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PREFACE 

This report is a shortened version of a much more 

detailed report (Olsthoorn*, 1982) and came about 

within the recharge-well-researcL *-,. ejects, since 

1973 part of the research programme of the VEWIN 

(Netherlands Waterworks Association). The research 

is carried out by five waterworks, an industry, two 

governmental institutions and KIWA, the testing and 

research institute of the Netherlands waterworks. 

The Author, employed by KIWA, led the recharge well 

research from 1974 to 1980. The research was con­

voyed by the KIWA-Recharge-Wells-Working Group of 

which the composition is given in appendix B. 

Participants of the recharge-well research are: 

- Netherlands' Waterworks Association (VEWIN, 

Rijswijk) 

- Dune Waterworks of The Hague (The Hague) 

- Municipal Waterworks of Amsterdam (Amsterdam) 

- Provincial Waterworks of North Holland 

(Bloemendaal) 

- Waterworks "Midden-Nederland" (Utrecht) 

- Municipal Waterworks of Groningen (Groningen) 

- Rijkswaterstaat, Directorate of Water Management 

and Hydraulic Research, District North (Lelystad) 

- Governmental Institute on Drinking Water Supply 

(Leidschendam) 

- ESTEL-Hoogovens B.V. (Steelworks, IJmuiden). 

* T.N. Olsthoorn. Verstopping van Persputten (clog­

ging of recharge wells), KIWA-mededeling 71 (KIWA-

communication 71), KIWA, Rijswijk, 1982, 500 pp. 
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UDC: 556.332.634.004.64 

UDC: 556.332.634.001.13 

Keywords: Artificial (groundwater) recharge 

Recharge well/Injection well/Infiltration 

welV'logging/Redevelopment/Design 

SUMMARY 

Artificial infiltration of (prepurified) surface 

water into the subsoil (artificial groundwater re­

charge) is an important process in drinking-water 

preparation in the Netherlands and elsewhere. The 

research by Dutch waterworks and other concerns was 

conducted and financed since 1973 under the auspi­

ces of the VEWIN* association and supervised by the 

KIWA** Committee on Artificial Recharge. Speciali­

sed areas such as the recharge-well research are 

being investigated in greater depth by various wor­

king groups. The participants (see PREFACE) are re­

presented in the working groups and, more often 

than not, at the same time in the Committee. This 

report is produced within the terms of reference of 

the working group on Recharge Wells (see Appendix 

B). 

The research under the guidence of other similarly 

functioning working groups reporting to the Re­

charge Committee (the "Working Group on the Hydro­

logy of Recharge-Well Systems" and the "Working 

Group on Health Aspects allied to Soil Filtra­

tion"), will be reported separately. 

* VEWIN = Netherlands' Water Works Association 

** KIWA = Testing and Research Institute of the 

Netherlands' Waterworks 
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Artificial infiltration or recharge gives water­

works an opportunity to make reliable use of sur­

face water, an intrinsically unreliable resource. 

If suitable soil strata are present but cannot be 

util'i!=P'q or are not suited to creation of an open 

recharge basin, then recharge wells may be an 

alternative means to bring water into the soil. An 

important difference between groundwater recharge 

by wells and that via recharge ponds is the entry 

velocity, which with wells is some two orders of 

magnitude higher. As a result of this, the risk of 

clogging is very great with recharge wells. There­

fore emphasis has long been layed on the study of 

the clogging phenomenae. 

This report presents, in broad lines, the results 

of this research as well as a number of guidelines 

for the design of recharge-well systems. A much 

more detailed report is available as "KIWA-medede-

ling" (Olsthoorn, 1982, see footnote at page 3). 

Since, thanks to modern knowhow, practical ways of 

preventing clogging of recharge wells exist, appli­

cation of recharge wells is technically feasible in 

principle. One method is illustrated by the exam­

ples in chapters 5 and 6. 

Clogging, however, is only part of a much more com­

plex problem. 

Hydrological factors such as divergent subterranean 

residence times and stock accumulation plus the 

problem associated with saline and brackish water 

can be decisive factors determining the sense or 

nonsense of a recharge-well system. The same ap­

plies to chemical and biochemical quality improve­

ment during subsoil passage and the attendant de­

gradation by bacteria and viruses. These factors 
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are still being subjected to intensive study within 

the VEWlN-research program. 

The maximum permissible pressure in an injection 

well without causing soi i ^actures is a boundary 

condition, limiting application (see chapter 2). 

