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Abstract

This study was conducted to evaluate the effects of pressure and dissolved oxygen
concentration on the activated sludge and to determine the optimum depth of deep shaft process.

Some results from this study were summarized as follows.

1. It is considered that low sludge product in the activated sludge system maintaining
high dissolved oxygen concentration is attributed to the increase of endogeneous respiration
rate caused by the increase of aerobic zone in the sludge floc.

2. The increase of dissolved oxygen concentration does not affect to the increase of
organic removal efficiency greatly and therefore the limiting factor is the substrate transfer
into the inner part of floc.

3. The yield coefficient, Y is decreased in proportion to the increase of oxygen
concentration. In this study, Y values arre ranged from 0.70 to 0.41 according to the
variation of dissolved oxygen concentration from 18.0mg/f to 258 mg/L.

4. The optimum depth of deep shaft process should be determined within the limits of
non-toxicity to the microorganism and it is about 100m in this study.

Key Words : dissolved oxygen concentration, activated sludge, yield coefficient, pressure.
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Eddy, 1979).

ol FALHA FHe Wyes &4 &
<A A A= (Pure oxygen activated sludge
system)o] LAt =42 GAEHA ALY
AqMe BAEA FH Blg) wgEW 1V E
FEE =Y F o] HEEEE SN L E8
do&HR AAFE FAAEY F UAeT B H
A2 AU YA Benefield et al., 1977), °l&
T A BAEHRA A2"F AEEL 4 T
7 o] %ol 9, HAFL 44 P &S
Z9A717] Q8 A2"Re FHAAT e 93
& B8 #7189 B3l FAHAA HAse o1t
gAidl 93 pH Z4A(Ramalho, 1933) ¥ Ha¥
A n-d8e FAH o2 AA HEA
o Hgo) Be AFL wolen ltH(Benefield,
et al, 1977). Wty o] &4 BAEHA
ANxde] o]Hg AU A4d F e Ude=
Deep shaft #A4<3 2 FH(IERS, 198)E &
4 QAT old 3 A= vAF G Ut
23] oty 2 g&2427 vAE A{ WA E
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o thaiA AT7E uiel 2ol &5 wWFdAAME A
Egoy gA&HAY 22 ER WA=
A7E v gloew F7F qrEwisyl FidHe
Deep shaft process 2N A3 AR 4
gl Uth §E2AA FLUF vAE A P
B g4 g Huted  JolHE 19539
Barron(1953)0] &34 € A E tiAtd €43
U B £E4A FEE UAE AR AE
Fe EAEAE 88 & Jdue A7EHAS 2
®593, 19719 Gottlief(1971) 98 A=<
£ENL SA0] B AF BIE FHEA 2
A9 4L d$ BAsA AN v doy
AR #HF AR FEHE nAE AAA o
AE2 42 FeA dsiMc o A H
7tg wi7b gloh

mgA 2 dFpdMe B2 &8
A &2z B Fo] HL o|{FE FHEL
A Fx9 7o WE F718 AAEEE &
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W3l AegsteA Frld £&2447t UAERA

2 AR vAE JFS HE AR 2
24g T

B dFoA AlLd AUAXE Fig. 19x%
o) Hdl 38<9kgo] 100psid] 104 &%F F4
of 9} A %] (Stirifill Aseptic  system Millipore
corp)E HHEZE o] &3 °]& XY A
of glo] ykgo] kA EFAFE A o|FALE
&

Hhe-Z el Adte F718HE #7117 fAsiA
£ Ao E&QYol bkes/em’ FIGEIIE o
galgon Hez FrFEYTd e HYWEE AR
o) FPAEol 4%E HeRqs AHAT W
27E 93 ugzA] AUIEE AXd Mg
AAA e 23d Buvg do] AEE AHT
2 A st = UgS dEEHd o2t
AAEA FAHNEE s Ho 10kg/cm7HA U
Bl SFHAE FE3te] 48t
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Air compressor

Oxygen bomb Electric shaker

Fig. 1. Schematic diagram of experimental unit.
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Table 1. Summary of operating conditions in the

reactor
Parameters Range of values
Temperature(C) 2 - 22
pH 68 - 75
F/M(kgCOD/kgMLSS.d) 075 - 1.16
HRT(Hr) 12
22. 2T Y.

