10 days average evapo(tranc)piration 
monthly average evapo(trans)piration 
other evapo(trans)piration input 

20.3 watershed characteristics 
watershed slope 

average clope 
slope-area relationship 
altitude-area relationship 
orientation of slopes 

drainage density 
watershed length 
watershed width 
watershed area 
watershed shape 
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rhannel length 
chanriel i l c p ?  

surface roughness coefflclent 
channel roughness cocfficient 
land use characterisation 
depression/lske st.orage 
chinnel storaqe 
rol: type 
S 0 1  ! stabi1it.y 
soil pemeablllty 
percentage pa.~ed/unpnved area 
type of pa'iement~ 
crap  characteristics 
irnperviaus portior. .if the catchment 
anb~ecedent malsture conditions 
inf:ltration characterlsticc 
ir,rerflow charart.eristicc 
otbtr watershed cnnracteris+.ics 

20.4 runoff characteristics 
runoft coefficient 
time of concentration 
period of rise / t m e  to peak 
inst~antaneous dlscharge 
external discharge 
peak discharge 
tntal discharge / area 
ot-her runoff characterictics 
quality aspects 

20.5 diffusion/dispersian coetficient 
constant in space 
distributed 

20.6 fluid density 
constant in :;pace 
distributed 
initial condition 

20.7 specific weight of fluid 
constant in space 
distributed 

20.8 viacocity of fluid 
constant in spece 
distributed 

20.9 decay rate organlc matter 
constant in ïpace 
distributed 

20.10 decay rate radio nuclide5 
constant in space 
distributed 

20.11 initial solute concentration 
constant in space 
distributed 

20.12 initial position of saltjfreshwater interface 
Constant in space 
distributed 

20.13 orygen management parameters 
reaeration coefficient 

20.14 pathlines 
mitlal condition 
changing in t m e  
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20.15 ertinction coefficlent 
sediment aspects 

20.16 sediment characteristics 
constant in space 
constant over branches 
distributed 
particle size distribution of bed material 
characteristic diameter (s) 
characteristic fa11 velocity of sucpended matter 
specific weight 
porosity factor of bedmaterial 
density of bedmaterial 
density of particles 
bed roughness parameters 

20.17 surface erosion characteristics 
20.18 other sediment aspects 

other input 
20.19 optimization criteria: 

peak waterlevel height 
time to peak waterlevel 
fremencv af occurence of a certain went 
at.hers 

20.20 ground water conditions 
constant in time 
changing in time 

20.21 other 

HODEI. INPUT FACILITIES: 
21.1 number of input files 

one 
t W O  

more than two 
21.2 time series curves 
21.3 maps of equal value lines 

converted to nodallelement values by the program 
itself 
converted by an  aurlliary program In advance 

21.4 maps of ewal value subzones 
converted to nodal/element values by the program 
itself 
converted by an auxiliary program in advance 

21.5 maps of point values (regularly of randomly 
distribuated) 

converted to nodal/element values by the program 
itself 
converted by an auxiliary program in advance 

21.6 reads from file(s) generated by auxiliary program(s) in 
advance 

21.7 interactive input file generation 

m o R  (3IECF.ING OF DATA: 
22.1 no error checkinq 

3220200 22.2 incidental error checking 
3220300 22.3 reaconable error checking 
3220400 22.4 full error checking 
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PRE-PRüCäSSING PR- (name and purpose):  
2 3 . 1  
1 3 . 2  
2 3 . 3  

P O S T - P R ~ S S I N G  PROGRRIIS (n- and purpose): 
2 4 .  i 
2 4 . 2  
24  . 3 

REVIEW OF HüDEIi RESULTS: 
2 5 . 1  o u t p u t  of input.  'iaiiies 

of few i n p u t  d a t a  
of many i n p u t  d a t a  
o f  a l 1  i n p u t  d a t a  

2 5 . 2  o u t p u t  f rom r a i n f a l l  l a s s  model :  
P n e t  
l o s s e s  
P g r o s s  

2 5 3  v a l u e s  of model p a r a m e t e r s  f rom c a l l b r a t l o n  p r o c e d u r e s  
2 5 . 4  d i s c h a r g e  i n  o u t l e t  p o i n t  ( Q - t )  

i n  p r i n t e d  t a b l e s  
i n  p l o t t e d  tune series cumes 

2 5 . 5  d i s c h a r g e  i n  ~ n t r r n a l  p o i n t s  
i n  p r i n t e d  t a b l e s  
i n  p l o t t e d  t i m e  ser ies  curves  

2 5 . 6  w a t e r  l e v e l s  
i n  i n t e r n a l  p o i n t ~ s  
i n  u u t l e t  po i r i t~  
i n  p r i n t e d  L,&les 
i n  p l o t t e d  t i m e  s e r i e s  curves  

2 5 . 7  d i s c h a r g e  i n j e c t i o n s  / e x t r a c t i o n s  
c o n s t a n t  i n  t i m e  
c h a n g i n g  i n  t i m e  
i n  p r i n t e d  t a b l e s  
i n  p l o t t e d  t i m e  s e r i e s  curves  
i n  p l o t t e d  a r e a 1  d i s t . r i b u t i o n  mapc 
i n  p r i n t e d  a l p h a n m e r i c  maps 

25 .8  c o n c e n t r a t i o n s  i n  model area 
c o n s t a n t  i n  t i m e  
c h a n g i n g  i n  t i m e  
i n  p r i n t e d  t.ahles 
i n  p l o t t e d  t i m e  s e r i e s  curves 
i n  p l o t t e d  area1 d i s t r i b u t i o n  maps 
i n  p r i n t e d  a l p h a n u m e r i c  maps 
i n  p r i n t e d  c o n t o u r  maps 

2 5 . 9  c o n c e n t r a t i o n s  at e x t r a c t i o n s  
c o n s t a n t  i n  Llme 
c h a n g i n g  i n  t i m e  
i n  p r i n t e d  t n b l e s  
i n  p l o t t e d  t i m e  series curves 
i n  p l o t t e d  areal d i s t r i b u t m n  maps 
i n  p r i n t e d  a l p h a n u m e r i c  maps 

2 5 . 1 0  s o l u t e  d i s c h a r g e s  
c o n s t a n t  ~n t i m e  
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changing in time 
in printed tables 
in plotted time series curves 
in plotted areal distribution maps 
in printed alphanwrieric map6 
in printed contour maps 

25.11 fluid velocity 
in printed tablec 
in plotted time series curves 
in plotted areal distribution maps 
in printed alphanumeric maps 
in printed contour mapc 

25.12 fluid density 
constant in time 
changing in time 
in printed tables 
in plotted time series curves 
in plotted areal distribution maps 
in printed alphanumeric maps 
in printed contour maps 

25.13 evapotranspiration 
constant in time 
changing in time 
in printed tables 
in plotted time seriec curve6 
in plotted areal distribution maps 
in printed alphanumeric mapc 
in printed contour maps 

25.14 change in fluid storage 
constant in time 
changing in time 
in printed tablec 
in plotted time series curves 
in plotted areal distribution maps 
in printed alphanumeric maps 
in printed contour maps 

25.15 change in solute storage 
constant in time 
changing in time 
in printed tables 
in plotted time series curves 
in plotted areal distribution maps 
in printed alphanumeric mapc 
in printed contour maps 

25.16 change in sediment storage 
constant in time 
changing in time 
in printed tables 
in plotted time series curves 
in plotted area1 distribution maps 
in printed alphanmeric mapc 
in printed contour maps 

25.17 spatial distribution of pollution 
in printed tables 
in plotted time seriec curves 
in plotted areal distribution maps 
in printed alphanumeric maps 
in printed contour maps 

25.18 hydraulic parameters 
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i n  p r i n t e d  t a b l e s  
i n  p l o t t e d  t i m e  serles curves 
. r> p l o t t e d  araa l  d i c t r i b u t l m  maps 
i n  p r i n t e d  a l p n a n u m e r i c  maps 
i n  p r i n t e d  c l n l u u r  maps 

3260000 26. MODEL O m  OP BAWICES: 
3260100 2 6 . 1  over totdi model area 
3260200 2 6 . 2  o v e r  eoch model ceil 
3260300 2 6 . 3  over : " t e r n a 1  s e c t i o n  af  model a rea  
i260400  2 6 . 4  over e a c h  t i m e  s t ~ e p  
3260500 2 b . i  o v n r  g r n u p  of  l i m e  s t e p s  

J%70000 27. MODEL OUTPüT FACILITIES: 
i 270100  2 7 . 1  Ou tpu t  of d a t a  on a f i l e  f o r  r e s t a r t  p u r p a s e s  
3270200 27 .2  Outpiit. of d a t a  f o r  post-processing p u r p o s e s  
3270300 2 7 . 3  I n t e r i i c t i v e  outpiit  ~ o n e r a t i o n  

ERROR CñITeRIA: 
2 8 . 1  f i u l d  t r a n s p o r t  

f l u i d  b a i o n c e  over model 
m n r i m m  change  of h e a d / p r e c s u r e  over  a 'ime 
i n c r e m e n t  
maximum f h i d  4 :schargo change  over n r i m e  
i n c r e m e n t  
o t h e r s  

2 e . 2  s o l u t e  t r i i r i spo r t  
s o l u t e  b a l a n c c  nver model 
maximum c o n c e n t r a t i o n  change  over a rine i nc r emen t  
miiximm s o l i i t r  d i s c h a r g e  change  over a r i m e  
incrcment.  
ot .hers 

2 8 . 3  s e d i m e n t  t r a n s p o r t  
s e d i m e n t  b a l a n c e  wmr  model 
maximum s e d i m e n t  mass change  over a t:%? inc remen t  
maximum s e d i m e n t  d i s c h a r g e  change nver  a t i m e  
i ricrement. 
o t h e r s  
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bureau -T 11.4: agricultural prochction 

BLCCF. 11.4 : AGûICULTURAL PRODUCTION 

NAIIE O F  MODULE : 

NATURE OF IIODULE: 
2.1 deterministic 
2.2 stochastic 

BASIC MODEL MARACl'ERISTIC3 
3.1 crops 

single crop 
multiple crop 
crop(s) species : 

3.2 soil profile 
saturated zone 
unsaturated zone 

3.3 surface 
water on land 
water in conduits 

BASIC IIM>EL PROCESSES 
4.1 crop growth 

root activity 
transpiration 

4 . 2  soil profile 
fluid transport 
solute transport 
heat transport 
cornpreccion 

4 . 3  curface 
evaporation 
rainf a l 1  
water transport 
water storage 

GENERAL 
5.1 crop characterization 

potential crop production 
water limited production 
nutrient limited production 
weeds limited production 
pests and diceases liruted production 
yield reduction parameters 

5.2 time scale of simlation 

NIYERU 1 
5.3 gross assimilation 

deterministic 
non-deterministic 

5 . 4  type of assimilation 
C3-plantc 
C4-plants 

niveau 1 
niveau 2 
niveau 3 
niveau 4 
niveau 5 
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( 1 . 1 :  agricultural production 

NIVEAU 2 
i,? pntrctial c v a p o t r s n s p i r a t l o n  

w i t h  erogene v a r i a b i e s  
w i t ~ h  endogene  . , a r i a b i e s  

5 . 8  a c t u a i  a v i p o t . r a n s p i r a t l n n  
w i t h  exogene  ïariablec 
w i f h  ennogene i a r ; n b l e s  

5.3 t ~ . r i n s p i r a t i o n  
ej<i>rjene 
enrioijere 

5 .10  s t o m a t a  r e s i s t . n n c e  
i ,:] water u p t a k a  b y  roots 

r o o t  ac t i v1 t . y  v a r y l n g  
w i t t i  deptb.  
w i t h  t i m e  

root ncrivity r c n s t i n t  
i.:2 w o t o r  s t r e s s  w root^?;) 

r i rought .  
w a t e r l o g q i n g  

5 . i 3  o z ï g e n  a v a i l a t i l i t y  (of r o o t 5 1  
i i i f fb i s ion  

5 . 1 4  roots  w i t h  aerenchym 
5 . 1 5  c r u p  r k ~ e l o p r n c n t  z t n g e s  

d e t p r m l n e d  tg t e m p e r a t u r e  s im 

o t h r r  
5 . 1 6  q r r m i n a t i o n  process rnode:ed 
5 .  j 7 p l a n t  ir ig/sowing " a r e  

dependerit  on w o r k a b i l i t y  
o t h e r  

5 .18  emergence d a t e  
dopenden t  on w n r k a b i l i t y  
r,t.her 

5 . 1 9  h a r v e s t i n g  d a t e  
d e p e n d e n t  an w ~ r k ; i t > i l i t y  
othor 

5 . 2 0  d a y l e n g t n  s e n s i t i v i i i y  
5 . 2  f e r n a i i c a t i o n  
5 . 2 2  d r y  m a t t e r  p r o d u c t i o n  per developrnenL s t a g e  

d i ; t~ r ib i i t . ed  vier p i a n t  
1.2! r o o t  qrowt-h 

dependen t  on p r o d u c t i o n  
5 . 2 4  m o t  d e t e r i o r a k i o n  

due t~o f r e e z i n g  
w a t e r  e x c e s s  
w a t e r  n h o r t a g r  



bureau -T 11.4: agricultural production 

5.25 plant deterioration 
NIVEAU 3 
5.26 nutrient uptake 

N (sodium) 
P (phosfar) 
K (potassiurn) 
S (sulphates) 
other nutrients 
torlc elements 

5.27 uptake capacity of nutrients 
determined by availability 
determined by plants demand 

5.28 nutrient contents 
of plant 
of plant part.s 

NIYERU 4 
5.29 production limitation due to weeds 

NIVFAU 5 
5.30 product~on limitatlm due to pests and diseases 

SOIL PROFILE MODELING 
6.1 fiuid transport in soil profile 

capi llary flow 
osmotic forces 
hysteresis 
swelling / shrinking 
percolation to groundwater 
(deep) percolation out of system 
flow to drains 
groundwater level elevation 

time variant 
constant 
index 

m i l  rnaisture content 
influence "n workability 

soil water balance 

6.2 solute transport in soil profile 
salt-diatrlbution due to swelling en shririking 
convect.ion 
dispersion 
diffusion 
stagnant phase 
two phase transport 
mixing 
adsorption 

6.3 heat transport in m i l  profile 
freezing of soil moicture 

6.4 compression of cail profile 
oxidation 

MODEI. PRCCESSES OMISIDERED AT IRWD S W A C E  : 
7.1 snow / ice melt 
7.2 condensation (above/on land surface) 
7.3 freezing (above/on land surface) 
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7 . 4  p r e c i p i t a t i o n  
ralri 
sriow 

7 . :  Lnt .e rcept lor ,  
7 . 6  s u r f  ace water  e u a p o r o L i o n  
7 . 7  : s o i l  e v a p o r a t i o n  

pu t e r ; r . i a l  
<,ct >,a1 

7 . 8  s o i ~  c r u s t  
!.'i surface w a t e r  ( c r , n d . i i t s I :  

s t o r q e  
trarlr:porr 
w a r e r b a l i m c e  

7 . : 0  waler o n  l a n d  su r f ac s :  
d e p r o ï s m n  :;rornge 
over :  a n d  f  ?ow 
w a t c r b a l a n c e  

7 . 1 1  i n t e r f l o w  
/.!i water i p a l i t y  ; i r ;pect i  s u r f a r e  w a t r i  

4080000 8. UPHP.R UOOEL PROCESSES: 
40801011 % .  1 r a i r i f a l l - r i i n o f f  
4080101 ioss ca1cil la:~lon.; 
4080200 8 . 2  e c u n o m l c  e v a i u a t l o n  o f  p r o d u c t i o n  
4080300 8 2  o t h e r s  

4090000 9. SOIL PROFILE CONDITIONS 
4CY0100 9 . 1  rna~rlr  c o n d l t l o n i  
4090101 i s o t  ropic 
4090102 a n i s a t r o p i c  
4090101 irimogeneoii:; 
409GI04 he t .e rogeneous  
4030105 c ï a c k s / m a c r o p o r e i  
409010h d u a l  p o r o s i t y  
4090107 c h a n g i n g  un!;a:urated zone t h i c k n e s s  ic t :me 
41190198 p lo i i r jh ing  I a ' j e r  
404ri200 9 .1  f i u l d  c o n d l t i o n ;  
4090701 tiomogenuous 
4090202 h e t e r o g e n e o u s  
4090203 m u i t ~ l p l e  i n m i s i i b l e  f l u l d s  
4090204 s a l t w a t e r - f r e s n w a t e r  ( i r m n i s c i b l e )  

SOLUTES IN IIRSS TRANSPORT IN SOIL PROFILE : 
i O . 1  t o t a l  d i s :+o lved  s o i i d s  
1 0 . 2  nitrogen componen t s  

v o l a t i l l z a t ~ o r i  
n i t r i f  lcation 
d e n i t r i i i c e t i o r .  
r i j t r o g e n  flxarion 
m i n e r a l i s a t i o n  
~nfluence n n  pH 
t e m p e r a t u r e  d e p e n d e n t  

1 0 . 3  p h o s p h a t e s  
a d s o r p t m n  
p r e c l p i t a t l o r .  
i n f l u e n c e  of pH 



bureau SAIBIAT 11.4: agricultural pmduction 

4100304 temperature dependent 
4100400 10.4 sulphuï components 

redox reactions 
precipitation 
conservative 
influence on pH 
temperature dependent 

10.5 chlorides 
conservative 
anion exchange 

4100503 temperature dependent 
4100600 10.6 organic 
4100601 biologica1 oxidation 
4100602 anaerobic decay 
4100603 redox potential 
4100604 influence of other nutrientc an oxidationl 

anaerabic decay 
4100605 biologica1 activity 
4100606 soluability 
4100607 temperature dependent 
4100700 10.7 heavy metals 
4100701 spec i f i c  adsorption 
4100702 precipitation 
4100703 influence of redox potential 
4100704 influence of pH 
4100705 complexation 
4100706 fixation 
4100800 10.8 organic chlorides 
4100900 10.9 toxic colutes 
4101000 10.10 any conservative colute 
4101100 10.11 m e  solute 
4101200 10.12 two solutes 
4101300 10.13 more than two solutes 

