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rel ates to a net hod of ' f P ik ::' roma supply pipe into a granul ar
fil'ter bed of a filteri S Al U whi ch the bed material is
contlnuously cl eaned e. g. blom1|n air for nitrification of waste water. The
invention also relates to a continuously operating granular filter bed
filtering appar BEQWINGr AofaSaINFY AaSHANULARIFILTER BERent tines there has
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times for biol o@!catheemrbriﬁncarbmng of aragtewdtidrt.er beds,for nitrification
as well as denitrification. Geat advantages may be obtai ned by bi ol ogi cal
purification in filter beds, as conpared with the basin processes, there
being, i¥er al¥m rerenictines thexsrihas deege dinremcxeasedb aseds ofonitrogen (*
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the prerequisites for a 75% reduction are to be 1n—
15 vestigated. Nitrogen reduction is usually biolegic, and in two

steps. In the first step, ammonium compounds are oxidized to
. nitrates, i.e. nitrification, and in the second step nitrates:
are reduced to nitrogen gas, i.e. denitrification. The proces-
ses are usually carried out under agitation in sludge basins.
20
Greater interest has been shown in recent times for biological
reduction using granular filter beds, for nitrification as
well as. denitrification. Great advantages may be obtained by
‘ ' bioclogical purification in filter beds, as ;ompared with the
25 basin processes, there being, inter alia, no need for a number
of sedimentation basins for separating and recirculating slud-
{0 ge. However, there are dlfflcultles in the use of filter beds
for nitrogen rednct;on, and one such difficulty will be deali:
with below. ° . . e .-
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The ammonium compounds are reduced by oxygen to nitrates. The
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production of new - ﬂl“" ? ':' 2 bacteria. The

filter bed used may be a conti nuously operating sand filter, where the sand"
at the bottomof the bed is renoved for washing and returned to the top of .
the bed. The vkesme@i @21t GO corriespondst &¢ thes pppinegigh PReNB¥t t om of -
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supplied at tifamsbtibltergi ¥rese the $RRd\?h 'ﬁhﬁd?&i@?“bf EEd ezg?ﬁ%lﬁl remo--
di sposed pi pes,diVid RasRifg anubﬁétﬁnéwles hé htop cbﬁrfnieerbea. |5 wdste-
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the deposi - t'ﬂriug)fcéﬁelmuaﬂslﬁliﬁlwiélﬁycww@ls@uﬁéd)c@.gﬁ. ofn tfiee a¥ench
supply hol es have been ngd 1 hpossi bl e t $é‘g except by dismantling
the pipes aftdakensy m%l%é%ﬂt ‘Hns%‘?w%e 23r7%%me tine in order to clean

_Fhen; which is- exp¢n5|ve and troubl e- sone. EP—A;O 306 431 discloses a ( b
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- 15 - washing the sand is not performed too intensively, a bacterium
strain remains after washing suffzc;ently for the nitrifica-
tion. The strain grows in size as the sand in the filter bed
moves downwards. Bacteria, which in'such_a-éase can form long
threads, alsc attach themselves to the air inletpipes, causing
20 the small air holes to become blocked. This causes the air
‘supply to be cut off locally, or to decrease in magnitude.
Another common cause of blocking up these holes is the deposi-
tion of lime. The difficulties caused by blockage of the air
supply holes have been found impossible to- overcome, except qr-
.25 dismantling the pipes after they have been in service for some
time in order to clean them, which ;s expensive and t;ouble-
e e some. . . . - | C e - . o ... . cE{f
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‘The present invention relates to a new method and new appar_a-_-'-'_':_
30 - tus for supplying gas into a granular filter bed of the kind
‘zzn.o .mentioned. in the introduct:.on.- In accordance:with the :.nven-
tion, the gas is conveyed.out. into the. filter; ;bed by be:.ng
continuously distributed along at least one elongated edge
flows round this edge and upwards within the filter bed,
35 whereby the inflow being such that a substantially uniform
distribution of the gas through the filter bed is created.
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I n ‘'accordance with the i IS gas is conveyed fromthe supply pipe
out into the filter bed by - bei ng continuously distributed al ong
at least one el ongated edge, flows round this edge and upwards within the