B d7e 48 1302 &3t dAsHd.

491 F714 gzt JesiA Frid
SEL7E VAE AE AAAY piAe 3
&8 HES) 989 2, 3,4, 5 2 67]% dHlA
ztzt 127748 WA AT

yHe-ZY x7] MLSS ¥E& 3,000mg/ ¢ & 3
Ao pHE NaHCO:E £33 pH 758 24
FATH 7] RIIERSE &ax g4eHA F
Wl M A 7b53 F/MHEIR 1kgCOD/kgMLSS .d
2 &Ho

tt E3tde @ Ao pHEA
gao 23S HO3 2909
7] Ao pHE AFPZA 2%

A g A
A z3sac

AR AAE WAZ FAAAA vl A Y
°om AE AAE MLSSE ZA BAHsaw
SCODE %8 §el4eiel AgE 4T YA
BESHATI} 12402 o) ule] EA ST

2) 4" 1

AP0E e 34471 vYEEA ¢
AAQA wmAle dBE HEINI] A8 £44
o F7)%ke) ERVIAE ARSI ZE ¥
AL AP T3 ot FY FHstelAM wt
S E&4AL FEE WAV Y8 UA
TIIUF7IE o83t 4HE Y F SR
671474A 7hake wWAE dstgnh. olf) E
€ 0:100, 20:80, 40:60, 60:40, 80:20 2231 100:02.
2 sgen 3F WAt vt AY 13 Y
A2 4HE A F pHEA R ojistg
&8 WEN 95 O & A0 gF 4 &
HZ e 7Bk 718 4F ws T4 A
ELs g

3 ME =H H EMUH

B A¥e] AHgE A A FHAFEA
S-COD 3000mg/ ¢ 7} 52 Table 29 Z& %
Aog zAsYTH 28z B APy RE 2A
Wi Standard Methods(APHA, AWWA,
WPCF, 1992)e)] @gtom oo ALgd Wiz 4
¥ 7]7)& Table 33 #t}.

Table 2. Composition of the synthetic wastewater

Constituents Concentration Sources
Glucose 3.0g Carbohydrate
KHPO, 0.5¢g Phosphate, pH buffer
NaHPO4.12H20 1.0g "

NH4Cl 1.8¢ Nitrogen
MgS04.7H0 0.3g Trace Metal
CaCl,.7TH0O 10mg "

Tap Water to 1 liter
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Table 3. Analytical methods and instruments
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Item Unit Method and instruments
5-COD mg/] potassium dichromate reflux method
MLSS " Vacuum filtration(Glass fiber filter type A/E,Gelman Instrument co.)
3' é J-_,,l- ql _Tl_fé" Apphied  pressure, atm

31 & Botoll wE FELLS FHE

AP 19 FAYHA s FAHAZ W=
718 AAE 2 vAE FF A8E ol 83H
T Y, Ke, K&k Table 49 2o o] 1§
o2 ©=A39 Fig. 29 2o

48 Wzt wE SE24L Fx9 WIe
Kretschmer & Wagner(1980)7} #j¢t3r 71 &
AsA Add greld

Table 4. Comparison of design parameter depending

on the pressure

rameter; D.O Ke K
P(atm) (mg/1) (day™) (I/gm-hr)
1800 070 0.05 0.036
27116 069 010 0.038
3633 066 017 0.039
4549 065 022 0.048
5460 061 025 0.047

