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the curve then each straight line through P has zero points of inter
section P with the CUl'V@; in other words P is a point of the order zero 
of the curve, so t' = O. 80 the result of all our considerations is 
included in equation (3). 

We formulate this in the following way: 
THEOREM Il. Let P be a point of the order t' of an algebraic curve 

(wMre f mayalso be ze1'o) and S an arbitrarll [Joint of the order tof 
that CU1've. Suppose the stra~qht line PS inte1'sects the curve in 1.0 points 
coinciding 1.OitlL S, then the class of the curve is equal to t' incl'eased by 
t!te smn of 1.O-t over all the points S of the curve. If S is in P 
we have to 'reganl all straigh} lines through P as ~he line connecting 
Pand S. 

When speaking of all points SOl', when S is in P, of all 
straight lines throu,qh P, we mean that we take those points or lines 
contributing to :2 (w1 - tt) and as many other points or lines as 
one likes. 

Theorem I is a special case (t' = 0) of th is theorem Il. The 
theorem always holds good for any singularities the curve may have. 

Sneek, May 1904. 

Geology. - "Some considerations on the cOJZclusions arrived at in 
the communication made by Prof. EUG. DUBOlS in the meeting 
of June 27, 1903, entitled: Some facts leading to trace out 
the motion and t!te origin of the ltnclergrouncl toaier of Ott1' 
sea-provinces." By H. E. DE BRUYN. 

(Communicated in the meeting of September 26, 1903). 

In the meeting of JUlle 27, 1903 Prof. DUBOlS made a communication 
dealing with a problem of grea11 general importance, namely the presenee 
of proper drinking-water in the province of Holland. Although 
readily acknowledging the many points of merit of this communica· 
tion and entirely agreeing with many of its conclusions, I differ 
from the author on a pl'incipal point which indeed is essential, 
namely the origin of the fresh water in our polderland, So a speedy 
refutation of the author's opinion on this point seemed to me to be 
desil'able. 

In bis communication Prof. DUBOlS speaks o~ our sea-provinces; 
this in my opinion ought to be Holland, since the conditions prevail
ing in Friesland and Zeeland are different, so that considerations 
which are valid for Holland cannot be applied there. So I wil] 
only consider the tract of country chiefly dealt with in the above
mentioned communication, which is bounded by the dykes of the Y 
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and the Zuiderzee at the north, by the river Vecht at the east, the 
Rhine from Harmelen to Katwijk at the south and the North-sea at 
the west. 

The geological conditions of this trad inside the dunrs are such 
as are mentioned in the commnnication: up per most alluvium, then 
pretty generally a layer of fen (partly die.appeMed) under which a 
layer known as "old sea-clay". Under this lat ter the diluvium, 
consisting to a great depth of sand, coarser and fin er, with 1Jel'e 
and the1'e banks of clay which are not continuous however. The 
"old sea-elay" mentioned is called in the paper chty-cOnk'1.ining sand 
and altllOugh in my opinion also that layer is permeable to water, 
yet I think its pel'meability is smaller than Mr. DUBOIS assumes and 
that it is exactly here that the cause of our difference of opinion 
has to be sought. In some places th is layer of old sea-clay is wanting, 
in special cases this makes an investigation very diffieult, for the 
general condition however, which is here dealt with, thie. circufnstance 
can be neglected. 

The eommuniration con siste. chiefly of two parts, of f'aets and of 
conclusions drawn theref1'om. The facts I will pass without eomment
ing on them, although oceasionally objections mig'ht be raised against 
them or rather against the remarks that accompany them. 

~ perfectly agl'ee with a great many of the concluslOns, e.g. with 
the following: 

that in the diluvium f1'esh water IS present to a cel'tain depth; 
that in deeper polders the deep groundwatel' move::. vertically 

npward, in shallow polders downward; 
th at also 1D the depth a CUl'l'ent eXlsts ti'om the dunes to the 

polders and fi'om the shallower polders to the deeper ones; 
that no important continuous subterranean CUlTent exists ti'om the 

higher grounds ti'om the east to the west. 
But I camlot accept the conclusion that the fi'esh groundwater 

present 1D the diluvium also in our poldere., owes lts origin to rain 
fallen locally Ol' at a l'elatively short distance during the wet seaRon. 

In the following refutation of this opinion I shall I'lpeak of fresh 
and of bl'ackish Ol' salt water. Of course thel'e is no shal'p division 
between thebe, but in order to avoid cumbrous definitions I shall 
make this distinction fOl' simpliClty's sake. I base my considerations 
on quantities, but since only their l'elative amount concerns us here, 
I have l'ounded my fignres as much as possible. 

