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CI-CAPTER 19 

THE RECONSTRUCTION OF THE NETI-IERLAND DIKES AFTER 
THE STORM OF FEBRUARY 1953 

Ri j l swa te r s t an t ,  The ifague, Netherlands 
J. 3. Schijf  

IN1RODUCTION 

The reoonstruotion of $he damage t o  the dikes by the  flood o f  
February 1953 presented an enormous tas'n. 
g i n e e r f s  po in t  o f  view the  most i n t e re s t ing  par t  was the  olosing of 
tha major or t i d a l  breaches, t h a t  i s  t o  say, the plaoes where a dike 
f o r  a c e r t a i n  length was t o t a l l y  destroyed and iuhere, thorefore ,  the  
t i d e s  had f ree  entrance t o  t he  in;uidatod i n t e r i o r ,  scouring out  deep 
gu l l i e s .  This callod i n t o  ac t ion  the resouroos of t i d a l  hydraulics. 
t h e o r e t i o ~ i l  considerations,  and model experiment.?. 

Tnroughout the  region where the  gaps oocurred, the  soil con- 

From the hydraulic en- 

s i s t s  of a f a i r l y  r e s i s t a n t  layer o f  c l ay  of' a few meters thiokness a t  
the  surface, below ivhioìi there  i s  a f i n e  sand o f  a very erodib le  nature 
with ocoasional lenses of olriy or  peat. 
has been c u t  through, t h e b r m s  as a r u l 0  deepen and widen r ap id ly  
by soouring of the f i n e  sand. 
movement i n  the  flooded a reas  incruases. 
t h e  flooded a reas  i s  nea r ly  everywhere below maan soa-level and often 
a t  o r  even be loa  lor water (say i& t o  2 m below maan sea-level). The 
a reas  a r e  in te rseo ted  by roads, usua l ly  somewhat higher than the  land, 
and by d i t ches  and canals.  
uated on someuhat higher ground. 

Once the  upper layer of c l ay  

As t h s  broaohes beoome wider, t he  t i d a l  
The height  OP the  land in 

Villages and smll towns are mostly s i t -  

During most of the  t i c a l  cycle tha land i s  covered with water 
and the  t i d e  propagates a l 1  over t he  area. 
tends t o  eoncentrate i n  t h e  lower seotions and i n  pa r t iou la r  in 
di tches  and eanAls which happen t o  have a su i tab le  diraction. 
accordingly a r e  scoured ou t  and in some oases they have beoorng pawerfui 
t i d a l  oreeks,  s t a r t i n g  from the breaches and gradually lengthening by 
regress ive  erosion. 
system of rad>ally diverging g u l l i e s  had developed after some time. 

In some of t he  breaches t h e  upper layer  of f a i r l y  r e s i s t a n t  
olay was o u t  through immsdiately by the  inflowing water when the dike 
was breaohed. In many other cases,  however, the  gap remained rela- 
t i v e l y  shallow a t  f i rs t  and i$ took some time Por t h e  erosive ao t ion  
of t he  currents t o  remcve t h e d a y e y  s i l i .  It was e spec ia i iy  i n  theso 
cases, a s  w i l1  be r e a d i l y  understood, t ha t  speed in undertaking and 
executing the c los ine  was essen t i a l .  I t  ms, 8 s  a matter o f  fao t ,  
poss ib le  in a number o f  placos t o  prevent the breaches from beoomlüg 
r e a l l y  dangerous by a speedy a t t ack  and improvised methods. 
p r inc ipa l  mater ía l  used in these  a c t i v i t i e s  has been the  common 
sandbag. 
t h i s  was an  a r t i o l e  i n  great demand. 

Naturally the  t i d a l  f l o w  

These 

A t  severa l  of t he  l a r g e s t  gaps, therefore ,  a 

The 

Espeoíally during the  first period after the  catastrophe 
Altogether 15 mi l l i on  sandbags 
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THE RECONSTRUCTION OF THE NETI-IERLAND DIKES AFTER j !  1 THE STORM OF FEBRUARY 1953 . 

fig. 1. plaoing sandbaga. 

wero used. 
danger spots. 
revetment of neighboring dikes,  tho paving from the  s t reets  and mny othor 
improvised meteriala.  

f i l l o d  bofors they had a chanco of developin,: i n to  t i d a l  channels. 
i n  al1 plaoes,  however, was t h i s  possible;  no t  o w r p h s r o  was Suf f i c l en t  
labor armilabla, or moans of t ranspor t  of material. 
inacoessibla. 
regions there  was no time f o r  any a o t i v i t y  but saving as many l iwe a8 
poesible. 

EO deep from the a t a r t  as to render e n t i r o l y  f u t i l o  any attampt a t  olosing 
or  oven oon t ro l l i ng  t h m  with improvised methods. 

'hey were transported by lsnd, by water and by air t o  tho 
Not only sandbags were used, but als0 the  stones from the  

Fig. 1 serves t o  givo an improssion of t h i s  a c t i v i t y .  

In t h i s  "y many smaller breaches were - at l e a s t  p rovis lona l ly  - 
Not 

Som breaohes were 
Moreover d w i n g  the f i r s t  days and ewn ,Wek8 in seve ra l  

A l s o ,  of oourse, qu i to  a number of breaches jrero 80 wide or 
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Fig. 3. "dn1 curvos at breach 
of Schelphoek. 