filter bed, whewdhy the iinfflow kd rhesyaB thahceopdiscarwith [fheiniivemtion,

di stri but f . th h the fitt
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i nvention that bstan-""ti ut1 on of bl own into
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possi bl e oxygenapiaineh,t ke ghedor nb.ttrhhbatbeneﬁwﬁéliecaémed hes uniform
I nvention is only appllcable to a gpntlggegﬁ gﬁageratlng filter bed, where

the filtering n§§|99§§éF5€eﬁFyﬁﬁna ran bel ow the inflow edge is
continuously renewed and is not afforded the opportunity of filling up the

wont foned 6l ongate Bage Pe FaPRes Set; tHAbACER LR AT Sy ARG RLe
closed, @Bceptite hheonha@achsaygapesapphg £blter bedt hwhere the filtering (j
medium adjacent to, and immediately below the inflow edge is
continuously renewed and is not afforded the opportunity of
r filling up the space behind the edge. (

The "pr 8sent II?\?/%I‘] rlgs 3

ki nd nmentioned in the introduction.

mﬁf‘dmat hod and apparatus fACKHEERIAPIIAG

15 In a preferred embodiment of the invention, the mentioned
elongate edge is formed as a hood, open downwards and other-
wise closed, excepting the place for gas supply to it. In this
embodiment the hood has a shape similar to a ridged roof with
end walls.

20 .

In order to achieve the above-mentioned uniform distribution

of the incoming gas, a preferred embodiment utilises a con-

structively simple implementation with the mentioned elongate

! ' edge disposed substantially horizomtal in the filter bed,

25 ensuring uniform distribution of the gas flowing into the
' filter bed along the edge. The invention may be further impro-
(. ved by providing means for regulat;ng the setting of the edge
' ' durlng operat;on.

-

'ffin 7 Tt is alse important that the gas is supplled to:the hood at a
. i_ low rate of flcw, otherwlse local over-pressure:can occur in
P fit which wculd cause “uneven gas-flow'to. the filter bed. Flow
| barrlers, e. g. baffles that smooth out the gas:flows.under the
.hood can be arranged for further reducing the risk of local
: 35 over-pressure. It has been found that the dynamic pressure of
' the gas at all points under the hood should be below 5 mm wa-
ter column to obtain uniform gas flow to the filter bed. The
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In order to achieve thé lltmmyﬁll ed uniformdistribution of the

i ncom ng gas, a preferre utilises-a-con- structively S|nple
i npl ementation with the nentioned el ongate edge disposed substantially -
horizontal in _the filter bed, thus ensuring uniformdistribution_ of the gas,
flowing i nto BHBARAE @irhEressyws tmderdghe hRedi sheniAoRTRAGTBEL PEndeSS .
i mpro- ved bytRafVviedimhd waeaRs ddrumnegul at i ng the setting of the edge during
operation. It is also inportant that the gas is supplied to the hood at a
|l ow rate of flow, otherw se |ocal over-pressure can occur ‘in it, which
woul d cause unnvembgdimhhmwoﬁothhexhwbheiohedllElnnwbherdessrlbeg ihambires

that snpoth o g
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to obtain uniformgas flowto the filter bed. The dynanic air pressure
under the hood should preferably be less than 19,6 Nnierr] (2 nmm water
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medi um in t héandaspassed, thzsugh theooghtrat pertichs pof t thesbed, t irchedts ..

fromits lowest level to a washing apparatus 3. Air is used for trans-

15 porting the sand to the washing apparatus 3, whereby the air
~ is taken down centrally in a pipe 4 disposed concentrically

around the pipe 2 and provided with an inlet 5. The washed
sand is returned to the top of the filter bed, and moves down-
wards in the bed as the sand at the bottom is taken away for

20 - washing. The wastewater that is to be treated in the bed is

| taken via a pipe 6 down into the bottom portion of the bed,
e.g. under a plurality of horizontal arms 7 departing from the
pipe 6. A cone 8 guides the downward movement of the sand for
achieving its uniform cross-sectional distribution. The treaWN

