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A Study on the Filtration of BNR Process Effluent
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ABSTRACT

This study was performed to investigate the removal efficiencies of pollutants at
various filtration rates and the quality of the filtered water along the depth of filter
media during treatment of a BNR process effluent by a dual-media gravitational rapid
filtration. The results of the experiments at filtration rates of 200, 300 and 400
m/day using the effluent of a pilot scale 4-stage BNR plant showed that turbidity of
the filtered water was below 2.6 NTU, satisfying the Korean standard for water for
reuse. Even though the SS removal efficiency deteriorated as the filtration rate
increased, the average SS concentration of the filtered water was 1.3 mg/L at all
filtration rates. Simultaneous biological nitrification and denitrification was observed
with nitrification efficiencies of 17.4, 18.8 and 14.3%. and denitrification efficiencies
of 32.3, 27.7 and 21.4% respectively at filtration rates of 200, 300 and 400 m/day.
At the latter period of each filtration cycle, the effluent T-P concentration was higher
than influent T-P concentration by 6.1 to 21.4% due to phosphorous release under
DO-deficient condition.

Key Words : Filtration, BNR Process. Nitrification, Denitrification, Phosphorus
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Fig. 1. Schematic diagram of the experimen-
tal apparatus.

b

I SR

Treated Water:
Gravel Task

Pume

#3}7] e /402 FFEA 50 AR
260 cm ¥ol9 MoAzxvjel§ HA3Ur)

E Ao AHE RdFe KeAeEge] 41
¥ pilot scale] 4-stage BNREA 9] N2, ¢
Zo) AR e Ms-d Y=g AHe-3ld o5
o] {FYAAL.

£ 479 o2 AgA] 288 4-stage BNR¥
Aol disje] HeFd] 44t Fig. 290 A€ vist
Zo] HPAtAZ(pre-anoxic tank), ¥71%(anaero-
bic tank), F4tAF(anoxic tank), E7)=(oxic
tank)2 FAHR2Y, 7 wgxe| $FL 7}
1.3, 25, 5.1 % 6.3 m’o|t}, Q@R AA
MFALL 9.6 hr2 2z ¥kgxo MFALL 4%
0.8, 1.6, 3.2 % 4.0 hrrl 8¢}, ¥71=2 ¥ids
t v vg NOs-N7t 71z
& viAle FYE 2] Yo gARF
€ 0.5Q9 &2 ARNLzZ AN, v4E &



898 A48 485 239

% |90% internal recycle, 2Q
& ¥ EfN.Q

¥ ¥ ¥
Bet.
Pre. Anoxio tank
tank Oxic tank
tank
WAS

RAS, 0.5Q

Fig. 2. Schematic diagram of the 4-stage
BNR process.
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Table 1. Characteristics of the filter influent
Filtration rate (m/day)
Item Unit 200 300 400
Range Avg. Range Avg. Range Avg.
Temp. T 22.2~26.9 24.4 24.0~27.0 26.1 20.5~26.3 23.2
DO mg/L 3.4~5.1 4.2 2.2~53 34 3.3~5.2 4.2
pH - 7.3~79 7.4 7.1~8.1 7.4 7.1~7.8 75
Turbidity NTU 2.5~5.6 4.2 1.5~13.7 4.2 2.5~58 4.0
TSS mg/L 3.56~9.2 58 1.6~12.9 5.8 2.1~11.3 5.3
VSS mg/L 2.9~8.1 4.9 1.2~10.6 4.5 1.6~85 3.8
TCOD mg/L 13.9~76.2 29.3 11.4~58.4 26.0 9.7~31.1 19.2
SCOD mg/L 12.9~48.6 23.1 5.2~48.6 19.5 7.3~226 154
TBOD mg/L 3.0~155 6.7 1.5~55.7 10.2 1.6~10.9 4.5
SBOD mg/L 0.9~7.2 3.0 0.8~40.0 4.8 0.4~17.2 1.5
NH,'-N mg/L 24~15.6 6.8 0.2~174 7.0 0.0~5.9 14
TKN mg/L 3.4~23.8 11.9 1.1~26.6 12.8 1.1~9.8 3.4
NO2-N mg/L 0.0~0.1 0.0 0.0~0.1 0.0 0.0~0.1 0.0
NOs-N mg/L 1.1~6.1 3.1 0.1~8.7 2.9 1.9~115 5.3
T-P mg/L 0.7~84 38 0.7~46 2.7 1.8~5.1 3.0
POS-P mg/L 0.0~3.1 0.6 0.0~16 0.4 0.0~1.7 0.7
Alkalinity mg/L 85.0~120.0 | 107.1 65.0~180.0 | 107.5 50.0~95.0 69.0
TBOD/TCOD - 0.07~0.60 0.26 0.08~0.65 0.39 0.09~0.65 0.25
NH,"-N/TKN - 0.26~0.94 0.62 0.02~0.99 0.48 0.01~0.91 0.33
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Fig. 3. Turbidity removal and head loss increase
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Fig. 4. Head loss buildup at various filtra-
tion rates.
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Fig. 5. SS removal efficiencies at various
filtration rates.
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Fig. 6. Effect of filtration time on SS removal.
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Fig. 7. The normalized SS removal ratio
curves along the filter depth.
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Table 2. Organic matter removal efficiencies
at various filtration rates (Unit: %)

