WO 2006/014126 PCT/SE2004/001169 1 METHOD AND APPARATUS FOR THE PURIFICATION
OF GROUND WATER Field of the invention The present invention relates to a method for decreasing
the contents of metals, metalloids, nitrate or nitrite in ground 5 water, artificial ground water, that is
infiltrated suNé@eier]26r surface water according to the preamble of claifiTISETe/gasent invention
relates also to an apparatus according to claim 8 for &arrying out the method. Background of the
invention 10 In the past, water requiring treatment and purification for removal of iron and manganese
was treated in a water treatment plant by adding oxygen to the water. This caused precipitation of

impurities, whighiyyerefilieras pukioteavegpurifiad war ierr xvgeR Was biirally agelagkto the water in

the form of 15 pure oxygen, or by aeration of the water through the use of a cascade aerator.
Because the qugfgng%tl%%gf oxk{n%eq: pecessary to precipitate metal ions from solution is

comparativelylrow, métals ror a manganese were precipitated through the filt- ration process

described above, wherein the filter encompassed 20 one or more layers of sand through which the

water was paSsederEEsitd iivestmehtantcoFerating oS 3Beh EPpuffcaiRmS pientdie high since

the sand layesrs;whigh dungtion-as,the filter materiak must besegenerated from time ta-timesto en-
hance the removal of the @;%Lp,itated metal ions of _maggg:ese 25 %In(i iron, Alternatively, ground
water flas bR Sifietin it 2 0eZerbed i Siédish PatentSpaGTicAtaT Rfo. B96384%-2. Wa- ter

containing oxygesqr ety gemxeleasing substansesdiag ©o the preamble of claim 1.
The present invention relates alsc to an apparatus according

to claim 8 for carrving out the method.
Background of the invention

10 In the past, water requiring treatment and purification for
removal of iron and manganese was treated in a water treatment
plant by adding oxygen to the water. fhis caused precipitation
of impurities, which were filtered out to leave purified wa-
ter. Oxygen was typically added to the water in the form of

1B pure oxygen, or by aeration of the water through the use of a
cascade aerator. Because the concentration of oxygen necessary
te precipitate metal ions from solution is comparatively low,
metals ircon and manganese weXe precipitated through the £ilt-
ration procesgs described above, wherein the filter encompassed

20 one or more layers cf gand through which the water was passed.
Capital investment and operating costg for such a purification
plant are high since the sand layers which function as the
filter material must be regenerated from time to time Lo en-
hance the removal of the precipitated metal ions cof manganese

25 and iron.

Alternatively, ground water has been purified in situ as
described in Swedish Patent Specification No. &6%903544-2. Wa-
ter containing oxygen or oxygen-releaming substances was
introduced intexmittently into an aguifer through a number cof

30 satellite wells or satellite pipes, arranged at a predeter-



introduced intermittently into an aquifer through a number of 30 satellite wells or satellite pipes,
arranged at a predeter WO 2006/0141.26 PCT/SE2004/001169 2 mined distance and surrounding a
supply well or supply pipe. Oxygenated water introduced in this mantel into an aquifer creates a
suitable envidbaREaPIdIAhe growth of certain microbes enhancing chemi&&l&idaéteniotic
adsorption, oxide 5 tion and precipitation of compounds in the existing ground layers, thereby utilizing
the ground layers as a reaction and filtration medium. The microbes employed are often organisms
being active primarily in zones created between oxidizing and reducing conditions. Water containing

oxygen or oxygerd#eleas kg syhstanceswasadded intermitenty over-a pesiotkofoapproximately
twenty-four (24) hours. During the addition_of oxygenated water or.water containin ,txg/gen-releasing

substances, fFEYSIESB SEIMETHRA not bETEETFSs Fpited WatsFdodreaifce 8aRcdTant use of the
supply well anddheds satellite wielle watitd causertheffaturelef theditrationt neecharism or a

disturbance ‘Pnli.tér‘%%eé S“%hﬁae%ﬂ?% 0,8 mdleésfﬂo%%%!%'}n%féé‘ﬁoqf‘f@tyaafs‘g%ﬁi %,SU&E’D%’?W ona
continuous baSIS, WO Or more supp \{veﬁs or a suitable meqns for storag } as peen requwed to
circum@ent theiabowed0riessetibet disadvartagesnsnaliingithe Withahar sPpulfied\Water to be

alternated befween at leagt twe.supply wells or:hetween;the welland the storagesnesnsand
Regeneration was per- formed_on the dormant supply well or wells if necessary during  withdrawal of

purified watef frk¥ et Qe rhate: Spp JEoUrdE o5 $ThERNREER \Ilifira i o S SihgiESupply well
and conveyedetong satelliteavel-orapluralihobsatellite wellsdo allowwween oxidizing and

reducing conditions. Water containing oxygen or oxygen-releas-

10 ing substances was added intermittently over a period of
approximately twenty-four (24) hours. During the additicn of
oxygenated water or water containing oxygen-releasing
substances, the supply well ccoculd not be used as a purified
water source since concurrent use of the supply well and the

15 gatellite wells would cause the failure of the filtration
mechanism or a disturbance in its operaﬁion, resulting in a
deterioration of the guality of water. To supply water on a
continuocus basis, twe or more gsupply wells or a suitable means
for storage has been reguired to circumvent the above-

20 described disadvantages, enabling the withdrawal of purified
water ta be alternated between at least two supply wells or
between the well and the storage means. Regeneration was per-
formed on the dormant supply well or wells if necessary during

withdrawal of purified water from the alternate supply source.