SO B W

£ A2 % Sl 9E vAE FHAASF,
Y& 070904 0612 vlvstAl vel iE7 e
sy HaE 06622 A9 YAF %e dehz
Atk ol#F FEL Sato F(1984)0] BF &=
A4 75mg/ L A 043, 36mg/ £ A4 03900 B
HME 423 2 #old AH7A AgHFd o
A AdEtell A 3 Yol " 032~0.699
W 9] (Patterson et al., 1970}l §3 Yt Sato ¥
(1984)2] Aol ostd vAE FAAFE ¢
o wste] YFS WA o Huso gled
B ApdMe ¢l g 4244 Fr
e 77189 FAASTA 2A 9L 7ANA F

du 9ge ¢ & U

2 3 4 S [
— - T ¥ ey

©-——D  Yiela coethicent n
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_ S>—— Reoct 1
o 03 won rate  constont 1007 :}
> =
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s | toos &
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so2% 8

o @
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goi-o 4004 ©
@ 2 S
& |3 &
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10 26 30 46~ 50 &0
Dissolved oxygen concentration, mg/|
Fig. 2. Variation of Y, Ke and K wvalues in

conjunction with the changes of the pressures
and/or dissolved oxygen concentratins.

WA ZE 23 uAE BaASF Kee 2718
|ENAL FX 18mg/ L AT Benefield $(1979)
o] Bu# AtolN F7] FrA L& 0.027day
o]u} Lawrence $(1975)0) B1d 0.05~0.1day "
T3 A dAE 6719 $EFA FE 546mg/ ¢
oA 2 Kegte Williamson & Nelson{(1981)
o] TAtAE o|f3 P} AP FAHUAE
(active biomass)& 71F02 T8 03day 'Hute
okt Ze S yehlam Yot Kegtd Y@ade
g &4 Fobd mep A HMHOE
7t A%E Yeld=d Deep shaft &3
o Ayt 8A4sHA FAHY Kegts wag
o] 5(1988)8) Aol ME Deep shaft &5ANA
Kezk& 02772 A9rate] 0.13790 wis] Aol uj
o} AA JYehts Aoz Yeh} B Ao A
Ho} YA He AFE Reln JYu. o
Chapman %(1976)c] AA3 FAL Hol&
(anoxic core theory)& 2AZ & o 7lqtdels}
g ZE2E F99 Zvid &4 vxUt ¥
2o &4 B4HE F7HAAH EEUe 3
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© #8714 2 vl vAES 3714 e 3
A Fozn YAZEFL F7HAA B9 VSSTE &
YA ZAHE Fo] AYoZ Urd FAz
Aztdr. ol |FAA FE ZUld wE njA
29 wPAEE ATPE ZA3 Wiliamson &
Nelson(1981)8] A+ ZAAYgx YA dcH o|gL
SESL FEE WIANIIEA F e EelA
nAEFS] ATPE ZA & 23 &2 ¥
€ 2mg/ LA 15mg/ L AR F7HA P wa}
HEAE7E 20BE F7H8tY o] AFLE 1
ojFz e A9 YT &g yeddn BHIFY
. gEA olHF AFEHE AR & o gt
Hog FAHI Qe AR FH UP
E 8714 990 EA3la lon EFAY BE
A Fx SVt gA4edA £y 844
AT ZHolE F/MNA €AY &S F
HAZI oA § AFdE &4 BAEHA FH
L} Deep shaft @A&HAYANN SR BAF
HAASs 3 A7 €S €+ UG $9 &
Ak Wsglel @E wg&x A4 Kge W
7A%E HY  {EAL FE 18mg/LoA
5HPmg/ LA §FDAE T FUH g F
e A%S Rolthyl 1 FREHE £&44 F
Lo 7834 0.04~0048/gm-hr2 ¢AF g
#AFE YLE ¢ F UG ol ¥ HUE
FroMe A&F ukel go] £EUA TR F
7i7b M E EEU 3714 99E $FAA 9
VSS% 843t vAEFS F/HAALE YA
velhd 2xtz A" g2 93 718 B
el A A VSSE #ASHEA LAHE 84%
A AladoA £z £ENLFEE F7HA
71d &A43td wAEFo] Frista Ax F/MH]
7t AAEY o ¥ fE24 FEE 4E 7 A
dde A& ¢ F Ut ole ¥4 F&EF =
E dede & £&2847 fFAdE AAH
A oH ' R71E FIE KAE F e
Williamson & Nelson(1981)¢] €7 ZAFoix o
g 2y &ML FEY Frbd B K
o] F7H&L nin A Sty o= dAloA Ao
4R FXE RHolm Y& Fig 28 F3
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Fig. 3. Effect of removal efficiency on the dissolved
oxygen(HRT 12hr)
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Fig. 4. COD removal and specific viability as a

