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Geology. - "Facts leading to trace out the motion and the origin of 

tAe nnderground watm' in OlW' sea-provinces". By Prof. EUG. 

DUBOIS. (Commul}ÏCated by Prof. H. W. BAKHUIS ROOZEBOOM). 

(Communicatcd in the meeting of June 27 tb. 1903). 

As to the origin and the condition of the underground water in 
Our low-Iands, we are, as yet, almost entil'ely in the dm'k; facts, 
that might throw light on the subject, are almost entirely lacking._ 

The hazardous snppositions made on the subject by some, and 
the extraordinary caution, which others thought necessary in practice, 
prove this. OllIy lately DARAPSKY, in a dictatorially written al'ticIe, 
held forth that even now rivers of former geologicaI perioels 
follow th eh very same chanllels, but llOW as underground streams. 
The underground water he consielered as alplOst exclusi-yely river
water 1). 

Others have admitted powerful al'tesian CUl'rents fi'om the eabtern 
high-land, without any decided facts supporting that opinioll. Agam 
others fancied to have founel the explanation in VOLGER'S hypothesis, 
on the condensatioll of vapour in the ground; a hypothesis, refuted 
already a long time ago by no less an authority than HANN 2). A single 
phenomenon obsel'ved in one of the East-Frisian Islands, already 
yt'ars ago obsel'ved in oUl' own country, and explained, but now 
forp:otten, led some to imagine possibilities, as to tile sea thl'eatening 
us also from below, a thing whieh filled them with anxiety. Not to 
mention altogether absurd a.nd physically cimpossible suppositions. 

Howevel' it nppenred to me th at an earnest searehing for facts, 
could not but bl'ing to light something that would give us a clue, 
fmther to find 0111' way in thIS importc'tnt question, important botb in a 
scientific nne! a practical respect. Indeeel, thanks to the kindness 
I met ti'om different bides, I was enabled, dUl'ing these lattel' months, 
to make a large llumbel' of obseryations anel to colleet facts which 
show forth, in outline, the' direction, the oJ'igin and tbe general 
condition of the underground water' in the main part of our 
Iow-lands. 

Since it will take some time fully to work out the results obtained, 
the present circumstn,nces make it desirable I think, already now, in 
this short communication, to make known the most important of 

lJ L. DAltAPSKY, Die TI'inkwassel'frage lil Amsterdam. Journal für Gasbeleuchtung 
und Wassel'vel'sorgung. 46 Jahl'gang, p. 468, sqq. (1903). 

~) J, I!i\NN, Zeils<:hrift flir Meteorolo~ie, le80, p. 482-486. 
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them. My researches were principally limited to the southern pa1:'t 
of the North-Holland 10w-1ands, including the dunes, and the adjacent 
parts of the provinces of Utrecht and of South-Holland. It is a 
matter of course that a1so here I had to limit myself to the chief 
points of the question. 

In the last decennia, hundreds of bOl'ings have been done in the 
polders, in the dunes and in the area between them by the corps 
of military engineers and by others, with the object of making 
fOl'tifications Ol' of obtaining fl'esh water. Down to a certam depth, 
the constitution of the soH is consequently pretty wellimown, and some 
deeper borings have tolembly weU aClluainted us also with the 
constitlltion of the soil at greater dept1\. Sand is the chief substance, 
alternating with beds· of always very imp ure clay. Close to the 
sllrface, pretty generally, a zone is found of clayey substances, (the 
well-known "old sea-clay" of STARING) , over considerabie areas, 
covered witb a layer of peat, wJlich cJay, in the dunes, where that 
peat is genemlly lacking, is covel'ed with blown sand. Under the 
finer sand of the upper-6oiI, of ten mixed with cIay, in which occur, 
in large areas, eleeper layers of peat, th ere is a zone of coal'se-grained, 
of ten gl'avelly sand, Jlot unfi'equently containing pebbles. In the 
west of the mentioned region, the top of that zone lies about 30 M. 
-:- A P. deep, or a tew metres higher; in the east, near Aalsmeer, 
Sloten, Amstelveen, :Mijclrecht, Wilnis, Oudhuizen, it rises to 16 or 
14 M. -:- A.P.; neal' :Muiden anel Nigtevecht as high as 10 Or 8 M. 
-::- A.P. and its reaches the sUl'face f'urthe1' east. Under Amsterdam anel 
both south-east and no1'th-east of it, the soil, on the whoie, is much 
richel' in cIay. 

Also at g'l'eater depths, clay-beds occur, but never as unbl'oken 
layers, exteneling over great distallces; the most 1'egula1' zone is 
aftel' all that of the so-calleel old ,sea-clay, nea1' the surf ace. It is 
besides of importance, that near our eastel'n fi'ontiel's mueh older 
formations rome to the sm-face, than have been found, some hundreds 
of metres deep. under the lowlying lands in the west. This in itself 
is a reason not to ex peet a1'tesian water, from Germany, in our 
western sea-provinces, to some llUudreds of metres below the surface, 
at least. 

Of great significance for tbe pl'oblem is also the fact that more or 
less pure clay rarely OCCUl'S. What is cOllsidereel as 5uch, on fllrther 
examination, (washing of a munber of samples of different origin, 
and especially chemica1 analysis, which analysis Dr. N. SCHOORL 
was kind enough to do at my l'eqllest) pl'oved to consist fo!' only 
one thÏl'd of clay at (he most, generally fol' mnch less, even fbI' only 

49* 
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one seventeenth. The investigations by Prof. SPRING 1) have proved 
the fact that, and the 1'eason why, even very thick layers of im
pure clay, e. g. the limon sllpériewl' de let Hesbaye, let tl;rough water. 
What then must we think of our cIay, which, though teehnicians 
wil! eaU it impermeable Ol' "l'ieh cIay", likewise, for the greater pal't, 
consists of sand ! 

The chemical analysis of specimens pf the fattest clay-sorts selected 
from theil' outward look, (a large nnmber of snch specimens being 
at my dispoflal from a variety of borings) showed the rooi clay 
percentage to consist of less than a t/tinl: at Sloten (boring IV. _2. 
at 4: M. -;.- A.P.) and at Uitgeest (Station, at 43 M. -;.- A.P.). Of about 
a fOitrth: at Hoofddorp, Haarlemmermeer (at 6 M. and also at 
34 M. -;- A.P.); at Amsterdam (Dairy at the Prinsengracht, at 9 
M. -;'-A.P.) and in tlw dunes, 3 K.M. we5t of Santpool't (at 40 M. -;'-A.P). 
Of about a tifth: at Amsterdam, (Dairy in the Second Spaarndammer 
Dwarsstraat, at 3.5 M. -;.- A.P.); at Harlem (Hagest1'U<'l,t, at 141\1. -;'-A.P.); 
at Hillegom (Treslong, at 14 M. -;.- A.P.); at Beverwijk (Middle of 
Breestraat, at 19 :l\I. -:-- A.P.); at Alkmaar (Station, at 22 M. -;.- A.P); 
in the northern part of the Watergraaf smeer polder (near the Ooster
railroad, at 35 M. -:-- A.P.); at Katwijk (875 M. Sou th-West of the 
water-towe1' of the Leyden waterworks, at 1.6:LVI. -;.- A.P.). Of about 
a si:J.:th: at Sloten (boring lil. 1, at 5.50 :LVI. -;:. A.P.) and at Eertden
koning, in the west of the Haarlemmermeer polder (at 19.5 M. -;'-A.P.). 
Of about a seventh: at Velsen (near Rosenstein, at 2.50:LVI. -;.- A.P.); at 
Katwijk (in the same borings, at 3.81\'1. -;- A.P.). An e~qhtl~ to a ninth: 
at Beverwijk in the same borings at 5 :LVI. -;.- A.P.); at Amsterdam 
(Prinsengracht, at 6 M. -;.- A.P.) and in tlle Koningsduin near Castri
cum (at 32 M. -;.- A.P.). Of Ie ss than a tent/t: at Driehuis (Nunnery, 
at 18 :LVI. -;.- A. P .). Of \ about a jifteentlt: at Amsterdam (Second 
Spaarndammer Dwarsstraat, at 62 M -;.- A.P.); at Hillegom (Treslong, 
at 41\'1. -;.- A.P.). Of about a seventeentlt: in the Wa.tergraa.fsmeer polder 
(at 8 M. -;.- A.P.). No clay at all, at Amsterdam (Seeond Spaarndam
mer Dwarsstraat, at 43 M. -:-- A.P.). The last specimen, looking like 
fine-sandy clay, pl'oved to consist of 5a.ndy ca.Ièa.reous tnfa with 
77% CaC08 • 

