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Summary 

This paper deals with the hydrological p roper t i e s of deltaic sediments . 
Owing to the va r ious environments of deposition in delta p lains g rea t var ia t ions 
in texture and other features of the sediments may be expected, The main 
s t ream and i t s d i s t r ibu ta r ies shift over the delta and consequently there a r e 
rapid a l ternat ions between relatively coarse channel sand and the finer silt and 
clay of s t i l l water deposit ion. A detailed study was made of the geological h i s 
tory of pa r t of the delta plain of the Rhine and Meuse. Such hydrological p r o 
per t i e s as thickness of aquifers and s emi-permeable l a ye r s , t r ansmiss ib i l i ty 
of the aquifers were de te rmined. The methods of study and the r e su l t s obtained 
a re d i scussed . Finally, some observat ions a re made on the quality of the 
groundwater encountered in the a r ea investigated. 

Introduction 

In a previous paper the importance of geological knowledge in groundwater 

studies of delta p lains was d iscussed in g rea ter detail (DE RIDDER, 1962). It 

was shown that the configuration of the water table in an a r ea of the i n te r io r 

of the Rhine- and Meuse delta i s largely determined by the tectonic features 

of this a r e a . 

In most groundwater s tudies, however, it i s essent ia l to de termine the hy

drological p rope r t i e s of the sed iments . These p roper t i e s depend upon the 

aggregation of the pa r t i c l e s and include porosi ty , permeabi l i ty , th ickness and 

s t ruc tu re . It i s well-known that the coefficient of permeabi l i ty depends on the 

g ra in-s ize and sort ing of the sediment . A study of the var ia t ions in mean 

g ra in-s ize and sort ing in an a r ea affords a bet ter insight into var ia t ions in 

such mas s p roper t i e s as horizontal permeabi l i ty . Hence a study of such p a r t i 

cle p roper t i es as g ra in -s ize and sorting may be very valuable. 

In this paper the main subject of d iscussion i s the determination and v a r i a 

tion of cer ta in of these p rope r t i e s , e . q . the th ickness , g ra in-s ize and p e r m e a 

bility of sediments found in the Deurne a r e a . The location of the a r ea i s shown 
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on map 1, The data to be d iscussed was obtained from a number of wells of 

which the location is a lso shown on the map. As groundwater samples were 

assembled in most of these wells and chemically analyzed, the r e su l t s of these 

analyses will be d iscussed in the concluding section. 

Summary of geologic h is tory 

The geological h is tory of the a r ea , which has a l ready descr ibed in g r ea t e r 

detail in a previous paper (DE RIDDER, 1962), may be summarized as follows 

(Fig. 1). 

In the Middle Miocene the sea advanced and a thick l ayer of fine, glauconite-

-bearing sand, silt and clay was deposited. In the Pliocene subdivision of the 

Te r t i a ry per iod the sea r e t r ea ted and s t r eams draining the southern highlands 

built coalescing alluvial fans (the "Kieseloöli te" formation) that a lmost com

pletely buried the mar ine Miocene depos i t s . This epoch i s charac te r ized a s a 

per iod of violent c rus ta l unres t resul t ing in a block-faulted a r e a . 

In the Pleistocene epoch the Rhine and Meuse a l ternately contributed to the 

formation of the del ta . The course of these r i v e r s was often determined by 

faults which were even active in the Pleis tocene epoch. One of t hese , the Pee l 

boundary fault, divides the a r ea into an upthrown eas te rn pa r t , the so-cal led 

Pee lhors t , and a downthrown wes te rn p a r t , the Roer valley Graben, 

The oldest Pleis tocene deposits found in the a r ea were laid down by the 

Rhine and belong to the Tegelen formation. These coa r se -g ra ined sands have 

only been found in one p a r t of the Pee lhors t , nea r the village of Milheeze. This 

formation also occurs in the Roervalley Graben, but at a great depth. 

