METHOD AND APPARATUS FOR THE PURI FI CATI ON OF GROUND WATER Fi el d of the

i nvention The present invention relates to a nethod for decreasing the
contents wb wmtakes netalloids, nitrate or nitrite in growsd2maierico
artificial ground water, that is infiltrated surface water, or surface

wat er according to the preanble of claim1l . The present invention relates
al so to an apparatus according to claim@8 for carrying out the nethod.
Background of the invention In the past, water requiring treatnent and
puri fi catMETHODr ANR BYPARATUS r POR aTHE NPUREFECETION OF cGR@UND riWATERL er
treatnment plant by adding oxygen to the water. This caused precipitation of
inpurities,%ﬂgic re.filtered out to |leave purified wa ter. Oxygen was
typi cal | ¥ 50R Lt ot PRelWEERFLPR the form of pure oxygen, or by aeration of
the water through the use of a cascade aerator. Because the concentration
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conparatively low, netals iron and manganese were precipitated through the
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and Operating to or such a purifrcation plant™ar since the sand
| ayer s whirgtef unct i onrasceé heaféet t@ccomd g ato ntisé peeaswgbaesfit ethfmom ti ne

totime to en hance the renpval of the ecipitated netal ions of panganese
and iron.Th¢ t%?%%?%e%?‘fe@%%dr%\%%%‘?s nggs%e‘g‘h Fr FPRZEP TS sFEPELng

described{&rbfy@gi§hfg@t@g£r§p@%i5&@agﬁ@nn@pho@903544-2. Wa ter containing
oxygen or oxygen-rel easi ng substances was

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

15 pure oxygen, or by aeration of the water through the use of a
cascade aerator. Because the concentration of oxygen necessary
to precipitate metal ions from solution is comparatively low,
metals iron and manganese were precipitated through the f£ilt-
ration process described above, wherein the filter encompassed

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

25 and iron.

Alternatively, ground water has been purified in situ as
described in Swedish Patent Specification No. 6903544-2. Wa-
ter containing oxygen or oxygen-releasing substances was
introduced intermittently into an aquifer through a number of

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



introduced intermttently into an aquifer through a nunber of satellite
wells or satellite pipes, arranged at a predeterm ned di stance and
surroundiwg 28063upRkY wel | or supply pipe. Oxygenat ed water/Seniorooueed i n
this mantel into an aquifer creates a suztable environment for the growh
of certain mcrobes enhancing chem cal and netabolic adsorption, oxidation
and precipitation of conpounds in the existing ground |ayers, thereby
utilizing the ground |layers as a reaction and filtration medium The
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filtratio ani BhY or S operation, res Ing in a
deterior athparef therdual utylobingtehe Joosupplyyarseasoa aegobionuand
basis, two or nore supply wells or a suitable nmeans for storage has been
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pattern Oéxygenated water or water containing oxygen-releasing
substances, the supply well could not be used as a purified
water source since concurrent use of the supply well and the
15 satellite wells would cause the failure of the filtration
mechanism or a disturbance in its operation, resulting in a
deterioration of the quality of water. To supply water on a
continuous basis, two or more supply wells or a suitable means
for storage has been required to circumvent the above-
20 described disadvantages, enabling the withdrawal of purified
water to 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 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 being purified. This gradually reduces the



charged water becones generally parallel to the flow pattern of the water
to be purified. When this generally parallel flow pattern is established, a
di scont i nmousosradiz2al purifica tion pattern devel ops bet weasedvaosatel | ite
wel l's and the sup ply well w thout being purified. This gradually reduces
t heoperability of the supply well due to precipitation of iron and
manganese, which occurs in greatest neasure in a smaller portion of the
aquifer within close proximty to the supply well. This problem does not
occur whespetsdingl 1two of s eswupp) ywelel 1dieast gene oipsd betdiese rebeid;orand by
alternating_the withdrawal,%i urified water between the sup IQ/ S
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anot her alternative of ground water purification in situ has been described
in Swedi skePat eritiSpucddieatdors Neot §20B393hEN A R dif@ger JRoEhatuP -

invention js t elimnation of the or r Y, I'ls,
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suffici en% di stance fromthe supply well which distri butes the

precipita Fon over a greater portion of the aquifer allow ng the
operability of the supply well to be maintained. As used herein, the term
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been described in Swedish Patent Specification No. 8206393-4.
An 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

at a sufficient distance from the supply well which distri-
butes the precipitation over a greater portion of the aquifer

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, 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 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 i1s drawn from at least one



purified. However, it is to be understood that "satellite wells" are also
used to withdraw water for introduction into other satellite wells.

