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CHAPTER 19

THE RECONSTRUCTION OF THE NETHERLAND DIKES AFTER

THE STORM OF FEBRUARY 1953

Js Be Schljf
Rl jcswaterstaat, The Hague, Netherlands

INTRODUCTION

The reoonstruction of the demage to the dikes by the flood of
FPebruary 1953 presented an encrmous task. From the hydraulic en-
glnsert's point of view the most interssting pert was the closing of
the major or tidal breaches, that is to say, the places where a dike
for & certaln length was totally destroyed and where,therefors,the
tides had fres entrance to the inundated interior, scouring out deep
gullies., This called into action the resources of tidal hydraulies,
theoreticnl considerations, and model experiments,

Throughout the region where the gaps ooccurred, the soil con-
sists of e fnirly resistant layer of clay of & few meters thickness at
the surface, below which there is a fine sand of a very ercdible nature
with occasional lenses of cley or peat. Once the upper layer of clay
hag been cut through, the bresthes as a rule deepen end widen repidly
by scouring of the fine sands As the broaches become wider, the tidal
movement in the flooded areas incrsases. The hedght of the land in
the flooded areas is nearly everywhorc velow mesn see-level and often
at or even below low wator (say l% to 2 m below mean sea-level)., The
areas are intersected by roads, usually somewhat higher than the land,
end by ditches and canals, Villages and small towns are mostly sit-
uated on somewhat higher ground,

During most of the tidal cycle tho land is covered with water
end the tide propagates all over the erea., Naturally the tidal [low
tends to coneentrate in the lower sections and in partiocular in
ditches and canals which heppen %o have & suitable direction. These
accordingly are scoured out and in some cases they have become powerful
tidal oreeks, starting from the breaches and gradually lengthening by
regressive erosion, At several of the lergest geps, therefore, B

. system of radially diverging gullies hed developed after some time.

In soms of the breaches the upper layer of fairly resistant
olay was cut through immedietely by the inflowing water when the dike
was breached, In many other ceses, howsver, the gzep remained rela-
tively shallow at first and 1% took some time for the erosive action
of the currents to remove the clayey sill. It was especially in these
ceses, as will be readily understood, that speed in undertaking and
exeocuting the closing was essentiel, It was, as & matter of fact,
possible in a number of places to prevent the breaches from beooming
really dangerous by & speedy atteck and improvised methods. The
principal material usad in these activities hes been the common
sendbag. Especially during the first perioed after the oatastrophe
this was an article in great demand, Altagether 15 million sandbags
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Fleoing sandbags,

Fig. 1.

They were transported by land, by water and by air to the
danger cpots. Not only sandbags were used, but also the stones from the
revetment of neighboring dikes, the paving from the streets and many other
improvised materiasls. Fig. 1 serves to glve en impression of this activity.

were used,

In this way many smaller breaches wore « at least provisionally -
filled before they had a chance of developing into tidal channels. Not
in 81l places, however, was this possible; not everywhere wes suf ficient
labor evailable, or means of transport of material. Soms breaches wers
inecoessible. Moreover during the first days end even weeks ln several
regions there was no time for any ectivity but saving es many lives as
possible,

Also, of course, quite & number of breaches wero 8o wide or
go deep from the start as to render entirely futile any sttempt ot closing
or even controlling them with improvised methods.
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After this fipst siage, say at the end of Februsry, 67 tidal
breaches existed, the largest of whish wes aboub 400 m wide, with a
maxioum depth of about 36 m, glving access bo a storaze amrea of 800 sq.
fm., and having & tidal volume varying between 100 and 150 millicn ms,
peoording to the variations of the tidal amplitude. This, as an 1l=
lustration, is equal to the volume entering and leaving the mouth of
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TIDAL MOTION

The first task everywhere was to prevent the breaches from further
seouring by protecting the bottom end the sides with fascine mairesses
and stone, the traditional Dutch practice, which has been followed for
conturies wlthout essential changes. At the same time an extensive re=~
connaissance by sounding, ourrent measuring and ouservation of the tides
in the floocded areas was carried out. By means of model expsriments and
tidal ecaleulations these dote (subjeet to continuel and somstimes even
feirly repid changes) were correlated in order to obtain e comprehensive
pioture of the hydrographic and hydraulic situation, which could be used
&5 & base for vlanning the strategy end tactics of the clesing operations,
This planning should be understood to boe rather like the planning of a
chess player who has to be ready to revise his strategy and tactics acw
cording %o the moves of his opponent,and not the drawing up of a definite |
plan 4o be followed in deteil to the very end. |