The next younger formation was deposited by the Meuse during an i n t e r -

glacial per iod of the Lower P le is tocene, It i s known as the Kedichem fo rma

tion and i s composed of fine sand and extensive l ayers of heavy clay, p a r t i cu 

lar ly in the uppermost p a r t . Its p r esence could only be demonstrated in the 

Roervalley Graben. 

The Kedichem formation i s overlain by coa r se , g ravel -bear ing sands 

derived from the Rhine and belonging to the Sterksel formation, of Middle 

Pleis tocene age. Since this formation i s only found in the Roervalley Graben 

it may be concluded that at this per iod the Rhine flowed through this g raben. 
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In the Holsteinian (Needian or Mindel-Riss Interglacial) the Rhine gradually 

d isappeared from the a rea and was replaced by the Meuse. In the subsequent 

Saalian (Ris s-Glacial) per iod the Meuse deposited a l ayer of coa r se -gra ined , 

g ravel -bear ing sand belonging to the Veghel formation. Aggradation of chiefly 

fine sands J loamy sands and loam continued during the Late Saalian, whereas 

in the Eemian (Riss -Würm Interglacial) peat l aye r s were occasionally formed. 

In the Weichselian (WCtrm-Glacial) the remaining val leys were chiefly 

filled with fine sand and si l t , Finally, an extensive sheet of cover sands was 

deposited during the Late Weichselian, result ing in a rolling plain of low r e 

lief, These wind-blown sands dammed up the valleys and in the subsequent 

Holocene period these topographical depress ions were filled with vegetation 

and extensive a r e a s of peat were formed. This whole complex of fine sand, 

loam, silt and peat i s called Sand Diluvium. 

HYDROLOGICAL PROPERTIES OF THE GEOLOGIC FORMATIONS 

The impervious basement 
if £..... »f/ito 

For p rac t ica l purposes the mar ine Miocene may be regarded as the " im

pervious" basement of the a r e a . This s e r i e s i s more than 300 m, thick and 

fine to ve ry f ine-textured. Its uppermost l ayers a r e often r ich in clay (plate 1). 

Owing to i ts generally low permeabi l i ty it only yields small quantities of wa

t e r , often of poor quality. This s e r i e s i s unsuitable for supplying the a r ea 

with water , so that it i s no use digging deeper wells when these cha rac te r i s t i c 

fine, clayey green sands have been reached. 

The Miocene underl ies the ent ire a r ea , but i t s depth v a r i e s considerably 

(map 2), As the Miocene has sunk to a very great depth in the a r ea west of the 

Peel boundary fault, the Pleistocene Kedichem formation should he re be r e 

garded a s the impervious base l ayer . Layers of clay of considerable thickness 

a r e widespread in this f ine-textured formation, par t icu lar ly in the upper p a r t . 

In the a r ea bounded by the Peel boundary and the Veghel faults the impe r 

vious bas is l ayer may be expected at a depth of about 10 to 20 m . below sea -

-level at about 60 m . below sea- level in the a rea west of the Veghel fault. 
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In the r emainder of the a r ea , v iz . east of the Peel boundary fault, the 

base layer i s formed by the Miocene which owing to tectonic d isplacements 

v a r i e s in depth from 15 m, above to 30 m, below sea- level (Fig, 1). The 

depth i s slightest on the hors t bounded by the Griendtsveen fault and the Pee l 

boundary/Milheeze faults. 

To summar ize the above data, it can be stated that the depth of the i m 

pervious base layer shows considerable var ia t ions throughout the a r e a . These 

var ia t ions a r e generally abrupt owing to displacement of the l aye r s along 

fault p lanes . 

The aquifers 

Fo r the purpose of d iscussing the water -bear ing formations we must d ivi

de the a r ea into two p a r t s , the boundary being formed by the Peel boundary 

fault. In the a r ea east of this fault, the Veghel and "Kieseloôli te" formations 

a re the most important aquifers (Fig, 1 and plate 1), These two c o a r s e 

g r a i n e d and g ravel -bear ing formations underlie the ent i re a r e a . The Tege-

len formation, in tercala ted between these formations, i s also important as 

an aquifer, but it only occupies a small a r ea . It i s only found on the Milheeze 

wedge. 

