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Removal of Organic Matter and Nitrogen in a Model System of Riverbed Filtration
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Department of Environmental Engineering, Yeungnam University

ABSTRACT : A column experiment was performed to investigate the influence of the sludge cake development on the riverbed and the
hydraulic gradient imposed by the drawdown at the well on the filtrate quality in order to offer a guideline in the design and operation
of the riverbed filtration. Results show that the sludge cake on the riverbed plays an important role in the removal of the organic matter.
Under the conditions of this study the COD removal rate increased from 17% to 50% along with the sludge cake development, which
was equivalent to the BCOD removal of 22% and 67%, respectively. The active removal of the organic matter took place in the sludge
cake and the upper 40 c¢m of the riverbed. As the flow rate increased owing to the increase in the head difference imposed on the
column, the slope of the COD profile near the column inlet decreased, however, the profiles converged in about 40 cm from the inlet. In
10 days of sludge cake formation the dissolved oxygen was depleted at the depth of 70 cm, which suggests the denitrification can take
place beyond the depth. This depth was further reduced to 20~40 cm as the sludge cake developed. From this study the removal of
organic matter can be expected through the riverbed filtration even with the depth of as shallow as 3 m, which is frequently met in
Korea, while the removal of nitrogen through denitrification is not expected to be active under the condition.
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Fig. 1. Schematization of the column reactors.
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Table 1. Characteristics of the raw water used in the

experiment
COD (mg/L) 14(10.2~27.01)
NOs5-N(mg/L) 3.6(0.8~4.8)
NO,-N(mg/L) 0.03(0.005 ~0.1)
NH;-N(mg/L) 0.3(0.11~0.57)
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Fig. 2. Biomass and porosity distribution along the column depth in 263 days of operation.
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Fig. 3(b). Dissolved Oxygen concentration profile at varying flow rates with 3 days of sludge cake formation(HD: Head

Difference, cm; FR: Flow Rate, mL/min).
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Fig. 3(c). NO;-N and NO,-N concentration profiles at varying flow rates with 3 days of sludge cake formation(HD: Head

Difference, cm; FR: Flow Rate, mL/min).
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Fig. 3(d). NH,-N concentration profile at varying flow rates
FR: Flow Rate, mL/min).
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Fig. 4. COD concentration profiles at varying flow rates with 10 days of sludge cake formation(HD: Head Difference, cm;

FR: Flow Rate, mL/min).
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Fig. 5. COD concentration profiles at varying flow rates with 16 days of sludge cake formation(HD: Head Difference, cm;

FR: Flow Rate, mL/min).

9 =& % 95 mg/LE 44Fd] Bol i AL ¢ F
gitt. ZHET 93 COD AAEL ¢F 37%°] BCOD
AAES 50%°ﬂ ofgrt a¥oez vehlir AT
E4tE 9 70 cm ZoldA ILAEHY I FE7}F 09
o] 2R AL, MM oo ZHAFAILE Fig. 29 =
IERE AQT F dorn 4FGch o] AL
710 = e H& AFAGOZHT £ F o,
e FFHeR A8 FHTH AFA
2 ol Hgd For7F da

39 ZAHAY AHRg FAL

m{o

By
e
A
e =

r\‘ :lo

]E‘EEJ A4
B o 2 AL
%} Zolth. e
stk

£8A AYL AASE 169 A F 7 ZAANY 9
Ao wg COD ‘:ﬂi}—a— Fig. 59 Jehlglch olde ¢34
A wgz 9B A B, C, 183 DA daA &
7+ 53, 52, 33, _'lE] 32 mL/mino}¢lt}. COD EE@sH=
AAASZ Fig. 3} Fig. 4 vzstgon, 44+ 2z

rlo fal

J. of KSEE / Vol. 27, No. §, May, 2005

o] ok 10 ecm FZHIAQ) COD 5% #FAZLE <A AYo
W we 43 FHEE & F Atk ol Aol ¥
=it wat Ao COD AA Fa EEfAe et
dth olE @ 2= FHdgA T2 49 EZA B2
o SQET WYN AR AALGET d7AR
9% gx At 289 7oA COD =+ % 7.5 mgll
2 Zraste] ZPEI ) 98] COD AAEL oF 50%=E,
33 BCOD AAEL 67%E S/1gE ¢ & vk 18
o2 JehiAE GAT §&83440E 2 we 20~40
emol A LZAEHFIL ?L.Ho}/a Axs g 229 F
= %}‘PS?HNW% AV ue n= vl = P A Eake B R
AsE TAH= Ao LEYTE HA Fob
21_9. q‘__}- P o]giq.