Repr esentwi2v&/@xaepl es of satellite wells include well ecTBEP®@I/NONGESES,
tubes and simlar devices. During the operation conditioned water is fed to
at |l east one but less than all of the satellite wells, and sinultaneously
with such introduction, water is drawn fromat |east onesatellite well for
t he purpose of creating a purification zone for the adsorption,
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consist of conditioned water drawn from at least one other
satellite well and if desired also a portion of the purified

water drawn from the supply means.

15 By changing the plurality of satellite wells into which condi-
tioned water is introduced, and by alternating the satellite
wells from which water is withdrawn, the user 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,
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 days

25 or longer.

The process according to Swedish Patent Specification No.
8206393-4 also 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 is contained and utilized. For example, soil may be

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



tioned water may be introduced into the satellite wells for a predeterm ned
period, ranging froma few hours to a few days or |onger. The process
accor di ngvoaod@mdizeh Pat ent Specification No. 8206393- 4 palrse2mablies t he
continuous filtration and purifica tion=f ground water and surface water
utilizing a basin, wherein a filter conprised of naturally occurring or

man- made material is contained and utilized. For exanple, soil nmay be
excavated to forma basin- shaped cavity with a mantle surface,and a
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contam nagdSation system through a plurality of the satellite wells,
extraction of water through at least one satellite well and
the continuous withdrawal of purified water through the supply
means. In the man-made aquifer, water is intermittently drawn

15 from at least one satellite well, is conditioned andlis

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 02/48469 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 soil 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.



PCT WD 02/ 48469 descri bes neans and nethods for purification of water,
where these also can be used in an artificial aqui fer, e.g. a basin filled
with i nerwormsidearisak. | n the descrip tion, the tighteni ngcelsebdvsdgasnst the
anbient soil is said to be arranged bel oav the soil surface, which neans
that the top part is open against the atnosphere. The sane arrangenent is
al so true for the Swedi sh Patent Specification No. 8206393-4. This w |
give rise to an overflow and out wash of material fromthe basin because of
t he hi gh Wager3 pelesssar escompttar esbuil 4t upn i of t blee bpsehlémowi thehigh
infiltration of raw water and recharge into the satellite wells. Fig, 3
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be required to produce a sufficient counter pressure to counteract the high
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purification of raw water_in a contigfgus and cost-effective way. Thus, the

i nvent i onSYEP aPEsPaUh Hef hBETFSF detteaSkhgtThe contents of netal s,
netalloids, nitrate and nitrite, respectively, in ground water, artificial
ground water, that is in filtrated surface water, or surface water flow ng
t hrough a basin containing naturally occurring filter material, whereby in
case of decreasing the contents of nmetals or nmetalloids wa ter containing
oxygen orTBeygeheft| efisthg iuBSREA®Rs and/ or |

10 The object of the invention is to eliminate the above-men-

tioned disadvantages and to permit purification of raw water

in a continuous and cost-effective way.

Thus, the invention relates to a method for decreasing the
contents of metals, metalloids, nitrate and nitrite, respec-

15 tively, in ground water, artificial ground water, that is in-
filtrated surface water, or surface water flowing through a
basin containing naturally occurring filter material, whereby
in case of decreasing the contents ofvmetals or metalloids wa-
ter containing oxygen or oxygen-releasing substances and/or

20 metabolic reactions of naturally occurring micro-organisms and
in the case of decreasing the contents of nitrate and nitrite
water containing denitrification organisms and/or substrates
therefore is intermittently introduced to the basin through a
number of injection wells arranged around at least one extrac-

25 tion well for purified water. The method is characterized in
that said water containing oxygen or oxygen-releasing
substances and/or metabolic reactions of naturally occurring
micro-organisms or denitrification organisms and/or substrates
therefore is homogeneously distributed vertically in said ba-

30 sin, that the water to be purified is fed into the basin by



met abolic reactions of naturally occurring mcro-organisns and in the case
of decreasing the contents of nitrate and nitrite water containing denitrif
i cati on owganécmsizand/ or substrates therefore is internptirartdogoonty oduced
to the basin through a nunber of injectipn wells arranged around at | east
one extraction well for purified water. The nmethod is characterized in that
sai d wat er containing oxygen or oxygen- releasing substances and/or

nmet abolic reactions of naturally occurring mcro-organisnms or denitrif
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purified wateraf £QRreahdial hegstioeepexteacti 08 wekhtkg suebn@ihabia at
substantial negative pressure Is created around said at | east one

extracti oheaet| onAcesFURAGLiPD Wepteferred embodi nent of the method said
nega tive pressure around said at |east one extraction well is of the order
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invention relates also to an apparatus for decreasing the contents of
metal s, netalloids, nitrate and nitrite, respec tively, in ground water,
artifici ahcgpodhdgwapepnothar psefarfedt eupedivegnt acé WacemethepdstiReace

“ﬁtEB.f'Oé%ﬁgaEg£8H98fapQ%fEQeﬁowéééPiPgoﬂaﬁﬂéaé£¥r888955ileiii&eéuch
mat eri al , er eny
that the water pressure of both the feeding pipe and the in-
jection pipes are reduced to more than half the pressure

otherwise existing in the feeding pipe and the injection

pipes.