In this stage it may be useful to meke a few remarks of e general E
nature on the procedure of closing off a tidal sterage aren. UGiven e gap ‘
of & cartaln cross~sgotional arsa feeding & certain area of storage lying “
et o cortain level with regard to the mean water level outside, with o cerw
tain amplitude of the tide and & ceritsin value of the resistance in the
breach, in the gullies and on the terrain, a definite plcture can be :
made of the tidal movement in the storage arem and the associated flood F
and ebb flow through the gape Figs. 2 and 3 show this condition for two

© of the breaches. If the gap ls gredually narrowed the amplitude of the

tides on the terrein will diminish and also the total flow will diminish,
but the flow velocity in the gep will increase. This is presented for a
hypothetical case in Fig, 4 (caseh,, When the gap 1s nearly closed, the
rise and fall inside will be practically nil, but the veloelty in the gap
will be et its maximum. Given sufficient data et the start, it is pos-
sible to predict by caleoulation or model experiment to a sufficient degree
of mcouracy the frend of the changes and the velues to be expacted in
evory stage of the closing. For the sake of simplicity certain complica-
ting factors are left out of consideration for the moment, such as the
fiuotuetion cf spring and neap tides, abnormal high tides by wind action
and the opportunity that presents itself in some cases of eliminating &
part of the storage area, These fagtors will find their place later, when
e few cages are discussed. ‘

GENERAL PROCEDURE OF CLOSING

With the tidal renpges encountered in the Southwestern estuariec
of the Netherlsnds {3 to 5 m) it is found thet the flow.velocities at the
end will be too high for eny of the availsble materials (sand, clay) except
heavy s+ones. A dam of stones, however, besides beinz expensive, tekes a
long time to build, especially as the slack watoer perleds at the transition

275



| Y . . " M - v v “ N .
’ ‘f B, Py . B T I LTI B T TR R S AT B s T ey

-
4 '
COASTAL ENGINEERING
)3 botween flood and ebb flow, and vice versa, beoamd progressively shorts
! Moresover, tho continuous transport of lerge quantities of stone presents
1 diffionltlies. It should be remembersd that stones has to be imported

g from other oountries (Belgium or Germany) and that also muoh stone 1s
P peaded for ballasting the brush-wood mattressea,

In most oases, therefore, another method has been followed, This
consists in narrowing the gap to a certain width, wide enough for the wvo-
looities to remain below a oritiecal valus. This value is not r constant,
but depends on the local conditions, the naturo of the soll, etc. In goneral
1t should not be over 3 to 3.6 m/apc. at an averags tide. The gap thus
j . loft 15 then closed in e single operation. In this way tho last stage
. ! of the closing, the stage in which the flow velocities grow to dangerous
values, 1s, as it were, cut off., Our ancestors have followed a similar
mothod, They used & ship for the final operation. This has also been
done now in some ocases, but mostly use is made of conorete pontcons.

! There was opne case, however, in which thls pontoon method could '
R . not solve the problems This was the largest breach of all. fere, in
e ,_fh : order to keep the flow veleocities below the critical wvalue, & final gep '
b " ' of something like 3000 m? would have had to be closed in one operation,

R This would have meant the use of, for instance, a pontoon 200 m long |
i ronching to 16 m below mean sea level, which was out of the question.

S Here it was necessary to follow o different method, & msthod
Carow which would avold inoressing the flow wvelocitles to excessive values.

, Ay This can bs done if the gap is narrowed by building up uriformly from
the bottome. In this case, when the crest reaches & certain level a
state of maximum overflow prevails. Then the downstream water leval
has no influsnce on the velocliy of the flow any mere, and further re-
R strictign of the gap does not lead to higher welocitles (Fig. 4, cases
N B and C).