A permissible head of 2 m water column above ground 

level for every 10 m that the top of the gravel 

pack or the well screen is below ground level can 

be taken as a practical rule of thumb. 

Chapter 3 deals with the cause and prevention of 

well clogging and mentions the hallmarks of this 

phenomenon. Apparently, obstruction by air bubbles 

and gas bubbles, by formation of precipitates, by 

reaction with soil material and by soil subsidence, 

can be prevented or, at least, restricted by simple 

technical expedients and good preliminary explora­

tion. Removal of suspended matter is more difficult 

and more expensive. 

However, although clogging can be greatly minimized 

even in respect of suspended matter, it may be more 

advantageous to weigh up the degree of prepurifica-

tion against the number of wells and frequency of 

redevelopment (chapter 5). 

In practically all cases, recharge wells can be re­

developed successfully (chapter 4). 

On average, back pumping removes three quarters of 

any obstruction material accumulated since the pre­

vious redevelopment. Flushing rates and flushing 

times are almost irrelevant, unless they are ex­

tremely high or extremely long. More intractible 

residue, in the mean time, can only be eliminated 

by intensive methods. 
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In mechanical removal procedures repeated to and 

fro movement of water is essential. Intermittent 

pumping action, e.g. switching the pump on and off 

repeatedly is not conducive to redevelopment. A 

compressed-air- syr:4:-̂  is the most flexible, least 

vulnerable and simplest means to clean injection 

wells, both mechanically and chemically. 

It is at the same time a powerful flushing pump, a 

facility for propelling water back and forth in the 

formation and a means to submit the well to short, 

but intensive peakflows. Applying compressed air in 

this sense we call air-lift-juttering. 

Only when a large number of wells has to be pumped 

clean very frequently, should preference be given 

to a system with fixed submersible pumps (no noise 

nuisance, for example). High-pressure jetting 

nozzles are suitable for flushing out wells which 

are clogged internally (within the well screen 

slots). This type of obstruction seldom occurs in 

recharge wells, but should be anticipated in the 

extraction wells of the system. 

Where the action of mechanical methods of rede­

velopment does not come up to expectation, chemi­

cals may be added, in which case the method is 

termed "chemical redevelopment". Chlorine-contai­

ning agents, acid and polyphosphates are the chemi­

cals most commonly employed. The correct choice of 

agents will depend on the nature of the obstruction 

material and therefore on the cause of the clog­

ging. The main clogging cause one faces in a parti­

cular situation, can be deduced only indirectly 

from various kinds of measurements and other indi­

ces while comparison with experiences acquired 

elsewhere (chapter 3) is also important. 

Although it remains difficult to predict, a priori, 
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the performance of a future injection-well system, 

with the data from adequate preliminary investiga­

tions it now is possible to make a good design that 

will yield lowest costs for the system as a whole. 

The general design procedure, based ou such preli­

minary research, is discussed in chapter 5, while 

the planning of actual injection wells is discussed 

in chapter 6. Also at the level of the wells them­

selves, optimisation proofs feasible. 

According to the insight given in this report clog­

ging is no longer an insolvable problem and there­

fore recharge wells may be considered as a techni­

cal means to inject water into underground strata. 

Therefore the use of recharge wells becomese fea­

sible for sites where fresh/salt-water interaction 

does not play. In such places, the soil can be 

used, in conjunction with an infiltration-recovery 

system, as a vast filter and mixing tank. -It will 

thus convert prepurified surface water into a con­

sistently good product which can be rendered fit 

for consumption, after recovery plus limited after-

treatment, possibly without disinfection. A system 

of this type is generally advisable for locations 

where conventional groundwater withdrawal might 

seriously harm other interests or where ingress of 

polluted groundwater is a potential hazard. 

Should the supply of injection water be interrupted 

groundwater withdrawals may be continued for some 

time. The resulting lowering of groundwater levels 

may be acceptable on an occasional basis. 

As a rule, injection wells are used primarily for 

creating an underground supply of fresh water which 

can be extracted whenever necessary. 
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In places where fresh water floats on saline 

groundwater with a somewhat higher specific gravi­

ty, a stock of fresh water might conceivably be 

created by horizontal and vertical displacement of 

salt, groundwater. Movement of *-*e fresh-water/salt 

water-interface, taking account of subsoil strati­

fication, if necessary, is still difficult to cal­

culate . 