25 When water is withdrawn from a single supply well and conveyed
to a satellite well or a plurality of satellite wells to allow
concurrent use of the supply well, the flow pattern of re-
charged water becomeg gensrally parallel to the flow pattern
of the water to be purified. When this generzlly parallel

30 flow pattern is established, a discontinuous radial purifica-
tion pattern develops between the satellite wells and the sup-

ply well without being purified. This gradually reduces the



concurrent use of the supply well, the flow pattern of re- charged water becomes generally parallel to
the flow pattern of the water to be purified. When this generally parallel 30 flow pattern is established,
a discontinuous radial purifica- tion pattern develops between the satellite wells and the sup- ply well
without beindveutfietn4THis gradually reduces the WO 2006/014126 PCT/BE204/3091689 3
operability of the supply well due to precipitation of irén and manganese, which occurs in greatest
measure in a smaller portion of the aquifer within close proximity to the supply well. This problem
does not occur when using two or more sup s ply wells as previously described, and by alternating the

withdrawal ofpurified yvater between the,supplyavellssihereby wisiobyting the predpitation over a
greater portion of the aquifer. To_eliminate the drawback with 2 discontinuoyg Séjpéjrlrégé\évrater 10
another alter?BHvVEDRLGIGHRE walbrFirifcationtin S Phag Béen §&Stribed in Swedish Patent

Specificationdye: 8206393 #h=Aaqdantage ofthat ivesriondstHeetimiratidrnef thended for two or
more supply wels, permiting auyified yater 1o, be umpedcantuonsivliama sighe sugply means
by creating a ow p‘at%e?% between satellite We?l§ which is approximately perpendicular to the flow
patterss of thewaterfolse purificdv intns e csitdadfereRtalPuritafsh Paitesn HeSelops ata

sufficient distance fram.the sunply well ahigh distrir bulesthecpreciniiglion avet Begreaterpgrtion of the
aquifer 20 allowing the operability of the supply well to be maintained. As used hereig, y}le term

"satellite welldt HEHISEHFRBREITTE (REFTOHAGRAIE AN Fidarts By SHidT t3ted VAt may be

agquifer.

To eliminate the drawback with a discontinuous supply ©f water
10 another alternative of ground water purification in situ has
beean described in Swedish Patent Specification No. 8206393-4.
2n advantage of that invention is the elimination of the need
for two or more supply wells, permitting purified water to be
pumped continuously from a single supply means by creating a
15 flow pattern between satellite wells which is approximately
perpendicular to the flow pattern of the water to be purified.
In this way, a circumferential purification pattern develops
atr a sufficient distance from the supply well which distri-
butes the precipitation over a greater portion of the aguifer

20 allowing the operability of the supply well to be maintained.

As used herein, the term “satellite wells” as used herein is
used to indicate any means by which treated water may be
introduced into a filter, basin, aguifer or similar purifica-
vrion or filtration system through which such water is to be
25 purified. However, it is to be understood that “zatellite
wells” are also used to withdraw water for introducticn into
other satellite wellg. Representative examples of satellite

wells include wells, pipes, hoses, tubes and similar devices.

During the operation conditioned water is fed to at least one
30 but less than all of the satellite wells, and simultaneously

with such introduction, water is drawn from at least one



introduced into a filter, basin, aquifer or similar purifica- tion or filtration system through which such
water is to be 25 purified. However, it is to be understood that "satellite wells" are also used to
withdraw water for introduction into other satellite wells. Representative examples of satellite wells
include wellsWgigéds/Heéks, tubes and similar devices. During the operatiBACoBMtHBEWater is fed to
at least one 30 but less than all of the satellite wells, &nd simultaneously with such introduction, water
is drawn from at least one WO 2006/014126 PCT/SE2004/001169 4 satellite well for the purpose of
creating a purification zone for the adsorption, transformation, oxidation, precipitation or volatilization
of contaminagis; 4n particular, water condi- tienpdawith oxidiziag aggnts euethet beneficiakadditives is

5 utilized to reduc% the C(C)lncentlation of im%%r' gelg, fr m_un- treat gﬁﬂvy%tgr, rendering the water
"purified.” Feelig cohdi fiGRES Whter intS the Satalite Wells i this manhef creatés a- purification or

filtration zoneat adistance sufficientyf farchrmthessupply Trearsrsd as e avoitksloggimerefithe supply
10 means, and maintain adeguate; flow o the supply.means fhrgual- apurificalian zopes The water fed

to the satellite wells may consist of conditioned water drawn from at least one other satellite well and
if desifed alstalpsrEed sfahsplitRrdt RatsCRewH fram e StpplRveaiisias By eRalging the
plurality of satellite wells;i#e-which condi-tioned-watards intpegucedsand hysalterngting:ihe satellite

wells from which water is withdrawn, the user ogtimizes th urification zone in which contaminants

are precipitatet®AR§ Hariter 0t satdifte Wik gretsr Yﬁef%olﬁﬁa & UEERITthi§Feates 2

purification or filtration zone at a distance sufficiently far
from the supply means so as to avoid clogging of the supply

10 means, and maintain adeguate flow to the supply means through
a purification zone. The water fed to the satellite wells may
consist of conditioned water drawn from at least one other
gsatellite well and if desired also a portion of the purified

water drawn from the supply means.

in By changing the plurality of satellite wells into which condi-
ricned water is introduced, and by alternating the satellite
wells from which water is withdrawn, the uszer optimizes the
purification zone in which contaminants are precipitated. Any
number of satellite wells greater than two may be used in this

20 system, depending upon the size of the purification system,
hydrogeclogic conditions, biogecchemical conditions, the con-
centration of impurities contained in the water, etc. Condi-
ticned water may be introduced into the satellite welles for a
predetermined period, ranging from a few hours to a few days

25 or longer.