Filtration rate (m/day)
Item
200 300 400
TCOD 204 | 294 27.6
SCOD 14.7 26.0 22.0
TBOD 64.3 59.9 56.4
SBOD 42.5 43.7 30.7
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Table 3. Nitrogen removal efficiencies at vari-

ous filtration rates {Unit: %)
Filtration rate (m/day)
Item
200 300 400
Org.-N 63.8 51.7 48.4
TKN 29.3 31.6 27.2
T-N 18.6 16.8 15.8
Nitrification 17.4 18.8 14.3
Denitrification 32.3 27.7 214
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Fig. 8. Effect of filtration time on nitrifica-
tion efficiency.
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centration.

ul2} AL E ol FAsHE FYE e,
ol o3 Fuzlg #4+E Fig. 99 vehd uie}
#o] o2 el DO &7t A3 #daHrs] ez
Z2dth £% 400 m/day o 3glMel A
#Hgo] 200 © 300 m/day &) ¥lEe H&
7357} led. ol Table 1o} Jehd uls} o]
400 m/day #&oixe {FY49 TKN =7t
200 ¥ 300 m/day dT-&olre] TKN Fxe
30% A= 27] iR Aoz Algdy, an
300 m/day HZ}&ol e AR Fo] B E
2 ol ZE Fig. 994 HE ule} Zo] {549
B DO %7} 200 ¥ 400 m/day dFH-&dME
4.2 mg/Lolgleyt 300 m/dayel 3tgolMe

80

—— 200 nvd
60 ¢ —a-300 mvd
—a— 400 nvd

40

TKN removal efficiency (%)

0 i 'l i 1
0 20 40 60 80 100

Filtration time (hr)

Fig. 10. Effect of filtration time on TKN
removal efficiency.

3.4 mg/LE $t7] Mgoz wdd

Fig. 10°f oJ3}A|zto] ob& TKN MA AL ¥
8§ SASUEY, TKN AALES 4 ags)
Bla7HA 2 o3} A e B A FAhsE A
$¢ Yo FASES ke e Eog
Hg0em, ol SS AA ¥ {1WL AAS
o3} TR E &R o2 o] folHy) WL B
ggct =8 400 m/day 3ol TKN AALE
o] W& olfE %% YEUole) WA P SSof @
#9 #71329 AAR= utet TKN AHAXE|
deg WA sed, 400 m/day] AHEelA SS
AARE] 7 WSkl B Aoz Algdd)

Fig. 1100 ] 3AIZto] w& gA A€ Yehig
9, o3& 200, 300 ¥ 400 m/dayol Mo} €
H&e 27 323, 27.7 R 21.4%E oFgo] B
& A %] gARE] A JeRth °lE Fig. 9
of UERA wis} o] A &a|zte] W4E A2
el DO ¥E7t Hass], W& Qg o3
29 DO £%7} o 37| Q] Ao g BUHL)
el Fig. 991 A€ ule} #o] 400 m/day o
FgolME & ozl vigte] /249 DO =
£7t ¥7) 42| ¥ gAAES B Aoz ¥
Qe 23 400 m/day SBEoA 2 T
R DO ¥E7} 3A #A8A geds edn
&0 A8 /a0, AP olwE ¢ &
PAT o Fergo] wjA2 Yo BHY Y&
Wioly gdeo] doidd 1 Ko Y& Ao
Z2Qch,



