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A permanent struggie 

e 	t 	01 is ijst,i piev-Angt d y II ie Nou 	ii 	si i iki  

nat on to sea evel at a rdte of 20 cent metres per centur y. Not on y 

is the ground settling, but the sea evel is also nsing as the temper itu 

ce of the earth cci eases causrngthe polar icecapsto met.H im 

.sctiv t es such as buming coal, oil and gas produco car bon d ox 0 

ei c a ti ng t t e i eer hou e ef est inc caL is ir tha toe pci at Li re 01110 

itti to i i ic101 oiarr 

At t t oer d or tt o 	t ic ,o, r i our i d 10,000 	s h c N 

Sea was fori iie 1 ar Itto aroa we r 0w krow isthe Nctbei r 0 

o me to exrstence as rnarsh andJhe region was uninhab tab c oi 

iany centur es, Put wth the passage of t me peat bogs formec and 

peop e settled on the bigher dunes, wtere theg hunted, fished aiid 

practiced a tt e far mrng.Tbey 550 bolt embankments to liveor 

Pui ng perrods of high spr ng tidesThe first r oads, canals and 

Pour s were burlt by the Romans.The first dikes were bolt in the 1111  

entur pand w uh them the defence of the land turned into a councc 

LLmcc agamnst the sea. D kes were constructed to protest exist ng 

and from floods, and also to reclaim new areas from the sea, the po 

der s. Reclaiming land was a profitable means of incest ng moneg that 

had been n ade in commer ce and shipp ng. 

The cIergy in parteular suppo ted the er nat or of new polders.The 

tools were very simp e no riaore than spades and baskets, and the 

first drkes were low embankments that were eas Ig breached bp the 

sea. Excess water in the polders was an additional problem and s u 

ces cao to be constructed to oischarge it nto the sea at low tide. 

With the meent on of the w ndmill around 600 years ago, it became 

p055 bIe to keep increasingly deeper poldei t dry Further-more, the 

mills could pump large ponds and lakes dry so that even more new 

wd cou d be r cda mcd The dmkes, howevet remained a pr mitive 

'orrir of protection, built according to traditional methods. It was not 

untrl the 1 9th century that new niater als, technmques and tools such 

as concrete stone embankments and steam-eng fles appeared. 

The Nethedands is locked in a permanent strugge for 

survivaLThe country's name is sef-expanatory: large are-

as of the Nethedands lie beow sea level. Stronger dikes, 

dams and dunes are continuaHy being constructed to 

keep the sea at bay and to ensure that this densey popu 

ated country remains habitabe. Haf of the Nethedands 

woud be flooded ifit were not for the linie of defenses 

that has been buift overthe centuries and the equipment 

to pump ground water and river water out of the ow- 



ountless floods 

.1 	 J . i i i ie 	i i 	 Ir 

t the Neti er la rds.T re line of coist,il delenses St ows v bi 

the water overpowered the people. Every century has witnessed 

floods. Many were g ven nare es, for example the Sa nt Aechten's Day 

Fo d v 1288, the Seint E zabeth's Day Floods in 1404 and 142 1, the 

Sa nt Fe xs Day F ood in 1330 and All Saints' Day Flood in 1570.  

A tbough the Dutch lought back, they often had to sur render large 

areas of land to the seslhe Verdronken Land van Saeftinghe 

(Zee and Flandei-s).theVerdron<en Land van Reimerswaal (South 

Beve and) and Zu diand (Schouwen Duiveland), for example, wei e 

all lost to the sea. On balance bui-ing the past centures more land 

tas been osttban ree amed 

Floods have not been confined to pci ticular per ods or enabled to 

overir onl~, e m tations oftechnologylhey have also occurred 

eu 	tor ii st.iiic-e in 1 90o and 19 1 Dl he T ecte t flood 

d 	in the country's b stoiy occuired on the n gbt of 1 February 

1 953.The sea surged into miny polders in the souta west 

Nethei lands, inundating some 200,000 hectares of ter tile faimland 

and floodiny mary towes and vlllages.The d Les wee destro,ed in 67 

places and bieached in over 400 1,835 people drowned and 72,000 

wer-e for-eed to evacuate the region: more than 200,000 cows, ho 

ses, pigs and other 1 vestock died and over 47.000 bu Idings weie 

damaged. 

The dikes bad not been equal to the unprecedentedly hrgh water 

evel of 4 to S meters above AOD (Amstel dans Oidnance Datum 

meen sea level as defned forAmsterdam).The flood was caused by a 

spi ing tide, when exceiptionally low and high tides ar-e produced as 

the influences of the sun and noon re nforce each other, in comb na-

tien w 5h a pers stert r oi0b weerlv stonn,The storm roached lis  

peak in the middie of the e gbt, and an hour of cont nuou wir d f 

2 coincided with the hgh t de.The water piled up age n t the di e 

,pilled eer the top of them and began to wasb them away Mrjs 

eep when the sea overtook them 

t assistance was offer cd from abioad.The peop e of the 

51e hcr land werw determ i ned not to sui-render the flooded 1 and. 

1 Ireir thougbts fi i-st tuined to r epair ing the bar rage and then to pre 

mt rg s reoccurrence of sucb a d sasterThey quickly r esea cd the 

di <es and punsped the water out of the poldeis The expo rence they 

lilid gared in pump ng the sland ofWarheien dryaftei the bom 

g of es dikes in 1944 in dan ming the Br aakman inlet in 1932 pro-

md nvaluable Caissons, lsige watei t gbt concrete structui es. wer e 

i idispensable as a means of bloeding off the ch rnne s qurcic yThe last 

breach, neer Ouwer kerk, was i esealed in November 1953. 

5e 
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The attractions of delta regions 

People have always been affraed to coastal regons. 

Rver estuahes in partcular are obvous places for seifle-

ments; the Hver provdes a communcaton route to the 

Hnterland and also supphes alluvum that forms fertile 

ot en lorm 1 triangulairshapecintl ie mapTho moutin of thei ver  

N ie in Egypt is a ver-y good examp e of th sTHe anc ent Oren 	sJ 

lcd the moutb of the Nile a deIt aftei the fourthletteroftI-icir  

alphabet, wh ch was wi tten in the Orm of a triangbe. Nowad 	tE ie 

ter m delta is w de g used to describe many areas where 1 roer 

erter s a sea or a lake.Apart S om the N le, other famous delLis r CIII-

e these of the Gangen the Mississippl, the Rhone and theYangtze. In 

the soutf -west Netherbandn the estuancs of the Ri no Mtas and 

Scheidt also forma delta 



Low, flat deltas are vulnerable reglons, and the inhabitants have goed 

cause to construct difies and embankments to protect themselves 

against the sea.As villages and towns flourisb,tbougb, and their econ-

omie importance as centres oftrade, shipping and industrg increases, 

the nood to construct botter forms of protection also increases. 

