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A study about treatment for water treatment residual
sludge using submerged membrane system
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Abstract : various treatment system for residuals have applied to save water resources, but most of them were not be
satisfied with legal standard consistently, In this study, submerged membrane treatment system was operated to treat water
treatment plant residuals and operation parameters was evaluated, Result of this experiment, high concentration organic matters
contributed to high increase Transmembrane pressure(TMP) of membrane system(from 0.05 bar to 0,35 bar), And backwash
process was effective to stabilize membrane system operation. After Cleaning-In-Place(CIP), permeability was recovered about
100 % from first operation condition, Inorganic matters (Fe, Mn, Al, Ca, Mg) were not effective membrane filtration performance.
The quality of residual treatment was satisfied with drinking water quality standard and a treated water from that system was
suitable for water reuse,
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Fig. 1. The treatment process of N-water treatment plant,
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Table 1, Number of days for SS over 10 mg/L in effluent discharge N-water treatment plant in the 3 years

year 2009 2010 2011
month 4 5 10 11 12 1 2 3 4 9 9 10 11
count(days) 1 1 4 5 6 3 3 6 1 1 1 4 2
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Fig. 2. SS and temperature distribution of effluent discharge N-
water treatment plant in the 3 years,
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Table 2, Specifications of submerged MF cartridge module

parameter specification
material HDPE(hydrophilicity)
pore size(um) 0.4
OD/ID(um) 650/410
surface(m?) 16.9
flux(m*/m? - d) 0.3~0.5
pressure(kg, /cm?) -0.06 ~-0.5
critical pressure(kg, /cm?) -0.6
pH range 2~12
temperature range(C) under 35

320 W X 396 H X 490 L, Weight 7 kg

Regulator Compressor

Air filter
AV-S

,,,,,,,, Air valve P

Bypass

Fig. 3. Schematics of submerged MF pilot plant,
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Table 3. 1% experiment conditions

parameter contents parameter contents
filtration 9 min filtration 0.56 m/d
time (aeration 9 min) flux at25 ¢
back wash 1 min back wash | 0.825 m/d
time (aeration 1 min) flux at25 ¢
drain cycle 1day recovery 86.82 %
100 010
030 009
080 008
070 007
i 0 006 1yp
) 050 005 (bar)
040 004
030 003
020 002
0.10 001
0.00 000
11/12/2311/12/30 12/1/1 12/1/3 1z/1/5 12/1/7 12/1/9 12/1/11 12113
Time (day)

--@- Flum/d) —8-TMP(bar)

Fig. 4. 1stfiltration correction Flux & TMP(at 25 ¢),
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Table 4. 2" Experiment conditions

parameter contents parameter contents
filtration 9 min filtration 0.54 m/d
time (aeration 4 min) flux at25 ¢
back wash 1 min back wash
time (aeration 1 min) flux
drain cycle lday recovery 88.77 %
1.00 0.50
0.90 045
040
- 035
030 ™P
i 025 (bar
(mfd) ™
020
0.15
010
0.05
0.00

110 115 120 125 130 2/4 29 214 2019
Time (day)
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Fig. 5. 2 filtration correction Flux & TMP (at 25 ).
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Table 5, Analysis water parameter according to water source

31.13. 3 ME =t

N-A44 W& Azl g Beoe
Table 62} 7o wWpH oz 3ata AL 819
=3

o}, 22 Ao ARgE Eejute] 7] &7
(at 25 C 7]12)< flux7} 0.542 m/d, TMP=
0.052 bar o]}, &4 40Y F flux2} TMP7}
Z+7F 0,292 m/d, 0.364 bar¢l A& o)A 3}t
2 A AL 392 Table 79 Aol A Hajut
O] E7H-&(permeability)o] 3FsH4] AlA £ 100
% %27 A o8 I EHUT, FiE2 oft
flux® TMPE U ZHLMH/bar) o2 UA3sk
o1} of ol A 9] Te] Bt f-5FS UERdTE Al
AaEL I A, T B 24 27
o] BEI-g R o] AEstTt 7718 Al &
o] 3|5 Fh2 %7] 4 gk oin] F2kgo] 93.9
% BFE AL, wpA B7)E MY o] £t
29 27} 3|22 6.1 %= AT} o]t