Iintend to show the incorrectness of the concluslOn mentIoned 
from the arnount of the afflux to in the Haarlemmermeer polder. 
Now a paper on this amount by the member of this Academy 
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VAN DIESEN is found in the Vers1. en lVIeded. der Kon. Akad. 1885 1
). 

I can by no means accept the amount found thel'e. The chief reason 
why Mr. VAN DmsEN a,rrived at an el'roneous figure is that he 
assumes that the grollndwater in the Haarlemmermfler polder which 
is bituated at a depth of about a metre below the sllrface evaporates 
as much as water at the bl1l'face on account of the interstices between 
the particles of gronnd. This, I think, is enth'ely wrong; grol1nd
water at a depth of a metre does not evaporate at all. 

Now if we aSSllme that the groundwater does not evaporate, the 
figmes given in the paper would lead to a negative afflux, which 
certainly is wrong too. This is a conseql1ence of anothel' ]'eason 
why an erroneous figure IS fOllnd, namely the method of derivation. 
Mr. VAN DmsEN, namely, calculates the amOllnt of the afflllx from 
two periods of six years, for eaeh of which he derives the equation' 

u 

k=ax-b 
III which k is the amOl1nt of the flow, x the ratio of the e\'aporation 
at the slu'face and the rain fallen; a and b constant~, derived from 
the other data. So he has two equations k = me - band k1 = al''V1 - b1 • 

. N ow he determines the ratio of J., and k1 from the difference in level 
of the water in the "bósom"') a.nd of the polderwater, a ratio 
naturally little differing from umty, he further assumes that the x 
of each period has the same average value, so he puts ,7} = Xl' The 
two unknown quantities, li- and x, can then be found from these two 
equationb. 

But x and il\ are not exactly equal. 1\111'. VAN DIESEN himself says: 
"evidently th is value must change according to circumstances." lf 
Xl be equal to ,l! + b. we have' 

li- k 
-b -b -a b. k 1 k 1 

1 1 
1)-. -

k k 
-a -a -a -a k 1 k 1 

1 1 

, k 
Now it will entirely depend on the value of kal and a whether 

1 

D. has an appreciabie influence on the value of x. Since frOTll the 
k 

nature of the case k al and a are great values, differing little between 
1 

each other, however, a small value of b. has a great influence on 
x and hence on k. 

I) Versl. en Meded. van de Kon, :Akademie van Wetenschappen, Afd. Natutlrk. 
3e Reeks, Dl. I, p. 359-374. 

~) I'Bosom" IS called an intermediate dlscharge canal or basill. 
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The best estimate of the affiux in the Haarlemmermeer polder is 
that by Mr. ELINK STERK 1). This author bases his calculation on the 
assumption that the value of raill minus evaporation, averaged over 
many years, is practically the same for Rijnland and for the Haar
lemmermeer polder. Rain is here tacitly assumed to be rain plus 
surface condensation , and evaporation, evaporation plus the water 
withdrawn by plants. From the quantity of water discharged and 
let in over an average of 14 years Mr. ELINK STERK then derives 
with the aid of the assumption mentioned that the afflux in the 
Haarlemmermeer polder is equal to a qllantity of water corresponding 
to a height of 135 mm. + K (l( being the afflux in Rijnland) over 
the whole surface. 

Now he puts](: 15 mm. i.e. 1/10 of the aftlux in the Haarlemmer
meer polder which he caUs an ample estimate as I think it is; so 
he finds for the amount of the afflux in the Haarlemmermeer polder 
150 mmo 

The assumption mentioned that rain minus evaporation is equal 
for Rijnland and for the Haarlemmermeer polder is not quite correct 
of course. The rain may be taken equal, but not the evaporation. 
The rainfall is in my opinion more regular on the average than is 
indicated by our rain-gauges. Under equal meteoroJogical conditions 
the rate of evaporation depends principally on water for evaporation 
being or not bemg present. In the polders having a high summer
level with regard to the land which mostly consists of meadows, 
evapor<1tion will be greater than in the Haarlemmermeer polder, 
since water will always be present at the surface ; in the dnnes on 
the other hand it wlll be less. Considedng the charactel' of the grounds 
in Rijnland we may assumè that evaporation there wil! be slightly 
gl'eater than in the Haarlemmermeer polder. So It· we apply to our 
figure a correction b. l, making it 150 + b. l, b.1 will be negative. 