Deltas often provide many of the conditions needed to support a 

ncb and varied system of plant and anirnal communities.Algae and 

plants grow in the shallow, relatively warm watet which light can 

penetrate easilglheir growth and the supply of organic matter from 

the sea and minerals from the river enable deltas to acts nurseries 

for young fisbJhe driving forse bebind the delta's ecosgstem is the 

tide.The regular exposure of mud flats and sandbars at low tide and 

their submergence at high tide is indispensable to the innumerable 

shellfish, worms and other fauna that live on them.These in turn are 

essential to the thousands of birds that feed on them at low tideThe 

lower anirnals and bii'ds form a small food chain, one of the mang that 

exist in the watet the mud flats and the higher-Iging salt rnarshes, 

ment,ti an poi - 

h ndustry that 

 due to the favoui able concli 	 ' 

tions of the delta ai e a thi eat to the c 

sgstem The inciea ing size of the ships i epuit es the di cd ing of dce-

per navigation channels and the conctr uction of arger harboui 

Indu ti g disch i ges waste into the watet and toxins dischai ged 

bundieds of kilometres upstream eventually settie witb the alluvium 

at the mouth of the ver 

Human activities put the ecosystem under piessure. Since the begin-

ning of the 1970s there has been a growing awareness that this pres-

suîe cannot continue to increase unabated and a balance needs to 

Le struct between the interests of ecology and the ec000my. 

5 



Securer flood defenses 

Nee ware, sporr 	 St ort ' after the 1953 flood a specially appointed committee pr e er 

ted proposals for the prevent on of another drsaster in the future TH 

proposals centred on improv ng safetg b7 strengtbenrng the coarta 

defer es.A proposal to shorten the length of the coastline was ent-

hus act c slig 1 eceived, as, after all, the Str engtb ofa defens ive lie no e-

ases as ets l ength deo easesJhrs bas been the princip e behird r 

other hydraulic engineering works, an outstanding example of w 

is the Barner Dam wh eb was constructed in 1932 across the mewin  

of the Zuyder Zee. now calied the jsse meer, to protect it frorr t 

incursrons ofthe Noeft Sea. By construct ng this vng e dam the 

lengtb of the coastline was reduced by 300 kilometres and thedar-

ger of flooding in a lar ge area of the 

tr' was entrrelg em nated. 

he committee recommended that the 	 .. 	 . 

tidal channesto the Rhne,Maasarrd 

Scheidt Delta shou d be dammed noa the 

coast and that the d lees along the sea and .'. 

the r ver s in the rest of the countr g sf r 

be raised to al lowfora water leveioff. e  

meters aboveAOD at the Hoek of 

Holland.1b s would r'educe the frequencg 	
, .......

., 	 •. . 

of inland flood ng to an average of once  
evergter thousand tear's  and t 	 -- 

the n ets to once ever y four 	 . 

safe enough forthetme be, ir 

The New Watenwag and the a. 

to sh pp ng due to their econom c importance to the ports of 

Rotte-damanclAntwerp.Thesurroundingdikeswouldtherefore  

be raised to the same t erght as those in the Delta  

- 

iA  

In 1958, Parirament passed the Delta 

Act,wh ct set out plans to en ure the 

safet y of the south west Nether and 

to the great enthus asm of the public, In 

sddrtron to reduc ng the r stof flood ng 

by n..reas ng the bergbt of the d tea 

and shortening the coastline by 700 

er ometres. the Delta Project would 

a so er eate corsider ab ee orromrc 

benefits. lt would mp ove water 

management in a Iarge proport on of 

the Nëtherlands and combat the pene-

fiat on of wIt water nfo the ground 

water: Fr eshw ter ikes wo Id fcr m  

and be an 111 p r tea 1 SnUI-Ce of water lor far ms New ree eatron r 

areas, parti culariy for water sport, woud be created.The construc 

ton of dams would also cons derabiy rmprove the wad network in 

the south-west Netherlands. 

One of the Pro ects di awbacks was that the saltwater fshing ndustr y 

and the shellfsh far ms would disappear:The oyster and mussel farms 

centred on the town ofTersete were an important source of income 

in the Eastern Scheidt reg 0fl, but would be destr oyed afterthe inlets 

were dammed. Shelifish cultivatron would have to be transfer r ed to 

other ar eas. in those days very little cons derat on was paid to the 

envrronment, flood protection and the economy were the main rssu-

es. 
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1 Fewer dikes 

[ 

rse dams in tourtidal n ets, ti eVeei se Gat the Laster ii SchUdt, ti e 

Brouwershavense Uit and the Haringvihet,which would reduce the 

ength uf the seadites in the r egion from over 700 k lornetres to lust 

25 kilometres, In addit on, th ee dams were also p anned fur ther 

r and ir the Vo]kei aL Grevelingen and Zandki'eek cbannels.TIre 

Vol er-ah dam would separ ate the fi-eshwater and saltwater envri-on 

o r 	and the dams in the Grevelingen and Zandkreeh would elimi- 

is 0e uncontrollable currents in the tidal area. 

S me unusual civil engineering structures would be needed for spe 

cific ourposes.A storm surgo barrier was to ho built in the Hollandse 

ljssel to pi otect the low-ly rag but denselg populated reg on of South 

Holland.A lai ge sluice complex was to be built in the Haringvliet dam 

to d schar ge any excess water fr-om the Rbine and the Niaas into the 

No th Sea. Locks were a so to be bu t in sevei-al dams for cornmei- 

cul shipsand pleasur eer ah. 