25 ted liquid, containing nitrates dissolved in the water, is
taken out (not shown) somewhere above- the bed. The wastewater
is oxygenated during this counterflow process between water

introduced into the filter bed under a plurality of elongate

and sand. Oxygenation suitably takes place using air that is °

30 ©  .hoods 9 disposed horizontally. in the bed just aboye the. waste- o

- .. wateriinlet. The hoods have a.shape szmllar to ‘that of a rld-“ﬂ

-—-—.sl

ST e gedlroof,” round. the., bottam‘edge cf which the air flows into

it T pL A

.the bed. Each of the hoods.is. provxded at ‘one end ‘with a pipe s

10, throgh which air is supplled. It shall he posszble to
3s regulate the amount of air to each hood, whlch is why each one
has its own air supply pipe, and is also provided with a regu-
' lating valve (not shown). In addition, there is preferably
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sand .to the washi ng app? TV by the air is taken down centrally in
a:pi pe 4 di sposed concer]iigisi AN d the pipe 2 and provided with an
inket 5. The washed sand is*returned to the top-of- the filter bed, and
nmoves downwards in the bed as the sand at the bottomis taken amag for .
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distribution. The treated I|qU|d containing nitrates dissolved in the
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supply pipe, anéhbﬁlﬁl&@IamméniiﬁﬂuﬂtboathQQUhﬁghnslrafyew(ﬁ@teshﬂme)avéﬁded

addition, there_is erab me eraple exter or.to .the bed, for
setting the i nf Pow d 08B§S§s§ﬁ8%$}8ﬁ€é n §ni Eﬁ%eb%g a rod
with a threaded connectlon to its respective hood. The anount of air

required for ac t | a i .
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of the b&8 of 1adgﬁhpmmmoepnueeqadaesoneoqf ‘Qmerwatt%\rrlmo%lmﬁgad:rﬁmen the

bubbl es ascend gu. Nidedlslel Vehiel el é?ﬁgh t

have left the hoog§%§ g%%%eé n&%%er gkg g?éggg?nﬁﬁef el £iif ﬁ?ﬂihe
water t flows back again, and this lateral movement of the
water may be amplified by continually turning the air flow on
and off, thus creating better oxygenation conditions for the

20 water.

A preferred disposition of hoods has been described above.
However, a plurality of different ways of disposing the hoods
is possible for obtaining the inflow edge essential to the

25 invention. For example, the hoods may extend in a circular
configuration in the bed, and be subdivided into a plurality
of sections, each having its own air supply. The hood edges
may also be toothed instead of being smooth, as described
above.

30
The filter has been desc-ibed up to now as continuously opera-
ting. This does not mean that each operational phase is conti-
nuous. For example, the upward conveyance of polluted filte—

_ ring medium (in this case sand) can be arranged to be stopped
35 while building up a bacterium strain in the bed.

It should also be noted that although blowing air into a
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in the bed. When the strean1ceases the enptyy space thus forned is filled
by the water. that flows back again, and this- I ateral “movenent -of the water .
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described Up 49ng0Wat GaY! hYUSkheOBEhEr bhi e,TQ' §, deefchzeR thibog
each operational "phase 1s“conti- nuous. For :ex upwar d conveyance
of polluted fintEhen§orddednd( FANLRI s case sand) can be arranged to be

st opped while building up a bacteriumstrain in the bed.

6 It should also be noted that although blowi.ng air into a filter bed
intended for the nitrification of wastewater has been specially described (
here, there are other fields of use as well; where blowing gas into a
granular filter bed could cone into questlon and where the present

i nvention could be used. Wth respect to the hoods, these do not need to be
formed with a straight outflow edge, as illustrated on the draw ng, but nar'.
have sone ot her shape, e.g. circular for -a hood in the form of h