Description of the behaviour and formation of 

brackish water, both locally in the short term and 

more regionally in the longer term, is still pro­

blematical even now. Research into these aspects is 

under way. 

Another important matter is the chemical and micro­

biological quality improvement obtained by the 

passage of the subsoil, after which research is 

also beeing done within the VEWIN research program­

me. 
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1 INTRODUCTION 

In "artificial recharge" surface water - purified 

or unpurified - is brought into the ground, through 

which it flows towards the more remotely sited ex­

traction facilities. The water extracted is of hy-

gienically improved - and above all constant -

quality. It is also important that extraction of 

the infiltrated water may be continued for a consi­

derable time, whenever the supply of untreated wa­

ter subsides. Looked at from this angle, artificial 

recharge represents a way of making reliable use of 

intrinsically unreliable waters. It has this in 

common with storage basins. 

Recharge itself (also known as groundwater reple­

nishment) is usually a simple process: water is 

allowed to percolate from purpose-built ponds or 

channels. Where this method is impracticable, 

whether because the uppermost strata are imper­

meable or because the space required for ponds is 

not available, the water can be introduced into the 

ground via wells (so-called injection wells, fig. 

1). 

Injection wells are being used on a large scale in 

other sectors, particularly in secondary oil reco­

very (Tazelaar, 1968; Case, 1970; Patton, 1974, 

etc.), secondly for deep-well waste injection 

(Donaldson, 1972; Anon., 1973) and in reinjection 

of groundwater (Brandes et al. , 1978). Thirdly, 

they are being used in the water-distribution in­

dustry in Spain (Custodio-Gimea, 1970, 1980), 

Switzerland (Schmassmann, 1978), Germany (Dorn, 

1974) and widely in California (Baffa, 1965; Bulten 

et al., 1974; Doshi, 1972; Mclllwain, 1970) and in 

Israel (Anon., 1969; Harpaz, 1970). 
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Figure 1 - A simple injection well in unconsolida­

ted sediment (sand) 
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In the Netherlands, application of the system is 

still at the experimental stage, although extensive 

research has been going on for the last decade and 

considerable knowhow and experience in this field 

has been acquired (Bulten, 1971, 1972; Olsthoorn et 

al., 1975; Olsthoorn, 1977, 1979; see also the data 

from wells investigated in Dutch injection well re­

search, Appendix A). 

This report is based on the latter research as far 

as clogging is concerned. However, the material in­

cluded here is based on a more detailed report 

(Olsthoorn, 1982). 

Structurally, there is hardly any difference be­

tween an injection well (figure 1) and an extrac­

tion well (Steinmetz, 1977, 1978; Sternau, 1967; 

Johnson et al. , 1966; Monkhouse and Philips, 1978, 

etc.). The former tends to be of somewhat sturdier 

construction (Uil and Deelder, 1978) and includes 

an injection line plus accessories such as shut-off 

valves, possibly a water meter, a manometre and the 

like. 

In contrast to deep-well drainage and injection 

wells in the oil industry, where working pressures 

often range from tens to hundreds of atmospheres 

(Doscher and Weber, 1957), in the water-distribu­

tion sector the word "pressure well" is hardly ap­

plicable. In view of the shallowness of wells sunk 

for water-distribution purposes (down to about 

100 m), the pressure has to be limited strictly in 

order to prevent the ground around the well from 

fracturing (chapter 2). In many cases, injection is 

carried out without any excess pressure; there 

exists a free liquid level in the well while in 

operation. 
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Since the rate at which the water enters the forma­

tion via the borehole wall is a few orders of mag­

nitude higher than that at which the water in usual 

recharge ponds penetrates into the soil, the risk 

of 3" injection-well clogging is a very real. 

Whereas an injection pond becomes clogged after 

only a few months or years, an injection well may 

clog in a matter of days to weeks. Clogging is 

therefore one of the most important technical as­

pects of injection-well application (chapter 3). 
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SOIL FRACTURING 

The soil around an injection well fractures when 

the injection pressure is too high (Howard and 

Fast, 1970; Hubbert, 1271), where upon the well may 

be rendered unserviceable by an efflux of soil 

material (figure 2). The injection pressure must 

therefore stay below a maximum-permissible value 

determinable as follows. 

