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INTRODUCTION TO POLDERS OF THE WORLD 

W. A. Segeren. 
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INTRODUCTION TO POLDERS OF THE WORLD 

Prof.ir. W.A. Segeren 

Professor in Polder Development, Delft University of 

Technology, Department of Civil Engineering; 

Deputy-Director of the Government Service for Land 

and Water Use. 

Owing to her situation Holland has acquired a lot of experience with 

polders throughout the centuries. The area where the Dutch are living 

has been adapted by themselves to the demands made by a populous and 

prosperous country, such as safety, space to live, to work and for 

recreation, facilities for the production of food and the preservation 

of nature. The experience, gained by the Dutch in this field rejoices 

in a large international interest. This experience is used in different 

ways in many other countries. Considering the possibilities and the 

necessity to employ the Dutch experience with design, construction 

and management of polders elsewhere in the world, it is in fact self-

evident that the intention to organise an international Symposium and 

Exhibition about polders in the world developed in the Netherlands. 

1982 seemed especially suitable because several interesting events and 

anniversaries take place in this year. Most of them are already 

well-known and have been commemorated with a lot of publicity but 

in this connection some will yet be mentioned. 

On May 28, fifty years ago, the Afsluitdijk was closed and this year 

interesting events are taking place with regard to the Oosterschelde-

dam by placing the 66 columns. 

Especially with respect to the IJsselmeerpolders the fortieth anni­

versary of the Noordoostpolder and the twenty-fifth anniversary of 

Oostelijk Flevoland can be mentioned. 

Moreover, twenty-five years ago the International Institute for 

Hydraulic and Environmental Engineering has started international 



education on water control. This course has been attended by many 

engineers from all over the world and gives plenty of attention to the 

lay-out and management of low-lying, flat polder-land with regard to 

watermanagement. 

Finally TNO exists fifty years in 1982. This organisation on practical 

and applied research has always had plenty of interest in the many 

aspects of living and working in polder-land in the Netherlands. 

Aims 

Three aims are being pursued with the Symposium and Exhibition: 

1. The exchange of knowledge and experience on polders on international 

level, to policy-makers and engineers, scientists, managers, builders 

and politicians alike. For this purpose circulars with a "Call for 

papers" were sent all over the world. The respons was overwhelming; 

after selection by a scientific committee, some 150 papers with subjects 

all in the field of polders, have been printed. 

Many papers have been received on certain polder-areas ; at the same time 

there was a large interest in papers on land and water management. Many 

papers have also been received for the other themes by which it has to 

be noted that the contributions on socio-economic aspects and physical 

planning and environmental aspects are mainly of Dutch origin in 

contrast with the other contributions from all over the world. 

The exchange of knowledge and experience will have to take place 

especially during the Symposium. 

Some 400 participants from 60 countries have applied for the Symposium. 

The fulfilment of this aim will, at any rate, not depend on the number 

of participants and the countries present. 

2. To offer the possibility to the Dutch trade and industry to show her 

knowledge to the assembled polder-experts of the world both during 

the Symposium, by means of the papers already mentioned, and at the 

Exhibition, by means of stands showing information on their trade. 

About 40 firms, institutes and services will use this possibility. As a 

framework for the activities of the Exhibition-participants the 

organisation has made a separate exposition showing the various aspects 



of planning and constructing a polder in different countries, each with 

their own people's nature, prosperity-level, nature of the soil, climate 

and such-like. This exposition is also divided in the Symposium 

themes. It has been built in such a way that it can be used in whole 

or in part as a framework for an exposition abroad where Dutch trade 

and industry wish to present themselves. In this way the aim - to 

advertise the Dutch trade and industry abroad - can be continued after 

the Symposium. 

3. To show the Dutch people in which way other countries have been 

dealing with the same circumstances, hoping to gain more understanding 

for the way we live in our own country. That is why many activities, 

interesting for the Dutch public, are organised all round the 

Symposium and Exhibition. The Ministry of Transport and Public Works 

has issued a brochure entitled "Polders of the World".' In this 

brochure many data, collected by the Symposium organisation, have been 

reproduced easily accessible. Many Dutch and foreign technical 

journals, papers and other media pay attention to the Symposium. 

Spontaneously exhibitions of paintings and ceramics, its subjects 

inspired by polders, will be held in Lelystad from 4 till 10 October. 

And moreover, a few days the exhibition will be opened for the public. 

The Exhibition as well as the Symposium will be held in the "Agora" 

in Lelystad. Lelystad acts already as a centre for the IJsselmeer-

polders and will become the capital of the new polder-province. 

The meaning of polders to the world 

The description of the meaning of polders to the world has to be 

preceded first by a definition of what is meant by "polders". 

In particular prof.ir. A. Volker gives some thoughts to this in the 

series of articles following hereafter. The starting-point is the 

following definition: 

"A polder is a level area which has originally been subject, permanently 

or seasonally, to a high water level (groundwater or surface water) and 

is separated from the surrounding hydrological regime, to be able to 

control the water levels in the polder (groundwater and surface water) 



independently of the surrounding regime ". 