The process acceording to Swedish Patent Specification No.
B206392-4 alsc enables the continuous filtration and purifica-
tion of ground water and surface water utilizing a basin,
wherein a filter comprised of naturally occurring or man-made
30 material ig contained and utilized. For example, =soll may be

excavated to form a basin-shaped cavity with a mantlie surface,



20 system, depending upon the size of the purification system, hydrogeologic conditions,
biogeochemical conditions, the con- centration of impurities contained in the water, etc. Condi- tioned
water may be introduced into the satellite wells for a predetermined period, ranging from a few hours
to a few daysve3ustdAatper. The process according to Swedish Patent SpetificiiimNe168206393-4
also enables the continuous filtration and purifica- tio& of ground water and surface water utilizing a
basin, wherein a -filter comprised of naturally occurring or man-made 30 material is contained and
utilized. For example, soil may be excavated to form a basin-shaped cavity with a mantle surface, WO

2006/014126. EETISE2D04Q01169. 5 and aiseplingdayei-efclaycanerete, plastie, watalsresis- tant
cloth or the like may be applied to the mantle surface to_form an inner wall. Satellite wells for the

introduction SFEbnABREdWatereark piacBa indge THE Matle WithhthBBas Sirf B the b&sin is
filled with a fitermateriakseehas] sandaThe supplywerieansfnay bedodatedddthe tentrefof the ba-

sin; the satellite wells for introducing treated.water. are ar-dan d betw en tagg@l ntle gnd,the basin
centre, arourid fh\gel}?l%?élr?(%r &%%grﬁerﬁplﬂ%rg %? eéi inher wall orﬁ'[ﬁe%aa%?n,eso as 1% to enable the

introduction eficonditichédhwatersihto thie pad-Lication-systeMithFeuy na prarbiity oFtrels&ellite wells,
extraction of watar thrgugh at least.one - satellite welhand. g coptingaus.withdrawal ofpurified water

through the supply means. [n"the man-made aquifer, water is intermittently drawn 15 from at least one

satellite well S5&ongitnedtaid i uMFer mtrbaticdd Trto M F4Est SeaiHeT suidifte Wek 27

ranged between the mantle and the basin centre, arcund the in-
terior of the periphery of the inner wall of the basin, 80 as
10 to enable the introduction of conditioned water into the puri-
fication system through a plurality of the satellite wells,
extraction of water through at least one gatellite well and
the continuous withdrawal of purified water through the supply
means. In the man-made aquifer, water is intermittently drawn
i5 from at least one satellite well, is conditioned and is
further introduced into at least one other satellite well.
Alternating the satellite wells used for recharge with the
satellite wells used for withdrawal of water in this manner
effectively alternates the purification zones utilized for the

20 precipitation of contaminants.

PCT WO 02/4846¢9 describes means and methods for purification
of water, where these also can be used in an artificial agui-
fer, e.g. a basin filled with inert wmaterial. In the descrip-
cion, thé_tighteﬂing cloth against the ambient scoll is said to

25 be arranged below the soil surface, which meansg that the tcp
part is open against the atmosphere. The same arrangement 1is
alsc true for the Swedish Patent Specification No. 8206393-4.
Thig will give rise to an overflow and out wash of material
from the basin because of the high water pressures that are

30 built up in the basin from the infiltration of raw water and

recharge intc the satellite wells.



Alternating the satellite wells used for recharge with the satellite wells used for withdrawal of water in
this manner effectively alternates the purification zones utilized for the 20 precipitation of
contaminants. PCT WO 02/48469 describes means and methods for purification of water, where
these also can be used in an artificial aqui- fer, e.g. a basin filled with inert material. In the descrip-
tion, the tightening cloth against the ambient solil is said to 25 be arranged below the soil surface,
which means that the top part is open against the atmosphere. The same arrangement is also true for
the Swedish Patent Specification No. 8206393-4. This will give rise to an overflow and out wash of
material from the basin because of the high water pressures that are 30 built up in the basin from the

infiltration of raw water and recharge into the satellite wells. 6 Fig. 3 Shf(f) saco ter simulation of
the problem Withr high®Water ﬁregg’gpé%tﬁ/ﬁic%lgﬁ‘biﬁst fhat aogregggréo &q aY;/et% é“inl(g\illi%%%%den of more
than four metegsawillkhe: required toprodudecay ssufficientcounrtes pressemae 40 countaractie-high water

pres sure whilpievell I KDown apparallises. feanee Spen JaJiia dreven Witban gverburden of

four metres, an overpres- sure o ut 1.3 metres still exists. Summary of the invention Embodiments
of the inventforESe6R 3 ElirmvatetheRvEIFRNE Hofied Hisddrntages andto'Ferfiit pafification of

raw water insa.confjnyeus apdgost-effectiveways fivaccerdanse with afirstaspest of theypresent
invention, there is provided a method for ‘Purif&ing raw \%/a%er by decreasing1 the contents of at least
onesubgangé%el e&ven with an overdurden o our metres, an overpres-

sure of about 1.3 metres still exists.

Summary of the invention

fmbodiments of the invention seek to eliminate the above-men-
tioned disadvantages and to permit purification of raw water

in a continuous and cost-effective way,

In accordance with a first aspect of the present invention,
there is provided a method for purifying raw water by
decreasing the contents of at least one substance selected
from the group consisting of metals, metalloids, nitrate
and nitrite, in said raw water flowing through a basin
containing naturally cccurring filter material, whersby
water containing at least one agent selected from the group
consisting of oxygen, oxygen-releasing substances, metabolic
substances and naturally occurring micro-organisms 1is
intermittently and homogeneously distributed into the basin
through a plurality of satellite wells arranged around at
least one extraction well for purified water, characterized
by feeding the raw water to be purified into the peripheral
part of the basin by horizontally arranged feeding pipes
surrounding the satellite wells, and extracting purified
water from said at least one centrally positioconed

extraction well.