New techniques 

The Delta Project was a challenge to Dutch hydraufc engineers. It 

was evident that past experience and existing techniques would fel 

be sufficient to enable dams to be constructed across the wide and 

deep tidal channels.The tidal lange in the Delta approximately threc 

meters and the water fiows in and out twice a day with powerful cui 

rents shifting enormous quantities of sand.Weather conditions in thn 

estuaries are often unfavouiable and Nortb Sea storms produce 

powerful waves. New techniques had to be dcvnloped nLiirH'v 50 

that the Delta Project could be carried out, 

The towering caissons were adapted and improved Man node fihrc 

were used for the first time to protect the seabed and to riad the 

dikes.Thetraditional seabed protection methodwhich involved 

covering the seabed with Licte  over mats made of willow wood and 

weighted with stonewas gradually replaced. Changes toob place 

step by step. It was decided to implement the Delta Project by wor 

hing from small to large so that technological progress would heep 

pace with the growth in expenence. 

Prefabrication became a common technique and in addition to ne: 

materials, new equipment was also very valuable. Sluice caissons 

were developed to tip stone into the channels. Hydrodynamic stn 

techniques were refined by developing laboratory testsJhe corn': 

tergradually made its entrance. Measuringtechniques and weather 

forecasts became more accurate.TNe Delta Project would tahe 25 

years to complete.A new age was dawning for bydraulic engineering 



1
The implementation of the Delta Project 

C 	viuilLii,Ase 	iiS 

i 	t i t w of the Delta Project bean wtth the construc- 

tot i of t tomi sui ge barrier across the t ver the Hollandse Jsse 

ivhicF fot ms an open passageway to the sea v a the N euwe Maas. 

JI e bartier was built Just to the e tst of Rotterdam and romp eted in 

1958. t protects the lowest ging tegion of the Netherlands from 

flood ng.The 80 metre wide barrier cons ets of four pers tower ng 

over 44 meters above AOD, two gates suspended between the 

pers, a shippng lock and a wad bridge. Under norf-nal condit ons the 

gtes at-e ra sed high above the wter so as not to impede sh pping. 

but wben the water level is danget ously high they can de lowered 

effect ve y damm ng the i iveitWhon the barner is closed ships can 

pass tNo igi tte lock 



The Delta Project reall7 to ii de no iy icts LHo cor t ucLion uf II e 

dams. First on the acenda was tbelhree Is ands Project wh ch would 

roer ect the is ands ofWa chcr en, North Bevelar d and South 

Beveland wth each otbei.Worlr began in 1959 on a dam wtb a lock 

between North and South Beve and in the Zandtr eer channel,The 

830 metre long dam was constructed us ng caissons and completed 

n May 1960. By tb s date the construction of the dam scross the 

Veerse Gat betweenWa cheren and North Beve and was progros 

srn' well Around 70 m Ijior m3 ofwaterfowed througb the Veeise 

Gstwth e chtde. 

; 
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icchnique was needed to dam the Veerse Gat.The usual cais 

i c c adapted and what we bnown as s cce ca ssons were 

deve oped Slu ce caissons have sealable openings 50 thit at frst 

watet it san flow througb them freely whfe a dam is being construc-

lcd. Seven slu ce ca ssons, each as high as a seven stoiey bui ding, 

wei e pi,iced in the 320 metre wide channel on a sill made of t pped 

bi c 3 he dam was completed in April 196 I.The s u ces wei-e closed 

it lick water between low ard high tide.The c osure of the f1 st inlet 

0 e en completed ird a late,theVeeise Meer, had been created 

A d 	q'i 	i,  hid (wor bi 	i 	fi idithe cci 
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A start had beer made in 1958 Dr 	 on 

Gi evelingen channel between Schouwen Du veland and Goeree 

Overfhkkeewh ch woud u t m ste y  in ci por ite a ockand harbours 

near Bru nisse.A substantial part of the dam was constnucted on the 

Oudelonge sandbars us ngthe wel str ed method of diedg ng sand. 

Two channe s rema ned oper Dde small southern channel was dam 

mcd using so id ca ssons p aced on a sill constructed from new mnte 

als 	ny on and mast c nsphnit.A new method was used to dam the 

larget noi thern channe - a cableway with gondolas suspended from 

stee cables nine centimeti es thiJs was par ned across the channe 

Grevebn 	
0 	

and used to gradually dam it by t pping 70000 tons of stone.The dam 

was romp eted in 1965 and a road along the top opened to traffc 

0-1 
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liet af 	Hol l ei 	L op c i, i i i ne l, 	dsn l - 

e el l o mprove water managenwnt and the transport network.The 

. vh oh commenced in 1957, consisted of a dam across the 

Hele stsptaten (a sec es of sandbars) and the Hel egatsple n (an arti 

is r d) a be dge spann ng the 1200 meters across the 

Hann','Vliel,and a Iarge loer and s uice complex and a solid dam at 

the r i o itt of the Volter akihe dam across the Hellegatsp sten and 

Hele setspie n the Heltegats dam, was constructed entire yof sand. 

The Votkerar was dammed in the spr ng of 1969 usrng 12 sluice ca s 

ce 5, that date the locf, buit near the town orWillemstac,were 

air eady being used by ships on the busy Sche dt Rh ne shipp ng rou- 

te. 
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Ho geft 

te HannIgvlietdam 1971  

lttook 14 year s to constru c L the tinrigvl i et da in. wh i ch extends 4 5 

orretres between Goeree and Vooi ne.A un pue design was dcve 

oped as the dam h sd to rema n open forthe pui poses of water 

management and the dischaige of excess water from the Maas and 

e Rhine as ure romp ex wtb a channel width of 1,000 meters and 

a ock for fish ng boats.The 7 sores can be closed with steel gates 

or both the sea and the nver side.The gales were made in an exca-

vated conctructron 54e surrounded bg an enGe ng di e s mi arto a 

po der 	in the m dde of the Haringvliet.The sluice complex tempo 

ra rig [unctroned as slUce caissons and the dam was romp eted in 

1970 by t pp rg 100,000 concrete blocks ii ing a cableway.A road 

built along the dam was opened in 1971. 

- 	 - 
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T' 	r i 11 rehear sal for the last part of the Deta Project. the Fastern 

Ji was the constr uction of a dam across the 6.5 kilometre w de 

J metr'e deep Br ouwershavense Gat between Goeree and 

	

1 	aenWorkbegan in 1962 usngvanouswell tried methods. 

