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B OE: LRGSR RAATAIRIENEA 410" m'/d, £ FRF2 x10" m'/d ¥
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#HARAE) (DB 33/2169—2018) W ILA 5K ) 47, AFxFatRKd Tk E K B 60% |5 3 ik i
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A Design Case of Upgrading and Expansion Project to Meet the Quasi-[V Class

Standard in a WWTP with Industrial Wastewater as Its Major Influent
XU Xiao-ming', LIU Yu-xin', YAN Ping', WANG Fa-zhen', ZHANG Hui’
(1. Technology Center, Beijing Enterprises Water Group Limited, Beijing 100102, China; 2. Shanghai
Municipal Engineering Design Institute < Group > Co. Ltd., Shanghai 200092, China)
Abstract: The total scale of upgrading and expansion project in a wastewater plant in Zhejiang is
4 x10* m*/d, including upgrading project of 2 x 10" m*/d and expansion project of 2 x 10* m*/d. The
wastewaler treatment plant originally adopted anaerobic hydrolysis + MSBR + flocculation sedimentation
tank + V-type filter treatment process, the effluent carries out the first class A discharge standard. The
upgrading and expansion project requires the effluent quality to meet the existing wastewater treatment
plant standard in Zhejiang Province local standard Discharge Standard of Major Water Pollutants for
Municipal Wastewater Treatment Plant ( DB 33/2169 —2018). According to the characteristics of 60%
industrial wastewater in influent, large fluctuation of pollutant concentration and refractory organic matter,
the process of regulating tank + hydrolysis acidification tank + two-stage A/O + Fenton + high efficiency
sedimentation tank + V-type filter was adopted in the expansion project. The Fenton process was added,
and MSBR was transformed into A/A/O tank, flocculation sedimentation tank was reformed in upgrading
project. The actual operation effect was good, and the effluent quality reached the design goal
completely, and the direct operating cost was 1.42 yuan/m’.
Key words: printing and dyeing wastewater; upgrading and reconstruction project; two-stage

A/0O process; Fenton; advanced treatment
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WHTLE 5K e i 2004 47, 4 2k e, 3R
BB Hy 2 x 10* m’/d, F2 B4 FRZAR AL 16 15 7K S 4
Tk B X R . 15 KRR KA + MSBR + 223
Uy + V RS AbHE T2, H KK B T Ol i
IKALIR) 15 YL HERBCRR #E) (GB 18918—2002) 1 —
P A BRifE V5 VR FHE M 4s + 2 2UBKHL T LAk
LB e K E <80% .

15K K AR TE TS K EL 200l 40% , Tl %
K B 60% , Tl Bl 3 Ak LA ER B4l 3 iR A
BRI T A s Al 55 L B Y K R 2 5 T
K B ) 75% o 2018 4 d K H HE K 5 298
2.4 x10* m’/d, {5 K48 WA E BB R, 15 7K B i ke
PE— K AR I H AT AT PR ST AR, AT H
FEFRIUAE S 2 x 10° m’/d, [F) B3R 5 4 2 x 10
m’/df 75 K AL Bt . BRAR KA HE TR K AT
WA s HE OO R TS /K AL B 32 K 35 e W HE
JChRUE) (DB 33/2169—2018 ) LA V57K ) H5if
2 ARy EIREGE
2.1 @ HAKKRSH

K RBETE | AKOK T RS2 BRaE Kok
JRAE 1, BEI57K) 95% MER kKK 55 -2 1k 7k
IR 22K, W% 7K 32 Tl Al HE V5 52 i)
R, G UATE TG KN BTG KA W 225,
K COD /R #Ax , 1 EL b R K FEAR L HETS B 2
T AL TR B, L A AL 22 Sk s A e i A AL
Py, 7K COD 28 ANIAFRIESE T3k — 8. J34h,
AR BT B L

F1 BT ERTREEREE kKR

Original design and actual influent and effluent

Tab. 1

quality of the WWTP mg - L7

W H COD |BOD; | SS [NH; —N|TN | TP
BRI K 500 | 220 | 200 | 35 |—| 3
B TE K 50 10 10 | 5(8) |15 (0.5
SRR 95% WEZEHEK | 661.5(226.2(303.6 | 27.1 B9.4{7.8
SEPREHHEK [390.1(140.4(174.3| 18.6 23.2/3.8
S2PR 95% MR H 7Kk |63.86 | 9.6 | 10 1.7 [14.9[1.48
LR K |47.43] 6 | 6.6 | 0.8 [9.2D0.35