15 The invention relates also to an apparatus for decreasing the
contents of metals, metalloids, nitrate and nitrite, respec-
tively, in ground water, artificial ground water, that is in-
filtrated surface water, or surface water flowing through a
basin containing naturally occurring filter material, whereby

20 in case of decreasing the contents of metals or metalloids wa-
ter containing oxygen or oxygen-releasing substances and/or
naturally occurring micro-organisms and in the case of
decreasing the contents of nitrate and nitrite water con-
taining denitrification organisms and/or substrates therefore

25 is intermittently introduced to the basin through a number of
injection wells arranged around at least one extraction well
for purified water. This apparatus is characterized in that
the basin is hermetically sealed by a material impermeable to
alr and water and that all inlets and outlets through the ma-

30 terial are impermeable to air and water.



in case of decreasing the contents of netals or netalloids wa ter

cont ai ni ng oxygen or oxygen-rel easi ng substances and/or naturally occurring
m cro- or gwoi2eew1and i n the case of decreasing the conterts/sebooniovriad e and
nitrite water con taining denitrif icati®n organi snms and/or substrates
therefore is intermttently introduced to the basin through a nunber of
injection wells arranged around at | east one extraction well for purified
water. This apparatus is characterized in that the basin is hernetically
seal ed byracomdend atoi aperatabted t emiaddiment waf erhanappdadtas | thal et s and

outl ets through,the erial are inperneable to,air and water.According to
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injection pipe and said extraction pipe are provided wth apertures or
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will be dessrihedehetdwsitéh pedesenseinothdevaccoophngingcdiami ngs, in
which Fig. 1 is a schematic side view of an apparatus ac cording to the
invention for purification of raw water, Fig. 2 is a schematic view from

above of the apparatus according to the invention provided with a central

extracti op-Y&F| gandr ssVEsl oBateL | atsw¥egss arranged around said extraction
wel |l and i n which feeding pipes and pipes for infiltration of raw water is

shown by broken lines and with the covering overbur den renoved, Fig. 3 is
a conput eBy svavil @f | annof - Hisi i bat ¢oaBEe pFles stifeenehel | il ah Bpparatus for

purigiCaté&&c?ibé&“ﬁ&@éﬁrwith reference to the accompanying drawings,

in which Fig. 1 is a schematic side view of an apparatus ac-
cording to the invention for purification of raw water, Fig. 2
is a schematic view from above of the apparatus according to
the invention provided with a central extraction well 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-
den removed, Fig. 3 1is 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 is a partially sectioned side view of the satellite

well in Fig. 6.



according to known technology, Fig. 4 is a conputer sinu lation of the
distribution of pressure head in a non-hernetically seal ed apparatus for
puri fi catwonoedoisew water, Fig 5 is a conputer sinulati eersk2600801169
distribution of pressure head in a hernedically seal ed apparatus for
purification of raw water 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
. Descri pthedcnipipi@i es £ aor efdaock drestlsodimgentis shows an appar at us accor di ng
to the invention in a pre ferred enbodi nent for decreasing the contents of

netals, nmetalloids, nitrate and nitrite in raw water,_conpsrisi in or
artificial*gut fErs p?%v?%?ﬂr‘%nl_l% accé?/?lf%/n?% ?’l\é@ber ounC ré%ﬁzbér?:on aala hg
natural | yr ool rdiisodihdé e &t eddatSasBrughcios samtbnis of hastslsfabl e
materials, not shown, a plurality of injection/satellite wells 2 , an
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surrounded by a material 11 inperneable 1o air_and wa ter_ of or_instance,
rubber an¥fRRt p?%s?’?]éeﬁa?‘@r?%k?nfeim%?eﬁl?é‘? ne??%a?nrﬂ?/w%’eaall e%f%%%ijnt% (?EThi s
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outlets for pipers, cables and so forth provided through the material 11

are made tepeswppby epipe at rfandsupplying ivated Fren, 1feneleprmee] evel plan
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ranged supply means or feeding pipes 5, and a well 6 for pos-
sible cleaning of said raw water supply pipe 4. The basin 1 is
totally surrounded by a material 11 impermeable to air 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 11