from the group consisting of metals, metalloids, nitrate and nitrite, in said raw water flowing through a
basin containing naturally occurring filter material, whereby water containing at least one agent
selected from the group consisting of oxygen, oxygen-releasing substances, metabolic substances
and naturally occurring micro-organisms is intermittently and homogeneously distributed into the basin
through a plurality of satellite wells arranged around at least one extraction well for purified water,
characterized by feeding the raw water to be purified7into the peripheral part of the basin by
horizontally arranged feeding pipes surrounding the satellite wells, and extracting purified water from
said at least one centrally positioned extraction well. 7 According to a preferred embodiment of the
method said negative pressure around said at least one extraction well is of the order of magnitude of
about one méatreavatenthetd. Accordmgrodarothed prefetredfembedimentoof themethod the

extraction Ofﬂé’?Q%‘S{'\)’e‘éa_ 1. from the gxiraction wel iﬁéuf%at%"g‘téﬁ% watet pressie,of poth the feeding

pipe and the injection pipes are reduced to more than ha pressure otherwise existing in the
feeding pipe @hdithe iRjEREENCpipeasH aeE6rdahcelfith asetofd ashert of théippsent invention,
there is provided an apparatus for purifying raw water by decreasing the contents of at least one
substance setected from the groumeensistitg of metals, metaloidsohitrate anrd nitdte-inesaid raw
water the appatatus , Sompriging a basin for containing nanrally 9cclIlNg,, weil is such

that the water pressure of both tThe feeding pipe and the

injection pipes are reduced to more than half the pressure

otherwise existing in the feeding pipe and the injection

pipes.

In accordance with a second aspect ¢f the present
inventicn, there is provided an apparatus for purifyving raw
water by decreasing the contents of at least one substance
selected from the group consisting of metals, metalloids,
nitrate and nitrite in said raw water the apparatus
comprising a basin for containing naturally occurring
filter material and through which said raw water may be
flowed, at least one extraction well for extracting purified
water from said bkasin, and a plurality of satellite wells
are arranged around said at least one extraction well and
adapted for intermittently introducing water containing at
least one agent selected from the group conglsting of
oxygen, oxygen-releasing substances, metabolic substrates,
and naturally occurring micro-organisms, characterized in
that the basin is hermetically sealed by a material that 1is
impermeable to alr and water and that all sealing joints
around inlets and outlets through the material are

impermeable to air and water.



filter material and through which said raw water may be flowed, at least one extraction well for
extracting purified water from said basin, and a plurality of satellite wells are arranged around said at
least one extraction well and adapted for intermittently introducing water containing at least one agent
selected fromvih@oggdigi Bonsisting of oxygen, oxygen-releasing substancesTiaBblitisubstrates,
and naturally occurring micro-organisms, characterized in that the basin is hermetically sealed by a
material that is impermeable to air and water and that all sealing joints around inlets and outlets
through the material are impermeable to air and water. WO 2006/014126 PCT/SE2004/001169 8

According to gjareferred embodiment of the appartus.dhe satellitewell comprisescaldeast one
injection pipe and at least one extraction pipe antghsaid injection pipe and said extra%r;ion pipe are

provided wittFapértaresSorfdies FTEEER S iy tHak Te JP8as bF theseHEbétites B hoies
compensate fera the incseasad-weaterpresspre emtheserticakdirectioon Briep descdptior.éf the drawings

By way of a nof-jmiting exampie the. nvention Wl he. 10 deserhed. elow with Jefargnge da the
accompanying drawings, i ich Fig.”1'is a schematic side view of an apparatus ac- cording to the
inventidn for parificdtion sheavaverer, Fgthesa seiverhatie view frofl aBoveBP e apFarziis

according to the inyention provided with,a central exiragtionjuell and:15:several satellite wells
arranged around said extraction well and in which feeding pipes and pipes for infiltration of raw water
is shown by broken lines and with the covering overbur-

Brief description of the drawings

By way of & non-limiting example the invention will be

10 described below with reference to the accompanying drawings,
in which Fig. 1 i8 a schematic side view of an apparatus ac-
cording tce the invention for purification of raw water, Fig. 2
is a schematic view from above cof the apparatus according to
the invention provided with a central extraction well and

15 geveral satellite wells arranged arcund gaild extraction well
and in which feeding pipes and pipes for infiltration of raw
water is shown by broken lines and with the covering overbur-
den removed, Fig. 3 ig a computer simulation of distribution
of pressure head in an apparatus for purification of raw wa-

20 ter according to known technology, Fig. 4 is a computer simu-
lation of the distribution of pressure head in a non-hermeti-
cally sealed apparatus for purification of raw water, Fig 5 is
a computer simulation of the distribution of pressure head in
a hermetically sealed apparatus for purification of raw water

25 according to the invention, Fig 6 is an end view of a satel-
lite well used in the apparatus according to the invention and
Fig. 7 i1e & partially sectioned side view of the satellite

well in Fig. 6.



den removed, Fig. 3 is a computer simulation of distribution of pressure head in an apparatus for
purification of raw wa 20 ter according to known technology, Fig. 4 is a computer simu- lation of the
distribution of pressure head in a non-hermeti- cally sealed apparatus for purification of raw water, Fig
5is a comp¥ér irratatizsn of the distribution of pressure head in a hermétatiggetbeti spparatus for
purification of raw water 25 according to the invention? Fig 6 is an end view of a satel- lite well used in
the apparatus according to the invention and Fig. 7 is a partially sectioned side view of the satellite
well in Fig. 6. WO 2006/014126 PCT/SE2004/001169 9 Description of preferred embodiments Fig. 1

shows an appatatus aceprding to the: ventionrs suBkkedersed embodiment for decreasing the
contents of metals, metalloids, nitrate and nitrite in raw water, comprising a ba 5 sin or artificial aquifer