The separation from the surrounding hydrological regime and the 

water level control in the area are the most important characteristics 

of a polder. They are necessary to be able to use the area in a way 

that was not possible in the original condition. Other important 

characteristics of a polder are the flat surface and the fact that 

almost never big, for agriculture troublesome stones, are found in the 

soil. The reason for this can be found in the origin of a polder, 

the deposition of particles eroded elsewhere, by running or stagnant 

water. The above-mentioned definition and explanation of a polder may 

lead to many different interpretations. 

For instance in this way a paddy-field is a polder just as the flood-

plain of a large river protected from floods by an upstream dam with 

a reservoir. 

In general neither of these areas are indicated with the word polder. 

Anyway, in the framework of "Polders of the World" a practical 

approach has been chosen for the delimitation of the subject. 

For the Symposium those areas are taken as subject where development 

necessitates the same practices and techniques as the ones used in 

polders. Level topography and high original water levels are 

characteristics of that. 

In the framework of the Symposium research has been done after areas 

where "polder know-how" is essential for, especially agricultural, 

development. The International Soil Museum has derived, from the 

FAO-UNESCO World Soil Map, the fact that 1200 million hectares are to 

be found in the world as an absolute maximum of level areas of which 

the soil is being influenced by groundwater or shows, by its profile, 

regular flooding. 

These soils have mainly developed from alluvial deposits. Of this amount 

the part without growing season, 109 million hectares, can be excluded 

at once. From the remaining 1100 million hectares more than half is to 

be found in areas where, as far as the length of the growing season 

is concerned, three crops per year are possible. These are the tropical 

and subtropical regions. It has been assumed that enough water for 
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for plant growth is available in the form of rainfal, soil moisture or 

irrigation. 

When other criteria are used, such as bearing capacity, germination 

possibilities, natural fertility, salt content, tillage, rooting 

capacity etc. another 200 million hectares can be excluded as being 

not suitable. Of the remaining area, some 900 million hectares, the 

suitability varies from moderately suitable to good. 

In the table below the distribution of these areas is given for the 

different continents. The name "potential polders" is used because 

polder know-how is necessary for the development of those areas. 

Potential polders in 10.000 ha or 100 km2. 

After: data of the International Soil Museum. 

North-America 

Mexico Centr.America 

South-America 

Europe 

Africa 

South-Asia 

North and Centr.Asia 

South-East Asia 

Australasia 

Total 

1 crop 

1695 

-

605 

8278 

-

78 

16458 

-

-

27114 

2 

2054 

200 

2861 

503 

3036 

4597 

5231 

-

3151 

21633 

crops 3 crops 

295 

1867 

12079 

16161 

5813 

247 

5296 

1200 

42958 

total 

4044 

2067 

15545 

8781 

19197 

10488 

21936 

5296 

4351 

91705 

The table clearly shows that in all parts of the world large areas can 

be found suitable for agriculture. From the table it cannot be read 

whether these areas are in fact in production and if so, whether the 

production circumstances require further development or not. 

Also not present in the table is, at what cost existing agriculture 

can be improved and what benefits this will yield. Also no analysis 

has been made of the regional need for more or improved agricultural 

lands, the availability of skilled farmers and the social and economic 
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circumstances that have to lead to the optimum use of new or improved 

land. Finally, our knowledge of the effect on ecology of new 

impoldering or improvement of existing polder areas, as indicated in 

the table, is only limited. 

Where polderdevelopment is really needed is not known precisely now. 

This does not alter the fact that the areas, in the table above, 

clearly shows that polderdevelopment can contribute importantly to the 

world food supply, especially when being reminded of the fact that 

in general these areas tend to be fertile. 

Three circumstances can be distinguished: 

1. Densely populated polder areas, mainly in Asia, Europe, among which 

the Netherlands, parts of Africa and some areas in North, Central and 

South-America. In most of these areas the use and administration of 

the polders is far from being optimum. Improvement of the food 

production for the local population can only be obtained when 

starting from integrated rural development. Not only land and water 

management will have to be adjusted technically. At the same time 

more attention should be paid to education and extension services, 

credit facilities, processing and sale of products. Only with a 

strong participation of the local population this sort of rural 

development plans have a chance to succeed, together with a wise 

adoption-pace and project size. 

2. Sparsely populated potential polder areas in densely populated 

regions, mainly in Asia and parts of Africa, in Europe, among which 

the Netherlands, and some areas in North-, Central- and South-

America. 

These sparsely populated areas are characterized by their inaccessi­

bility. In general large scale engineering works have to be carried 

out before the land can be made suitable for agriculture. The recla­

mation of these areas is taken at hand for relieve of the overpopula­

tion in the region and for the production of food, both for the region 

and, eventually, for elsewhere too. 
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The engineering works are large scale. The parcelling of the land can 

take place on a small scale by giving out the reclaimed land to many-

small farmers. In general the engineering and land development projects 

on a large scale require large investments which are often payable in 

itself but can not be accomplished because of budgetary reasons. The 

result is that concessions are made on safety and lay-out of the 

area. At the choice of use of the limited means two criteria should 

have very high priority. 