As to peat, expel'imenis have shown to me that its imperme..'l,bleness 

1) W. SPRING, Quelques expériences SUl' Ia perméabiIité de l'argiIe. Annales de 
la Société géologique de Belgique. Tome 28, p. 117-127 (HJOl), and: Recherches 
expérimentales SUL' la filtration et la pénéll'atioll de l'eau dans Ie sable et Ie limon. 
Ibid. Tome 29, p. 17 -48, 1892). Compare also the report of H. RABozÉE on those 
investigations in: Bulletin de Ia Société beIge de Géologie, de Pv.léontologie et 
d'Hydrologie. Tome 16, p. 269-205, (190~). 
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is equal to that of sandy cIay, but thai i1l anotber respect, it is 
\ery dlfferent fl'om clay, i.e. in its wMer-containing capacity. 'Vhereas 
clay, like sand, can contain water for scarcely more than a third 
of the volume of the dry substance, non-compressed reat can do so 
many times over, Peat of the Riekel' polder, near Sloten, on the 
territory of the military water-works, was found to have a capacity 
of holding water, nine times the volume of the dl'S peat; and the 
water in it can, although slowly, yet freely 1110\'e. 

On the whole we have to deal with an npper-soil of finer, of ten 
clayey sand water, and on whieh or in whieh, 111 most plaees, 
enormous water-reservoirs oecur: the peat "bed&, for even the com
pressed peat contains still a large quantity of ,vater. In the colder 
(rainy) seasons the upper peat layers are not onlJ- always kept filled 
with fresh water, but tlley ean, though slow1y, pl'ovide lowel' regions 
from their water-store; and along with the water, no doubt with carbonic 
acid, whieh deep below will dissolve iron a,nel ('haIk; anel methane 
which, in the same war as cal'bonic acid, tlle more easily dissolves, 
the higher t11e pressure is. Deep down the latter product of decaying 
organic matter, eannot be fOl'lned, on account of the absenee of 
bacteria. 

Those upper-Iayers, little permeable, more or less sImt oif the 
zone of gravelly coarse-grained sand which at the bottom, in a 
similar way bnt much more imperfectly, in its turn is sImt oif by the 
irregular beds of impure day and fine-grained sand, occurring there. 
Under those conditions the vel'tical motion of the water, must on 
the whole be difficult; at one place more and at the othel' less, 
according to elay or sand 10cally prevailing and in proportion to 
the latter being finer- or coarser-grained, whereas in the coal'se
gl'ained medium zone or zones, h01'izontal motion is eomparativel,y 
easy; that medium zone is therefol'e the great ehannel, and in 
ex.tl'ueting underground water this "water-vein" is generally found 
at about 30 M. ~ A,P, Ol' a little deepel' still. 

That indeed below that depth the underground water has an eaey 
horizontal passage, appears fl'om the fact, that the height 10 which 
the water ascends in tube-wells, driven below the npper-edge of the 
coarse-grailled bed, falls but Uttle; whereas higher up in the fine
grained sand, it nearly always is considel'ably higher, (i.e. excepting 
the deep polders, where the deep water will naturally rise above 
the surface of the soil). 

As to fixing the direction in whieh the dee}) underground water 
moves, a thing that will enab1e us to inq llire aftel' the existence of t110se 
cUl'rents, snpposed by some, and a1so the Ol'Ïgill of the underground 



- 6 -

- ( 742, ) 

watcr, the means to do so, although hal'dly evcr applied, are evident. 
Just as on tbe sUloface, it is the law of grn.vitation that also deep 
below, gives to tlle water its hOl'izoJlial C'Ol11'se. Tbe direction of that 
motlOn, as caused by gra, itation, can be demonstrated from tbe 
illclination of the pl'ession-line of the water, deep below, for that 
motion can happen only from spots lmder greater, to those of smaller 
pression. The vertical motion, nneler any given eonstitution of the 
soi!, ean, al:> a rule, be inferreel fi'om the positive Ol' negative charn.eter 
of the pression below, with respect to the level of the water on 
the suL'face. 

When the water ti'om tbe underground, freely rising' in a tube
weIl, remains below the level of that in the npper soil, thM vertical 
motion can take plaee only in a downwal'd direction - if at 
any rate, then anel there, a motion in a vertical direction on the 
whole is possible, w]lÎch is mostly the case. When, on the other 
hand, the level of the water, in the tube-weIl rises higher than that 
of the surface-water, as is the case in the deep polders, vertical 
motion in a somewhat permeable soi] , can take p]ace only in an 
upward direction. The qnantity of chlorides in ihe water, eletermined 
as chlorine, furuishes Ul:> with an other in(lication of the elil'ection 
of that vertical motion. 

So the observation of the height io whieh the water ascends in 
the tube-wel1s and the mutual eomparison of the same, can teaeh 
us much as to the direction in which the water moves. A great nnmber 
of those observations have enabled mc to ascertain, that also deep 
below, the motion of the underground water (nninfluenced though it 
remains by small irregnlarities), depends on ihe shape of the sUl·face. 
In short, the direetion is from the dnnes to the lower l'eglOns; 
from the higher to the deeper polders, n,nd any great unevenness of 
the sUl'face, makes its influence feit, already at a considembIe distanee. 
In the dnncs the deep underground water is under the highest 
pl'essul'e; in the deepest polders it asccnds in the tube-wells io a 
level some metl'es lowel', although thel'e it wells up above the 
ground. Near a low-lying polder the water faIls also in vel·.y deep 
weIlt;. So not only near the sl1rt'ace, but a150 deep below, there is 
a lUotion from the elnnes to those polders and also from the higher 
to rhe lowel' polders. 

Before cOl1ul1unicating the observations, on which those l'esults are 
fOllllded, 1 must speeially state, th at there are influences, which fol' a 
time may more or less change the presl:>iol1 of the water in the 
nnderground, as it appears from the l'ise or fali in the wells. In the 
fi1'st phtcc JllUSt be l1lcnlioned: rains, w hieh make thei1' influence feit 
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almost immediately, whieh influenee is thl' more pOWel'flll than any 
oUter. Aftel' tbe heayy mins in the fom·th. week of AprIl 1903, 
11 llumber of deep weUs on being sounded (April 27 th ) showed 11 

higher level of 0.18 to 0.20 M. A week later it had sunk I1bout 
0.06 M., and on1y aftel' the dry latter half of May, towards tbe 
end of that month, lt was again what it had been iowards the end 
of April, befare the heavy rains. The rising of the deep weIl-water, 
immeduttely aftel' mueh min, may be in part tbe resuIt of the 
greater pressure of t11e npper-soil. In the same way, a traÏIl passing 
over the l'ailway-dike in the Wo.tergl'aafsmeel' polder, for a moment 
ro.ised the water 7 m.m. in lt deep weIl, at a distance of 18 M., 
which well was 34.5 M. beneath the surface of the polder. Principally 
Ihe ram will increase the hydl'ostatic pression. In the serond place, 
changes in the pl'ession of the atmosphel'e have a pabsing influence 
on the level of the water in deep wells. Those Cha11ges make them
belves feIt at once, but that natural barometer is an imperfect one; 
the effect of the changes in the atmospheric pression soon disappears. 
For same honrs howevel' millimeters rising or falling of the quick
silver have their equivalent in centimeters on the watel'gauge. 