I 

Fig. 4, Tidal volume and f 1 O W  
vo loc i ty  ns f u n c t i o n  of brench 

aren. 
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TI-IE RECONSTRUCTION OF THE NETI-IERLAND DIKES AFTER 
TIIE STORM OF FEBRUARY 1913 1 

After t l i i r .  f i r s t  sta&o, say a t  tno end of Febriiary, 67 t i d a l  
broachns existed,  tho l a rges t  of whi,:li was about 400 m wide, with a 
maximum depth of a b o u t  35 m, E i v i n ,  accms t o  a s toraöe  aroa of 900 sq. 
ka., and having a t i d a l  volruno varyinp, between 103 and 150 mi l l ion  m3, 
acoording t o  the var ia t ions  o f  t he  tidB1 amplitude. This, as an il- 
luotrn.tion, is equal to t h e  volume enter ing  and leaving tho mouth o f  

~, the  Rotterdam {vaterway i n  evory t i d a l  cycle. .. * \ 

TIML M0TION 

The f i r s t  t a sk  overywhero was t o  provent t he  breachee from f u r t h e r  
soouring by pro tec t ing  tho  bottom and the  sidos wlth fasoino matrosses 
and stone, t he  t r a d i t i o n a l  Dutoh prac t ice ,  aiiioh has been follovred f o r  
centur ies  without e s son t i a l  ohanges. A t  the samo t b e  an extenaivo re- 
connaissance by sounding, current moasuring and o%ervation of tho t i d e s  
i n  the flooded areas WBS oarr ied  out. By means o f  model experiments and 
t i d a l  ca lcu la t ions  these data ( subjec t  t o  oontinual a d  somcrtimos even 
f a i r ly  r ap id  changes) wero oorrelated in order t o  ob ta in  a comprehensive 
p ic turo  of the hydrographio and hydraulic s i t ua t ion ,  which could be used 
as a base f o r  aianning the s t r a t egy  and t a o t i c s  of the  olosing operations,  
This planning should be undsrstood t o  ba ra ther  li!!e the plannine, o f  a 
chess player who has t o  be ready t o  r ev i se  h i s  strategy and t a c t i c s  ao- 
cording t o  t he  mcms of h i s  opponent,and not  the drawing up of a d e f i n i t e  
p len  t o  be followed i n  d e t a i l  t o  the very end. 

In t h i s  Étage it may be useful t o  make D. few romarks of a genera1 
n a t u r o  on the  procedure o f  c los ing  off  a t i d a l  storage area. tiivon a gap 
o f  a oe r t a in  cross-saotionnl area feeding a c e r t a i n  a rea  of storage ly ing  
a t  a co r t a in  levc l  vdth regard t o  tho mean v n t o r  l eve l  outsico,  dth a cer- 
t a in  amplitude of the  t i d e  and a cerUain value of Ctie r e s i s t ance  i n  t h e  
breaoh, i n  the gull ies  and on the  to r r a in ,  a d e f i n i t e  p i c tu re  oan be 
made of the  t i d a l  movemont i n  the storage area and the  assooia ted  flood 
and ebb flow throu@ the  gap. 
of t he  breaches. If the gap i s  gradunliy narrowed the amplitude of t he  
t i d e s  on tho t e r r a i n  w i l l  diminish and a l s o  the t o t a l  flow M l 1  diminieh, 
but the  flow ve loc i ty  i n  tho gap w3.11 increase. 
hypothetioal case in Fig. 4 (casel.,, 
rise  and fa11 ins ide  will be p rac f t ca l ly  n i l ,  biit t h e  ve loc i ty  i n  the  gap 
w i l l  be a t  i t s  maximum. 
s i b l e  t o  pred ic t  by ca loula t ion  or model experinent t o  a sufficient degres 
of aoouracy t h s  trend of the changes and the  w l u e s  t o  be expected i n  
every stage of t he  closing. 
t i n g  f ao to r s  a r e  l e f t  o u t  o f  consideration fo r  tho moment, siich as the 
f luo tua t ion  o f  spr ing  and neep t ides ,  abnormal high t i d e s  by wind a c t i o n  
and the  opportunity t h a t  prqsents i t s e l f  i n  some cases of ellminating a 
pa r t  o f  the  s torage  area. 
a few cases are diecussed. 

, 

Mgs. 2 and 3 show t h i s  oondi,tion Por two 

This is preeented f c r  a 
Men tho gap i s  noarly olosed, t he  

Given su f f io i en t  da ta  a t  the  s ta r t ,  it i s  pcs- 

For the  sake of s impl i c i ty  oe r t a in  oomplica- 

lhese f ac to r s  w i l l  f i nd  t h e i r  place l a t e r ,  when 

GENERAL PROCEDuRE OF CLOSING 

With the  t i d a l  ranges encountered i n  the  Southwnstorn e s tua r i ec  
of tho  Netherlands (3  t o  5 m )  it is found tha t  t he  f l o w w l o o i t i e s  a t  the  
end will be t c o  high f o r  m y  of  the  a m i l a b l e  mater ia i s  (sand, olay) except 
heavy s+,ones. A dam of stonos, hcwever, bosides bein: expensivo, takes  a 
long time t o  build,  e spec ia l ly  as tho slack water periods a t  the  t r a n s i t i c n  
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boboen  flood and obb flm, and v ice  versa, beoome progressivoly short. 
Moreover, tho oontinuoue t r anspor t  of large quan t i t i o s  of s t o m  presente 
d i f f lou l t i o s .  I t  should be remambored tha t  stono has t o  be imported 
from other  oountries (Rolgium or Garmny) and t h a t  a l e0  muoh 6Cone i 8  
neoded f o s  b a l l a a t i n g  tbs brush-wood mattresssa. 

In most caooe, therefore,  another method lias been f o l l o w d .  
o o n s i s t ~  I n  narrowing tho  gap t o  a oor ta in  width, wido enough fo r  the vo- 
l o c i t i e s  t o  remain bolow a cri 'bical  valuus. "nis value is not a OonStant,  
bu t  depends on t h o  l o o a i  oonditions, t he  n a t u r a o f t h e  s o i l .  e tc .  

lefij is thon olosed in a s ing le  operation. 
of the olosing, the  s tago  i n  which the  flow v e l o c i t i o s  grow t o  dangerous 
values,  i s ,  as it wro, out off. 
method. 
done now in some cases, but mostly use i e  made of oonorete pontoons. 