Plant DOC (mg/L) Turbidity ((NTU) Fe(mg/L) Mn(mg/L) Al(mg/L)
Raw water 4.1 3,24 0,01 0.16 0.02
N-water treatment plant
concentrated water 13.9 13.8 0.04 0.27 0.10
Raw water 5.6 3.05 0.02 0.50 0.01
G-water treatment plant
concentrated water 10.9 15.3 0.04 0.58 0.20

Table 6. Chemical cleaning methods

check subject before cleaning

‘Flux, TMP, Temperature’ check by raw water or pure water

oragnic cleaning

soaking 4 hr at NaClO 4,000 mg/L

rinse

remove fouling matter on membrane surface by aeartion 1 min
‘Flux, TMP, Temperature’ check by raw water or pure water under pH 8

inorganic cleaning

soaking 2 hrat 0.1wt % Oxalic acid

rinse

remove fouling matter on membrane surface by aecartion 1 min
‘Flux, TMP, Temperature' check by raw water or pure water above pH 7

Table 7. The change in TMP & flux by chemical cleaning (at 25 ¢)

parameter first operation before cleaning after oragnic cleaning after inorganic cleaning
TMP [ bar | 0.052 0.364 0.054 0.051
flux [ m/d ] 0.542 0.292 0.541 0.544
permeability [LMH/bar] 416.9 32,1 400.7 420.7
93.9 % 6.1%
efficiency 100 %
total : 100 % recovery
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Table 8, SS and turbidity results of raw, concentrated and filtrated water in 1! filtration experiment in N-water treatment plant

(Period @ 2011.12,29, ~ 2012,01.13.)

Item sample GV date) o | 1230 1231 | 11 | | vz | w4 | we | o | 11z | 113
raw water 393 | 3.76 | 297 | 324 | 312 | 3.02 | 3.08 | 285 | 267 7.1 6.83
Turbidity(NTU) | concentrated water 13.1 13.8 18.5 15 13.4 12.6 11.8 10.4 20.4
filtrated water 0.149 | 0.132 | 0.112 | 0.092 | 0.097 | 0.088 | 0.088 | 0.091 | 0.088 | 0.078 | 0.043
raw water 4.0 2.8 3.2 3.0 3.5 2.0 3.5 3.5 3.0 7.0 6.0
SS(mg/L) concentrated water 13.8 10.0 12.0 10.0 10.0 8.5 9.5 15.5 16.5
filtrated water 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Table 9. SS and turbidity results of raw, concentrated and filtrated water in 2™ filtration experiment in N-water treatment plant

(Period : 2011,01.16. ~ 2012,02.17.)

Ttem T~ el | yas | w20 | 123 | 27 | w0 | 2 | 23 | 26 | ws | 210 | 212 | 214
division
raw water 9.26 9.39 5.32 3.13 2.35 6.12 7.48 6.48 | 6.81 6.47 6.7 3.15 5.54
Turbidity Conceritrated 304 | 201 | 167 | 833 | 546 | 11.7 | 17.1 | 121 | 10.1 | 951 | 7.88 | 4.24 | 6.02
(NT[I) water
filtrated _ _ - - -
e 0.076 | 0.049 | 0.052 | 0.05 | 0.064 | 0.059 | 0.053 | 0.055 | 0.061 | 0.072 | 0.068 | 0.066 | 0.073
raw water | 15,5 | 12.0 | 8.0 | 7.0 | 3.0 | 80 | 11.0 | 150 | 17.0 | 17.0 | 14.0 | 10,0 | 11.0
- concentrated 3.3 42.0 34.0 19.0 10.0 20.0 31.0 25.0 27.0 24.0 20.0 18.0 19.0
SS(mg/L) water
filtrated 00 | 00 | 00 | 00 | 00 | 00 | 00 | 05 | 00 | 00 | 00 | 00 | 00
water
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Table 10, Organic parameter of concentrated water from submerged membrane filtration in N-water treatment plant