In the third plaee the low and the high tic\e of the sea, exel'cise 
It negative or a positive pression on the deep undergroUlld water, i. e. 
on those spots, which are not toa fal' from the sea (3 Ol' 4 K. M. 
seems to be t11e utmost limit here). I have always taken those 
circumstances Ïl'l te account. Fa!' the rest, as tal' as necessal'y, t11e dates 
of the observations are stated here. WiLh a few exceptions, I myse]f 
ascel'tained the level of the water (with r~spect to N.A.P., the new 
water-mark of Amsterdam, as a stitndard) or it was done lUlder 111)' 

control ; same other results I hold from l'eliable bOUt'ces. 
In the dunes now, the pression of the deep underground Witter aSCeIuls 

to I1bout 3 M. above A.P. Sa on 1\1arch 30th 1903, in a weIl of the 
Harlem waterworks sunk down to 53 M. -:- A. P., situated in the 
midst of the dunes, at 3 K. l\L west of Sandpool't, and a little further 
from the polderland, the level of the "vatCl was observed to be at 
2.91 M. + A. P.; in a110ther well in the dnnes, deep 45,51\'1. -:- A. P., 
almost 2 K.l\I. further south, anel at a distance of 21

/, K. M. from 
the polderland, the water ascended to 2.19 M. + A. P. In a thh,d 
weU, close to the wate1'-t01ve1' near Overveen and 1 K. lVI. from the 
low-lying lands, as c\eep as 54 M. -:- A. P., it ra se only to 1.20 + A.P. 
Those th1'ee wells are at a distance of 21

/, to 3 K. M. from the sea. 
In another weU, neal' to tbe Bl'ouwerskolkje, sunk do\vl1 to 701\1.-:- A.P., 
(in 1890), [tt 3/~ IUU. from the on8 11eal' O,'el'veen anel less tho.n 1/2 K.M. 
from the low-lyillg land, the water had been seen to ascend to 
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0.30 M. + A. P. The boring-hole, althoug'h still in the c1unes, beillg 
companttively low, tbe water 1'ose here alJovc the gl'ound. The fact 
tbat those fom wells are situated in thc dnnes, togethel' with- their 
comparative distances from the 10wer regions, c1lstinctly make theil'
influence felt here. 

Neal'er to the inland c1unes, the level of the water is evel'y
whel'e lowel' than in the middJe. On the 11 th of April 1903, in 
the Koningsduin nea1' Castricum, thc level of the water iIrtwo 
wells, sunk down to 32 lV1. -:- A.P., was 1.195 and 1.23 lVI. + A.P. 
They wel'e at a c1istance of about l/~ K.l\!. from eacl! other anel 
they were 3/4 K. 1\1:. from the low-Iying land; the elistance fl'om 
the sea being 21/~ K. M. On the same da,)' the level of the water 
was 0.29 lV1. + A.P., in a weIl, deep 33 2.\1. -:- A.P., near Sant
poort, at the inland of the dUlH:'5 anel 2200 1'1. from the Zuiel
Spaarndam polder (the level of tlle snpel'ficial "'11ter Ol' the SU111l11e1' 
Le\'el here being 2.60 1'1. -:-- A. P.), whel'eas it reached no hig'her 
level than 0.055 lV1. + A.P. at Rosenstein, separated from the dlU1es 
by the plain of Driehuis, anel only 1300 lVI. fl'om the Noord-Spaal'n
dam polder, (of the same dep th as the polder of Zuid-Spaal'1ldam). 

Just as in the Brouwerskolkje near Overveen, the water rises 
above the boring-hole also near Bergen, on the gl'ounds of the 
Alkmaar watel'works, in wells, only about 20 1\'1. -:-- A. P. deep, 
for the l'eason ot' the dnnes having pnrposely been lowerell. Here 
however, in the midst of high dun es and at a/4 K. 1\1. from l'atllCl' 

shallow poldel's (summer-Ievel-:--1.331'1.), it rose to a levelcof 1.35 ~i. 
+ A.P., on lVIal'ch 1st 1903. 

In a welI, deep 40 lV1.-:-- A.P., on the gl'ounds ot' the papel'-manufaetol'y 
of the firm VAN GELDER & SONS, at Velsen, whieb weU is situated at 
1300 M. from tlie Nool'd- en Zuidwi,jkel'meel' polders (having 2.40 lV1. 
-:- A. P. Summer-IJevel) the water on April 14th 1903, had a le\'el 
of 0.26 "LVI. + A. P. without, fol' 53 hotu's, there having been any 
pumping, neithel' there nor at any of t11c othe1' weUs. Under meteor
ological cOllditions which admit of compal'ison, a weU, deep 44 lVI. 
-:-- A. P., near the small steam-mill, in the lVIeer\vciden, on the Nor/h· 
Sea Canal, had a level of 0.435 lVI.. -:- A.P., it being situated 
on1y 370 1\'1. from those polders and between two shallowel' ones 
(-:-- 0.50 and -:-- 1.40 lVI. Summel'-Level). In the Zuidwijkermeer
fort, situated in the polder of the same name, a weIl, 451\1:. -:- A.P. 
deep, had on Mal'ch Sth 1902 a level of about O.SO 1\1. -:- A. P. 
Here we distinctly see the lowel'ing of the level of the water in 
deep wells, from the duues to the polders, whieh shows ti horizontal 
motion in that dil'eciion. 
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Tlle same appearcd, still more ctiRtinctly, SOlltlt of Hal'lem, throngh the 
influenre, whiclt tllc extellsive Haadell1mcl'meel' polder, with its outlying 
polders, eastwaL'd, has on it; lhe Sllmmel' level of thor:,e polders, 
whicIL togethel' cover 42000 H. A., being abollt 5 M. Ol' more under A.P. 

At Aerdenhollt a well, 32 M. -:-- A.P. deep, showed a level of 
0.52 1\'1. + A.P. on May 5th 1903. We ma)' a(l1nit that at the time 
the level of the othel' wells ,"as heing aseel'tained, it must have 
been here about 0.40 M. + A.P. This weIl is 3öOO M. from lhe 
Haarlemmermeer polder and only 350 JU. fl'om lhe Veenpolder 
(Summer-Level-:-- Q.75 M.). A well at Heemstede, on Kennemel'oord, 
deep only 26.3 M. -:- A.P.; hnt sunk down into lhe gravelly sand, 
had on June 2nd 1903 a level of 0.575 M. -:- A.P. That weU, 
although in the inner-dnllos, lies only 2200 M. fl'om tILe Haal'lem~ 
mee,r polder. Another woll, soma 100 M. nOl'th of the Common-Hall 
at Heemstede, at about 1300 1\'1. from that polder and still in the 
inner dunes, had on May 29th , a level of 0.781\'1. -:- A.P. In a thil'd 
one, nearly 30 M. -:- A.P. deep, sijuatect within tbe pl'eeincts of the 
eommnnity of Heemstede, bnt at only 4401\'1. from the Haarlemmer 
polder, on Bosbeek, at the border of the inner clunes, and nnder 
meteorologie conditions admittting of comparison, the level of the water 
was 1.29 1\'1.-:- A.P. A weIl on the Leyden Canal, deep 321\'1. -:- A.P., 
near the remise of the Harlem Electl'ic Tram, on April 9th 1903, 
had a level of 0.225 M. -:- A.P. This weU, within the Veenpolder 
(Smmnel'-Level-:-- 0.751\'1.), lies one side at 3700 1\'1. from the encil'cling 
canal of the Haarlemmermeer polder, bnt also at only 1400 M. from 
the Noorclschalkwijk polder, (Summer-Level-;- 1.25 M.) anel the other 
side about 1 K.M. fi'om the elunes. A weil near the Hadem Gas 
WOl'ks, in the Veenpolder (-:--1.40 1\'!. Smnmel'-Level), 1700 M. from 
the encireling canal of the H.1\'1.P., had, on March 31st 1903, a level 
of about 1.00 M. -:-- A.P., anel in a weIl on tlle grounds, reserved 
fol' the Harlem Abattoir, tho level on April 4rh was 1.081\'!. -7- A.P. 
This weIl lies in the Rooll1olen polder (Summer-Level -:-1.25 M.), at 
1300 M. fL'om 1,lle encÏl'cling canal of the H. M. P. 