Mr. ELINK STERK has left out of consideration through lack of 
data: 1. the quantity of water admitted into the Groot Waterschap 
van Woerden (having tue same bosom as Rijnland); 2. The quantity 
of water lei in by locks into Rijnland and the Groot Waterschap 
van Woerden. CaUing these respectively b., and 1::. 3 , the afilux in 
the Haarlemmermeer polder is 

k = 150 + 1::. 1 + b.s + b.a mmo 

Now the quantities b. s and 1::.8 , are both small and cert.ainly 
positive; pl'obably they are together smaller than b.I' SO if we omit 
the three corrections b.1 , b.2 and b. a, the error can not be large and 

1) Verhandelingen van het Kon. Instituut van Ingenieurs. 1897--1898. p.63-75. 
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the fignre for k probably becomes too great as it a1so becomes by 
putting J( = 15 mmo 

Putting the afflux of water at 150 mmo this gives fol' a surface 
of 18000 H. A. 27 million ~P. This amount eonsists of three 
parts: 1. of what is let in fol' the higher lands behind the ringdyke 
thl'ough valves and syphons; 2. of the afilux through the ringdyke 
above the old sea-c1ay which I sl1a11 eaU the nfflux tltl'ouglt the ~Uuv~13n:; '''>y'; ~ 
3. of the afflux over the whole sul.'face of the polder, moving upwaIir~"-' V<._ 

through the old sea-clay on account of the greater pressure, w hich 
I shall ('all the atllux ji'om the diluvium. 

The first part which is no proper affiuw, is estimated by Mr. ELINK 
STERK at 5 to 7 million ~p per year. Subtracting this and taking 
the smallest figul'e the affiux mentioned sub 2 and 3 becomes 22 
million Ma per year. How much of th is is due to each of the parts 
sub 2 and 3 cannot be made out, while in those pI aces where the 
"old sea-clay" is absent no separation takes place. Probably 2 is 
the greater part, therefore lassurne for the part sub 3 all amount 
of 10 miIliol1 Ma pel' year; possibly iÇ is Inueh smaller. 

These 10 million ~P. the affiux f1'om the diluvium must consequently 
either flow in as fi'esh water along the cirj:!umference of the polder 
under the old sea-clay through the upper htyers of the dIluvium, or 
rise from below as salt water. Let us for the present assume that 
it all flows to m the former mannel', In fifty years 500 miJlion Ma. 
of fresh water would in this way have flowed into the diluvium. 
Now the quantity of fresh water present in the diluvium under the 
Haarlemmermeer polder is g1'eatel'; tlssuming 1/, to 1/4 space between 
the grain~ of stlnd this quantity wonld only cOl'l'espond to a thickness 
of 10 me tres containing fresh water, whereas this thiclme~s i~ greater 
on the average, as is pl'oved e,g. by bOl'ings neal' Sloten, 

The eircumf'erence of the ringdyke· being about 60.000 metl'es, if 
we assume the afllux to take place over a height of' only 20 metl'es 
and the intel'stices between the gl'ains ot' saud to be the same as 
above, th is will give a velocity of motion of 30 metl'es per year aud 
the water tlowed to would, even if we neglect the 108s of speed 
further in the poldel', have penetl'ated illto the poldel' only 1500 
metl'e8 in 50 yeal's and so not have l'cached the middle. 

Moreovel' the assumption that all the water streaming to is fi'esh, 
il; not pl'ohable, if we bear in mind the amount of salt in thc Wil
helmina spring which is over 3000 mg. chlorine pel' litre. Hence it 
is certain that with a flow of 10 million Ma jj'om the diluvium, 
part of the fresh water nowadays present in the diluvium under the 

4 
Pl'oceedings Royal Acad, Amsterdam, Vol. VU. 
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Haarlemmermeer polder was present there already 50 years ago. 

Before that time conditions were very different from wl~at they 
are now. Instead of the deep drainage there was bosomwatel'. How 
t11e fl'esh Vi'ater then present, especially in the eastern part, had come 
under the Haarlemmermeer, is difficult to te11 fol' want of data. Was 

'the water of the Haarlem lake always so rich in chlorine as some 
old observations show? Certainly the diffel'ence in pressure of the 
deep groundwater was smaller than it is now and accordingly the 
quantity of water moved was also smaller, while the direction of 
the current in the deE'p groundwater e.g. near Sloten must have 
been exactly the reverse. 