are made impermeablé 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 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 one
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



with a thickness of approximtely one netre. As can be seen in Fig. 2 in a
particul ar enbodi nent the appa ratus has the formof a square basin 1 , but
it is obwvousoghaizeét he basi n can have any ot her form suebTas26wndeor
rectangul ar. In the shown enbodi nent eiglit satellite wells 2 and one
extraction well 3 are arranged in the basin 1 . The raw water supply pipe 4
shown by dotted lines is connected to at | east one feeding pipe 5 arranged
parallel to each side of the basin 1 . Mreover, each of the satellite
wel | s 2 ameansnfiect edytyeneansgf bhe oxggenat ahgnt bet waf esatdkeal bat 2 ofndai d

wells 2 and after the water is oxygenated it Ls feed back preferably to the
wel | 2.anGgF§riﬁ?%cW%Han%6 PﬁggﬁégFﬁgllF th %ﬁ%dagﬁﬁgaPﬁgggfﬁgiﬁi%é to the
inventionctheyspiebl bhg el hajdcand theoexheastson well 3 are particularly
arrange for uniformdistribution of water in the vertical direction of the

basin when the water is injected and/or punped out fromthe basin 1 . Mre
exactly, In BherepeprrefuenbedPHeRRIotot Heeappucrhiog, the eahehbit®en in Fig

6 and 7 ’w%fﬁssat ghyi L ekl 5.2 2L Qggigyegrén?éyebcalm that L heYsor
e pi pe f A

conpfrise a ast one extractron pi and at Teast one ihjection pipe 8
(in the eghbdorenéiistenhutioni af eebten pnpekeandrtiwoabxtiiaettdbonpopeshe
separated by, a separating neans 9,. The extraction pipes 7 apd the
injectionbﬁﬁb%swﬁg%rE te ?EﬁElenlgbﬁﬂtﬁgw%ngﬂﬁtpPﬁngrgﬁFogr?ﬂet%ﬁenings
in the fopgyof perfigrat LQRsLOy, aparLupesrdOre8 babesinagde bh 8AY abper way
in the pipe wall of the pipes 7,8 agai nst the surrounding materi al

conpensat eatovs, t he ¢AvGrbasedenaterFpgessane Vn the vekelcaredivedé®ian. The
o et R BR80T B 81850 W L5 s OBeni g Bl [ any

extraction pipe 7 and at least one injection pipe 8 (in the
embodiment shown two 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 to the increased
pressure head of the water in the vertical direction, so that
flow of extracted water 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 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 as to avoid that most of the water other-
wise will leave the injection pipes 8 at the upper part of the

envelope surface of the pipes. The extraction and injection



pressure head of the water in the vertical direction, so that flow of
extracted water is uniformy distributed along the en tire envel ope surface
of the piweoddiheswi se nost of the wa ter will cone freortskeodeenes parts
of the well where the pressure of water 1ips highest. In the sanme way the
injection pipes 8 have an area of openings which in any horizontal por tion
has inverse proportion to the increased pressure head of the water in the
vertical direction, whereby the water in jected is uniformy distribute
alhong thepfpié re, envedwpes stadacas ofepimen ipd pelses asr t carviod dsepatatredt of
the water_ other wise wi|l |eave the injection, pipes 8 at the upper part of
the envel BpetBerFeRIFDILARIPIPRS? THE %@(?W%cltr?o{ﬁl%nd7i nj ecti oggi peg 7, 8
can be nmade as separate pipes or can be separated by the separating neans 9

, as showh,jth&Eford, - 1FW L NeEiDEes £d tiSe OvE Datsn tthdbecetdseigh het the
design of the satellite well, i.e. the extraction pipe 7 and the injection
pi pe 8 sholm satellitg wekhn bee uskle t ot 21 tHLRPpara ¢ Ut HRERCT or

purificatjon of.,groun e i fici ug% t..iSyi 0k ated
surface %%rrl,p%[gé s%r a%@%v\%?eﬂ%h Zi t%n\%ée)n %Wnﬁi%%%cﬁ%?%i%&gé%%t he
i nventi ontisestasd@df dhepbasi hedt foh | efl addind i wdtesr meaeriflcisl tgtahhd

filled water. Then the punpj of ter_fromthe extraction well 3 is
started aWdtedntirlests olg’gjef’aﬁ?%‘?g\?%\]ﬂé‘?a%? A 5ai ‘Elrmﬂufg%c?‘ua‘gatb%]énln

| owered apout one netre fromthe starting level. Then water is feed through
the raw water supply pipe 4 to the horizontally arranged feedi ng pipes 5

with a total volume cor responding to the volunme taken out through the
extract i ofihere| the mevihed ebycoh@iad stei b i brvertiore vt erapiedstire Pathe

basig gsin 1 filled with filter material is totally filled water.