4110000 11. IAND SURFACE 00NDITIONS 
4110100 11.1 f lat surface 
4110200 11.2 undulating 

4120000 12. RELATIONS USED HIR (aOP PRODUCTION ULUaLATIDNS 
(in both words and equation fom) 
( e . g .  crop production is a 

4120001 function of water availability 
4120002 function of workability 
4120003 function of nutrient gift/uptake 
4120004 function of 02 / CO2 conc. 

l 4120005 function of temperature soil / air 
4120006 function of emergence / harvest date 
4120007 function of leaf area 
4120008 function of radiation 
4120009 function of evapo(trancpi)ration 
4120010 function of presence of weeds 
4120011 function of pect/diseaces; 

or there are inter relations between above mentioned 
factors. ) 

4120012 other relations 
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11.1: agricultural production 

4130000 13. EQUATIONS SOLYHD IN MODEL mR TRANSPORT IN SOIL PROFILE: 
iuiease iridiciite al1 eauatioris ;n both words and eauat;on 

4130200 13.2 solute transport 

4130300 13.3 heat transport 

DETERIIImTION OF TI)IE STEP: 
14.1 Crup product~on calculatlonc 

fixed time step 
automatic tlme increment selection 

14.2 Soil profile calculations 
fixed t m e  step 
automatic tlme iricrement selection 

i4.3 Sdrface calculatlans 
f ixed time step 
automatic tlme iricrernent selectlm 

m e m  vaiue 
standard deviation or varlance 
skewriess 
-.ovririance 
covnriance marrix 
histogram 
confidence (contours) 

16.2 characteristics of output 
mean value 
standard deviation ar variance 
skewness 
covariance 
histogram 
confidence (contaurc) 

16.3 Frequency distribution af input 
normal 
log-normal 
extreme va luec  distribution ( e . g .  Gumbel) 

16.4 Frequency distrlbutiori of output 
nonna1 
Log-normal 
extreme values distribution (e.g. Gumbel) 

16.5 spatial staticticai characteristics af input 
correlation function 
covarlance functian 
semi-variogram 
generalised covariance function 
variance-cavariance matrix 

16.6 spatial statistical characteristics of output 
correlation function 
covariance function 
semi-variogram 
generalised covariance function 
variance-covariance matrix 



bureau SAI(WAT 11.4: agricultural production 

16.7 Monte Carlo generation of spatial distributions 
uncorrelated (normal) random 
multi-variate (nomal) random with given 
covariance matrix 
nearest neighbour method 
conditional generation 

16.8 Kalman filtering 
based on ctochastic model 
based on deteministic model 
cpatial interpolation/extrapolation 
interpolation/extrapalation in time 
parameter estimation 

16.9 Residual analysis 
16.10 calculation of frequency distribution/variance/ 

confidence 
due to parameter uncertainty 
due to uncertainty in boundary conditions 

16.11 time series analysis 
input variables only 
output variables only 
input and output variables 

16.12 simulation in time 
RRMAIRRIMA process 
Markov chains 

16.13 stochastic differential equations 
16.14 regressim analysis 

linear 
non-linear 

16.15 Kriging 
16.16 non-parmetric methods 

INITIAL WNDITIONS mu CROP PROWCTION: 
17.1 gemination 

date 
amount of seed 

17.2 emergence 
date 
leaf area index 
soil cover 
bare soil 
amount of: 

leavec 
~- -~~ 

4170207 roots 
4170300 17.3 rooting depth at beginning of simulatians 
4170400 17.4 (soil) temperature sum 
4170500 17. S water availability 
4170600 17.6 oqgen availability 
4170700 17.7 nutrient availability 
4170800 17.8 other 

4180000 18. INITIAL CONDITIONS POR TPANSmRT M SOIL PROFILE: 

4180300 18.3 flux on upper model boundary 
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1 1 . 1 :  agriniltural production 

18.4 flux on louer mode: Uoundary 
18.5 fluid veiocity 
18.6 rnoisture content/potential s a i i  profile 
18.7 matrix conditions 
18.8 crack characterisatlon 
18.9 thicknecs of saturatedlunsaturated zone 
18.10 waterbnlance 
18.11 initial fiuld condirrons calculated by other rnodei 

QUALITY ASPECK3 
18.12 initial fluid conditions 

constant in cpace 
changing in space 

18.13 concentration of solutes in profile 
constant sver proflle 
distributed 

18.14 solute balance 
18.15 temperature af soil profile 

constant over p r o f i l e  
dictributed 

18.16 geothermal griidient 
18.17 ternperatdre balance 
18.18 initial solutes conditions calculated by ottjer 

mode l 
18.19 inltial hent conditions calculated by o t h e r  model 

COIIPRESSION 
18.20 iriltial pusltion of surface 
18.21 initlal content of arganic rnaterial 
18.22 ather soil profile initial conditions 

INITIAL 00NDITIONS AT SURFACE 
19.1 surface water 

s u r f a c e  water level 
water balance of surface water 
flow in su r f ace  water cystern 
initial condition calcuiated by a c h e r  mode; 
amount of stored water 

19.2 quallty aspects surface water 
19.3 temperature surface water 
19.4 atiieï 

(310P INPUT DATA OP MODEL 
20.1 crop species / cropping pattern 
20.2 =rop characteristics 

height 
soil cover 
reflexion coefficient 
L e a f  Area Index 
root, growth activity parameters 
C3 / C4 -asslmilation 
(optimal) emergence date 
(optimal) harvest date 
plant development stages 
entrance resistance roots for solutes 
stomata resistance f o r  C02 / H20 

20.3 number of workable days 



bureau SAmïAT 11.4: agricultural promiction 

required 
available 
planting 
harvesting 
other faming operations 

20.4 crop factors 
20.5 others 

SOIL PROFILE m DATA OF HODEL: 
21.1 elevation of land surface 

constant in space 
distributed 

21.2 thickness of rootzone 
constant in space 
distributed 

21.3 infiltration rate 
constant in space 
distributed 

21.4 soil type indiators 
constant in cpace 
distributed 

21.5 other 

PLUID 
21.6 moisture content - tencion relation (PF-curve) 

constant in space 
distributed 

21.7 hydraulic conductivity - potential or moisture 
content relation (K(h)-relation) 

constant in space 
distributed 

21.8 soil moisture content 
constant in space 
distributed 

21.9 porosity 
constant in space 
distributed 

21.10 swell/shrinking parameters 
21.11 specific yield 

constant in space 
distributed 

21.12 thicknesi of saturated/unsaturated zone 
constant in space 
distributed 

21.13 pressure head 
constant in space 
distributed 

21.14 workability parameters 
lover plastic limit 
moisture content 
pressure head 

21.15 other 

QUALITY ASPEms 
21.16 fluid conditions 
21.17 solute concentrations 
21.18 temperature of coil profile 
21.19 Cation Exchange Capacity (CEC) 
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11.1: agricultural production 

21.20 AdsorpTion isotherm 
21.21 ~ompressmlìrr'y parmeters  

Constant In s m c e  
distributed 

21.21 diffucion/d;sperslon coefficient 
constant in space 
distrlbuted 

21.11 drcay rare of organlr material 
21.24 other 

SURPACE IHPIIT MTA OP WOEL:  
METEOROLOGICAL ASPECTS 
22.1 preeipitation iate 
22.2 tnickness snow/lce layer 
22.3 radlatlm 
22.4 air temperature 
22.1 uind veluclty 
22.6 alr hurn~dity 
22.7 s u r f n c e  water evaporatlon rate 
2 2 . 8  soil evaporation rate 

ìiATEñ ON SURPACE / IN CONDUITS 
22.9 elevntion/depth of bottom 
22.10 bed cross-sectio" (vertlcal) 
22.11 leakage or hydraulic resistance of battom, 

drainpipe or landsurface 
22.12 wet perimeter 
22.13 width of battom or draln diameter 
22.14 distance between ditches/dralns etc. 
22.15 linear yround/surface water flux relation 
22.16 piece-wise linear ground/surface water flux 

relation 
22.17 higher order ground/surface water flux relation 
22.18 dramage reslstance (to define relatmn between 

headdrop and fiux) 
22.19 morphology 
22.20 others 

OTHER IW)OEL INPUT DATA: 
23.1 rainfall-mnoff parameters 
23.2 economic benef~t parameters 

f ixed 
var iahle  

23.3 economic cost parameters 
f ixed 
var iable 

23.4 other input data 

IW)oI?L INPUT FACUITIES: 
24.1 number of input files 

m e  
two 
more than two 

24.2 map& of equal value llnes 
24.3 maps of point values (regularly or randomiy 

d~stribuated) 



bureau SAII*AT 11.4: agricultural prochction 

24.4 reads from file(?-) generated by auxiliary program(s) 
in advance 

24.5 interactive input file generation 

BRROR CBBCKING OF INPOT DATA: 
25.1 no error checking 
25.2 incidental error checking 
25.3 reasonable error checking 
25.4 full error checkinq 

m-mK>cessm Pño<;nnrrs (name and purpose): 
26.1 
26.2 
26.3 

~>s~-m~cESsnn, m<ocanns (name ana purpose): 

REVïEN OF HODEL RESILTS: 
28.1 echo of input data 

incidental 
reasonable 
fully 

CROP PRODUCrION 
28.2 development stages 
28.3 Dry Matter production 

per timectep 
per development stage 
per season 

28.4 Dry Matter production dictribution over plant 
total 
underground 
roots 
above ground 
ctems 
leaves 
products 

28.5 leaf areas 
Leaf Area Index 
soil cover 
others 

28.6 transpiration 
28.7 evapotranspiration 
28.8 water uptake 
28.9 nutrient uptake 
28.10 nutrient content of plant parts 
28.11 production reduction due to weeds 
28.12 production reduction due to pest and diseases 
28.13 weed production 
28.14 required workable days 

planting/sowing 
harvesting 
other 
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1 1 . 1 :  agricultural production 

28.15 dates 
gemination 
emergence 
harvesting 
other 

SDIL PROFIIiE 
FUJID 
28.16 heads 
28.17 fluid fluxes 
28.18 fluid velocity 
28.19 moisture content 
28.20 waterbalance 
28.21 amunt/size of cracks/macropores 

QUALITY 
28.22 concentrations in model area 

constant in time 
changing in time 

28.23 solute fluxes 
28.24 temperature of soil 

constant in time 
changing in time 

28.25 colute balance 

ïOlETESSION 
28.26 position of surface 

LAND SURFACE - OUTFWT OATR 
28.27 evaporation 

soil 
open water 

28.28 other meteorological data 
28.29 interception 
28.30 storage of water 

on landsurface 
in conduitc 

28.31 water balance 
28.32 water quality output 

OTmR o m  
28.33 rainfall runoff 

hydrograph 
water loscec 

28.34 economic henefits: 
f ixed 
variable 

28.35 economic costc 
f ixed 
variable 

28.36 other 

4290000 29. m>DEL OOTPUT PRESKNTATIOR OF RESULTS 
4290100 29.1 in printed tables 
4290200 29.2 plotted time series curves 
4290300 29.3 ~latted areal distribution m a ~ s  
4290400 29.4 printed alphanumerical mapc 
4290500 29.5 printed contour maps 
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WODEL o m  OP BAWUICES: 
30.1 aver total model area 
30 .2  over each model cel1 
30.3 over internal section of model area 
30.4  over each time step 
30.5 over group of time steps 
3 0 . 6  fluid balance 
30.7 solute balance 
3 0 . 8  heat balance 

ERROR CRITERIA: 
31.1 fluid transport 

fluid balance over model 
sum headjpressure change over model between 
iterations 
maximum head/pressure change at any boundary 
node 
maximum fluid flux change at any boundary node 
maximm change of head/pressure over a time 
increment 
maximum fluid flux change over a time increment 
ather 

31.2 solute transport 
solute balance over model 
s m  concentration change over model between 
iterations 
mmimum concentration change at any node 
maximum solute f l w  change at any boundary node 
maximm concentration change aver a time 
increment 
maxirmim solute flux change over a time 
increment 
ather 

31.3 heat transport 
heat balance aver model 
sum temperature change over model between 
iterations 
maximum temperature change at any node 
maximum heat flux change at any boundary node 
maximum temperature change over a time 
increment 
maximum heat flux change over a time increment 
other 

31.4 crop production 
minimum/rnaxhm total yield (per timestep) 
actual yield smaller or equal to potential 
yield 
min./max./average evapotranspiration 
actual evapo(transpi)ration smaller or equal t0 
potential evapo(transpi)ration 
wateruce efficiency boundaries 
temperature restrittions ( e . g .  frost) 
other 
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l i iere  has been a s i g n i f i c a n t  i n c r e ; : i r  i n  r e c e n t  y e a r s  i n  t h c  a v a i l a b i l i t y  of 

i i i e n t i i i c  mode l i  wtiicli cari bc  u s i d  t o  q i i a n t i i y  t t i r  r e s u l t i ;  of o p e r a t i o n s  i n  

s h y d r o l o p i r a l  sy s t em ,,r t h e  e f f e c t s  o i  a l t e r n u t i v r  methods  of i t s  

manngeawnt. S i m u l n t i u n s  u s i n g  modr l s  o f  t h i s  k ind  a r e  b e i n g  more iind murr 

t r e q o e n t l y  uced a s  t h e  b a s i s  f o r  dec i s ion -mak ing ,  Vhen c a r r y i n g  o u t  s u c h  

s t u d i e s ,  i t  i s  e s s e n t i a l  t i ;  he a c q u a i n t e d  w i t h  tk , c  s y s t e m  t o  be c i m u l a t e d ,  

t h e  c i i r r r n r  s t a t e  of  t t i i  cy s t em and t h e  way i  lias d e v e l o p e d .  l h e  usr tuf 

c o m p u t r r i s r d  d a t a b a s e s  c n a b l e s  d a t a  r e c o r d c d  hy o t h e r s  t o  he  used  wi t l i  

r e l a t i v e l y  l i t t l e  r i f o r t .  Da t a  from u v a r i e t y  of s o u r c e s  a r e  o f t e n  combined.  

wiiich may m e m  t h a t  r e q u i r e m e n t c  r e l a t i n g  t o  a c c u r a c y  and r e p r e s e n t a t i v e n e s c  

ca" d i f f c r  ~ o n s i d e r n b l y  from t i iose  a imrd  a t  i n  t h e  o r i g i r i a l  measu r ing  

p r o c e s s .  E r r o r s  z r r  p a r t i c u l i i r l y  l i k e l ; .  whrn measu r ing  d a t a  were girocessed 

b e i o r e  h r i n g  u sed .  I n  must  cases  a u s r r  w i l 1  c a r r y  o u t  v a r i a u s  c h e c k s  t "  

z ~ i c r r t a i n  w h e t h e r  t h e  data o b t a i n e d  i s  a p p r o p r i a t e  f o r  i t s  i n t e n d e d  p u r p o s r .  

Checks a f  t h i s  k ind  however a re  n o t  a lways  r e l i s b l r  and are a l c o  l a b a u r -  

i n t e n s i w .  

In  a c c n r d a n c e  w i t h  t t ie  recommend;it ions made by a Liutch "Con tac t  p roup  on 

A r c h i v i n g  and Auromatiori  of Hydr<i logicnL Data" ,  a work ing  g roup  (SAMWAT 

workini:  g roup  2 )  was commiscioned t a  s t u d y  p a s s i b i l i t i e s  f o r  improv ing  t h e  

p r o v i s i o n  o i  i n f o r m a t i o n  r e l a t i n g  t o  t h e  q u a l i t y  of  h y d r o l o g i c a l  m e a s u r i n g  

d a t a .  

Thc a c t i v i t i r s  o f  t h i s  g r o u p  focustd on t h e  q u a l i t y  o1 m e a s u r i n g  d a t a .  I t s  

pu rpose  i n  d o i n g  co was t o  a s c r r t a i n  wi te ther ,  and i f  c o ,  t o  what e x t e n t  i t  

i s  p o s s i b l r  t u  make s t a t e m e n t s  on t h e  q u a l i t y  of measu r ing  d a t a .  I n  a d d i t i o n  

i t  erarnined t h e  p a s s i b i l i t y  of p r o v i d i n g  a d d i t i o n a l  i n f o r m a t i o n  on t h e  

q u a l i t y  of measu r ing  d a t a  i n  o r d e r  t" a v o i d  i n c o r r e c t  u s e .  The working  g roup  

l i m i t e d  i t s  s t u d y  t o  t ime-depondent  w a t e r  q u a n t i t y  and q u a l i t y  d a t a  

c o l l r c t e d  p e r i o d i c a l l y  and used  f o r  w a t e r  management purposes .  