Firstly, the investment in large engineering and land development 

projects has to be such that later on, when additional means are 

available, further lay-out can embroider on what has already been 

constructed. Therefore a clear picture is needed of the final stage. 

Secondly, reclamation has to be in such a stage when the farmer starts, 

that he can grow his first crop without too great a risk. Therefore 

much attention should be paid to the initial reclamation of the land. 

Agriculture, financed or even carried out by the government will be 

almost inevitable during the first years. In developing the new area 

sufficient attention will have to be paid to the integrated approach 

for rural areas as given under 1. At determining the place and the 

scale of the area to be reclaimed ecological factors must play a 

distinct part. 

3. Sparsely populated potential polder-areas in sparsely populated 

areas, mainly to be found in Central- and South-America, parts of 

Africa and Australia. In general large engineering and land development 

projects have to be carried out. The aim for reclamation of these areas 

has to be a contribution to the world food production. This means that 

the cost of reclamation and production has to be made up for by the 

prices of agricultural products which means, in this case, the world 

market prices. So the cost of reclamation and production will have to 

be low. This is possible because in these sparsely populated areas, 

high degrees of mechanisation will be aimed at anyway, for the 

reclamation activities as well as for the agricultural production 

itself. Here also the place, the extent and the lay-out of the 

reclamation have to be chosen in such a way that a maximum of 

ecological stability is safeguarded. Government, consulting engineers 
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and contractors in the Netherlands have a lot of experience with 

the overall development of polder-areas. This experience and knowledge 

is such that they can give an important contribution to each of the 

three circumstances mentioned. At the same time they contribute to 

employment in their own country. The development of the first two 

categories will often take place on initiative of and conducted by 

the governments of the countries where the polder-areas are situated. 

In the areas, mentioned under 3., the Dutch could take the initiative 

themselves not only by making knowledge and experience available but 

also by taking care of finance. 

Contents of this edition. 

To have a clear review of all different aspects of polders of the 

world a division into five themes for the Symposium has been chosen: 

1. land and water management 

2. construction 

3. agriculture 

4. socio-economic and physical planning 

5. environment. 

For each of these themes two speakers have been invited, one from 

the Netherlands and one from abroad, mainly working for an inter­

national organisation as Worldbank, UNESCO and FAO. The invited 

speakers give a review on aspects of polders and potential polders 

in their theme. 

Finally two Dutch professors, ir. A. Volker and dr.ir. B. Verhoeven, 

who have spent an important part of their career in and around 

polders of the world, will give their view on the past and future 

of polders. 

I wish to express the hope that you will read these keynote 

with pleasure and that you will get a clear insight in the different 

aspects of existing and future polders of the world. 
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FROM NATURAL TO RECLAIMED LAND 

Land- and water management in the 

polders of The Netherlands. 

E. Schultz 

IJsselmeerpolders Development Authority, 

Scientific Division 

Lelystad, The Netherlands. 

Abstract 

This article deals with land and water management in the polders of 

the Netherlands. It starts with a brief overview, of the history of 

impoldering. Information concerning meteorological, hydrological and 

geohydrological data is given. The structure of the water management 

system is described. Some attention is paid to soil management, wa-

tes quality aspects and the main structure of the water management in 

the Netherlands. Finally some ideas are given for the future of land 

and water management in the polders of the Netherlands 

1 Introduction 

The Netherlands is a low lying, densely populated country bordering 

the North Sea. The major part of the country consists of lagoon and 

delta type areas. The Dutch have made this area inhabitable by recla­

mation and protection against the water. But for this creation of 

their country the Dutch had to fight during centuries against the 

water, coming from the North Sea, from the rivers, from rainfall, or 

water from lakes and blown over the adjacent lands during gales. 

This article will deal with the different aspects of land and water 

management in the polders of the Netherlands. First some data about 
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the Netherlands, together with some general information about the 

polders will be given. 

Starting with the past and a brief description of the various works 

and projects by which the Netherlands was developed, some of the as­

pects that govern the possibilities to make polders, such as the mete­

orological, hydrological, geological and geohydrological conditions, 

will be discussed. Based upon these conditions,a drainage system and 

a good soil management have to be established in a polder. Aspects 

of system, lay-out, design norms and means will be discussed. Some 

attention will be paid to water quality aspects and to the main 

structure of the water management in the Netherlands. 

On basis of the experience gained during centuries of impoldering and 

recent developments in techniques and way of thinking, some ideas will 

be given for the future of land and water management in the Netherlands. 

2 The Netherlands. 

The land area of the Netherlands is 3,400,000 ha. As a result of land-

reclamation and subsidence about one third is situated below mean sea 

level (figure 1). The Netherlands is a very densely populated country, 
2 

varying from 190 inhabitants per km in the northern part to 915 inha-

2 

bitants per km in the low lying western part. The cities and indus­

trial areas -8% of the area- are mainly located in the western part. 