1 provided in_g cavity in the ground_and containing naturally_occurring filter tgriﬂ% sugh as sand,
or other suitdbié ma e‘?‘%@f%o??hgv%?gapﬁrgali?ycc% rl%é%gor%ga%e ﬁe%?é’l%ﬂg}‘ an extraction well 3, an
raw wa- ter stphepiperbiot Supptyifgwater froas foginstan ezt 80 gPogwid Weliérwell, not shown, for

feeding horizontally,ay; sanged supply means or feeding.pipes; 5,apd.a well 601 posgsible gleaning of

said raw water supply pipe 4. The basin 1 is totally surrounded by a material 11 impermeable to air

and wé- ter ofi-forWstanes, ibbet apdrorifEstc REREHACTe 8 15 REidHtaty) seafe DS, This is
also true for thestop~pa#af the basin:aMoreever allinlgtrand outhats for : pipers, aafites:and so forth

movmedthﬂgggtbeégagggg%lsuitable materials, nct shown, a plurality of

iﬁjection/satellite wells 2, an extraction well 3, an raw wa-
ter supply pipe 4 for supplying water from, for instance, a

1¢ ground water well, not shown, for feeding horizontally ar-
ranged supply means or feeding pipes 5, and a well é for pos-
gible cleaning of said raw water supply pipe 4. The basin 1 is
totally surrounded by a material 11 impermeable to alr and wa-
ter of, for instance, rubber and/or plastic material, i.e. a

15 hermetically sealed basin 1. This is also true for the top
part of the basin 1. Moreover, all inlets and outlets for
pipers, cables and so forth provided through the material 13
are made impermeablé to alr and water. In said ¥Fig. 1 the

ground-level plan is denoted by 12.

20 In the embodiment shown the basin is coversed by an overburden

with a thickneses of approximately one metre.

Ag can be seen in Fig. 2 in a particular embodiment the appa-
ratus hag the form of a sguare basin 1, but it is obvious that
the basin can have any other form such as round or rectangu-

25 lar.

In the shown embodiment eight satellite wells 2 and onse
aextraction well 3 are arranged in the basin 1. The raw water
supply pipe 4 shown by dotted lines is connected to at liesast
one feeding pipe 5 arranged parallel to each side of the basin

30 1. Moreover, each of the gatellite wellg 2 are connected to



are made impermeable to air and water. In said Fig. 1 the ground-level plan is denoted by 12. 20 In
the embodiment shown the basin is covered by an overburden with a thickness of approximately one
metre. As can be seen in Fig. 2 in a particular embodiment the appa- ratus has the form of a square
basin 1, but Wie Blg¢iods2that the basin can have any other form such as RUHBESHEBIGU- 25 lar. In
the shown embodiment eight satellite wells 2 and oné %extraction well 3 are arranged in the basin 1.
The raw water supply pipe 4 shown by dotted lines is connected to at 'Least one feeding pipe 5
arranged parallel to each side of the basin 30 1. Moreover, each of the satellite wells 2 are connected

to WO 2006/q14126 PGT/SER004/001,469110 faeans fonxygenating the watertakenmutof said
wells 2 and after the water is oxygenated it is feed back preferahly. to %g;e Weg 2 a%q is inéected into

the basin 1. IAThEBdpaTallR R CordinG 8RB TEntion the sf: Efiite’8 WelR > 5RE3Ra extraction well 3
are particularhrarraage for amdform distiibutied afrwater irethisaeentical.direction of the basin when the
water is injected and/or pumped out from the basin 1. More exactly, in a preferred embodiment of the

appa- ratus, as,capbe.seen-in-Fig 6.and.% the satellitewells, 2-10; are designed dn sueh a way that
they comprise at least one extraction pipe 7 and at least one injection pipe 8 (in the embodiment
shownwo inj&ttibh &p@@%nﬁ%ﬁ/o@é&i‘?&mp‘é@}%%aﬁ@d%ﬁ%‘ébﬁ?aﬁ% MEERTG THE
extraction pipes: Fand Hiesinjecionipines8 arecdesignediia suelraiway thattbearea Isfotthe
Openmgsintgggggn&ﬁggﬂ?ﬁgkﬁg%%&aggn%%§g% g@ and/cr pumped out from the
bagin 1. More exactly, in a preferred embodiment cf the appa-
ratus, as can be geen in Fig &6 and 7, the satellite wells 2
Lo are designed in such a way that they comprise at least one
extraction pipe 7 and at least cne injection pipe &€ (in the
embodiment shown twe injection pipes and two extraction pipes)
separated by a separating means 9. The extraction pipes 7 and
the injection pipes 8 are designed in such a way that the area
15 of the openings in the form of perforations or apertures 10 or
holes made in any other way in the pipe wall of the pipes 7,8
against the surrounding material compensate for the increased
water pressure in the vertical direction. The extraction pipes
7 are thus provided with area of the openings which in any
20 horizontal portion has inverse proportion te the increased
pressure head of the water in the vertical direction, so that
flow of extracted water ig uniformly distributed along the en-
tire envelope gurface of the pipes. Otherwise most of the wa-
ter will come from the deepsr parts of the well where the
25 pressure of water is highest. In the same way the injection
pipes 8 have an area of openings which in any horizontal por-
tion has inverse proportion tc the increased pressure head of
the water in the vertical direction, whereby the water in-
jected is uniformly distribute along the entire envelope sur-
30 face of the pipe so ag to aveid that most of the water other-
wige will leave the injection pipes 8 at the upper part of the

envelope surface of the pipes. The extraction and injection



holes made in any other way in the pipe wall of the pipes 7,8 against the surrounding material
compensate for the increased water pressure in the vertical direction. The extraction pipes 7 are thus
provided with area of the openings which in any 20 horizontal portion has inverse proportion to the
increased pMEGAIAE/ A of the water in the vertical direction, so that floWot/ekirdétddwater is
uniformly distributed along the en- tire envelope surface of the pipes. Otherwise most of the wa- ter will
come from the deeper parts of the well where the 25 pressure of water is highest. In the same way the
injection pipes 8 have an area of openings which in any horizontal por- tion has inverse proportion to