Thr p r e s e n t  r e p o r t  i s  t h e  r t s u l t  of  t h e  work ing  g r o u p ' s  e f f o r t s .  F i r s t l y  a 

g e n e r a 1  o u t l i n e  of  t h c  p rob l em i s  e i v e n  showing hiw w a t e r  q u a l i t y  nnd w a t e r  

q u a n t i t y  d a t a  c m  be wrung ly  u s e d  and how t h i s  can b r  a v o i d e d .  A l i n t i n g  of  
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j.*>, ; i r . t i v i t i s  de  c e  g r o u p r  u n t  i t i  n z i c s  sur l a  q u i l l i f i  der, d o n n s e s  de  

m e i t i r e .  I1 c f a g i s i n i t  d 7 6 t i i d i e r  s i ,  i t  d a n s  q u e l l c  !nesure, i1 e s t  possihle 

d e  s e  prononcer s u r  I a  q u a l i t é  d e i  d o n n é e ï  d e  mecurr. A c u t 6  d e  c r l n ,  on a 

c n a m i n i  l e s  p < i s s i b i l i t i s ,  lor.. d e  l a  d i s t r i h u t i o n  d e  r i r , r i n C r s ,  u f i r i  d c  

p r C v c r i i r  i in  iisage incorrect. Ce f a i s ; i r i t ,  i e  ~ r o i i p c  : , ' e s t  l i m j i 6  nux d o n n i e s  

q u ; i i i t i t , ~ t i v e s  e t  r ~ i i a l i t u t i v e c .  s u r  I ' ~ ; ~ i i ,  rl6pendarit c i u  t e m p s ,  clui horit 

rai:,enihlCes p é r i ~ d i q i i e r r ~ e n t  e t  u t i l i s i e s  puur La g e s t i c i n  d e s  r a u x .  



b h  o u t r e ,  u!, i n v e n t a i r e  de.  p r i n < i p i i e i  ' , u u r c e s  d ' c r r e i , i s  c b ~  1 , :  pi,s;, <i;,i:s 

li- 1,ut d e  d C l c r n i n r r  r,iiv!!e s o r t e  d ! t .  i r i m p 1 E n ; c : i ; : i r i c  d ~ . . r ; ~ ; ~  

e ~ r e  i c t  i i i r  r~iimi i i r j i t  ; r  l ; $  i i . a T l r : ~ , i  d e  18  i  A i ,  I ,  1,; 

r , o t i r , n  r c n i ; i i i r i h c  <Ir l  i i i i : ? l  , t i  t  r . l i t i e  p:ir ! t  , ; r .  i . c t : i .  

i  i 8 . t  n p p r r i f < f i d i r  dni ia  u,.  rib l ,  dei> i i i b l t r s  c L x m  

i ' e r  ~ ~ i r o r i n e m c i ! L  r i u a 1 i t ; i f  ! f ,  l e  c o n t r ô i c  r ~ u a l i t a f j f .  I a  d i t c r i : i i : i . ~ !  i,,!: <ie l . .  

q u ; i l i t E ,  l e i  r r : a m i l i i i r r r  i .1  i e r  Is r .  d c  i;. 

: i  L :  e r p o i i r . .  1.ii p i i r t i r i i l i c r ,  u n r  ii!us g r a n d e  , i ~ i c r t i i ~ z  e,it 

i u r c e s s i v r m r i i i t  p c i r i i r  :.\)r l e s  t e < t i n i q u c i  rle i o i t r ö l r  di. I:, r ; i . . , l i r i  e c  

l'informatiun s u r  l a  q u a l i t C .  En d r r n i c r  l i e u ,  l e b  ~ r a v a u x  d u  g r o u p e  s c n c  

[ i l a i i s  d a n s  u r i  c ,?dre  G l . , r g i .  



T r i  iiinclirnendcrr t i asze  s t e h e r ,  mathemat;:;ci.r I n d e l l i :  ;:"r 3 ? e r f ü g i : n y ,  m i t  r l en rn  

5 i r h  d i e  F o l g a n  .,o" E i i i g r i i f e r i  i n  e i ; .  h y c i r o l o g i i c i i e s  iystem, ,>der d i e  

Aiiswirki i r iyen v o n  Al t e r ~ i a t i v r r i  o u f  d e s s e n  C e w i r t s c h a i  Liiriy n u a n f i f i ï l c r e n  

lacseri. Immer h z u i i g r r  komrncri d i e : . h e z ü g l ; c h e  E n t ~ c i i e i d u n g r r i  z i i : , tnnde nnt innd 

v<,r i n u l a t i u r ~ i h r r e c h n i ~ n ~ i ~ r :  m i t  r r i t i p r r c h r n d i n  : I < i d c l i r n .  Fiir d i ?  

I1i;i~cliiiitiruiig s c i l c h r r  S t u r i i e n  $;ind a u i z e r  Kenntniisen i iher d ; i i  z u  

i i m u l i r r c n d e  S y i t e ~  a u c h  s o l c t i e  ü b r r  s e i n e r  7i is tnr id und s i i n r  l h l , , f n r i s r h e  

i i r i twick l i ing  i i r : e i i tb r l i r l i c i i .  [Jank d e n  E i n i a t e  i ~ t < ~ n i a t i i i r r t a i -  i i a t r n t > a n k e i i  

l a s s e r ,  s i r h  d i e  von D r i t t r n  g e s ; i r n r l t e n  D a t e n  o h n e  ü h e r m a s z i ~ e n  A u f v a n d  

n i r t z c n .  H ä u f i g  w e r d e n  IJateri v e r s c l i i c d e r i e r  H e r k i i n f t  m i t r l r i a n d e r  k o r n h i n i c r t ,  

u z i s i o n  uric! d i e  K r p i X ! , e n t a t i v i t ä t  7 .  s t e l i i . r : c 7 e n  w o b r i  d i e  a n  d i e  P r "  " '  

A n f r > r r l c r l i n g r n  i r t i c r h l i c h  a h i i i i c l i e n  k i innen  v c i m  den. ,  was h e i  d e r  hes si in^: 

h r o b s : c h t i g t  wiirde.  Vor a l i c r n  i n  jenr F l i l l e n ,  wo d i c  m e s z d a t e r i  vrir d e r  

V t r w e n d u n ~  b i a r h e i t e i  w u r d c n ,  h e i t i l i t  e i n  g ro i . z c i  F e t i l c r r i s i k o .  M e i s t e n s  

w i r d  d e r  Anticrider a u f  i i e r s c h i c d r ~ i i  A r t e n  zii i i h e r p r i i í e r i  . i c r soc t i r n ,  ,>ti " I e  

c r i m l t e n e n  D a t r n  fiir  d e n  voii ihm b e a h s i c h t i z t e n  %weck g c c i g n e r  5 i n d ;  b< i ic l i e  

Y o n t r o l i c r !  s i c h  j r d o i  h  n i h e i  t s i n t e n s i i .  und i i h e r d i r i  n i r  f i t  immer i ih- i i l i i t  

z u v e r i ~ i i i p .  

/ h l  i m p f e h l i i n y  d e r  r t i rma1i i : in  ~ : i c c i r r l ~ l n r i i s c l i t n  " K o n t n k t g r i i p p c  K r  d i e  

A r c h i v i e r u n g  iind A n i t o r n a t i s i e r u n $  h y d r < , l o g i , . i i i c r  l i u t e n "  wiirde d i e  

" S P ? ' A T - A r b e i t s g r ~ ~ ~ ~ ~ e  i" m i t  e i n e r  I :nternu<tiur i i> i i h e r  clie 1 i ; i k i  zi ir  

verhe:.: ,erung d e r  i r i f r i r n n t i o n ~ ; c i r ~ c i l ~ n g  t i i i i i i ~ i i t l i r l ~  d e r  ( ) i i a l i r i i t  

h y d r n i u g i q c h e r  Tlnten h e t r a u t .  (SAMG:Aï i s  cl ie  r i i e d .  Ahk. i i i r  "Sam<.riwerlring o p  

l i e t  G c h i c d  v a n  «n t lc rz i , ck  t e n  btiiri~.i-f: .,,>n h':r k ' i i t e r i > e i i e r r " ,  r l t .  "Vcrh:ind i ü r  

d i e  Z u i n m m e n u r h e i t  auf  dem ( , e b i e t e  r ler  F o r i c t i u n g  h e r r e f l , .  d e r  ,Verwaltiirig von 

k w a s r e r n ) .  D i e  ' i : i r i g k i . i t e n  l A r h r i t i g r i i p p e  r i r i i t r i t e n  s i c l i  ;,"f d i e  

: < e s z d a t r i i q i i a l i t i i t .  Uabei w u r d e  a n p r s t r e b t  r u  u n t t . r s u i i i e n ,  o b  iin.1 i n  we lchem 

M ö s ï e  Aussazen i i h e r  d i e  L " e i z d a t e n q u n l i t . ï t  mi(p,lich b i n d .  i k i r i i h e r  h i n n i i s  

wiirden d i e  M i i g i i c h i r i t e n  i u n t r r i i i c t i t ,  b e i  d e r  Ahgahe v o n  !Ieszd; i ten 

z u s ä t r l i c h e  i n f u r r n a t i o n r n  i i h e r  d e r e n  Q u i i l i t ä t  zii  e r t e i l e n ,  urn i i i i r i c l i t i p e n  

< , r b r a u c t l  ZIJ ~ v e ~ i r n s ~ i d e n .  1Jie A r h r i t ï g r i i p p r  h a t  , . j c l i  d i h e i  a u 1  d i e  r e g r l m a s z i g  

g c s n m n e l t e n  und i i i  d e r  h ' a s s e r w 1 r t s c t i ; i f t  v e r w e n d e t e n ,  : c t , i t ahhär i i : igen  

W. , i 5 ~ e r q u a l i t $ t s -  und  - q i i n n t i t . ï t s d ö t c n  h e x t i r l i n k t .  





I n  t i , i r . < m i n d c  ina te  koincn ; i i ~ . i i i r r l i g e  mcil i<iden h e i < ! ~ i k i ; ~ a r  w;i;irmee rik g < ~ < ~ i g e r  

van  i i n  ren i i y d r < i ! ~ , ~ l i c l i  s y s t e e m  u i  d*  t i i i c t e i i  \ m  a 1 ~ c r ; i ; x t i e v e n  

vorir l i e r  L e i i e e r  e r v a n  h n n i n  i r i r d e n  g e k w i r t i i i r e e r d .  S t e e d s  k l i g g e n  

i l t i k  t e n  gr<ind: . l ; ig  r t e  nese r :  l i  Voor i i e t  

u i t v n c : r c ~ .  ,van d e r g , e l i j k c  studie!.,  i : ,  ,naast  kc - , , i c ,  ,van h e l  r ?  , ~ : i m u i e : r ~ ~ ~ ~  

r.yi,t-em i-i:-ri:. .,;in d e  ~rc : . t : in r i  , i ; i~i  t,ivt ~ j r : ~ ~ e c r i ,  e i  ue i i i s t o r i ~ . i ~ t i c  ijritwik- 

k c l i r i i :  ci;;:,rï;,n o n o n f b e c r l i  I k .  i i : i r ikz i j  h e t  g i . i i ru ik  var! ge; i i i t rmati . ,<:ercie  

grge, ,e i i ,~. t ,e : ; tnnden i s  h e t  i i# i i ze l i  j i  om m e t  r e l a i i c i  w e i n i g  i n s p n n r i i r i t  g e i ~ r i ~ i k  

t e  maken v;il, d o o r  a i id r re r i  % c n e t c n  g e g e v e n s .  1;i;:l. z u l l e n  g e E r v e n s  .,;$:i ! u i t e e n -  

l i ipendc  therhirii:.t r gec<rr:ihiriec:r,l, i d' ; i n  I n ; i i i r ; k e u r i g i c i < l  eli 

r e p r ~ , . e : i L . ~ i ! , , i t e i t  t e  : . :c l lcr i  .,terl.. kii!ii:e!. . i lwi ) i . e1 .  var, t  iLi] 

l i e i  r i e t e n  werc! hi i ,< igd .  '7r ir irul i : id i rn  m < ~ . t : ; c g e - , i n . .  C V P  bewcrkjng i.<ibi>cri 

oiider;i;,;:n v r , < i r d ; i r  z e  wor<!er; ~ i , c y < : p n s t  i:;  d i  k a r i s  , ,p  i u i i t r n  pror ,L.  . ' lce:,tul 

l e r  3 c b r i i i k e r  op  d i , , i : r i c  n i a n i r r e i i  c o n t r i i l c r e ~ i  of d e  verkregeli  gr.i>i,vi!ris 

g e s c h i k t  ~ i j r ,  v u u r  d e  doi,r t i e m  hr r>ogde  ~ o e p a ~ ~ i r i ; : ,  rn;i;ir d e r g e l i j k e  < r i n L i < i l e s  

ï i j r i  n i e t  l  ; l i k  e n  mil : : c  i ; i d i r n  i , I  d e  ; i c l L c r -  

grriri<:cn eri d e  k ~ w ; , l i t e i t - - t ; ! t i i i  .,ari rii  ee,; iveri i  r i n t i ~ r c c k t .  



1.c kwaliteit v a n  r e n  i i ,cerpeyrv<!n 







l iet  d u e l  d a t  d e  we rkg roep  z i c h  voor ti.!ur : i r . t i i l l < ; i - r i  i i e e i r  g e s t e l d  I i i i d t :  

- :,;in~rvcii van d e  mogel i jkheden w L i  j de o ~ ~ ~ ~ , l x i :  v r  v e r s t r v k k i n g  v a n  

m e t g e g e v e n s  e x t r a  i n f o r m a t i e  over  de  k w a l i t v i t  var1 d e z e  gegevens  op t e  

r i tmen t e n e i n d e  r e n  o n j u i s t  g e b r u i k  I C  'vr iorkr inier i  <:f t e  v e r m i n d e r e n .  

: , 'e~iendi>rl i .n  z i j n :  

- i i r t  i i a g i a n  ,van d e  n,<,gcl i jkhrden  vorir de liwil j i ~ i t s l i i : r i : i k ing  .voiir rie 

i 1 d  L g  n h  I t  v r  i n f o r m a t  i<: r1:i;irovtr; 

- c e l  a a n z e t  t e  gever t u t  v e r t i c t e r i n g  , i n n  d e  i r i l < i r n ; i L i e - i i i r w i i ~ < i i i r i g  tus:ieri 

d e  zege ïcn : ;opvr ;xgende  p c b r u i k e r  c r i  <i<: gi :~~vi : r i~ , - , c r~ , l rekker , r : i :  i n s t a n t i e  

f teven:.  g e b r u i k e r )  o v e r  de k w n l i t e i t  ,,;ir. d e  r ~ v r t y ~ g c v c v ~ ~ . .  









In d i  eerste ~,;~rngraaf z i i l i r n  I :  voorheelci<:n gcgevcri w u r d c n  voor  d e  

v e r s c l i i l l e n d e  s u o r t e n  jiigcvenq w a a r u i t  blijkt o p  welke w i , j z r  vcrkccrd of 

k i ; i k k e l o < , s  gebruik v a n  gegeven,, i n n  l e i d e n  tot verkeerde  conclusie:, en t i r i r  

dit v o u r k o m e n  kan worden. in de tweede f zal aandacht worden ge- 

schonken aan d e  loutenbronnen en d e  orde van grontte van de f o u t e n  b i j  me- 

t i l i g e n  o p  tiet grhirci v a r  rle wuterkwaiiritiiir. I n  <!<: d e r d c  paragraaf zal i n -  

gegann wordcri o p  d e  f u u t v n t ~ i u n n r n  ei,  pruced i i r i : ;  voo r  de kwe1itciribcw;iking 

b i j  metirigen op het gebiid van de witcrkwaliteit. 

Indien wordt overwogen om h i j  gegcveiib r x t m  iriformatiri op te riemen o v e r  de 

gegevens m o e t  rio;: een kruïi worden gedaan wa;<ruit d i e  i n f o r s a t i e  moet 

h e s t a x i .  



[Kit i l  w o r d t  l i l l i  <!. i t  et'ri i dat is % c t ~ a s e e r i i  . p  éiii 

w a a r i i ~ . i ~ . i i i ~  van  ,!i: , ; l  [,,:r <I;,y h i r  w r i - k c l i j k  l v a n  d e  . , : voe r  

n i e ~  L I  gr>ed wcc:r;:<cit . i l ;  i e l ;  : f l  d a t  i s  gct>;j\r<-rd ' L ; .  l 5  ! :# in .  

w;. . i r i l cr i i i igcr i .  X c L  u;,!~.e d e  p l e k  w o r d 1  ! i i < t  g < , c d  w c e r g e g c v e n .  







!:en d e e l  vnri de r e g e n  d a t  a n d e r s  i n  d e  o p v a n g t r e c h t e r  zou z i j n  gekomen 

j i i j f  t  l a n g e r  zwevende en  s l a a t  v u < , r b i j  d e  r e g e n m e t e r  n e e r .  H e t  b e p a l e n  v a n  

d e  ~ ~ k o r l e l i  a a n  v a n g s t  d o o r  d e  v e r i t u r i n g  v a n  d e  l u c h t s t r o r i m  s t u i t  a1 d i r e c t  

l i c t  p r o ! > I e c n  d a t  d e  werkelijke h i i r v e e l l i e i d  i i e c r s l a g  d i e  t i e t  a a r d o p p e r v l a k  

h e r e i i e  b i  j ó f w e z i g i i r i d  van d e  r e g e n m e t e r  n i e t  b e k e n d  i s .  

b i g .  2 . 3  Ue g e m i d d e l d e  v c r s c t i i l l i ~ n  v a n  d e  h o e v e e l h e i d  i>pyevanyr r i  

n e e r s l a g  b i j  de  s t a n d a i i r d  r c g c n n i e ~ c r  e n  de  g r o n d r e g e n m e t e i  
2 

( h e i d e  80 2dm ) i n  r e l a t i e  r o t  de  w i n d s n e l h e i d .  

/%;gemeen i s  a a n v a a r d  d a t  h e t  m e t e n  van  d e  h o r v e r l b r i d  regen met r e n  r egen -  

me te r  < i p g r i . ~ r l d  op  mauive ldsn iv r : . i i i ,  d e  z g n .  g r r i n d r e g e n r n e t r r .  d e  w e r k e l i j k e  

i i o e v e e l h a i d  r egen  tiet b e s t  b e n a d e r t .  