The agricultural lands - 71% of the area - are spread all over the 

country. The forests and nature reserves - 9% of the area - are loca­

ted predominantly on the relatively wet soils in the western and 

northern part and on the sandy soils in the dunes and in the eastern 

part. (CBS, 1981). 

3 Polders, general aspects. 

Originally the major part of the Netherlands - some 2,000,000 ha. -, 

consists of lagoon and delta type areas originating from the delta's 



Figure 1. The ground level in the Netherlands. 
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of the rivers Rhine, Meuse and Scheldt. Owing to the transgressions 

and regressions of the sea and the different climatological conditions, 

the land area reduced or extended at regular intervals. Regular floo­

ding of the area occurred owing to high water levels of the North Sea 

during gales and or owing to high river floods. The people, mainly 

fishermen and hunters, lived on the river banks unprotected against 

extreme situations. 

As far as is known, the making of protection works against the water started 

approximately in the third century before Christ when people in the 

northern part of the Netherlands built artificial mounds to live on. 

In the first century there was, under the influence of the technical 

power of the Romans, a beginning of the construction of small dams along 

the rivers. Later also dams were constructed to connect the several 

mounds. These dams could resist the regular floods and protected the 

lands more or less against the water, but they were probably too low to 

safeguard the land under extreme conditions. Later on the system of dams 

gradually improved and discharge structures (sluices) were made in the 

dams. Large activities in dike construction during the seventh and 

eighth century make it reasonable to suppose that in the eighth century 

the first polders were made. During the following centuries the protec­

tion against the sea and the rivers improved regularly. 

Gradually four aspects in relation to the land- and water management 

became of importance, namely: 

- by damming off the various connections with the sea, systems of 

canals and reservoirs for superfluous polder water - or briefly 

canal systems - gradually developed These systems have a 

relatively high water level (+ 0.40 m. below mean sea level). The 

polders and higher lands drain their water into these systems, 

through which the water is then,transported to the sea and dis­

charged during low tide (figure 2); 

- owing to subsidence of the reclaimed soils, large areas became 

gradually below mean sea level; 

- there were a lot of lakes. The top soil in the adjacent areas main­

ly consists of peat. During gales the water of the lakes destroyed 

the banks as a result of which the lakes extended. 
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There are large peat areas. The peat has been used for fuel during 

centuries. By digging the peat, lakes were created. 

dunes 

old polders 
Schermer Bee m ster 

pumping 
station new polder 

Markermeer n Flevoland acnermer oeemsier n Marxermeer n 

Figure 2. Scheme of the relative levels in the polders, the system of 

canals and reservoirs for superfluous polderwater and the sea 

The improvement of the windmills by the invention of the revolving cap 

made it possible that from the middle of the sixteenth century lakes 

were drained. This was particularly so when in the beginning of the 

seventeenth century it was discovered that to place several windmills 

in a series (figure 3) large land reclamation works could be executed. 

canal for superfluous 
—-^ polderwater 

poldercanal middle basin 

figure 3. Row of three windmills to pump out polder water. 
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In the beginning of the nineteenth century most polders were made. Be­

sides the winning of lands along the coast, there were two areas left 

for which plans lived to reclaim them. The first area was the Haarlemmer­

meer, a lake in the neighbourhood of Amsterdam. This lake had grown from 

9,000 ha. in 1250 to 17,000 ha. in 1800 (Ramaer, 1892). During two 

centuries plans had been made to reclaim the Haarlemmermeer. None of the 

plans were realized until in November of 1836 a gale blew the water up 

to Amsterdam and another gale in December blew the water into the 

streets of Leiden. Altogether 11,000 ha were flooded. It was then that 

the central government decided that the lake had to be reclaimed. 

The second area was the Zuiderzee and as soon as the reclamation of the 

Haarlemmermeer had been executed, serious plans started to reclaim land 

in the Zuiderzee. A disaster was necessary to give the final push to 

start the works. On January 13, 1916, a gale caused floodings in 

the areas around the Zuiderzee. On June 14, 1918, the act to construct 

the enclosure dam and reclaim parts of the Zuiderzee passed Parlia­

ment. There were three reasons mentioned for the decision: 

- greater protection against flooding; 

- improved water management; 

- the winning of agricultural land. 

Up tillnow, sixty years later, 165,000 ha. former sea bottom have been 

reclaimed (figure A). During the execution of the works new ideas about 

the land use in the polders have been developed. So in the recent pol­

ders, apart from the use for agricultural purposes, land is also used for 

town building, recreational areas and nature reserves. 

Not primarily to reclaim new land, but of great importance for the pro­

tection against the sea,are the main delta works in the south western 

part of the Netherlands. In February 1953, in this region 195.000 ha. 

were flooded and almost 2000 people drowned. In 1958 the Delta Act was 

accepted, giving way to the building of large dams and other hydraulic 

contructions and the raising of existing dikes along the North Sea and 

the main rivers. 