the increased, pressuye headhef the water indheyesticalslirection, wheeehy the wateidatjested is
uniformly distribute along the entire envelope cur 30 face of the ilpe sQ as to avoid that most of the
water other- Wise- il RERETRE B CHSH Bibes 8 3F tFa ThBer Baft of the "envelope surface of the pipes.
The extraction and injection WO 20061014126 PC1/sE2004/001169 11 pipes 7, 8 can be made as
separate pip&siot canrbersepadrated necsEpdrating mearisigads SRsniRFigSE IstrtRérmore, it is

obvious to the,artisan that;the desian of the saigllitewelldies dhe gxgacton pipa kandhthednjec- tion
pipe 8 shown in Fig. 7, can be used together with appara tuses used for purification of ground water,
artifici&@ grouRdoWwatd® that iSFomftatdd Sdface’ waté™ oP SuHEEE wAtEFin Sftu Wierr i fridthod
according to thesiwendien is stared-the ba+1@sint fijeduwith filteremateriad i< totaliy filledwader. Then

the pumplng‘%‘\é\éal;(,er [:rgg‘&thieseﬁrl fonwell 318, race water, or surface water in

.

altu.

When the method according to the invention is started the ba-
10 sin 1 filled with filter material is totally filled water.
Then the pumping of water from the extraction well 3 is
gtarted and continues to the water level around said well 3
has been lowered abouf one metre from the starting level. Then
water is feed through the raw water supply pipe 4 to the hori-
15 zontally arranged feeding pipes 5 with a total volume cor-
responding te the volume taken out through the extraction well
3, whereby the distribution of the water pressure in the basin
1, as seen in Fig. 5, is obtained. Should no further measures
be taken, then by the time the natural course will level out
20 the lowering of the water level around the extraction well 32
and large water pressures would arise in the peripheral parts
of the basin 1 which will result in overflow and cut wash of
the filter material as described above. To avoid this it is
necassary te automatically control flowing in and flowing out
25 of the water =so that the lowering around the extraction well 3

ig maintained.

According to the invention the high increased pressure in the

horirzontal feeding pipes 5 and the injection pipes 8 is

controlled by pumping water out from the extraction well 3 in
30 such a way that the pressure is reduced to about half of the

pressure which would otherwise prevail in said pipes. This



started and continues to the water level around said well 3 has been lowered about one metre from
the starting level. Then water is feed through the raw water supply pipe 4 to the hori 15 zontally
arranged feeding pipes 5 with a total volume cor- responding to the volume taken out through the
extraction weNOZ0(gHB#alY the distribution of the water pressure in the badihTBkag&aeinGh Fig. 5, is
obtained. Should no further measures be taken, theriLBy the time the natural course will level out 20
the lowering of the water level around the extraction well 3 and large water pressures would arise in
the peripheral parts of the basin 1 which will result in overflow and out wash of the filter material as

described abgyecie aveiskthisiitds nRecassaty, to-agtematically control-8awirgsinsarich#owirg-out 25 of
the water so that the lowering around the extraction.well 3 is maintained. According to the invention
the high increased/pra5ufiiithe HorZGRET feading pipes 5 And the TNECoN pipes's Ts *ontrolled by
pumping watergdt fromithle exdteactionewelt 89w B0esuctpawayirat tee prassueeis pativiced to about

half of the pressyre.which woyld athepwise preyail ip said pipes . This WO, 2006/014126,,
PCT/SE2004/001169 12 special method of pumping, requiring a control'and adjust de- vise, not

shownSis desigRedatsacHatkay ¥eacit SRFATS pree valReRGRF R fatRR Rédsure®irotlid the central

extraction wejl-3.which iv-aipreferred embadimest sorresperdsrig;abeut 5 one metre water head
under the impermeable material at the ground-level plan of the basin 1, see Fig. 5. Thus, according to

the invention fh, OYeLRIESPUEUNE! 1. IRARIREARE PAMIAl I3 EQRE NP IRL Py A Overburden
impermeable material is compensated for by an overburden with
a rather moderate thickness over the basin 1, since the water
10 can not raise more that to the impermeable material. The pres-
sures that will arise are shown in Fig. 5 and as seen they
will be at most about 0,5 metres water head. By providing the
basin 1 with an impermeable material 11 which extends around

the whole basgsin, also the purified water is screened off from

15 possible impurities in the surrounding scil and air.

In the case oxygen is added through aeration this is done in
such a way that the water ig allowed te circulate through an
aeration system, not shown, ocutside the closged basin 1. This
aeration system may be common to the injection and extraction

20 pipes 8, 7 which are placed arcund the extraction well 3. The
wabter from the extraction pipes 7 ig aerated in a common de-
vise, not shown, whereupon a certain deseratilion is made in a
esmall basin, not shown, sc that free air bubbles may escape to
the ambient air. The water from the small basin iz ths

25 distributed uniformly by pumping through valves to the injec-

tion pipes 8.

Moreover, oxidizing agents include not only water-soluble

chemicals and gases, but alsc micro-organisms and all other

compositions, which may cause the oxidation of impurities or
30 contaminants. Whan the invention is used to purify ground wa-

ter or to purify raw water using the technology described



a rather moderate thickness over the basin 1, since the water 10 can not raise more that to the
impermeable material. The pres- sures that will arise are shown in Fig. 5 and as seen they will be at
most about 0,5 metres water head. By providing the basin 1 with an impermeable material 11 which
extends arouw@ tis/NHBle basin, also the purified water is screened off frexiT IS pwgsiBdMpurities in
the surrounding soil and air. In the case oxygen is adééd through aeration this is done in such a way
that the water is allowed to circulate through an aeration system, not shown, outside the closed basin
1. This aeration system may be common to the injection and extraction 20 pipes 8, 7 which are placed

around the extraction well 3; The: wateyframthe exdractionpipes.dHsgerated,ina-cammonde- vise,
not shown, whereupan a certain deaeration is made in a small basin, not shown, so that free air