I l l i i s t r a t i e i  voor  d e  v e r i , c t ~ i l l r n  d i e  kunnen  n n t i t n a n  r i j n  d i  i i ~ u r e n  2 . 3  i n  2 . 4  

waarbij d e  v e r s c h i l l e n  i n  % z i j n  gegeven in r e l a t i c  t o t  d e  windsnel l ie id  e n  over  

L e t  g r l i e l r .  j a a r  voor  t w e e  t y p e s  r i ; g r n m e t e r i .  





tnn ld ,  ook i n  d i t  r a p p o r t  aygenomeii vrirlr zover  z i j  d i r e c t  i,;iii h e l a n g  z i j n  

( l i i j l a g e  l ] .  J i i  de t a b e l l e n  ïorc i t  n i c L  i ngegaan  u p  de f o ~ t e n b r i ~ i i i i c r i  b i j  u c  

lbewerking v a n  d e  g e n c t c r i  waarde. 



li': d r i i t  z ; ~ l  z i < l ~  : # i s  lii. r :  e n  r?. r > p n i i u ï  : . r  c;  

,.er, l '  A , ,  i r f i  3 ,  . : n  a ,  : l c ! : ;  c i  I i c i i i  

l : ; ;  <ia. . v ; :  t i i :r : . ; i r ln ; i l< .  ; i t t i r r i i i k  i i i  'J ::mt i b e f g i i .  c;.. b.5,7 . v ~ , : .  

! # c t  i r i g c s l e l d 6 :  rv< : t t . i r i  i k  0 r i s .  



IJPNEIKEPS 
~ - l , ' , i lc , ,  

I , l o t t e r : .  
meeti i , i .  t 
d iz in ie te r  vlotter 
6 i a n r t e r  v l o t t < : r h i i i s  
temperatuur 
t i j d  ( a l x c ~ , g r o e i j  

l i r u k d o z e n  
n i c r t f o u t  
t e r n p r r : ~ t u u r  
d r i f t  

hko i i s t i ! , c t i  
m r i t f < ' u r  
. . . . . . . 
. . . . . . . 

- - S n e l h e d e n  
G i t n o l e n  

. . . . . . . 



I c d i e r i  <ie ; , egeven  I : ,  h i t : ;  r ,pges! . i , j in  uorden f,*,.;;irvari I ..!icir hc:r t v k c c i  

&,a;, T i  r, : 

1 '1  = i o t . ~ l e  f o u t  : , < ~ i ! r # v t i n p ;  

Aii = i<. i i t  : > l , : , l r ~ r > ~ - ~ : ~ ~ i ~ ~ ~ ; , l  ,,r?< L t  i r , z  o. . /  ; 

N E  i<, i i t  te,, i>,.,:< l z e  ,>:fir~ r6::.m,lut 1': f ~ . ~ , i  :'::i 

IbP = t r > t ; ~ l i .  f o u t  ~ r i i k r > p n c r r i . r  I 8 . h L i  i i i  0 . 5 f C  I i r ~ r i i e r i  t i . r ; . , r a t u u r i . i . I c t d  

ge<< ,rr igeerr i  ï, r r i t ) .  

i r t t k  '.;in i r i>c!c>i . r i t  r 1 , r  6 . ;  , , f  5 . 7  pr:. 

I i i i s t  t d e  i n i t ; i , a t i r  v . i r  e e n  v l r , r t i . r  r:, t z i i r g  i s  rii:i;.r,rpt.r i,ti:linp, 

> w i l )  z i j ' ,  ,!e w t e r : , l , $ n d t : n  f~ p r i n c i p e :  I L e ~ e z ~  t e  ! ~ c p : ~ l e n .  



I ) a , ~ r n a a s i  i s  l i e t  h i j  e e n  cciit i i iue i t i  va;,k gucd mi,gc!i j k  (in fout<.i i  

t e  corr igc-rv i i  rri t .e t  w e r k e l i j k e  v e r i o v p  t e  i i : rons t rue re r ; .  

t iet  v e r w e r k e r  r de  ; rlieirit r i i e t  : i  1;iny n a  d' i i : g  t < .  

g c i c l i i e d r i i .  kri we.1 < i n  fir.i:i. redencr i .  ' i c r  i . c r , . t i  r,rmddt d e  rin8.,t.i:idip,hideri 

waaronder  ze i ic rcr i  I s  j i i i+ . t  d a n  nog .,vr:. i n  l i e t  gcl ie i ipen l i g ; : r . ~ ~  ,,:zn <Ie w ~ a r -  

nemer zoda t  c o r r i . i t i c s  nog mogelijk r i j n .  i ' i t  onderzoek b i j  d i -  i ' r w i i n c i r  

Gelderland f i i r i r i k h o f ,  p e r s  med) i s  2 c l i l i I e i i  r1 ; i t  d e  t i j d  t u s i e n  i n ï a m v i i n g  e n  

w r w e r i i n ~  h i j  v o n r k r i i r  k o r t e r  W - < L  , r  I 30 <l:isen. F ~ r i  L.decde r e i l e n  1s  

clzit d i w r  d r  v e r w e r k i n g  d e  riiwc incct i .<; : i , . , in , .  ;aiwi j l i i r igen van de n~ic:ti,p- 

l i  k u n n e n  rir ,r<!en i d i c .  < i ; ~ i i  l k i i i in i :n  w,irderi  t :c:r: ,~eici  

i c ~ c i i t  h e t  , i c r l i i . , .  a a n  dat:i l . cp< ,rkt  l>!  i  j f  t .  
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z l l r t  d e  I ' e n m a n - v c r d a m p i n p i g e g e v e n s  er, d e  g < , l f i p r r . t r a g c g e v e i i s  d i e  d r  e i g e n -  

i chnpper l  v a n  d e  g o l \ , r n  o p  d e  N o o r d z e e  w e e r g c v e n .  

Ui. f o u t e n b r o r i r i e n  h i j  i i t i  bewerken vnri gt;:r'irr.i ? i  jr v m r n ; . r : i c l i j k  met i i r id i sch  

... n J .  l l i c r h i j  inoet g e d a c h t  wrirdin i n n  h e t  g e b r i i i k  ,,;iri vrrkrerde  

0 - l i b r e l a t i e s  of h e t  " " g e s i g n a l e e r d  vi.:<lrinken v s n  t :  iii e e n  s t r o o m -  

b r d v e r 1 i ; ; g i n g  w a a r d o o r  n i e t  m e e r  a l l e  a f v o e r  u i t  h e L  st i-r inrngebird w o r d t  

i : e m t e n .  

IJe u i t v o e r i n g  v a n  l i e t  mee tprogramma ii eir i  n : l n e e n s c i i ; ~ % c l i n g  var1 s t a p p e n ,  d i e  

g I . > h a i l  z i j n  o n d e r  t e  v e r d e l e n  i n :  

- n c e t v o o r b e r r i d i n g ;  

- n m s t e r n a m e ,  c o n s e r v e r i n g  e n  tzaaIL.pc,rt ; 

- v o u r h c h a n d e l i n g ,  a n a l y s e  en k w n n t i f i r r i i n e .  

H r o r , r d e l i n g ,  b e w a k i n g  en  v e r b e t e r i n k  v d i  k w a l i t i i t  v a n  d e  u i t v o e r i n g  

v e r e i s t  i n z i c h t  i n  d r  n o g e l i j k e  fo! i r r i i t r i innrn  v ö r ; i i  de i i i e e t , i o r i r i e r e i d i n y  t o t  

e n  met d e  r i p i l u g  i r .  l i e t  he . ; t and .  'Sabel  2 . 2  op  d e  v o i g c n d i  i g  ecri  

i i v r r z i c i 8 t  v :  j foi i teni i r , , !#r ien t i j d e n s  de i  val i  i i e ~  r n i i t -  

pr,,gr;mm:,, 



. . 
- i : :  i t i i i c i , : i ~ c i . r . : , ; . ~  Ihi.;,i i < .  $;*:.,:l ] z ~ z f :  

- l i . r l , . i  c d 1  < , i  ~ , ~ C r . : ~ , i ~ f ! ~ .  i , # 7 9 , , ,  L c r i : > g , ,  , ;,;,,,r:.t,,,,r , '  

!,,.:i. I : . i ; !  I 

- : i i ,  .,I,u,iii: ' . . . P , . ~  t e r i i i g s i i i s t r u i ' t  i e  

- l  k :  ! : , v  mengm?-.s:rr oi s r e c k r r , n , ; t i r  

- , , , t e  < i , : .  . . - . i r i : i ;  in h e l  v e l d  

- t I !  I ;  . . I  txiirnuiierc!i en i . f ! h  ::L: 

- , , s  ,'.-mrl'., 1 ,  ; , : : t  , :,>,c,,,'ci?$~t,e<ler, 

t i _, - t. E i e r  I laa lL<<,4r  

- ' , . ,  , I r . , . r , / , . r , .  , 

- ; .  ,:, , , , . l  ::,; 

- i -  I I <  lhr ; > l i i i t l . i  i: 

- l i .  i . , r , i - i  t i  i r i  < ! L . ~ L Z ,  , : , , r  : ; , t (  r;~t,,ril>: 

- : : , L  . < > l g c r '  r r :  I . . i : i<:e Ic: .  

- I . :  r i . r . r - ,  .: , , c t k c c r d  i . ih r . r ; , t i i r i i i r  

- i i ,  v , ; , , . : i , L S c l l  

- cc . . , . i :  ' I ,  l f 



i  < l i  i , r r n o n i t e r i n i ,  k i i n n c n  i i ~ j v o o r b e e l < i  vr,nr g r u n d w a t e r ,  d e  v < , l g r n d e  f i n i t en -  

hrr,ririeri wordcri o n d e i i c h e i d e n :  

- d e  monster r ,amel>rr><~edt~re  v o o r  d e  f i i n m a l i g r )  b e r n r > n s t e r i n g  van ( g r r ~ n d - )  

w a t e r  i s  v e r r e  vaii u n i f o r m  ( s o i > r t  pomp, d o o r s p r > c l i n g ,  f i l t e r s ,  g e b r u i k  

f i l ~ r c e r ; i p p ; ~ r ; i r u u r ,  s r I i r ~ i ~ r i i r . a a k p r o c e ~ I u r e r ,  e t c . . , ;  

-  tie^ rriiiti .ri;ial v a n  I > c n i , , n s t e r i i i g s h l ; ~ n i ~ c n  k;iri v a n  i r iv l< ,ed  z i j n  o,, dii grr ind-  

w a t e r : . n m e m t e l l i ~ .  (><,k  rlc S r r q i i e r i t i c  , v a r i  l i e t  v r r w j ~ s r l r n  v a n  slangen is 

,,.n belrang;  

- <!e k w a l i t e i t  v a n  h e t  g r o n d w a t r r r r i o n s i c r  kan wci rdcr i  b r i n v l o e d  d r i o r  l i e t  

m a t e r i a a l  v a n  h e t  ( o u d e )  f i l t e r  fhv .  h o u t ,  k o p e r ,  r v s ,  PVC, e . d . ) ;  

- ook l i c t  n i a t e r i ; i a l  van  r e n  f i l t e r k o u s  kali ~ o g e l i i k  vnri i r i v l o r r i  z i j n  o p  d e  

s i i m r n s t e l l i n , ;  van e e n  m o n s t e r ;  

- met t w t r r k k i n g  t i , t  d i  b e m o n s t e r i r i i :  .var,  1;iripe p u t f i l t e r : :  i s  d e  w e r k w i j z e  

v e r r e  van u n i f o r r : ~  ( m t n g m o n s t e r ï j ;  

- i n  l i e t  v e l d  kar, <c<,i i t ; iminatie  van  " , u n s t e r s  o p t r e d e n  ( b v .  h e t  c o r i t a c t  v a n  

w;itcrm<irioters met  u i t l a a t g a s s e i i  ,var> een pomp, h e t  v i m t a c t  van w a t r r -  

m o n i t c r : ,  met  i iet  p m p t i i i i i ,  e r i z .  j ;  



. l , ; , r i ,  i .  " 3 ,  i,,: t r  i -yi .p. i '  l< l>.,l,rsy:,l,.<.; I ,,:t ,,.:ni!,:, i , L  w , :  ',i I'':,! ..: 
C!<. , !c, lver<!c. :,\,,ecc,:r,: 

- h e t  a l  d ; ~ r  : ~ . i c t  toepa',!,ejl .,;,r: ~ , : r i , , : , . t<~r  h i j  p u l s b c . r i n g e : ,  ,P , . ,  7<- ja, de 

t > r i c v c c l t . * i c l  e r v a n .  I l i t  k w . I  : i i v l ~ i ~ , d  z i j r i  o p  r!? ' , . : , y L *  r m c x s t ~ r -  

n : :  c r !  L lirl, I : :  i : k  u:iri  di. !ii.ii~i!~~,[,i.ii;. . , di h,.,,:- 

i : . :  l : : :  : i k .  i 7 e i -  ~ 9 ~ c . r  

l i l  l ; l l i :  L . l . ,  , p u , t - ,  , l : , ~ , - ,  k *  Y ! . -  . > ~ ,  t , > r : - :  J ,  L- 

lh#,r,l,>,,2n; 

- thcL : I :  c d m  ! ' i k 1  , ~ ; . : , l , r ~ . : , p c ~ ~  .,:I:; : ,  iLcr<,:,, . t r , ? ~ ~ i r n ~ ,  : z l ~ , ~ : . c c c  c c  . I L  : c  .::,r; 

r l i  , i r l ~ i t i . r l l r l g .  i : )  i :  : L  ,.,: i i ; i r e ~ r  , c ;  p r i l -  

1 i i L e r  ((O L'. !.r) wori!t.ii i:<i;,l.i,it.,~ , r . ! r ' - r  o m s t o r r i n g ;  

- l i e t  ~ l d i < t i t ~ ~ i i  v a n  l i v r  b i i u r ; ; , ~  [ , i  ;,l:s.,tse v.>!? doorli,., r<!*, . , l b c t i t  dcwr- 

1u tc i , r1<  t ! I  ,:.ct l i t /  i i e n  k ! i i . l p u ? t  1.. : . c  cl1 iii.,r 

I t i , :  d t t  t 1 p t ~ i l i ~ l t c r i :  L :  : l !  r ~ r C 6 . i -  1 , c ~  

l !  k r w .  . i L : L  l .  I L  : r : :  . h  cc : .  

, r " ; ; . < !  i,, t i k . ! i  vi.r,r i , , ,  p l : , :  .v.  i , .  i : . .  : i .  ..:r:, * ' < O L  

~ , r l < l i r m e c ~ r  iiii>,c;,,,,i tip i,*-: :ii<:i< t i ~ i : r i  .v . i i i  l i.rir~;irtr.; 

- de  k c . u z e c r i t e r : , j  . , ~ r , r  6:cr !,r,c,r,,y!,ccer>  ijv v. ! n i e t  !ursi:,,rr:., mc. i  : ~ ~ < . l i : k  



-co-p,,c.~.t.~.c 

.'L 1,"' 

Li , '" ,  

..,"L",'" 
b', mi- 
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p.ob,-" 

,."li b*. 
"driing 

I r t  h e t r i i k k i n #  t r i t  d e  lil<-rvocir;;eiioemdr bcr : i< , : i~ . t c r ing . ,~ , t t j1~per~  kunneii c i n  gro r i t  

a n r l t a l  k n e l p u n t e n  - er, d x i r d r i o r  o o k  I<r i i t e> i  - r i p t r r d e n .  I n  Tahel 2 . 2  i i  t i n  

o v e r r i c l i t  !;egcven n d m e e s t  vrxirk<,rnende t Ken ; ind<:r  p u n t  i s  

<kit  dc k n r l p r i t e r i  d e e l s  i . ~ < i i g c r i c l i i  r i j n ,  1hct;:icii b e t e k e n t  d;lt  d e z e  p e r  \ t o f  

wisselen. Ook k i i n n r n  b i n n e n  één d e e l  i t ; i [ i ,  lii jv .  t i j d e n s  d e  hcrr i r i r is tcr ini :  voor  

de  ene  groer,  ; I  i t o i i e n  geen  k n t l p i i r i t e r i  ; i a r iwcï ig  z i j n  en  vorir  ren  a n d e r e  

groep van i t o í i e n  j u i s t  w e l .  E l b e o o r d e l i n g  op t e c l i n i i c h e  g r u i i d r n  

i a n  b e m i n s t r r i n y s -  en  a n a l y ~ e m e t h o d r n  vm;r  ; a l l e  g roepen  v a n  s t o f f e i i  i n  niet 

r i a n : ~  y r r m d w a t e r ,  w u r d c  i i i  i i i j l a y r  2 i n  t ; ibclvorl ; i  gt;:ivi.n. 





s i u i t c r i d e  v ~ i o r s c t i r i i t e i i I ~ ~ r o c e d u r ~ > s  e . d .  l i i e r v u o r  z i j r i  d r t i i s  n o g  i n  ren u n i -  

w i k k e 1 i r i i ; s s t a d i u n i .  l i e t  p e r s u i i e c l  d i e n t  z i c h  bewusc  t e  z i j n  van k w i i i t r i t s -  

hewakirii: .  

iJe iei:'.ven:. vd i i  l i e t  riinniieli: w;iterkwaliti.it~onderzr~rk wr,rde:i l i i j  I I H W / K I % A  

inoi:.eritc'-l o p g e s l a g c r i  zr i r idrr  v e r d e r ?  k w ; : l i t e i t s i n f u r r r i ; i t i e .  Hc,t f e i t  d a t  reri 

g i g i v < . n  h e s c h i k b a ; ~ i  i s  g e s t v l d  voor  g e b r u i k ,  i s  iip z i c h  n a t u u r l i j k  w e l  a l  

eirj k w a l i t e i t s k r n m r r k ,  i r i  d i t  g e v a l  z i > n d r r  i n f o r m a t i e  ove r  d e  k w a l i t e i t  v a n  

d e  gegc',c:rj:. z e l f .  I k  i r f < i r n i i t i c v r i r i r z i e n i ~ ? g  ri,ct h i t r e k k i r i g  t o t  w i j z i g i n g e n  i r i  

b t i g -  e n  ;inaly',cziie~!iriden i s  r i i i . t  g e h e e l  1 a l  g e f o r m a l i s e e r d .  H e t  

wel < i 1  r i i e t  aanpah:,eii ,van o u d e  waarden  i  wel inl i r i  g e r c g v l d .  

