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10 of the BOD in the raw sewage was renoved in represents the optiona
countercurrent flow of 45 a system characterized by remarkably effi- gas
and liquid-solid. This performance is cient oxygen utilization (85%
absorption) and presented as total annual aeration costs (eper- |ow
energy consunption per unit of oxygen ating and investnent) corresponding
to a range input being 0.26 I b.-noles [err] introduced to of oxygen feed
rates to the s stem kg-noles 15 the first stage per one horsepower of
mxing [err]®er hour). The cost ordi%2&&4(right side) 50 and gas-14 quid

contact energy Us@Omedsentefis Klring ha® RRERNOLIR! fezefl Uk 83 2 ABEAR! (@3 YRk el N
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oxygen feed rat gé"Sf%ﬁ&eg‘SqY ﬂ%?:jx pergt § tUgS dojnpasisongt %}#&@éh o was

purities and DO a‘i[,sfemn Sthe a@ANiaellof ctgiéf cm @E’o’l‘ﬂi, é’?g}% é‘f th rmrs The
a

oxygenat ed | i2gUid-iledrdeed 1h&thF1§QGd—7I p’drf@:maﬂ ava&mcpnm q;.ﬁﬂ 1{,(; t‘melﬁy
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5.5 Ib. (2.48 A nnih@syseﬁrcro DOV si @ﬂéées 085 cdAme I B PO S | (et

treat nunici pal gakABLé&yin N@'ﬁm|wl®6@rl6ﬁ®'§$ktcd\nmk§@bn fed aitksp AndOns tenfre edngcas amd

DO fiest stagegfeady g ppriter g DO leveloo omigey ﬁe@rsaemntﬂ @wetpﬁ #d by this PP\
. The o nate liquid-solid “is staged in gfﬂ ustrates

(Fig. 5) manner” ahalogous to Fig. 4, either coyurrcnb6 tﬁv dP ntag at a rate of

69.5 or countera? i as rt]gu: oy gtV aiGibg 5. SM (2.48 kg.) moles ()J pe

77.5 Fig. 8 ébnpar dde tybtem isgssaheddmpepinumepaht i on  oxygen feed gas purities,

i.e. 50%to 100% costs for the illustrative plant under optinmum [err].

The remai ning curves represent the mni- conditions for each node of
operation. By nunms fromother cost curVBLE® the gas and way of
illustration, curve D represents the [|iqy.da59!+8, A0 lAgJa LiQashi ps and
DO levels 80 75 mnimuns fromthe cacur ?\Pn a%gnv\?qaan %X t% (?’%m cated in
Tabl e C. DO curves Eeed\Gas agchBOcont enpl at €adurran gfeowof TABuEerazrreﬁhJFlvwe D

Cocurrent and 2 me;WmW
Curve F Cocurrent  aiid™8 o turve G Countercurrent and 8 ppm DO

11 60%, O, 2 PPM (Fig. 6) 1, 325, 3924 78

11 - To exenplify the use of these curves, ing normalized total
aeration cost bei ng®Gb&s8 ™ Ejods t hat thg gptl num per f df Pance of the

58. This performance is represented by the 99.5% [err] feed gas - 2 ppm DO
- cocurrent right end of curve Din Fig. 8. flow system occurs with an

oxygen feed gas bI e s Q. aualitative ation.of. the tgqo rate

| u
of 4.8 Ib. (2. 18osl~ﬁaor résamra%qanmel& A Bl ok iy P e O e

count ercurrent asmdivixgofen cadl inlotie af b;fefmm‘ 95‘anutnl§l&ommﬂfeemdles foff the\gasamd
summari zed i n, Fiver of illuyyg tL!E BVNd? feprdseaesdihT o digyid- mwﬂ"m sdgweﬁmpbnndc:@@tlmls 80

nimums from the cocurrent flow and 2 ppm.  indicated in
DO curves A over the contemplated range of

TABLE C.
Curve D Cocurrent and 2 ppm ‘DO
Curve E Countercurrent and 2 ppm. DO
85 Curve F Cocurrent and 8 ppm. DO
Curve G Countercurrent and 8 ppm. DO



Feed Gas and DO Cocurrent Fl ow Count ercurrent Fl ow

99.5% [err], 2 PPM 58 63 (Curves D
and E) 60% [err] 8 PPM 85 92
(Curves F and G Table E illustrates conditions in a 6-stage, the data is

shown for both 2 ppmand 8 ppm 15 cocurrent oxygen aeration systemsimlar
to DOin the mxed |iquor. Wereas adequate, Fig. 4, outfitted with
aerators having an air high-rate BOD renoval can be obtained with 25
standdtd transfer efficiency ofb3db¥dt 3 Ib. a DO level of 2 Ppm it is

usual |y -beNRLdhikahe §s0 of RdsE&RirveS Flg] 2 HirgHornfalized 1dtll-aech®h Tchst KM abofeOndi - obt ai n
subs{ antshoaé byt thie ppefunt @erfkBancd-bigther 550'I[hiscp’éﬂortnyr&h figyyrepdasentéd Batheent of 250

pm %pefﬁéiwa:s Plphlefiﬁl-xeﬁurrqn uoqght;hénfc;@;VFrD lﬂuﬁ%(!ig ur |t]‘| eg 20 nunl ci pal
st o B RLRI s slihehs R o SRt by
oxygen tioﬁlé ‘%3,0: c%ha;b&iﬂ- ab [34hh - condition
pre-existi ng |n the recei ving waters. 30 hours tot_al residence tinme. For
conparison, Conditions in the clarifier are also inproved. 12
1, 325, 324 TABLE D 12 TABLE E Stage 1 . 2
3 4 5 6 DO = 2 ppm Aeration Gas Conposition [err]