Thie 

In general 
it should not  be over 3 t o  3.6 m/eoc. a t  an average tide. Tho gap thu8 

nir anoestors have f o l l o m d  a similar 

1 
In  t h i s  way tho  l a o t  Stag0 

Tney usod a sh ip  for  the f i n a l  operation. This has a l e0  been 

1 

There was one oase, however, in which t h i s  pontoon method oould 
n o t  solve t h e  problem. "nis WBS tho l a rges t  broaoh of all.  Here, in 
order ia keep the  flow ve loc i t i e s  below the o r i t l c a l  value,  a f i n a l  gap 
of somothing l i k o  3000 m2 would have had t o  be olosed in one operation. 
Thi8 would have moant the  use o f ,  fo r  instanoe, a pontoon 200 m Long 
reaohlng t o  16 m bolow mean soa l ave l ,  whioh was out  of the  question. 

whioh would avoid inoreasing the f l o w  ve loo i t i s s  t o  excossivo values. 
This oan be don0 if t h e  gap is narromd by building up uniformly from 
tho bottom. 
s t a t e  of maxinnun over f lowprevai l s .  
has no influonce on tho ve loc i ty  of t he  flow any more, and further re- 
s t r i c t i o n  of the  gap does not  lead t o  higher v e l o c i t i e s  (bïg. 4, cases 

Here it was neoessary t o  follow a d i f f e ren t  method, a mothod 

In  t h i s  oase, when tho o r e s t  reaches a oe r t a in  l e v e l  a 
"hen the  downstream mtor l07e l  

B and C).  

Tho crux of t h i s  method i e  t o  have su f f io i sn t  width 8 0  t h a t  thö 
ve loc i ty  a t  t he  s tage  whero the  maximum overflon occurs i s  below o r  
equal t o  t h e  o r i t i c a l  ve looi ty  which can be accepted under the  preva i l ing  
oonditions. 
gap I s  t hus  eliminatod. 
method. 
in t he  broach i t s e l f .  
su i t ab le  f o r  building up a dam with a f a i r l y  high ores t .  among other  

' , reasons, because of i t s  graa t  i n i t i a 1  dopth. .Won applying t h i s  method 
of olosing, one is therefore led to leave the breach alona and t o  oon- 
s t r u c t  a new embankment 6omo d is tance  inland, enc i ro l ing  the  breach and 
thereby s a c r i f i c i n g  tamporarily a ce r t a ln  area of land. 
t h f s  ombankment i s  then on the  lev01 of. the t e r r a i n ,  80 t h a t  a c r e s t  of 
s u f f i o i e n t  height t o r  insurin; maximum overflow i s  more e a s i l y  obtained. 
As w i l 1  be shown l a t e r ,  in the  oase o f  Schelphoek, o u r  l a r g e s t  breach, 
a r e t r e a t  of about 1 km was made and an e m b a h e n t  of 4 ka longth was 
ocnstructed ins tead  of d i r e c t l y  closiny, the 600 m wide gap. It  w i l 1  
a l s o  be shoum t h a t  as the  s i t u a t i o n  developed, it was not a high c r e s t  
olosing procedure in t h e  f u l l  sense, as had o r i g i n a l l y  been planned, 

The need for t he  instantaneous olosing of t h e  romaining 
mis might be termed the  high c r e s t  closinl: 

A suf f ic ie i i t  width fo r  t h i s  purpose I s  usual ly  not  t o  be found 
Moreover, t h e ' a c t u a l  breach i s  a8 a r u l e  not 

The buso of 

I 
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THE RECONSTRUCTION OF THE NETHERLAND DIKES AFTER 

bu t  a oase of  t he  ohess player on t he  other s5de of the  board obs t ruot ing  
THE STORM OF FEBRUARY 1913 . 

t he  wel1 thought-out moves. Y .  -. 
After t h i s  dísoussion on genoral procedure, three breaches have 

been seleotod for  a more de t a i l ed  treatmont, f i r s t  one of t h e  smaller 
one8 t h a t  oould be f in i shed  r e l a t i v e l y  ear ly ,  tho l n r g e s t  ono, and the  
om t h a t  unexpootedly got ou t  of oont ro l  and oonsequently uas t he  last  
gap of a l1  t o  be olosed. 

, .-. 
. ,  (i 

. , * <  

THE B W C H  OF OUDENBOORN .,, 

A week a f t e r  tho  gale, t h e  breach of Oudenhoorn had a width of  
about 70 m and a depth of 6& m below man sea l e v e l  (Mg. 6). 
depth a l a y s r  of Pairly r o s i s t a n t  olay was enaountered uhiah fo r  the  
time being preventad fu r tho r  erosion. 
t h i s  breaoh m a  97 sq. km, but by ropa i r ing  som8 in land  embankments it 
ms eoon poss ib le  to reduoe t he  a rea  t o  26 sq. km. The t e r r a i n  wus on 
the avcrage s i tua t ed  s l i g h t l y  above mean sea-level, 
about 10 mlllion m3, d i o h  caused maximum v e l o o i t i e s  in t h e  gap o4 about 
9 m / E B O .  

' i n  the gap. 
differsneeo and the  va loo i t i e s  are hlghar. 

had been used a8 f l o a t i n g  tanka. Rey had a length of 26 m eaoh and by 
eombinlng the  two by moans of s t e e l  g i rders  and shee ts ,  8. u n i t  oould be 
obtained of 61 m length, 6.8 m in wídth and  6.6 m in height. 
end6 a s t e e l  soaffolding ms erected supporting s t e e l  sheot p i l e s  whioh 
oculd be droppod by removing a ratohet.  
"guillotine". 