The crux of this method is to have sufficlent width so that the
. By ' voloeity at the stage where the maximum overflow occurs is below or
S equal to the oritieal velooity which csn be accepted under the prevalling
e o conditions, The need for the instantaneous closing of the remaining
T gep is thus eliminated. This might be termed the high crest closing (
N method, A sufficieunt width for this purpese is usually not to be found
o in the breech itself. Moreover, the actual breach is asz a rule not
suitable for building up e deam with & fairly high crest, among other
- . reasons, because of its great initial depth. “hen applying this method
DR of closing, one is therefore led to leave the breach alone and to con-
. struct a new embankment some distence inlend, enciroling the breach end
@;1 thereby sacrificing temporarily e certain area of lands, The base of
Al this embankment is then on the level of the terrsin, so that a crest of
e sufficlent height for insurin; maximum overflow is more easily obtained.
[ . &8s will be shown leter, in the oase of Schelphoek, our largest breach,
ok & retreat of shout 1 km was mede and an embankment of 4 km length wes
S constructed insteed of direetly closing the 500 m wide gap. It will /
ﬁ also be shown thet as the situation developed, it wes not a high crest
closing procedurs in the full sense, as had originally been planned,
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. THE STORM OF FEBRUARY 1953 .
but a case of the chess player on the other side of the boerd cbstrueting

the woll thought-out moves. : . v,

Aftor this disoussion on general procedure, three breasches have
been selected for a more detailed treatment, first one of the smaller
ones that could be finished relatively early, the largest one, and the
one that unexpestedly got out of oontrol and consequently wae the last | —
gap of all to be olosed, T :

-~

THE EREACH OF CUDENHOORN

A week aftor tho gale, the bremch of Qudenhoorn hed a width of
about 70 m and a depth of 5% m below mean sea level (Fig. 6)s At that
depth a layer of falrly resistent clay was encountered whish for the
time being provented further erosion. At first the area flocded by
thls broaoch was 37 sq. km, but by repsiring some inland embankments it
was goon possible to reduce the area to 26 sq. km. The terrain was on
the average situated sliphtly ebove mean sea-level., Ths tidal voiume was
about 10 million m®, which caused maximum velosities in the gap of about
3m /eoc. Fig 2 shows o few typleal tidal curves and the velooity curve

“in the gap. These curves represent a nesp tide. At spring tide the tidal

differeances and the velocitles are higher.

For olosing the bresch two concrete ships were st hand, which
had bean used as floating tanks, They had & length of 26 m each snd by
combining the two by means of steel girders and sheets, & unit could bhe
obtained of 61 m length, 6,8 m in width and 6.6 m in height., At both
ends a gteel scaffolding was erocted supporting steel sheot piles which
could be dropped by removing & ratohet. This construction was christened,
"guillotine™,

In the time needed to lash together the two hulls eand to egquip
this unit with the guillotine and other necessities, the bottom of the
g2p wes rolsed by brush mattersses and stone to 4.4 m below mean sea=
levels The top of the pontoon (5.6 m high) therefore reached to 1.2 m
above mean sea~level; that is, the top was slightly ebove mean high water.
The ends of the dike at both sides of the gap were more or less trimmasd
by stones

The olosing cperation had t¢ be cerried out at slack tide, either
at high water or at low water (Fig. 2). For {wo resscns the low slmok
tide, that is, at the end of the ebb flow was indioated. In the first
place,the period of moderate veloolties duringz which the unit has to be
meneuvered inte position and sunk was somewhat lomger. In faot, for
ebout fifteen minutes the flow waz below 3/4 m/sec. In the second
pleos, less tims would be needed for sinking, because of the lower in-
itial level. As the draft of the pontoon was 2.2 m end the expeoted
lovel at the slack time would be about mean sea-level, the pontoon had
to sink over 4.4 - 2.2 or 2,2 ms For sinking the pontoon,the sides of
the hulls were pierced and the holes were closed by means of flaps which
could ha opsned by removing & ratchet,

Everything was ready for the closing oporation'on February 28,
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THE STORM OF FEBRUARY 1953 i

_Experiments had been carried out in the hydrauliec laberatory from whioch
the method shown in Fip. G was chosen. The pontoon was moored beforehand
ot one end by means of ocables 1, 4, and B« The actual mansuvering into
position was effected mainly by ocable 3, controlled by a winech of & floate
ing oroens al anchor. Cables 2 and 6, as well as 1, served only for emer~
gendy  purposes.