Then the pumping of water from the extraction well 3 is
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 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 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 above. To avoid this it is
necessary to automatically control flowing in and flowing out

25 of the water so that the lowering around the extraction well 3

is maintained.

According to the invention the high increased pressure in the

horizontal 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



1, as seenin Fig. 5, is obtained. Should no further neasures be taken,
then by the tine the natural course will |evel out the |Iowering of the

wat er | ewsb 28666t he extraction well 3 and | arge wat epcprses@yinescnoul d
arise in the peripheral parts of the basizn 1 which will result in overfl ow
and out wash of the filter material as described above. To avoid this it is
necessary to automatically control flowng in and fl ow ng out of the water
so that the |lowering around the extraction well 3 is maintained. According
to the i ngpatisah nhehbighfi pempised peesiuiegi a thethoti zodt afljfieediag

pipes 5 and the ipjection pipes 8 is.controlled hy p Lng._water_ out_from
the extradtfon ﬂBPIS§0Wﬂ’sg§hggsﬁ%9eghéP FH%ﬂp?egéﬁrgﬁgé ?EdﬁcgayFopﬁﬁéut
hal f of thgiprgsauge Mbishiveupdeothieewhseupbevak! céntagl dept pastion

Thi sspeci al _net hod of punping, requiring a control and adjust de vise, not
shown, isveési gneBifh &s0ch @raﬁ9r¥ﬁatemgoéwma9§ pPEr9aPPndshighahedat i ve
pressure u e r X i J i ferr

enbo inen?ﬁgoaggggoﬁggg%oﬂ%%gu%ﬁgﬁg g@?rg%égggégﬁggdhﬁagggégthiﬁ%grneable
mat eri al gtotthé-gevahdplbéevef phanbasinhhe, basénFlg, See Fig. 5 . Thus,
according to the invention the overpressure under the inperneable materi al
i s conpensated for bgﬁgn oveﬁgurden at her_noderat e thicknE s over

1th
the basi nTUS . sPRCETEHETRD or BEan KB L T AT o ERfor ETRAE S POT EhE e HBabl 6

nmaterial . i fperpesplsungsethal Wl bompbh8aBE8 S588WByI &nFbgerbudfénagisgen
they will be at nost about 0,5 netres water head. By providing the basin 1

W th an.iﬁpé@ﬁh@ﬁl@?ﬁﬁ?@??aﬁhiqkﬂﬁ$§h0§§¥eﬁhﬁ %@%@ﬂdlthééﬂﬁ@!Ehﬁayﬁﬁ?ralSO
the,puri fLed MBLeLL3eSELAENEHL Lol LR PASELRLSo1 OPHALLLES ! N"ThDCpres-
surroundi ng soil and air.

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 basin, also the purified water is screened off from

15 possible impurities in the surrounding soil and air.

In the case oxygen is added 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
water from the extraction pipes 7 is aerated in a common de-
vise, not shown, whereupon a certain deaeration is made in a
small basin, not shown, so that free air bubbles may escape to
the ambient air. The water from the small basin is the

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 also micro-organisms and all other

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

ter or to purify raw water using the technology described



In the case oxygen is added through aeration this is done in such a way
that the water is allowed to circulate through an aeration system not
shown, ouwvei2d&/tiliecl osed basin 1 . This aeration systewrcrsy2dae/neasnon to
the injection and extraction pipes 8 , ZA3which are placed around the
extraction well 3 . The water fromthe extraction pipes 7 is aerated in a
common de vise, not shown, whereupon a certain deaeration is nmade in a
smal | basin, not shown, so that free air bubbles nmay escape to the anbi ent
air. The mateinfrom fheataul pobasbhei sot heedikéerndutedl ini feaatyobyg plnpi ng
t hrough val ves gf t he in%ec tion over, oxi di zi ng agent s,

i 8.. M ,
i ncl ude nBETBRRY VePErUEhi B! B CRerPEAPR I aG Qhoka” Borlaresn by

i cro- or gapk&ip: eadiah! 0Pt BeGre@aPesHt bENSonvhichalBy 6adsest heooxi dation
of inpurities or contami nants. Wien the invention is used to purify ground
wa ter orexampleif yheall aueeprasihgns hereeekiblvgylaesethpednerei A2lrt is

al so_possi u h t ic.r 1LONS .0 I rLlngs 1
2T o oab et fa SR ARL For SRR one Lt el opk BB
cont am napésioncdf sthEoeoakamphent & heron cand ongagasase Cienvhér pxesence