The thickness of the Veghel formation ranges from about 4 to 12 m, , 

but a thickness from 8 to 10 m. i s usually found. Owing to the great tectonic 

activity during the Pliocene the "Kieseloôli te" formation va r i e s considerably 

in th ickness , v iz . from nil to more than 30 m . 

As both formations a r e in d i rec t contact with each other and there i s 

l i t t le difference in permeabi l i ty , they may be regarded a s being a single 

aquifer ranging in thickness from about 8 m, on the upthrown fault-blocks to 

more than 40 m , at cer ta in points on some downthrown blocks. 

It should be noted that the Pliocene "Kieseloôli te" formation somet imes 

contains interbedded l ayers of clay or clay l enses which reduce the thickness 

of the aquifer (plate 1). Hardly any l ayers of clay a r e found in the Veghel 

formation. 

In the a r ea west of the Peel boundary fault we find the Veghel- and the 

S terksel formations, these being the pr incipal aquifers . Both consist of 

c oa r se , g ravel -bear ing sands . Taking these two formations together as a 
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single aquifer, we find that the l a t te r v a r i e s in thickness from about 20 to 30 m . 

on the fault-step of Deurne-Bakel , to 40 to 45 m . in the Roervalley Graben, 

west of the Veghel fault. This aquifer provides the water for severa l domestic 

and municipal wells (Helmond, Vlierden). 

For p rac t ica l purposes it may be useful to know the depth of the top of this 

important aquifer, and for this reason map 3 was compiled. This shows that 

the depth of the Veghel formation may vary from about seà- level in the wes te rn 

pa r t of the a r ea to 28 m, above sea- level at a pioint SE of Deurne; 

As the Veghel formation is covered by the Sand Diluvium, an isopachous 

map of the l a t te r may be useful a s it shows the thickness of the f ine-textured 

sediments , which have to be dr i l led in o rder to reach the aquifer (map 4). It 

can be seen that t here i s a considerable difference in thickness between the 

a r ea s on e i ther side of the Peel boundary fault. 

Semi-permeable l aye r s 

The covering s t ra ta of the a r ea a re formed by Sand Diluvium sediments . 

The l a t te r usually consis ts of fine sand, loamy sand, sandy loam, loam and 

peat . Owing to their heterogeneous charac te r t here a r e considerable var ia t ions 

in the physical and hydrologie al p roper t i e s of these sediments . 

Groundwater flow may be divided into three components, viz, a v e r t i ca l , a 

horizontal and a radia l flow. Ver t ica l groundwater flow i s often found in the 

upper soil l aye r s when ra inwater moves downward to join the groundwater at a 

g rea ter depth, where the flow i s mainly hor izontal . Radial flow i s found in soil 

l ayers surrounding open channels , r i ve r s and brooks (ERNST, 1956; VAN 

HOORN, 1961)^ When groundwater moves it has to overcome a cer ta in r e s i s 

tance, and with r ega rd to the above three components it i s possible to d i s 

tinguish a ve r t i ca l , a horizontal and a radial r e s i s t ance . The ve r t i ca l r e s i s 

tance i s expressed by c = s— , in which D i s the thickness in m, and k the v e r 

tical hydraulic conductivity in m /day of the s emi -permeable l ayer , 

The value of c can be de termined in var ious ways, v iz , by determining the 

ver t ica l hydraulic conductivity and the thickness of the covering s t r a ta , or by 

determining the intensity of the groundwater flow and the difference in head b e 

tween the groundwater level and the p iezometr ic level . 