S rr d dams were dredged on the shallow Kabbelaarsbank and 

M ddelplaten sandbars,The nortbern channe , Springersdrep. was 

Ier r ried us ng sluice caissons, wh eb bad been constructed in a spe 

n truction doek in the Grevelkingen.The souther n cbannel,the 

Pro . r. ei shavense Gat, was dammed using the cab eway method,Tbe 

dan,  o rs completed at the end of 97 , creating a new 1 rke the 

Gr v ngenmeerA s u ce was built into the dam ten fear's after its 

con piet on in order to flush the Grevelingenmeer w str water from 

the Nortb Sea to Keep the salt content ofthe lake at un appropriate 

le\ 



The most difficult project 

The Eastern ScheIdt dam 1986 

According to the original plans the dam across the mouth of the 

Eastern ScheIdt inlet would have been completed in 1978,25 years 

after the flood disasterlhe construction ofthis dam, extending eight 

Icilornetres between Schouwen and North Beveland, would be the 

most difltcult part of the Delta Project.The inlet had in average tidal 

range of three meters and its deepest channel was 40 metres deep. 

00 million m3 of water flowed through the channels at eacb tide, 

considerably more that the 350 million m3 that flowed through the 

Brouwershavense Gat.Worlc commenced in 1967.16e construction 
DemonsrfaiOn ogurst 

piansioseaiofrthe islands Roggenplaat, Neeltle  Jans and Noordland were built ontbree 
Ereern Scheldrornpleieiy shallow sandbai s Neeltje hns and Noordland weio Liter linlced to 

ei6 otliri bya 	6w 	1 ilonerlio dam 

Appe oximately tive kilornetres of the dam had been completed by 

the end of 197316 ee channels ren iined open the Hammen, 

Schaai v n Rrm ei plaat and Roompor cha neIs,with a total width of 

thi ee kilometi es Accot ding to the plans they wei e to be dammea 

using the cableway me 6oct and pi efabi icaced concrete blocks 

Steel towers for tfm cableway had Trendy been erected in the 

ch end 	bot ene', verc nevei to 6e wed Thee e w 	en increasinc 

body of public opinon in the Nether land 	hch feIt that the Eastei n 

ScheIdt should remain open to con ome the ccve Dement md the 

fishing indu te, Social pi ewui e foi eed trough a i adirI charme in the 

Delta Fr ojec 



'Je 

Increasing environmental awareness 

The technical progress ihat haó ocen achieved dunng the rnp emrn-

lat on of the Defta Project had not occurred in solat on.Ther e had 

been a gener-al and rapid gi owth in the economres of the westerr 

ir dustmleed nat ons. Standards of hv ng and levels of consumptrnn 

had rncroased.The i owth of oeporlunities flaow edte and cower 

seerned to know no bounds. Cties were expandrng, the road net-

woi k was giowrne constantly, commun catiom niks were bringing fan 

away places closer to home and man was walking on the moon.W h 

would cc longer be a uoal nlct, thc,  saS a ster would l >ecoine Im h 

and nstead of is ng and falling w th the tides the water level would 

ho constant. Mor cover, the plant and anrmal comrnunrties would be 

tranafornied and the shelifish vvould d sappear More and more 

peop e rea eed that the Eastern ScheIdt was in area of exception ii 

value and became concemod about the effects that damming the 

nIet would have on the flora and fauna. 

its ernphasis on flood pr oteet on, ncreases in sea e and the use of the 	Screntets, nature consorvationsts and fishermen speartieaded the 

ver y latest techrriquesthe De ta kr olect  was a pai t of this cia, 	 protest againsta solid dam. fberr altei nat ve was to rarse the herght of 

the sur rounding drkes. Pol trcrans inntial yr efused to ronsiderthe 

In the wcond half t abn 1 960s op nro as about the ervironmert 	plarrs They had pronansed to dam the Easter n ScheIdt and they would 
- 	- - . 	- .-. - -a.- 	sthat the giobal ma ilt on 	hee1) tlani wei d.Tlac 1 rit to keep the kasten ScheIdt open, howe 

the environment coulo iidvC a msL 	. 	e r 	- 	 - 	.e 	- 	r . ' 	.. 	 - 	 - 

ground thatthere h.ad to de lim its to erowth and the optimisme view 	people bolieved the i nier shou id Lv i n 	 cC be c.'i c vr leti C!,  

cftrry future began to fsde.This .uftimate' y 1 ed to a irehi appr cach 	measu -  rg tnerr c nvrrrarament al sasar enesvThe government decided 

,drntm 5nr tb )elta kr otect  The ot' eet on of a solid dam 	to commission a special commrttee to perform a new stjdg. In 1974 

ie os r ii Ou 1 , of Ine Eastei n tel vhs ro 	1 	- 	 t 	the con ranaitree i evomir er de Is orr prranrise lIre Earfern Scheidt 

had 	 r 	manded. f the dam were built 	r - 	 -. 	- 	- 	. 	 . hneverthere 

was a nsk of flood ng. 
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Unique wildlife area 
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entirely free of the influence of freshwater rrvers and a thus compie - 
tely sahne.The tides generate fast flow ng currents as the water fr-om 

the North Sea fows into the inlet through channeis up to 40 metres 

deep and two kilometres w de. Sandbars and shaliows Iie between 

the channe s. In the more iniand section of the Eastern Scheidt the - 
channeis become narrower and shallowerThe cern watetwth its - 
high sait content and relat ve g  warm temper ature, prov des unusual - - 	-. - 
condtons 

Afi kinds of piants and animals that usuafiy live oniy in more southeriy 

chmes can be found in the Eastern Scheldt.The ecosyrtem is h gbig . 
deveioped with mang organisms, botf common and uncommon. 

Many va uab e species of flora and fauna live on the stone and con-  

crete-clad di es, for exampie 1 cfrens, snaik. sea acorns, sponges. ane 

mones,crabs and starfisb.There are dozens of ver eties of seaweed,  

includ ng some rare ones.The Eastern Sche dt is a i ich store of food, 
- 

plankton being the most important resource.A mifliontons of vege 
1 -- 	- 	,  

tat 0fl is pr oduced eacb gear, most of whrch s niKs to the bottom whe- . 
re creatures living on the bed take full advantage of it n theirturn, -'- - 	 '' - 
fish crustaceans and biids feed on the creatur es living on the bed.  