Fracturing head 

ah 

Manometer registers 

a positive pressure 

Effluvium 

Water flows between 
riser and formation 

Fracture cleaves 
an upward path 

'1 ] 
'.[ 1 
•J 1 
' [ ] 

•-c ] 

Clogging 

Figure 2 - Hydraulic fracturing of a recharge well 
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The minimal grain/grain stress <J3 (N/m
2) at a point 

in the soil cannot be smaller than the maximal 

grain/grain stress <J1 at that point, divided by the 

passive soil-pressure coefficient X. For soils with 

negligible cohesion, such as sand,- clay and peat, X 

is dependent exclusively on the angle of internal 

friction of the soil <{> (<j> is a basic parameter. See 

standard soil mechanics references): 

£3. > I - l-sin(») to n 

77 ' X " 1+sinU) u'1' 

In unconsolidated sediment with negligible tecto­

nics (sand and clay), ax can be equated to the 

total vertical pressure 0 (soil pressure) less the 

in situ pore-water pressure, u. This water tension 

increases, during infiltration, by Au. Since hy­

draulic fracturing of the soil is impossible so 

long as the minimum grain-to-grain pressure a3 > o 

(Verruijt, 1967), the requirement: 

a, > (a - u)/X - Au (2.2) 
0 g 

is now valid. 

Au is a maximum against the borehole wall, whereas 

a -u is a minimum at the top of the gravel pack. 

This is therefore the critical place at which the 

above mentioned requirement must be applied. If the 

top of the gravel pack is located at a depth h 

below ground level it follows that given 

oq = Ygh, u - Ywh, Au = YwAh, 

where Ah is the head in the well above ground le­

vel, and y and y are the volumetric weights of 

wet soil and water respectively: 
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Ah » la^w h 
Yw X 

For a sandy s o i l y = 20000 N/m3 , w h i l e , in gene­

r a l , y = 10000 N/m 3 . S i n c e , n o r m a l l y <(> 40° , a 

va lue of 5 can be r e t a i n e d as t h e upper l i m i t fo r X 

and hence the fol lowing r u l e of thumb i s a p p l i c a ­

b l e : 

4h < 0.2 h . (2 .4) 

Hence Ah is the maximum permissible positive head 

in the well above groundlevel and as such is 

equally valid for artesian groundwater. The rule of 

thumb must be adjusted according to equation (2.3) 

in cases where the average y and/or y deviate 
g w 

appreciably from the values taken here. Especially 

with thick layers of peat care should be taken. 

The lower limit of 0.2 h also appears to hold good 

for the much deeper injection wells used in the oil 

industry in which "hydraulic fracturing" has been 

applied (see the experimental findings of Howard 

and Fast, 1970 and conversion to the quantities and 

dimensions discussed here in Olsthoorn, 1982). 
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CLOGGING 

Causes of clogging 

The following can be cli-pd as causes of clogging: 

1. suspended particles in the injection water; 

2. gas bubbles in the water; 

3. proliferation of bacteria in and around the 

well; 

4. formation of chemical precipitates in the injec­

tion water and the well; 

5. formation of chemical precipitates in the soil; 

6. swelling and dispersion of clay; 

7. erosion of soil structure and jamming of the 

aquifer. 

Causes 2 to 7 inclusive may make the system unre­

liable and have very serious consequences. They 

therefore need to be eliminated beforehand and this 

can be achieved successfully by means of adequate 

research, properly designed installations and pro­

per control. 

Suspended particles and consequently clogging by 

suspended substances cannot always be avoided com­

pletely. The residual concentration of suspended 

constituents depends on the composition of the un­

treated water, combined with the method of prepu-

rification. For a particular situation this concen­

tration varies as a direct function of purification 

costs, which can be quite high if the objective is 

virtually complete removal. In practice, considera­

tion can be given to the relative merits of further 

prepurification, a larger number of wells and more 

frequent cleaning (redevelopment) of wells (see 

chapter 5). 
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8/11 13/11 
1976 

23/11 28/11 3/12 8/12 13/12 

T » temperature in °C 
Ah = difference in head in cm between the injection well 

and the observation well (5 m apart, 33 m deep) 
Q = flow rate in m3/h 

Figure 3 - Reaction of head difference between the 

injection well and an observation well 

Ah to fluctuations in water temperature 

and injection rate (according to 

Steinmetz, 1977, Leiduin Municipal Wa­

terworks1 of Amsterdam well) 

In contrast to groundwater which is always at al­

most the same temperature (T), the viscosity (JJ) of 

the surface water used for injection must be taken 

into account (figure 3), for the resistance the wa­

ter encounters is directly related to it. The dif-
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ference between winter-injection water at 2 °C, for 

instance, and summer water at 28 °C is thus likely 

to produce a(n) (apparent) 100 % increase in resis­

tance . 