Leptothrix _and Gallionella have been used tp cause the oxidation and/or
preci pi t%?i%ﬁyﬁ?nthélﬁbﬁ?ﬁﬁYnahYsc??ghtéﬂﬂlﬂﬁnbgﬁeK%t?ﬁ %ﬂﬁ FrERRRSE of

oxygen. S,mhaglyrePyncongbhtoni BachhesWakehahororeshergenwkt h different
agents, such as nethane of nutrients, heterotrophic nlcro-organlsns may be

i nduced tbebzidtrepbiconherorseganiabsl aul by dedredé varPvlsiseganic
compgunds, uhi oh have. cont anlpat edoLhequal er, SHenge. . naL uLghLy. gegur ri ng
M Ccro-organi'sns"Sérve I'n part-as one neans by i ch”confam mnated ater may
be purifigdighi hhzengohbeminsesti BRe water. Hence, naturally occurring
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 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 for a life time of more
than 100 years before clogging of the filter material will
lead to a reduction in pumping capacity from the extraction

20 well 3.

The basin 1 shown in Fig. 1 can be combined with one or more
gsimilar basin(s) whereby the injection and extraction pipes
which then will be adjacent to each other are combined so as

to form common injection and extraction pipes.

25 The invention has been described above for removal of iron and
manganese, but it is obvious to the artisan that it also can
be used for removal of other metals or metalloids such as lead

and arsenic.

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

30 tion forms a closed system it is also possible to use



The filter material in the basin 1 does not need to be changed or
regenerated for renoval of precipitated iron and manganese or other netals
or net al lwodsoe/miinee the porosity of the fil ter nateri acrprefenehby is

di rensioned for alife tinme of nore tham4l100 years before clogging of the
filter material will lead to a reduction in punping capacity fromthe
extraction well 3 . The basin 1 shown in Fig. 1 can be conbined with one or
nore simlar basin (s) whereby the injection and extraction pipes which
then wi | | pheceshas enégh Or £ag htlod halvsanee cohbbxegeso Bse t nf et eorippes
injection_and extraction_p The ipvention has been descri bed.above for

renoval of Ii@}bnl%‘ﬁile%n%%ni‘agg?séibmni?Pi%x%%‘?}?%aesgt%alf%lé T 7SR TPt

al so can beussd §OrnEe8pYALy Ohuot Nt set e sc10s mEEBd | OFglsn sited Bbvieqd and
arsenic. Since the basin/artificial aquifer 1 according to the invention

forms a choded ayetim ¢ondst ipre. pPech Hret ¥ rrse grac eseesl el RISt he
absence of, oxvgen. - The_i.nj o i i f_Lnjecti 8I
oryoBnat P ey o aha 'L I GELs O0c PLAF S FRUAANERNO sudh N8 1168
M Cro- or gadl SIBIh i ey &Ngescasexintt consi dndnsitSiicd anerientsrivey consi st
of phosphat es and substances of | ow npl ec Iarip\é\ﬁ%ght such as alco hol s

I n
such a protesIen it el ahd RREeiPE WS TP TR CYEFRWHTRR | S Frmde

by using gdg iﬂ#foé&@%?ﬂl Of Gabs MBhe ARk dhe Nid 0gen ¥ | End obkomstheonat er
taken out of the extraction well 3 . This water has to be aerated to
restore thelkdui | This umabetweas ndthogesraied okygedstore heheopehtilf t he

at s pheée . dIn the case it is dgsi rable to renove bortﬂ_[] gFt@ljlé,a@;%glloi ds

ium between nitrogen and oxyden to the conte

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, whereby
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 feed
20 to the second module(s) without any intermediate treatment. Of
course the two step purification of the raw water can also be

made in separately arranged basins 1.

25



and nitrate and nitrite, respectively, fromthe raw water at the sane tine,
this can be done in at |east two steps, whereby nitrite and nitrate are
renoved fwosbhodnsrebasi n conprising one or several separatrsiEyoanoasged
nodul es by feeding nutrients but not oxyigen to at least a first nodule (s)
and then oxygen or oxygen- releasing substances to at |east a second

nodul e. The water fromthe first nodule (s) may be feed to the second
nodul e (s) without any internmediate treatnment. OF course the two step
purificatCdaime the raw water can al so be nmade in separately arranged

basi 1 .dai . df decr ' h I I
aids, niirae andl APEPPRcOrcSRREERyEIg, JTh GPOEAA RaPEr ToPOEr | KRGS

ground water, thatididd nfiddradedhisuniiace ot efgspicisiirdiace watgrodddw ng
t hrough a ba sin (1) containing naturally occurring filter mate rial
whereby in case of7alet et 1HR & GHEGHIS Wt atot dingtor sreknli 3 i tht st er