function of steady-state D.O level(fc=6-=1
day).
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32 sk EFEN29 A

6718 QYstAAM ALY FIE o] 83 &
¥HE delste A AEE HesdY 59
o g 82844 FTA= Table 59 2
7} 7143t EAAL FEXE Kretschmer &
Wagner(1980)7} #¢td 7hAdol A AL
gtelot.

Table 5914 & & 3R] &244L ¥k
54.22mg/ L A YaEe 06198 Hlgte £&204
FZ7t 4t 2 258mg/ L A E 0412 &2

& FE F7be ¥ gAAF Ye g4 ued
BAZEE Hola Ut} Table 4. 2 Table 5.9
AANE Y& ARE BEME 75 2 s
of wel shutbe} ejze) el Fig. 5% 2o

2 atm
: 3atm
;4 atm

S

:5 atm
. 6 atm

o ®Mx QO

O
o

Yield coefficient {Y)

40 80 120 160 200
Oissolved oxygen concentration, mg/t

240

Fig. 5. Effect of dissolved oxygen concentrations and
pressure changes on yield coefficients.

of 1qeiA & & Sl Hlg} Zo] n4E A4
AT Ye ¢Eide 538 IAE Holx Yo,
&ML TR WY gEaMe FA Fade
A8e Jehllz 9ok M Keitd £344 &
5422mg/ L lN 025day 'gom HENAL EFEE
F7HA el wel 8y FAste AEE Helm 9l
t}. Table 4%} 5909 Kegts &F4H4: FEWE
of 3] 2%l 2z e 18]9H Fig. 63 2ol

Table 5. Comparison of design parameter depending on the mixing ratio of air and oxygen

Mg 2rameter p’ CalD.Oxx v Ke_ K

ratio(Air : 0y) (atm) (mg/t) (day ™) (¢/gm-hr)
5:0 1.26 54.22 0.61 0.250 0.047
4:1 284 122.22 0.60 0.040 0.045
3:2 363 156.17 0.53 0.070 0.021
2:3 442 190.12 051 0.070 0.150
1:4 521 224.00 0.47 0.079 0.016
0:5 6.00 . 258,00 041 0.087 0.016

* . Partial pressure of oxygen.
*x | Calculated dissolved oxygen concentration.
note) 20C, Henry's law constant = 401X10™ p = 097
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Fig. 6. Effect of dissolved oxygen concentrations and
pressure changes on decay coeffcients.

o] 13N & F UKl Keft2 §&UL ¥
T F7td el /YT o= AR ojdeE
FELAL FEE Fo|W A FArde YL B
g Utk o3 AN Aol oy F{AE
(Barron, 1953; Gofflief, 1971)¢] 493 =& &F
ALFEdAM Jehdes ke S4J0A g
F 1oy Fig. 79 YeEld £&842Fx W3l
02 §7]8 AAZED FHAJE W EFL
50(&&EAA 557t 5422mg/ £)A 41(EF4
A¥E 1222mg/2)2 WA f718 AARLE
o] 63%= FA7] FAde AL Hol §ELNA
Tt vAEY 844 Afasrz FEn 9
gde AL ¢ F Ut AN £ENLE F:

Efficiency (%)
o
(o]

56 &7 32z 2.3 14 05
Mixing ratio

Fig. 7. Effect of substrate removal efficiency on the
mixing ration of air and oxygen(HRT 12hr).