In the  time needed to lash together t he  two hulla and t o  equip 
this unit with the gu i l lo t ine  and othor neoess í t i e s ,  the  bottom of the  
gap was raiaed by brush mat te rsses  and stono t o  4.4 m below mean ma- 
l eve l .  The top o f  the  pontoon (6.6 m high) therefore  reaohed t o  1.2 m 
above mean aea-levelj that is, the top w a ~  s l i g h t l y  above mem high water. 
"he ends of t h e  dike a t  both s ides  of the  gap were more or leas trínmisd 
by stone. 

A t  t h a t  

A t  f irst  the a rea  flooded by 

lüe tidal volume was 

Mg, 2 show8 a f o w  typ ioa l  tidal curve8 and t h e  ve loo i ty  ourve 
?hese ourvss represent  a neap t i de .  A t  spr ing  t i d e  t h e  tidal 

For oloalng the  breaoh tm concrete ships were a t  hand, whioh 

A t  both 

mis oonstruotion was ohristened, 

p i e  olosing operation had t e  b i  oarr ied  out  a t  s la& t ide ,  e i t h e r  
a t  high n a t e r  or a t  low water (Fig. 2). For two reasons t h e  1ow slaok 
t ide.  t h a t  is, a t  the end of  the ebb flow was indioated. In the  f irst  
plaos,tho perlod of moderate ve loa i t i e s  during whioh t h e  u n i t  has t o  be 
mansuwred i n t 0  posi'tion and SU& m8 somewhat longer. 
about f i f t e e n  minutos the  flow mô below 3/4 m/8eoi 
plaoe, lees t imt ,  would be needed f o r  einking, beoause of t h e  lower in- 
i t i a l  level. 
leval a t  the sla& time would be about mean eea-level,  the pontoon had 
t o  a i n k  over 4.4 - 2.2 or  2.2 m. For s ink ing  the  pontoon,the s ides  o f  
the  hullis were píeroed and the  holes wore olosed by means o f  f l aps  whioh 
oould be openod by removing a ratohet.  

In faot ,  f o r  

Ais the  d r a f t  of the pontoon was 2.2 m and the  expeoted 

In t h e  seoond 

Evsrything r a s  ready fo r  t he  o l o o i n g  operation on February 28. 
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THE RECONSTRUCTION OF THE NETHERLAND DIKES AFTER , 

THE STORM OF FEBRUARY 1913 
I 

ExperkPents had been oa r r i ed  ou t  in Uie hydraulio labora tory  from whioh 
the  method shown in Ne. G was chosen. 
a t  one end by menns of oables 1, 4, and 5. Zhe ao tua l  maneuvering i n t 0  
pos i t ion  was ef feo ted  mainly by oable 3, oont ro l led  by a winoh of a f l o a t -  
ing crane a t  anohor. Cables 2 and 6,  as wel1 as 1, served only f o r  emer- 
genQy purposes. 

%o pontoon was moored beforehand 

As soon a s  the  ebb flow had slaakenad su f f io i en t ly ,  t h e  operation 
&ere was a sllght delay beoause the pontoon touohed 

A s  t he  t i do  was r i s i n g  d w i n g  the operation, tho pontoon 

was s ta r tod .  
bottom on a protruding edge of a fasoine matirens whioh had n o t  sunk 
properly. 
f loa ted  free j u s t  in time, 
sunk withln a few minutes (Fig. 7) .  

This homver wns by no means the  end of the operation. Ihe 
pontoon with i t s  equipment had a weight of about 700 t o m .  As oan be 
seen from the  t i d a l  curve, t he  water was r i s i n 8  r a the r  r ap id ly  a t  the 
moment of olosing and very  soon a t  high water t h e  pontoon would have t o  
wlthstand a head o f  say 3/4 m, t h a t  is t o  say a hor ieonta l  pressure of 
8ome 200 tons. 
nearly twioe as muoh. 
periments it was es tab l i shed  t h a t  t he  f r i o t i o n  ooeffioient of a oonorete 
pontoon on a bed o f  dumped stone is about 1 I 3. the  t o t a l  weight had t o  
be brought within a f e n  hours t o  a t  l e a s t  1200 t o m .  
pimiping sand onto the hu l l s ,  f o r  whioh purpose a p ipe l ine  was l a i d  on t he  
pontoon, ready t o  Lw oonneoted t o  a p ipe l ine  along the dike immedfately 
a f t e r  sinking. A t  the  samo time stoneo were dumped between tho onds of  
the  pontoon and the dike ends, and both in f ron t  of and behind the pon- 
toon, t o  bo followed l a t e r  by clay in ordor  t o  m a l  off  t2;e lenlcs l o f t  b,y 
t h e  imperfeot f i t t i n g  of the  conorete pontoon on the  rough bed. 

Upon oompletion of t he  above operation,a f u l l  dike of sand oovered 
by c lay  and stone revetmant wns b u i l t  around and cn t o p  of the pontoon 
and t h i s  breaoh was oompletely olosed. 

It  was maneuvered exaotly l n t o  pos i t i on  and 

Moreover the outward pressure a t  low water would bs 
As f r o m  previous experienoe and f'rom spec ia l  ex- 

Ihis wns done by 

THE l ñ E A C i i  OF SCHELPBOEK 

The l a rgea t  and mos t  d l f f i o u l t  breaoh was t h a t  o f  Sohelphoek 
on t h e  i s l and  o f  Sohouwen (Fig. 9). 
it wns 300 m wide and t h e  grea te s t  depth was 30 m (Fig. 8 ) .  Later it 
5 e w  t o  a width of mors than  600 m wi th  a mximum depth of 35 m. 
developing i n t 0  la rge  t i d a l  oreeks, were ea t ing  t h e i r  way inland a t  a 
r a t e  of 300 t o  400 m per week (oompare Figs.10 and l i ) .  
volumo was, a f t e r  some time, bètween 120 and 150 mi l l ion  oubio meters, 
r l t h  a maximum flow of some 14,000 oubio meters per sec, whioh is more 
than the  maximum disohargo of the  Rhins. 
is s h m  in Fig. 3. 

r11 breaohes i n  the  a a m  wny as a t  Oudenhoorn. 