60
——200 mv/d
=300 m/d
40 -
-+~ 400 m/d

[
o

i i n I

Denitrification efficiency (%)
(=]

(=

20 40 60 80 100
Filtration time (hr)

Fig. 11. Effect of filtration time on denitrifi-

cation efficiency.
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Fig. 12. The normalized NH4*-N removal ratio
curves along the filter depth.
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Fig. 13. The normalized NOs-N removal ratio
curves along the filter depth.
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Fig. 14, Effect of filtration time on T-P
removal efficiency.

3.6.2. 2 HHAH

d3tof o) 9] MAE SS AAE Fiie o] &
ojZez, 889 I ¥¥FE &8 SS AAA 9
A AALE 3 AYE AV E BOY + ded,
BNRE¥9 £7]x MLSSe ¢ #3& 43¢ 2
2 ¢ 3.4%= 2 HAY. Fig. 1491 33
GE A AARES] ¥t E =AAA e, Fig. 60
A} o] o437t AYPHel w2} SS AARE) F
715182 Q AAREE WA F7HoL Yol B
33 ol Futsle AAE BIov, 4 o3
File e Aol MASA g1 2388 o4
T-P ¥=7} 8T o £ &€ Yehigld
olz|¢ AAE Fig. 9o1M st 2ol a7} A=
L A% de DO ¥=7F #adte WAl o
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Fig. 15. Comparison between experimental
and theoretical T-P removals.

Af=e I ES Fol A BolA FEHez §
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A9 & 7H58E Gotir] Ao q3st Ay
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22 AAY F e A9 % vzl Fig. 159
Uetliied, 2€ g3golA o3 Feir)e el
o83 A AAZFH dA A AAZL Aol
F Ul 88508 Zez #4¥0

olig e YYFR AAE BHoz2 e
BNR33 AT ool w9 28 ovlg
Zed. 4oz A FAdM e g3 4
AME ZA s Aol feAn, & dde 3
o 3 A AA FAAME QTR &A3Ne] Ho
AFE o] AF UM $&H22 AA4Y A7 &
2B E o oYY F& a2t o] f&EE A
HET M A& dAgke 3] uidA e Ao
2 AlREY.

4. 8 B

Pilot scale2l BNRZH f&4E 2 @ 2d¢
e 84 FEoade] olde] 200, 300 ¥
400 m/day9] «#g&2 A A7 g3 e

Zeg 2.

1) gx7F 1.5~13.7 NTU, 3% 4.1 NTU
BNRZH #&FE& 43 B, Ad5e
2.6 NTU °|3t9] &= & Yehlo] F4% A
g1l 5.0 NTUE HHAZ.

2) ool Fride] wel SS AAREL A
AYA T, dre ZE AREAM /s
o U] 2 9L A &1 HE 1.3
mg/Le] S8 =& Jehiict.

3) F&odFddME 857t AAHLEZN AR
7t AAsE Aoz ¢eiA Aoy, ¥ AT
e B8R FEd oY FFIR AA=
dolve oz #y=AY,

4) 200, 300 ¥ 400 m/day9] <#-&4 TN
AALEL 247 18.6. 16.8 ¥ 15.8%%=,
SS9 AAoh A R7|ALe] AR} ohe}
st €do] Al dojdozN Yud
2 28] @ A9 AAx A Loy

5) o3t F7le] o3 il DO2l Yoz 9l
ol $&922H RET T-P ¥=7t R+
ol ®ldla 6.1~21.4% F7H3Act.

6) dWtzoz FAAQY FUoME AFAEA
& ZA e Fol ResATY, BNR ¥3
M2lge Aol E o3 7o) Qo] &
€ 7Fedol slemz o W&ol dojvke Al
AR G 4N A ste o] v
Aoz wadd.
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