On the other hand in a weIl at Hillegom (behind the bnilding of 
the Hillegom Bankvereeniging), sml1\: down 1,0 39 M. -:- A. P., 
1200 iJ'om the Haarlemmermeer polder, the level of Ihe water on 
April 8rh 1903 was only 1.20 M. -:-- A.P. Althongh equally far fl'om 
lhat polder as the weIl near lhe Common-Hall at Heemstede, the 
distanco that separates this weIl at Hillegom from the central range 
of dunes, being 2900 1\'1.; that at Heemstede 0111y 1650 M. The 
Uppet'-soil moroover at Hillegom is much richel' in clay than that 
at Heemstede, the deelJ underground water cOl1sequel1tly on the first 
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mentionecl spot, bcing mueh more nncler the iuflnenee or the pression 
whielt makes itself felt in the H. 1\1. polder. / 

At only 1125 .i\I. no1'th-east of the weIl aL Hillegom, but 300 l\i. 
witbin the Haa1'lemmermeel'poldeI', at "Ee1't-elen-KoniIlg", a well 
has been sunk down to 26.3 1\1. -;- A. P., in which on April 2jst, 

(before the heavy mins of the last weeks of that month), the level 
of tIle watel' was 2.57 1\1. -:- A. P. 'fhe canse of such a difference 
is some 1500 1\1. greatel' proximity of the cenü'e of the Haarlem
mermeet' polder. In the midst of that polder, at Adolfshoeve, on 
the east Hoofdweg, 890 1\1. southwest of the Vijfhuizer Dwarsweg, 
I saw the water ascend only to 4.70 1\1. -;- A. P. in a well, deep 
34 1\1. -;- A. P., suuIt down below a bank of clay, slightly less eleep. 
Pl'obably the mins of a few days before, had mised the water ,L 

decimeter above its dry weather level. At Hoofddorp I found on 
May 8 t l! 1903 a level of 5.03 M. -:- A.P., in a weIl only 18.5 M.-;
A.P. deep. Although Iess deep than the other we lIs, also this was 
sunk into the less fine sanel, and near the top of the eoarse-grained 
sand, beneath the less permeable upper-soll of fine sand and clay. 
If the weU had been snnk below the clay-bank and 34 M. -:- A.P. 
deep, the water no dOllbt would have l'isen a little higher. So the 
l'esult is, that in the midst of the Haarlemmermeer polder, the under
ground water, from under the deeper l,fing clay, ean ascend, half a 
met1'e above SU1111ue1' Level (this being 5.20 lV1. -:- A.P.), on the othel' 
hand, from under the' clayey top-Iaye1', it ean rise but little above 
it. The pression it acquired in tbe dunes and in the sllrrounding, 
shallov\'er polders, on its way to the H. lV1. polder, is in tbe middle 
of it, at 18.5 lV1. -:- A.P., almost entirely lost; and at 34 M. -:- A.P. 
rednced to about half a metre, so it eau rise but little above 
the surface underground water, whel'eas at "Eert-den-Koning", tbe 
ascending capaeity of the water rising from 26 1\'1. -:- A.P. is 2.631\'1. 
above Snmmer Level, or about 1.50 lVI. above the grass-land of 
the polder. The upper-soil, we must bear in mind is half permeable, 
and on its way to the middle of the polder, tbe water gradually 
loses more ol' less its aseending-eapaeity. Consequently also, the water 
cannot horizontally move further east, for then it would have to 
move tO parts, where there is more pression. 

'l'hat in deed the difference in pression between the surrounding 
higher parts and th is deep polder, is the cause of the motiou, 
appeared from observations taken on other spots round the Haarlem
mermeer polder, and in the deep polders more east, adjacent to it, 
including the large Mijdreeht-polder. \ 

North-east of the Haarlemmermeer polder, in the Rieker-polder, 
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a great many wells have been sunk for military purposes, 1110e.t of 
which wells are about 50 1\'1. -:- A.P. deep. The levels in them wel'e 
repeatedly sounded by me, which, eonsidel'ing theil' large nnmbel', 
led to important results. Specially of great signiflC'ance is what those 
sonndings tcach ns, as to the rlil'ection in which the deep nndergl'onnd 
water 111oves. Subjoined tabIe, in whieh, as much as possible, only 
wells of cOl'l'esponding depths have been pnt down, entirely confirms 
what I found elsewhe1'e. 

Those sonndings were done on June 5th 1903. The distances of 
the wells to the H.lVI.polder itself~ one will get by adding 80 1\1. to 
the figure that expl'esses the di&tance between them and the encircling 
canal. 

Distance in lVI., to Level of the water 

Number Depth, the encircling canal in the wel1, 

of the weIl. in lVI. -:- A.P. from the H. lVI. P. in 1\'1. -;- A.P. 
I 

Il. 8 56.5 25 3.00 

r. 19 47.0 50 2.99 

20 49.8 75 2.985 

21 45.6 100 2.995 

lIL 1 47.2 367 2.94 

10 55.7 525 2.91 

21 51.5 750 2.835 

23 52.3 795 2.83 

25 52.9 840 2.82 

35 55.0 1090 2.81 

36 54.0 1120 2.80 

37 50.6 1145 2.80 

40 52.8 1225 2.78 

Here clearly comes out a motion of the deep undergl'onnd water, 
from the higher polders, 110rth of the Haarlemmermeer polder, 
towtwds this deep polder. On 1200 lVI. of distance th ere is an 
illclination of 0.22 1\1., Ol' 1,8: 10000, whereas in othel' dil'ections, 
thel'e is no regular inclinatioll. That indeed 110 general motion from 
east to west Ol' vice versa is to be thought of, naturally follows 
from the comparison between the level of the water in wells thus 
situatcd. For illstance from the following row of wells, all at 25 M. 
ti'om the encil'cllng canal of thc H. M. polder. 
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Number Depth Distanee in M. . Level, 

of well. in l\I. -:- A.P. from weil 1I. 5. in 1\1. -:- A.P. 

lI. 5 56.3 0 3.025 

6 39.0 50 2.98 

7 40.1 100 2.98 

8 56.5 150 3.00 

10 46.5 250 2.99 

12 33.5 318 3.005 

14 44.0 380 3.025 

1. 18 38.0 595 3.01 

At the same time the faet stands forth that, on ce a level reaehed 
under the fine-graineu and cIayey upper-stl'ata, further dJifel'ences in 
depths are of little consequenee. 'V 

001l1pa1'ison of the othe1' soundmgs will show fOl'th the same fOI: 
either statement. 

The avel'age le"e] of last mentioned 8 soullc1ings, in wells at 
25 1\'1. distance {rom t11e encu'cling cana], is -:-- 3.00 M., sa equal 
to that in weIl II 8 whieb we l1sec1 as starting-point in the first tabIe. 

Thongh, there is na gl'eat eUl'1'ent in the one 91' the othe1' direction, 
vertieal on the one towards the H. 1\'1. polder, (so from east or west,) 
the1'e seems to exist a slight loeal motion {rom the Nieuwe Meer 
(level about ..;- 0.60 M.) to the west (Summer Level of Rieker polder 
-:-1.80 1\1:.), as may be seen from the compariso'h between wells, 
situated at increasing distances from that small lake, but pretty weIl 
at all equal distance ft'om the H. 1\'1. polder. 

Number Depth, Distal1ce in M., Level, 

of weIl. in M. -:- A.P. fl'om the N. Meer. in M. -:- A.P. 

I 1 48.5 60 2.935 

2 48.7 90 2.935 

3 50.5 110 2.925 

4 51.0 135 2.932 

7 52.8 220 2.955 

8 51.5 235 2.95 

9 50.0 23.r5 2.955 

10 49.5 235 2.96 

12 41.3 300 2.98 

II 14 44.0 690 3.025 
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The real existence of the above indicated motion, from the 
shallow polders, north of the H. 1\11. polder, towards the latter, is 
confirmed by obserYing the level in a weIl, sunk down to 32.5 M. 
-:- A.P. nnder the direction of Dl'. ALEXANDJm KLEIN, near the 
"Huis de Vraag", between the Rieker polder and the Sloter Binnen
alld Middelveldsche combinecl Polderó (Summer Level -:- 2 15 l\I1.), 
not far bel!ind the Vondel Park. On .June 16th 1903, I fonnd the 
level to be 2.46 M. -:- A.P. The weIl lies 3100 M. from the H. 1\1. 
polder, or about 1800 M. further than well lIl. 40. in the Rieker 
polder. So also here the1'e is all lllclination of about 1.8 : 10000. 

Also towal'els the polders which lie eastwarel, aeljacent to the 
H. JU. polder, anel hydr610gically one with it, the motlOn of the 
water, deep down, is fl'om the higher to the lower one<;. This was 
shown by soundmgs, done on June 24th 1903, in wells, all sunk 
down to abont 30 l\I. -:- A.P. and belonging to fOl'tifications south
cast of Amsterdam. There appeal'ed to be an impelling force in that 
c1e€'p water towarcls the Groot-Mijclrecht polder (where they keep the 
water to a Summer Level of -:- 6.60 1\11.). 