A t  the  tiw of t he  f i r s t  survey 

Cul l ies ,  

The t i d a l '  

A pio ture  of the  t i d a l  motion 

It was q u i t s  out of t he  question t o  deal with t h i s  gandfa the r  of 
Therefore, it was deoided 
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THE RECONSTRUCTION OF THE NETHERLAND DIKES AFTTER .,. 
THE STORM OF FEBRUARY 19 Y 3  - 

Fig. 9. Breaoh Sohelphoek a t  hi&h water. 

t o  enoi rc le  the  breach by a high c re8 t  overflow dam. Calculation showed 
t h a t  i t s  length shoula have t o  be about 3 km. U the  center ,  j u s t  oppo- 
s i t e  t h e  breach, was the  v i l l a g e  of Serooskerke, a t  a distanoe of nearly 
i& lan. 
torrain. whioh var ied  between 1 and 12 m below mean sea level.  As tho 
h i @ e r  ground around We v i l l a g e  d id  n o t  oontribute materially t o  t he  
f l o w  t o  and Prom the breach,and i n  crder t o  kaap the  v i l l a g e  inland of 
the  embankment, t h i s  was fixod a t  a shor t  distanoe i n  Pront of t he  v i l l age  
a t  about 1 km frrom the  gap. 
ourving gradually t o  t h e  dike at  both Eide6 of  We breaoh (Fig. 12). 
?he fnnbanknent was t o  j o i n  me dikes a t  looations which for p rac t i ca1  
reasons offered su i t ab le  pos i t ions  f o r  f l o a t i n g  pumping s ta t ions ds- 
i i v o r i n g  sand f o r  the embankment by means of pipelines.  On the higher 
ground in f r o n t  of Sorooskerke the  embaakment was b u i l t  i m e d i a t e l y  60 

* above the  high-tide l e v e l  by hydraulio f i l l ,  us ing  a suotion dredger 
Nith f l o a t i n g  pipaline.  pwpinE sand betvreen c l a y  mounds b u i l t  wi$)lJicìay 
from the  site by olam s h e l l  dredges. 
f r o m  the  dikes a t  both s ides  of  t h e  breach i n  order t o  orea te  s t a r t i n g  

Ris was s i tua t ed  s l i g h t l y  h i fher  than the  general l e v e l  o f  t he  

&om there  an aligomsnt was projeoted, 

%e s m e  was done for  a shor t  distanoe 
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THE STORM OF FEBRUARY 1953 

TRACÉ NIEUWE DIJK SCHELPHOEI6 h 

- 

Fig. 12. Alignment of embankment a t  Schelphoek. 

. 

p o i n t s  fo r  the cons t rua t ion  of t he  f i n a l  embankment. Both a a s t  and n e s t  
.of tho v i l l a g e  in t h i s  way t h e r e  remained som8 1500 m, d i n g  3000 m 
a l toee the r  f o r  the overflow cres t ,and  the  t o t a l  l ength  o f  the  embankment 
was t o  be 4 km. 

had t o  be l a i d  and loaded x i t h  stone over the e n t i r e  length of 3 km. 
This would form a c r e s t ,  w r y i n g  i n  l eve l  from me811 sea  l e v e l  t o  i/z m 
below it, s u f f i c i e n t  t o  c rea t e  maximum overflow conditions everyiriiere 
(fig. 13). Ca t h i s  foundation concrete pontoons 11 m long, 7.6 m wide 
and 2 t o  3 m high were f i n a l l y  placed 60 a s  t o  reach everywhere t o  a t  
l e a s t  2 m above mean sea l eve l  ( s l i g h t l y  above spr ing  high water). Men 
SU& and f i l l e d  with water, these pontoons were ca lcu la ted  t o  be eble  t o  
withstand the pressure of the  t i d a l  differences. 
nucleus of the  f i n a l  embankment. 

the  construction of t h e  embankment a t  the center and a t  *e f l d a ,  and 
a t  the  same time the  sinking and loading of the  brushwood s t r i p  was 

hccording t o  the  p lans  a 40 m wide s t r i p  of brushwood matt.reSS 

They were t o  form t h e  

The pro jeo t  however could not be car r ied  ou t  unchanged. While 

283 



1: 

i 

O 

COASTAL ENGINEERING 

p r o y e s s i n g ,  two of the g u l l i e s  eroded their way inland beyond t h e  pro- 
jeoted alignment of the  dm. Gne of them eroded a t  such a r a t e  i n  t h e  
northwosterly d i r ec t ion  t h a t  a s h i f t h g  of tha alignn+. of t he  dam i n  
order t o  koep a h a d  of i t  was out of t h e  question. 
had t o  1.8 rev ised  in  the  following way. 
g u l l i e s  i n  a su i t ao le  place. The bottom and s ides  of the g u l l i e s  were t o  
be coverod by fasc ine  mattressec i n  order t o  prevent fur ther  deopening and 
widening a t  t h e  s i t e s  of t h e  crossings. Before s t a r t i n g  t o  place pontoons 
o n  the  brushwood s t r i p  the  g u l l i e s  wera t o  be olosed by means of ooncrete 
pontoons. 

of fasc ine  vork and therefore  prolonged the  time needed f o r  t h i s  p a r t  of 
t he  projeot,  it was decided meanwhile t o  extend the  embankment a t  f U l l  
he ight  a t  tho two extreme ends of +he alignnient. 
from a hydraulic po in t  of view beoause t h e  oross-seotions of the g u l l i e s  
were added t o  the  t o t a l  oroes-section area ava i lab le  f o r  the flow. 
oord i ig ly  thc lengtlx of &e high e r e s t  dam oould be sa fe ly  dimini-h ed t o  
900 m a t  the  ivest s ide  and 1100 m a t  t h e  eust s ide  OP Serooskerke. 

