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Abstract

The 3520 days operation data of the A2/0-MBR system of Xi’an Siyuan University has been processed
using big data mean clustering analysis. The daily industrial permeability of each membrane pool
was calculated according to the definition. After eliminating the five kinds of anomaly points, the
effective daily industrial water permeability days of membrane tank 1#, 2# and 3# were 2474
days, 2725 days and 2652 days, respectively. The industrial water permeability of every 25 effec-
tive days was divided into a calculation unit, and the arithmetic mean and standard deviation of
the unit were calculated. The arithmetic mean of the computing units for each membrane pool was
arranged in order and returned to the industrial permeability decay equation. The intercept of the
linear equation indicates the industrial permeability at the beginning. The negative slope of the
linear equation implies that the industrial permeability is declining with the operating time.
Based on the industrial permeability decay equation of each membrane pool, it can be determined
that the annual industrial permeability rates of the 1#, 2#, and 3# membrane pools are 4.36%/Y,
4.10%/Y, and 4.54%/Y, respectively.
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FIH AL, MBR A SN B ATY SR A2 RS S AKER FE AR EE R i AR 7K S PO FE FR FR A 21
[ b AE R E AR [1] [2] [3]- A 2011 4E 9 A FF4h, 742 IR F2EK) () A2O-MBR R4HL# 1
IR ES . DCRAMEIERES, SERILR ARG fEh =AM bR H A P~ 5dE G KR EL . S5 s
FEEZE . HEEMEE, PR, pH E. BU7KES), FPETIEENEE. AR HRKEEE A
FEMBUE4] [5] [6] fif vl 245 2R AP s R 12 W[ 7] [8]. $2 e SR v Jid 25 [9] [10] esidb e T 25 [11] [12]«
LA FLERL[13] 141 REhTapl. (B2 H ATk, 8 R KRR AR (BRI . B3, M
A N T e MBR {5 /KB RGEAT AT AT . NI AR SCHESTE X AR 7= T2 BRI Ll b, SR
KEE B4, 7 aHAHRgHs R H M 2011 4F 10 A 1 HF 2021 4F 10 A 31 H =M 5,
AT L ERE, ARRIUA A i R T 2 S e SR, & RRIG/K MBR T4
{10 65 75 i A S T
2. A%O-MBR L%

P22 SRR EERE AR KT AYO-MBR L2 % M PLC H b, Scil 1 i 8dt K shig, i 24
BES R WP RS E SR HI[15] [16] [17] [18]. 1] 1 4 AYO-MBR T EifE.

K FH 5 mm [] 5 2R RS A = Ak B A D R K P 2% i o 8 74t 2 2 P T 9 1R el 7K /K B R 38 30,
DMEAE— @R B EAR e JEK KT T 1 mm 4% sl A i I 2 A 38 LUl /N R A% 0T o T J5 MR IRE N IR
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At BREGE. GFEh, SRS EEREIHK. PRI ANE A A BB RIS I I IR LR R
BE, AR IR, W RSO S TR A E I S T TS YR e . Al AYO
T.ZIN, BOD. SS LS FIIEAAAE R BB —IFpEBR, NIEZ: MBR BI85 3. R A EE
s T, BUERLERE 16 L(m>h). i 8 R MR R AR R R 2 K (H 24 i 45 5 1 2%
153 50 kPa I, FRCRAT I, SR T L EGE B . DA BREEID . ISR B ) 7K ) 4 B I
&R 13 h, F5efF A2y 30~50 d. PLC H a4z il AR b 27 25 AN & i (1) SE i s « BR FLBE)
8 s 30 Zr w4zl TR b B 7 1) 75 B G /K& S A b s s Ik 22 | FI AR, P2 /KRB S pH 1E
FiPKES)EANHRE S HIRE EZn, gt iR b i BdEm AT ENL REuE i TR
& I Th e 5 16 H 4 80T 1R 2 0 (Adjustable  Parameter) . 24 #% 2 % (Controllable Parameter) 1 2 %5 5 %
(Reference Parameter). H#E B AYO-MBR FiA: /K] 5 7 i B R MR SEhR G LG, %A AT
ZH, —NRESREEERE), KRYNSHESH.
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Figure 1. A¥O-MBR process flow
1. AYO-MBR T&%712

3. BIRAESHE

TR P 5 i (49 732 N BT R) 1B 354 DUAN[19] [20] [21] [22], 43BN PAF=/KBE IFIK R EIWT . @ &%
KRR .. @ BREEMET. M@ BYEGERAIEE. AR B CrBdERE 7. fik, 4
ST SR B T MV /K R AR TR R T A5 7K MBR T 2 B 1