A thousand years ago when there were no dykes yet to keep out 
the water of rivers and of the sea, and no mills yet to drain the 
polders, wh en the dunes were bO much broader at the &easide tha~ 
they are now, when there were no canals jn the dunes yet for sand 
transport and other purposes, I imagine the state of affairs in the 
tract of land we are comüdering, must have been sueh that fresh 
water was also present in the diluvium and probably more than 
nowadays, that in the dIlnes there existed a high level of ground
water by which water was driven to the diluvinm, the pl'essure at 
the west side under the "old sea-clay" being greater than th at of the 
gl'oundwatel' above it. The level of the gl'oundwater in the alluvium 
of the polderland was thel1 probably mueh more regular and slightly 
higher than the average sea-level. How these conditions became pl'e
"alent I must leave to geologists to explaill. 

By making dykes, by enclo::.ing polders, by draining, the level of 
the groundwatel' has gradually been lowel'ed, now in one place, th en 
in anot11er. The currents in the layers of fl'esh water in the diluvium 
also had theil' dil'ections changed by this; Hley Cel'taillly were very 
small, ho wever, before the great drainages were made. In the ü'act 
we are dealing with, 3000 H.A. were dl'ained before 1750, 10.000 
H.A. bet ween 1750 and 1850 and 26,000 H.A. betweell 1850 
and 1900. 

The dunes gradually decl'eased in breadth, while also the flow of 
water towal'ds the land illcreased by canals for sand-transport etc. 
Tbe height of the groundwater in the dnnes will conseqnently also 
have steadily been decreasing. 

Bearing in milld the figure for the amount af'flux to in the 
Haarlemmermeer polder, we may safely assllme the quantitiet! of 
water which bel'Ole the drainages were made, penctl'ated vertically 
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downwal'U throllgh the old sea-clay, to llave been very small com~ 
pared with the amOllllt of ft'esh water present. Oon&equently the 
only source of snpply ot' ft'esh water to the diluvium has been the 
afllllx from the dllnes, At tlle &ame time I venture the supposition 
th at part of the fresh water whieh a thousand years ago was present 
in the diluviuIll under the polderland is still present there now. 

Anot11er question arising here is whether salt water rises upward 
fi'om below. About farmer time& nothing can be stated with certainty 
in this respect; for t11e present time it is l'endered probable by the 
circumstance that the water of the Haarlemmermeer polder contains 
more chlorine t11an ean be derived ft'om the amux if na salt water 
ft'om below is itdeled to it. Thel'efore I have tried to e~timate, though 
l'onghly, the quantity of chlorine, dischal'ged by RIjnland anel the 
qnantities entering Rijnland in D.nother way thall f'rom below, assuming 
that the quantity of chlorine withdrawn from the gTound by plants 
is equal to the quantity fllrnished by manuring, which snpposition 
is l'easonable. 

Rijnland di&charges allnually on t11e average 4:76 million M3. of 
water; how much chlorine this cOlltains is not known, but fi'om the 
data for the percentage of chlorine of the water of the bosom I) a 
figure may be derived whieh is too small and another which is toa 
large, which figl1l'es 1 take to be 105 anel 315 mg. per litre, giving 
an annual discharge of 50.000 or 150.000 tons of chlorine, 

The quantities of chlorine al'l'ivillg into Rijnland are, besides that 
from the groundwater below 1. thA sea-spray; assnming that this 
chiefly faUs on the dunes we can estimate it; the dnnes that dischal'ge 
water into Rijnland will supply about 20 million l\P. of water 
annually; this water contains 40 mg. chlorine per litre, making 
800 tons of chlorine; adeling to this what is blown over the dnnes 
we obtain a total of 1500 tons; 2. the fi'esh water which is let in, 
amounting on the twerage to 125 millIon :;VP. per year, eontaining 
40 mg. per litre, which makes 5000 tons; 3. the water through 
locks; it is difficuIt to estimate an average percentage of chlorine 
here, since one loek (Gouda) ad mits fresh water to the bosom, othe1's 
(Spaarndam, Overtoom, etc.) water with a high pet'centage of chlo~ 
l'ine; I think 2000 mg. per litre a snfficiently high estimate; putting 
the water let in through locks at 5 millionlVP. this makes 10.000 tons; 
4. what human society discharges into the bosom; this amount is 
difficnlt to estimate; putting it at 3500 tons, the total amount becomes 

1) Mededeelingen omtrent de Geologie van Nederland, no. 2G, by Dl'. J. LORlÉ, 

pp. 8-11. 
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20.000 tons of chlorine. Assuming that what is supplied to the bosom 
by all these causes is more than half this rough estimate and less 
than its twofold we get 10.000 or 40.000 tons of rhlorine. In any 
case there is a deficiency amonnting to something between 10.000 
and 140.000 tons which has to be ascribed to a supply of salt from 
a greater depth. When we bear in mind th at th is will chiefly come 

'frolfi the Haarlemmermeer polder and that this latter discharges on 
the average about 30.000 tons of chlorine and that the supplies 
mentioned snb 1-4 occur there in a small degree, the snpply of 
salt fl'om below at the present time is pl'etty certain. A quantity of 
35.000 tons of c1110l'ine corresponds to that contained in two mil
lion l\P. of water from the North Sea. 