The Eastern Scheidt isa nursery for fish such as soie, cod, pace and 

herring, wb ch breed e sewhere but grow in the tidal niet, 	nd also a - 	- 

breeding ground for others such as gat anchovy and pout.There are . 	. 

over 75 different species of fsh in the inietThe Eastern Scheidt  

en oys an international r eputation for its b rdi fe. Many thousands of - 	'- 	- 
b rds rest tfrere during m grat on or come to spend the winter, the 

summer or the breed ng season.There san abundance of food; the 

water is pUre and rarely freeres in w nterThe area is part cu arly 

important for water brrds.The Eastern Scheidt is home to ducks, gee-

se, oystercatchers p over send avocets. Many i-are plants and animais 

live on the bed of the iniet.Tbere are also musseis and oysters, which 

are econom caily very important, 

8 
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wI 	Ippe Si to be bar ren bot are in fsct toeming w tH life. B ds n 

t 	1 ar take advant sge of thern Towards the d kes, where the mud 

ee gradua ' silted up, salt maishes have for med. Saitwater 

arow on the undulating land between the low and high tide 

oh ch is dra ned by count e s str eams. Some sections of the 

t i 	shes are so b gh that they ai e submerged only during spring 

tide Her e isa i-ich and colouiful diversrty of plants G asswort and 

er are harvested for human consumption A few of the salt 

ei ir lies are grazed by sheep.The ss t marsb es form one of the few 

nitui-al andsc spes rem sning n the Netb er ands Th sten rs one of 

4 >l 
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The half-open dam 

hke. 

Al the end of 1974 Pahiament rc c ciccctd t ic ii p0: Lance of kee-

p.ng  the Eastern ScheIdt open and decided to change the plans for 

the Delta Project. ft was not an easy decision to take and there were 

many opponents to it 50C compromise had to be reachedihe plan 

for a solid dam was abandoned and the engineers were requested to 

design a reliable method of protection that would also preserve the 

valuable environmentA design for the half-open dam had to be wor-

ked out subject to several conditions: it had to be technically feasible; 

the additional costs had to be kept to a minimum; and the area 

around the Eastern ScheIdt had to be protected from flooding by 

985.The bydraulic engineers were confronted with an entirely new 

problern, one atthe very limits oftheirtechnical know-how,As there 

would no longer be a dam by 1978, the government provided funds 

to reinforce the weak dikes bordering the inlet.The reinforcement of 

the dikes considerably improved the safety of the area before the 

new barrier was completed. 

Pusbing back the frontiers 

The engineers problern was to design and construct a reliable, open 

barrier that would allow the tide to enterthe Eastern ScheIdt each 

day. SLJCh a project had never been carried Out anyvhere in the 

world.The knowledge and experience gained during the implernen-

tation of the previous parts of the Delta Project were no longer suffi-

cient and there was little time availaljle. Of the vai-ioco solutions that 

more pronoc.r'd the engi000rs deriderf on a storm scs'pc darrier 

jcross the muutfi of the Eastern Scheidt. Parliamert aryeed to the 

project in mid- 1 976.The idea behind the storm surge barrier was 

simple: 65 concrete piers would be placed in the three channels, 

Hammen, Schaar van Roggenplaat and Roompot and firrnly ancho-

red with masses of stone, and 62 steel gates that could be raised or 

lowered would be placed between the piers. Under normal condi-

tions the gates would be raised so that the tidal movement in the 

inlet would 5e largely retained, thus preserving the envii-onment,Tbe 

gates would be lowered during storms when exceptionally high 

waterlevels were expected, damming the Eastern ScheIdt from the 

North Sea and guaranteeing protection from flooding. 

As the storm surge barrier would reduce the tide to some extent, it 

would be necessary to compartmentalise the Eastern ScheIdt by 

building dams inland of the barrierTbis would reduce the tidal area 

so as to maintain a sufficient difference in level between high and low 

tide, namely en average tidal range of 3.2 meters atYerseke, which 

was important fortbe fishing industry It also guai-anteed that the 

Scheldt-Rh:ne shipping link would be non-tidal, as the Netherlands 

government had promised Belgium. Cornpartmentation had the 

additional advantage ofseparating salt water from fiesh watetwbich 

was dedrable for efficient environmental conservation and water 

management. Freshwater peripheral lakes were formed behind the 

Philips dam in the north-east and the Oester dam in the south-east. 

A discharge canal was dredged, leading to the Western ScheI dt,to 

control the level and quality of these lakes. For terhnical and environ-

mental reasons a further dike was constructed neer Bergen op 

Zoom.which also created a new lake.The final part of the compart-

mentation works made the canal through South Beveland suitable 

for pushed barges. 
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Step-by-step construction 

the storm surge b ner was constr eted stop by oep Sohd rounda 

tions weT needed a the sindy bed of the Fastet n Scheidt whe e 

eno mous quantrtes of sand are conlinuousiy bong moved, changing 

the locatton ofsandbars and channels.The bed whore the pio s were 

to s'nd had to oeme oved.Thc frst operat 0fl 50 to 	DOE 

mattresses made of concrete hlodw attiched to potypropylene 

sheers to protect the seabed around the area where the pers sere 

to stand.At the age ilself, day etrat s wei e dredged rest and replared 

with 3and covered with a aver otravel to pevent rt from bei g 

scoured Out dur!ng ,tor ms. 

1 ne bai nei is vert heasy and hc seahcd had to 0e contpactct to a 

depth of IS metei s using a sipccially designed vessel the Mysilus. to 

!ncrease its beanng capactt>.The Mag lus drove four steel tubes into 

the bed, whcli wero vibrated In force wate out ii oer between the 

at-air ofwnd eliminaling qu 	rd and thm streng-thening the bed. 

It took three years to compact the bed in this macmci. Bed pi otec 

t om, s provement and depth compactien, howevet were net 

nough to en ei e that the pci coul 1 be ptaced safely.A toundjt en 

had to be consti uced en the e n5or ced bed to preverit the srnd 

from beng washed away and to guar mntee that the pers would 

stand evenig 



Polypropylene mattresses 

Poigpi opylone rnattresses 0 ed with gi aded Ligor s of gi avel were 

used in the foundatronslhry were os ide at a t Ictory that had been 

speofcaily buift for lheir productior Two kinds of mattresses were 

made. nwer matt o ses 200 meti es long. 42 moties w de and 36 

cent metrm tI c ii id upper mattresses measur na 60x3 motr is .65 

mattresses of ea h 1 md were needed As the were wD- 

duced in the fictory thoy were rolled or ito hugo floating di ums and 

then placed 0fl a spec 1 decned vessel the C uh m sslruch 1 

theni.The seabed was first levelled using the extr s wide suction 

nozzlo on the bow of the Cardrum beforo the vesel rotled the ma 

tresscs nto pos tion It sounds a simp e Opel atron. 0 t the matti es 

had to bela d with extreme pim 	r., mli oh is not so simple ins 

urtficu un 

wa 

: 

to bu ent t dal inlet. Pui thermoi e,they cou dong de laid dur ng the 

short per od of slack witer between ow and high the, which lasis 

tor ust one hour Ifa mattress had not been to ly unrolled before the 

t de tumed, it woud have been destroged by the for ce of the ebb 

t de Fortunately, this never occurred. 