1/16 1/18 1/20 1/23 1/25 1/27 1/30 2/1

uv,, [em™] 0.0753 0.0891 0.0301 0.0062 0.0173 0.012 0.0113 0.0366
DOClmg/L] 15.5 14.6 16.5 11.03 16.8 15.9 8.21 12,7
SUVA[em™/mg/L] 0.49 0.61 0.18 0.06 0.10 0.08 0.14 0.29

100
Table 11, TOC change according to coagulant injection in N- -
water treatment plant A L]
80 " + G
source water 1 2 avg. 70 * . BT
- L ] L]
paldang raw water [mg/L] 146 | 105 | 1.25 g 80 "i o = - LB
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20 m0oc
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‘o 10
‘ 1 thlckener [mg/L] 8.89 8.82 8.85 .
(after injection polymer coagulant) 12/13 12/23 1/2 112 1/22 211
Time (d
2™ thickener [mg/Ll 2373 | 20.62 | 22.17 et
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Fig. 10. The result of TOC On-Line analyzer,
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Fig. 11, Concentration of Mn and Fe in influent water through Fig. 12, Concentration of Ca, Mg and Al in influent water with
submerged membrane, submerged membrane,

Table 12, Experiment results for inorganic matters with membrane filtration

item | sample | 12/30 | 12/31 1/1 1/2 1/4 1/6 1/9 1/11 1/12 1/16 1/18 1/20 1/23 1/25
raw 0.153 | 0.1337 | 0.1215 | 0.1229 | 0.1308 | 0.161 | 0.1335 | 0.1706 | 0.3133 | 0.4054 | 0.6681 | 0.46 | 0.2716 | 0.2802
[nl]\;‘/lu conc, | 0.1129 | 0.1136 | 0.1097 | 0.1217 | 0.1251 | 0.2696 | 0.1649 | 0.1255 | 0.2348 | 0.4092 | 0.558 | 0.4014 | 0.2606 | 0.2737
treat, 0.128 | 0.1286 | 0.1327 | 0.1282 | 0.1308 | 0.1706 | 0,1197 | 0.1816 | 0.2565 | 0.4475 | 0.5994 | 0.4839 | 0.2756 | 0.3052
raw 0.000 | 0,066 0 0 0 0.014 0 0 0 0.002 0 0 0 0
1mFge/LJ conc., 0 0 0.006 0 0,021 | 0.045 | 0.016 0 0 0 0 0 0 0
treat. 0 0.002 0 0 0 0 0.012 0 0 0 0 0 0 0
raw | 23,7900 | 243 | 2543 | 25.33 | 23.6 | 23,19 | 2295 | 23.66 | 2821 | 30.24 | 28,18 | 22,02 | 28.23 | 24.28
[mz;u conc, 21,59 | 2312 | 21,9 | 22,57 | 2296 | 237 | 24.92 | 3242 | 31.88 | 26,66 | 2573 | 21.15 | 26.69 | 245
treat, 21,61 | 2224 | 2307 | 2381 | 233 | 22,61 | 24.54 | 24.31 | 29.71 | 26,61 | 2543 | 22,32 | 30.96 | 23.05
raw 4.7620 | 4.808 | 4.896 | 4.937 | 4.627 | 4.654 | 4.617 | 4801 | 6.23 | 6.191 | 6.209 | 4.721 | 6.008 | 4.902
[H‘:gu conc. 4.347 4.651 | 4.326 | 4.486 4.53 4,641 | 4.857 | 5.726 | 6.336 | 6.104 | 6.124 | 4.297 | 5.467 | 4.830
treat, 4,426 | 4.575 | 4.554 | 4.905 | 4.793 | 4.611 | 4.892 | 5.07 | 6.561 | 6.298 | 5956 | 4.877 | 6.76 | 4.734
Al raw 0 0.347 | 0.054 | 0.042 | 0.021 | 0.016 | 0.031 | 0.007 | 0.009 | 0.024 0 0 0
[mg/L] | conc, 0.05 0.095 | 0.126 | 0.065 | 0.096 | 0.101 | 0.143 | 0.164 | 0.003 | 0.027 | 0.018 | 0.03 | 0.015 | 0.032
treat, 0 0.002 | 0.018 0 0.04 | 0.008 0 0 0.053 | 0.021 0 0 0 0

conc,=concentrated water , treat, =treated water
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32, AFEMES 1RE Yojnt TH £Q JHs N A2 Table 149 w5% AAd &
M =7} Fg7l A7 gFRzo 7 Mg 9on 34
(2008.11 ~ 2011.11) SSE=7} 10 mg/L&

gt d47F F 38Uolut =AUt (Lee et al.,
A B SAEA A w3t HE AT 9011) v s)|2e nEA 7)Y e nEE

