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THEME A. POLDER PROJECTS 



SUB-THEME: VARIOUS ASPECTS OF POLDERS IN A CERTAIN AREA 

D.S. Heslam 

Anglian Water Authority, Cambridge, U.K. 

Abstract 

What is the essential feature of a polder? 

We hear ten answers to this question. All are quite different, but all 

are equally valid. 

Prom the Netherlands we have two answers: it is reclamation of the sea 

bed for agricultural, urban and recreational use; it is also the pro

tection of dense populations from accidental inundation. 

In West Germany it is the avoidance of false political and sociological 

goals. 

In Hungary it is the attainment of the optimum balance between minerals, 

water and air in a soil. 

In Romania it is the protection of a part of the flood plain of a great 

river from too-frequent inundation. 

In Spain, Thailand and Vietnam, the correct management of water to 

combat toxic ions in the soil is the central feature of reclamation. 

In Guinea Bissau, it is the adaption of modern techniques of reclama

tion to methods appropriate for an African social structure. 

In Suriname, supplies direct from tropical rivers must be combined with 

water collected from the swamps themselves to give the best management 

of reclaimed lands. 

The papers are fascinating in their variety; impressive in the unity of 

resolve the authors show in overcoming the problems with which they are 

confronted. 



Introduction 

Answers to the question 'What is the essential feature of a polder? 

come to us from different parts of the world, and, although the answers 

are so different, all are good and correct answers, because the authors 

have started from the same fundamental unspoken assumption. It is that 

the earth, which often appears so hostile, can he transformed into a 

home in which men and women should live in peace, and free from drudgery 

and want. From this common assumption, the contributors have provided a 

set of highly individual answers. They are not easy to summarize to

gether for each goes to the heart of the local problem which has to be 

solved for that area. A sketch of the main features of each paper there 

fore follows. Finally a table lists and reclamations and compares im

portant elements in their design. 

THE NETHERLANDS — The Ysselmeer Polders — Constandse, de Jong and 

Pinkers. 

The former Zuyder Zee became the Ysselmeer or Yssel lake after 1932 when 

a barrier dam separated it from the North Sea. Four polders have been 

reclaimed in the lake. A fifth is under discussion. Total reclaimed 

area will be 200 000 ha. In winter, rainfall exceeds evaporation but in 

summer this is reversed. A large part of the Netherlands (1*0%) depends 

on artificial drainage. Soil types vary over the area, but a large 

proportion are very fertile loams. 

Reclamation of the polders is only part of a plan made in 1890 and 

approved in 1918» which had the following objectives:-

a) Shortening of the coastline to give more effective safety against 

storm surges in the North Sea. 

b) Reclamation of high quality agricultural land. 

c) Improved water management with better control of level and salinity. 

d) Improved road systems. 

As construction has been under way for 60 years, new objectives have 

been set in the field of urban development, forestry, nature conserva

tion and recreation. 



Three state organisations supervise the development:-

a) Zuyder Zee Works Agency designs and constructs large scale civil 

engineering works e.g. dikes, pumping stations, bridges, canals, roads 

b) The Public Body of the Yssel Lake Polders is in charge of local 

government 

c) The Ysselmeer Polders Development Authority prepares the newly re

claimed land for its final use, including social and economic develop

ment. 

Reclamation works proceed through the following stages:-

1. Construction of enclosing dike, pumping stations and drainage canals 

following by pumping dry of the polder 

2. Mud surface is sown with reed seeds from aircraft 

3. Smaller drains are dug, land is sub divided into fields and roads 

are built over a 10 year period 

1+. Cultivation starts with burning-off of reed beds and preparation of 

land for cropping. 

5. Land is farmed for 5 years by Government 

6. Subsurface drain-pipes are installed and farm buildings constructed. 

Water, electricity and telephone services are installed. Villages are 

built. 

7. Land is allocated in holdings needing 1-U workers. The occupiers 

of the land live on their farms. 

8. Landscaping, forestry and recreational areas are given attention. 

9. Finally, when all works are complete, maintenance is handed over to 

a Polder Board, and local government takes over the administration. 

The land is divided into rectangular fields about 500 m x 1200 m, each 

with road access and boundary canal. A labour force of about 700 men 

cultivate an area of about 20,000 ha. during the first five years. 

Thereafter, the land is let out to farmers. There are many more app

licants than farms so a selection procedure is necessary. The average 

size of farm is 1+0 ha, varying between 20 and 90 ha. 

In the first two polders, agricultural development was of prime import

ance and only the poorest soils were reserved for other use. In the 

course of time, urban development has become more important along with 

associated recreational facilities. In the recent polders, even good 

agricultural soils are being allocated for these purposes. Two large 



new towns are tinder construction - Lelystad in Eastern Flevoland for 

100,000 inhabitants and Almere in Southern Flevoland for 125,000. 

In the early polders is was assumed that each farm should be within 

cycling distance of a village (max. 7 Km) so that shops, schools and 

churches should be within easy reach. Consequently, a relatively large 

number of small villages (500-2000 inhabitants) was built. In present 

circumstances, with greatly increased productivity, the number of farm 

workers has diminished, and with greater motorization the distance 

between farms and village is no longer a problem. A village is now 

considered to require 3°00 inhabitants to farm a viable unit and 

therefore the number of villages planned for Eastern Flevoland has been 

reduced from the original fourteen, to only three. In Southern 

Flevoland, there will be the large polynuclear town of Almere for 

1250OO to 250OOO inhabitants, plus only one local service centre called 

Zeewolde. 

Recreational facilities have been provided on the lakes bordering the 

polders and in the areas set aside for forestry. Nature reserves have 

been established to preserve and extend habitats for plant and bird 

life. 

THE NETHERLANDS - Protecting the North Holland Polder Area against 

Flooding — Vernimmen and Heyligers. 

The province of North Holland occupies the flat coastal area north of 

Amsterdam. In the Middle Ages there were a number of lakes in the 

area in open connection with the Zuyder Zee. In the 16th Century the 

major estuaries were closed and in the 17th Century nearly all the lakes 

were drained. The method was to surround the lake by an embankment 

called the 'boezem' embankment in such a way as to leave a strip of 

water known as the ring canal between the embankment and the border of 

the lake. The water of the lake was pumped into the ring canal. The 

ring canals were connected with each other and with other canals in the 

area to form a maze of water courses all at the same level, called a 

'boezem' system. 

On either side of the canals, several metres lower are the polders. 



These are tracts of land surrounded by dikes with artifical water level 

control, very fertile soil and numerous towns and villages with some 

millions of inhabitants. 

Sea walls must be capable of standing up to extreme gale-swept floods, 

but these boezem embankments need only rise a small amount above normal 

water level because the range of variation in boezem water level is 

only a few decimetres. On the other hand, the embankment must be cap

able of withstanding the difference in level between boezem water and 

polder water (up to 5m.) Investigations have recently shown that many 

of the embankments do not have a sufficient degree of stability to meet 

present-day standards. 

Although the same banks can be reinforced by placing sand on the polder 

side, it is still possible for bursts t© occur due to undetected weak 

spots, pipeline fractures, burrowing animals or acts of war. 

If a boezem dike bursts, the damage is often very severe. Usually it 

will not be possible to close the breach until the water levels have 

equalised. There is the danger of loss of life, damage to buildings 

and services, disruption of industry, etc. A rapid fall in boezem 

water level can also cause considerable damage to banks. 