%EH

2% A AA T 259 AR 2 $AFES =23
stk olme] S ZE A, B, C, 183 Dol didiA
47k 26, 26, 21, 283 20 mL/min°] Y3, ole &HA A



ojo] FE3 W o ol AN gt HafFY
oF 3R A, oM £RL HxFFAY FIAH
et A9 AslH. 2™ dTERH ﬂﬂ‘ﬂl & COD
FEREE Fig 6()°l BEAT. 49 162 3RS 3
Fo FAG BEEEE HYS € 7 3L ZHETAIA
9 COD BEX ¢ o3 Z2sA 488 ¢ & Atk BE
AEAA ZFUT F2AMe 29 FFo] = COD

EFA0] Y AolE RolAg 4 Zo]FEHE COD

SEINEC AT £EIE A ¥ 4 ARG o 53
ANE 28 Aol BYTH FBEe] T F 40 emo]
At §&829 $EE Fig (Obo) ehAR, ol

wWE 1 QPEEE 20~40 cmol A 0082 AL & &
U E244 FEE FE COD 54 o ds)
non, 1647 E £8A Ay "L W o1 =7}
FAFAoY 2 olFe AY WEol gtk 249 2
ol HaY FEEIXE Fig 6(c)°ﬂ YER 2L, Fig.
30)8e F OdES € S Uk ANA 249 AUEE

el 2gM #718F 29 AA 531

7} s Aok o 20 mz olFdd] TIYTA o

FEFAT, ol A AYY 22 AT H&5FA
71Q1gtha B 4 gtk £2akad AN A P ofdN
A AxY 2R OoFRE o 20 cm Ao|AAMREH ©F

o WATE & & YU R 5T H7)2dEol
234 2ol @RS BN F2e ¢ & Ak @
o] og AAAAT FRA G RS AT #
B ohje A4 Axd AA5EEHO) Azel wH 2
YREOVIE stk BAWSANN AWY ot Aavks
AA §480dE A48 2L 1 mge 44 2.86 mgel 3
Yo AASESES A7 Aot Ehe ZRYT
220 ¢ 240 mVIlA &7 F29 o 185 mV7iA] Fra
SHAT pHE BE 2YARNN 78~859 $¥E nit

N, mN ol

ol4e] AFEREH FA} 3~4 m FEY F2 X
o] g2 satate AV dAA FFAE FB

o&id

3 77
SAET A2 AA AEHL BT B £ Uk FE
ALaT 719G Alolg oAAYY +RIFH AAY 7

(mg/L) COD profile (25 days after sludge cake removal)
17 1
16 —o—column A( HD 1160, FR : 26)
—o—colurmn B( HD 1120, FR = 26)
15 —&—column C( HD : 80, FR: 21)
—x—column D( HD : 40, FR: 20)
14
13
12
11
10
:“\%;
[ XK
lg 2 & 8 ¢ ] 8 R 8 8 8 2 & 8 g 3 @
c = ha X 2 i = (o)
Fig. 6(a). COD concentration profiles at varying flow rates with 25 days of sludge cake formation(HD: Head Difference, cm;

FR: Flow Rate, mL/min).
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Fig. 6(b). Dissolved Oxygen concentration profile at varying flow rates with 25 days of sludge cake formation(HD: Head

Difference, cm; FR: Flow Rate, mL/min).
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Fig. 6(c). NOs-N and NO;-N concentration profiles at varying flow rates with 25 days of sludge cake formation(HD: Head

Difference, cm; FR: Flow Rate, mL/min).
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Fig. 6(d). NH,'-N concentration profile at varying flow rates with 25 days of sludge cake formation(HD: Head Difference,

cm; FR: Flow Rate, mL/min).
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