The viscosity of the water y (Ns/m2) is closely 

approximated using: 

v = {(T +
143<1)

1,502}(10"3) 0<T (°C)<100 (3.1) 

The actual clogging of an injection well does not 

therefore appear until after temperature correc­

tion, which is normally carried out by reducing the 

measured value to what it would have been at 10 °C. 

The multiplication factor (u10/u_) required for 

this purpose is often approximated as follows: 

7̂  = T 3o2° (T in °c> < 3- 2> 

The resistance (W10) of an injection well is obtai­

ned, after correction for temperature, from the 

increase.in the requisite pressure or rise of level 

(<|>) per unit injection flowrate (Q) . 

The so-called clogging resistance (W 10) is the 

difference between the total resistance and the na­

tural resistance of the well (beeing the resistance 

of the well when new) and is calculated as follows: 

w 10 = (Jim) ( ° r
) ; (m/(m3/h)) (3.3) 

C Urn W 

For <(> , the water level or the pressure in the well 

is taken. <j> is the water level in an adjacent ob­

servation well or is the original groundwater level 

(figure 4). 
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If a gauge pipe is available in the wells' gravel 

pack, then clogging of well-screen slots and the 

first few centimetres of gravel fill can be deter­

mined separately. Since, in the vast majority of 

cases, clogging tends to ~z concentrated at the 

borehole wall and penetrates at most a few centi­

metres into the surrounding formation sand, also 

the level in a gauge pipe in the same borehole, but 

now in fine sand above or below the gravel pack, 

may be used as the reference for the unclogged for­

mation, as an alternative to using a separate ob­

servation well some distance away. However, for 

various reasons preference is usually given to one 

or more observation wells several metres or tens of 

metres away. 

3.2 Suspended substances 

When, as a result of good installation, clogging by 

air or gas bubbles, and, through chlorination, by 

bacteria can be excluded, while there are no indi­

cations that chemical reactions are taking place in 

the well, with the original groundwater or with the 

soil (see following paragraphs), then suspended 

substances are the most probable cause of clogging. 

Constituents suspended in the injection water may 

be of differing kind, shape and size, inorganic or 

organic in composition. 

If the composition of the suspended matter is fair­

ly constant, it will usually generate a conside­

rable increase in resistance per kg of deposited 

material (figure 5, Vecchioli, 1980). If, in addi­

tion, the concentration is constant then the rela­

tionship between clogging resistance and total 

volume of water injected will also be linear (fi­

gures 6 and 8) . 
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Supply Q 

Injection well Observation wells 

A<?V 

:\ <Po 

0 a ?r 
1 1 <p 

• ^F t Ltd 
i i i ; 3 f?•"•':>. Earth material 

ij:'..' ....:• (sand) 

Mil 

Clogged materials Borehole Gravel pack 

Figure 4 - Clogging of an injection well and 

relevant water levels (heads) 

Since besides the normal relationship between pres­

sure rise and flowrate (according to Darcy's law) 

also the supply of clogging material per unit time 
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is proportional to the flowrate, there is a squared 

relationship between the rate at which the injec­

tion pressure or water level (<f>) in the well rises 

and the injection flowrate (Q) (figure 7): 

£± ~ O2 

dt y (3.4) 

ah (m) 

20 30 40 50 60 70 

Suspended matter injected (kg) 

Figure 5 - Water level in the injection well minus 
that in the observation well 40 m away, 
as a function of the total quantity of 
suspended matter which has infiltrated. 
Hoogoven-well, period August 1970 to 
February 1971 (after Brandes, in Bulten, 
1972, see Appendix A for further infor­
mation) . 
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Figure 6 - Specific rise of water head as a func­

tion of the total injection volume 

(Gilgal-Well, Israel; Discussion, re­

ported after paper Y. Harpaz, 1970). 

In this equation (3.4) the measured pressure build­

up can, despite variations in injection flowrate, 

be converted into a certain standard flowrate and 

be plotted against the total injected volume of wa­

ter. As an illustration, this process is carried 

out here on the data from two tests of Sniegocki 

(1963). The relation thus obtained (see figure 8) 

is linear, despite a marked fluctuation in flowrate 

during the test. 
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• H | 

Injection flowrate 

Q 2Q 

c=--ci 

Time 

Figure 7 - The effect of doubling the flowrate on 

the requisite recharge pressure (clog­

ging by suspended substances) 

A similar linear relationship is also found for 

other wells. 