An soon as the ebb flow had slackened sufficleantly, the operation
was started. There was a slight delay becsuse the pontoon touched
bottom on & protruding edge of a fascine matiress whioh had not sunk
properly. As the tide was rising during the operation, tho pontoon
floated freo just in time. It was maneuvered exactly into position end
sunk within a few minutes (Fig. 7).

This however was by no means the end of the opsration. The
pontoon with its equipment had e weight of about 700 tons. As can be
soen from the tidal ocurvae, the water was rising rether rapidly at the
moment of olosing and very soon at high water the pontoon would have to
withstand a head of say 3/4 m, that is to say & horizontal pressure of
some 200 tons, Moreover the cutward pressure at low water would be
nearly twice as much. 48 from previcus experience and from speclial ex-
periments 1t was established that the frietion coefflclent of & concrete
pontoon on a bed of dumped stone is about 1 g 3, the total welght had to
be brought within a few hours to at least 1200 tons. Thie was done by
pumping send onto the hulls, for which purpese a pipellne was laid on the
pontoon, ready to be connected to & pipeline along the dike lmmedlately
after sinking., At the same time stones were dumped between the ends of
the pontoon and the dike ends, and both in front of end behind the pon-
toon, o bo fellowed later by eley in order to seal off the lenlks left by .
the imperfect fittling of the concrete pontoon on the rough bed.

Upon completion of the above operation,e full dike of sand covered
by c¢lay end stone revetment was bullt around and on top of the pontoon
and this breach was completely closed.

THE BREACH OF SCHELPHOER

The largest and most difficult breach was that of Schelphoek
on the island of Schouwen (Fig. 9). At the time of the first survey
it wag 300 m wide and the greatest depth was 30 m (Fig. 8). ILater it
grew to a width of more than 500 m with a maximum depth of 36 ms Gullles,
developing into large tidal creeks, were eating their way inland at a
rate of 300 to 400 m per week (compare Flge,10 end 11)., The tidal:
volumo was, efter some time, between 120 end 150 million oubic meters,
with & maximum flow of soms 14,000 cubic meters per sece, which is more
then the maximum discherge of the Rhine, A plcture of the tidal motion
is ghown in Fig. 3.

It was quite out of the question to deal with this grandfather of
al) breaches in the same way as at Oudenhoorn. Therefore, Lt was decided
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Fig, 9. Bresch Schelphoek at high water.

to eneirele the breach by a high crest overflow dem. Caleulation showed
that its lergth should have %o be about 3 kms In the center, Just oppo-
site the breach, was the villepge of Servoskerke, at a distance of nearly
1% km, This was situated slightly higher than the general level of the
terrain, which varied between 1 and 1z m below mean sea level. As the
higher ground around the villeage did not comtribute materislly to the
flow to and from the breach,and in order to keep the village inlend of
the embapkment, this was fixed at & short distence in front of the village
et about 1 km from the gap., From there an alignment was projected,
ourving pgradually to the dike at both sides of the breach (Fig., 12).

The embenkment was to jJoin the dikes at loocations which for practical
reasons of fered suitable positions for floating pumping stations de-
livoring sand for the embankment by means of pipelines. On the higher
ground in front of Sercoskerke the embankment was built immediately to
above the high-tlde level by hydreulic £111, using a suction dredger

with floatinp pipeline, pumpjne send between claey mounds built wigh cley
from the site by clem shell dredges. The same was done for a short distance

from the dikes at both sides of the breach in order %o oreate starting
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Fige 12, Aligmment of embanlment at Schelphoek.

points for the sonstruction of the final embankment, Both east and west
‘of the village in this way there remained some 1500 m, making 3000 m

altogether for the overflow crest,and the total length of the embankment
was to be 4 km, '

According to the plans e 40 m wide strip of brushwood mattress
had to be laid and loaded with stone over the entire length of 3 km.
This would form & crest, varying in level from mean sea level to 1/ m
below it, sufficient to create meximum overflow conditions everywhere
(Fig. 13),  (n this foundation conerete pontoons 1l m long, 7.6 m wide
end 2 to 3 m high were finally placed so as to reach everywhere to at
least 2 m above mean gea level (slightly embove spring high water)}. When
supk and filled with water, these pontoons were calculeted to be able to
withstand the pressure of the tidel differences, They were to form the
nucleus of the final embankment,