A dike burst occurred in i960 in North Holland in the embankment of a 

small polder lying on a large boezem and 2600 homes were flooded and 

1100 inhabitants had to be evacuated. 

The consequences of dike bursts may be restricted in two ways:-

- by reducing the area that can be inundated 

- by reducing the quality of water that can flow from the boezem into 

the polder. 

The first method would imply the construction of a great many additional 

embankments within the polders, and therefore the second method has 

been used very widely. 

It was decided to create a facility for dividing the boezem into 

sections by means of sluice gates. The project comprised the construc

tion of 37 new sluices and 23 are now complete. Emphasis has been 

placed on isolating major bodies of water , such as lakes, from the 

remainder of the boezem network. 

Various types of sluice have been considered, depending on the circum

stances at each site. For use in the wider watercourses, an inflatable 

weir has been developed. This weir consists of a flat steel box lying 



on the bed of the canal, containing a folded envelope made of nylon-re

inforced rubber. The weir is operated by pumping water into the folded 

envelope. It then emerges from the box and retains the boezem water as 

a solid rubber dam. The system incorporates an automatic monitoring and 

warning system. At important locations, flow meters have been instal

led whereby the rate of flow and direction can be scanned electronically 

If for a certain period, the velocity exceeds a certain preset value, an 

alarm is activated. In this way, a high degree of protection against 

flooding is preserved for the densely populated and low-lying polder 

land in the western Netherlands 

WEST GERMANY - The Origin and Early Stages of the Hermann Goring Polder 

(Tumlauer Koog) in Schleswig Holstein. — J.C. Smit. 

In 1931 a plan was drawn up to shorten the coastline on the west coast 

of Schleswig-Holstein, reclaim the mudflats behind the dikes and esta

blish new villages in the area. By 19U5 most of the plan had been re

alised: 7 polders on former mud flats had been reclaimed, varying in 

size from 500 to 1300 ha. 

The best known polders were originally called the Adolf Hitler Koog and 

the Hermann Goring Koog, named after the two men who initiated them in 

1935« They are now known as Dieksander Koog and Tumlauer Koog. 

When the National Socialists took power in 1933» they decided that re

clamation could serve some of the main objectives of their policies eg. 

increasing home food production in Germany, strengthening of agricul

tural communities, selection of settlers with supposed favourable racial 

characteristics. 

Throughout the course of development of the Tumlauer Koog, each stage 

was marked by differences of opinion between the parties involved. A 

settlement company was formed to carry out the development and select 

the new settlers, but its views were often at variance with government 

agencies. For example, the Company wanted dispersed settlement through

out the polders, but the Government wanted concentrated settlements. 

Farm buildings were constructed in the traditional style of farms in the 

neighbouring old land, with thatched roofs because there was a lot of 

propaganda for this style in the time of National Socialism. Initially 



3h settlers came to live in the Tumlauer Koog (500 ha.) Many were 

selected because of party affiliations. 

Soils were much heavier than the settlers had expected and cultivation 

was very laborious, harvests were disappointing and the government had 

to provide subsidies to preserve the propaganda- value of the project. 

After the war, a new generation gradually took over. Farms have merged 

and the average farm size has grown from 11; ha. to 31 ha. The initial 

ideological aims of the reclamation have now disappeared and farming has 

adapted itself to the pattern in the rest of the surrounding land. 

HUNGARY - Hydroamelioration of Agricultural Lands in Hungary — 

M. Szinay 

Hydroamelioration is defined as the branch of science and technology 

which deals with improvement of the natural condition of soil for plant 

growth, by controlling the soil moisture budget. The aim of hydroamel

ioration is to manage the soil moisture in such a manner as to allow 

plants to grow at their optimal rate. The key factor which will ulti

mately control agricultural development in Hungary, and in most of the 

rest of the world, is water supply. Agriculture can progress in two 

ways:- 1) 'extensive' - ie, bringing into cultivation new tracts of 

land for example in semi-arid zones. 2) 'intensive' ie gaining better 

crops from existing cultivated land, by providing optimal moisture 

conditions at each stage of plant growth. In either case, hydroamelio

ration is expected to perform two basic functions, namely the removal of 

excess water by drainage and the supply of water to cover shortages by 

irrigation. 

In Hungary there is an area of 5 million ha. in which soil fertility is 

impaired and which can be corrected by proper water management in the 

soil. In applying the principles of water control it is important to 

remember that the soil is a 3 phase system of minerals, water and air, 

and when any one element in the system is changed, the others are also 

affected. For example, saline soils exist over 1 million ha. in 

Hungary, most of which could be improved by leaching with irrigation 

water 



ROMANIA - Some of the Danube Floodplain Polder Project Criteria -

I. Mihnea and M. Clarian 

In Romania, the area below river flood levels is about 3 »5 million ha. 

and of this 2.2 million ha. is agricultural land. There is therefore a 

long history of embankment schemes alongside the Danube and other major 

rivers, which aim at the protection of polder areas in the flood plain. 

At first most of the land was protected only by low submersible dikes, 

some 3m. above land level, with a crest width of 5 o. These gave a 

standard of protection up to about the once-in-ten-year flood. More 

recently, new polders have been reclaimed by constructing dikes up to 

the once-in-a-hundred year flood level plus a 1m. safety margin. 

In 1962 a decision was taken to reclaim U50,000 ha. in the Danube 

floodplain in this way. An area of 290,000 ha divided into 17 polders 

is included in the first stage of this scheme. The dikes are built 

about 200m. from the outer limit of the river bed with a crest width of 

5m. Drainage channels and pumping stations are provided to evacuate 

excess water in the polders themselves. Field drainage is provided by 

means of open ditches with a minimum spacing of l;00m. The capacity is 

calculated to give a rate of discharge of 5 to 6 mm/day. In some places 

lakes for fish farming were integrated into the reclamation plan. The 

need for irrigation is also incorporated in the design of the drainage 

works. In the reclaimed areas it has been found that groundwater levels 

have declined to a level 1+-5 m. below ground and this has had a bene

ficial effect on soil aeration. The cost of the reclamation works have 

been fully justified by the increased crop production which has been 

obtained. 

SPAIN — Basic Information about the Marshes at the Lower Guadalquivir 

River — R. Bellas Rivera 

At the mouth of the Guadalquivir River in South West Spain there is a 

large area of marshland covering 136,000 ha. at about the level of 

high tide, 3-6 m above mean sea level. In summer, evaporation far 



exceeds rainfall and irrigation is required to sustain crop growth. 

Moreover, groundwater is saline and slightly alkaline and these salts 

must be kept out of the rooting zone. Reclamation work is therefore 

seen as having four aims:-

1) Prevent inundation by impoldering. 

2) Provide a drainage network which allows rain or irrigation water to 

pass through the soil, washing out injurious salts 

3) Maintain a water table which allows roots to develop and does not 

allow capillary rise to the surface. 

k) Loosen the soil by cultivation to increase permeability. 

Success has been achieved in decreasing salinity and increasing agric

ultural yields up to levels obtained in the surrounding districts which 

do not have salinity problems. 

GUINEA-BISSAU - Natural and Social Constraints to Polder Development in 

Guinea Bissau — R.J. Oosterbaan. 

Guinea-Bissau is a coastal state in the extreme west of Africa with an 
2 

area of 36,000 Km . There are coastal mudflats extending to U00,000 

ha, and 100,000 ha. have beem empoldered. The remaining area is 

covered by mangrove forest, but as there is a need to increase rice 

production, the Government is considering extension of the reclaimed 

area. 