bubbles may R3EAPE 10 YthBHribrerit Air T FEWEET Hohi e Shalf TadiF i e 55" distribtikc uniformly
by pumping thteughpialves tomtherinjeeytiotepipes SitMoteaveniaxidizingagents.inglude not only
water-soluble_chemicals and gases, but also. micro-organisms and.all other _compositions, which may
cause the oxi%}éﬁgﬂﬁlo? im%ﬁti%& %?%Oog&%graﬁlsﬁﬂa?ntg?\%hoeér? the ihven %r? ?sfll}fé'exd taon%u%%/iground wa-
ter or t& purify. kansater heing thectechrolbgydeserbed WO 2006/0149R6PCT/BE2OGH0D1169 13

herein, it is alsg.possible tg yise tha-metabolic reactions.ofy natirally, occuring-micrgsarganisms as the
mechanism by which precipitation or degradation of contaminants occurs. For example, the

micro-organisths CrEABHhrixS LEHIGRAIY and’GEP5fiohamE Hade e idst i SR e hirdd8ation

and/or precipigith different agents, such as methane or nutrients,
heterctrophic micro-organisms may be induced to oxidize or
10 otherwise metabelically degrade various orgahic compounds, -
which have contaminated the water. Hence, naturally cccurring
micro-organisms serve in part as one means by which contami-

nated water may be purified utilizing the invention.

The filter material in the basin 1 does not need to ke changed
15 or regenerated for removal of precipitated iron and manganeée
or other metals or metalloids, since the porosity of the £il-
ter material preferably is dimensioned for a life time of more
than 100 vears before clogging of the filter material will
iead to a reduction in pumping capacgity from the extraction

20 well 3.

The bagin 1 ghown in Fig. 1 can be combined with one or mere
gimilar basin(s) whereby the injection and extraction pipes
which then will be adjacent to each cther are combined sgo as

to form common injection and extraction pipes.

25 The invention has been described above for removal of iron and
manganege, bub it dle obviocus to the artisan that it also can
be used for removal of other metals or metallcids such as lead

and arsenic.

Since the basin/artificial aguifer 1 according to the inven-

30 tion forms a closed system 1t 1g algo possible to use



tation of the contaminants iron and manganese in the presence of oxygen. Similarly, by conditioning
the water for recharge with different agents, such as methane or nutrients, heterotrophic
micro-organisms may be induced to oxidize or 10 otherwise metabolically degrade various organic
compounds, Whtgpelidtiegicontaminated the water. Hence, naturally occurrl{gt/shiBie/titgahisms serve
in part as one means by which contami- nated water ¥ftay be purified utilizing the invention. The filter
material in the basin 1 does not need to be changed 15 or regenerated for removal of precipitated iron
and manganese or other metals or metalloids, since the porosity of the fil- ter material preferably is

dimensioned fpr adife iime-atmore dhaprlOQ wearsteelfore sloggiig ofithe filteranatesial wilbdead to a
reduction in pumping capacity from the extraction 20 well 3. The a‘lﬁsin 1 shown i%gigfci}chan be

combined with 8 o AfdreSintifar BaEis} Wheteby THE TEGTSh SRE Bktractidh Bihes  WHich then will
be adjacent tpeachvother ane cembined sawasi 4a fernf conrhen ihjectionvagdeitestion pipes. 25 The

invention has bggrrl described abog& g(:)LrO EesmO% (g i[,lq&@ gn@gngg%?(?% t&i.rtisoqib lous to the

artisan that it also caﬁng}ech%e%%r removal o er metals or meta] s such as lead and arsenic.
Since the bagihfdrtificiahdqeitarst aceerling to-the MveRcBDa RIS El8sBdSystefiftis also

possible to uge WO 2006/014126 PCHSE2Q0A/0Q1169 ;14 pracesses sequidpgtheabsense of

oxygen. The injection pipes 8 may instead of injection of o>‘<¥gelna,ted water be used for in- jection of
necessary nUtHERRIBR & Hiitrot6rJatfismEivingt i denitrification organisms, and

the nitrogen will follow the water taken out of the extraction
wall 3. This water has to be aerated to restore the equilib-
10 rium between nitrogen and oxygen to the content of the atmos-

phere,

In the casge it ig desirable to remove both metals, metalloids
and nitrate and nitrite, respectively, from the raw water at
the same time, this can be done in at least two steps, whereby
15 nitrite and nitrate are removed first in a basin comprising
one or several separately arranged modules by feeding
nutrients but not oxyvgen to at least a first module{s) and
then oxygen or oxygen—reieasing gubstances to at least a
second module. The water from the first module(s) may be feed
20 to the gecond module (g8) without any intermediate treatment. Cf
course the two step purification of the raw water can also be

made in separately arranged basins 1.

25



under anoxic conditions. Such nutrients may consist of phos 5 phates and substances of low
molecular weight such as alco- hols. In such a process nitrate and nitrite are converted to nitrogen
which is made by using denitrification organisms, and the nitrogen will follow the water taken out of
the extraction well 3. This water has to be aerated to restore the equilib 10 rium between nitrogen and
oxygen to the content of the atmos- phere. In the case it is desirable to remove both metals, metalloids
and nitrate and nitrite, respectively, from the raw water at the same time, this can be done in at least
two steps, whargly 15 nitrite and nitrate are removed first in a basin comprising one or several
separately arranged modules by feeding nutrients but not oxygen to at least a first module(s) and
then oxygen or oxygen-releasing substances to at least a second module. The water from the first

module(s) may be feede?Rde toe BermAde IREVil bRy SigsMegidisiaaimenkiQbLourse the

two step purification of the raw water can also be made in separately arranged basins 1. 25 s Claims

1. A methoPRf SHRSIARGRWNIRAS D AR HRE ST g YReSISiEHRIoPRIMERRE e talinitisn ditsaiR cted

from the grastpicongigsingrofdarialawnelatiaidachitrietRad gifrite, basmiddamauaiey fiouingthrough a
basin containing naturally occurri,n? filter material, whereby water containing at least one agent

selected frétAGHE Bl AEERHE o BIEY, Wﬁ}@éﬁ?@i@é‘%’i‘ﬁ@ gipsasiceaensaapbreletissiances
and naturalltQeCHENg IR ORILASIBYSIS tieraitenily Rl rdiIerneg naassiy st ibyegipthe basin
through a plurality of satellite wells arranged argund at least one extraction well for purified water,
characterizeqdjw;{ances and naturally occurring micro-organisms is intermittently and
homogeneously distributed into the basin through a plurality of satellite wells
arranged around at least one extraction well for purified water, characterized by
feeding the raw water to be purified into the peripheral part of the basin by
horizontally arranged feeding pipes surrounding the satellite wells, and extracting

purifiad water from said at least one cenirally positioned extraction well.