22 



Kampen 
•Dronten H /̂? 

o 
Nijkerk 

,25 km 

new towns 

# villages in the polders 
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-^— dike completed 

_ _ dike projected 

Figure A. The IJsselmeerpolders. 
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While the big projects took much attention a lot of works in the polders 

were also being carried out. Owing to subsidence and to improved norms 

regarding the water management, improvement works have been regularly 

executed. Since 195A when, the Land Consolidation Act was accepted, 

several land consolidation schemes have been executed. 

These schemes have the goal to redistribute the land among the farmers. 

Within the framework of these schemes, the water management has usually 

been improved (Van den Hende, 1978). 

The land in the polders was normally used for agriculture. On the higher 

parts the cities and villages have been constructed. The growth of the 

population, especially after the second world war,made it necessary to 

find new locations for urban areas. Because all the higher locations 

were already occupied, it became necessary to house the people in the 

polders. Altogether about 7 to 8 million people are now living in 

polders in the Netherlands. 

The history of landreclamation in the Netherlands has resulted in the 

different polder areas: 

- Low lying lands 1,335,000 ha. 

- Drained lakes 315,000 ha. 

- Land won from the 350,000 ha. 

sea. 

Total 2,000,000 ha. 

In figure 5 the areas in the Netherlands that need protection are indi­

cated. 

But protecting low lying land against the water only makes sense when 

such an undertaking is economically justified. This means that the 

output has to surmount the input. The costs of the water management 

system,like investments for constructions and expenses for maintenance, 

are influenced by the meteorological situation - especially rainfall 

and evaporation - the geological and geohydrological conditions and the 

degree of watercontrol that is required. The aspect that are of 

importance will be discussed. 
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UM«lmttrpold«rt Dtvttopmtnt Authority <x^ 

GERMANY 

area subject to flooding in the absence of sea dikes and dunes 

area subject to flooding in the absence of river dikes 

drained lakes 

land gained on the sea 

frontier 

sea dike 

'* l-f *•> dune 

Figure 5. Areas in the Netherlands protected against flooding. 
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4 Meteorological aspects 

The Netherlands has a temperate maritime climate with a rather even 

distribution of rainfall over the year. The mean annual rainfall is 

about 760 mm. The rate of evaporation from open water varies from 

0 mm/day in winter to 4 - 5 mm/day in summer. The mean annual evapora­

tion is about 700 mm (figure 6 ) . 
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Figure 6. Mean monthly rainfall and evaporation from surface water. 

Rainfall data: Hoofddorp 1867-1980. 

Evaporation data: De Bilt 1911-1980. 

(Royal Meteorological Service, 1867-1980) 

Owing to the relatively even distribution of precipitation over the 

year, the intense potential évapotranspiration during summer and the 

low potential évapotranspiration in winter, there is under average con­

ditions a rainfall deficit in the summer months amounting to 120 mm and 

a surplus of rainfall in the winter amounting to an average of 300 mm. 

In relation to the design of the water management system the short term 

rainfall intensity is important (figure 7). 
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While windmills have played a very important role in the pumping dry of 

polders, the distribution of the wind velocities has, of course, been 

of importance too. 

5. Hydrological aspects 

The discharge of water from a polder has to be realized in a more or 

less artificial way. For designing discharge structures like discharge 

sluices or pumping stations it is necessary to have both information 

about the rainfall surplus and about the possibilities to discharge 

the water. Water can be discharge to: 

- another polder; 

- a canal system; 

- a river; 

- the sea. 

When a polder discharges into another polder it is necessary to check 

the combination of both management systems. The same holds true when 

a polder discharges into a canal system. The typical aspects of the 

river regime, in combination with the design periods for the water 

management system in the polder, are important when a polder discharges 

into a river. The main rivers in the Netherlands normally have relati­

vely high water in spring. Such a rse in levels can continue for several 

days or weeks. 

When a polder or a canal system discharges into the sea one can make 

use of the advantage of the tide. During low tide, sluices can be 

opened. During high tide they have to be closed. Especially during 

spring and autumn, northwesterly winds can cause relatively high water 

sea levels during some days. 

6. Geohydrological aspects 

Important parts of the Netherlands, as a result of land reclamation and 

subsidence, are nowadays located below mean sea level (figure 1). 
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The geological profile in the low part of the Netherlands can be briefly 

summarized as a holocene toplayer consisting of clay and/or peat and a 

thick pleistocene layer mainly consisting of sand. The thickness of the 

Holocene toplayer can be up to 20 m. 

Due to the location below mean sea level there is seepage in the deeper 

polders. Normally this seepage amounts to less than 1 mm/day but there 

are exceptions of up to 20 mm/day. 