3.1. TAiEkE

R R 7K A B BN I 1] A AT B B R T AR A /K iR o AL S S ) 328 7K ¢ (Permieability) 72 S0
SEAE TR (m?) SLALIN [R] (/N ) B 22 (kPa) & K AAR(L 1), —MRAIZESC “LMH” 3R, T Hif # %
BEAT IR EERSHE R FRAE R 20°C o PRONIE /KR SCER I AL TR /N, A7 I (8] K R, FLIR R T R %,
AR 1 5 SR ANE A 76 22 R S4B AR K APJO-MBR L& iH 5. #e X Llig /K % (Industrial
Permeability) AR R IEK % . Tl /K2 5E SR BALITAR(1000 m?)FALIT IR (d,  K) AL % (kPa)
TP KAER(M?), — BT “VMD” R IR MBR it LA 3 A4, A4 B i i B2 1800
m? T LA SRR AN IRAEL (0 Tl 7K 2 i A K 2 AL ) 45K 7 /K B g DA I 22 /5 FEBR LA 1.8 TT 5. 3 AN
RIS . BEREIR AR AYO-MBR SEFRE T4 i R AEF B T IR M, 1 ELR LA sl
10 SF B AL B, BT CABCE AT P K B R A R IR AL B R P K BN 24 AP 7K el 25 il
H 7K
3.2. REEIHE

K F A R ZE IS ) (R T B B, 2 2% SR B B R Gia i A (R 4T TH o B ol R A A RT3 7
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RIEAE S AR 241 “ TAE &L BT W% AT 3 R BT IH A2 B8 TAE /NP S IH, R EFEA
EHFIR. M 2011 4F 10 A 1 HF] 2021 4F 10 A 31 Hikit 3651 K. F A¥EfE, 2020 45 1 H 8 HF 2020
5 H 19 H% 121 K. HidFEMRECN 3520 K, %44 365 KitHE, F4T 9.644 4F.

33. HIWEKENIHESREER

oA H TE KR Q) BiR, BRRAE H B2 K (m) Bk L4 H R % (kPa), FERR LA 1.8,
g P .
H TolkiE ks I 7= (kPa) * 1.8 1)

RAE 3 MBI REIEE R, HRENRTHSE ISl RN RGUISAT 457 B (B 2R 44 MRS e
WAAE LTS VPN TYE IS, BGERHRR . 497, B PR LL R0 B I ] [ 52 S5 2 MR B, 3
BT MBR i H TAVIER R EX M BARE & O POKESBEEE#HE TS, @ PKESF
TE; @ BIEEFTE; @ FOWEEZERR/NERH TALZEKRRE K © B PKER /NG H
TAVEAK RS AN XTI 575 # Al B Rt 2R TR AR H TAkiE R R o R i
R H TALIERER” FRESTE L

Table 1. Days of “effective daily industrial water permeability”

F 1 “BYEAIEKE" HRE

1#fEh 248 3#fEIh

2474 2725 2652

REARMEE H TV AR R B B R 18 AR H Tolkig kR IR FR, A
(R 22 = AE AN RN A ROH DAVIB KR AR EL . [ A I 6 R 56 4 1 R 3 2 0017 88 o v
FIH) e WALREDL, X R AR, BE N8 —E EBUE R .

4. R 5vHE
41 HE RTINS ESGITHTE
B4t 25 NERH TAVIE KRR 5 N— MR BTt 3£ 2 5 KA IR 5T 3.

Table 2. Number of calculation units of each membrane tank

F2 BERMITERETHY

1# 2# it 3ufEth

98 109 106

FR G AR R S, B TR A B AT AR (2
ﬁﬁ%ﬁ@:%ﬁ @)

Horb xi——RRIOEIE: n——IERAIREL.

> (% - FAFH E)
n-1
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PR (i 2242 FE B A K 0 BORE L, B T e O 28 AT I AR E o At ZE ),
XL AE fiw 25T S (E AU, R TRIR .

IXFEAS B — A R TT SRR (B A B T bR e i 22 o T EL AT 5 SR T AR P2 < 18] (1 1] B #5225 4
ARHTAERE, Ko,

4.2, BRRFEMEEYAS TAEKEFRBENRE

M — R IR TTHA TP EEARK PN AN y (45 1,2,3, - n PN 73— AR x fE -
TR, FFameit@asise, AN, B HEIRE, RN “ TIEEKRERTRE” o SR Tk
BRI RSN T4 3.