The project however could not be carried out unchanged, While

the construction of the embankment at the center and at the flenks, and
at the sams time the sinking and loading of the brushwood strip was
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COASTAL ENGINEERING ‘

progressing, two of the gullies eroded their way inland beyond the pre-
Jected eligmment of the deame OUne of them eroded at such & rate in the
northwesterly direction that a shifting of the allgnment of the dam in
order to kegp ehsad of it was out of the guestion. ‘*herofore, the project
had to Le vevised in the following way. The embankment was to cross the !
gullies in a suitanle place. The bottom and sides of the gullies were to I
be covered by fascine mattresses in order to prevent further deepening snd i
widening at the sites of the crossings, Before sterting to plmce pontoons
on the brushwood etrip the gullles werse to be closed by means of concrete
pontoonse.

As this revision of the project eutailed an incresse in the smount
of fasclne work and therefors prolenged the time needed for this part of
the project, it was deoided meanwhile to extend the embankment at full
helght at the two extreme ends of the alignment. This wes made possible
from & hydraulio point of wiew becsuse the cross=sections of the gullies |
wore added to the total oross-section ares avaeilable for the flow, Ac-
cordingly tho length of the high orest dam could be safely diminlshed %o
900 m at the west side and 1100 m at the east slde of Serooskerke,

It took some time to get the work under way. Thers was no harbor
or shelter within eesy distance to serve as a basse asnd ss & refuge in
case of bad weather for the flest of dredgss, cranes, barges, tugs, survaey-
vassels and other floating squipment needed for & Job of this scale. There
was no acoomodation for the labarers, no sultable site for workshops, office
hute, no so called "zate™ for construsting the brushwood mattresses, A
"zate" is a beach or other fairly even surface, dry at low water and just
sutmerged at high water to allow for floating the finished mattresses. All
this hed to be croated first. Two harbors, one %o the west and cne to the
sust af the breach, were dradged out in bights shelterod by protecting enda
of abendoned dikes from flood disasters in the past (in this region history
records repeated retreats from the assaults of the sea), The spoils from
the dredging were used for raising areas for hubts, workshops, ete., Ba-
cause of those necessary preparations it was near the end of iMny when the
activities were inm full swing. &y that time there were in action around
the island of Schouwen~Dulvelsnd alone, § bucket-dredges,. 33 suction
dredges, 126 tugs, 266 barges of different description, 17 {loating cranes,
1056 dreglines and numerous smaller units, The greater part of this equip-
ment was employed at the Schelphoek breach.

In the operation 15,000 tons of storne, 30,000 m® of clay and 300,000 nd

of sand were delivered and used per week, Also 16 to 20,000 m? of brush-

wood mattresses wore constructed weekly, sunk and loaded with stone. Near
mid-August the 2 kwm brushwood sill was put in place, the two gullies were
provided with o protection against further erosion of the bottom and the

sides, and the embankments in the center of the two ends of the alignment

were in sultable condition. The velocities in the gullies hed increased

by then to 3% to 4 m per sec, It was time to start the closing operations

of the gullies,

The biggest type of conorete pontoon available was the Phoenix Ax
from Mulberry Equipment, o small number of which had been left in England g
from the wer. They were 62 m long, 1B m broad and '18 m high, when floating i
they had a displacement of 7000 metrlc tons. They were brought over from i

England for use in closing the largest breaches.
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COASTAL ENGINEERING '

The gully west of Serooskerke was 100 m wide,and the bass of ,
dumped stons on the brushwoed mattresses- which was to receive the pontoon
wns at 10 m below mean ses level. Before placing the pontoons, the gap
had to be trimmed to the length of the pontcon. This was done by placing
smaller pontoons which had been constructed since February. It was reo-
llzed Immsdiately after tha flood that conorete pontoons in great quan=
titles would be nesdad for the olosing of the numerous breaches and ao~
cordingly orders were placed with a group of several large contracting
oompanies for the construction® of standardized units which could be com-
bined intc pontoons of different sizes, sccording to the needss The di-
mensions choden for the ualts were 11 m leong and 7.6 nm wide. The asg-
sembled pontoons aceordingly could have lengths of eitherm x 7.Bornzx llm
and heights of 2, 4, 6 etc, up to 14 m« It was alsc possible by slight
modifications to have inbermediate heights.