The traditional method of reclamation is to construct dikes 1.5 to 2m. 

high alongside the tidal creeks, although more recently dams have been 

built across the creeks and this reduces the length of dike required. 

By custom the men construct and maintain the polders whilst the women 

cultivate the rice. 

Water supply in the polders is entirely dependent on incident rainfall 

and no irrigation water from outside is used. A system of cultivation 

in ridges is followed and this seems to be very beneficial in control

ling the presence of noxious elements in the acid-sulphate soils, and 

in using the available moisture to the best advantage. Drainage of the 

area is by means of surface drains and these are also used to retain 

water. 

There has been a failure to bring some of the newly reclaimed land into 

10 



cultivation, and it is thought that emphasis should now be placed on 

improvement of existing polders rather than on reclamation of new areaa 

THAILAND - Land Reclamation in Thailand - Ruanglek, Chaveesuk and 

Poolsup 

The Klongdarn Drainage Project was carried out between 1921 and 1931 as 

an irrigation scheme covering 200,000 ha. close to Bangkok. Now it is 

intended to reclaim 2l+,000 ha. of marine clay as part of the same 

project. In 6CP/0 of this area, soils are saline, and the aim is to make 

these soils suitable for cultivation of rice. The methods used is to 

provide surface drainage and allow irrigation by flooding during the 

dry season to flush the salts down beyond the rooting depth of the rice 

(20 - 30 cm.) Evaporation and upward movement of salts from saline 

groundwater must be kept to a minimum by double cropping. It is hoped 

to produce 2.5 tonnes/ha. in the dry season. 

A sea dike has been constructed along the southern edge of the area to 

keep out sea water. In the dike there are associated discharge sluices 

and bridges. Irrigation water is conveyed to the area from the north 

along the Raphiphat Canal. Drainage channels are designed to dis

charge at a rate of 1|6 mm/day, and irrigation canals are provided with 

a capacity of 7 mm/day. 

VIETNAM - The Experimental Polder for Research on Acid Sulphate Soils 

in the Mekong Delta — E. Stamhuis. 

In the delta of the Mekong River in Vietnam there is a very flat area 

of k million ha. Half of this area has acid sulphate soils and a 

method is being sought of managing these soils in such a way as to give 

increased production of rice. 

Land is not embanked, and when rivers overflow in the wet season, 

fields are inundated to a depth of 1.5 - 2m. This is of value to the 

soil moisture budget. Higher yields of rice have been attempted by 

using shallow drainage systems to give improved leaching of topsoil, 

by planting acid-tolerant varieties of rice and by the use of fertil-

11 



isers, but usually these methods axe too expensive and large areas 

remain with low yields. 

An experimental polder has therefore been set up by the University at 

Can Tho, with assistance from the Dutch University of Wageningen. The 

area, 8 ha. in extent, has been surrounded by a clay dike. It has been 

provided with drainage and irrigation channels and sub divided into 

small plots. Within each plot,drainage and inundation depth can be 

controlled. The pH value of the irrigation water can also be varied as 

required. Tillage depth and rate of fertiliser application are further 

variables to be investigated. From these trials it is expected that 

improved techniques can be devised for the management of polders in the 

M&kong Delta, and that agricultural yield of the area can be increased. 

SURINAME - Present state of Water Resources Development in 

N.W. Suriname — A. Spier 

The extent of reclaimed swampland in N.W. Suriname has grown rapidly 

since 1950 to an area of about 1+0,000 ha. mainly used for the cultiva

tion of rice. A much greater area (l80,000 ha.) of very fertile soil 

is potentially available. Much technical data has been collected, but 

the most difficult problems are concerned with land ownership and its 

legal and social implications. 

Water for irrigation can be made available by means of low banks to 

build up the level of water seeping across the land towards the coast. 

This traditional method is still used but more efficient ways of water 

resource management are now being sought. 

The most promising method of development seems to lie in an integrated 

system of river water intakes and canals to cut off seepage from swamps. 

On the Corentyne River work has started on a multi-purpose project. 

Some water must be left to prevent saline intrusion, but 50cu.m./sec 

can be withdrawn by a pumping station and conveyed along a canal 67 Km 

in length. This will allow reclamation of 12,500 ha. of new polders 

and provide irrigation water for 33,000 ha. The yield could be 

increased by:-

a) Installation of extra pumping capacity to operate only at low tide. 

b) Flow regulation by means of a dam to be constructed upstream for 

12 



hydropower. 

c) Collecting water which seeps from the Nanni and Coronie swamps. 

The latter option is most promising. Care must be taken not to lower 

the water level in the swamps by too much because only the top most 

layers of soil (mainly peat) are permeable. By combining the yield of 

the river with the yield of the swamp, an integrated resource can be 

developed, which has a combined yield greater than the sum of the 

component parts. In this way the total polder area can be increased to 

57,000 ha. 

13 



VAEIOUS ASPECTS OP POLDERS IN CERTAIN AREAS. 

LIST OP AREAS DESCRIBED, AND MAIN DESIGN PEATUEES 

Region 

Netherlands, 

Ysselmeer 

Netherlands, 

N. Holland 

W. Germany, 

Schleswig-

Holstein 

Hungary 

Romania , 

Danube 

Spain , 

Guadalqui

vir Marshes 

Guinea-

Bissau 

Thailand 

Vietnam, 

Mekong 

Delta 

Suriname 

Authors 

Constandse 

de Jong 

Pinkers 

Vernimmen 

Heyligers 

Smit 

Szinay 

Mihnea 

Clarian 

Bellas-

Rivera 

Oosterbaan 

S.Ruanglek 

S.Chaveesuk 

M.Poolsup 

Stamhuis 

Spier 

^ 
Subject & Main Theme Design Parameters 
Comprehensive agricul

tural and urban devel

opment 

Plood protection:Safety 

from accidental inunda

tion 

Effects of social policy 

on origin of polders 

Hydroamelioration: 

optimisation of soil 

moisture budget 

Planning polders in 

floodplain of large 

river 

Improvement of saline 

alkaline soils 

Constraints on develop 

ment:finding appropr

iate technology 

Regulation of quantity 

and quality of soil 

moisture 

Experimental polder: 

control of acid sulphate 

soils 

Water from swamps 

integrated with river 

abstraction 

R=750 E=680 

A1=166 A2=U1 

A3=207 

• A-uo.5 

(Typical polder) 

R=$80 

A3=5000 

D=5 to 6 

A1=29 A2=l;26 

A3-U55 
R=570 E-U30 

A3=136 

R=2300 

A1=100 A2=300 

A3=l+00 

R=1200 E=712 

D=l+6 1=7 A1=18I+ 

A2=2li A3=208 

D=86 

1=20 to 35 

A3=U000 

A1=U0 

A2=12 

A3=57 

*R=Annual rainfall in mm. E=Evaporation 

D=Design rate for drainage mm/day I=Design rate for irrigation 

A=Areas in 1000's ha. A1=Complete. A2=Proceeding.A3 -Ultimate. 
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SUB-THEME: VARIOUS ASPECTS OF POLDERS IN A CERTAIN AREA 

(CONTINUED) 

E. Allersma 

Delft Hydraulics Laboratory, The Netherlands 

Abstract 

This General Report deals with ten papers , nine of which describe aspects of 

the construction, amelioration and management of polders while the re

maining one pictures the disposal of dredged sediments in deep polders. 