In the western part of the Netherlands, as a result of transgressions and 

regressions,the groundwater is brackisch or saline so the seepage water 

is often brackish. For this reason the water in the canal systems has to 

be flushed regularly. For this purpose substantial quantities of water 

are used from the river Rhine and the IJsselmeer. For example, in the 

western part of the Netherlands,the amount of water used during a summer 

period, partly for supply and partly foi 

which means 290 mm spread over the area. 

ft ^ 
period, partly for supply and partly for flushing, is about 650 x 10 m 

7 Water management system 

Originally only farmers lived in the polders. Most cities were located 

on the higher ground or where artificial landfill had been applied. The 

water control system in the polder was therefore designed and constructed 

according to norms applicable for agricultural areas. This was predomi­

nantly the situation until the second world war. 

After the second world war intensive urban schemes were executed in 

existing polders to house the people in the neighbourhood of the cities. 

Mostly by landfill the area was "depoldered" and drained directly into 

one of the canal systems. Gradually, for new projects, the lands were only 

raised to some level above the water level in the polder. In these cases 

both the water of the rural and the urban areas had to be pumped out. 

So the design norms for the water management system had to be adapted. 
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The water management system inside a Dutch polder consists in principle 

of some or all of the next items (figure 8). 

- sluice(s), windmill(s) or pumping station(s); 

- canal(s); 

- main ditch(es); 

- ditches; 

- open or closed field drains. 

Polders have to be protected by dikes against the water from outside. 

Figure 8. Schematic layout of a polder. 

Sluices, windmills and pumping stations 

Depending on the relation of the surface level and the level of the 

receiving water body, sluices or pumping stations have to be installed. 

In the older polders the discharge of water was mainly achieved by means 

of sluices. The first windmill for the discharge of water was construc­

ted about 1400. However windmills only became common practice after the 

invention of the revolving cap and introduction of the idea of placing 

several windmills in a row (figure 3). In 1770 the first application of 

the steam engine was tested. The years thereafter steam engines were in-
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stalled in some polders, but always in combination with windmills. It 

took about eighty years before a pump driven by a steam engine was trus­

ted in such a way that it was used as the only device to pump out the 

water. But one of the first applications was a tremendous one, since 

it was used to pump dry the polder Haarlemmermeer of 18,000 ha 

(Huet, 1885). 

In the beginning of the twentieth century electrical and diesel power 

were introduced. These sources of energy are, generally speaking, the 

only ones now being used in the pumping of water from polders. Figure 

9 shows the location of pumping stations used for drainage in the 

Netherlands (Rijkswaterstaat). 

For a long period of time the paddle-wheel was the only divece used. It 

could raise the water up about 2 m. In the middle of the seventeenth 

century the open Archimedes screw was introduced. With this device the 

water could be raised up about 4 m. In recent times the screw pump, 

the screw centrifugal pump and the centrifugal pump have been used. 

They can realize all normally occurring heights. 

Drainage system 

The layout of the system of open or closed field drains, ditches, main 

ditches and canals in polders, is mainly based upon topography, soil 

conditions and on agricultural economy. Over the centuries the sizes 

of the plots have been enlarged. In figure 10 some representative systems 

of parcelling out are given. 

The water levels in the canals are determined by the depth of drainage 

required by the different uses of land. In the older polders the parcel­

ling out is often based on the natural pattern of streams and creeks. 

In the peat polders, the drained lakes and other newer polders^ the 

ditches run along the long sides of a plot, the main ditches along the 

short side of a plot. 
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Figure 9. Pumping stations for drainage purposes in the Netherlands. 

(Rijkswaterstaat). 
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PEAT POLDER 

RIVER POLDER 

HAARLEMMERMEER FLEVOLAND 

Figure 10. Systems of parcelling out. 
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Originally, the design of the drainage system had been based on trial 

and error, but from the thirties empirical steady state formulas could 

be applied. In these formulas a certain rise in the water level is 

combined with an accepted frequency and a design discharge. With these 

formulas an adequate design of the water management system is possible. 

Nowadays, with the aid of the computers, a more scientific approach is 

possible. This approach not only leads to an adequate design but also 

gives the designer a good insight into relevant alternatives. 

The plot sizes in new polders are based mainly upon agricultural 

economy. Figure 11 shows an example of the derivation of optimal plot 

sizes. 

costs per h 

?R 

?fi 

?4 

?? 

?n 

1R 

1fi 
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^ 50 

60 

500 600 800 900 1000 1200 1300 1400 1500 
parcel length in m 

Figure 11. Analysis to calculate optimal plot sizes. 
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Field drains 

Field drains are applied for two successive purposes: 

- lowering of the groundwater-table during landreclamation; 

- maintaining adequate drainage conditions after reclamation. 

For field drains there are two possibilities: 

- trenches ; 

- subsurface drains. 

Trenches have been used over centuries. Subsurface drains date from the 

nineteenth century but have been especially applied since the second 

world-war. Nowadays, they are usually made of corrugated plastic pipe. 

The distance between the drains and their depth have to be chosen in 

such a way that optimum growth of the crop can be assured. Several 

drainage formulas have been developed to be used in the various situations. 