i

By means of combining suitebly chosen pontoons fram thisstock and
dumped stone, the width of the west gully was restriocted to 60 m., This
immediately resulted in a local inorsase of the flow velosities and in in-
orensed erosion along the edges of the protsotive layer of the brushwood
mattresses, The most dangerous factors were the vortex tralls starting
from the edges of the outer pontoons. The protection, originally prastically
flush with the bed of the gully, formed a sill with undesirably ateep slopes.
In the extremely fine sand slides began to occur, which resulted in sub-
sidenoce of some of the sonorete pontoonsa restrioting the width. At that
moment an importent decision had to be made, Either the big pontoon for
closing off the gully would have to be put into place immediately or this .
would have to be delayed until the solidity of the bese layer could be lme
proved by extending and reinforcing the protective layer -and dumping more
stane.

If the firet course was to be followad, further erosion could be
stopped but the danger of the entire construstion sllding down into one of
the deep excavetions of 30 m at both sides of the sill wrs & pogsibility. ‘
Morecver, the cloalng of the wost gully would have to be followed with &
minimun of delay by the closing of the east gully, because the increased f{low
would increage erosion in that place,

On the other hand, it was by no means certain that it would be
possible by continued sinking of mettresses and dumping stones to pgain
the upper hand of the rapidly progressing erosion. Moroeover, the end of
Aupust was pearing, which would bring high spring tides and the possibility
of an early autumn gale = they have baen known to ocour in the first days

of September

It was a matter of welghlng chances, none of whioch could be as-
sessed guantitatively. Yet it was felt by everyone concerned that the bold
course had to be taken; accordingly, on the 18th of August the hig pontoon
was maneuvered into place end sunk, as usual at the end of the ebb tide.
Again the maneuver had been c¢erefully rehearsed in the hydraulioc labora-
tory and the operation went exactly according to schedule.
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THE RECONSTRUCTION OF THE NETHERLAND DIKES AFTER
THE STORM OF FEBRUARY 1953 .

Two days later & pontoon wns placed in the east gully. Although
this was a smaller pontoon, the operation was diffficult because it had o
bo carried out et the slack tide near high water as the depth at low water
was insuffiocients The time available was very shart, end on this cocasion
the pontoon had to be held by cables and -eRsod=off with the decreasing
flood current instead of pulled against the last ebb flow, However, onoe

again all went woell and the most gangoroua part of the olosing of the Schel-

phoek brsach was past.

Then followed o time of feverish activity in consolidating the
position of the two pontoons end sealing the gaps left below end at the
sides, with stone, olay and ultimately sand. At the same time the two
stretohes of the alignmant on the terrain were closed by means of e large
number of smaller pontoons { 2 to 3 m high) mostly operated in strings of
4 to 6 (Flg, 14)s By the end of Septembsar ilie sntire ring was closed,
although 1t s5till took much labor end care to seal al}l lesks and to cone
vert the slender line of rather flimsy concrete boxes into an embankmenty
capable of withstanding the winter gales. By that time the hope of also
closing the breach itself before winter had been given upe It had been
planned to use for that purpose 4 or 5 of the blpg Phoenix pontoons, but as
it turned out they were noeded et another place. Thls was the bremch at
Ouwerkerk, the last one to be closed and the last one we will discuss.

THE BREACHES AT OUWERKERK

Ouwerkerk is a small village in the eastern half of the twin
island Schouwen-Duiveland (Fig. 8). This half is divided by two inland
embankments into three polders, all of which were {looded, The cea en=
tered through five tidal breaches, two eof which were situated noor %o
each other Just south of Cuwerkerk. fThe three other bresches all could
bte closed without too great diffioulties. Alse the two embankments se-
parating the polders had been repaired by the beginning of August. This
had been & muoh more troublescme affair because of the diffiocult transe
port and the impossibllity of putting big equipment to work.