Four papers discuss the large (13.500 km2) delta development and recla

mation projects in the densely populated and naturally hazardous coastal 

provinces of Bangladesh. Smaller, but pursueing similar purposes, is the 

amelioration scheme of the Leziria Grande in Portugal. 

Designs of new polders are the subject of papers on the Tana River 

Project in Kenya and the Hadejia Vally Project in Nigeria; both situated 

in a semi-arid climate. 

A Dutch paper surveys the four types of polders that have developed 

during the past ten centuries above and below sea level in the low and 

slowly subsiding coastal Netherlands. The works required to combat the 

effects of subsidence caused by excessive use of ground water are the 

subject of a paper from Taiwan. 

A paper from Rotterdam describes the methods of disposal of the large 

quantities of (partly heavily polluted) dredged material from the 

harbours in polders and the environmental aspects of this use of polders. 

The wide range of natural, economic and social conditions encountered in the 

project areas lead to interesting comparisons of ways polders are laid out and 

operated. Dutch consultants were involved in most of the projects. 

15 



1 General observations 

Definitions of polders all contain the elements of land and water and 

their joint management in a well defined area. This separation from the 

surroundings is a direct consequence of the control of processes within 

the polder and the exclusion of external influences. 

The element "land" leads to various aspects such as location, geology, 

soils and land use while water leads to associations with climate, 

hydrology and water control. The joint management presupposes a goal 

which must be feasible and which leads to a technical design and an 

organisational structure for the operation and maintenance. These aspects 

of polders are the subjects of the ten papers to be reviewed in this 

Report. 

The location not only points to a place on our globe but even more to 

the vertical position of the polder with respect to the surrounding 

water level. Differences of a few decimetres in altitude can have far 

reaching consequences for the technical realisation of the supply and 

evacuation of water. The development of hydraulic machinery with in

creasing head and capacity multiplied the range of lands suitable for 

reclamation as a polder. In the Netherlands, with drainage as the main 

problem, the successive steps in the conquest of the water were (see de 

Bakker and Kooistra). 

- construction of dwelling mounds (2000-1000 BP); 

'- embankment of the surrounding high grounds (1000-1500 AD); 

embankment of naturally accreted areas (1200-present); 

drainage of lakes up to 6 m below sea level (1450-present), and 

- reclamation of large areas of sea bottom (since 1930). 

The first three could still do with gravity flow but the latter two types 

required the power of wind, steam, combustion engines and electricity. 

Notwithstanding the availability of this range of technical means, there 

is an understandable (economy, reliability) tendency to solutions with 

the sole use of gravity (see Brouwer). 

The papers; location and climate 
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The ten papers, which are the subject of this General Report, can be 

classified, according to their location and the climate, into five 

categories. 

1) Bangladesh. 

- Delta development in Bangladesh by Shafiqul Haq 

- Polder development in Bangladesh 

I Past and present by Md. Mohsin Uddin and S. Islam 

II The land reclamation project by A.T. Chowdhury 

III The delta development project by Md. Abu Quassem 

all pertaining to 13.500 km2 along the estuaries and the coast of 

the delta of the rivers Ganges and Brahmaputra with a tropical 

monsoon climate: precipitation 1500-3000 mm; evaporation 1200 mm. 

2) Taiwan. 

- Problems in stratum settlement due to ground water exhanstion by 

Sih Mong-Hsiung. 

About an area of 40 km2 in the south of the island of Taiwan in a 

sub-tropical humid climate: P = 1300-3000 mm from July to October. 

3) The Netherlands. 

- Marine polders in the Netherlands by H. de Bakker and M.J. Kooistra. 

- Polders as a disposal site for dredged material from Rotterdam by 

H.J. Groenewegen. 

Pertinent to about 10.000 km2 (one third of the country) in the 

coastal part of the Netherlands in a temperate marine climate: 

P = 760 mm; E = 690 mm. 

4) Portugal. 

- Land reclamation and agricultural development of the Leziria Grande 

(Portugal) by L. Santos Pereira and M.G. Bos. 

130 km2 in the estuary of the Tagus River and in a dry sub-tropical 

climate P = 400-1100 mm; E = 1200 mm. 

All these polders are situated in tidal areas. In most cases, the land 

surface is above the mean sea level or even above mean high water but 

below the highest floods caused by the tides, the spates of a river or 
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storms. The polders in Taiwan are gradually subsiding and some of the 

Dutch polders are dry lake bottoms up to 6 m below sea level. 

5) Africa. 

Irrigated rice polders in the delta of the Tana River, Kenya by 

H.W. Appel and M.M. Vierhout. 

- Hadejia valley irrigation and drainage project, Nigeria by R. 

Brouwer. 

Areas of 100 and 200 km2 respectively near the Indian Ocean in Kenya 

and in the North of Nigeria in a semi-arid tropical climate: P = 

600-700 mm; E = 2000-2500 mm. 

Both project areas are situated in the flood plains of rivers some tens 

of metres above the ocean and Lake Chad. They are subject to seasonal 

flooding. 

3 Objectives 

In all cases, the construction of a polder means protection of the land 

against inundation: 

- by embankments (bunds) against intrusion from the outside by floods 

of fresh river water and tides, and surges of saline sea water, and 

- by a drainage system against an excess of local precipitation and 

seepage. 

'Contrary, an often temporary shortage of water is met by irrigation in 

Africa, Portugal and Bangladesh. An excess of salt, which mainly occurs 

in coastal areas (Bangladesh, Portugal, Netherlands) is fought by the 

prevention of inundation by salt water and by flushing with fresh (irri

gation) water. 

In most cases, the empoldering of an area is an offensive act: land is 

withdrawn from "Nature" and made to (a better) use. Along the Dutch coast 

and on Taiwan also defensive aspects are important because subsidence of 

the area increases the natural dangers. 

Generally, the protection of inhabitants, property and crops against the 

various catastrophes is expected to increase the usability of the land 

or of the bottom of a lake or sea. 



Most of the reclaimed or improved land is used for agriculture. An in

crease of the production of (better) food is the main objective of the 

projects in Bangladesh, Portugal and Africa. Other expected benifitsare: 

better living conditions (safety, economy) for the local people, more 

room in a densely populated contry (Bangladesh, the Netherlands), a 

better infra-structure of the area, changes of the social structure 

(land tenure, co-operatives) as in Bangladesh and Portugal. 

Pilot areas, such as being developed in Bangladesh, are expected to yield 

experience with certain techniques to be used in the future development 

of the whole project and they are meant to be examples for a larger area. 

An exception are the deep polders around Rotterdam to be filled in order 

to dispose of the great quantities of (partly polluted) dredged material 

from the harbours. 

A Geology and soils 

Because land improvement is a main objective of the construction of a 

polder, the geology of the area and the properties of the soils are of 

great interest. The latter should be "suitable or highly suitable" in order to 

make projects, as designed in Bangladesh, Africa and Portugal, feasible. 

Control of water level requires a relatively flat area and the 

availability of water. These requirements point to recent coastal plains 

and alluvial plains along rivers and lead away from mountains and deserts. 

From the discussed areas the ones in Bangladesh, Taiwan, Portugal and the 

Netherlands are situated along coasts and estuaries while the polders in 

Nigeria and Kenya are projected in flood plains of rivers. 