Op  d i r  m m e n t  w o r d t  b i j  IiG!II/IIIZA g e w e r k t  aan d e  i m r i e r i n g  var) h e t  z o ~ t r i i i n m d e  

LA2l.';l;OS-systeem, d;if o n d e r  m e e r  Liedueld is voor  d e  b e w a k i n g  van d e  v w i r t -  

gatjg c" p l a n n i n g  b i n n e n  d e  l a b o r a t o r i a .  F o u t e n  a l s  gevo lg  van v e r k e e r d  

i n v u l l c , r i  eii o v e r s c h r i j v e n  e n  Í r , i i t en  a l s  g e v o l g  van  v e r t r i i g i n g  d o o r  t i j d e l i j k  

zoeb. r a k e n ,  z u i l e n  d n a r r l w r  r u t  een niininum w o r d e n  b e p e r k t .  l i ; i ; ~ r n a ~ ~ s t  wc,rdt 

k w n l i r < - i t s i n i o r i i i a t i c  o p g e s l a g e n  i n  d c  vrirn v a n :  

- d e  g e l d e n d e  a n a i p c  v o o r s c h r i f t e n  f N L - n o r m e n ) ;  

- g e b r u i k t e  r e k e n r e g e l s ;  

- i n f u r m a t i e  over i j k r i i r i t r o l r  e n  rc le ren t iemr ins te r ;  

- i n f o m m t i c  ,>ve r  v e r a i i d e r i r i g r n  tri ar i : i lyi ,enet l iodr  f u o k  o v e r  I a n g e r c  

p e r i r , c l v j .  

Ook i s  t ier  m o g e l i j k  n i e e r d r r r  s t a t u s s e n  <..iri de  k w a l i t e i t  van  t i e t  g e g e v e n  t r ie  

t c  kennt.71 i i i  d e  vorrri v a n  bv.  h e e l  z e k e r ,  r e d e l i j k  z e k e r  of t w i j f r l a c l i t i g .  

S t ; ~ t i i s t o e k c n n i n g  v i r i d t  w o r a l  p l a a t s  <,p g r o n d  v a n  v e r g e l i j k  m r t  h i s t o r i s c h e  

w.idrdtii  rii u c r g e l  i j k  m e t  om1 i g g e n d e  m e e t p u n t e n  e . d .  H e t  a n a l y s e r e s u l t a a t  i s  

~ o r d  rif n i e t  g o c d .  U r ï e  k w n l i t e i t s i r i l o r r n a t i e  is n i e t  d i r e c t  t o e g a n k e l i j k  

v o o r  d c  f i e b r u i k e r ,  m i a r  i s  v o o r a l  b e d o e l d  voor  k w a l Í t e i t s b r w a k i n g  o p  d e  

l h t i .  U r  k w a l i t c i t s i r i f o r m a t i c  wr i rd t  i r i  a p a r t e  b e s t a n d e n  o p g c s l a g c n ,  

10s v a n  d e  g r g e v e n s h c i t a n d e n .  N a a i t  bovengenoemde  i n f o r m a t i e ,  z u l l e n  i n  d e  

t o e k o m s t  ook  d e  r e s u l t a t e n  v a n  r i n g o n d e r z o e k  worden  o p g e s l a g e n .  

I n  d e  v r>orga i inde  [ i ; ~ r a g r a f e n  z i j n  d e  f o u t e r i b r r > n n e n  h e l i a n d e l d  b i j  wnterkwaii-  

t l t c i i t s -  e n  w n t e r k w a l i t e i t s g e g r v e n i .  I n  d e z e  p a r a g r a a f  i s  d e  vraag a a n  d e  

o r d e  w a t  d e  kenmerken  z i j n  van d c  v e r s c h i l l e n d e  f o u t e n b r o n n e n  voor  d e  



A'! ,;. h a a r  de  r *. !~,,> 2, ,".A,> C I C  ,L,:rk2r<>c.;> i:, c : ,  . c  r.dt!,~;:ll,: . ' . ,V  c.;.. i , , . ; .  L L., <.c 

i i ;  t i , t ~ r i r : h ~ - , > ~ i  "j <!i i i < . . , : n , n t i p  w; ;.r/c:.',i.i.:i w . i t c r k r : : : : ~ !  l l  .:s- 

;;c,vcvenc.  I r  v i i g r . r d c  \,;iii t  o i r r c t  ge'.<,: i : r i  r <it. i : : c ~ < i : : e . ~  

l i j k  r l ,  I i .  i t i :  . !.i ~ : . i . i  l <  

, , , < . .,. I , ! i  1  ! v i l t , !  < l i <  i , . . c i l i ; l .  z : , ,  l i  t : & t $ . , l v r c ! .  

t . ,  .,,,, re i l . ; i r l l r t , , -  I< i , t i . i i  d i t  i :  , ! < ï i .  k l ; . , . v  ,.,,,T> ;:cg<c'.!..,. i !ex,:Mi? i.8>:.r.c,, 

w ,  . r t  : t !  k  r :  r h .  , h e t  , i ig<-,,..:. ' 9 + . e T , ; c L t -  

i wijze , d  g r d e i r < t c e . r < !  f ,  . c i : I  !Li i <!c v :  : . i i i  

<:e  g r g r v i x : ~ . .  lie t , , i : v , i l i i g c  w :  i s  qii:i  pr,,,^^? \ ,er ,*. , . : :r!~, ,~.t , , : , . r  

i "  i .  ' l  i ,  t i ' 7  r ;  t i i i i l < , i .  

Ad  . Ve:imerkrri<i .,<,,.r i:..iriuce L iiif,,i.wiin,;,: i - t  i i g ,  i s 

,!;:t e<,ii g r< ,< , r  . ; , . r l i . i l  i v i i i d t  ' : e r r i c t i r ,  '.'i.iirii.ir c c !  ,:+;:even 

l : . t , : :  , r l : .  i ,  i j r .  t f :  c! ; , r m c < : < l ~ ~ r c ~  

r i r d i ; :  <,n, , , r~ , r ;~ l  i n ,  i r ! i i i ~ e i c  c!:  i?, tvr : , ; i r  i k <  !ie ~ : . e n s < . l  i ] r e  : o i i r e n  r ?  

h < . p e r k e n .  L ' < i ~ i r i < t i r i t t c i i  < i  i i n i < i r ! i i r c s  ï i , r i  i11 <de l a h < j r a ~ < , r ~ ~ ~  h e t  .vcr,,c 

i i ;  t g e w r r k t  eii i!i;:c:,,oerd. 

; ie  k i i e l p i t i i t i i  i , r  e i l i t c r  t c r k  . i i . ige i> i ,ndcr , .  V c i < . r  h e p ; j ~ ~ i d e  : , i <  r.-:'r- 

, t i p i ;  l i ; ~  ihi.1 i ~ r ~ ~ i , l c ~ i . :  i i , m g )  h i j  di: ; i i i . i I y ~ ~ : : ~ ~ t I i ~ ~ < i c .  



Yr*:iLci: .,;i?! gepevrrii ii ;~igeinerii te rlcfiiii~reii als tiet totaal v a n  krnrner- 

ken en eigeni~ii.~ppeii die m;iken dat de gegevens voldoen a a n  eer gestelde 

beiiuefte :,:,n informatie. Iri dit kader is "kcstelde behoefte" te vertalen als 

"de inate u, . i r in  het he~;cii~.uwdc verschijnsel :,:in de hand var, gegevens  wordt 

gi.kcnci". i h d r r  kwaliteit wordt tiicr i,rrstuaii de mate van overeenkomst tiissen 

eindprf>rliikt en het tct.<,;.;de produkt. liet brouwde eindprodiikt - en a u s  ook de 

kwa1iLeiL - i:; ycbondeii a doelstii!!5rigen. Het liigrip kwiliteit is v a n  

toepassing op tiet totale iiieetnrt, maar ui>k op de afzonderlijkc onderdelen 

ervan, die ieder een eigen, argrleide doelstrllinj+ kunnen hrhben. Kwaliteit 

is eeii dynaniiirt, begrip. t iiu kwalitatief goed is, kan straks van mindere 

kwaliteit zijn door gcwijzigcie doelstellingen. llorlstellirigen kunnen zicli 

wi:iigcn d o o r  t e i t i r i i s c h e  ciritwikkelingeri of drior vcrandrringeri in beleid of 

t ~ r t i c e r  'inteproal t b  prohleemitufien. ictierpere normen). K w i i l i -  

rcitcbcwaking noodzaakt dan tot ;i;inpacsing en  vernieuwingen. Het kwaliteits- 

aspect is onderdeel van di rificiency v a n  het meetnet, hierc~nder wordt 

-,erstaan tiet n i e t  minimale inspanning en binrien gegeven röndi.oi>rwaarden 

verkrilgcri v a n  ren zo hoog niogeiijkr kwaliteit. Ue raiidvo<,rwaarden worden 

daiiri~i j ingegeven drir,r capaciteitsiieperkingen ílogi-tlek, financieel, 

~tchnischj . 

In dit hoofdstuk wordt ingegaan up de mogelijkheden om deze kwaliteit vast 

L r  stellen e n  te beheersen. :ia e c n  algemene inleiding over deze "kwaliteits- 

beheersing" wordt ingeg;i;in op de mogelijkiiedcn en :;rand van zaken ten aar?- 

zien van kwaiiteit~controletcct~nieken, a l s  o n d e r d e l e n  van de kwaliteitsbr- 

heirsirig. Vervolgens wordt ingegaalt up de mogelij khrid e n  wenselijkheid om 

over kwaliteit e n  de daaraan verbonden bruikbudrbeid en representativiteit 

< , p  een systematische wijze informatie te verscli;iffen. 

flct brprip " k w a l i t e i t s b e i i e e r s i n g g g  is als volgt te dcfini6:rer~: kvaliteits- 

beheersing is een gepland systeem van activiteiten, ondernomen door  di- 

gegeucnshrhrrende instelling met het doel om de kwaliteit van gegevens vast 

te stellen, op e e n  gewenst niveau te brengen en te houden. 
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! { i j  n~i. lr i in; :  I ,  i:.iiitreg,e!ii. el- l  ; ~ a I i t e i t : , \ ~ e ~ b ' . f e r , - r l i : t  ? , , , L t r e g e ' c ~  

inort i  (ie icriit p1;i;its w r d c i :  t l o! r i  , ,l .r.,i? i s  x , : 3 ~  

c':: kw. . l  l i e i  t - . [ , r i , l i l c r : ~  t  er. : r  i ; , .  r r ;  a :  i  I r,iit ;r. gi 1 ,  )r? 

fr : . i i . t f . ;>: , tcl  i i n & ,  i n i i c i i . i r i ,  v c r v i r C - i : ; ; . i i < > i i L ,  ' t <  . l .  '< r~c ; rkf , r#e :~  m<,et  v( rc!'.., <!,A[ 

<I<:ri i:, s,: l i k l ;  t l ' .  , C r  diiS c , , r r i . i  t  gerc.;;j: t r c e r < 1 ,  < > : t r c t r ,  ~ 3 1 ,  

" I< Iuc"  wi,rc!t .;c:rwrirprn. 

V i r v o l p , < - n  r i i t  r i t i e  w < i r < ! r n  onr i r - r : i i i - ,c : .  i ! ;  de r i c h t i n g  ,:;,r r i l  . r * i . ! k  Ib.;. 

c i , n t r < i l e  c:i r c , . . ! r ? t i e  r . c ~ e t i . p : , t c l l i : ~ i : i  i : :  i n  d e  r ic i i t i r : ) :  .x,: i;, y c i . e v c n i  

i r  f i i r i . <  t i e ,  ~ ~ ~ r ~ ~ c r p l ~ ~ ,  : a , x r ~ , ~ ~ i  i e l ,  t,nti,:~ckr.:~de: p , ?ge ,~c r , \ ) .  

i : i j  , . t r i ~ i t i i r e r l  opi r i i ! i : : i  ,.,;I k ~ ; , ; i t c i t s p r i I , : i : r e n  kar: wiirrlcn h e s l ' t , ~ : .  .r 

l i c l t  i 1  n t e  ] , w c r .  i t ~ , .  w i j z i i - i r i x  ,I:' . .I;::'v- 

r i e t h o d e ,  a l g i l i e l e  v e r v a n z i n g  n:ipnr. . r i i i i r ,  1 . c r o r g a n i i - a t i i  v :  r i d : z i r : i ,  t r a t i e v r  

p r r i r e d i i r i . . ) .  I i i t  i:; o p  r i c i t  ï c i l  ;A: < i r .  r i .der i  rin i i e r  , , er lr , r , i  .;,r ,!e k ï ? l i -  

t c i t s c r i r i t r r l c  giie<! t e  v<i lge l i  e n  t  L Ook k,?n t i i t  i : .  d ~ r  i i i -  

, : i t 1 .  .,ar di. i ! j  , i j r ,  ; , 'Wii,ig<' .i.c;iL d' 

h : $ ! i t e i t  r i e t  meer .Y< ir!, .c.r.  



i , ,  P r n c e d i i r c i  i r i  i>rg;i i i i ' . ; i t i<.  

~e proci:diire:. e n  de < ! ; s i r h i j  tieliorrr~<!e o r g a n i s a t i e  novtrii j;<,eri bik.eiid, 

'n ,,r,ilral ;;r,erl . , ; i i tgvlegci  i .  t l 1  kan wi irdc:  rif de pro-.  

c c r i i l r e i  n ,  L :  grwrl ! n . t i ,  . L ; ;  n ,  : t  z e  t u i s e n -  

i : j ;  I .  i k ï c  rr>t,trrile i .  nci;jcl ijk dr.r,r ~ ; y i t c r n ; ? t i i r l i ,  

o p  has i . ,  v a n  compilatie i.;lli kwaliteil~.<c,ritrolere~.iiIt;itr~ri de vr;i;ig t<; 

s t e l l e r )  ,ue lke  fouten i e l ; i t i e l  veel  vriorkiinirn en i n  w i k r  mate l i c r i l i  

, ~ r i , ~ : t ~ r i ~ ~ g  kar ,  i,wr,rden g e b r ; i < t t  rlcior vcrur,ueriri;: ";in p r r ; r . e d i i r r i  o1 d i  

r , r g a n i i a t i c .  !letiiodcri .,<,<>r kwal i t i i t . , r r i r %  worden mr. [  n;in<i i n  d e  

i n d u s t r i e  , . t c r d s  v a k e r  i < , e g e p a s t .  l i p  r i i i i l t a t c i ;  wcirderi ~ ; ~ s L g e l i ' w i  i n  

een  d "kwaiIlaitshandbork". 1,ezc methr.<leri Ii'nrn z i i l i  ririk 

l l i j z o n d e r  grmd voor XrrJtire g e g e v e l i . . , ! ~ r w r r k e n d e  i i r g ; ~ n i ï . i t i e s .  



" < . ' . i < > [ > ' ~ , L i : i :  i : ;  i r app ; , r ; , t , , , u r  

i  : : r  t  I i r ! v i . t ,  [ . : , ( < l  I i!,:, i :  ! , L I  i e : ,  i S C  .':,!>"r;,- 

i I n  t ! i c< , r i e  i s  k ! s ! , , l .  r ie r L , p ~ . : i e r c  ;:,ccL- 

r i . i u w k r u r i g l ~ i ; < !  : d e  l lb ikcnr i  i s .  Y e e r  e r  r e v r  li 1 . t ~  

r r < w i m k i . l i  j k  ; : f i , ! . r f !en ?i. - < , k  r ; < -  ; , : . r i i i k t i  r i m p i ! t < r i . ,  < ! e  p r ~ v ~ . : : - r : : , c , v . r  

n : c  t r J j i i i ' i 6 :  *i:rk.r:. 



Ke&,'!n.aLig p r e v e n t i e f  orr ier l ioi id  er: l g e n i c t e r i  i!, i <!r 

v o o r k e u r .  

A l s  Leii g e v o l g r  vaii w e r k z a m t i c r l c ~  h e n e d e n s r r o u m s  vuii c i r !  o v e r I ; ~ ; i t  de  

w a t e r s t : ~ r : d  L i j d e l i j k  of d e f i n i l i t i  w o r d t  v e r h o o g d  k a n  t  i o v l n e u  

t i ebben  o p  d e  - - e l t i  v a n  d e  ove i i ; i : , t  i n  moet daiir<,3, ~ i o r d e r  

g e c o n s t a t e e r d .  S i  L i e r i s t e n  hci;!>t.n voor  di. i r i : , p r c t i e  r u i t i n c f o r -  

m u l i e r e n  uurworpen die b i j  e l k e  i c , i ;Lro ie  w < , r d r n  i l l .  i r i  f i g u u r  

2 . 2  i s  e c n  ,,oorher:d gegeven vaii l i e t  f o r i r o l i e r  d a t  h i ~  di. ? r o v i n < . i e  

G e l d c r l i n d  w o r d r  g e b r u i k t  l i i j  < l i  m r r t o v i - r l a t e n .  F i i g i u r  2 . 5  i ?  e e n  

v o i j r h r e l < i  ";:i ILct f o r m u l i e r  d a t  h i , j  <i<. I J i e n s t  < ; r 6 i . d w . i t i r . ~ e r k i r i n i r > g  i n  

g e b r u i k  i s , .  
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Y w i i l i t c i t ~ i r i i c ~ r r : : , ~ ~ i i .  zoti i r !  t l ici>ri . i  i i r i r i r  < . I k  gegeven; r e n  a n n d i i i d i i i g  moetrr i  

z i j n  van  d<- k ~ r ; i l ; t e i t s s t n t i i s ,  d a t  w i l  z i g g c r i  h e t  Z W  moeten  i ; ingcvci i  u i  Iict 

g e g e ï e n  v < i l d r , i r  a.,ii de  " g r - t e l d e  b e t i u e i t c " ,  v e r t a a l d  i n  k w a l i L c i t s e i % r n  cri 

- c r i t e r i n .  U i t  i iri d e  p r a k t i j k  m e e i t a l  r i i t t  h a a l b a a r ,  e n i r z i j d i  crrdnt  d e  

" v e r e i s t e  k w ; i l i t e i t "  n i e t  e x a c t  ~ e d i i r r i i e e r d  k.an worden e n  a n d e r z i j d s  omdat 

e r  l i d  t r i < : t s i n ~ i r n < i ; . ~ ~ l i ~ I . l i e d e n  z i j n  o m  iia t e  g;i;in u f  d i  gi i~:cvri is  

ci ; i ; ,dwcrkeli jk n a r  d e  I . w a l i t c i L i e i i c n  v o l d r ~ e t .  

