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REVIEW OF GEOHYDROLOGICAL ACTIVITIES IN THE NETHERLANDS SINCE WORLD WAR II, 
IN PARTICULAR OF THE GOVERNMENT INSTITUTE FOR WATER SUPPLY 

E. ROMIJN 1 ) 

ABSTRACT 

Geohydrological activities in The Netherlands have under­
gone some remarkable developments since World War II. 
Besides the Government Institute for Water Supply many 
other agencies and institutes have contributed to this 
progress. Scientific achievements in geohydrology have 
largely run parallel with the rapid social and economic 
development of the Netherlands since the war. 

I. INTRODUCTION 

Hydrology has shown a remarkable development 
since World War II. The application of the achieve­
ments in physics and chemistry and the use of models 
and compt,1ters to solve mathematical problems have 
greatly promoted this development. Basic to this 
development, however, were the problems of water­
economy in both developing and highly industrialized 
countries. The main objects of investigation have 
been the exploration and exploitation of water 
resources on the one hand and the protection against 
floods on the other hand. The water pollution 
problem of densely populated areas, resulting from 
modern economic development, is a great stimulus to 
water management and thus to the hydrological 
sciences. 

UNESCO has made great efforts to promote 
international co-operation in the field of hydrological 
sciences. A considerable number of international 
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organizations, amongst them the International As­
sociation of Scientific Hydrology (IASH), the Inter­
national Council of Scientific Unions (ICSU), the 
Food and Agricultural Organization (FAO), the 
World Health Organization (WHO), the World Meteo­
rological Organization (WMO) and the International 
Atomic Energy Agency (IAEA) contributed to the 
most important hydrological research project which 
has ever been undertaken, viz. the International 
Hydrological Decade (IHD) which runs from 1965 to 
1974. Its main objectives are the training of hydro­
logists, the development of hydrological sciences and 
the establishment of an international net work of 
hydrological stations. The recent history of hydro­
logy in the Netherlands should be considered in this 
context. 

To the Dutch people water has always been both a 
friend and an enemy. Frequent floods - during the 
has great flood of 1 February 1953, 1835 people lost 
their lives - brought the construction of dikes and 
the floodprotection in general to greater perfection. 
The positive side of the abundance of water in the 
Low Countries was the navigability of the many 
watercourses. Since the 18th century it was the task 
of the "Waterstaat" (State Public Works) to look 
after the flood protection, the management of the 
major rivers and the construction of large canals. 
Christiaan Brunings (1736-1805) is usually considered 
as the father of the "Waterstaat". It has been founded 
as a governmental institution besides the local 
"Waterschappen" (Water Boards) which existed since 
the Middle Ages. 
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In modern times other problems became im­
portant like water management for agricultural pur­
poses and public water supply. To tackle these 
problems several governmental services, scientific 
institutes and consulting agencies were created in 
addition to the old "Waterstaat". The "Rijks water­
staat" (State Public Works, RWS), the Land Drainage 
and Land Improvement Department (Cultuurtech­
nische Dienst, CD), the State Geological. Survey 
(Rijksgeologische Dienst, RGD) and the Government 
Institute for Water Supply (Rijksinstituut voor Drink­
watervoorziening, RID) may be mentioned among the 
governmental agencies. Apart from universities, viz. 
the Technological University and the Agricultural 
University, the Institute for Land and Water Manage­
ment Research (Instituut voor Cultuurtechniek en 
Waterhuishouding, ICW), the Soil Survey (Stichting 
voor Bodemkartering Stiboka) and the Ground Water 
Survey (Dienst Grondwaterverkenning, DGV-TNO) 
are engaged in hydrology. Local public services such 
as provincial agencies and water boards, water works, 
landimprovement companies and engineering con­
sultants carry out hydrological studies. 

It is clear that where so many different organiza­
tions are active, the need for co-operation was felt. In 
1946 the Committee for Hydrological Research TNO 
was founded, in which all the services and institutes 
dealing with hydrology are represented. This commit­
tee has greatly promoted the development of hydro­
logical research. The committee established working 
groups on lysimeter research, rainfall data and geo­
electrical research, and assisted in the foundation, 
first of the Archives for Ground Water Levels and 
later of the Ground Water Survey TNO (Commissie 
voor Hydrologisch Onderzoek TNO. Proceedings 
1952- present). Only recently an agreement was 
reached between the RID, RGD, DGV, RWS and ICW 
in the field of geohydrology to integrate their 
regional geohydrological working programs. Informal 
contacts between geohydrologists are organized by 
the "Hydrologisch Colloquium", a working group. 

Within the scope of this article it is not possible to 
discuss all the activities of the above mentioned 
services, institutions and agencies. Moreover only is 
dealt with groundwater hydrology. The activities of 

the Government Institute for Water Supply (RID), 
which carried out a great number of geohydrological 
studies, in particular will be treated. 