Surface water harbours a very large variety of 

natural and man-made species of suspended matter 

which may behave variously depending upon the com­

position of the water and mutual interactions. Thus 

the clogging properties of an iron-hydroxide sus­

pension (figure 9) appear to depend markedly on the 

pH rating of the water (Lerk, 1965). 
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5 

Figure 8 - The water head in the well or the sand 

pack, minus that in the observation well 

at 1.8 m distance, reduced to 10 °C and 

300 gpm (68.2 m3/h) , as a function of 

total recharge volume. Sniegocki's tests 

21 and 22, 1965 (gpm = gallons per mi­

nute, 1 gal = 3.79 1). 
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pH=.6.8 

-* -pH-8.4 

Q 40 80 120 160 200 240 280 

— • mg Fe in filter bed 

Figure 9 - Effect of pH on the pressure loss over a 

filter clogged by an iron suspension 

(After Lerk, 1965) . 

The clogging properties of clay suspensions of the 

same type of clay differ for clays originating from 

different sources (Signor, 1973). 

Sometimes, the clogging rate does not lessen, des­

pite a pronounced reduction in the concentration of 

suspended substances. This proved (Sniegocki, 1963) 

to be the case with interposition of a coagulation 

step in the prepuirification process (see Olsthoorn, 

1982), removing the negative charge on the suspen­

ded particles which are thus retained much more ef­

ficiently by the negatively-charged formation 

grains, now that particles and formation material 

no longer repel one another. In this way, particles 

become concentrated in a thinner clogging deposit 

with a relatively high build-up of resistance in 

consequence. 

If filtration by the soil is highly efficient, just 

a few grammes of suspended matter per m2 of rechar-

120i 
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ge area suffice to cause a i m rise in water level 

in the well, for a recharge rate of around 1 m/h at 

the borehole wall (Marshall, 1968, Olsthoorn, 1979). 

At the admittedly high concentration of 1 mg/1, this 

situation may thus occur within ^ few hours. Where 

filtration by the soil is less efficient (fine nega­

tively-charged suspended particles; coarse earth 

material, Rahman, 1969) the process can take much 

longer (figure 10 and Bichara, 1974). 

The involvement of the gravel pack surrounding the 

well screen corresponds to that of the first coarse 

layer of a multi-bed filter. The pack traps the par­

ticles without appreciable increase in resistance, 

thereby relieving the formation wall where clogging 

concentrates. Generally, the pack provides a sub­

stantial reduction in clogging rate (Olsthoorn, 

1982) . 

From the points mentioned, it seems that, if based 

solely on analyses of the injection water and the 

suspensoids which it contains, there are as yet no 

prospects of successfully predicting clogging of 

injection wells from behind the designers desk. 

Investigation is further hampered by the fact that 

in water with a low concentration of suspensoids, 

e.g. drinking water, no relation exists between 

that concentration, the turbidity and the clogging 

of an injection well (Olsthoorn, 1979). Consequent­

ly, it is hardly possible to draw relevant conclu­

sions concerning prediction and analysis of injec­

tion-well clogging, from data of this sort. 
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Figure 10 - Rise of waterhead (cm) in the Hoogoven-

well per kg suspended matter at 17 m3/h 

(see Appendix A for further details). 

Better results are obtained from a membrane-filter 

test (figure 11, Felsenthal, 1956, Doscher & Weber, 

1957, Stormont, 1958, Barkman & Davidson, 1972). 

The most modern membrane-filter test is that devi­

sed by Schippers & Verdouw (1980). Their test may 

be considered based on the work of Doscher & Weber 

(1957) and Barkman & Davidson (1972), but has now 

been specially designed and tested for the drinking 

water sector. 
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Figure 11 - Decrease of turbidity and membrane-fil­

ter index (MFI) in an experimental pu­

rification plan at Leiduin (Olsthoorn, 

1979) . 

Schippers & Verdouw (1980) force the water being 

examined under constant pressure (2 bar) through a 

membrane filter of 47 mm diameter with 0.45 urn 

pores. The result is reduced to what is called a 

membrane-filter index (or "modified fouling index", 

shortened to MFI) expressed in s/l2 (s = seconds, 

1 = litres). For injection wells, MFI-values less 

than 3 are good and over 10 - 15 bad (figure 12). 