K w . r l i t c i t s j n f o r r i ~ ~ t i i  i n  b o v e n s t a a n d e  z j r i  word t    li si is v r i j w e l  n e r g e n s  s y s L < , -  

r na t j s ch  b i j  d e  g e g e v e n s  v a s t g e s t e l d  e n  v e r i t r e k t .  Een  u i t z o n d e r i n g  v o r m t  d e  

A f d e l i n g  1 i i f o rn ; i r i e sy s t rmr i i  van d e  O ie r i i t  L e t i j d e n  Wa te r en ,  i i j k s w a t e r s t a n t  

w a a r b i j  liet gcg rv tmshc t i e e r  van g e t i i d r n ,  r i v i e r -  en m e e r p e i l e n  e n  water- 

le rnpera tu i i r  etri k w a l i L i ~ i t ~ c l a s s i f i c a L i e s y : , t i i ~ ~ ~ ~ ~ ~  wordt  geii ; , i i teerd.  l 'cr r e e k s  

wordt  v i n  kwa l iLc i t : , k cnmr rk  t t l d  Ir iprnd var, i) t o t  9 9 .  Het e e r s t e  

< i j l e r  i n  d i t  kcnmerk ( t ic t  t i e n t a l )  h c t r t f t  t iet  :;radiuni v a n  : k i n ;  e n  

u i l g e v r > c r d e  < r , n t r < i I r s ,  b v .  : 

Z O  de  geyevcn z i j n  "gei i l t r r d "  cri v e r w i l g e l i s  met b e h u l p  v a n  v e r l o i i p -  

l i j n e n  g c < o n t r i > l c r r d .  

Y0 a l l e  r r , n t r o ! r s  e n  c o r r e c t i e s  z j j n  u i t g e v o e r d  en de gegr.veni  z i i n  

d e i i n i t i r f  v a s t g e s t e l d .  



!ie ia; i t ; t i .  ~r;r i i  i :  i i j i ,  r !  i ~ ~ t c r e \ ~ , , ~ n t  vCirir l i e t  i r i r c r i i e  g e g c ï e i i i -  

1 1 :  r e  h : r i e n  i i . i i r i  c i w ; : l i t e i t s v r r l i e t e r r : n d e  m:xtre- 

l h-,. ~,riricrIiiiiirl , i  t i i j s t e l l i r , g  ,,,$r: ' ~ e r w c r i i n g s -  o f  c i > i i t i o l c p r , , < c < i u r e - .  



3 . 4 . 2  iJ. , frigc kwal i Le i  t i i r i i < , r a o  t i e  

L e g e v e n s  w u r d e n  v e r z a n . e l d  v o o r  s p i i i l i e k c  r n c r t d < i c l s t i i l i n g ,  w a a r t i i j  w o r d t  

bcrioi:d r im ecii bepn;i ld  p r c i c e s  of v c r : . c i i i j r i s e l  onder  meer v i n  m e t i n g e i j  t c  hc-  

, ; tu i l e r r .n .  ! ie gegevens m o c t e n  & s  i n  d e  e e i , . t i i  p l a a t s  r c j i r e i r n t a L i e f  z i j n  

voor  <!;;t v e r s c i i i j r c e l .  i r  lbcli<iiirt eexi n i i l w e  r c l a t i c  t c  hes r r ia i i  t i i s s e n  d e  

i n c i t r o i i t i n c  l p  f r e q u e n t  j e ,  v i  j ï ~ .  v j i i  h v w e r k i n i : j  cii d e  n e e t c i o e l -  

s t e l i i r ; . .  B i t  hetr .P.ent  riuk d a L ,  n a a r m n t c  e r  nieer liekcric: w o r d t  van t i a t  ?,t- 

nieieii verschijnsel di. n < : e t i n s p a m i i n ; :  k a n  w a r d e n  v e r m i n d e r d .  Ook kan r i *  n e e t -  

r o u t i n e  v e r a n d e r e n  i l i  g e v o l g  van cc:i g e w i j z i g d e  m e e t r 1 o e l : ; t e l l i n g .  

A i n w : l e n d e  i n f < i r m a t i c  d i w i L  i n  e l k  g e v a l  h c t r e k i i r i g  t e  liehhcri o p  d e  k e n n e r -  

k e n ,  d j r e i t  veri>c,ndi.n aan d e  b i i v e n s t a a n d e  p r i m a i r e  d < , e i s t e l l i r i g  v a n  d e  

m e e t v < : r z m i c l i n g .  t i i e r h i j  kar! w i ~ r d e r i  g c d ; i < i i t  aiin d e  iw1grri:ic a s p e c t e n :  

- -voor w e l k  d o e l  z i j n  d e  g e g e v c i i s  v e r z a r i i c l d ,  en  w a t  z i j n  de daaraan v e r b o n -  

d e n  s p e c i f i e k e  e i g e r i s c t m p p e n  vnri <lt.  m e e t r o u t i n e  f l o k a t i e k e u z e .  l o k a l i e -  

i I ,  m e e t a r t h o d e ,  i  r q u e n t i i . ,  t w w e r k i n g s  fnna  l y s e ) n ' e t ~ m d e ) .  lJr 

a ; ,n , ,ul lcr ide i n i o r m a t i r  zrii! b v .  kunrier' i ; i . s t i n n  itiL ei:n l o k ; i t i e b e s c l i r i j ~ , i r i ~  

f t e c h n i s < l . e  gegevens  van  d e  m c c i < , p s t e l l i r ! g  eri gegeven:, iwcr d e  

i r ikn lc  h o d e n o p l ~ o i i v  e n  IieL h o d e a g c i j r i i i k ;  

- w e l k  v e r s c h i j n s e l  t r ; i i h t  men mr t  d e  grgrveiis t e  h e s c h r i j v e n ?  B e t r e f t  l i e t  

e e n  r e g i o n a a l  yuLro r in  van p r i i ~ i d w a t e r s t a n d e n ,  dng;i lvoeren of g l u b a l e  

t r e n d s  var8 d c  r e g i o n a l e  ( g r c ~ i l d - ) w a t e r k w i i l  i  t e i t ;  

- w e l k e  i n h o u d e l  i j k e  b e w e r k i n g e n  ( i n t e r p r e t a t i e s .  i : ~ ~ ~ v e n ~ ~ d u c f  i e ,  -::zin- 

v u l l i n g )  z i j n  u i t g c v u r r d ,  t r i  met  he t i t i lp  .,;<n w e l k e  rrieitiode. Voor v t i t e r k w a -  

l i t t i t s g c g e v e n ! ;  i , ,  t i c t  b c l a r i g r  i  j k  t e  w e t e n  w a t  d e  t o e g e p a s t e  ,ana lyse-  

m c t h r ~ d e  i s ,  maar  <,uk w a t  d e  d e l e r i i r g r e n s  is en  w a t  d e  rekenregcis z i j n .  

In d e z e  c a t e g o r i e  m o c t r r i  gegeven:; worden  opgenuniin o v r r  de toegepaste  





, iiiindwanrnemingin op n i e t - e q u i r l i s t n n t e  t i j d s i n t e r v a l l e n  (bv .  de  m e t i n g  

v a n  g r r ~ n d w a t e r s t a r i d e n )  ; 

. 5 i t i r ; i t i r s  w a a r h i j  d e  gegevens  e e n  , ivelk:eid var) h a n d e l i n g e n  moeten  

riricii:rgaari ( b v .  w a t e r m o n s t e r s ) ;  

- dc  h u i d i g e  p r a k t i j k  met b e t r e k k i i i g  Lot d e  k b r a l i t r i t s b e h e e r s i n g  v a n  che-  

n i i c h e  s a m e n s t ~ l l i r i g  v a n  h e t  zr<.n<lw.iLer is g e c o n c e n t r e e r d  op  v a s t l e g g i n g  

cr i  riorrnerir,;; v a n  p r o c e d u r e s  f k w a l i t e i t s m n g e v i n g ) .  V o i l e d i e r  i y s t e m a t i s c h e  

k w i l i t c i  t s i o n t ~ r i l  c: <.;i k w a r i t i ~ ; ~ t i c v e  v a s t l e g g i n g  unri d e  k w a l i t r i  L i s  

-,r;<;rsiiands n i e t  iiuiilb;ri<r; 

- de  s i t u a t i e  vaii z e l f - r c p i s t r e r e i i d e  e n  s t e r k  g e n i i t o m a t i s r e r d e  m e e t r i e t t e n  

l e e n t  r i < l i  z e e r  gued v<,r , r  i y s t e m n t i b c l i e  k w a l i t e i t s c o n t r u l e .  B i j  K i j k s -  

w a ~ e r i t a a t  ;*:r. i ; r n t e ,  c e n t r a a l  g e g e , , e n s b r h r r r n d c  i n s t a n t i i i  i s  h e t  k w a l i -  

t c l i i b r i i e e r  zodoende  i ic t  ~ : ~ e c s t  v e r g r v i i r d r r d ;  

- d e  m e e s t e  v a n  d e  geë r ique t ee rdc  i r i - t i i n t j e s  geven  anri d a t  e r  o n d e r z o e k  

p l a a t s v i n d t  naar <:en v e r b e t e r i n g  i i i i t h r e i d i n g )  van  k w a l i t e i t s c o n t r o l e  en 

k m l i  t e i t s h c b e r r s i n g .  

3 . 1, S a m n v n t  t i n g  

K w a l i t e i t s c o n t r o l e  vormt  een o n d e r d e e l  van  een v e c i  nieer omva t t end  g e h e e l ,  

n a i n e l i j k  d e  k w i l i t c i t s h e t ~ e r r s i n g .  K w , l i t i i t s h e h i c r s i n g  omvat n a a s t  t e c t i -  

n i s c h c ,  riuk v e c i  : ~ c t i v i t e i t e i .  v a n  p r < i c r d i i r r l e  en o r g a r i i s a t < i r i 6 c t i e  a a r d .  

De i n d r u k  b e s t a a t  d u t  h e t  k w a l i t e i t s l i e w u s t z i j i i  v a n  d e  g e g ~ v e n s b r h e r e i i d e  

i n s t a n t i e s  i n  Nedcrl;iiid i n  de a f g e l o p e n  j a r e n  i s  t<iegeni>rr.en. Oorzaken  I i i e r -  

i o u r  kunnen z i j n  d a t  h c t  wa t r rb r I8ee r  meer  i n t e n c , i e f  i s  geworden e n  een meer 

m i i l t i r i i s c i ~ ~ l i i i n i r  k a r a k t e r  h e e f t  g c k r e g t n .  iie b e h o e f t e  aan r ieer ,  en  meer he- 

t r ouwba re  en  g r d e t a i l i e c i d r  gegevens  i s  d a a r b i j  toegenomen. Een v o o r b e e l d  i s  

h e t  toegrriomen b e l a n g  v a n  nauwkeu r ige  h e p n l i n g e n  van inicroverontreii>iginget1 

b i j  d e  w a t e r k w a l i t e i t ,  i ngegeven  deur d e  toegenomen a a n d a c h t  voor  h e t  

c i i l i e i i .  del  i j k t i j d i g  z i j n  n , r t h o d i s r i i e  v e r b e t e r i n g e n  t o t  sLand gektmen 

i j  a n d e r e  c r i  meer g e d e t a i l l e e r d e  gegevens  i n  d e  a n a l y s e s  !betrokken 

kunnen worden .  Op v e e l  p l a a t s c r i  l i r bb rn  o n t w i k k e l i n g e n  p l a a t s g e v o n d e n  om 

b e s t a a n d e  a r c h i e v e n  en  g e a u t o m a t i i e e r d e  o p s l a g s y s t e m e n  urn t e  vorriieti t o t  

i r i i o r m a t i r s y s t e m e n .  Ouk z i j n  de m i g e l i j k h e d e n  v o o r  e x t e r n e  t o e g a n g  en  

g e b r u i k  toegenomen,  met d a a r u i t  v o o r t v l o e i e n d e  f e n t e r n e )  urayeri r imtrent  d e  

k m l i t e i t  v a n  de  g e g e v e n s .  Ern v o l g e n d e  s t a p  i n  de  o n t w i k k e l i n g  v a n  pro-  

i e i s i o r i c l r  i n f o r m a t i r s y s t i i m e n  i s  h e t  c r e ë r e n  en  s t r i i o n l l j n r i i  van d e  h r h e c r -  

0 r i : ; i n i s a t i e .  



Y w . i i 1 ~ r i t s b ~ l ~ r i ~ ~ . l n ~  v r r i . j , i ,  z e k e r  l i i :  ; : ro tere  l i<l icreride l ; i ' > ; r t i e s ,  ei.:  

s t , i , i c i i r e l c  n;.i;i,.,k. l i e t  I...!: . l e c i i t s  w i  l i . , r i  i i igcvi , i :r i l  <op ba< , i '  . z i . c r ~  

i i ~ ~ g e ~ , c ~ , ~ , . t r r , i > r o ,  y i . r l i ~ . ~ i l i e c i t i i  > i . nn i s  .v;ir: : ~ , u t ~ : v : : ~ r ~ , v ~ ! ~ ~ : ' ,  

; l  i , er, - <  r i t e r i a .  ; , I  ; r r . < . L  i  p, i , ,  di: kv:.: i t i i t . . i , r l i , i r . . l n e  

i , i i . t  t e  1 ,  t < . [  t i . (  l i n i s <  1,e ;.>p<.< t e  P ;  r j r ; . i j ! t i  t i i : p r , , <  c : < ! ~ ! r e ~ c  

; i i p < <  t e n  zijii ii i i ; ; trns z i i  i ~ c : I : ~ n g r i j k .  



1 r i  r l i t  lii ,ofdstiik. worderi eeri  a a n t a l  o n d e r i . r r p c i i ,  d i i  t i j d e n s  d e  b i j r e n k u r r i i t c r i  

-,;in d  g  s t c i - d s  w c e r  m i i l r i d i n g  b j i k e n  t e  z i j n  vi i r i r  d i s i u r . i ; i e ,  b e -  

t i , i r idejd.  iri  s w m i g e  g e v a l l e n  i s  d e  wirk;:r<,ep t o t  e e n  c e n s l u i t e n r i  i t a n d p i i n t  

gekomen,  i n  ; i r i r lere g e v a l l e n  b l e v e n  e r  n v i i i n g s v e r b c h i l l e n  t  d e  w r r k -  

g r u e p l e d e ~  h e i t ; i ; i n .  U e  o n d e r w e r p e n  wnarr iver  u i t v o e r i g  werd  g e d i s c u s s i e e r d  

w a r d e n  iri cic [.;ir;iprnfen van d i t  i iouid: ; t i ik  b e h a n d e l d .  Voor d i < :  d i s c u s s i e -  

p u n t e n  w a a r v u u r  d e  werkp . roep  t o t  r e i  c e i i s l u i t e n d  s t a n d p u n t  i s  gekomen,  w o r d t  

: , t e e d i  :i::ri l i r t  b e g i n  v a n  een p n r n t r ; i n f  IieL i t m d p i i n t  van  d e  w e r k g r o e p  i i i  d e  

r vni i  ren of  meer : ; t e l I i r i g e n  w c e r g e g e v e n .  

1 De i ? s t w n t i e  d i e  g e g e v e n s  b e h e e r L  i s  v e r a n t w o o r d e l i j k  voor d e  k w a l i t e i t  
v a :  d e  g e g e v e i i s .  [Je zor i .  vr;<,r d e  k w a l i t e i t  komt n e e r  o p  h e t  w a a r b r ~ r g e n  
d a t  d e  kw~IiteitsdoeI~.trlling, d i e  s a m e r i t i i r : ~ t  m e t  tiet d o e l  waarvoor  d e  
g e g e v e n s  w o r d e n  v e r z a m e l d ,  w o r d t  g e h a a l d .  

i I k  g e b r u i k e r  v a n  g e g e v e n s  i s  t e  n l l e t i  t i j d e  verantwoordelijk voor  d e  t i j e -  
p a s s i n g  van  d e  v e r k r e g e n  i n f < i r m a t i e .  t i i j  z a l  z i c h  m o e t e n  r e a l i s e r e n  d a t  
z i j n  k w u l i t r i t s d r , r l s t e l l i n g  k a n  a f w i j k e n  van d e  k w n l i t r i t s d o r l s t e l l i n g  
d i e  b i j  t i e t  v e r r a m r l e i i  van  d e  g e g e v e n s  w e r d  g e h a n t e e r d .  A a n v u l l e n d e  i i i -  

f o r m a t i e  o v e r  d e  k w a l i t e i t  van  de  v e r k r e g e n  g e g e v e n s  i s  n o < i d z n k e l i j k  om 
d e  b r u i k h ö a r t i e i d  voor  a n d e r e  d a n  d e  o o r s p r o n k e l i j k e  t a e p ~ i h i i i g e r i  t e  b e -  
a o r d e l e r i .  