Unfortunately we were unable to c a r ry out the requi red measu remen t s in 

the field, so that only a qualitative descr ipt ion can be given. The thickness 

and lithology of the covering s emi-permeable l ayers a r e known from the 

wells (plate 1), The isopachous map (map 4) shows that low to very low v e r t i 

cal r e s i s t ances may be expected in the a rea between the Peel boundary and 

Griendtsveen faults, where f ine-textured l ayers a re thin or occasionally even 

absent . In a s imi lar a r ea south of Eindhoven ERNST (1956) computed c-values 

ranging from 50 to 400 days . 

Generally speaking, much higher c-values may be expected in the a r ea 

west of the Peel boundary fault, where there a r e thick l aye r s of fine sand with 

in tercalat ions of silty loam, clay or even peat . As these fine ma te r i a l s of low 

permeabil i ty a r e generally widespread it i s es t imated that c -values Will be 

high in this a r ea , i . e . probably ranging from a few hundred to over a 1000 days . 

F r om these observat ions it is possible to draw some general conclusions 

on the recharge conditions of the a r e a . In the f i rs t place it should be r emem

bered that the a r ea is located on, or a lmost on the divide. As a r esul t of this 

location pract ical ly all water needed for groundwater r echarge is supplied 

d i rect by precipi tat ion. 

In the eas te rn pa r t of the a r ea , v iz , east of the Peel boundary fault, where 

the main aquifer i s at the surface, or p ract ical ly at the surface, r echarge 

conditions a re more favourable than in the wes tern p a r t . Here the groundwater 

r e s e rvo i r i s r echarged by d i rect infiltration of p recipi ta t ion. 

Since the groundwater r e s e rvo i r i s relatively small on this r a i sed fault -

-block, an increased use of groundwater for i r r igat ion could exceed the mean 

annual r echarge and lower the regional water t able . In this a r ea the inf i l t ra

tion ra te would be high so that most of the water pumped for i r r iga t ion would 

infiltrate into the soil and rejoin the groundwater. Fo r the same reason high 

seepage l osses from channels and ditches may be expected if the a r ea i s sup

plied with water by pumping r i ve r -wa te r through a new distribution sys tem. 

These seepage l o s ses will r a i se the water table to such an extent that cer ta in 

p a r t s of the a r ea , par t icu lar ly topographical depress ions , may be subject to 

waterlogging. 

Quite different hydrological conditions occur in the wes tern pa r t of the 

a r ea , in the Roervalley Graben, where l e s s permeable l aye r s of great thick

ness and shallow beds of clay and peat of low permeabi l i ty a r e par t ly r espon-



sible for the fact that most of the precipitation runs off d i rec t . 

These thick l aye r s of low permeabi l i ty tends to r e s t r i c t infiltration of pre -

cipitation. Hence recharge conditions a r e , l e ss favourable here than in the a r e a 

east of the Peel boundary fault, but the great thickness of the aquifer and the 

large t r ibutary a r ea make the a rea suitable for pumping groundwater from 

wells in p ract ical ly every p a r t . 

Gra in-s ize distribution of the sediments 

The g ra in-s ize distr ibution of sediments i s very useful in sedimentary and 

hydrological work. The r esu l t s of mechanical analyses can be used for d e s 

cribing the charac te r i s t i c s ize-frequency distributions of the sediments , exa

mining the horizontal and ve r t i ca l var ia t ions in g ra in -s ize of the formations, 

determining the environment of deposition, examining the sorting f ea tures , and 

for gaining an impress ion of the over -a l l permeabil i ty of the sandy sed iments . 

The samples of al l boreholes were analyzed and the r e su l t s a r e shown in 

the appendix, in the form of g raphs . F igure 2 shows the cumulative curves of a 

number of s ize-frequency dis tr ibut ions encountered in var ious geological for

mat ions . Since only remoulded (bailer) samples were available, it will be ob

vious that these graphs do not p e rmi t any far - reaching conclusions to be drawn. 