Whei i the mattresses were be ng la d the Cardium was assisted by 

another spec y des grrcd vessel the Jan Heijmans.This vessel held 

the ends of the mattresses es ir place and sea ed the seams between 

idem with layers of stone.The piers were p aced 115 metres apart, so 

thei e was a thi ee-metre seam betweerr them and the 42 mcd e 

wide mattresses. Laying the matti esses was a critical stage in the con 

struct on of the stoi m sui ge barrier: t determired the evenness of 

the seabed and the strength of the barrier 

The mattresses are til cd with graded ayers of sand and gravel and 

actas f ters, trapp ng the sand in place on the seabed but a lowing 

to flow through tbem.The mattresses were lcd quick y. In 

ettron s block misir ess was laid on top of item to smooth 

out ing unevennessAnother special mattress, a gi avel ballast mat 

niE 	,was t na ly laid over the searrs to pi event the stone from be ng 

washed away.The fnal i esult was a flat "carpet' ,more level than most 

'ootball putches, across a 200 metre sect on of the mouth of the 

Pas ecn Sche dt. 
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Prer',rn rb dr5dok 

IThe backbone of the barrier 

or 	8w 	r 	r L r 	1 c or o 

icted in three large constructiori docks 15 metres deep, which 

ie 1,ept dry by 320 undeiwater purnpsThe pel-s are colossal 

Fr es mide of pr-estressed concrete to keep theirwe ght tea 

m umil ey are 30 to 40 metres tal 1 and have adry o eight of up 

to 18,000 tons.Tbc be gbt of the piers dcpended upon their u timate 

ton in one of the channe s A purpose-built factorg pi oduced 

150,000 m3 of concrete over four years.The piel s were hollow and 

were filled w tb sand when they were in post on.Tbey are not featu-

ie ew monoliths but cents n many notches and indentations where 

the other concrete components and the steel gates are attached. lt 

toet ust undei one and a da fyears to construct each perAs all the 

ocr 	id to de corrp eted in only four years they were produced in 

Ii 	cd batcbes witb werk beginning en a new pier every two 

oz At tHe peuk of ict vist 30 piers were 	rir 0fl t u td siml  
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Unusual vessels 

Wliena l lifep 	i s 	ru c i d 	ocru c ompieudi nen 

was t ooded and the encirciing d ke was opened so that they could  

be transported to one of the channels in the rnouth ofthe Easte 

Scheldt.Th s operation too cpu red unusual vesse s.The Ostrea o 

deegned and buit to lift the pieis in the construct on doek, t an p 

them to the char nels and tfren place them w tb gi eat prer sior on 

e rnattressesihe Macorna was specially built to moor the Ostr e 

while it was plac ng the piers and to c ecn the site mmed WIy befo 

rehandJhe piers were positioned witb pin-po nt accur act at s a t 

water using very sophisticated mea ei lig CU prnent. t took a yeai 

to place them a 

Wor t or the piersvvas Jar from over or ce the had been p wed. 

They stili i eeded to be grouted, which mve ved Hing the space 

betweon the foot of the pier and the foundat air mattr ess witfi gi c 

a mixture of sand. cement and water to schieve a perfect bond w i 

the mattress. Orce this operatron was completed, the lower sect 

of the piers wei e flled with sand to inciease the r stability.Thev  

then covered wfth a ayer of concrete to protect them fron 	1 

The foot of the piers was pi otected by stone/aspf alt bags, c 

wegl ing 30 to -tO ton Jhcne wem i ier 	n t 

en bed lcd in 1 sill made of dumpc 

moonrit md cienms rig 

ponoor ssortiy op 'Ii 
eO bas been nstelled. 
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structionofties].thad toburrnportedo e iperodot toui ycar 

from Germany. F niand, Sweden and Belg uw as it was not ina able in 	'
oadwdte 

the Netherlands. 

ITen-ton stones 

f1 	w md tI ie piei-s'st,ibi li ty and ilso helped dam the n outh 

rter n Sche l dt.The uit mate i ntent on was that on y that par t 

of t 0 r rier which could be closed by gates was to remain open 

dl was cor str icted ofpr aded ayei sof stone. Lrghter stone 

placed at the botom and riuge bocki wcrghingas much as len 

t n 	0000 0 losgimmes) were placed on top.Tbese blocds have 

be 	reavy in or der to withstand the pcwer±u currents that woud 

build Lip rf one of the gates refusod to close dunng a storm.The a 

1 ones ecu d not be dr opped into pos t cii as the r sO their  

d,iim,i,-ing the per s was too i cst.TbeTr as was therefore de mc 

0 	the top layer ofstone.Tli s vessel was e luipped w 1h al r go 

r i 	(-xtendible, , i -iti ti 	 ii 	FILice t •ItL ,  1 e 

0 '2  

wjL0_ 1 
••- 

Wben the work on the foundatrons, the piers and the undenvrater sil 

vas finisbed. a arge part of the battle had been won, a thougd thei e 

was stil a lot of work to be done to romp ete the barrreri In order of 

asseni service ducts, pier capprng un ts gates sill beams and upper 

beams had to be installed.These are al md spensab e components for 

the effcrermt operatrofi of the storm surge barner.The concrete ser 

v ce duet, oach sedron of wh cd was 45 metr es long, was placed on 

the prei-s by the float r g  craneTaklift 4.A major road now runs over 

the top of the service duet, wf le p  in t of the space rus de It has been 

used to bouse the operat ng and control epu pment for the gates. 
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Ever increasing current  
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Peer onerg ctektte 

s Oer tIen ror The c oor - ur i0 	0 	rûo o prestr essed concrete and were 
ii stalled to 1 ci ease the bergt tol the prers to accommodate the gate 

ti uctureJhe he ght of the 124 upper members var m tom 4.3 to 
0 metres and therrweigft S om 250 to 450 tons t) Loncrete 

beams 	hollow box e 	39 metr 	ic ng 8 metres wide and 8 
metres high 	were buit in a consti ud 	doch to cor r ect the pers 

to each other underwaterAfter they had been po t oned between 

the pers, thus reducing the cross-sect on of the channel and c sus ng 

the speed of the currentto rncreasethey were filled with sand. 
Above the weter level the prers were connected to each other by 

concrete upper beams,which form the upper hmit of the opening in 

t o barrier. 

