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A Study on Time Series Analysis of Membrane Fouling
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Abstract : Most research on membrane fouling models in the past are based on theoretical equations in lab-scale experiments.
But these studies are barely suitable for applying on the full-scale spot where there is a sequential process such as filtration,
backwash and drain. This study was conducted in submerged membrane system which being on operation auto sequentially and
treating wastewater from G-water purification plant in Incheon. TMP had been designated as a fouling indicator in constant flux
conditions. Total volume of inflow and SS concentration are independent variables as major operation parameters and time-series
analysis and prediction of TMP were conducted. And similarity between simulated values and measured values was assessed. Final
prediction model by using genetic algorithm was fully adaptable because simulated values expressed pulse-shape periodicity and
increasing trend according to time at the same time. As results of twice validation, correlation coefficients between simulated and
measured data were = 0.721, r* = 0.928, respectively. Although this study was conducted limited to data for summer season, the
more amount of data, better reliability for prediction model can be obtained. If simulator for short range forecast can be developed
and applied, TMP prediction technique will be a great help to energy efficient operation.
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Table 1. Specification of membrane

Subject Specifications
material PVDF (permanently hydrophilic coating)
pore size (um) 0.1 and less
gt
membrane area (m?) 18
flux range 0.2~1.0 m*m?-d
TMP range -0.06 kgi/cm? ~ -0.6 kgi/om?

-0.7 kgi/om?
1~10
35T and less

critical pressure
pH range

temperature range

water of filtration N
basin + 1,088m’/d { P )
sludge of settling
basin inflow of the
supernatant
after being treated
d ited in water

[raw water]
supernatant of
residuals from
drinking water

treatment facilities

[1st submerged
membrane]

outside basin

[2nd submerged
membrane]
concentrated [sludge thickener]
level ranges L, wastewater of
1.5~2% in membrane system

outside basin

Fig. 1. Schematic diagram of the submerged membrane system (design value (recovery ratio: 93%)).
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Fig. 2. Submerged membrane system,

Table 2. Operation mode of submerged membrane system

Mode Operation

drain period twice a day

ClIP 500 ppm NaOCl, in the manner of backwash (2 min)
(Cleaning- — sedimentation (57 min) — rinse (1 min) once or twice
in-place) aday

air washing 80 m*/min

o]

,_%koiJ—](Dead-end flow) HP“O]F_ S
JA17] B SS EEle 58 mg/l 9914 ZEAL
Hz% Bean fels Bese] oF 1709 10
AE 271= 80 m/minC 2 27] LAXAL At WA
al A AES 9 AT HiEEy] D A AEE-S pilot-plant
scale®] A3 AxANE A gsto] Table29} Zom, 95
of T, 13 FAG0E AAHS + 27)), 302 ), 108

3. Xz E &2l

A} Ya12]E(genetic algorithm, GA)2 AYEZISHA
Tef, 39dWol 5)¢ H=FE 2etE daeForA
S g0y kg gl 2 ABLE 9% 7IW & A 0]
o AR daeEs BAY J2A dE 2 S AHER
o]Zoz BAHS 73 AlFFetch B uf A}

glu)

Procedure GA
begin
t=0;
initialize P(t)
evaluate P(t)
while not finished do
begin
t=1t+1
select P(t) from P(t-1) ;
reproduce pairs in P(t) ;
end
end.

Fig. 4. A Simple Genetic Algorithm procedure GA,

Fig. 3. Membrane surface,
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Table 3. Definition of functions

Functions Definitions
addw (a, b) a+b
subw (a, b) a-b
mulw (a, b) a*b
. if b is not zero : a/b
divw (@, b) if b is zero : a/0,00001
if ais bigger than b : 1
gtw (g, b) if a is not bigger than b : 0
if a is bigger than zero : b
fw (8, b, c) if a is not bigger than zero : ¢
if a is bigger than zero : log(a)
logw () if a is not bigger than zero : 0
absw (a) abs (a)
sinw (a) sin (a)
if a is not bigger than b : 1
smw (8, b) if ais bigger than b : 0
if b is not zero : a%b
remw (a, b) (the rest when a is divided into b)
ifbiszero:a
expw (a, b) a’
Table 4. Definition of variables
Variables Values
maximum depth of tree data structure 4
mutation rate 02
fpr (probability of use tree node as functions) 05
1-ppr (probability of use tree node as constants) 04

ppr (probability of use tree node as parameters)
- p0 : V (parameterO means total volume) 0.6
- p1: Cb (parametert means SS concentration)

gene family size of the generation 500

608

4091471
4091471

gen(31] 39

4103608 . 7056

Fig. 5. Progress of genetic algorithm,
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Fig. 6. Flux and TMP of the membrane system for the summer
season,