This i s pa r t icu lar ly the case for sediments with rapidly a l ternating g ra in -s ize 

in ve r t ica l sect ions. Although the curves should be in terpre ted with caution 

they give an over -a l l p ic ture of the g ra in-s ize of the sediments . 

F igure 2 shows that the g ra in-s ize distribution of the mar ine Miocene sedi

ments exhibits a high degree of uniformity. The bulk of the sediment i s l imited 

to a fairly nar row range of grain s izes (105 to 300 mic rons ) . The sediments of 

the "Kieseloô'lite" formation show strikingly different g ra in-s ize distr ibutions 

which a re anything but uniform, Several types of d istr ibutions may be d is t ing

uished, however, and some of these have a cer tain degree of uniformity. The 

flat, a lmost horizontal curves r ep resen t coarse to very coa rse -gra ined , ill -

- sor ted sands which a re often found in r iver beds and broad flood cones of 

braided r i v e r s . In addition to these , f ine-grained, wel l -sor ted sands and heavy 

clays a r e also found, indicating different environments of deposition. 

The curves of the sediments from the Tegelen, S terksel and Veghel forma

tions a re all s imi lar in shape. Most curves a re slightly undulating or a lmost 



horizontal , indicating coarse and very coa r se , i l l - sor ted sands. These sedi

ments probably r ep resen t s t ream-channel and b r a ided - r ive r depos i t s . Finally, 

the Sand Diluvium d iagram shows the curves of five samples from the lower 

par t of this formation. This d iagram shows that the samples a ssembled in one 

borehole r epresen t sediments of the filled-up channel of a former r i v e r . This 

channel filling consis ts of a sequence of sediments grading upward from coa r se 

sands into p rogress ive ly finer deposits of sands, s i l ts and loam (graded bed

ding). During the final stage of degeneration of the channel, the chief ma t e r i a l s 

deposited were s i l ts and silty loams, or even c lays . To this example may be 

added many o the rs , all indicating the same phenomenon of graded bedding 

caused by degeneration of the r iver sys tem of the Meuse. Several p a r t s of the 

Sand Diluvium must therefore, be of fluvial origin, although wind-blown sands 

a re occasionally found, especially in the uppermost l a ye r s . 

T ransmis sibility 

The amount of water an aquifer will yield and the r a te at which i t will t r a n s 

mit water depend on i ts permeabi l i ty . The horizontal r es i s tance which ground

water flow has to overcome is expressed by L/kD, in which L is the distance 

in m. over which the water flows and kD = T = t r an smis sibility of the aquifer 

in sq. m . p e r day (k i s the average hydraulic conductivity in a horizontal d i r e c 

tion in m/day and D the thickness of the aquifer in m< )., 

The t ransmiss ib i l i ty can be determined in var ious ways, for instance by 

field pumping t e s t s , or by measur ing the hydraulic conductivity in remoulded 

or core samples , or by calculating the hydraulic conductivity from r esu l t s of 

mechanical ana lyses . Each method has i ts own difficulties and d rawbacks , but 

as many analyses of borehole samples were available the t ransmiss ib i l i ty was 

es t imated by the las t method. 

The mechanical composition of each sample was determined by the usual 

laboratory methods . The normal p rac t ice is to express such p roper t i e s of the 

s ize-frequency distribution as average , sort ing, skewness, e tc . by means of 

a single number . The specific surface a r ea or U-figure i s often used in Holland 

to indicate the average g ra in - s i ze . The U-figure shows the ratio between the 

total surface a r ea of all pa r t i c les and the surface a r ea of an equal quantity by 



- 9 -

weight of pa r t i c les of the same mate r ia l having a d iameter of 1 cm, , it being 

assumed that the pa r t i c l e s a r e spheroidal . Sands with U-figures smal le r than 

50 a re t e rmed coarse and those with U-figures l a rge r than 50 a r e t e rmed fine 

sands. Each group i s subdivided, so that the U-figure forms a bas i s for the 

classification of sandy soils (plate 1). 