de steel e  rtes were desrgned to ho d back the wcters of the Noi t 
Sec dur Ing storrns. 	Herhe ght v sr es from 5.9 to 1 1.9 metres deper 

g upon thee pos tiomn the banner,The lar gest g dr cieighrng 480 

rs, is located in t o deepest channe the Roompot.The gates were  

osniled betwumi the piers usine the, 	lift 4.When the gates 

the Sastern Scheidt is open aiofc ert n ter cin 1 	.c 	t 

01 mce a tidal range of 3.2 metres dtYer seke the centr e of the thell- 

t h indust yTbat is ju t over three-quarters of the orfnal tidal range 

and enough to preserve the exist ng wildlife and the fishirg industry. 



ates closed 

de 	ri 	c 	t o i pk, li i To i i d tuLar 	tcel ir uei 	ie, ii 

mlis on the Eastern Sche dt side. needs to be just one cent meti e 

Lhick to w thstand storms The gates have been des gned to reset the 

oads Laused by d ifer ent water leve s on either side and can be rai- 

d or lowered in fast dowing water under adverse weather condi-

tion, Heb gate is opened or closed with the a d of two hydraulic 

cy ndei varying in length from 7.2 to 13.2 metres.The gates can be 

moved at a speed of three mili meties per second, wh ch means that 
t takes in hourto open or close the largest gate. 

1 e t 1 m surge barrier is operated from theTops hu s,the centra 

control bu Id ng stand ng high above the North Sea at some distance 

fi -oni the barrier On aver age the barrier has to be closed twee a yestr 

doe to extreme y  high water levek TheTops-hu s also accommoda-

tes the  Delta Expo a permanent exhb ton on 2000 years of 

h d iii r engineering Dr the souther n pai t of the Nee tje Jans con-

str oct cc sland the Roompot bek was bcnit bec suse ships can no 

oi ger pc sfree thi-c)u0i To couth of the Eastern Sche d .A i oLa 

his dcce huih on iv,d ret sdovethr dii ier 

i 

;2%; 
't 
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On 4October 1986 Her Majesty Queen Beatrix officially 

declared the storm surge barrier in the Eastern Scheidt 

open. 
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New peripheral lakes 

C 	ol li part n ('li It i on da0 1 	C Ir t ca by doL::u ij 	0: 

rerwere Cor st ucted on the bonder between the provinccs 01 

Zeeland -ird Nor th Brabant. Interconnected per pberal lakes formed 

,is a result of the construct on of the Oeter and Philips dams. From 

north to south these lakes are the Krammer/Volrer sk,the 

Zoommeer and the MarkiezaatsmeerA sophisticated sait/freshwater 

separ atron system das been built into the Krammer lock complex to 

prevent the fr-esh water of the lakes mix ng with the salt water of the 

Eastern Sche dt.Water can de drschai-ged from the Zoommeer v a 

the Bath canal into the Wester n Scheidt so that the level of the pen-

pheral lakes is kept constant.The Oester and Phrlrps dams were con 

structed usrng sand and are the argest sand dams n the world to 

have been constructed in t owing water: 

t 

4 

Ille r,IIIIIP',dal in 10 

The Pb 1 ps dam was c n 1 ucLed cletemeen Sri Pl ipslai d,iii,1 -L~l~-  

Gre\elrngen dam.A arge ockcompex,the Krammer ocl .o 

on a construct on is and in the m ddie of the dam.Two iocks ,rr 

built for commerc ial shrpprng and are suitabie for four bar ge 

tows.A separate lock was built for pleasure craft A sa tffresh o 

separatron system was bu It into the lock complex to prevent ai -e 

puant tes of salt water enter ng the fi eshwater Krammer /Vo 1 ei 

whenever a ship is locked through from the Paste r Scheidt and Cor 

ver sey to prevent dllution of the Fastern Scheidt w th fresh wast r It 

works on the principle that salt water is denserthan fresh w iter 

During the lockage of sbps to the Krammer/Volkerak the salt water  

of the Faste n Sche dl a rep leed with fresh water: and the pi ocedu 

re is rever sed for sh p5 traveihng in the oppos te d rection tis systel 11 

bas a so been used in the Kreell ocks to prevent the brackish and  

pniluted water ir n the mdc tr 111 Ci 1 ourid A twerp enieni ig, 
Z 00 flc0i 
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8 dike tad to be constr ucted to pr event strong our ents buil 

dUring the construct on of the Oester dam, whrch woud 

rued prob eruls for shipp ng and we Ikened the 8 inksThis dike 

t u oog the edge of the subrnerged for mer marpuisate of 

8 	ci i op Zoom: hence its nume the Mar ciezaat d ke.A scrious set- 

b 	curred dur ng the construct on of this dike, whrch extends 

metres between the Kieekrak lock.s and the Molenplaat near 

Bei„('n op Zoom 1982 it had been v rtually comp eted and er y the 

rvis hin, worc needed to de done when a storm suie  37 meti es 

abovo AOD bi-end cd the dikelhe dike was t nallg completed a year 

n •- 0' 	 !ni med hehird thP M r 7 rrt 1 e, mest 

- 	T- 

Ir. 	Cl dai n Hoo 

Ti ie0e ter dam was buift betweenlboleri md South Bcveland. 	Ber gsche Diep look, his been built in the dam near Tholen for p ees 

>rtcnding fleur ly 1 1 kilometres, [t is the longest of al the dams in the 	ure er aft and fshing boats rrovrn between the Zoommeer and the 

De ta It separutes the Sche dt-Rh re shipping i-oute from the Eaotern 	Eastern Scbeldt.The dam was built in in area wbere man bid otter 

SrI cldt so that this rnpoi tant nk is now non t dal The dam lies close 	done battle with the sea in the past.The compositron of the bed was 

to the 50e dt Rbine ink in the most easterly seet on of the net and 	so errat c that it bad to de improved in many p aces 

- 	It 	,•tl. 	 1 	.•. 	1 	1 	-• 



A simple technique 
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A huice has been bu Is in the Gr-evel ngen dam just south of the pont 

where it meets the PhiI ps dam It uses a simple pr nc ple.that of the 

siphon. It does not need expens ve gates.The siphon allows water to 

flow between the Grevellngenmeer and the Bastem Scheldt.Tbe 

siphon and the d schaige slurce in the Brouwers dam enable the 

Grevelingenmeer to be fushed wrth water to keep its sat content at 

an acceptable level. 