- Vol. % 86.8  Normafigd9lotal '\nmﬁIZAaanon Cost65. 2 55.8
. 0 _
gg g [err] 5%0% Glaﬁu}d] DQ/Ol % Cocurrent Flow’ oo 2 Countﬁcuérent Flow £210 41 §6'44
. 6.1 699350 0,, 2 PEM? (2.1) Fﬁ) (1.2) 4 (0.9) (0 7)
(0.5) Feed (@aa,es\/bhuarm 1b. (kg) nol es 4.6 3.5 .6
2.0 1.7 (1.6) (1.2 (0.9 (0.7) (0 5)
(0.3) Exit %Oyd! BN, 1b. (kg) nol esshr. 3.5 922. 6 .0 1.6
1.1 @“B’es[EraP‘i é)f Feed [err] Absorbed/ Stage 35 20
13 ' 6 ] Ads. 35
55 78 87 95 BOD, ppm
115 § me Acration
- the data is shown for b m and

Gas @”P&ggéﬁ{}:@ uféfijron 3o g Glstagc’ DO in the mixed li reas ad 67.9
60 Fig. 5,20u1ﬁ1§t§d with 4!&at s }ﬁﬁﬁ la\/ﬂt -lgte tI:S(I)nll)X ren':gx‘;l can b: :l:'fame?lﬁthz 25 19. 3

25_ 5 standgqg Bansfer eﬂ1«3®g38 of about 31 12 aeDQ eveVQfIZ Pm, it is usually beneﬁc1al to

3.3 mol l;hr (1.8 kg f/KWH) EL% Obtam s stqntj lgg er levels. lﬁ)(c)i . 4) '
) t e trea 2 ] | r1 e
g 1-11)20 S}i aste wit mﬁ% g‘)ﬁ%ﬁn V %ﬁiﬂé,mﬁ Kl Ef%fncel depleted5 4 4.0

. liquo? cdmtaining 400® pfin MLVSS fbor 2- ( ion pre-ekidtind )in the recélﬁngl%atcrs 300.9)
(0.7) hours( @taB)CME(’Fet tin®y s Fytotomparison, b C(Okty)minetw Hﬁnﬁer are 4ls@) improved. 3, 1
2.5 1.5 1.1 %of Feed [err] Adsorbed/ Stage - 38
18 12 9 8 7 Accunul ative % of Feed [err]
Ads. 38 56 68 77 85 92 BOD, ppm
120 57 27 13 6 3 13
1, 325, 324 13 - It is seen in

the data of Table E that the are identified by arrows. M xing neans and
65 oxygen content of the aeration gas decreases valving are not shown for
sinplicity. progressively fromstage-to-stage and that this In Fig. 9
the gas and liquor flow cocurrently profile is matched with a simlarly
decreasing in gas stage 1 but countercurrently in gas 5 biochem cal
oxygen demand (BOD) through stages 2, 3 and 4 and gaseous oxygen con- the
system The hi ghest oxygen partial pres- centration progressively

di m nishes there- 70



sure is enployed in the aeration of highest through. The liquor flows

consecutively in strength m xed-|liquor, and vice versa. st aged manner
through gas stages 1, 4, 3 and It is also apparent that the volunme of aera-
2, and the BOD is progressively reduced. 10 tion gas dimnishes greatly

in transit through The unconsunmed oxygen-contai ni ng gas of the stages,
denonstrating that a large fraction |owest oxygen purity is discharged
fromstage 75 of the feed oxygen is dissolved and that the 4 and the

oxygenated liqy d-solid of |owest inpuritLi are vented with only a s H
frac- BOD is—gisehaLged—LLeanLage*2r~Aé§§%3LngLyr_LLgn_ '
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stage 80 of the process with 99. 59 _
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t hrough gas Stages 3, 4 and I Tor discharge m xed riquor. Wih DOTevelrs.
of either 2 DX GnfPHB | atter. The BOD is progressively 20 ppmor 8 ppm
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t he oxygen-contain- inmput, which nay represent a substantially 35 ing
gas. For exagm;g,skﬂna staged liquor flow higher energy transfer
efficient as—conpared systemthe first unconsunmed oxygen-containing to
convent i onal Aeretipo s diomposgipx  t echni ques. 100 gas fromthe first gaseous
oxygenati on stage_ The oxygen may be used at a high partial nay be flowed
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stage receiving.liguqr froma second,]iquor- F her j.nprov nts Lnh,the
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invention rel atgs, apeodi scl osed sumed, gxygen-gontaypi ng gag frogsthis g
second and clained i'n the Applicantasco- pamsi ng(1.405 gasipous @y gen@tion
stage may then be flowed applications: all dated 1970 Application No. to a
t hi rd gaseou&eedxGagdinlme.dh.(gmmige'hf.or #i4i ng 4301855/ 70 (Serd-al No2.01325321)
which teaches with liquor-solid frontlt#e fifsP gasddus o®? a & hod &dr
treati ng wast.e ter. havi 5 genation stage. ,lLnh this,instance the
third biochgﬁfggﬁg%%Vbéﬁﬂggﬁgﬁﬁ'(BCD'Bby aéfg- ga%gous éi%gena?$on sgébe
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l'i quor flow shown as solid lines. The inter- conponents in said zone for
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ing into a contact aeration zone as herein- discharging said first
unconsuned oxygen- 50 before defined, said water having a BOD contai ni ng
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