200

M SS (mg/L) (mean value)

- =
N a
o o
‘ X

o
o
= Emm
o
Ho
o

SS(mg/L)
®©
o

40 - =

0 T T T T T T T
10-Jul  15-Jul  20-Jul  25-Jul  30-Jul 4-Aug 9-Aug 14-Aug 19-Aug

Operating day

Fig. 7. SS concentration of the membrane system for the summer
season,
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Table 5. Operating conditions based on phases

1st section 2nd section 3rd section

flux (m/d) 06,05 05 05
oEB @D 200 ppm D 200 ppm

) 500 ppm NaOCl NaOCl
(Chemical Enhanced NaOCl
Backwash) @ 500 ppm @ 500 ppm
HQSO4 Na28204
Inflow time of

activated carbon 6/28 ~7/18,8/7

additional cleaning : 500 ppm NayS;04 for ma-

Note )
nagement of manganese pollution, one a week

Al 7He] section© 2 3t o= FAH Aol wat &

?:}_—‘ze-l/\ \:l_l p:]_‘o’]—}\ﬂl—] H]-H]jlo] 1;}
l 71ZF S5/43 wEol k. & ar

FAR S| fs=d 9w

= **“71” & AA] Well &dFste] 2o
FE 7|13 B3 wiE A A= A
of w2 vAE SV 9714 AHt 2
el wet wjE A Aea W o
&0l oAl Hed AAY TR FYHE Ak
oA PRIz = Hlste] ‘Qicﬂol A
g e AL WAskaL AL
St Al A]u)

S BT wrody 2L £t A WA section &%
71T A3k 500 ppm NaOClS: A3t
- = ¥ section 5-A| A G 2}

oFE]E 9J8) 500 ppm HyS0.2] AAA

AL kst A W
A section FAARS TEE Wb fdo] WAH wet

500 ppm NaxS:0,2] A4 AH& F71s1ect

3.2. 1st section m ezl zin}

A WA section A FEE o] &slo] maAly 2L 33
A= Fig. 8o Yeh Utk x52 & F-H(total volume)

olm g A0 oxmng S A7 EAF ofu)

7}At) k<5 data 7)4>= 14407 (random), of|Z data 7))
L 63597), AFEE &= addw, subw, mulw, divw, ifw,
logw, gtw, absw, sinw, smw, expw, 22} T2 269.3468

ol .

=
=

3.3. 2nd section &2l zq}

F WA soction ARE o] 4oio] WElE) A Salet 2
Th= Fig. 9] YEMY it &H5 data 7R+ 11567](random),
o|Z data 7|4= 116997)], AFR-E 84~ addw, subw, mulw,
divw, ifw, logw, gtw, absw, sinw, smw, expw, 22} &2
465.55700]c}.

3.4. 3rd section 22 A {validation)
3 WA, T WA sectiono] A mele] zele 7}z

—4—measured TMP

~fi-simulated TMP

TMP (bar)
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3016 |
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4222
< 4423
4624

Total volume (m:
Fig. 8. Comparison between simulated and observed values of 1st section,
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08
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03 4

0.2 —4—measured TMP
imulated TMP
01 g T
0 T T T T T T T T T T T
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AN FTNONR O AMITINRENNONMITOUNBOANMWMONOO o Mg L)Y
MOANNR IV AT ONVONEANMOANW dgmons 3009

AH A NNNMOMOO T TTOOLNLOOON~NNSS® mmmmgsaa:

Total volume (m?)

Fig. 9. Comparison between simulated and observed values

of 2nd section,
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Fig. 10. Comparison between simulated and measured values of 3rd section-(a).
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Fig. 11. Comparison between simulated and measured values of 3rd section-(b).
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Fig. 12. Correlation evaluation between simulated and measured data,
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Fig. 13. Residual diagram of simulated TMP ((@) N=5379, (b) N=7676),
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