When the recently reclaimed soil has a high pore space, subsidence will 

occur, particularly in the top-layer. The drains have to be installed at 

such a depth that after subsidence the soil is still well-drained. 

8 Soil management 

Originally most soils in the low part of the Netherlands contained 

brackisch groundwater. The soil was rather saline, especially in lands 

won from the sea and in a number of the drained lakes. When an adequate 

drainage system is installed, under the prevailing climatological con­

ditions in the Netherlands, the desalinization of the topsoil is realized 

within some years. Two processes contribute to this, namely: 

- the permeability of the unripened deeper soils is normally very 

low. The permeability of the ripened top layer is rather high. During 

winter there is a rainfall surplus so salts are washed out; 

- the major part of the seepage flows directly to the ditches and the 

canals, so the root zone is not affected by this brackish water. 
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Steps during the reclamation 

Especially in the drained lakes when the soils felt dry, they are 

unaerated and almost impermeable. In the old reclamations this caused 

a lot of problems to the first farmers that tried to grow their crops 

on these soils. 

In the new IJsselmeerpolders, special measures are taken to let the 

soils "ripen". These measures consists of drainage measures together 

with an adapted crop rotation scheme (figure 12). With trenches a 

first lowering of the groundwater table is established and crack for­

mation in the clay soils starts. These cracks result in an increase in 

permeability. When after several years the groundwater table is deep 

enough, the trenches are replaced by subsurface drains. The subsurface 

drains realise a further lowering of the groundwater table. Because the 

bearing capacity of the soils during reclamation is very low, only those 

crops - rape seed and cereals - are grown where the necessary cropping 

measures have to take place during periods with an evaporation surplus. 

Besides the several measures taken during landreclamation, soil improve­

ment measures such as deep ploughing and subsoiling have been taken, 

depending upon local conditions. 
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Figure 12. Measures taken during landreclamation in the 

IJsselmeerpolders 
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9 Water quality aspects 

Over a long period of time one of the main goals of the water management 

system was the prevention of salinization. Sources for salinization were 

created by: 

- salt water intrusion by sluices; 

- saline or brackish seepage. 

From the middle of the sixties oter water quality aspects got more 

emphasis. The reason for this was the changing use of the water, for 

example for recreation and nature reserves and the increase in produc­

tion of domestic and industrial waste and cooling water problems. So 

the control of both water quantity and quality came to the fore and 

measures had to be taken to control the water quality such as: 

- purification plants; 

- separate sewer systems; 

- flushing of lakes or canals with water with a relatively good 

quality. 

10 Main structure of the water management in 

the Netherlands 

The situation of the water in the Netherlands, with problems of salini­

zation and pollution on the one hand and on increasing demand for 

drinking, irrigation, cooling and processing water on the other makes 

it necessary that special attention is paid to the main water structure. 

Especially the dry summer of 1976 has encouraged the undertaking of 

studies in relation to the distribution of water over the Netherlands. 

An intensive study named "Policy Analysis of the Water management in 

the Netherlands" was made by Rijkswaterstaat and the Rand Corporation 

(Blumental, 1982). During this study, cost benefit analyses of several 

development alternatives were checked. The results of this study creates 

a solid base for the further development of the main water structure 

in the Netherlands. 
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11 Evaluation and possibilities for the future 

The Netherlands, as it is now, is the result of a history of landreclama-

tion and the loss of land. For the future there are in principle only 

a few places in the Netherlands where polders can still be made. There 

are three places for which more or less serious plans have been 

developed: 

- Markerwaard 41.000 ha 

- Slufterplan 600 ha 

- plan Waterman 2.000 ha 

More futuristic possibilities can possibly be found in the North Sea. 

However it has to be mentioned that possibilities are rather limited 

while the level of the bottom of the North Sea has such a rapid slope 

(figure 13). (Rijkswaterstaat). 

For the maintaining of the existing land the rise of the sea level of 

about 0,10 m per century and the subsidence of the land will gradually 

lead to an increase in saline seepage and the necessity to increase the 

level of the top of the dikes. 

Regarding the design of the water management system the following 

developments can be excepted. 

The drainage system in a polder is now almost at its optimum. There is 

a good insight into the behaviour of the system and the extreme 

situations that can be expected. By further mechanization and automati­

zation of the construction and maintenance of the system, it can be 

made and operated at minimum costs. In a modern polder, on yearly basis, 

the cost of installation and maintenance of the water management system 

is 1 to 2% of the existing values of crops, buildings and infrastructure 

in a polder. 

Regarding the subsurface drains, some developments can perhaps be expec­

ted regarding the material to be used and in respect of the installation 

techniques. 

39 -



Figure 13. Level of the bottom of the North Sea. 
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There will be a further development towards a fully controlled water 

management. That means that to have optimal conditions for the crops 

during the whole year on a large scale, not only drainage, but also 

irrigation facilities will be installed. 

The pumping out of water can probably be most economically realized by 

the combination of wind power (back to the past) and another source of 

energy. In this way the exploitation costs can be lower but investments 

higher. 

