






low in the modern polders (1- 2%), but is 
much higher in older peat polders (5-
15%). 

Water management in the polders is based 
on "water level" control to keep the pol
der level constant. However, a water gra
dient will be needed during discharges. 

During periods of discharge, actual 
canal levels in the upper part of the 
polder will generally exceed the polder 
level (+0.10 to +0.20 m), while near the 
outlet the water level may be lowered well 
below the polder level (-0.30 to -0.40 m) 

The maximum velocity in the drainage 
channels is maintained at low values of 
0.25 m/s to limit the gradient and to 
prevent erosion. 

3.6 Sluices, Windmills and Pumps 

If a polder is surrounded by open water 
in which tides are active, evacuation of 
the drainage water can be accomplished by 
opening a sluice in the dike during low 
tide. 

In the early days, the discharge modulus 
was lower than presently applied. So was 
assumed that winter rainfall of 260 mm 
should be evacuated between 1 February and 
15 April, when 50 - 70 days are available 
for sluicing. This means a drainage capa
city of 3.7 to 5.2 mm/day. 

Another old rule-of-thumb prescribed 2-
4 m sluice width per 1000 ha polder. 

However, gradually the polders subsided 
so that pumping became more and more 
necessary. 

The first windmills for water evacua
tion, were constructed around 1400. An 
impravement of the efficiency of the wind
mil! foliowed in the sixteenth century 
with the fnvention of the revolving cap of 
the mill bywhich a changing wind direction 
could be followed. 

The first windmills used the paddle
wheel for raising the water, to a maximum 
head of 2 m. 

The technique of placing several wind
milis in a series to overcome more head 
was developed in the seventeenth century 
and could reach a head of a multiple of 2 
m. 

The open "Archimedes" screw pump to lift 
•tpto 4 m was invented in 1634. 

Generally, one windmill could cover 
around 600 ha polder, from where some 300 
mm per year was pumped at a head of 1 m, 
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during some 30 
wind. 

60 days of sufficient 

In the past, the estimation of the pum
ping capacities of windmills was rather 
experimental set at 8 mm/day, which refer
red to the criterium that the rainfall · 
during five consecutive days (40 mm) 
should be discharged within the same pe
riod. 

The steam engine for pumping was applied 
from 1770. The application of diesel and 
electrical driven pumps foliowed in the 
beginning of the 20th century. 

3.7 Surrounding Open-Water 

The polders evacuate the drainage water 
from the polder canals to the surrounding 
open-water, sse also Figure 3. 

This is a system of higher-lying canals, 
lakes or former rivers, usually at some 
0.50 m below mean sea level and serves as 
a temporary water storage. 

The starage system ("boezem") is actual
ly not a part of the polder and is drained 
independently into the sea by means of a 
sluice or by a pumping station. 

Often a maximum water level ("maal 
peil") is set in the starage canals, at 
which it is not allowed to receive drai
nage water from the polder. 

An additional function of the surroun
ding open-water was only understood after 
the groundwater problems with the Morth
East Polder since 1940. The polder ap
peared to have a serious draining an ef
fect on the adjacent old-land, by lowering 
the groundwater table in a vast area. 

This effect was prevented at the next 
IJsselmeer polders by constructing a wide 
lake of 1 - 5 km between the polder and 
the old land. 

3.8 Soil-ripening of clayey soils 

Kuch of the current knowledge about the 
reelamatien of unripened soils have been 
gained during the impoldering of the IJs
selmeer polders and bas been applied in 
many other parts of the world. 

The physical soil-ripening process 
starts as soon as a polder falls dry and 
is a process of de-watering. Full ripening 
of a soil profile to 1.00 - 1.50 m depth 
may take centuries. Good drainage is most 
essential for ripening. 

- Parallel with the physical ripening, va
rious chemical and biologica! changes 
occur in the soil . 

At the beginning of the reclamation, the 
clay soils have a very high pore volume 
(70 - 80%) and are almost impermeable (K = 
10-3 to 10-• m/day). Thus , subsurface 
drainage is not feasible and is done by 
the evapotranspiration of pioneer-vegeta
tion such as by reed. 

This drying of the mud is irreversible 
and the rewetting of the ripened clay does 
not bring back the soft original mud . 

The physical soil-ripening process cau
ses a considerable shri nkage of the soil. 
The vertical component leads to a sub
sidence of 0.5 to 1.5 m. The horizontal 
component causes soil cracks. These cracks 
are irreversable and are very important 
for the drainage of the soils. 

Predietien of subsidence is often calcu
lated with Terzaghi formula. The disad
vantage of the use of this formula is that 
the relative subsidence (öz/z) can reach 
impossible values above 1 for soft soils 
and for large values of the grain pres
sures after and before loading. 

A new set of formulae has been developed 
in the Netherlands. 

4. THE POLDER BOARD 

4.1 Water Board system 

The origin of polder development i n the 
Netherlands is to be found in proteetion 
of land against flooding. Initially , these 
activfties were carried out by individual 
farmers and by private corporations. Gra
dually, the maintenance of the embankments 
and sluices was controlled by regulations. 

At that time, no central or regional go
vernment existed, so local communities had 
to play an important role. Thus, the Water 
Boards ("waterschap") were formed, being 
special corporations on polder management. 

The Water Boards are one of the earliest 
forms of government administration in the 
Netherlands. 

Since the 15th century, the Water Boards 
have a clear management and juridical 
identity. 

Since the early 19th century the Water 
Boards are supervised by the provincial 
governments, but they have retained a high 
degree of independenee with regard to 
finance and to issuing regul ations concer-

ning water control in their areas. 

The management of the Water Board is 
carried out by: (i) tbe general assembly, 
(ii) the council, and (iii) the dike- reeve 
("dijkgraaf"). 

The general assembly is composed on a 
functional basis and represent different 
interest groups, mainly land owners, on an 
election basis. The general assembly 
elects the council, who does tbe day-to
day management of tbe Water Board. 

The dike-reeve is tbe chai rman of tbe 
council and is employed by the assembl • 

The costs of the water management in a 
polder is paid by tbe interested parties, 
mainly land owners and domest i c/ industrial 
polluters. 

The Water Boards have no fixed financial 
relationship with the central government , 
unlike the provincial and the municipal 
governments. 

4.2 Water legislation 

By public law, tbe Water Board and the 
Municipalities belong to the lower (third 
level) administrative level. The Province 
is the second management level, and the 
State is the first. 

The Water Board is a form of functional 
decentralisation within the Netherlands 
State and bas responsibilities on water 
management mat t ers, such as: 
- operatien and maintenance of hydraulic 

structures along coast and rivers, 
control of water quantities (mainly 
drainage, but also supply of water), 

- control of water quality, 
- control of polder dikes and roads. 

The Water Board, as a functional body , 
is not responsible for public administra
tive matters. This is left to the Munici
pality which is the general administrative 
body. 

The provincial government is responsible 
for the organization and eperation of the 
Water Boards in its Province, by giving 
them authority and controllino their du
ties. 

The central government and the Provinces 
have also management responsibilities on 
water control in addition to their tasks 
on Water Boards: (i) the central govern
ment manages the large waterways, such as 
IJsselmeer, river Rhine, and (ii) the 
Provinces manage certain rivers on e.g. 
navigation and main dike system. 
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