The following small tabIe, concel'nmg observeel levels on August 
26th 1903, shows this: 

Disiance to the 

Groot-Mijelrecht Polder 

Fort near Nlgtevecht 7 KM. 
Mil. Post near Oostzijelschen Watermill 5.5 " 

Fort near Abcoude 4.5 " 

" " De Winkel 2.5 " 

" " Botshol 0.2 " 

Level, 

in M. -:- A.P. 

1.775 

2.01 

2.12 

2.29 

4.43 

The fact that the inclination of the pres&ion-line is specially great 
here, neal' the deep polder, and also fro111 Nigtevecht to the Oost
zijdschen WatermiU, must, I think, be attributed to the greater height 
to whiel! the gravel-diluvium rises in this part, a thing to which 
attention hab been called, all'eady at the beginning of this paper, 
The inflnence of surfaee-water ean therefol'e make itself feit eomp
al'atively strongly, wh en loeally rapid changes OCOUl'; at BotshoJ, 
on arconnL of the neigbbourhood of the deeper polder, and at 
Nigtevecht on account of the rising of thc upper-part of the deposit 
of coat'se grained sand, which at a comparative s111a11 distance, east 
of Nigtevechi, at cel'tain spots, even l'eaclleS the snrface. rfhe reason 
being th~t the al'tesian l'eg;ulal'ity of pl'eSSiOll, to whièh the deep 
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underground water is submitted, is broken by those local irregularities 
of the geulogical strllctnre. 

That we have not to thillk of strong CUl'rents of the deep nneler
gronnd water, in a general direction for all, bnt of currents, dependent 
on the loc'al form of tlle snrface, may finally be confirmed by 
sonndings in two wells, sunk a]so nnder tlle direction of Dr. KLEIN, 

in the Watergraafsmepr polder (Summer Level -;- 5.50 M.). One of those 
wells, in the north of that polder, near the Ooster-railway, at 250 
M. north-west of the sa calleel Poort, deep about 39.5 M. -;- A.P., 
had on June 18th 1903 a level of 3.215 1\'1. -;- A.P. In another, 
presumingly 35 .LVI. -;- A.P. def>p, in the south of that polder, near 
the Omval, the level was 3.125 M. -;- A.P., on June 23rl 1903. The 
latter lies 5 Kj''!. alll10st straight east, ti'om that near the "Hnis de 
Vran,g," which in its turn lies 2.3 K.M. east, but a little towal'ds 
the norlh, from weIl lIl. 40, in the Rieker polder. 

Another wel!, about 25 1\'1. -;- A.P. eleep lies, in the sOllth-west 
corner of the Bij1ll1erll1eer polder (Snmmer Level-;- 4.80), at 4 K.I\!. 
north-west of the weIl near tbe Oostzijrlsrhen Water-ll1ill, 4.8 K.M. 
soutll-east of that near tbe Omval and 11 K.M. fi'om the Bullen
wijker and Holenelrec'hter polder (Summer Level-;-3.35 M.). This 
weIl had, lUIder the same meteorological conditions, a level of 3.075 
J\'l. -;- A.P. At the well-known boring done by the corps of military 
engineers, at Diemerbrug, near t]le Weesp tnrnpike, beyond tbe 
northe1'11 extremity of tbe Bijlmermeer polder, the level of the water 
in tbe weIl, then 731\'1. -;- A.P. deep, was 2.51-;-'A.P. on Oct. 18th 

1888. That weIl was 2 K.M. from the easte1'11 border of the Water
graafsll1eer polder. 

ConsequenUy the result of the diifeL'ent observations is, that there 
is not a general, so called "artesian" CUl'l'ent from east to west 
or vice versa, in the region between Amsterdam and the H. M. 
polder, neither south-east of Amsterdam; those found, are but special 
enrrents originating in ]ocal diiferences of heigbt of the surface and 
directed towards the Haarlemmermeer- and adjacent other deep polderE 
and towards the Watergraafsmeer-, the BijlmeJ'meer- and the Holen
drechter polders. 

Another l'esllit is the conclnsion we may draw, as to the direction 
of the vertical motion of the underground water, by compal'ing the 
different levels of the water in tbe deep wells with that of the 
varying levels of tbe underground water rising from smaller depths 
and with the highest level this reaches. In shgrt in Lhe shallow 
polders, in the dunes and in the area bet ween them, the dil'ection 
appears to be downward; in the deep poldet:s, on the other hand, 
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slich as the Haarlemmermeer polder alld the acljacent deep ones, 
upward. It is a wellknown fact that the water in deep wells rises 
above the slll'face of the underground wafel' and above t11e grass
land of the deep polders. In polders of smaller depth, thc deep 
wellwatel' l'emains below the surface. Likewise the ascending 
power of tèe water, as a rule, gradually diminishes towards the 
middle of the deep polders. In higher parts, such as in the dunes 
and in the flat sandy adjacent area, the sm'face of the nnder
ground water is considerably higher than the level of t11e water 
in the deep welIs. So here we find increase of pression from 
below upward, and descending movement of the water. In t11e 
dunes near Castricum the level of the surface of the underground 
water is about 1.30 l\f. higher than th at reaehed in the deep 
wells; at Santpoort, at tlle inland side of the dunes, the differenee 
even being 1.80 1\1. 

In connecrion with the abovc indicateel conditions, espeeially in 
the colder seasons, when the underground water is generally feel 
with the water penetrating the soi! from the rainfall, the dunes, 
the shallow polders anel the intermediate area will get a fresh 
snpply of water, whereas there is always a loss by the pumping in 
the deep polders, to whieh, certainly in no less degree than to tbe 
sea, there is a constant aflluenee. The underground w~ter not being 
of elistallt origin, it ean as a matter of course be elerived only from 
rains on the spot it:;elf, Ol' at a sma11 distance. 

Just a passing rem ark in cOlluection with the resltlts arrived at, 
to eall the attention to the drying out of the dunes and especially 
of the 10wer stretches of lanel west of the H. M. polder. This drying 
out, i.e. considerable lowering of the surface-Ievel of the underground 
water, actually notieed for al1'eady half a century, has l'epeatedly been 
aUributed to the waterworks in the dnnes for the water-provision 
of Amsterdam; to my opinion howeve1' it is in the fi1'st plaee 
due to the draining of the Haarlemmermeer, just half a century 

, I 

ago, ti'om whieh event dates the powerful subterranean CUl'l'ent 
fl'om the dunes to the deep cx.tensive Haarlemmermeer polder. 
Especially in the lower tracts from Zuid schalk wijk to Bennebroek, 
up to a few kilometers from that polder, the drying out process 
has made itself felt, on acconnt of clay above the coarse-grained 
sand being almost elltil'ely lacking. In those' parts the wntel' in the 
ditches, when thel'e is 110 f'resh artificial in-flow, will soon sink down, 
actually making its way ulldel' the encircling eannl of the H.l\f. 
polder, as is pl'oved by the coneitlerably lowel' level in part of 
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tbat l'egion 1). Ever since, a few years ago, tbe level Ot tbe. H. M. 
polder was lowered 0.30 lVl., the level of the water in a pond, 4 M. 
higher, al l\Ieer-eu-Berg, aud 400 M. outside the polder, was observed 
to be lowered as much. From this we ean imaginE' how powerful 
the influenee of a lower level of 5 M. must have been at t11e 
time when the Lake of Harlem was being dmined dry. 

As to the motion of t11e deep underground water, at the side of' 
the dunes, facing the sea, I have been able to make only a few 
obsel'vations. The great uniformity with which the dnnes border on 
the sea however, in couneetion witb the oUler results of my investiga
tion, permit drawing prett.y safe C'onclusions fi'om them, as to the 
general condition. 