There will probably be developments to store the surplus of fresh water 

in the winter to use this water during dry periods in the summer. 

And last but not least I will finish with a saying made by a former 

president of the United States mr. Lyndon B Johnson who said: 

" A nation that fails to plan intelligently for the development and 

protection of its precious waters will be condemned to wither 

because of its shortsightedness. The hard lessons of history are 

clear, written on the deserted sands and ruins of once proud 

civilizations". 

This statement taken in the context of the history of the Netherlands 

in the field of water management, brings me to the following: 

" If the Netherlands fails to maintain the protection of its precious 

land against the water and to keep a strict quality and quantity 

control of its equally precious waters it will be condemned to new 

disasters. The hard lessons of history are clear, written on the 

long list of floodings". 
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Abstract 

By the end of this century, the World's population will exceed six 

billions. The pressure on land for producing food, 

for urban development, housing, factories and even for recreation will 

be so intense than at any time in the history of mankind. In search 

for appropriate land and related water, people will be compelled not 

only to moving up the hills but also to encroach into the swamps, 

flood plains and tidal lands by impoldering and reclaiming them. To reap 

the full benefit of this latter undertaking, polders will have to be 

carefully planned and executed. Also, land and water management within 

the polders will have to be well designed and implemented. 

Experience has shown that planning of all aspects of development in the 

polder such as villages, park, wooded area, industrial estate, 

irrigation drainage, fresh water reservoir, farm unit, land parcelling, 

agriculture, etc, in an integrated manner, is the best way for 

achieving full benefits, even if the implementation will be carried 

out in stages. Such planning and implementation require close 

cooperation and coordinated effort of people of several disciplines 

working together. 
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Introduction 

The present World population is around 4.5 billion. By the turn of the 

century, it has been estimated that the population will exceed six 

billion. The pressure on land for producing food, for urban development, 

housing, industry and even for recreation will be so intense than at 

any time in the history of mankind. The need for development will be 

very real and pressing. People will be compelled to search for more 

appropriate land and related water. Some will move up to the 

hills acid some will encroach into the swamps, flood plains and 

tidal lands by filling or impoldering and reclaiming them. 

Objectives of Water Management 

The objectives of water management is to supply water to meet the need 

of development, be it for domestic, agriculture, industry or recreation, 

and to drain off excess water. 

In agriculture, supply of the needed quantity of water for plant growth 

at the right time is essential. Also, drainage is important as it 

allows oxidation of the soil (by drying up of soils) and percolation of 

water for oxygen supply and for leaching of toxic compounds into the 

subsoil, as well as to maintain the proper depth of groundwater below 

the surface for plant roots development. Except for rice and some 

other wetland crops, most other crops need good drainage. 

Water management for domestic and industrial uses, i.e. to supply water 

of certain qualities to meet the demand for these uses, is a subject by 

itself and I feel it is not in the purview of this Symposium, except to 

say that in planning the polder, the demand for these uses will have to 

be taken into account. Water brought into the polder will have to 

provide for adequate supply to satisfy the needs of all activities 

planned inside the polder. 

In the past, recreation was a fringe benefit created after the 

construction of the polder. Water bodies such as fresh water reservoir, 

lake, river and canals inside the polder were also used for recreation 

— swimming, sailing, fishing, bird sanctuary and the land along their 

banks as camping grounds or woods. In recent years, this has grown to 
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become the primary user and benefits from recreation even surpassed 

several other benefits. In other cases, the fresh water reservoir may 

be used for harbour and as source of cooling water for thermal plant. 

The case in point is in the Netherlands. Hence, in planning the polder 

and water management inside, all of these uses have to be considered. 

In such cases, water level (elevation) and quality as well as the 

control of aquatic weeds are some of the important aspects. In Taiwan, 

some polders along the west coast such as the Tseng-Wen Polder was 

constructed for fish ponds and oyster beds. Undoubtedly, water manage­

ment in these polders had to be geared to provide water level 

quality, degree of salinity, etc., appropriate for the purposes. 

Source of Water 

The water resources for the polder may be either one of these: 

a) river or stream which passes through the polder area or canal 

carrying water to the polder; 

b) fresh groundwater; 

c) natural lake or pond; 

d) man-made pond or tank; 

e) dug wells; or a combination of some of these sources. 

When a polder is designed to incorporate a river or a stream running 

from the upper land through it, a sluice or a regulator is built on 

the river at the lower end of the embankment to control the discharge, 

volume and level of the water as well as to conserve water within the 

river channel (fresh water reservoir) inside the polder. However, in 

this case the discharge and volume of water entering the polder cannot 

be effectively controlled. Hence more often than not sluices are 

built at both the upper and lower end of the embankment to control 

water entering and leaving the polder. Examples of this latter case are 

many: Chandpur project in Bangladesh, Chiangrak-Klongdarn project in 

Thailand, Hachiro-gata project in Japan, and several tidal land 

development projects in Korea and Taiwan. 

An exception to the above are several projects in the middle part of 
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