3 H e t  o p s l a a n  v a n  a a n v u l l e n d e  i n f o r m a t i e  ove r  d e  k w a l i t r i c  van g e g e v e n 5  be-  
h o o r t  t o t  dr  v c i n n t w o o r < l t : : i j k h e i d  van  d e  i n s t a n t i e  d i e  d e  g e g e v e n s  
b e h e e r t .  

l i t t  b e l a n g  van  h e t  kunnen  b e s r h i k k e r i  < , v e r  v o l d o c r i d e  m e c t g e g e v e n s  van  ccri 

v u l d o e n d e  kwal i t e i  t  w o r d t  g e l u k k i g  a l  o m  e r k e n d .  ï u c h  z i j n  m e e t g e g e v e n s .  

voora l  a l s  h e t  g a a t  um h i s t o r i s c h e  i n f r i r m a t i e ,  n o g  a l t i j d  s c h a a r s ,  k o s t b a a r  

en o n v e r v a n g b a a r .  V r i j w e l  i e d e r e e n  r e a l i s e e r t  z i c h  d a t  m e e t g e g e v e n s  a l t i j d  

f o u t e n  b e v a t t e r i .  De m e e t a p p a r a t u u r  i s  n i e t  100% n a u w k e u r i g  en  h e t r i n w b a a r ,  

b i j  d e  , , p s l a g  e n  verwerking kunrirn f o u t e n  worden  g e i r i t r c i d u c e e r d  en  m e e s t a l  

i i  t e n  m e t i n g  z a w e i  r e n  p u n t w a a r n e m i n g   al+^ r e n  momentopname,  w a a r d o o r  o o k  





i e r ; w r d l i j . l c i !  r h l  r k ,;,r: ; i a r ivuI lc l i< !e  i n -  

f f j r n ; i t i c  o v e r  de  k w a i i t v i t  v a n  mi.i:tgegi,,eii- Leriist  geheel b i j  d e  i r . , ~ . ~ x n L i e  

d i e  d e  gegevers  v c r ~ ; ~ n i e l l  en be l , r t ; . t .  Het i s  d a a r b i j  g o c d  t c  b e d e n k e n  d a t  de 

ri<.r,dzaak v a n  h e t  i c t < r e n  van g e g e u e r ; i h c s t n n d e n  v r i j w e l  ; , l t i j d  v o a r r k i m t  uit 

d c  w e n s  gegevcr , . .  ~ ~ s ~ / ~ i i t i , a r  t e  hehber :  .mor t i i e h m s t i g e ,  v;:;,i ~ i i g  o n b r h n d e  

I e l i : .  i,r mogtii j i l i c i d  rini g e g e j e n s  .,aai d i r d e i i  t e  ki i r , r ie i i  . v c r s t r e k k r n  i i  

d vabi. t i i j znwk.  l  iiewarcri .,.n ;:ry<wrn., i s  i c l i t e r  rririr gcen .,.n b e i d e  

i :  c r g  z i n v o l  i : , d i r n  n i e t  "LI. <iriige k w n l i L e i t i i r i i c . r r r i ~ t i e  wori!L ~:.ccl>e- 

w,,;, r0 . 



; Iir / , , r ~  .,,,,r k w ; ~ ! : t t i t : . h c l i c i  r x i r i g  l i  n i e r  : . r . u c r  l > c : ; . r p r ?  i >  d~ i; ,:i ,i:uz. 
r a n  dc  m e e t n ~ c  t h o d e .  

4 l<;.j w a c e r k w ~ ~ r , t ~  t v  l t:.g, ~C:UCI I '~ . ,  w : t t ~ r ~ , t ; ~ n d ~ : : ~ ,  : ~ , I  r ~ m m s n c l l , ~ : ~ . ~ ~ ~  c71 ;,:.;s , . t  c :  

o n r ~ , t ; i ; s r  <!e n , e t i t c  i w t c n  h i j  <!I r .ei- i icrkir .g .,.:r i le  r r e e t p < , , . , : i i s .  

6 ,  1ii.j r , ; i r i ~ i < i !  il,zew,,r.i.i:. ï ; i t i : r kw; . l . t c i t : ,g i .gc i i .n i  w o r d t  <.c i ~ ; ~ l i t e i ~  :n 
b e l a n 6 r i , j l . c  w a t e  l b ~ . l , , ~ , l i c ~  <,p tgct 1 i e c  t  .,;8rt C I C  ~ m n s t e r n , : ~  L, t de. :,r.;:l;;~,* 
i :  l i e t  l a l i < , r : : ~ < i r i u m .  

k ),.er, 1 , t : I a n g r ; j k ~  ,v,rw ,;:fix! l ~ , : : , l i ~ c i ~ ~ , ~ ~ ~ ~ n t : ~ ~ l ~ :  i!,: d <  p e p e ~ ~ c ~ , : ,  ; k i , w l i . e : .  
" < > r i l  ] , < . t  ,i,>t<l w',:r . . l , . ,r  li. L ,  j , :  . ? ' . rZ i i re l< i  

l : ; L  r i e r  i j  j<! v e r : . ~ r i  j k t  rii': i n  h e t  d r , t r .  - . a r  e e n  w.l.::-! i r i n i .  r-: ! . < L  

c u r ; ~ r < , l c r c r i  w i n  l c t  k ; : n  W l <!i kwal. t e i  t ' ~ < ~ f , ! : t r < , :  r. .:ir;clcr 
wa;,r<!c.v,,l. 



De mr.rst y i n g l > . i r r  vurin va l  % w ; i l i t e i : s c o n t r o l ~  i:, l i e t  p e r i o d i e k  c o r i t r c l r r e n  

van  de  ;r , re: ; .pparat i iur .  

Somri,ige t e h c c r < l r r s  grven .voi,r !iet !>e[~ ;~ len  v a n  w, te i , , t a r idc i i  de  ~ ~ o c ~ r k c u r  ;sa?, 

v l u t t e r i .  Lriven d r i ~ i d < ~ z e n ,  wegt r i -  d e  g r o t e r e  !i.iimkeiiriglicj<i van  di. e e r s t e .  Iir 

e x t r i i  mi iwkei i r ig l ic id  d i t  d a r d o o r  h e r r i k t  wordt  r i j en t  wel gez i e l .  t e  worden 

i n  r e l a t i e  t o t  a l l e  andere f o u t e n b r o n n e n .  A l l e e n  i n d i e n  voor  d e  git i<:le meet-  

omgeving een k w a l i t e i t s r r ~ r g  van  voldoende nive;iii wo rd t  g c r e a l i c e e r d ,  l uo r i t  

d e  e x t r a  r ~ o e i t e  van  h e t  n e t e n  met v ! , > t t e r s .  

V D O ~  t l e ~  r in ; . ; ; s , i ren  van i~ii L t - ï r i i o n ~  t v r l i  h e s  t a a n  ui t g e b i e i  C I C  liib<lril tolr i  t in ,vr i r , ï -  

i c t i r i i t e n  r r w t  h i j h e h o r e n d e  c<i r i t rc i les .  B i j  tivt i i i z m i e l r i i  v a n  d c  m o n s t e r s ,  

soms o n d e r  c > r i c o n i f u r t a l > e l ~ ~  vin-;taridiglieden i s  r r , r i t ro l t .  v e e l  m o e i l i j k i r .  Vooral 

w o n n i e r  !iet p a n t  om m i c i < ~ v t i o n t r r i n i s : i n e r r i  tiinrieri k l e i n e  onrorg . , i i id ig l icdrn  

b i j  d ; s t ;  de .verdere  , r i n l y s e  z i r i l r ios  maker,. k t i a l v t  drior :t w e r k i l i  

met ~ ~ , ~ c I ~ o u l r i  pir:srimeel e n  h e t  t i ;<ri trreri  v:jri r i < , r l t r e l i i n d c  v o o r s c t i r i f t e n  vorir  

mons t e r r i am  c ! ,  i i i o r i s t e r b e I i i i i ~ d i l i r ~ g  i s  d c z e  € o i ~ t r r i b r < ~ n  s l e c h t s  i j  t e  

e l i r n i r ~ e r e n .  Ue p rob l emen  z i l r :  i r i  l i e t  algeiiiecri i t e r k  s t o f g e b o n d e n .  





l Gebrek i w u i :  t e ,  t s i n i o r r i i a t i e  I.iiii;t v o o r t  u i t  e<-n g e b r i , i % i g  k i i a l i t r i i  t:.- 
betieer.  

i Ihct bewaren .var: gegeven:, z r i n d r r  de d:i..ri,ij hchbri:r:dr k w ; i l i t e i L s i n i o r m i i t i r  
i s  z i r i lo r ic .  

j Y in imu le  k ~ a l i t c i t s i n f o r r ~ ~ i l t i ~  nrnv,?t i i i i o r m a t i e  r i v c r  tiar i i e t  gcgeveri t<,[ 
s t a n d  i s  gekomen. 

4 h e v i n d i n p e n  var, g e b r u i k e r s  v a n  g e g e v e n s  r i j n  r e i t  1 i ï l ; i r i r r i j k c  brr>:,  var! 
f ; ~ a n v ï l l w . d i )  k w a l i t e i t i i n f ~ ~ r n ~ a t i c .  

j K w a l i t r i t i i r i f o r m a t i e  d i e  n o d i g  i.. ; r i r , i  een  arirler g e b r u i k  d:;i i  6 c  n.eetdr>il i-  
s t e l l i n g  v a r  de b r h i c r d t r ,  z a l  rlr~or do g e b r u i k e r  i i e t a a l d  mrietiri worden .  









? > r a < : l , t ,  > , , . J ,  va,, 

!'riii.;iir l . r o i i < ! ~ : t c r m e c t r i c t  e n  h e t  i I r i t . i c f  ";in i . r i i i idba te r sL; i i . r i rn  h i j  dc  

! ~ ~ e ~ a s t  ~,r<>x~clw,?t ' : r~,<.rk.e~!nir~g 'l.',l!. 

i ' r i j n r n ,  H.J. 

> :ee t r i e t  m e t r k i i n d i g e  g e g e v e n s  v;iii h e t  K o n i n k l i j k  Xederlhr i?:  M e t e o r o l o g i i c l i  

I n i t i t i i v i t .  

Y I , c ~ < ,  i:. 

! 4 e c t : i i t  g r i i n d w a t e r k w a l i t c i  t en databank ~ r o r i d ï ~ t c r > . w a l  i t r i  t u a n  h e t  

R i j k :  i i i s t i t u i l t  v o o r  V o l k s i : ~ z r , i i d h e i d  en  I'i l i e i i h y g i ë n e .  

S i i i a a i ,  S .  var) dt : r  

l e e t i i e t  ):rriridwati.r~;L;ir~cIen v a n  CIC ' / ; .kgroep 1 : i i l r t i ~ i r t e c h r i i r k  var, d e  I.;indhouw 

C n i v e r i i  Lei t h':ageni~%rn.  

: < < l , l , l t z ,  i,:. 

I i i v e r s c  h y d r n l o g i s c l i e  dar; ibnies bi , j  d e  lki j k s d i e n s t  voor di 

IJs sc lmecrpo ldrrs  





r . rwerkir i i :srnr th~><ir  

Methride v a n  bewerken .  

Hewerkte  grgrvrn i  

C e t a l l e n  o f  t e k i t e n  d i e  o n t s t a a n  n r  bewerk ing  v a n  b a s j i y e g e v r n s  

i,:i l i c i r i i i y  van het m e e t n e t  

onde r  de e f f i c i e n c y  vaii ieen m e e t n e t  wordt  verst igijn d e  v e r h o u d i n g  tuï!.eri 

i n s p ; i r i r i i n g  en k u s t e n  e n e r z i j d s  en d e  r i a i w k e i i r i p h r i d  waarmee h e t  l i e schouwde  

proccr. r i ~ d t  bc sc t i r rven  ö n d i ' r ï i j d s .  





!:eetlo"Liil(.  

],e m e e t r o u t i r i e  i b  h e t  gehe i . ]  van  h a n r l e i i n g e r i  runcl h e t  ( l a t c c )  d o e n  vaii 

wn; i imeai i iger i  z o a l \  de  m e e t f r i q u r i i t i e ,  i j k i n g s f r e q u r n t i e  en  d e  o r g a n i s a t i e  

v a n  he: r c y u l  i e r  i i r iderh<i i id  .in" d e  i r . e c r u p s L c l l i n g .  

H r t r n ,  r i i cL i i i g  

i i e r  k e h e e l  s v . i r i  l i ; indc l i t ig i r :  i n  procc:~.i,ec; d a t  d i e n t  om r e n  E y s i s c h  v e r s c h i j n -  

i e l  <>f eer,  ; > s p r i t  d ; $ i i v o n ,  om t i  z e t t e n  i r i  e e n  r e p r e $ i r i t ; i t i e f  g e t a l ,  e n  oir 

d i t  v r - t  t e  legger : ,  t e n e i n d e  k i t i n i s  over  l i e t  v e r s c h i j ~ s c l  t e  v e r k r i j g e n .  

Sy : . t e ina t i sc t i e  1 r m t  

b o u t  m r t  e e n  bepa , i l< l  ~ . y s t e m n t i : . < i i  v e r l o v j i  d i e  b i j  e l k e  rneling o p t r e e d t  e n  s t e e d s  

i i e t ï e l f d e  t e k e n  h r r t t .  

'ïoevalligc f o u t  

F o u t  d i e  w i ~ r d t  v e r o o r z a a k t  d i m r  ' i n t e r n e '  f a c t o r e n  van h e t  m e e t s y s t e e m  en 

d i e  t o c v a : l i p  i s  v e r d e e l d  r a n d  d c  g e m i d d e l d e  m e e t w a a r d e n .  

Verwerken  

H e t  voor d i v e r s e  d o e l e i n d e n  ( o n d e r  m e e r  ook a d m i n i s t r a t i e v e  en  o r g a n i s a t o -  

r i t  u i t v o e r e n  van b e r e k e n i n g e n  met  hewerkte g e g e v e n s ,  z o d a n i g  d a t  zij 

worden  o m g e z e t  i i i  d e  gewenste i n f o r m a t i e .  









l a b e l  l  i.riort f o u t e r ,  b i j  w a a r n e m i n g  a a n  een v a s t e  p e i l s c h a a l  
( n e t  ; : ; 'nvul l ingrrr i  i ivergei iomen tui L Kua ld  (19118)) 

1 . 3 . ;  i n i p r c L i c  r o u t i n c  
1 . 3 . 2  
1 . 3 . :  
1 . b . l  v e r w e r k i n g  

1 . 4 . 2  

s y s t i n r t i 5 c h e  a C i a r s f o u t  
nieters a f p e l e z e r i  i . p . v .  d r c i n i e t e r : .  o i  
omgekeerd 
n u 1 ; : r i e f o i i t  h . v .  1 . H  i . p . v .  ! ,118 
i f l i e s f r i i i t  d w , r  p i i 1 v n r i ; i t i i  up  l i e t  
r x i n e n t  v a r  :i:lezrn d w i r  k r i r t e  f ; o l v i z  o! 
een o p s t i m i r i y s c f f c c t  
g e m i s t e  i, . .rnerningeri w<,rdeii door  de 
waar r iemer ,  door i< t i a t t i n ! ;  of i r i t c r -  
p o l a t i t ,  zelf a a n g e v u l d  
r , r i l< :< . ibaar  t i a i i d i < t . r i f t ,  wn;jrir,rir verwi: . -  
i< : l inper -  c p L r e d r n  ,VIP 2 e n  7, 3 e n  8 
eri 4 cri 3 
vrrkt<.rc!  :.;iiital l ,  i n  de  mi>;.r:d .rati- 

~ehour lc ' r ,  
v e r k e e r d  waargenomen, b i j v o o r b e e l d  d o o r  
d e  b o v r n i i g g e n d r  dm waarde af t e  Iere?) 
e n  i$!$ u i t g a n g - p u n t  t e  nemer ,::i d a n  
o p  t e  t e j l r n  i . p . v .  a f  t e  trek.k.ir 
i r i i r i t i f i i ; i t i c  i a n  d e  w;iorricining o 1  iic 

d a t u n  o n t b r e e k t  
s l e c h t  r i n t w o r p e n  o r d e r v e r d e l i n g  v a n  d e  
p e i i s c l i h a l  d i e  g e c n k k e l i j k  l e i d t  t r i t  
m i s v e r s r o n d e n  
p c 1 l s c h . - z ;  i > , l r c t i t  ge!r.oritcer<' r i  i s  
h r i r h a d i y d  l i  v c r v u i i d  
p v i l s c h n a !  hii n i e t  b i j  : ; ; J e  v o o r i m e r : u r  
p r i l c n  w o r d e n  a i g r l e z e r i  
verkeerde k e u z e  van n u l p i i l i t  
waarnemiir  i:; v e r k e e r d  g i i n s t r u c e r r :  
i n c p e c t i e l ~ r e q u c n L i e  i i  t e  I n o e  
. i c r w i s s r l  i n g  van  i r l e n t i t i c i i t i e  -,:in 
wnarnemirig u: v a r  t i e t  ni i lpi in  t  
p u n s l o u t r n  

' i a h r l  Z S u o r t  i u u t e n  lhi j n n a l o g r  warnerii lng itieL r e n  o p n e m e r  d i e  i s  
u i t g e r u s t  mei e e n  v l o t t e r  w a a r h i j  d e  wauri ierning w o r d t  v a s t -  
g c l c g d  op  p a p i e r  í m c t  a u n v u i i i r i g e n  overyennmcr u i t  K u a l d  
fI ' ,kk, ,  

2 . i . I  il,,,-rnemeï ~ e r g j : ~ ~ . i r i g  h i j  h e t  ;,i l e z e n  v a n  e e n  
r e t e r e n t i e w a a r d e  ( z i e  1 . 1 . 1 - 1 . 1 . 4 ,  
1 . 1 . 6 )  

2 . 1 . 7  r e i e r e n t i e w a a r d e  w o r d t  a f g e l e ï e z ;  van  
t i e t  p . i p i e r  i . p . v .  I e  p e i l i c t > ; i a l  