A% TAR BT 7K K 5T PASE Rtk 7K 95 % HE ek
A B B, R34 B A i o UK COD 4
MRS /K HE AR B /K TR FbRiE) (GB/T 31962—
2015) Ht 500 mg/Lo H /KK BRAAATHNTAS Hu 7 b
CORBLTE A B F2 2K T5 G HE kR #E) (DB 33/

2169—2018) HLAT V5K iife, MR AR 2,
R2 RFRY BRI HAKKER

Tab.2  Design influent and effluent quality of upgrading and

expansion project mg - L™

Wi H | cop|BOD,| ss [NH,-N| TN TP
itk | 500 | 240 | 300 35 45 6.5
ik | 40 | 10 | 10 | 2(4) |12(15) | 0.3

AT H 7K 5 A MERE AR A DL, B KR
HERER, COD 1) 2B 2 AT H M & K R 2
SR, T BRI B K R e, T
SRALAE PIBRBE , Dl BRI 24 50 A B
2.2 BUEBREREBEAAER

15 KK HRFR A A Tl R K, EHLAER e I
KA, A KRR + MSBR + Z2EEDIVE M + V
RUGE AL BE T 25 B = B0 P . AR U X 2E K A
SE A TE K A A BACR , RlEF S e AT E
20 A ET R PR AL B T

ORIV TR

PUA A AR S 7K 5 5 | A A S e S DA i
SR BT PRVt , %R 7K v Tl K i g R K
JEROK R B K SR B = A X o AR TR A
W, AT A A KT KR, R AR LB IE T,
F AL BA K DU b, AL B BN P BRI .

A HERL TR 1h B 58 43 2 , A S il ™ 1, Ak
FREUFARE . KPR A G S50, 2
X B o PRIIL, A TREVEBRBR PRI 4T il
THEAT U A E AR T2,

@ AAfbabFEEIT

T A TG K BRI AE AR, R K i R
fER VLY, A TR T KRRk - i 8 A P Ak ¥
T2 IKARER AT LA 43 S i SEOR ) A= P RSk A
PETSIRE S o Fh T2 OB B0 7K A I A 7E K 2]
i FH i BORL2 5 25 B BIR , TR UK i R AL b A7 7K
fLop 3 %€ T5 Ve HEBOR A S5 , A UG 1158 AR A B2
IR + K RDTTE I

AT H T B A B LB T RO AuE
AT ZE OB, 1517 9 S LK COD B b 45
il 52 A% s At O =, 38 155 10 7 7 2B Akt 58 OB
AW, BT KB RE SR &, LR %)
A/O PEREAATZ, st BA M EBr. 7 oh—
H] MSBR 3l X ICHBUTRR T R 175 1, &6 4315 IR
A5 K — & 1 MSBR i, 5 2801 KB
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BT XAz A5 1, AS YORE MSBR St Py B L T O
DX BAE A TV T , I8 Dy fig 43 DX O 18 i A6 v [l
B, K BLA MSBR i A/A/0 + YTt ¥oT,

@ HWEARIT

MU FiT MSBR 3 i 7K %5 i 1 COD KA 4EF7 78
60 mg/L 7247, i COD Fo & ik b, 200K i 41
AL T2 il & B, fE K% i Pk COD Jfy 64
mg/ L B, SR F R 06 1) B AR b b i 1 4800
FLAR 40 mg/L, e P[] 1 h B, 7K COD Sy 33.9
mg/L, TEH K f#EE COD 2 60.7 mg/L, R &4
JTAETT 2wl A 1) Z5 0 it A PR A ialhe B, B it 2
WK 197 mg/L, # M AE K 64 mg/L [F 5514 F, H
7K COD RILLiAZ| 22. 6 mg/L,

S it — B HOR & TEX L E I : RAA XA LY
A Ve BRI A R, 45 2 Al it i K
AL, RAEALTCEARIE COD B g ik b, 1217 2
EH4BE COD 1y b T 2l b T TSR AR T2 XA AL
Y AR R BERE I, S5OR R AT AH Y i K TS Yk
FEARARESS , V57K AN 28 iy G AR AL, 7K RT3k bR, T 9
P T2 — B A%is  [G TS R 4, e J5 kia

11, AGE HF B30 B 5 25400 T 255 o S A5 2R B
PR IG K HA HLY, X ED Y R K Ab B AR R
G PR AR YA TR R 2R A AL R AE
RETZ.