In front of the dike ab Ouwarkerk there was a shallow shelf or
foreland severdl hundred meters wide, As the dike between and ade
Joining the gaps was badly demaged elsc, it was deolded to construct &
new dike in front of the old one over a length of 2,2 km (Fig. 158).
Starting from the breaches in the dike, gullies had been scoured out both
in the polder and through the foreland., It was decided to build the parts
of the dike on the higher stretches of the foreland first and to leave
the gullies for the final closing., Of course the bottom and sides of
the gulllies were protected first with brushwood mattresses,

The erea sorved by the two gaps was 27 % with a tidal volume
of about 40 million m®. It was colouleted that & total erea of the
two final gaps of 1200 m®, 80O mPeast and 400 m? weat, would bo auf-
fiolent to keep the maximum velooities below the limit of 3% m/ses. Both

gaps were to be closod by means of concrete pontoona mmsembled from standard

units on two successive deys in a week of neap tidas.l
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Fige 16, Scheme for olosing bresches at Ouwerkerk,

Compared with Schelphosk it seemed to be & simple and straight-

© forward affair, which proceeded axmetly to scheduls noarly to the very end.
' With the approach of the closing operstions which had been planned for the
- woek of 2025 Aupgust, diffioulties bezan to arise. Here agein pontoons
were placed by way of abutments, in order %o trim the gap down to the
proper aize for the closing pontoons., Almogt irmediately afterwards,the
811l formed by dumping stone on mettresses in the west gap on which the
pontoon was to rest began to settle at the edges. It became dangerously
) narrow end the dumping of additional stons did not yiela material results.
‘ It sgemed es if sand flowed from under the mattresses into the deep ex-
’ cavations at both sides of the 8ill, On the 22nd of August the abutment
pontoons one after the other began to setile and to tilt.

As at Schelphoek, it was another case of now or much later, and
&8s it was felt that with the available facilities for constructing mat-
tresses and hendling stone (it should be remembered that this coincided
- with the crucial period at Schelphoek) did not insure gaining advantage
over the erosion - especially with the spring tide approaching - it was
again decided to veanture on the bold course.

STELS LT

On Sunday 23 August 1963 two strings of live standard units each,
€ m high, were let down into the west gerp at slack tide between flood and
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obb, It wns a delicate operation beocause the time for maneuvering wes
short and the narrow sill made it imperative to place both. strings at
e slight angle to each other with an accureoy of less then one meter. In
the utmost tenslon the cperation.was carried out. After the pontoons had
been sunk, 1t soon bscams evident that in the centor threae units were
8lightly outward of their true positions They slid obliquely down, but

‘then were hsld in & position with the top at about low water level.

In these circumstences®it was not possible to close the east gap
on the next day, &s had been planned. This would have meant an im~
portant inerease iu the pressure on the pontoons in the west gap, because
the level within the polder then would have remained practically consteant
somewhat above mean sen level, and it was practically a certainty that at
low watar outside the entire pontoon barrier would have bLesn swept away.

In that case there would have basn left & 400 m3 pgap with
maximm veloeities of 6% or 6 m/%ec. There was no other possibility but
to try to consolidate the barrier in the west gap first. This was even-
tually done by means of additional pontoons, stone, cley and finally sand,
Fut mesnwhile the flow through the east gap incressed to 6 m/se¢ and in a
few doys the bed protection together with the abutment poninons became &
shembles, Every thought of using this gap as a site for a closing op~-
eration by pontoons had to be abandoned. Fig. 16 shows & general view
of the situation at this stags. ‘

After cereful survey of the new state of affalrs by sounding,
ppuge~reading and flow measuring, an entirely new scheme was eventually
develcpeds This censisted in prepering a new site for placing a pontocn
barrier Just outside the breach in the old dike. Four Fhoenix AX pontocns
wore to be sunk on a bed of brushwool matiresses and stone at 10 to 1o m
depth. As the enclosure dem at Schelphoek by this time wan fairly well
consclidated, it was possible to concentrate & larger portlion of the
equipment and manpower on Quwerkerk, Favored by the exceptionally feir
autumn weathar, the work procesded practically without incident so that
in the night of 6 to T November the last pontcon could be placed eccording
to schedule (Iigs 17).

The old motto of the Province Zealand; "Luctor et Emerge",
once more had been made goode
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