The motion of the deep groundwater is generally very slow. 
If e. g. we consider how long it would take water to travel in a 

layer of sand between two impervious layers fi'om the sea to the 
Haarlemmermeer polder, which is a distance of 9000 metres, the 
difference of pl'eSSllre being 5 ]VI., if the permeability is the same as 
that of dune-sand, we filld that it would tra vel in a year (31.557.000 
seconds) through a distance of 

31.557.000 X 5 X 0.0006 

9000 
10.M. 

(0.0006 being the mte of filtration through 1 M. of dUlle-sand with 
a pl'essure of 1 M.1). A distance of 9000 M. would consequently 
require 900 years. 

As to the rate with which the salt water can rise from below we 
find what follows. Assuming that the rise is constant and that under 
the Haarlemmermerer polder 5 million M3. rises annually, this gives 
over a surf ace of 18000 H.A. with a space of 1/3 to 1:4 between the 
grains of sand, a rise of about 100 mmo per year; a rise of 50 metres 
would then require a period of 500 years. 

The question 1l0W naturally arises: since a large quantity of fresh 
water is present in the diluvium under our polderland and the salt 
water flows slowly, is it possible to withdraw this fl'esh water tor 
drinking-water? The part we are considering has, aftel' taking olf 
the littoral mal'gin and the country round Amsterdam which has a 
different fOlmation, a surface of about 100.000 H.A.; not counting 
the drainages and other less suitable tmcts, half of this territory 
contains 5000 million ~P. of fresh water, if we assnme an ayerage 

\ 

1) Report of tbe Committee for investigating the supply of water from the 
dunes to Amsterdam, 1891, supplement 16, p. 77. 
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of 10 lVlJ of fresh water pel' l\P, cOl'l'esponding to 1/3 to 1/4 space 
betweeu tlle gl'ains of flu,nd over a tlliclmess of 30 to 40 metres. A 
consumption of 50 millioll M3 pel' year being sufficient with the 
existing dune-water eondnit fol' the need of the pOplllation, taking 
its incl'ease info account, this quantity would be able to supply water 
for a hnndred yeal's; now we may presurne th at in a hllndred yeat's 
science wiII have so much advanced that it will be practicabIe then 
to couvert any water into suitable drinking-water. 

The allSWel' to our question must in my opinion be affil'mative as 
weIl as llegative. Affirmntive with respect to supplying water to single 
dwellings, to a village, Ol' to a temporary supply in war-time such 
as the Engineering Oorps has made at Sloten; negative with respect 
to a lasting demand on a large scale anel Ihis because in practice 
pecuniary considerations would force ns to withdraw the water ti'om 
a limited surface which would be impossible ,vHhout causing such a 
dilllinutioll in pressure that cerlainly with a lateral afflux also water 
fl'om below wonld flow to, so that aftel' some time brackish water 
would be obtained. 

Hence Prof. DUBOIS' assertion, th at a sufficient quantity of drinking
water is alld remains available in the ground under the shallower 
polders, is in my opinion entirely wrong. 

Geology. - "On tlte ol'igin of the fl'esh-wate1' in the subsoil of a 
few slwllow polde1'S". By Prof. EUG. DUBOIS. Comrnunicated 

by Prof. BAKHUIS ROOZEBOOl\l. 

(Communicated in the Meeting of November 28, 1903). 

In the meeting of the Academy of September 26 ult. Mr. H. E. 
DE BRUYN, although he agreed with most of t,he principal conclusions 
about the ol'igin and the dh'ection of motion of the groundwater in 
part of our lowland, contained in my communication to the Academy 
of June 27, gave an elabol'ate exposition of the grounds on account 
of Wilich he cannot accept my conclusion concerning the ol'igin of 
the fl'esh-water in the sllbsoil of a few shallow polders. In my opinion 
this has to be sought in rttÏn, fallen on the spot or at a relatively 
short distance, which Mr. DE BRUYN thinks irnpossible on account of 
considerations about the amount of the afflux in the Haarlemmermeer 
polder which, in his opinion proves that the layers above the diluvium, 
especially the "old sea-clay" transmit water to a much smaller extent 
than is necessary in my representation. He also supposes that part 
ot' the fl'csh-wi\.ter which was present uuder our polder-land a thou:, 