2. The method according to claim 1, characterized by extracting purified
water from said at least one exiraction well so that a negative pressure around
said at ieast one extraction well is of the order of magnitude of about one metre

water head.

3. The method according fo claim 1, characterized by dividing the basin into
at least two separately arranged modules, decreasing the contents of nitrate and
nitrite in a first module in a first step, and decreasing the contents of metals and
metalloids in a second module in a second step, and feeding the water between
the first and second module without any intermediate treatment between said first

and second step.

4. The method according to claim 1, characterized by said at least one

substance is selected from the group consisting of nitrate and nitrite.



feeding the raw water to be purified into the peripheral part of the basin by horizontally arranged
feeding pipes surrounding the satellite wells, and extracting purified water from said at least one
centrally positioned extraction well. 2. The method according to claim 1, characterized by extracting
purified water from said at least one extraction well so that a negative pressure around said at least
one extraction well is of the order of magnitude of abeut one metre water head. 3. The method
according to claim 1, characterized bydividing the basin into at least two separately arranged

modules, degreasimgéheeansentiscebrifiieandlaniite e @Asble isyadie Sieneasd desreasing

the contents of metals and metalloids in a second module in a second step, and feeding the water
between th84HSEAE K esIRFIAINRIR SR Y Faneistiaaiaianrialsmnd Reslrlisidsaid first and

second step. 4. The method according to claim 1, characterized by said at least one substance is
selected from the group consisting of nitrate and nitrite. 16 5. The method according to claim 1,

characteriz&l by saialetedFecortisaieeisent elisiaming 3r8lp cohaiagrizetRYand
metalloids. ¢d hesrapihntianeesdingdocaby RO Ine aad vabamaeiedrssddy rihe metals and

metalloids to be removed from the raw water are selected from the group consisting of iron,
manganesed18HR, CHFISHOEHRE IR PFIRANEANGE SRR ARENE, characterized by said raw water
comprises water selected from the group consisting of ground water, infiltrated surface water, and
surface water. 8. An apparatus for purifying raw water by decreasing the contents of at least one

substance sélected RonMARGo A5 eBKRLinG ofBtald; rrdaTRIE R (P VarkPitlr@Wn WaIS T aw

water the apjeanpliseeowimEsingiadaginrion cortairbng BakiRImECsH e AtermaterislBrgedrough
which said raw water mag be flowed, at least one extraction well for extracting purified water from said

basin, and SPIBRAINPSAIMEUNERE X8 8Franged around said at least one extraction

8. An apparatus for purifying raw water by decreasing the contents of at least
one substance selected from the group consisting of metals, metalicids, nitrate
and nitrite in said raw water the apparatus comprising a basin for containing
naturally occurring filter material and through which said raw water may be
flowed, at least one extraction well for exiracting purified water from said basin,
and a plurality of satellite welis are arranged around said at least one extraction
well and adapted for intermittently introducing water containing at least one agent
selected from the group consisting of oxygen, oxygen-releasing substances,
metabolic substrates, and naturally occurring micro-organisms, characterized in
that the basinis hermetically sealed by a material that is impermeable to air and
water and that all sealing joints around iniets and outlets through the material are

impermeable to air and water,

9 The apparatus according to claim 8, characterized in that said satellite
wells comprise at least one injection pipe and at ieast one extraction pipe, and
that said at least one injection pipe and said at least one extraction pipe are
provided with apertures or holes in such a way that the areas of these apertures

or holes compensate for increased water pressure in the vertical direction.



well and adapted for intermittently introducing water containing at least one agent selected from the
group consisting of oxygen, oxygen-releasing substances, metabolic substrates, and naturally
occurring micro-organisms, characterized in that the basin is hermetically sealed by a material that is
impermeable to air and water and that all sealing joints around inlets and outlets through the material
are impermeable to air and water. 9. The apparatus according to claim 8, characterized in that said
satellite wells comprise at least one injection pipe and at least one extraction pipe, and that said at

least one injggtion pipe apg-Faidiat RaskaRg SdrRiA BP:ALRIRYISed i RREHEE,BERPles in

such a way that the areas of these apertures or holes compensate for increased water pressure in the

vertical direEREPTEES1 8t 18RShSHaraRRARIGY R RRYERIM ¥ WRaracianged sombetibpagter
comprises ahigasking SRR IABAGLDRMHISS anansrdmadRabieayaies: may be fed between

the modules without any intermediate treatment. 11. The apparatus according to claim 8,
characterized in that the metals and metalloids to be removed from the raw water are selected from

the group copsistimaoLispar MB8gRNEING A8, AAMALS UG raetdHEAPRARMSIACFALING i glaim 8,
characterized in that said raw water comprises water selected from the group consisting of ground

water, infiltr RERIQIFS O WRRereaRVEG AU g, raw water are selected from the “group

consisting of iron, manganese, lead, and arsenic.

12.  The apparatus according to claim 8, characterized in that said raw water
comprises water selected from the group consisting of ground water, infiltrated

surface water, and surface water.