‘?dr fl60w rat esare av0| delélcrlsslﬁr?é/eoot 9
H "bed. The. stream of air bubbl es .
ge pushes to one side sone of the water ~
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a gas froma supply pip Nfﬂ'?iﬁm* Pl ar filter bed of a filtering

appatatus in which the bRERTIK : s continuously cleaned e.g. blowing in
air for nitrification of wastewater, c har act eri zedin, that the
gas is conveyed the supply pipe out into the filter bed by being
continuously di ted al ong at | east one el ongated edge, flows round

this edge and upwards within the filter bed, whereby the inflow being such
that a substantiall o] n,_of e f bed
‘is created. 5‘ wé? Eaé@cﬁh'g& %?3 H’ﬁg %ﬂa&g%}%@% ﬂ’eé

by the gas be|ngobtémnouﬁlynppenatnagtfylteringh&nﬂanﬁtus(ﬂégranGWIMQJnnlalr

or 2, ¢ hga r aggyt ngti'llflc .7.8n ofnwa%@&%aﬁe,r dyé"ginaﬁc Iprae%sq{ee

|nned|ately prior to its |n low into t

sai d ge |s ess
than 50 N nf er r§¢5thaFwaber 988 LAFOnYREed AbF yintp QJ%ﬁ
colum).. 4. Ceahtmaﬁaﬁlsyyoagéeﬂﬂatsa g dt | 1eisehd lelltoefgawed edge,
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air for the nitwhérebyi theoinfbst chabhgrsutinetidt tee rsubgtaptdadilys wliform

for suppthing 1 wEsysebBEiRRI0F LAY ofa RSB VY At "3 35 Rrgkbalfon”

(9) is connected to the supply pipe (10) and is arranged in the bottom zone

of the filter bed, dﬁ@@n@&"&@h?ﬁé@%&'é’fﬁ% ey 299"V NE 3 5 5 o g

downwar dl y direéte
by the gas belng blown in intermittently.
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15 3. Method as claims inclaimlor 2, characteri-
z e d in, that the dynamic pressure of the gas immediatsly
prior to its inflow into the filter bed along said edge is
less than 5 mm water column, preferably 2 mm water column.

20 4. Apparatus for blowing a gas into a granular filter bed of
a continuously operating filter apparatus, particularly
blowing in air for the nitrification of wastewater,
characterized by at least one hood (9) arranged
in the bottom end of the filter bed, the hood being closed

25 upwardly and open downwardly, such as to form an enlogate in-
flow edge for the gas, this edge being disposed substantially
7
o horizontally in the filter bed during operation of the filter
apparatus.
30 5. Apparatus as claimed in claim 4, characteri-

z ed in, that the inflow edge is straight. .
-
6. Apparatus as claimed in claim 4 oxr 5, ch a racte-
rized in, that the hood (9) is V-shaped in cfoss section.
35 y
7. Apparatus as claimed in ciaim 4, characteri-
z ed in, that the inflow edge is circular.

AL T




W t h-at I egst osrlzg4el gnmss ot ng; an inflow edge for PFE($%WH§
the gas into the fllte ge bei ng di sposed substantially .
hori zontally in the f| g operation of the filter apparatus.

5. Apparatus as clalrredln cIa|m4 characteri zedin, that the'

inflow edge is straight. 8 6.
Appar atus as d.ai r?mbaraﬂisalasélclaméd a:.rr aa:yc dnee df iclmimsd 47, that the

i nfl ow edge | r.at d t
eri zed |%:(i'{ at ta%] hood?gﬁ 9éj é'cé%ar;% cfro sge?ﬁnéor@ehéﬁglﬁ&l
Apparatusascﬂfalﬁmliqpérﬁdqmeof clalms47 ccharacteri zedin

that inflow edge is toothed. 9. Apparatus as clainmed in any one of clains

4-8, cchar acter i z e d by neans, for settl(r;%the p05|t|on of the
hood edfe. Fo. ARRARATRS A5 FHAHARE iR ATy one $char ac

teri zeddhawayeithd he Das WPy Rl RR1VeOHns el ya@gs&iwzgaame,
410, 6 b a rEPR, SURPIYANG g Pfr&%‘r‘énﬁﬁ%ee%&w‘ a' ?ﬁmw Cdam pening.
the gas flows under the hood (9).
10. Apparatus as claimed in any one of cla:.ms 4-9,
10 characterized by flow obstructlng means for dam-\(
. pening the gas flows under the hood (9).
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