cont gi ni ng_oxygen 0r, axy. geredel easing SubSLANGEs ANl LA G pa-

reactions of natur y occurring mcro-organi sms an
decreasi ng the cordgient 6l)ofcanttaiatimqanthninaliltye owatverriogntfad ey ngrat ri f
i cation organi snms and/or .substrates thergflfo eis i.ntert%ttentl i ntroduced

to the basin (1) t g e el dt*Fatd 1999 St (B 4 dtound at

| east one extract gt lok IedH01 P fRE MR ba GHIHAEBFdEE b othat
sai d wat er containi ng oxygen and/ or oxygen-rel easi ng substances and/or neta

bolic reactions ofgetatusladsing cihetRNIA PEDIGamsiAP o dammadt forcaf on
orgafg sne and/ or %ﬂgﬁif5¥f§;éggﬂfngéamicro-organisms and in the case of

decreasing the contents of nitrate and nitrite water
containing denitrification organisms and/or substrates
therefore is intermittently introduced to the basin
(1) through a number of satellite wells (2) arranged
15 around at least one extraction well (3) for purified
water, characterized in that said water containing
oxygen and/or oxygen-releasgsing substances and/or meta-
bolic reactions of naturally occurring micro-organisms
or denitrification organisms and/or substrates there-
20 fore is homogeneously distributed wvertically in said
basin (1), that the water to be purified is fed into
the basin by horizontally arranged feeding pipes (5)
and that the extraction of purified water from said at
least one extraction well (3) is such that a constant
25 negative pressure is created around said at least one

extraction well (3).

2. The method according to claim 1, characterized in that
sald negative pressure around said at least one
30 extraction well (3) is of the order of magnitude of

about one metre water head.



i s honogeneously distributed vertically in said basin (1) , that the water
to be purified is fed into the basin by horizontally arranged feedi ng pipes
(5) and twetwddmasmstracti on of purified water from saidpatr/SEeasboase
extraction well (3) is such that a constlmt negative pressure is created
around said at |east one extraction well (3) . 2 . The method according to
claim1l , characterized in that said negative pressure around said at | east
one extraction well (3) is of the order of magnitude of about one netre

wat er head. 3. Théhgemkotodceorgirdgngotel gimim 1, chhrxecterizgdi Ant hhett he

extraction of purified water fromfthe extractian well i s _such .that

wat er pressure of tbr%)et he}%,\%%a?%%%fli%% ppl%]i)l)éésl (g)wagtnedf t#%oréﬁ}éeflﬁ}%er%%osn(m
is reduced to norevdliian(hal fs cdudheHtessder PResmse eXisdinacHa tdwi-
feeding pipes (5) and the satellite wells (2). if no such :]purrpi ng is carried
out. 4 . The net hoARRHF ntPt I diln FateHdrtse i ed(d)n thaeddredet hod

is carried out in.a4 nllﬁ_aestt leps,and d nadasid diyd.ded.d .l gast
two separately arrange nDJEﬁMe)s, %ereby é| ﬁj a first Cgétﬂe/ép tdseé (r;go}%%ljtd of
nitrate and nitri tie arkee deserdiasepiges f(F)stambdile saitklinitee sedldred &t)ep t he

contents of nmetal s and rret%y oi ds, are decreased a second nodul e and t hat
the water is fed VER P HHE B R85 -F W& &% t hout any in ternediate

treatment . 5 . The nethod according to any one of clainms 1-4,

characterized in that the netals and netalloids to be
4. The method according to claim 1, characterized in that

10 the method is carried out in at least two steps and in
a basin divided into at least two separately arranged
modules, whereby in a first step the contents of
nitrate and nitrite are decreased one first module and
in a second step the contents of metals and metalloids

15 are decreased a second module and that the water is
fed between the at least two modules without any in-

termediate treatment.

5. The method according to any one of claims 1-4,
20 characterized in that the metals and metalloids to be
removed from the raw water are selected from the group

consisting of iron, manganese, lead and arsenic.

6. The method according to claim 1, characterized in that
25 the method is used for decreasing the contents of ni-

trate and nitrite only.

7. The method according to claim 1, characterized in that
the method is used for decreasing the contents of

30 metals and metalloids only.