A weU known tact is that tJle superficial water flows fl'om the 
dunes iO'vvards the sea, jnst as it does inland from the dnnes to 
the adjacent flat area and the polders. A remarkable pro of of the 
water flowing from t11e dunes to the sea, is the welling np, at 
ebb-tide, of fresh water on the beach, north of Noordwijk-aan
Zee. Puddles and fnrrows form themselves, from which, as long 
as it is ebb, not unlike rills, fed frolll sol1l'ees, large qnantities 
of water, only partly consisting of salt-water, flow towards the sea. 
Particles of elay brought up with the watel' anel founel in the ripple
marks on the beaeh, suggest the pl'esenee of a clay-bed, close to 
the surfaee, through intel'rnptions of whieh the welling' up of the 
water takes place. On Mai'ch 27th 1903, at 11 a.m., it being low
tide, about 9 hOUl'S aftel' high-tide, (the wif1(l S.S.E.), I scooped 
opposite strand-pole N°, 78, from sneb a rill, about 200 1\1. long, 
(the debit of which might be ea1cnlated to be in the least 7 l\P an 
hour), a sample of water, whieh pl'oved to contain 1'1550 mG. of 
chlorine the Liter. So fol' 1/3 it was fi'esh- and fol' 2/3 sea-\vater, 
and houdy more than 2.3 l\P fl'esh watei~ found its way into the 
sea, thl'ough that little ebb-rill. The gl'eat uniformity now with which 
the dnnes slope clown to beeome beach permit us to accept as 
a general though in most eases ütvü:iible tact what here, through 

\ 
loeal cil'cumstances, happens visibly. n 

Anothel' proof fol' the considerable flowing' down of fi'esh surface
water towal'cls the sea, furnishecl to me a stone-weU at the foot of the 
dUlles, on the beaeh at Zandvoort, fl'otn whieh the fis hing-smacks 
take their water-stOl'e. The bottom of that weIl is 0.72 M. -:- A.P., 

1) That (\Iso from thc encÎrcling canal ilself, which is about 3 M. -:- A.P. deep, 
the water is sinking down, is proved by the fact, that near the Cruquius, the 
level is always some centimeters lowcl' than in lhc Spaarne and in the canals 
of Harlem. 
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.i. e. 0.04: M. above average low-tide mark, and 1.60 M. below 
high-tide mark. On Febt'. 18th 1903, at 4.20 p.m., it being low-tide, 
the qnantity of chlorine of the water in tllat weIl, was 291 m.G. 
the' Liter. On Mareh 6th 1903, at 10.30 a.m., about three hOlll'S aftel' 
high-tide, the level of the water in that weIl was 0.93 M. + A.P. 
or 0.76 1\'I. above the sea, at that moment. 

Also in t11e deepel', coarse-gl'ained sand.-layel's, thel'e is a main 
ClU'l'ent of fresh water towards the sea. In a well in the dunes, 
350.M. from the sea (IO\\ -wa,ter line) , on tile Kerkplein at Zandvoort, 
sunk down to 28.3 lV1. -:- A.P., the level of the water on the 14th of 
April 1903 was as follows: 

At 4.30 p.m. 1.445 1\'1. + A.P. 

" 5 , "" 1.497 
" 5.25 "" 1.520 

80 a distinct inflnence of the high-tide, whieh at IJmuiden rea ehe 
lts highest level, 1.431.\'I.+A.P., at 4.55 p.m.; at Zandvoort presnm
ably 8 minutes eê1.1·lier, is evident. 

The next day, in the same well - the deeper one of the two -
the level of the water was fonnd to be: 

At 12 o'clock 1.28 1.\'1. + A. P. 

" 
12.35 p.m. 1.24 

" 1. 5 " " 
1.22 

" 1.35 " " 
1.195 

" 2. 5 " " 1.19 

" 2.35 " " 
1.193 

" 
3. 5 " " 1.205 

" 3.25 " " 1.20 

Compal'ing' the above figures with those of the self-registering 
tide-gange ai IJmuiden, it appeal'ed th at tbe intluence of the tide 
makes itselt' felt 40 minntes later in that weU, situated 350 M. from 
the sea. The snelden way in which t11e gl'adual rising of tIle water 
stopped at 3.5 p. m. was tonnd to eOl'l'espond with the somewlJat eal'lier, 
change in tlle le\'e1 of the sea, the dili'erenee in time eorresponding. 

At I.Jmuidell, 1.30 p.m., the low-tide level was observed to be 
0.76 l\I. i- A.P.. 80 the wMer Ïll Ule wen was 1.95 M. higher. At 
high-tide hO'wever, it was at that time, but abollt 0.10 M. above the 
level of the sen,. 80 the amplitnde of Lhe tide Îllflnenee in I.he weU, 

50 
Proceedings Royal Acad. Amslerdam. Vol. Vl. 
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was then about 0.34 IVf. But the tide rose then unusually high 
(0.55 1\'1. above the average high-tide mal'k) the low-tide mark being 
then jusL the average one. I think I may estimate the aYel'age vertic.'tl 
amplitude in the wel! to be, at the mûst, 0.30 1\1., and belieye pretty 
near to hit it, when accepting 1.30 111. + A.P, as the avel'age level 
in that weIl, or 1.50 1\'1. above the avel'age sea-Ievel. 

When considering the motion of the deep gl'ound-water, in the 
direction of the sea, caused by the hydraulic presEoion in the dnnes, we 
must not overlook the much gl'eatel' specific weigln of sea-water. A 
column of sea-water 30 M. deep, (with a specific weight of 1.0244, on the 
avel'age, as that of the North-sea-watel'), will be kept in balance by a 
column of fi'esh water, about 0.75 M, higher. No doubt however the 
depth of the fl'esh water, in the coarse-gl'ained sand below it, is mueh 
greater than 30 1\I. -:- A.P., without any considerable decrease in the 
ascending power. A direct pro of of this is the smaIl ,percentage of 
chlorine of the water in the deep weIl in the Kerkplein, amQunting 
only to 45 m.G. p. Liter, and that in the weIl on the beach, 
30 1\'1. deep, about 250 lV1. more south, was 52 m.G. the Liter. In 
statistic eqUllibrinm, 1.501\1. above the average-Ievel of the fresh under
ground water would cOl'respond with a depth of 61.5 lVI. But on 
account of the motion of tbe fresh water we have here to deal with 
a conditiou of dyUalDlC equilibrinm; the pressure at gl'eat depths 
conseqnently IS not snnply settled by the height, to which the 
water aócends higher liP, in the groulld. However bel ow 30 M. (in 
the cOitl'se-grained sand) there will be little ~ diifereuce, so we cannot 
but accept, that an extl'a-pression of 1.50 lVI. of the sweet ground
water, apparent from the level the water reached in the tube, wi]] 
cOlTespond with a depth of about 60 1\1. -:- A.P.; taking in con
sideration the decrease of pression downwal'd, we may safely state 
the depth to be 50 à 60 lV1. -:- A.P. One thing is sure, the water 
which mes from about 30 M. -:- A.P., has still ascending power 
above the level of tbe sea. This may be distinctly Obflel'ved in the 
weIl, sunk on tlle beach, although being 300 M. nearer to the 
low-tide line, a (,ouflidcrable decl'ease can be notieed. At that small 
distanee, the deep underground water in the dunes has alread.,·, for 
the gl'eatel' part, lost its ascendi;1g power and "we may accept that 
nDt f3.r ont into tlle flea, it is entirely gone. That Eoh'ong pression-fall 
must be principally attributed to tide-flllctuation, which every time 
renews a fonl'th of the water in the sand, as far as that fluctuation 
makes itf>elf feit; appat'ently (tbe weU in the Km'kplein shows it) at 
a l'athel' cOllEoiderable dbtance, fi'om the sea. But ttlso the fact that 
the beaeh slope& dowll - n.t Zft,lldvool't the depth of the seal 400 M, 
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from the low-ticle line, being 2.5 lVI.; 1200 M. beyond th at !ine, 
5 lVI. .below A.P. - and that the fine-gl'ained sand intermixed with 
cIay of the ol'iginal upperlayers for a great part will have been 
l'eplaced by COal'ser sea-sand, must considel'ably have contributed 
towal'ds greatly increasing the pres5Îon-fall of the deep underground 
water, at the 5ea-side. At 11igh-tide the flO'\,ving off ho wever is very 
smalI, and all things considered, t11e flowing oif of the water from 
the dun es, at the polderland side, certainly will not be Iess considerabIe 
than that towards the sea. 