Also in view of the water control, the vertical movements of the soil 

surface are of mayor importance. The relative rise of the sea level along 

the coast of the Netherlands, caused by a eustatic rise of the mean sea 

level (1 mm/year), a tectonic subsidence and compaction of the subsoil 

(1 mm/year), compaction of (local) recent sediments and various types of 

erosion of the surface, has mounted up to almost half the tidal range 

since the Dutch started building embankments. Probably the same occurs 

19 



in Bangladesh. Artificial subsidence, caused by the mining of natural 

gas and ground water add to the problems in the Netherlands and are the 

main subject of the paper about Taiwan. 

The complex process of deposition and the subsequent soil formation 

generally lead to a very complicated soil map. The one of the Leziria 

Grande in Portugal is a good example. 

The soils of the coastal, lagoonal and estuarine areas of Bangladesh, 

Taiwan, Portugal and the Netherlands are generally described as clays, 

sands and some peat. The salinity of the soils is one of the problems 

to be solved by their empoldering. The soils are more or less calcareous 

depending on their formation. Older marine non-calcareous soils tend to 

develop into acid sulphate soils (cat clay). 

The soils in the projects in Nigeria and Kenya are alluvial and aeolian 

deposits of clays and sands. Some of the terrace soils in Kenya are saline. 

5 Land use 

In all cases agriculture is the main use of the land. Details depend on 

location, climate and soil conditions,a brief review shows the great 

variety. 

- Bangladesh: 60% is under cultivation with crops as rice, betelnut, 

jute, fruit, vegetables, condiments, pulses, sugarcane, oil seeds, 

tobacco and sesame; the rest is waste land, forestry, shrimps and 

salt production. 

- Taiwan: not specified except fish farming. 

- Kenya; mechanised rice production. 

- Nigeria: sorghum, millet, cow peas, maize, ground nuts, wheat, cotton, 

vegetables and rice. 

- Portugal: presently 50% fodder and pasture; the rest wheat, other 

cereals, tomatos, melon, etc.; the production of irrigated rice will 

be promoted. 

- The Netherlands: pasture land, arable land, horticulture and fruit. 
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Generally some of the land is used for the infra-structure such as roads, 

canals, towns, industry, etc. Specially mentioned are recreation, natural 

reserves and the dumping of dredge spoil. 

6 Hydrology and water management 

The purpose of water management in a polder is to influence the local 

hydrologie phenomena in a favourable way. Briefly, the following means 

are available (or not): 

precipitation, evaporation and seepage within the polder can hardly 

be influenced; 

supply from outside can be controlled within the limits of the source 

(rivers, ground water); 

drainage to the outside depends on external conditions, and 

the storage in the polder (soil and open water) is given with the 

design. 

Irrigation and drainage can be aided by technical means. They are the 

main instruments of the management. Irrigation is needed when the storage 

is insufficient to fill the gap between evaporation and precipitation 

(and seepage) during a dry period and drainage should remove an excess; 

both within a reasonable time. Such measures are meant to safeguard a 

crop or even to allow for an extra crop. 

With these observations in mind, and in vieuw of the great variety in 

climate and land use, it is no wonder that the polders described in the 

papers show great differences in the water management. From the three 

elements - flood protection, drainage and irrigation - the first two 

appear in all areas under consideration. 

River floods occur in the project areas in Nigeria (once a year) and 

Kenya (twice a year). High tides and storm surges are the main problem 

in Taiwan and the Netherlands. Both are met with in Bangladesh and 

Portugal. In all cases embankments are expected to protect the polders 

against floods of which the recurrence period varies between 20 years 

(Bangladesh) and 10.000 years (the Netherlands). 

Most of the described polder areas are drained by gravity flow into the 
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river or (at low tide) into tidal water. In the Nigerian case a special 

buffer, in the lower part of the polder provides storage capacity to 

facilitate a proper drainage to the river and to a lower flood plain; 

avoiding a pumping station. Such stations are indispensable in the very 

deep polders in the Netherlands and in the subsided area on Taiwan. They 

are considered in the amelioration scheme for the Leziria Grande in 

Portugal. 

Irrigation is not very common in the Netherlands with an evenly distri

buted precipitation, relatively little evaporation and a large storage 

capacity of most soils. In Bangladesh, where 90% of the annual rain falls 

in the monsoon from mid May to mid October irrigation is applied in some 

areas for the flushing of salt. In all other schemes, irrigation is an 

important aspect. 

On Taiwan, especially the fish ponds need vast quantities of water; 

also outside the rainy season which lasts from July to October only. 

The use of ground water for this purpose caused a shortage and severe 

subsidence of the area. 

In Kenya, the two wet seasons around April and December are too weak 

and need assistance by irrigation to facilitate the growth of two 

crops. Water can be taken from the Tana River. 

In Nigeria, the precipitation of 700 mm in concentrated squalls from 

August to October must be supplemented by irrigation from the Hadejia 

River in which water is retained by a series of reservoirs upstream 

from the project. 

In Portugal, the period of low precipitation and high evaporation 

during the summer will be bridged by irrigation from the Tagus river. 

This will facilitate the growth of rice. Pumping stations will bring 

the water into and through the northern half of the polder. 

Salt, which poses problems in Bangladesh, Taiwan, Kenya (only locally), 

Portugal and the Netherlands, is generally expected to be combated via 

the drainage of excess rain water during the wet seasons. 

A special feature of the Land Reclamation Project in Bangladesh are 

large ponds to be used for the storage of drinking water for villages. 

They will be filled by wind mills. 
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7 Environmental aspects 

The reclamation of land, by its nature, changes the hydrology (surface 

and underground), the flora and the fauna within and probably also out

side the area. Relatively little attention is paid to this aspect in the 

papers. 

An exception is the paper of Groenewegen which, however, deals more with 

the environmental problems of the disposal of heavily polluted dredged 

material than with the effects of a polder. It discusses the paths and 

the effects of a multitude of contaminants in the soil and in the ground 

water within and outside the dumps. Various effects on water quality, 

flora, fauna and structures were studied. 

8 Feasibility; economic and social 

The economic feasibility is briefly discussed by a few of the authors. 

The very large (14,000 km2, 86 polders) project in Bangladesh caps 

everything with an estimated cost of about US $ 0.25 billion. Benefit 

cost ratios of 2.35/1 and 3.88/1 are mentioned for specific parts of the 

the project. For the Tana River project (100 km2, 3 polders) the cost 

per net ha is estimated at US $ 6,670 with running costs at US $ 970 per 

annum. Various alternatives lead to internal rates of return of 10.5% to 

13.8%. The final evaluation (on farm level and on the national level) of 

the Lezfria Grande project in Portugal encompassed four reclamation 

alternatives and three farm structure alternatives. The adopted plan is 

expected to have an internal rate of return of 8%. 

The social aspects of the projects appear in some more papers. Structures 

and objectives vary greatly. 

- In Bangladesh the system of (absentee) landlords is proposed to shift 

to small land-ownership with an organisation of farmers in co-opera

tives. Also other changes in the social structure of villages and of 

the whole area are expected to result from the scheme. 

- In Portugal the ownership of the project area is in the hand of the 

"Companhia das Lezfrias" which also is a large agricultural company. 
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It is proposed to maintain the present structure but to promote the 

settlement of small farmers on plots of 12 to 100 ha. depending on 

the type of crop. 

In the Netherlands much of the old land was empoldered and managed by 

associations of landowners. The empolderings of lake bottoms were 

private enterprises under charter from the Government. The Zuiderzee-

polders- were constructed and reclained by the Government and for the 

greater part rented in parcels of 12 to 60 ha to farmers. 