A6=(E3E ol w2t 1000 m?/d oVge) 5 ma w Azt HalElER w2z AA
HA k=

N Fi

AFAAVE (A= 3HA] oL == Ao B=RE AE G0 wejojala), Ao AIRE, wlolag
sk A2 Al HlpmEAER BREY, gague por, gyl S5 2sta AlAs)
A 2| Al 7B S APA R B o mlmapeaso) 931 AElvh Wasith Al o
IEs 2AR HESFOR AYSIRR, 91T gorg 2 pazol weelza NMe 27)%

AAREZ| el A= S TARAE W7 = gujgo)] wo] 29% 7, nfo]a 2o AT E 9}
A71E(AETHA Al26x ER10)& E73tA%F 9o AgmE L Bulkingd] o3t TEHE 9.9]
ghef mEbA] 20139 149 19 o) % A=he WA qajsaro] 24| 7rastT ojulaRo] B
7159 FR=2(SS) % 10 mg/LOIot A2l apsie; wat porel grodalis of 3l 1 ol A4A]

Srofof BTt Table 132 20134 ©l3 WS gasjgow o edv I, 4% 24 %
HA7IE eSS Beeha A, Aol o §AuE 9 A5 AgRo} R

Table 13, Water quality standards for effluent discharge from final wastewater treatment plants (Article 26 of the Enforcement regula-

tions, *10)
period and water quality
parameter until from 2011.1.1. 2012,1.1.~ 2012,12.31, after 2013.1.1.
2010.12.31. | until 2011.12.31, T area ITarea Illarea IVarea I area Ilarea Tllarea TVarea
BOD under under under under under under under under under under
(mg/L) 20(30) 20(30) 20(30) 20(30) 20(30) 20(30) 10(10) 10(10) 10(10) 10(10)
COD under under under under under under under under under under
(mg/L) 40(40) 40(40) 40(40) 40(40) 40(40) 40(40) 20(40) 20(40) 40(40) 40(40)
SS under under under under under under under under under under
(mg/L) 20(30) 20(30) 20(30) 20(30) 20(30) 20(30) 10(10) 10(10) 10(10) 10(10)
T-N under under under under under under under under under under
(mg/L) 40(60) 40(60) 40(60) 40(60) 40(60) 40(60) 20(20) 20(20) 20(20) 20(20)
T-P under under under under under under under under under under
(mg/L) 4(8) 4(8) 0.2(0.2) | 0.3(0.3) | 0.5(0.5) 4(8) 0.2(0.2) | 0.3(0.3) | 0.5(0.5) 2(2)
T 3,000 3,000 3,000 3,000
E_}\ ’ 'y y b
o 3,000 3,000 3,000 3,000 3,000 3,000 (3,000) (3,000) (3,000) (3,000)
(7}/mL)
A=A ) under under under under under under under under under
(TU) 1(1) 1(1) 1(1) 1(1) 1(1) 1(1) 1(1) 1(1) 1(1)

Table 14, Thickener capacity evaluation of each plant (Current status) (Lee et al , 2011)

object facility item standard value(desing standard) capicity evaluation
HRT 24 ~ 48 hrs 4.4 insufficiency
thinkener (1) - -
soliding loading 10 ~ 20 kg/m*day 325.3 insufficiency
HRT 24 ~ 48 hrs 8.9 insufficiency
thickener (2) - -
soliding loading 10 ~ 20 kg/m*day 162.7 insufficiency
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Table 15, 2011 status of volumes of filter cloth washing water and effluent discharge in N-water treatment plant

month 1 2 3 4

5

6 7 8 9 10 11 12

Filter cloth cleaning flux (m?*/day) 66 120 94 65

58

47 48 87 105 96 102 83

Discharged water flux (m?/day) 279 302 509 351

244

261 163 221 285 200 303 17
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