Table 3. Attenuation equation of industrial permeability of each membrane tank
% 3. FIRHNTIEKETR S

1#fE 24 3#fEih

y=-00771x +17.988  y=-0.0643x + 17.733 y =—0.0759x + 18.38

UL LA I T K Z a2 o B e, S LA EZ M SR S, DL THE TolaE K e
FEIHAE -

Y x = 0fF, ERF I#MBR BiE R HE 5. B0E U2 1#MBR Rt MR 465 8 shis 1) Tlki% K
2o SRR Tl 7K 322 B A B A o 1) (R A T AN W 3 0. B R R S Rk K/ o BRAITE
T2 e WEIILE 98 MIFHE TG, IXEIRAE 2 x = 98 I}, —0.0771*98 = 7.558 & i AE 1] A 3
I . M EEIR RN 7.558/17.988 = 42.02%. 1fif HAETE 3520 K, 9.644 4F, P AE XS BEE R, A4 1#MBR
FEH I Tl 32 /K R A FE IR A 0.4202/9.644 = 4.36%. LA, W7 LIS H 3 N 1) Tl iz 7K R AE 25 ik
Ko B A TAVIE KR EFZR T T4 4.

Table 4. Annual attenuation rate of industrial permeability of three membrane tanks

4 EANBEI TAE KR FRBE

1#fEh 248 3#fEIh

4.36%/4F 4.10%/4 4.54%/4

4.3. BEEHTM

HAIA MBR L2 A e LA« 18 (B HARARIE) (GB/T 20103-2006) H #i i i 7 iy
J& “PEIERBIMEF M, BRSO 4eRE e PERE I 1R o (AR QB A S B 2% 5 7K A B 87 P 4
ﬁﬂﬁ»mmm&2m$%ﬁ%%ﬁ%“é%%iﬁﬁ@ﬁﬁﬂm%ﬁ%% W ECE A s R AR, Ak
EIE VA REMK I FC T BB 7 o &% MBS AR = 5 o JIBE 4 o F 5 D 30 i AR 2R 40 FRD 7 /K R B 7KK A i A2
FUELRONHE. DB =g e S maie . HRT A WA L TGO ERE L. LN (hagE
JEAE R BN 228 ) (HI2528-2012) /8 “TERTHBAT /M, BCHEREMAMET 3 47 « H =0
Memcor 2 F] 5t B30R R4L1F45 t “ f K B S Ail{E 7y 1,000,000 ppm-h” , FH 5B e 72 A FH JTRR Py 5
BEME 7K 52 1) E AR Gt B AT PR 22 IR 75y o AP 22 JEJR 22 B 27K 1 AO-MBR R 45 22 4xis i 10 4R LA
RS, RERGENFKENHSIEERRC, HHBKRKRE MR B IRE BB ER . 7R a2
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FURMATHE T, BT Ayl 35 28 B S0 0 R LA — KRR R UF . it DA B3 8 v i 45 AR K A T
W B K, LI AR HE B 2H A 5 46 2% FIE ok SE I, AT R W] LAk B8 1T

AR Tl 7K 26 52 ek 7 FE AN Tl agE K S A 3 g e v] DLSEAT AN BB 10 2800 2 B w4
T, WIS, RIS 4 D& /K K (Residue VMD, RVMD), L4 5.

Table 5. Attenuation years and remaining industrial permeability of three membrane tanks under different attenuation per-
centages

5. PRIFAE BT = MR AR E R & TlliEk =R

1nfEh 24Eh 3#ffEh
FIE N N -
TEI AR RVMD TS RVMD TR RVMD
35% 8.03 11.692 8.54 11.526 7.71 11.947
40% 9.17 10.793 9.76 10.64 8.81 11.03
45% 10.32 9.893 10.98 9.753 9.91 10.11

RVMD [ 44 2 A 1000 m? 4 K AF 07 I % (kPa) B I KA R (m?).
5. &5

KRB AR5, K78 BIRS B A K 1 AY0-MBR R4iM 2011 4 10 A 1 HE
2021 4E 10 H 31 H, EEREIE 121 K, 3520 KK HEE AT AH .

eI CH @ KR 12 3, RSN H TIEKEE, SRR S, 323k
Ja R HER B RH ToB KR RE 155 145 2474 K, 285k 2725 K, 3#fbith 2652 K.

IS [R5 5 PP FE B A 25 AN 280 H Dbk &K — Mt ST, RS ERF I E M
B 22 o KB A B 1) T S R T M AR P E R T HES, FFERIA1S T IE K SO R . 1% BT
TR R WIS B ) Tl 7K 26 o 1% B2k U7 FR 1 7R 20 RO Tz 7K 28 02 Bl A5 4 AR B U] ) A2 K
AT ZE Yk o 7 00 (B T R S IR RN

PR A AN B (1) TV K R AT RE o] LARA 8 i Bt i) TV I K R R CR , 1#E I 4.36%/4F,
2#fiEh 4.10%/4F, 3#I 4.54%/4 .
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