But let us drop this subject, too few faets being at our disposal 
to .]udge of that complicated process, and watch the influence of the sea
water at a greater distance ti'om the coast. There can exist no doubt 
as to the underground of our low-Iands being soaked with sea-water. In 
none of t11e bOl'ings executed in the Jast scores of years, if only deep 
enough cal'l'ied through, the proof of it wab lacking; more or less deep, 
accorc1ing to cil'cumstances, but the underground water showing an ever 
increasing qllantity of salt, highly exceeding that of all polders ditches 
Ol' canals, exceeding even that of the Zuiderzee. In or near the dunes, 
one must go much deeper to nnd sea-watel', than in the polders; 
a11el in the polders, on higher grou11d, as a rnle, deeper tha11 in those 
lowel' sltuaterl. In the Bl'ouwerskolkje, at a depth of 72 M. -:- A.P., 
the percentage of chlorine did not exceed that of surf ace dune-water, 
neither was this the case m well5 of tlle Harlem water-works, deep 
541\1. -:- A.P.; nor in the one, in the dunes at ElswOllt, 80 lVI. -:-- A.P. 
deep; nor in the Rieker polder at more than 50 M. -:-- A.P. Near 
the Huis-de-Vr&'tg, in the north-east corner of the Rieker poIdet" 
down to 32.5 M. -:- A.P. only 34 m.G. chlorine a Liter was found; 
at 46.5 lVI. -:- A.P. not more than 81 m.G.; and near "Het Kalfje", 
on the Amstel, south of Amsterdam, at 31 M. -;- ~.P., onIy 47 m.G. 
a Liter. At Purmerend, sitnated in shallow polders, with Summer 
Levels of 1.25 to 1.60 lVI. -:- A.P.) bnt surrounded by the de ep 
Purmer- (Summer-J..Jevel-:- 4.47 lVI.), the Beemster- (S.L. -:-- 4.00 M.) 
and the Wijdewormer polde!' (S.L. -:- 4.50 lVI.), the water rising ti'om 
50 lVI. -:- A.P., has a quantity of only 43 m.G. of' chlorine a Liter. The 
weU-water at Schermerhorn, in 5hallow polders, between the deep 
Beemster- and Schermer polders, at 76 lVI. -:-- A.P. deep, contains 170 
m.G. chlorille a Liter. Although the underground water in tliose 
deep polders, on the whole is bl'n.cldsh, the quantity of chlorine 
was only 192 m.G. a L. in the Purmel' polder, at n.bout 1 K.M. 
ti'om the encÎl'cling dilre, in the dil'ection of' Purmerend on the Westel'
weg', and 600 M. n01't11 the church. Similar fl'esh deep underground 

50'1< 
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water is also found in the south-east corner of the Beemster polder', 
opposite Purmerend. 

On the whole west of the Haademmermeer polder, in wells not 
greatly exceedin~ 30 M. in depth, the underground water is equally 
fi'esh as dune-water, also <"tt Heemstede and at Hillegom and in some 
of the shallow polders near Haarlem. At gTeat deptl1, there is in 
thooe parts a considerabie incl'ease in the quantity of chlorine. Near 
the railwaysta,tion of Vogelenznng, between the Leidsc11e vaart anel the 
rail·road, at 1600 M. from the Haarlemmermeer polder, at a depth of 
88 M.-:- A.P., it amoullted to 184.6 m.G. a Liter, it being only 35.5 m.G. 
a Liter at 25 lV1. --:- A.P. Near the villa Bennebroek, 650 M. from the 
Haarlemmermeer polder, 47 M.--:- A.P. deer, it cont.'tined 99.4 m.G., 
and at a depth of 89 M., 245 m.G. chlorine a Liter; on Bosbeek, 
in the p.:trish of Heemstede, being only 4-10 lV1. from that polder, at 
about 30 M. --:- A.P., 58 m.G. a L. Nllmerous instances may be 
brought forward of the quantity of salt in the undergl'otmd water 
growing with its greater depth, anel at a higher level, as one draws 
nearer to the deep polders. A well-known üwt is, that in consequence 
of the flowing down of the underground water from olf the clunes, 
the water of the neighbouring low-Iands, up to quite a few kilo
meters' distance, may be fresh. More considerabIe and noticeable at 
greater distance however, is that down-flow deep in the ground. 
Close to the steam-mill for the dmining of the land, in the Meer
weiden near Velsen, at fuIl 1/2 K.M. from the c1unes, the under-

) 

ground water, 28lV1. below A.P., contained 30.5 nl.G. chlol'ine and 
at 44 lVI. below A.P., 65.4 m.G.; and even 1 K.lVI. more east, 
within the precincts of the fort, in the western corner of the Zuid
wijkermeer polder (S.L. --:- 2.40 M.), at 34l\l. --:- A.P., only 60 m.G. ; at 
45 IV1. --:- A.P., 011 the other hand, 603 m.G. chlorine a Liter. In 
the midst of thé dunes themselves the gl'Ot11ld-water seems to get 
brackish only at about :150 M. below A.P. 

Of speciftl significance is the filct, already statcd aboye, that the 
underground water in the cleep polders is gl'owing saltel' at a much 
higher level. So at Eel't-deJJ-Koning, only 300 M. within the HIk'trlem
mermecr polder, at 26 1\1.--:- A.P., thc unc1e~'grol1nd water had 367m G. 
èhlorine a Liter. Sunilal' eonditions are generally p1revailing there. That, 
generally speaking, the higher percentage of salt CallJlot be attributed to 
water from the canals ("boezemwater"), so cannot have got in from the 
sUl'face, may in the first place, be proved fi'ol1l the fact, that the 
water in shallow polders, in many places, down to considerable 
depths is as perfectly sweet as that in the dUlles, although one can 
prove thM there iQ no cOlllUlunÏCD,tioll with the dunes; in the second 
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pI ace, that within those polders just as outside them, but already 
at a higher level, thc water deeper ~lown wiII be found to have a 
higher salt standard. At Hoofddorp the quantity of chlorine, at 
18.5 l\'I. ~ A.P., was 202 m.G. a Utel'; at 28 M. ~ A.P., 260 m.G. 
anel at 38 i\'I. ~ A.P., 993 m.G. With buch a rapid increase as in 
the last 10 M., unmixed sea-wa.ter may be expected, at little greater 
depth. 

No doubt can be entertained as to umlerground sea-water and 
fresh water in oUt' sea-provinces balancing each other in a way, as 
indicated by BADON GHYBEN and HERZBERG 1), ver)' mnch however 
modified, in general and in special cases, by the general geological 
structnre with its local m(ldifications. There is no ground fol' fear 
of the sea-water coming up from below, in part of the dunes, in 
whieh the underground water has been lowered down to the sea
level; the VOlT fact that there are polders, which already for 
centuries lie below it, and still have fresh water, down to great 
depths, and that even of the deepest polders the upper-soil, several 
s('ores of metl'es deep, is mnch more soakeel wUh fresh than wHh 
salt water, refutes that fear. 

Remarkable ho wever is that at Hoofddorp, although situateel in 
the midst of the Haarlemmermeer polder, the deep underground water is 
less salt than at Eel't-den-Koning, near the edge of the polder, anel 
less still so than some kilometres north-west of Hoofddorp, e. g'. on 
the farm Mentz, where a deep weU, presumably equally deep, has 
water containing 653 m.G. eh10rine a Liter, i. e. 2t times t11e 
quantity of that at Hoofddorp. Differences in the condition of the 
sub-soil are evident1y the cause of those di1ferences in the salt quantity. 

In the shallow polders, on account of the direction downward of 
the vel'tieal motion, a1so the water fi'om the canals ("boezemwater") 
may be the cause of rendering the deep unde~gronnd water salt, 
whcn locally the strnctnre of the soil does not prevent it. 

Hearing in lllind, fol' the ll1otion of the underground water, the 
significn.nce of the diilel'ent heights of the polders, n.nd not forgetting 
tbc il'reg nlari ties in the extent, the thiclmess auel the comparative 
purcness of the clayey beds, also irregnlarities in the vertical dis tri
bntion of the water aud in the eomposition of it may be exp1ained. 

1) W. BADON GHYBEN in: Tûdschrift van het Kon. Instituut van Ingenieurs 1889, 
p. 21 j HERZBERG in: Journal fÛL' Gasbelellchtung nnd Wasserversorgung. 1901, 
p. 815 s.q.q. I count myself happy lo have poinled out in leclures, conversations 
and letters this forgolten merit of one of om' engincering-officrrs, in consequence 
of whielt remembrance Mr. U. E. P. RIB BlUS and MI'. R. D'ANDRIMONT have, in 
their publioations given due honoul's to OUI' compatriot. 
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Intermixing with "rater, richel' in salt, bath from above and fi'om 
below, may eonseqnently be hillclel'ed Ol' fllrthered by -it, also the 
oozing in of fi'esh water; the different mixtures, as an oUter con se
quence, being able to move horizontaJly in the one Ol' the othel' 
direetion, Ol' be prevented to move 'at all, which explain5 the different 
levels they reach. 