8. An apparatus for decreasing the contents of metals,

metalloids, nitrate and nitrite, respectively, in



removed fromthe raw water are selected fromthe group consisting of iron,
manganese, | ead and arsenic. 6 . The nethod according to claim1l ,

char act erwoedogn4t2bat t he nethod is used for decreasi ngrchseeopents of ni
trate and nitrite only. 7 . The nmethod acctording to claim1 , characterized
in that the nethod is used for decreasing the contents of netals and
netalloids only. 8 . An apparatus for decreasing the contents of netals,
metalloids, nitrate and nitrite, respectively, inground water, artificial
ground wat er, thatgrsundfvdtent ek tsifrifcicel wtemd oratsar f ddetwatser | ow ng

t hrough a basin (1) contai,.ni nat ural ly occurrin ilter material., whereby
in case of decreas‘%rfélcﬁtr}fﬁa%eo(ﬂ?selfﬁaésaco% "f%ttea"lr’s r Sﬁgféa}qeoi“@st%t O%GH ai ni ng
OXy gen or oxygen-tietash ng isaiist ancescaitdmtialpliLodeac  icnsnefidmat ural |y
occurring mcro-organisns and in the case of decreasing the contents of

nitrate and nitri thel Merlermaiaitidni ngieraiy riF Gasm i Oh SrymAsing ditF or
substrates therefqrg,dsy s %étta% % g&éé&h%&;%sd vfaocéﬁeco%%irhi 5%9-0“9“
( around at ction

a nunmber of satellite wells arrange east one extr
wel | (3) for purifged avaterygahardcsariredubsttdrated her beetssbol(il) resc-

hermetically sealed by a ymaterial (11) inperneable for air, and water and
Chat al | inlets i Bl 1% SR GG SR LD | e HEb b 1 or
air and water. 9 .thdhesypaAtdeREAY tthd CE@HS of ehiraaterdzed in
that said satellite wells (2) conprises at | east one
nitrite water containing denitrification organisms
10 and/or substrates therefore is intermittently intro-
duced to the basin (1) through a number of satellite
wells (2) arranged around at least one extraction well
(3) for purified water, characterized in that the ba-
sin (1) is hermetically sealed by a material (11) im-
15 permeable for air and water and that all inlets and

outlets through the material (11) are impermeable for

alr and water.

9. The apparatus according to claim 8, characterized in
20 that said satellite wells (2) comprises at least one
injection pipe (8) and at least one extraction pipe
(7) and that said injection pipe (8) and said extrac-
tion pipe (7) are provided with apertures or holes
(10) in such a way that the areas of these apertures
25 or holes (10) compensate for the increased water pres-

gure in the vertical direction.

10. The apparatus according to claim 8, characterized in
that when decreasing the contents of metals, metal-
30 loids, nitrate and nitrite is done in at least two
steps, the basin (1) comprises at least two separately
arranged modules and that the water is feed between

the modules without any intermediate treatment.



injection pipe (8) and at |east one extraction pipe (7) and that said
injection pipe (8 and said extrac tion pipe (7) are provided with

apert ur eswonodwlieRe(10) in such a way that the areas of pchisgeooaperitar es or
hol es (10) conpensate for the increasediwater pres sure in the vertical
direction. 1 0 . The apparatus according to claim8, characterized in that
when decreasing the contents of netals, netal - loids, nitrate and nitrite
is done in at |east two steps, the basin (1) conprises at |east two
separately arranged nodul es and that the water is feed between the nodul es

wi thout any internediate treatnent.1_1 . The gggar tus acc%%dlng %o claim8
. characteriied | RREhaPPRKBLREL AFSCRANFtSI F o GBAFBREGELZPPofft he

raw water are Se'EﬁaﬁthEO%bEQQ 9LAHPMERASH St RYLEf bEl PBmoBRYAREEFE L hbead
and arsenic. . Satellite we to be used in the apparatus according to

any of clainms 8-1tawer wehea hnemaeéppaeétﬁgomothpugrpﬂpcéphéhSbﬁngr@ﬁnd
water, artificial ground water, that |s | f||trated surface water, or
surface water in %? Fﬁ&?ﬁ@FgFrzgaa r85PdCsatel lite wel | (2)
conprises at |east one i nj ection- plpe (8) and at | east one extraction pi pe
(7) and that said injection plge g and said extraction pipe (7)

provi ded wi £ apefetrddise Welléstelby PASdudR 5hﬁa?PPﬁ§PtFﬁea§F8§§189 t hese

apertures or holeg(10), 6oMReNsALealeh bbeshnar RAsHH WBbakaRLESEULeplD the
vertical direction

rlfication of ground water, artificial ground water,

10 that is infiltrated surface water, or surface water in
situ, characterized in that said satellite well (2)
comprises at least one injection pipe (8) and at least
one extraction pipe (7) and that said injection pipe
(8) and said extraction pipe (7) are provided with

15 apertures or holes (10) in such a way that the areas
of these apertures or holes (10) compensate for the

increased water pressure in the vertical direction.