II. THE GOVERNMENT INSTITUTE FOR WATER 
SUPPLY 

The local Water Boards and the "Waterstaat" when 
dealing with the problem of the excess water in the 
polders (areas below sealevel), were mainly concerned 
with pumpage of surface water. This technique did 
not require geohydrological studies. However, this 
water excess is due to seepage of ground water and 
therefore it is a geohydrological problem. Only in the 
present century the drainage of construction sites by 
means of pumped wells stimulated the development 
of geohydrology. 

The main stimulus for the development of geo­
hydrology was given by the exploration and exploita­
tion of groundwater resources for public water 
supply. The engineers of the oldest Dutch Water 
works - those of Amsterdam, founded 1853 - have 
played a major part in this development. The progress 
of bacteriology stressed the importance of ground­
water for public water supply. A piped water supply 
with bacteriologically reliable water appeared to be of 
vital importance to avoid epidemics. Therefore a 
State committee for Water Supply was established in 
1910 in order to advise the government with respect 
to the promotion of public water supply (Gedenk­
boek 1938). The RID and the CCVD (Central 
Committee for Drinking Water Supply) evolved out 
of this State Committee in 1913. In particular the 
RID, under the inspiring management of its directors, 
among whom especially Prof. W.F.J.M. Krul should 
be mentioned, has given geohydrology an equivalent 
place to surface water hydrology. 

As ground water exploitation generally causes a 
lowering of the ground water table and as lowering of 
the ground water table in the Netherlands may cause 
damage to agriculture, studies with respect to ground 
water exploitation are often carried out in co-opera­
tion with agronomists. 

Permission for ground water recovery for public 
water supply and for industrial purposes is given 
under two legal statutes, the "Grondwaterwet Water­
leiding bedrijven" and the "Hinderwet" respectively. 
The COGROWA (Committee "Grondwaterwet Water­
leidingbedrijven") and the COWABO (Committee 
Ground Water Recovery) are the official technical 
advising agencies to the Minister for the implementa­
tion of these laws. 



III. THE DEVELOPMENT OF GEOHYDROLOGY 
IN RELATION TO SOCIAL AND ECONOMIC 

DEVELOPMENT 

Within the scope of this article it is not possible to 
deal with all the particulars of the recent history of 
geohydrology. As to the history of geohydrologicaf 
research before 1946 reference is made to the 
excellent reviews of Prof. Krul (Kr u I, 1946, 1962). 

The social-economical rebuilding ("Wederop­
bouw") after World War II, led to the resumption of 
the construction of large public works, the geohydro­
logical aspects of which have been studied by the RID 
(Velsen Tunnel, Zuiderzee reclamation works). The 
Marshall Aid furnished the funds for an extensive 
research program for agricultural water management, 
the COLN research program (Visser, 1958). The 
growing economy and the increasing population in 
the fifties stimulated the demand for water for public 
and industrial needs, and also resulted in the con­
struction of an increasing number of public works 
(roads, tunnels, canals, harbours). The following table 
illustrates this growth. 

Growth of population, the gross national product and the 
water production by the waterworks in the Netherlands. 

1950 1960 1970 

Population 
January 1 10,0.106 11,4.106 13,0.106 

GNP 
market prices [19.909 f 43.109 f 113.109 

Production 
water works 319.106 m 3 504.106 m3 872.106 m3 

A great impulse to hydrological research was given 
by the flood disaster of I February 1953, causing a 
damage of approximately one b_illion guilders apart 
from a considerable loss of human lives. The disaster 
led to the Delta Act of 1958 regulating the closure of 
the sea arms in the provinces of Zuid-Holland and 
Zeeland with the exception of the Westerschelde and 
of the Nieuwe Waterweg. The works started soon 
after the flood in 1954 (Rapport Deltacommissie 
1961). 

Nowadays the planning of the future water supply 
of the country is becoming of predominent im­
portance. Among the studies concerning the water 
management and the water supply for the year 2000 
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the report of the CCVD regarding the Future 
Drinking Water Supply (1965), the "Nota Waterhuis­
houding" (Report on water management) of the RWS 
(1968) and the "Nota Basisplannen Toekomstige 
Drink- en Industriewatervoorziening" (Masterplan of 
the future public and industrial water supply; in 
press) of the RID should be mentioned. The studies 
in the latter report are based on an estimate of 17 ,9 
million inhabitants in the year 2000. The report 
results in a prognosis of the water demand of 
population and industry of 4,5 to 5 ,5 billion m3 per 
year in 2000. The exploitable groundwater resources 
however are estimated at 1.9 billion m 3 per year, 
which implies that the greater part of the water 
supply will have to be drawn from surface water 
resources . 

It is quite evident that after the year 2000 
geohydrological studies will still be necessary. Apart 
from geohydrological investigations for the construc­
tion of public works among which storage basins for 
surface water, many other investigations will have to 
be carried out in relation to efficient management of 
the country's water resources. In this connection the 
protection of the groundwater resources against 
pollution on the one hand and a reasonable distribu­
tion of the limited amounts of exploitable ground 
water among the various groups of users on the other 
hand (public water supply, agriculture, recreation, 
conservation of nature) should be mentioned. 

IV. SCIENTIFIC DEVELOPMENTS IN 
GEOHYDROLOGY IN THE NETHERLANDS 

Some developments concerning mathematics, 
model techniques, field investigations and techniques 
of measurement will now be treated. 