Z . i . :  u u r w e r k  i i  n i e t  op;;crr,ridrn 
2 . 1 . 4  r o r r r i i i c i  w i i rden  v e r k e e r d  u i t g e v r i < : r d ,  

s l c c h t  ~f i n  h e t  g r t . c c 1  n i e t  g e d i , w m e n -  
L e e r d  





5 o u r t  i o i i t e n  h i  i a n . r l o g e  w , ~ a r i i c m i n g  m e t  u e n  upnemer  d i e  i s  
. ~ l < ~ L t r r  w a a r h i j  d e  wsar t i e r i inp  w o r d t  v n h t -  

- ( n e t  o n r v i i l i i n p r r  overgenomen u i t  K o a l d  
c i  t g r r u i . t  t r e i  
g e l < g d  c~p p a p i e i  
11988!1 ! v e r v r > l g )  

r e r o o r z a a k t  d o o r  

i n s p c c i i r  r o i i t i r i e  

I i< , I i7L 

di.  h y d r r , l o u g  i i i s t a l i t r r t  v l o t t e r  cri 
c o r t r i i g e w i c h r  r<w!at de y-n% o p  p a p i e r  
o m d r a a i  t 
d e  I i y d r o l < , o g  k i e s t  lhcr v e r k e e r d e  n i i lpu i i t  
d e  w a a ï n c m r r  w o r d t  v e r k e e r d  g e i a s t r u r e r d  
d<: t .ydrr i lo ,!y i:,:ir!t eer) .iriki!c:rde waard<: 
.,,,Ir <Ir i>ver, irc8.ginp, .~ii ir t iouulini :  
<!c i r ~ q u e n t i r  v a n  d e  i n s p e < c i r  r o u t i n e  
i!, t e  liia;: 
d e  iet,;;.: wi>rclL v e r k i < , r c l  i i a n ~ r n r i n i e i i  
e r  w o i ~ d r n  t e  w r i l i i g  p u n t e n  <..,ergericirrrii 
d c  omktkeerdc r e g i s t r a l i e  ( z i e  2.6.; ')  
wf i rd t  v e r k e e r < !  g t I n t e r p r c t e e r d  
l i j n  v c r t w n t  e e n  s t e r k e  v a r i a t i e .  i l r t  
b l i j k t  n i o e i l i j k  r r  h e p a l e n  w t i i  d e  
g m i d d e l d r  w a a r d e  i s  ( z i e  nuk 2 . 5 . 2 )  
gebreker,  i n  de d i g i t a l  i s eer ; tpr , ; : r ;$ t~~~~r  
v r r k e c r d c  r c i o n s t r u c t j c  van u n t b r t , k r n d e  
i u i  " v e r > . e c r d r "  wusrclrn 
o n j u i i l e  b e o o r d e l i n g  v a n  ee!i ~ i r m d e r -  
: ; t e l d e  f r m t  ! z i e  o o k  1 . 7 . 7 )  

S o u r t  f o u t e n  b i j  n i a l , , z e  waarrier:iing n e t  een opr,emer d i e  i:. 
i i 1 t g e r i : s t  m e t  eer! v l i i t t c r  wn;ir l , i j  d e  w a a r n e m i n g  wor<l t  va5.t 
g e l e g d  up  p o n i h n n d  f<ivvrgeriornen u i t  koa l r l  IiilHUj 

s c h a c l s t  
i n s p e c t i e  r o u t  
kar8 t o o r  

i n e  

i i, 'i l t  

7 i r  2 . l . i .  2 . 1 . 3 - 2 . 1 . :  
m a k t  f o u t i e v e  n u t i t i e r .  h.". t . n . v .  
da t i in , ,  t i j d  en  p e i  i ,  < > p  ide bnria 
h;irr! i:. i i i e t  o p  d e  j i i i : ; t e  w i j z e  a a i -  
g e b r a < . ] )  t 
h a n d  wor<iL r i i e t  r,p t i  j c l  ir .rv; inf(<i i  
:riiiLen z3it ? > < : t r e k k i n g  t b r  ilr r e i e r e r t i r .  
; i l c l : l  ( z i e  1 . 2 . 1 - 1  . 2 . ï !  
d e  hand  ; i h s r i r t i r e r t  , iri<:ht e n  z e t  i i i i ,  d i t  
tiec.ft t r ~ t  l ri;it l  pnnwr ie~hnni :~r r i<  
. , a sc1r>r>pt  
d e  band  hreck. t  
z i e  2 . 4 . ' ~ - 2 . 4 . 1 1  
p ' > n s t  r , r i r i # e l r n a t i # ,  . , m t  t ?  v e e l  ~ c m i  
t<: w e i r , i g  
p i i n l p c n l r e n )  z i t  ( t e n )  v a s t  
m c i t i a n i i c t i  d c c , <  t  i n  l i e t  pciriiir,eclioiii:.rir. 
e l e k t r r i n i s c h i -  ) :ebrektr i  i n  livt ripnnnle 
, ppar ; i a  t  
: . t r < , o m ~ t < ~ r i r i ~ :  
z i e  2 . i . l - 2 . > . 4  
z i e  2 . h . 2 - 2 . h . i  
r!r b a n d  i< t iv i i r t  r i j d e r , .  d e  v r r w i r k i r ~ g  
h;inil wr,rclt v c r k e i i d  g e i d c n t i i i i e e r < i  
f i i u t e n  t 3 i . i  h i t  i n v o e r e n  va:, d e  gegevens  
<ivvr b e g i n  cii e i n d t i j d  e r ,  d e  d a a r b i j  
t,rhiirenc!i. p t . ~  I r n  



i I .  2 . l . i - 2 . 1 . ;  
de < . ~ , s e t t c  i s  C T  v e r k e e r d  
d L i s  n,<: t  < , r  t i j d  
! C , ~ > I G . :  : , ~ :  ! , e ~ r e k L ~ ~ ; :  t ( , [  (1,: 
i ! !  ( z i e  l.&.:- l..!..^) 
7 j L  / . t . . ; -  L . - .  l i  

:h< l l r i  i I l i l l t  
s r . . ;  ..,j < i < .  -ci.,. : ! k o r j  
s t r ~ > ~ ~ ! : ~ ~ ~ o r ~ ~ ~ ~  

l l d t;i;c 

L i t .  i.i.1-2.5.4 
d e  l t y d r o l ~  (,g n o r e e r t  b.ct ver" .~c r<!c  i ,c i !  
1,: j i r , i [ > e i  L;b 

z : *  ? , 1 , . : - 2 . f , , ;  
cns..i r t e ' s  ,wordcri ,,err.? iseli 
z i e  j . : . ;  





..........t.... 3~"*., .........r.... * > t c  

I j l . n O  /', L I .  l ................ 

1 , 111~ :  1 
I . a..cr.c..p 
j ." , t<  d"",  
4 l . " l * d Y Y r  



i , - , ~ r z l < t , ~  v i r i  a r i r i l y : . t p r o < . e d u ~ e .  ? < , s l i  v;is,t;:elcp,<i i : )  1,eL 

' B e s l u i t  k s . ; . l i r c i t s d u r l i t c l 1 i r i y e r .  cri i i i e t i : i & e i i  o , p e r v l ; ? k t e w a t c r '  



I\mmoni., 

Ammunium 

Ni,.!., 

N,,,.., 

sull.., 

Fm!.., 
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o,ha>,np I n , i n . l ~ b i r , i r , a r h " u ~  
medium bi, 17% mld dm. bmsigrp 
in r" mnr "lEii.l rirribu. Ir>&- 
d d  m d u m  b l lUoc  K * r n t I i a l i .  
mn a u t o  n n  "n M w iib*. 
M.mb"n"l~,li.. rmrncubill. Di, 
26°C. lnmb.1k Dil U D C  rp r n  mt 

Iin,"qi,k. m i n r n r m  li< pi..,,. 
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Op d - 7 e  m ~ t h o d e  z i j n  .vee l  v n r i , m t e n  uc,:kLm.!r. B i  j h e l  A r c h i e f  va71 Gror>d-  

w i t i : r + t r i r i d e n  ï i i rd t  v o o r  d e z e  c x t r e r i , e r i ~ i r t i e t i e  tti;~:.s g r w e r k i  n opera-  

t i o n e l e  pr i ig ra r , r i r i tuur  voor het c c b r u i k  var, d e  . "reyimc-c i i rvc"  rri d e  

" d e l t ; . - c t , e < k " .  





i j  d e  r eg imc-cu rve  word t  iri p l a a t s  var)  t i e t  algemerie gemidde lde  gewerk t  

n e t  t iet  gemidde lde  c n  <!t. s t a n d a a r d a f w i j k i n g ,  a f h a n k e l i j k  v a n  h e t  r i j d c t i p  

iri t iet  se i r r>er i .  I n  d e  toepi<i , s ing  word t  vervolgen!:  gekeken  o1 e r  e e n  

e x t r e e m  twge "i  l a g e  s t a n d  word t  gemeten  t e n  o p z i c h t e  .van d e  r iormnie 

r ange ,  h v .  i n  de  maand j;iriiiiiri ( z i e  F i g u u r  5 ) .  

8, . . , <!i. v e r h o d e  . ian " d e l t a - c h r c k i n g "  i:; grbascerG bri de  no rma le  r ange  v a n  

i ~ i r s i l i i i l r n  t i i i s e n  twee r . ict ir igen en  word t  e r  v c r v i i i & e n s  g e s i g n a l e e r d  a l s  

de  n ieuwe m e r i n g  e x t r e e m  v e e l  g r o t e r  cii k l e i n e r  i s  dan  d e  v o r i g e  ( z i e  

F i g u u r  5 ) .  

F i g .  5 Vciorher ld  c a t r e m e n d e t e c t i e  m.b .v .  r e g i m e  c u r v e  en  vc r ! , c l i i l r r ek sc r i  

( ' d e l  t a c l i r c k i n g ' )  b i  j g r i i n d w a t r r i t u n < l s r e e k s e n  (1Jf;V-'T:;0) 

Z o a l s  gezegd z i j n  er zeer  v e e l  v a r i a n t e n  op  d e z e  methode  d e n k b a a r .  %r, kan 

de  h a n t e r i n g  worden overwogen v a n  de  v e r s c h i l l e n d e  a n d e r e  s t a t i s t i s c h e  

kenmerken v a n  d e  l i i s t o r i ï c h e  r e e k s  of di c < i m b i n n t i e  van n i r r r d c r e  r e e k s e n ,  

ï<i:iis d e  gern iddr id  h o o g s t e  o f  l a a g s t e  : , r a n d ,  de  a u t o -  of  k r i i i s c u r r e l a t i e  

u i  A K I M A - r r n d r l l r n .  Ve rde r  kan worden  g e d a c h t  aan c a u s a l e  c o n c e p t e n  z o a l s  

e e n  n e e r s l a g - a f v a e r r e l a i i r  u i  een r e l a t i e  n e e r s l a g - g r o n d w a t e r s t a ~ ~ d  u t  





Van g r o o c  1i i . lsng voo r  h e t  C I I L C ~ S  vari d i t  t y p e  r ier i :oden i s  d e  l i o r i o g e n i t e i t  

v a n  d e  merr;ceks. I k  t r i i p a s s i n g  i i  vaak n i e t  m o g e l i j k  a l s  e r  r e n  b e l a r i k -  

r i  j k r  t i e n d  ( b v .  een s p r o n g  of l i m i i j r e  t r e n d )  i n  d e  r e e k s  n d n w e z i g  i s .  

:ie c e t h o d c  w o r d t  d a a r o m  r i i , ~ . a l  e e n s  : ~ . ~ r ~ g c v u l d  eiet  r r e n d a n ; i l y s r  u i  LoeLi.ing 

,!p i i r in<igr i i i  t r i t .  

t e r  a l d u s  <cri extrci:r.. i i  p c s i g i i ; i l e e r d  d i e n t  a ' s  . , o lyende  ; t a p  een 

b i g  p l a a t , ;  r e  v i n d e n  r d e  p l ; l i ; ~ . i t ~ i l i t c i L  va r>  d i t  e r t r e c m .  

l :  i n  I rip d e  L U  g e v a l l e r i  i s  h e t  e e n  w a a r d e  d i e  wel  < l i . y c l i j k  iri 

w r k e l i j k h e i d  i s  o p g e t r i d e n .  I n  v e e l  g e v a l l r i i  knri op d e z e  i r i j z e  e c h t r r  

een t r i u t  c . q .  e e n  belangrijkc i u p g c t r e d i n )  v e r ; : i i o t r i r i g  wtirc!rn o p g e i p i , u r d ,  

u,> I h s i s  wa.:rvan d e  ncmlisc m a a ~ i c ; : * l e n  kiinnert w u r d e n  g e n o f f e n .  Afhunkc-  

i k  van  d e  s i t u a t i e  en d e  u i t g c v o e r d e  i r u d e l l r r i n g  i s  e r  e e n  d e t e c t i e -  

g r e n s  oi:;: g r ~ o t t ~  u i l n  f o u t e n  w r l k c  ii<>y w o r d e ~  g i ï i g n e l e i i r d .  

L n i n  d c  l e e r  vnri ~l;iusibiIiteitccontrolc r i j n  e r  i n  t t i c o r i e  zeer  

v e e l  r : i o g c l i j k t ; i d e n .  Hoveris t ; iande v o o r b e e l d i n  g e v e n  geen  comp:eit b e e l d  e n  

z i j r i  d i e l i .  o v e r l n p p i n d .  In t i e t  a l g e m i e n  gn;i t  l i e t  om r e n  t j i o o r d e l i n g  v a r  

l iet  u e r l r i q i  c n  < i p t r e d c n d c  e x t r c n e n  van k e n a c i r k e n ,  b r r c k e n d  u i t  d<- I r i t r r r i t  

s t r i i i t u u r  v;iri d e  g e g r v e i i i  z e l f  ( v e e l a l  t i j c i r e e k i i e n )  o f  e e n  o i  ;iii"ere vorm 

vaii s t a t i s l l s c h e  of f y s i s c l i r  m o d e l l e r i n g  ( b v .  t i j d r e e k s n . o d r l l e r i r y ,  

r e g i m e - c u r v e ,  r u i n t e l i j k c  c o r r e l a l i c i  t u s s i r i  r e e k s e n ,  r < i ; i t i e  n e i r c , l a g -  

a t v o e r ,  c h e m i i c 1 , e  b a l a n s  e t c . ) .  

Onder  d e  ' I r v r n d i g i i e i d '  v a n  ccn s t a t i i m  wrirdcn d e  l i o i , g f r e q i i r n t e  b e w e g i n g  

var; d e  p e n ,  ook w e l  h l i n g e n  b e d i i e l d ,  z o a l s  d i e  t e  z i e n  i n  f i g i i i i r  7 .  I k  

m a t e  i h a l i n y c n  kan r e n  i n d i c a t i e  z i j n  vroor d e  o n d c r l i o u d s t o r s t i n d  van  

h e t  p r i l m e e t s t n c i i > n .  i i i j  t i e t  d i i t i t i l i b b e r  ";in b . v .  d e  t u e v o e r b u i s  of l i e t  

l e l -  raken vnii d e  v l o t t e r  z a l  d c  l e v e n d i g i i e i d  a f n e n c n .  Na d e  o v e r g a n g  van 

a n a l , ~ g +  naar r e n  d i g i t a l e  r e g i s t r a t i e  0 9 8 8 )  i s  d e z e  c o n t r o l e m o g r l i j k k , e i d  

w r g g r v i i l l r i i .  l i a r o m  i s  i n  h e t  I . l o r i i t u r i n g  S y i t r e m  W n t r r  van K i j k s w a t e r -  

s t a a t  ook eizi d i g i t a l e  l e v e n d i g h e i d  g r d e f l i i i e r r d ,  d i e  t e g e l i j k e r t i j d  met  

d c  t i e r i i r~ inu i iLgc .middr lde  w a t r r s t a i i d  jngewonncn  w o r d t .  I Je ïc  d i g i t a l e  

I r v i r l d i g h e i d  w o r d t  b e p a a l d  m.b .v .  eer, k a s k a d e  van v i e r  Z-de o r d e  

Cl icbyshev  f i l t e r s ,  d i e  d e  l i o e v c c l l i e i d  e n e r g i e  b e p a a l d  in r e n  t i e i i n i i n u u t -  

g e m i d d e l d e  w a t e r s t a n d .  
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' l abe l  l Voo rbe t l< i  v a n  r e n  i r i i . en i>a l anc  h i j  g r o n d w a t e r a n a l y s e s  

(j. 5 568 liCo?- - 3.5562 

lJ.fi! 20 C -  - l .  l h 2 5  

f i . ,934  ;, 0 3 - - 0.0214 

4 . 7 1 0 6  o .  ?OL- 

S 0 4 =  - 1 .  I 0 7 6  

11. MJOO 

5 . 8 7 4 8  a n i o n e n  - 5.8277 

f i .0471,  d i t  i i  0.40;7 van  d e  i am 

R2O-gemeten: 5 0 . 5 0  mSIn h 2 0 - b e r e k e n d :  5 2 . 0 0  mS/m 

Het v e r s c h i l  i s  -2 .977  var, KZO-gemeten. 

F i l L e r  met een Reni .  d i e p t e  v a n  2 4 . 0 0  m 

Na+ 

K+ 

MgL+ 

Ca2+ 

Fe 

H+ 

k a t i o n e n  

V ~ ï s ~ h i l  

O .  91104 IiC03- - 3.6545 

0.020Z Cl- - 1.3738 

0 . 4 9 l b  NO?- - U.0214 

4 .6836  o.PO4- 

S04= - 1 . 0 3 4 8  

O .  0000 
P--- 

-- 
f,, fJ98!J a n i o n e n  - 6 . 0 8 4 5  

O.íJl '!i,  d i t  is 0.11% van d e  som 

KifJ-genieten: 5 3 . 5 0  m S / m  P?O-herakend: 5 4 . 0 0  mS/m 

i l e t  , i c r s i h i l  i i  -0.532 v a n  K20-gemeten.  
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