The hypothetie CUl'l'ents ean be clispensed with to explain the 
existenee of fl'esh water, between 35 and 50 M. -:- A.P., in the aId 
boring at Sloten, so of ten urged in proof of powel'flll subtel'l'anean 
watel'-curl'ents of distant ol'igin. Of the above mentioned wells III 

the Riekel' polder, thoE1e, most west, are only 800 .l\I. ea5t of the 
boring of 1887. The different levels obsel'ved in the wells at Sloten 
eau in reality be due only to local motiol1, in the direction of the 
shallower polders (with thei1' higher upper-pl'ession) to the deepel' 
polders, where the pre5sion from above IS less powerful. The fresh 
water, cverywhcl'e fonnd there at gl'eat depths, down to 50 M. -:- A.P., 
ean find its origin only in those shallow polders themsel\'es. The very 
position of the old boring at Sloten, at a corner of the shallow 
Rieker polder, between two <.leep polders (the H. M. polder and the 
lVIiddel veldschen Akel'poldel' (S. L. -:- 4.20 .l\I.)), exp]aills the irregu
lal'ities of eomposition observed there in the verti('al distribution of 
water, and thus it is, with the boring near Diemerbrug, outside the 
north corner of the deep Bijlmermeel' polder (S.L. -;- 4.20 M.). At about 
250 lVI. -:- A.P. water of a somewhat 10wer standard of saH (mini
mum 1192 m.G. ft Liter) was found; no fl'esh water, as DARAPSKY 
lately held forth. Oonsidering what influences are at work in the 
distribution of the water in 01l1' soil, one can but see natural 
phenomena in all those deviations. 

Oonsidering the geological eondition of the plaee itself and of its 
sUl'roundings, the oecurrenee at Wijk-aan-Zee, both of fi'esh water down 
to 31 lVI. -:- A.P. (47.8 m.G. chlol'ine) and of its getting brackish, al ready 
at 50 M. -:- A.P. (351 m.G. chlol'ine) llIay be easily expJained; also 
the presenee of' a layer of fresh water, between the sea-water, in 
the sub-soi! of IJmuiden. 

In this discourse on some general features of the movement of 
the underground water in Ollr lowlallds the question l'emains to be 
settled, how it is that some shallow polders, of which the canals 
and tbe ditches like those of other, deeper polders, are mostly filled 
with brackish water, ean furni5h fresh underground water. 

In the first place the answer will be that, by no means, all 
slll'face waters of the polders are brackish. Even in the H. M. polder, 
I found, also at dry seasons, in some places fL'esh 5ul'face water 
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eontaining only 78, 60, 35.5 mG. of cblol'ille a Liter. Holes made 
in tbe midst of deep-polder meadows of ten fiJl with fresh water, 
even when a long period of absolute dry weather JJrecedes the 
digging of them; so in the PUl·mer-polder, near the above mentioned 
deep well, on May 13th 1903, the water in &urh a hole, dug about 
1.80 M. deep, contained only 72.6 TI1. G. chlorine a Liter, the 
adjacent ditch water having 407 m.G. Near Hoofddorp, in the 
H. M. polder, in the mldst of the SlaperdiJk, 250 M. southwest of 
the Hoofdvaal't, aftel' weeks of dry wea,ther, III a hole, the Corps 
of military engineers had dug, down to 0.40 IV1. below polder-level, 
water oozed iu, which contained not more than 102 m.G. chlorine 
ft, Liter, btill that dike (the summit of which is ab out = A.P.) 
over all its length stretches between t\\'o canals 10 à 15 M. wide, 
ouly 40 M. apart and always filled with brackish water, 1 Ol' 1.5 M. 
deep. The water of tho&e canals at that moment contained 511 m.G. 
of chlorine a Liter. The level of the water that had gathered in 
the hole, was 0.11 IVI. higher than that in the canals and at that 
time tiley were even considerably higher than they had been t11e 
last month. But those are deep polders, III whieh the vertical motion 
of the underground water is from below upward. What to think 
now of the water that penetrates the soi! of the shallow polders? 
The exteut of the land, in the polders, generally exeeeding that of 
the water at least 25 times, and the level of the underground water 
in rainy seasons, being considerably higher thau the l1eighbouring 
ditch water, consequently the fresh water will filter down, in a far 
greatel' proportion than the brackish, the surface of which forming 
but an in significant portion of that of the ii·esh water fallen in the 
meadows. The water of the canals ("boezemwater") consequently cau 
but little add, in those rainy seasons, to the salt-standard of the 
undergrouud water. In the dry season, on the other hand, the land 
drying out, water must be let in; the soH is then absorbing brackish 
water from the canals. In fact, bowever, even such shallow polders, 
as the Rieker polder and those of Purmerend, which possess fi'esh 
underground water below the recent more Ol' less impermeable strata, 
have braekish underground water near the surface, all t11e year round. 
Nevertheless, to roy opinion, a great number of phenomena point to 
the suppositiou of the deep fre5h underground water, found in some 
of om shallow polders, whieh have brackish underground water 
near the surface, being due io rainfall on the spot itself, Ol' at a 
cornparative short distance. This question will be the subject of a 
fl1l'thel' communication. 

Considering tlle faets cOll1ll1unicated here, in conuection with others, 
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cOllcerning the quantities of water ",hich from the l'ainfall penetrates 
the soil, it need not be further dem0116trated that in the sub-soil under 
the dunes, under the adjacent flat elevated area and nnder same 
shallow polders, drinkabJe water is aDd WIJl not be lacking, in the 
main land of the pl'ovinces NOl'th- aDd Sonth-Holland, snperficially 
judging sa little favoured in this respect, and with two fifths of the 
population of our country. That the veloeiLy with whicl! the deep 
llnderg'l'ound water ean move through the eoarse-gmincd sand, is quite 
sufiicient to make it possible to proenre it fi'om tlle sand in large 
quantities, a great number of facts prove it. I wiII mention but one, 
that of the paper-manufactory at Velsen, of whicll the six welIs, 
encompassing an area of 0.85 H.A., every 24 hours, on the average, 
furnish at least 2200 M3 of fresh water Ol' nearly as much as the 
town of Harlem wants and about a tenth of what Amsterdam 
consumed during these latter years. And those w~lls furnish water, 
whieh shows no signs as yet of a too slow horizontal motion ere 
long being likely, by disturbing the natmal equihbrlllm of tlle under
ground fresh and salt-water, to eonvert the pumpecl fl'esh into salt
water. On the contl'ary the water of the oldest weIl, fuIl six years 
in use, has grown a littIe sweeter still. 

Physics. - "Invest(qatiun of a SOuree of eJ'J'01'S in measuJ'ements 
of m,agnetic 1'otationt. of t!te plane of pola1'isation in ab~orbing 
solutions." By Dl'. L. H. SIERTSBJIlA. (Col11municatwn N°. 91 
frOll1 the Physical 1aboratory of Leiden by Prof. H. KAlImULINGH 
ONNES.) 

(Communicated in the meeting of January 30, 1904). 

In a gl'eat number of measurements of the magnetic rotation of 
the plane of polarisation it was funnel, that this l'otation assumes Yery 
large values in the neighbomhood of an absol'ption-band. Similar large 
values were fOlmd by me in an investigation Oll the l1egative mag
netic l'otation of potassinm ferricyanide 1) in dilnte solutions. These 
l'esuIts agree wHl! the new optical tIleories which yield fa!' the 
magnetic 1'otation the dispel'sion t'oI'Illula: 2) i 

e J. dn 
Q =; 2V dJ. 

dn 
since the quantity - also assumes a lal'ge "alne nea1' a vand. 

dJ. 
, 

1) Arch. Néerl. (2) 5 p. 447; These Proc. 1901;02 p. 339: Comm. Phy~. Lab. 
Leiden N°. 62, 76. 

~) These Proc. 1902;03 p. 413, Comm. Phys. Lab, N°, 82. 