In Kenya the three polders in the Tana River project will be owned and 

run as a state enterprise. 

9 Design, areal planning and details 

The areal planning is a well considered composition of all elements con

stituting a polder such as the drainage system, the farm plots, the irri

gation system, roads, villages, etc.; all taking into account the natural 

conditions. Technical skills have greatly improved in the course of 

history; just to mention the Archimedean screw, the wind mill, various 

pumps, modern power sources, automotive transport, fertilizers and modern 

farming equipment. These developments are reflected in the areal planning 

of the successive polders in the Netherlands (de Bakker and Kooistra) as 

well as in the amelioration schemes for the polders in Bangladesh and 

Portugal. For the latter case, the author gives some details of the alter

native drainage and irrigation schemes. Tertiary units of 30-40 ha. with 

25 to 30 farming families, living in a typical circular village, are 

contemplated in a pilot polder in Bangladesh. 

The technical design of the projects is sparsely mentioned in the papers. 

The most important aspect is the flood protection. The project in Bangla

desh provides for 4050 km of bunds of three types viz. sea dikes, river 

dikes and marginal dikes. Each has its own design based upon the hydrau

lic conditions on the coast, in the estuaries and along lesser canals,and 

to be constructed from locally available materials. In the Tana River 

project (Kenya), the flood embankments are combined with a main drain; 

detials (also of a main canal) are given in the paper. 
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Drainage sluices of a special type were designed in Bangladesh; the 

number of vents (1,5 x 1,8 m2 each) to be adapted to the local condi

tions. The use of bamboo field drains is mentioned. 

A special case is the description of the construction of dredged material 

dumps around Rotterdam: The deposition in settling basins, the stimula

tion of the ripening process and the drainage of the water from the tran

sportation of the sediments, from the compaction process and from normal 

precipitation. 

10 Management and operation 

Some aspects of the general management have already been mentioned as 

points of social development. The management and operation of the drain

age and irrigation systems are often in the hands of public bodies in 

which the farmers have a say. In Bangladesh a polder committee (consisting 

of representatives of the project, the co-operatives and the agricultural 

department) will oversee the main system 'assisted by sub committees for 

the sluices and local canals as well as for the water control in the 

tertiary units. In Kenya the estate management authority will be respon

sible for everything. On Taiwan, a Provincial Water Conservancy Bureau 

maintains the drainage and irrigation systems as well as the sea-wall. 

The same aspects are looked after by the "Associacäo de Defesa" in the 

Leziria Grande in Portugal. In the Netherlands, the water management and 

the flood protection is in the hands of water boards in which the 

committee is chosen by the landowners and which operate under supervision 

and co-ordination of provincial authorities. 
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SUB-THEME: GENERAL DESCRIPTION OF POLDER PROJECTS 

D.W. Rycroft 

Institute of Irrigation Studies 

University of Southampton, U.K. 

1 Introduction 

The eleven papers describe general features of polders in areas as 

widely separated as Canada and Indonesia, for objectives as diverse as 

the development of prime agricultural land (U.K.) to the flood 

protection of densely populated urban areas in South East Asia. 

In essence, polders aim to isolate areas of land hydrologically from 

their surroundings whilst controlling the hydrological processes within, 

to enable the desired human activity to proceed. They are usually 

situated on low lying lands adjacent to a major element of the regional 

open water system, i.e. the sea and/or a river estuary where the 

construction of dykes lessens the incidence of flooding. 

Soils in lands bordering such areas are often highly fertile, 

comprising the products of erosion carried down from higher lands. 

Their evenness, fertility and ease of access make them highly attractive 

for development either for agriculture or urban development, the two 

competing uses not always in harmony. 

In estuaries, progressive raising of marsh levels by deposition creates 

conditions well suited to small step by step impoldering and their 

continued successful development is usually assured by the presence of a 

firm existing agricultural foundation. Elsewhere, large new polders are 

developed mainly by the state either to extend existing agricultural 

strengths as in Spain or to create new strengths as in Egypt. 

The papers reveal that urban and agricultural polder developments 

26 



create conflicts concerning the desirable degree of control to be 

exerted on the external and internal hydrology. Cities near or within 

polders provide a ready market for produce whilst creating problems of 

pollution and waste disposal. They also tend to draw people away from 

the land to the urban environment. The papers also reveal that 

impoldering involves major changes in the natural ecology of areas and 

increasing concern about the preservation of natural habitats is making 

it increasingly difficult to continue to create further polders in 

Europe purely for agricultural development. 

The papers cover a number of interesting problems and for reporting, 

have been grouped around linking themes. The first group is a very 

general description of four polders. The second group describes 

polders within peat lands whilst the third group concerns polders 

mainly within developing countries. A further challenging paper 

(Kafue Flats) questions the philosophy behind the large scale 

introduction of what are seen to be fairly sophisticated polder systems 

into developing countries. 

The final group of papers deal with a polder specifically established 

to assist in a population relocation programme whilst two deal with 

most unusual and interesting technical problems. The first of these 

deals with the problems occurring in a polder subject to large scale 

differential subsidence and lying within an earthquake prone area 

(Venezuela). The second and final paper explains how the problems of a 

densely populated polder area in Jakarta involving water management and 

waste disposal were overcome. 

2 Papers describing general details of polders 

2.1 Reclamation of land on the Eastern Coast of England 

by P.D. Cook 

The paper describes the reclamation of prime agricultural land from the 

marshes bordering the shores of the Wash, a broad and shallow estuary in 

Eastern England. The level of the seaward marsh progressively rises due 

to the deposition of sediments accelerated by the marshes vegetative 

cover. The area is reclaimed by constructing a dyke as far out into the 
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marsh as possible. Later, the prime silt soils are under-drained by 

pipe drains. 

The reclamation is privately financed by the farmers bordering the 

reclamation and for this reason the minimum width of 'economic' 

reclamation tends to be about 400 m. The dyke is constructed from the 

locally available silty material and is protected from wave action 

firstly by preserving sufficient protective marsh to seaward and 

secondly, by covering the dyke by a thick grass sward. On a recent 

reclamation the failure to establish a sward rapidly and unusually high 

tide levels (1978), resulted in damage to the dyke costing approximately 

50% of its construction cost in 1977. In recent years, pressures to 

maintain the marshes in their natural state as a sanctuary for wildlife 

are making it increasingly difficult to consider future reclamation. 

2.2 Dykelands (Polders) along the Bay of Fundy, Canada 

by C. Desplanque 

In the maritime provinces of Canada, large areas of grassland, in 

particular bordering the Bay of Fundy, were endiked by French settlers 

in the sixteenth century. Today, much of this area lies below the 

existing seaward marsh which has, like the Wash areas of U.K., 

continued to rise due to deposition of sediments. This suggests that 

the endiked areas could be progressively extended as in the Wash. The 

land is surface drained by a system of cambered beds leading to shallow 

drainage channels, this method being chosen because of the high rainfall 

intensity in autumn (20 cm.day" ) and because of ice formation which 

blocks open channels preventing groundwater drainage by pipes 

discharging into open collectors. Since the 1950's, dykes have been 

raised in certain areas whilst tidal sluices have been installed in 

others to restrict the flow of water and hence control the rise in tide 

level thus reducing the need to raise the dykes. It would be of 

interest to learn how the decision to opt for the sluice or the raising 

of the dykes was made and to know whether the installation of tidal 

sluices has increased problems due to deposition elsewhere in the Bay. 
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2.3 Polders of the Vistula River 

by P.J. Kowalik 

Large areas of land bordering the Vistula River have been reclaimed 

over the centuries by impoldering. In recent years, the tendancy has 

been to amalgamate areas and even to install intermediate pumping 

stations thus creating polders within polders. The close proximity of 

urban areas (Gdansk) has provided a ready market for produce, though 

this advantage has been countered by the drift of population from the 

land to the town and by the environmental impact of the town causing 

water and air pollution and problems of waste disposal. 