Mathematics and model techniques 

The groundwater flow can be described by Dar -
c y 's Law (1856): v = - ki, v stands for filtration 
velocity, i for the hydraulic gradient and k for the 
permeability coefficient. This law is analogous to laws 
governing other flow phenomena, as for example 
Ohm's Law for electricity, Poiseuille's Law for 
laminar fluid flow and Fourier's Law for heat flow. 
The mathematical treatment of all these flow pheno­
mena takes place with the help of the potential 
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theory. Geohydrologists have frequent!y consulted 
solutions provided by other sciences using the pa­
ten tial theory. 

Before World War II especially permanent ground 
water flow was studied. The names of D e G 1 e e 
(1930), Mazure (1936), Steggewentz and 
Van Ne s (1939) should be mentioned in this 
context. 

In the U.S.A. Theis (1935) and Jacob (1940) 
already applied formulae for nonpermanent fluid 
flow . Independently, other problems concerning non­
permanent groundwater flow were solved in the 
Netherlands by Ste g g ewe n t z (1933) and 
Ede 1 man (1947). Formulae concerning non­
permanent flow in agro-hydrology have been de­
veloped by Kray en ho ff van de Leu r (1958), 
Wess e 1 in g (1959) and Ernst (1962). 

All the above mentioned formulae are applicable 
to one aquifer and a homogeneous fluid only. In The 
Netherlands problems concerning flow through 
multi-layered aquifers and multiple fluid flow were 
successfully teckled by H u i s m a n and K e m p e r -
man (1951), De Joss e 1 ind e Jong (1960) and 
Bruggeman (1969). 

For the growth of the crops it is essential that 
research into the hydrology of the zone of aeration 
and into the salt content of groundwater should be 
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done. Formulae concerning groundwater flow in the 
capillary fringe were developed by W e s s e 1 i n g 
(1960, 1969) while salinisation problems were treated 
by Ernst (1969). 

The analogy of flow phenomena made it possible 
to solve hydrological problems by the aid of analog 
model techniques, for example with the Hele-Shaw 
model or with the resistance capacity network analog. 
The RID has played a major part in developing these 
models (Dietz, 1944; Santin g, 1963). Now­
adays they are in use at the RWS, the ICW, the land 
improvement companies and other institutions. 

Besides analogs, digital computers are employed 
for the solution of geohydrological problems. E d e 1 -
man (1947) and Van Deemter (1950) used 
numerical methods to solve groundwater flow prob­
lems. Some of these methods have been adapted for 
digital computation (Ve r r u y t, 1970). 

Field investigation and measurement techniques 

The studies made in the interest of hydraulic 
works, water supply and drainage works are mostly 
preceded by field investigations, whereby the deter­
mination of the permeability and other geotechnical 
constants is important. 

Besides data concerning ground water heads and 
the chemistry of the ground water, knowledge of the 
structure of the subsoil is fundamental. Classical 
methods in use are borings, ground water sampling 
for chemical analysis, registration of piezometers and 
pumping tests (K r u s e m a n and D e R i d d e r, 
1970). 

The problems involved in drainages and irrigation 
which were studied before World War II by the 
"Landbouwproefstation en Bodemkundig lnstituut" 
(Institute of Soil Science) led to field investigations 
too (Hoo g ho u d t, 1940, 1943). The imperfect 
knowledge of the permeability of the soil and the 
subsoil formed one of the main problems for the 
application of drainage formulae. For this reason 
Hooghoudt propagated geohydrological mapping of 
the Netherlands. Afterwards De Ridder and others 
realized this mapping for some regions (Agrohydro­
logische profielen 1957, DeRidder, Hon di us, 
Hellings, 1967 ; Ernst, De Ridder, De 
Vries,1970). 

The Institute of Soil Science also effectuated 
research into the infiltration and percolation of the 
precipitation, amongst others by method of lysi­
meters. The working group on lysimeters TNO has 
continued this research. 

In paragraph III the COLN research for agricul­
tural water management was already mentioned 
(Visser, 1958). 

To serve the public water supply several regional 
studies were carried out in the course of the years, as 
for example in the Veluwe, in the province of 
Limburg and in the Northeast of the Netherlands 
(Van Diss el, 1933; Jongmans, 1941; Pa ­
t ij n, 1966; G is ch 1er,1967). In recent times for 
the Masterplan of the water supply much work is 
carried out (Basisplannen - toekomstige drink- en 
industriewatervoorziening, in press). 

The Groundwater Survey TNO is engaged in a 
systematic geohydrologic mapping program with the 
purpose of providing basic data for the management 
of the water resources (Lek ah en a en Sm o or, 
1970). 



In the Netherlands attention was also paid to 
modern research techniques, like geophysical re­
search; remote sensing and the use of isotopes in 
hydrology (Dijkstra and Volker, 1957;Van 
Dam, 1964; Voge 1, 1967; Mook, 1968). 

Hydrochemical research was recently carried out 
by Ge i rn a er t (1971). 
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