'vVater from the 1,ind ii iland of the compar tment5t on dams dia r 

into clie periphei-al des and the level and qualiiy oftlese larces have 

to be controlled. In et sluices have been corsti ucted in theVo keia 

dam and when necessa y water from the Rl inc and blaas can enter 

the penpheral lakes v a the Hollandsch Diep.As there ere often 

tox ns in the r vers, thoughthe river water is onlg rarelg allowed to 

enterthe peripheral lakes; otherwise the beds of the 

KrammerNo kerak and the Zoommeer woud be covered with a 

layer of high g  polluted alluv um. 

he Bsd Dis bar ge Canal 1987 

he eight ilometre Bad d schar ge canal bas been excavated across 

the neck of Soutb Beveland to d schei-ge excess water from the 

over s and po der s It r nos parallel to the Sche dt Rb ne link and can 

discharge 8.5 million rn3 of water per day.At the outlet in the 

Western Scheidt there is as ure made of concrete tunne s that 

forrns part of the sea wall The sluice gates are c osed when the water 

level in the Western Sche dt is high tIrus preventing salt water from 

the Western Sche at entering the Zoommeerine ex sting cana run 

n ng thr-ough South Beve and was also mproved as a part of the 

corrrpai tmentation works. New locks were built at Hansweert. the 

canal was widened and a bek-free mouth was created near 

Weme d nge. 
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he Delta project corn pleted 

Tr J 

dc c cnor nio 1 en iges illectrn prople, r m 	p anl md the 

Dams, locks,and roads were censtr ucted md new alkes 

ii d osidential iiid recreat onal areas were created. Sweeping chaw 

cme occurreo in the e  old rhytnm of eoo and îlowTne envr 

orsmert 1 as altei ed in may p aces and in many ways. In addit on to 

tect ny the soutb-ea t Netherlands from flooding and pr oduc ng 

r omrr benefts the rmp ementation ofthe Delta Pro eet increas 

of sccount ofecological requir ements.A delta isa very rich 

md vaned systern of p1 int and animal commun ties: an ecesystem 

Ki 	also economically important and vel v sensitive to human 

u tervent 0fl. 

Thc 	 cLI N orands was wr ngt spend lot of money on the Delta 

Pro ect.Tl e toet of ensur in2 protect or from tlooding, -adically 

I

o pi ori g the ce'muocat om cetsvol L d eti ibut ng the scarce sup-

plies of fi esh water mei e effcient y  and preser ving the unique eco 

two came to El. 12000 mJhe wor< in the Eastern Sche dt was the 

n-K) -,t 	r 	 ctHD irPm 	 Fl P.n00i 

Q ie ei Kr iti mdcclve 1 the Delta Project romp etec.l te wol Ir in 

the souft west Netherlands may be over, het there is stil a lot of 

werk to the hydrau ie engineer s. Shallows and sandbars are develo 

ping in sons of the dams and bead anes and gi sdually oecom ng n g-

her promoting the formation of new channels Th s area can offer 

ew opportunrt es to the flsh ng ndustry and the environment. Kans 

are therefore a ready under eens derst en in connection with the 

Delta Pi oject for the future of this area The steady r se of the sea 

level also indicates that the pr otectien of the Netherlands against the 

sea will remain a permanent struggie. Dutch hydraulic englneers 

believe that the knowledge and expertrse they garned in the tb rty 

years it took to complete the Delta Pro eet should aRe beneft other 

counti ies in add tien to the Netherlands. 



New Waterway storm surge barrier 
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The original De Mi Pan was based on raising the height of the d kes 

al ourd the New Waterway.This would ensur e that Rotterdam 

rema ned accessible by sea. in the 970s ther e were protests by the 

local pop ilat on n many places traditional build ngs sust as disc hou 

ses would have to M ippeni In add ton ro s n, the di os was an 

expensvc business Stud es os rad out In the Eighties showen Mi <t 

mobile storm surge bamer would be tecbn rally and tnancra y fons 

5 e.Th s solution would have no detrini effects on shipping.The 

way was row open forthe Maeslant storm surge barmier. 

The Maest int storm surge barrier ro e from the New Watenway 

near the Hook of Holland betweer 199 1 and 1997. lt now protect 

more thar 1 m en peop e in and around Rotterdam from doods. 

Never beforewasai storni surge bar oer built that t d sust huge, 

moving per .Bolhoates havea bal and socketjointwith a diameter 

of 10 metres and a we ght of 680 tons.Tb s joint is embedded ina 

colossal foundat en bleek weigh ng 52,000 tons. 

T Frr 	37n<'r 	ndimnndilrec 1111 ke d i rctn 

p i p e 5 T te br 	r g ten ir e 22 nneti es 1 i i Mi anO ea di o n e 	10 

metres long. East gate nc ud ng the bali and socket joint, is a mest as 

h gh as the Eiffe Towei (300 fin) 

How i t wor<s 

When sea levels are norrnal the gates are in the parsing denk in the 

bar k of the NewWaterway. St pping can pass unt ndered. If high 

water Ievelsare antiepated the docss are fil cd with water and the 

gates starts to fioat.The gates are moved towards the m dde of the 

New Waterevay by the so called locomobiles.Wten the gates appro-

ach one anotherthe hol ow cavities are fihled with water and the sink 

to the bottonn. In this way the gates cose off the 360 nnetre w de 

New Watenwey 

da water level of 3 meters above NAP is antic pated for Rotterdam 

the storm surge barr er has to 5e c osed This water evel occurs en 

average about once every f ve years. 
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being constructed to keep the sea at bay 

and to ensure that this densely-populated 

country remains habitable. Half of the 

Netherlands would be flooded ifit were 

not for the line of defenses that has been 

built over the centuries and the equipment 

to pump ground water and river water 

out of the low-lying polders. ;- 