It i s well-known from the work of other invest igators that pa r t ic le d i amete r 

of the sand and hydraulic conductivity a r e closely re la ted . There a r e severa l 

formulas showing the corre la t ion between conductivity and par t ic le d iameter 

of the sand given as specific surface a rea (U). As FAHMY (1961) has recent ly 

d iscussed these p roblems again the r eader may be r e f e r r ed to h is work. 

For each sample with a low clay content the hydraulic conductivity was c a l 

culated from the U-figure, and since the clay and gravel content and sort ing 

of the sand fraction influence the conductivity in different ways, co r rec t ions 

were made for each of these p a r ame t e r s according to a p rocedure descr ibed 

by ERNST (unpublished r epor t ) . 

The thickness of each s rmpled layer i s known and the t r ansmiss ib i l i ty of 

the layer can be found by multiplying conductivity by th ickness . The t r a n s m i s -

sibility of the aquifer can be determined by adding together all values obtained 

for the whole sequence of coarse l a ye r s . 

Next to each borehole in the geological sections (plate 1) the t r an smi s s ib i 

lity va lues , calculated by the above method, a re shown for each formation. 

These sections show that the Veghel, Sterksel and Tegelen formations usually 

have high va lues , so that high yields can be expected. It should be noted, 

however, that the t r an smi s sibility may vary considerably in each formation, 

this being par t ly due to var ia t ions in g ra in-s ize of the sediments and pa r t ly to 

differences in thickness of the formation. 

This i s pa r t icu lar ly the case in the (Pliocene) "Kieseloôli te" formation 

which va r i e s considerably in thickness and lithology and consequently only has 

local importance as a wa te r -bear ing formation. 

It i s also found that even where the Sand Diluvium reaches a great thickness., 

it has low t r ansmis sibility va lues . Low yields can be expected from this f o r 

mation. Although the geological sections give a fairly good impress ion of t he 

occur rence , depth, distribution and importance of the var ious aquifers , it wa s 

considered useful to show the magnitude and var ia t ions in t r an smis sibility of 
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the aquifers in map form. For this r eason a t r ansmiss ib i l i ty map was compiled 

for the whole a r ea (map 5)* A map of this kind a lso enables us to de termine 

the amount of water available for immediate use (MARGOT, I960), 

This map shows that the lowest t ransmiss ib i l i ty values ( <^500 s q .m/day ) 

a r e found on the elevated block bounded by the Griendtsveen fault and the Peel 

boundary/Milheeze faults, and to the eas t of the Yssels teyn fault. Much higher 

values (500 - 1500 sq .m/day) occur on the downthrown blocks between these 

r a i sed blocks, e . g . the a r e a s of Gr iendtsveen-Yssels teyn and Deurne. But 

the highest values ( )> 1500 sq .m/day) a r e found west of the Veghel fault, in 

the Roervalley Graben and occasionally near Deurne, and on the downthrown 

wedges of Griendtsveen and Milheeze where the aquifers r each the i r l a rges t 

th ickness . 

This map c lear ly shows the close relationship between the s t ruc tura l geo

logy of the a r ea and the t r ansmiss ib i l i ty values of the aqui fers . 

As the calculations d iscussed above a re based on mechanical analyses of 

remoulded samples , the r e su l t s obtained should not be r egarded as showing a 

high degree of accuracy and need to be checked by one or more field pumping 

t e s t s . Unfortunately we were unable to c a r ry out such a t e s t , but the Govern

ment Institute for Water Supplies had a lready ca r r i ed out a field pumping tes t 

near Vlierden (borehole 672/8), SW of Deurne. The t ransmiss ib i l i ty calculated 

from this t es t came to 2200 s q .m /day , a value which shows a fairly c lose 

correspondence with the o rder of magnitude calculated by us for the a r ea west 

of the Veghel fault. 