'heroforo, t he  projeOt 
' h e  embankmnt M S  t o  cros's the  

As t h i s  rov is ion  of t he  p ro jec t  en ta i l ed  an inc rease  i n  the  amOUnt 
, 

This was made possible 

Ao- 

It  took soma time to get t he  work under "y. nare wac no harbor 
or she l t e r  a i t h i n  easy distanoe t o  serve as a base and as a refuge i n  
case of bad weather f o r  the f l e e t  of dredges, oranes, barges, tugs ,  survsy- 
vesse ls  aad o ther  f l o a t i n g  oquigment needed f o r  a job of t h i c  sca le ,  Ihere 
vlas no aocomodation for  the laborers,  no su i tab le  s i t e  fol. workohops, O f f i O e  
hu:s, no 80 ca l l ed  "zate" for  construoting the  brushwood mattresnes. A 
"zate" i s  a beach o r  other f a i r ly  even surface,  dry a t  low water and j u s t  
submerged a t  high water t o  allow fo r  f l o n t i n g  the  f in i shed  mattresses. A l 1  
t h i s  had to  be croated f i r s t .  %o harbors, one t o  tha wast and ono t o  thc 
s u s t  of t l ie  breach, viere dradged o u t  i n  bights sheltorod by pro toc t ing  ends 
of abandoned dikes f r o m  flood d i s a s t e r s  i n  tho pas t  ( i n  t!iis regi3n h is tory  
records repeated r e t r e a t s  frou the a s sau l t s  of the sea). The s p o i l s  from 
t he  dredging were used fo r  r a i s i n g  areas for huts,  workshops, e t c .  
oause of these necessary preparations it was near the end of &y when tha 
a c t l v i t i e s  were i n  f u l l  swing. 
tlie i s l and  of Sohouwen-Duivelsnd alone, 5 bucb-et-&GdgeB, . 33 suc t ion  
dredoes, 126 tugs, 266 barges of d i f f e r e n t  descr ip t ion ,  17 f l o a t i n g  cranec, 
105 dragl ines  and nwerous smaller un i t s ,  
ment wns emplrJyed a t  the Schelphoek breach. 

Bo- 

2y t h a t  time there  were i n  ao t ion  around 

Tne g e a t e r  part  of t h i s  equip- 

In tlie operation 15,000 tons of s t o m ,  30,000 m3 o f  c l sy  and 300,000 :rL3 
of  sand were del ivered  and used per week. A l s 0  15 t o  20,000 m2 of  brush- 
wood mattresaes nare construoted vreekly, sunk and loadbd nlth stone. 
mid-August the  2 bon brushwood si11 was put i n  place. the  t w o  gull ies  were 
provided Yith a pro tec t ion  agninst  fur ther  erosion of We bot tom and the 
nides, and the  embankments i n  t he  center of the two snds of the  alignment 
were i n  su i tab le  condition. "he ve loo i t i e s  i n  the g u l l i e s  had increased 
by then t o  3-& t o  4 m per mc. 
of t h s  gul l ies .  

Near 

I t  was time t o  s t a r t  the closing operationo 

Ihe biggest type of oonorete pontoon ava i l ab le  was the Phoenix Ax 
from >hulberry Equipment, a smal1 nmber of whioh had been l e f t  i n  England 
f rom the  war. 
they had a displacement of 7000 metrio tons. Thoy were brought over fram 
England fo r  u88 i n  c los ing  the  la rge8t  breaches. 

They were 62 m long, 18 m broad and 418 m high, when f l o a t i n g  
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Fig. 13. Overflow crest. 
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Tho gully west of Serooskerke was 100 m wide,and the base Öf 
dumped stono on the brushwood mattresses- which was t o  receivo t h o  pontoon 
was a t  10 m below mean sea level.  
had t o  be trimmed t o  tho  length of the pontoon. 
smaller pontoons which had been oonstruoted sinoe Fabruary. 
l i eed  immediately a f t e r  t h ~  flood tha t  ooncrete pontoons in grea t  quan- 
t i t l e s  would bo needed f o r  tho olosing of the  numerous breaohes and BC- 
oorciiagly orders were placed with a &raup of soveral  large oontracting 
oompanies f o r  the oonstruotion'of standardieed u n i t s  which cvuld be om- 
bined in to  pontoons of d i f f e ren t  s i e o s ,  aocording t o  the needs. R e  di- 
meneions ohosen f o r  the u n i t s  w r e  11 m lonG and 7 . 6 m  wide. 
sembled pontoons aocordingly oould have lengths of e i t h e r  tn x 7.6 or  n x 11 m 
and heights of 2, 4, 6 etc. up t o  14 m. 
modificatlons t o  have inàermediate heights. 

By means of combining sui tably chosen pontoons f rm t h i s  &ook and ' 
dumped stone, the width of the west gully was r e s t r i o t o d  t o  60 m. 
h e d i a t e l y  resul ted in a loca l  inorease o f  tho flow v e l o c i t i e s  and in in- 
oreased erosion along the edges of the protootive layer of  the brushwood 
mattresses. 
from the edges of the outer pontoons. Tho proteotlon, o r lg inn l ly  p rao t i ca l ly  
f l u s h  with the bed of the gul ly ,  formed a si11 with undesirably s teep slopes. 
In the  extremely f i n e  sand s l i d e s  b e p n  t o  oocur, which r e su l t ed  in sub- 
sidence of some of the concrets pontoons r e s t r i o t i n g  t h e  width. 
moment an important decision had to be made. 
closing off the gully would h8vo t o  be put int0 plaoe i m e d i a t e l y  or t h i s  
would have t o  be delayed u n t i l  the s o l i d i t y  of t h e  base layer  oould be im-  
provod by extending and re inforo ing  the proteotive layer  and dumping more 
E t O n O ~  

BoLoro placing the pontoons, the gap 
mis was done by plnoing 

I t  was rea- . 