In Figure 2, a detailed graph is presented relating predicted grassland 

yield to water table depth and nitrogen fertilizer. It would be 

helpful to learn whether these predictions have been tested in the field 

and how the information is used in practise. 

2.4 The soils and water table properties of the polder area 

"Castillo De Dona Bianca" 

by V. Gomez-Miguel et al 

The fourth paper describes soils and climatological data for a polder 

development bordering the Guadalete River near Cadiz in Spain. The area 

is to be irrigated using low to moderately saline river water. Two 

minor points require elaboration. 

Firstly, Figure 2 depicts an annual water balance showing periods of 

excess and water deficit. The excess which it is stated gives 

occasional efficient leaching of the soil, presumably depends upon the 

deficit being made good by irrigation. The reporter would like this 

to be confirmed, to know whether a parallel salt balance has been 

developed, and how salinity is to be controlled within the polder. 

Secondly, the significance of the comment "the level of the river bed is 

more than two metres in the dam called La Corta, 5 Km upstream from the 

E limit of the polder" is not clear. 

29 



3 Paper involving the reclamation of peat soils 

3.1 Peatland polders of North-West Germany 

by R. Eggelsmann 

This paper is broadly a restatement of the considerable body of 

knowledge gained in the development of peat lands in Lower Saxony. The 

restatement of existing knowledge on the shrinkage and oxidation of peat 

is justified and timely in view of the potential developments in such 

soils in the tropics where these processes are accelerated. 

3.2 Drainage of peat soils in the polder of Pega-Olivar 

Alicante, Spain 

by I.G. Sanchez and J. Martinez Belträn 

This paper is a good example of the extent to which sound hydrophysical 

survey (Figures 2, 3, 4 and 5) combined with a stepwise approach to 

reclamation and drainage can lead to sound drainage measures. The 

soil in the area is characterised by a clay layer 0.5 m deep underlain 

by layers of peat (up to 3.0 m thickness) sand and clay. Trials with 

subsurface drains have indicated a preference for drain depths up to 

1.8 m deep. 

In view of the first paper, it seems that the peat will shrink and 

oxidise and so some elaboration on this possibility and its effects on 

the project would be relevant. 

In 1976, a socio-economic survey was undertaken. This indicated that 

benefits were virtually double the costs. The reporter would like this 

evaluation to be elaborated, particularly bearing the following factors 

in mind. Does this evaluation include all the costs or just some and to 

which group of participants in the polder development do the figures 

relate, the farmers, the development authority, etc.? Also, to what 

extent have cost evaluations and changes since 1976 altered this 

proj ection? 
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3.3 Reclaiming Muturajawela, Sri Lanka 

by S.H.C. de Silva 

This paper deals with the possibilities for reclaiming Muturajawela 

swamp temptingly close to Colombo, the capital of Sri Lanka. 

This 2400 ha swamp runs parallel to the coast for 10 Km immediately 

North of Colombo. The swamp consists of aquatic vegetation overlying 

substantial depths of peat (3-10 m) overlying sand. The swamps surface 

lies below mean sea level whilst its perimeter is ringed by canals and 

roads. Up to the present day, the sheer costs have prevented 

reclamation. The possibilities investigated are: 

1) sand pumping to raise the land above mean sea level 

2) replacement of peat by sand 

3) impoldering and lowering of the water table 

The high development cost mitigates against its sole use for agriculture 

and so urban development seems to be the most likely justification for 

any real developments. It would be of interest to know what uses the 

mined peat, obtained as part of the second proposal would have been put 

to and whether a time scale for shrinkage and oxidation had been 

included in the third proposal. Also, it would be helpful if the 

authors could elaborate on the strength of the arguments in favour of 

keeping the swamp in its present form. 

4 Kafüe Flats, Zambia : Flood plain planning on a crossroads 

by W.T. de Groot and M. Marchand 

This stimulating paper concerns an environmental study of developments 

in the Kafue River flood plain near Lusaka, capital of Zambia. In the 

natural state, the plain is shallowly flooded for several months 

annually. The flooded area supports a rare Antelope, the Lek, whose 

ability to graze in the flooded lands makes it uniquely able to exploit 

their grazing potential whilst the reduction of herbage that would 

otherwise decay, enhances and supports the inundated areas abundant 

fishlife. The area also supports a traditional human society dependent 

upon cattle grazing the drylands, fishing and small scale dryland 
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agriculture. 

In recent years, the Kafue River has been regulated by means of dams 

for hydro-power generation resulting in considerably reduced areas of 

annual flooding and an increase in the permanently inundated areas. 

Cattle now have access to grasslands throughout the year, whilst 

the areas suitable for Lek have been severly curtailed. 

Within Kafue Flats up to 70,000 ha of land could be impoldered and 

developed. However, the main contention of the paper is that it is in 

the nature of polders to strengthen the arm of the central organising 

body, in this case the State, and at least in a developing country, 

weaken the existing pattern of life. This phenomenon is ambiguously 

described as the centre-periphery complex. 

The paper argues that polders should develop organically, that is to 

say, in small units based upon existing agricultural strengths as 

happened traditionally in the Netherlands and still occurs in the Wash 

area of the U.K. 

The paper also points out that economic analysis can be targeted to 

produce answers ranging from the optimistic highly profitable to a 

pessimistic annual loss. It is in the nature of development to feel 

persuaded to the most optimistic forecasts although in the reporter's 

view, realistic ends to the economic spectrum should be identified 

before final decisions are made. Furthermore, in viewing Kafue Flats, 

one might question the value of traditional accounting to such a 

complex situation. How is the cost of the existing situation and 

social order to be deduced and can accounting allow for the reality 

that many large projects in developing countries fail to realise the 

aspirations of Northern hemisphere planners? Perhaps the time has come 

to invest finance wisely though not necessarily economically in 

developments that will build strengths without disrupting the status 

quo; that will succeed albeit on a small scale where larger schems 

would fail. 

The final three papers deal with impoldering as part of a trans-
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migration programme (Egypt), with a polder on land that is 

differentially subsiding (Venezuela) and land which is subsiding rather 

less but entails impoldering a densely populated urban area (Jakarta) 

5.1 Polder areas of Northern localities of the Nile Delta, 

Egypt 

by M. Sh Diab 

This large polder lies right at the Northern base of the Nile Delta in 

an area of predominantly heavy clay soils of low hydraulic conductivity. 

The elevation of the land is at approximately -0.6 m below mean sea 

level, the groundwateris at shallow depth, 1-1.5 m below ground level 

and it and the overlying soil are highly saline. Though not stated, it 

would seem that these levels are indicative of inseepage via the deep 

sandy aquifer. The area which is required for resettlement of peoples 

from densely populated Southern areas is to be irrigated and drained. 

The planned drainage relies on parallel open ditches some 25 m apart at 

1 m depth. 

The reporter would like further elaboration on the potential for 

reclaiming and controlling salinity in these soils. Also, what 

incentives and plans have been made to attract the migrants to stay 

and work what are evidently difficult soils in what to them, must be an 

alien environment. 