In conclusion, it can be stated that the t ransmiss ib i l i ty values show consi 

derable var iat ions throughout the a r ea , v iz . from approximately 200 to over 

2000 s q .m /day . These var ia t ions a re both due to l i thological var ia t ions within 

the aquifers and to tectonic activity which is the cause of considerable v a r i a 

tions in thickness of the aquifers at opposite sides of the faults. As à resul t 

the lowest values a r e usually found on the upthrown blocks, whereas the high

est values a r e shown to occur in the Roervalley Graben, where the aquifers 

a r e many t imes thicker than on the upthrown blocks. In the centra l zone, which 

is charac ter ized by low t ransmiss ib i l i ty values, pumping of groundwater for 

i r r igat ion will only be possible on a l imited sca le . 
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Chemical quality of the groundwater 

As pa r t of this investigation, 27 samples of water from var ious wells were 

assembled and thoroughly analyzed by the Government Institute for Water 

Supplies, The Hague. Only one or two samples were collected from each well . 

The depth of each screen is shown on the sections of plate 1. Most s c reens 

were installed in sediments of the Veghel formation. Two sc reens (well N74 

and N75) were instal led in the S terksel formation and four (wells N71, P16, 

P18 and P35) in the "Kieseloo'lite" formation. Hence most groundwater samples 

were taken from the Young Ple is tocene Meuse deposits ; two samples were 

taken from middle P leis tocene Rhine deposits and four from Pliocene deposi ts , 

The r esu l t s of analyses a r e shown in table 1. In general the groundwater i s 

soft and ve ry aggress ive . This aggressivi ty is caused by low pH and low a lka

linity. Chloride concentrat ions a re low, ranging from 11 to 76 mg pe r l i t r e , 

except in well P l l where a fairly high concentration (113 mg per l i t re ) was 

foundi Sulfate i s a lso found in low concentrat ions, although one sample (well 

N70) showed a fairly high concentration (127 mg pe r l i t r e ) . All samples have 

low concentrations of sodium (9-83 mg pe r l i t re ) . 

A charac te r i s t i c feature of the groundwater i s the high concentration of 

i ron, ranging from 3 to 36 mg pe r l i t r e . Its p resence in water in l a rge amounts 

may render the wa ter unsuitable for many pu rposes . Concentrations as low as 

0. 5 mg pe r l i t re a r e conducive to the growth of cer tain o rganisms ("iron b ac 

te r ia") which form incrusta t ions on the inside of p ipes . Some crops a r e a lso 

very sensitive to i ron . Sprinkling i r r iga t ion with groundwater r ich in i ron 

causes rust spots on foliage and hamper plant growth. 

Manganese r eac t s in much the same way a s i ron, producing black or brown 

stains if more than about 0. 1 mg pe r l i t r e i s p r esen t . To overcome all such 

drawbacks, the total i ron and manganese content should be l e s s than about 

0. 3 mg pe r l i t re for domestic and industr ia l use , whereas for agr icul tura l use 

a content of more than 3 mg pe r l i t re may cause rust spots on foliage and 

fruit, thereby reducing the economic value of the c rops . 

It will be c lear from the above and from map 6, which shows the i ron con

centrat ions of each water sample, that the groundwater in the Deurne a r ea i s 

unsuitable for most purposes unless p recaut ionary measu r e s a re taken. 
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Map 1, Topographical map with the location of observation wells and geologi

cal sections 

Map 2. S t ructural map of the Miocene abrasion surface 

Map 3. S t ructural map of the surface of the Veghel formation 

Map 4. Isopachous map of the Sand Diluvium 

Map 5. T ransmiss ib i l i ty map 

Map 6. Iron concentrat ions of the groundwater 

F ig . 1. Geological sections; see map 1 for location 

F ig . 2. Size-frequency distr ibutions of sediments from var ious geological 

formations 

Plate 1. Geological sect ions, showing lithology and t ransmiss ib i l i ty of the 

geological formations 
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