Tie 88-  

\ It was a l s o  possible by s l i g h t  

Thie 

The most dangerous f ac to r s  were thc vortex t r a i l s  a t a r t i ng  

A t  that 
Either t h e  b i g  pontoon f o r  

If the f i rs t  oowse was t o  be follomrd, fu r tho r  erosion could be 
atopped but the danger of t h e  e n t i r e  construoticn s l i d i n g  dom in to  one of  
the deep excavations o f  30 m a t  both s ides  o f t h e  s i l i  was a poss ib i l i t y ,  
Moreover, the closing of the miest gully would have to  be followed with 8 
minimimi of delay by the c los ing  of the e a s t  gully, beoauae the inoreased f lm 
would increase erosion in t h a t  plaoe. 

On t h e  othor hand, i t  was by no meen8 certain t h a t  it would be 
possible by continued sinking of mattressea and dumping stones t o  gain 
the upper hand of the rapidly progr'essing erosion. 
August was nearing, which would brlng high spring t i d e s  and t h e  p o s s i b i l i t y  
of an ea r ly  autumn ga10 - they have been knom t o  coour in t h e  f i r s t  days 
of September 

sessed quant i ta t ively.  
course had t o  be triirenl acoordingly, en the 16th o f  August the b i g  pontoon 
m s  maneuverad i n t 0  place and au&. as usual a t  the end of t h s  ebb t ide.  
Again Che maneuver had been oareful ly  rehearsed in t h e  hydraulic labora- 
t o r y  and t h e  operation went exaotly according t o  schedule. 

Moreover, the end of 

It was a matter of wei&ing chancea, none of whioh ccuìd bs 88- 
Yet it w a s  f e l t  by everyone concerned t h a t  the bold 
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%o days la te r  a pontoon was placed in thc a a s t  gully. Although 
t h i s  was a smallor pontoon, tho operation mrs d i f f j c u l t  beoauso it had t o  
bo oarr icd  out  a t  t h e  s lack  t i d e  near high water as  Wie depth a t  low water 
ms insuf f io ien t .  The t ime  a w i l a b l o  m s  very shor t ,  and on t h i s  ooonsion 
the  pontoon had t o  be held by oables nnd.eQsod-off with We deorensing 
flood aur ront  instaad of pullod against the  last  ebb flow, 
again a l1  went wol1 and the  most ,dangorom p a r t  of tho  olosing of t he  Sohol- 
phosk breaoh m ü  past. 

However, onoo 

Then followed a time of  feVEriSh act ivi ty  in oonsolidating the  

A t  tho s m e  time tbe two 
pos i t i on  of tho two pontoons and sea l ing  t h e  g a p s ,  l e f t  below and a t  We 
sideo, with stone, a lay  nnd u l t imate ly  sand. 
s t ro tohes  of t h e  alignmont on the t e r r a i n  were olosod by means of a l a rge  
numbor of omaller pontoons ( 2 t o  3 m h igh)  mostly operatod in s t r i n g s  of 

althou& lt s t i l l  took much labor and o n r e  t o  soa1 a l1  leaks and t o  oon- 
vert the slender l i n e  of  rather fl imsy concrete boxes into an cmbankment 
oapable of withstanding the winter gales. By t h a t  time t h e  hope of als0 
olosing the  breach i t s e l f  beforo winter had been given up. 
planned t o  use f o r  t h a t  purposo 4 or 5 of  the  b i g  Phoenix pontoone, but a8 
it turned out they ware needed.at another place. This was t he  breaoh a t  
Ouwerkerk, the  l a s t  one t o  be olosed and the l a s t  one we w i l 1  disouas. 

TIIE BRUGHES AT OüW3RKERK 

4 t 0  6 (Mg. 14). By thû end Of September thû e n t f r e  r ing  Was closed, 

It had been 

Ouwerkerk is a smal1 vi l lage in  the eastern ha l f  of the  twin 
i s land  Schounon-Duivalnnd (Fig.  8). This half  i s  dlvidad by two lnland 
embankments in t0  three polders, a l1  of vrhioh w i e  floodsd, I h e  soa en- 
t e r e d  through f i v o  tidal brenchao. t w o  o f  whioh nore s i tun ted  naar t o  
eaoh other j u s t  south of Ouwerkork. We th ree  other breachee al1 oould 
be olosed without t o o  g r e a t  d i f f i o u l t i e s .  Als0 the  two embankments 88- 
paratbag the  polders had been repa i red  by t h a  beginning of August. 
had been n muoh more troublesome affair  because of the d i f f i o u l t  trans- 
po r t  and the  imposs ib i l i ty  of pu t t i ng  big  equlpment t o  work. 

TIiis 

In f r o n t  of t he  dike a t  Ouwerkork there  was a shallow shelf  o r  
foreland severa l  hundred maters Wide. 
j o in ing  the  gaps was badly damaged also,  it w a s  deoided t o  oonstruot a 
new dike I n  f ron t  of t h e  o ld  one over a length of 2.2 km (Fig. 15). 
S t a r t i n g  from t h e  branches i n  the  dike, gu l l i e s  had been sooured o u t  both 
in the  polder and through the foreland. 
of t he  dika on tho higher s t re tohes  of t he  foreland f i r s t  and t o  leave 
t h s  gu l l i s s  fo r  t he  f i n a l  olosing. 
the  g u l l i e s  were proteoted f i r s t  with brushwood mattrasses. 

of about 40 m i l l i o n  m3. I t  m s  ca lcu la ted  t h a t  a t o t a l  area of  t he  
two f i n a l  gaps of 1200 m2, 800 mzeast and 400 m2 weat, would be suf- 
f i o i e n t  t o  keep the  maximum velool t los  below the  limit of 3 8  m/seo. 
gaps w e m  t o  bE alosod by means of oonorete pontoons assembled from standard 
un i t s  on two suocess iw  days in a week of neap t idss .  , 

As the  dike between and ad- 

It wa8 decided t o  bulld the p a r t s  

Of oourse t he  bottom and s ides  of 

The area served by the  two  gaps was 27 m2 wlth a t ida l  volume 

Both 
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Ng. 16. Sohems f o r  oìoaing braaches a t  Ouwerkerk. 