258mg/ L AAE Ke g2 008day' #&Edxe
v g ¥ AFE YRS ol Fig. 29
A B 2L FE o 23mg/ L AZEE
ftold.

$H Kge £EHL FE 5422mg/lolA
0.047/gm-hrglel] Hl3] §&834 FE 258mg/1ol
ME 00157/gm-hr& Yeh} £&A4AL Fx Z7]
of @e} HE&x A4e FAde BYE Holn
At Table 49} 59 K#E &EALFE W3l
ug oz Jehld Fig 8% #oh

©2 atm
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[e]

(V]
s ¥ x00

Q
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o
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Reaction rate constont(K),1/gm-h
o
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Fig. 8. Effect of dissolved oxygen concentrations and
pressure changes on reaction rate constants.
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e A%e £ & Qo oy 4L n¥x9
&AL FRX PAE AKX AFE HAY
g Gottlief(1971)¢} Barron(1953)e] A+ ZA ¢}
Z XS e AL F Deep shaftg o] &3 ¥4
Ao AAME £ o] 87 SE2UL FEE
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Table 6. Variations of Y, Ke and K values in conjunction with water depth calculated from air pressure

Partial pressure Calculated D.O Yield Decay Reaction Total pressure Depth*
of oxygen in Liquid coeff. coefti. rate const. of air
(atm) (mg/1) (-) {(day ) {I/gm-hr) (atm) (m)
0.42 18.00 0.70 0.05 0.036 2 207
0.63 27.16 0.69 0.10 0.038 3 31.0
0.84 36.33 0.66 0.17 0.039 4 413
1.05 4549 0.65 0.22 0.048 5 517
1.26 54.60 0.61 0.25 0.047 6 62.0
2.84 122.22 0.60 0.04 0.045 135 139.6
3.63 156.17 0.53 0.07 0.021 17.3 178.7
442 190.12 051 0.07 0.015 21.0 2170
5.21 224.00 047 0.08 0.016 248 256.2
6.00 258.00 041 0.09 0.016 28.0 289.3
* . Depth of deep shaft(=water depth) from hydraulic pressure
AEE 21.0% 44E TR AE A 48
02 X F ol FIFE Deep shaft Ro|2 goos L o
. ° o = e ' < 403
4g59e W e Uehd Aolth Deep shaft  Zo0 .
- . - Fa \\ g
processol A £&24%2 el AY & XL Z -g | rg \ . o
W HaRAHe B A7)N FAGT] YEhtA A [
dr $EOL BEE AAT £ AE BolE A Lok | | \\y____r :
Aste Aol A8 Aoz wwdn, §oul / R
Fig. 9olME §&44 wste] g vge ¥ | 77 )
AAS 2 LTSl tAHAS Deep shaft 56 o T 200 2 580 3io

Zojo wat Pratgdot Ye $244 5% F
7boll wah g WstEe] AA et YA ot
AR @ 4 gQenz W Zol & Kedt
2 Kzt 2AE Hulstoor stk Deep shaft
ZHo EAo)] f718 AALES FUAA TV
Z9] §3& 2N B3 JA&AY A
Fe ZaAled 2 BFHo| 3leEz Kedt %
Kgtol Hix)71 Sl Zol& AAs oF & Zeoltt.
Fig. 9914 o]& F gol HuA7t He AdL
Deep shaft @o]7} AHuitg < 1171949 100m
AxQ AL 244 Ak @ebA Deep shaft &4
27 e A dole §FEAAS 50| 1)
AE FAYAE ¥ < 100m =2 4
g & Aok gy £F4A T ®gd o
g o B £37} o]Fo MW i ¢ R
ZoldlME LAT & AL HOE ogd

Coculeted depth of deep shaft, m -~

Fig. 9. Variations of Ke and K values on the

calculated depth of deep shaft(water level).
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