5.2 Polders and Dykes of the Bolivar Coast, Venezuela 

by J. Abi-Saab Soto et al 

In Venezuela oil extraction from beneath Lake Maracaibo and its 

surrounding low lying polder areas has caused progressive subsidence, 

up to 4.5 m in certain areas. 

The subsidence decreases with distance from the extraction zones and 

creates severe cracking of the land at the points of greatest 

curvature, i.e. the edges of the areas of subsidence. The cracking 

clearly poses hazards of piping and failure in the impoldering dykes 

whilst the settlement causes problems for any rigid structure, i.e 

pipelines, passing through the dyke. In addition, the area lies within 
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an earthquake zone so that the accelerations and consequent stresses 

resulting from earthquakes pose major stability hazards. 

The dykes have been progressively increased in height as the land level, 

though not the lake, has subsided. The increasing depth of water on 

the lake side of the dyke has sharpened the risks of wave attack 

whilst the original use of rigid concrete revetments against wave 

attack has been discontinued in favour of flexible rip-rap which is 

more able to adjust to differential settlements. Nowadays, pipelines 

and jetties have to pass freely over the dykes to avoid settlement 

problems within the dyke. An additional problem is that the drainage 

within the polder continues to change as levels change differentially. 

A finite element analysis has been developed to identify the probable 

sequence of stress patterns in the dykes during a design earthquake. 

Consideration of the effect of these cyclic stresses on undrained 

samples in a triaxial test apparatus has suggested that the dyke is 

prone to liquefaction in the sand layers at the upstream and downstream 

toes of the dykes. 

Further elaboration of studies underway into the 'field significance' 

of these findings would be of interest. Also, it would be of interest 

to find out how and by whom, the costs of the remedial works for the 

polders are met. One point of detail requiring further explanation 

concerns the comment that the soil is unlikely to crack, i.e. in the 

dykes, if the capillary zone is less than 3 m thick. The reporter was 

unsure whether this referred to the depth of the water table within the 

dykes in general, or the depth of that part of the dyke above lake 

level. 

5.3 The "Pluit" urban polder 

by J.H. Kop et al 

The final paper deals in a most comprehensive way with the design and 

operation of the "Pluit Urban Polder" in Jakarta, 2760 ha of low lying 

land containing a population of 1.5 million people. The acute problems 

posed by the area include high rainfall, a largely impervious surface 

area, the need to also use open channels to dispose of foul water 

containing large quantities of garbage and debris. 
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The main outfall drain leading to a pump station is now refrehsed 

daily. Automatic screens at the station remove the worst debris whilst 

storms and floods are handled by a combination of external diversion 

canals and, within, pumps assisted by temporary retention reservoirs. 

The system depends upon sophisticated operation and maintenance and it 

would be of general interest for the authors to elaborate on the 

organisational framework established to implement these measures. Also, 

it would be of interest to know what provision has been made for stand

by pump or generator capacity. 

35 





THEME B 1. LAND AND WATER MANAGEMENT 
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SUB-THEME: WATER MANAGEMENT SYSTEMS AND DESIGN CRITERIA 

M.J. Hall 

Sir William Halcrow and Partners 

Shortlands, London W6 8BT, U.K. 

Abstract 

The water management of polder areas is essentially a multidisciplinary 

activity, involving among others elements of civil engineering, 

hydrology, agriculture and economics. Systems analysis provides a 

convenient framework within which to consider alternative strategies 

for providing drainage and irrigation systems that are optimal 

according to a specified design criterion. Such criteria may be 

expressed in terms of the costs and benefits of the scheme, but 

invariably the economic factors are implicit rather than explicit 

owing to the use of objective functions such as the maximisation of 

crop yields or the minimisation of irrigation water supplies. The 

economic performance of the scheme must also be considered at farm 

level as well as project level. As the power of small microcomputer 

systems continues to increase, the use of management techniques based 

upon systems analysis is likely to become more prevalent. 

1 Introduction 

In what is perhaps the most general definition of the term, a polder 

may be considered as a well-delineated areal unit whose resources of 

land and water may be managed independently of other adjacent units. 

The size and complexity of a polder may vary widely, from the 

simplicity of a small, bunded rice paddy to the sophistication and 
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areal extent of the Ijsselmeer polders. Yet despite this diversity, 

their management invokes common principles, ÄS with many facets of 

water resources analysis, polder management has benefited from, and 

could take further advantage of, the flexibility and potential 

afforded by the digital computer in its various forms. The majority of 

the papers which form the subject of this Report provide confirmation 

of this trend, with their reliance on mathematical modelling and their 

emphasis, implicitly or explicitly, on the search for some optimal 

solution to a design problem. 

An important consequence of the well-defined physical nature of a 

polder is the extent to which the hydrological inputs and outputs can 

be either measured, controlled or estimated to an acceptable degree of 

accuracy. However, in terms of land and water management, the 

hydrology of the polder is only one pertinent aspect of its behaviour. 

The response of a given crop to soil moisture levels (or standing water 

levels in the case of lowland rice), particularly with regard to the 

reductions in yield that accrue from failure to meet the optimum 

requirements at different stages of growth, is equally if not more 

important in economic terms. The subsequent analysis of costs and 

benefits is another essential ingredient of resource management and 

serves to emphasise the interdisciplinary nature of the exercise. 

As with many similar resource allocation problems, polder management is 

amenable to a systems analysis approach. This theme is developed in 

Section 2, along with a generalised representation of a polder water 

management system. The latter provides a framework within which to 

review the eleven papers that form the subject of this Report in 

Section 3. The Report concludes in Section 4 with some general 

observations on the role of computers in the water management of 

polder areas 

2 Systems approach to polder water management 

In its broadest sense, a system is a set of components that collectively 

transform an input into an output. The system may vary in its 

complexity, and both inputs and outputs may assume a wide variety of 
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forms, depending upon the problem under study. In practical terms, 

the components of the system and their inter-relationships are 

described by a series of mathematical and logical statements which are 

readily translated into a computer ̂-compatible form. The analysis of a 

system is generally carried out either by simulation or optimisation. 

The former approach is particularly relevant where a high level of 

detail on system behaviour is required. A simulation model provides 

the time series of outputs produced by the system operating on a given 

series of inputs according to a predetermined strategy. This approach 

tends to place large demands on computer core storage, and the location 

of an optimum operating policy has to be undertaken on a trial-and^-

error basis, which can prove both expensive and time-consuming and 

carries no guarantee of absolute success. In contrast, optimisation 

is highly appropriate for determining a strategy that is the "best" 

according to some specified criterion. This approach may also be 

demanding on core storage, but less so than simulation. In addition, 

care must be taken in defining the system in order to ensure that the 

problem is amenable to treatment by a standard solution procedure. 

For example, where all relationships describing the system are linear, 

the technique of linear programming may be employed. 

A schematic representation of a polder water management system is 

presented in Figure 1. The core of the system may be seen to consist 

of two mathematical models, one of which describes the hydrological and 

hydraulic component and the other the economic component. In its-

simplest form, the hydrological model may consist of a single equation 

which accounts for all inputs and outputs during successive time 

increments. This water balance may be described in compatible units by 

an equation of the form: 

H (n+1) = H(n) + (RF+IRR) - (ET+INF+DR) CD 

where 

H (n) = soil moisture (or water) level at the end of the nth time 

increment 

RF = precipitation 

IRR = amount of irrigation 

ET = evaporation 
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