Compared with Schelphoek lt seemod t o  be a simple and s t r a i g h t -  

Here again pontoons 

foi-ward a f f a i r ,  which proceeded exactly t o  sohedule near ly  t o  the very end. 
h l th  the  approach of t he  c los ing  operations whioh had been planned f o r  the 
week of 20-25 August, d l f f i c u l t l e s  began (;o a r i se .  
were plaoed by way of abuhen te ,  i n  order t o  t r i m  the  gap down t o  the  
proper s i m  f o r  the  o los ing  pontoons. 
si11 formed by dumping stone on mattressas i n  the  west gap on which the  
pontoon was t o  r e s t  began t o  s e t t l e  a t  t h s  edgss. 
narrow and t h e  dumpin; cf addi t iona l  stone d i d  no t  y i e l d  m t e r i a l  r e s u l t s .  
I t  seemed as If sand flowed f r o m  under the mattressas i n t 0  the  deep ex- 
cavations a t  bcth s ides  of  t he  s i l l .  
pontoons one a f t e r  t he  o ther  began t o  s e t t l e  and t o  tilt. 

As a t  Sohelphoek, i t  wa8 another case of now or muoh l a t e r ,  and 
as i t w a s  f e l t  t h a t  with the  avuilable f a c i l i t i e s  f o r  oonstructing mat- 
t r e s ses  and handling s tcne  (it should be remembered that th i s  coincided 
with t h e  oruc ia l  period a t  Sohelphoek) d id  not  insure gaining advantage 
over the  e ros ion  - espec ia l ly  with the  spr ing  t i d e  approaching - it was 
again decided t o  venture on the bold oourse. 

On Sunday 23 August 1963 two s t r i n p  of f i v e  ctandard units each, 
6 m high, were l e t  d o m  i n t o  tha west g t p  a t  slack t i d e  between flood and 

Almost i m e d i a t e l y  a f t e n w r d s ,  the  

I t  becme dangerously 

On the 22nd of August t h e  abutment 
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ebb. ,It WDS a de l i ca t e  operation beoause t h s  ciue f o r  maneimerin:, was 
short  and the  narroa si11 m&de i t  imperative t o  place both. s t r i n g s  a t  
a s l i g h t  niigle t o  ench other tvith an accuraoy of i a s s  than ono matar. 
t he  utmost tens ion  tha operatian.was car r ied  out. 
been sunk, it soon bacame evident  t h a t  i n  the centor thrm U n i t s  WBrB 
s l i g h t l y  outvrard of t h e i r  t rue  pos!ticn. 
,tlien wore he ld  i n  a pos i t i on  with tha top a t  about iw Water hVa l .  

in 
n î t o r  the  psntoOii8 t.ad 

They s l i d  obìitwely down, but 

In these  circum8tances"it WQS not  possibla t o  c lose  the sast gap 
on the noxt day, a s  had boen planned. 
po r t an t  incronsa i r i  the p?sssure on the  pontoons i n  the  wedt Eap, beCQUSe 
tho l eve l  within thc polder then would havo reniained p r a c t i c a ì l y  oonstant 
somewhat abo-ie m a n  sea loval,  and it was p r a c t i c a l l y  a ca r t a in ty  t i a t  a t  
lovr water outside the  e n t i r e  pontoon ba r r i e r  would have Laen snept Cway. 

This would have mcant an i m -  

I n  t h a t  case thora would have been le f t  a 400 1123 gap wl'th 
maximum v o l o c i t i e s  of & o r  6 u/sec. 
t o  t r y  t o  oonsolidate th harrier i n  tho  west gap f i rs t .  
t u a l l y  done by maans of addi t iona i  pontoons, stono, c lay  wd f i n a l l y  sand. 
nut meanwhllo the  flow through the  o a s t  gap inoreased t o  5 m/sec and i n  a 
f e n  days the  bed pro tec t ion  togothsr with the abutment pontoons becamo B. 
shambles. 
e r a t i c n  by pontoons had Co be abandoned. 
of t he  s i t u a t i o n  a t  t h i s  staga. 

Thare WQS no other p o s s i b i l i t y  but  
%i$ was even- 

Every thought of using t h i s  gap a s  a s i t e  for a closin:: op- 
Fig. 1 G  shows a genera1 view 

After o a r e n l  survey o f  t h s  new s t a t e  of a f f a i r s  by sounding, 
gauge-reading and f l o w  measuring, an c n t i r e l y  new schema was aventually 
develcpad. 
b a r r i s r  j u s t  outside the  breach i n  tha old dike. 
were t o  be sunk on a bed of brushviool r a t t r e s s e s  and stona a t  10 t o  15 E 

This consintod i n  preparing a nevr s i t e  f o r  plncin:, Q pontoon 
h'our Phoonix AX pontoons 

~. 

I depth. As t he  enclosure dam a t  Schelphoek by t h i s  time wae f a i r l y  w o l 1  
consolidated, it was possible t o  concentrate a l a rge r  por t ion  of t h e  
equipment and manpcwer on ûuwerkerk, Favored by the exospticnally f a i r  
n u t m  ueather,  t he  work prooeeded p rao t i ca l ly  without Incident 60 t h a t  
in t he  night of G t o  7 November the  las t  pontoon could be plaoed according 
t o  schedule (Pip .  17). 

'I& c ld  motto o f  the  Province Zealandr 
once more had been mada good. 

"Luotor e t  &ergo", 
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