To arrive at the final design, practical experi­

ments will stay necessary. Interpretation of the 

data from experiments with test wells is presented 

in section 5 of this report. 
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Figure 12 - Relation between injection-well clog­

ging and membrane-filter index of Dutch 

injection wells. 

In order to secure a good idea of this kind of 

clogging and interpretation of the test results ob­

tained, a few basic relations will now be derived. 

The rise of head, A<J>, in an injection well above 

the static water level (or above the level in a 

neigbouring observation well) is now divided into a 

portion A<j> resulting from the soil itself and a 

portion A<j> caused by clogging (figure 4) which has 

reduced the permeability k between the distances r 
o 

and r to k . In the case of well injection, the 

total required head rise in the well will be as 

follows: 
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where R i s an i n t e g r a t i o n c o n s t a n t (m). 

Since the 2 l a s t terms t o g e t h e r g ive the n a t u r a l 

s o i l r e s i s t a n c e , namely: 

A<j> = , Q , . l n ( — ) ; i t fol lows t h a t for A* =A<j>-A<|> : yo 2irkh Kr Tv y yo 

* n ?/ r> 

so that the summation in (3.5) is always admissible 

provided k be replaced by k*: 

k* = kkv/(k-kv) (3.7) 

Since normally k » k , equation (3.7) is reduced to 
k* « k . * v 

These permeability coefficients allow for the vis­

cosity of the water as follows: 

k = -22. k. (3.8) 
u I 

k = permeability coefficient (m/s), p = specific 

gravity of water (p = 1000 kg/m3), g = strenght of 

gravity field (g = 9.81 N/kg), k is the intrinsic 

permeability coefficient (m2) , a material property 

independent of the percolating liquid. 

The pressure drop dp (N/m2) resulting from flow 

through a clogging layer of thickness dl (m) and 
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Figure 13 - Above: clogging in deep-bed filtration 

Below: if the pores are excessively 

narrowed by deep-bed filtration, 

or the particles in the water 

are too large, then clogging 

will occur through cake filtra­

tion. 
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permeability k. (m2), will, at a flowrate Q (m3/s) 

and filtering surface A (ra2), have the following 

value: 

dp = (£-) (£) dl (3.9) 

Since p is directly proportional to Q and u, we can 

introduce the concept of resistance (W): 

d w = d tfe) - (^TA) <*i (3.10) 

The volume of clogging layer brought in per m3 

water (dV) is directly related through A with dl: 

dV = A dl, while for a well: dV = (2irr)(H)dr, where 

r is the distance to the centre of the well from 

the place where the clogging occurs, and H the 

length of the gravel pack, so that: 

d W = (-dV_, = ( ^ H f S ) (3.11) 

k.A 

where W = 0 if t = 0; this means that r 

radius, r : o 

W - 2¥k~H l n <f"> 1 O 

In the case of cake filtration at the bore wall 

(figure 13 below) r steadily decreases further 

(r < rQ) 

t 2 2 
V = o/

u Qcdt = ir H (r - r ) (3.13) 

where c is the concentration of suspensoids (ex­

pressed in terms of m3 clogged layer per m3 wa­

ter) . 

= the bore 

(3.12) 
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In the case of deep-bed filtration (figure 13 

above) the reverse applies (r > r ) 

V = / Qcdt = it H (r - rQ ) (3.14) 

For <J> = *—, t h i s w i l l g i v e : 
pg 

1 irr n 
O 

where the plus sign applies for deep-bed filtration 

and the minus sign for cake filtration (naturally 

another process will be attended by another permea­

bility) . For a short time, and thus a small V, the 

relation goes over to that for linear filtration: 

A*v = {h){t] {jh<J-)' Where Ao = 2 i r ro H (3'16) i o o 

or: 

A*v = (ig- ) (k7 ) v^ (3-17) 

where v is the infiltration rate at the bore wall 

(m/h) and V the volume of suspended matter (m) in­

troduced per m2 borehole-wall area. 

Since this relation is derived independetly of the 

instantaneous flowrate, it applies generally for 

this kind of clogging and can be used equally well 

for infiltration under constant pressure or under 

constant flowrate. 

With constant concentration c (m3 clogging layer 

per m3 water), the following relation applies: 

A*v " (7g-)(k7)v ° (3'18) 