TR BE A FRIR T B — A5 A B IE /K 1 B R ) A
SV AR HER T R TTE T + V B E T T2
(i) — M 2R BTV b 5 2 AT i3, fofT L AR 6% i
ISTRUTIE BT K o S50 SR UTE i |V Y 8 i 3
WEBEAE, TR EETT,

@ BT K e AR A

H ) XA i Sk, AR AR R I DA A REL A A
Kt TKAE s A0 A S e T IO L, I R Sy
4 x10* m*/d AT AL FR Bt . - I A, 15K
MPERE M EA) I, HER AT X AR AL, s
T L2 WBRAE] XN YR 2 AR LR IR A &
EFEJT I, ) R AR T, S R K I S A
b JE B — 5 B o
3 VHARMFILAA
3.1 ZHAyEIRIZ&IT

TP AR TETZRAENE T iR,

FeS0,.H,S0,.H,0,

sk l L iR M;z:cwq
” a1 1 [ =[] 1] 1]
i i A P O P B = I P |
. Vi 7] : 5 & m
R M R
i ] B ) e e T T et e e
A o R L A 7B A B T R - -4 I AR
= it wlo el |k it ol I T ol I A
B i 1k 2s
i i
e e - I I N

T5 YR INE b B 75 VE WK L3 || 75 T I | 75 VR R 0

&1
Fig. 1
AP A AR o S5k, 199 i K R AL 3 L K
FRDTVEND . g A/ 3t AEALUTTE LA 2 v ) 4 7t
5 55 R AOTUE M s VORI R
gy a4
@© KRS S K
A TTARYRER S5 A HLRS i B2 K 22 s, IRt 1
JERE Ay 4 x 10* m*/d B 5H), RSF o 11,2 m x
9.24 m x9.22 m R HPUHME T SR HTEKE
DEAEGHL4$),0=78 m’/h,H =145 kPa,
N =45 kW,

FEIRBIZHRE

Process flow chart of expansion project

@ ksl K i

PRI A A AR A et DU, BT 1 AR 4
A S B S DT, BUBE 4 x 10° m’/d, BT i 45
FA I [E] 2 8 min

CUS T ReRil)

AV 13, BB 4 x10% m’/d, 432 4,
IKIER ] 12 h M SP RS0 52.5 m x 24
m x 8.5 mo T BATHERAY W5 K RIR G
PRI, HOKEE ) B i AK A, P45 g
FE, o n] L o 7K 2 £ 1 R A K A R A i L Y
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@  KFEER A

AR N 2 x 10* m’/d, 7Kk Sy 45 B It oy 24
h, 25U faf R 0.5 kgCOD/ (m’ - d) #9504 R~ Ry
52.5 mx24 m x8.5 m, KRR R FAEERS
X, BTG IRy 6 ~8 o/ L, {5 ek B /K it
e, ISR ER R 33% ~100% .

& KU

I 2 x 10° m/d BRI UTHE M 1 )3, 43 3
% MR G4 0.97 m*/ (m? - h) A EOKIE R
4.5 m, ZRAEEBEERATPRII G,N=7.5
kW,

© A0 A4kt

IR 2 x 10° m/d MU BET AR Ak 1 e 2 41,45
SOKEE K 8 m, SR 36.5 mx69.5 mx8.8
m AR K T 45 B B ] 24 b e PR ARG 1
h AR 6 h B4R 14 b T BB 2 h AR AR
1 h, 55 Z B X AT AR B B ik 7 B i ik,
P WEARRCE , A mT LS/ P [l 3t v v B v i 45 A
it S5 9 5 0. 06 kgBOD,/ (kgMLSS - d) , iR
BN A 300% , 15 U B R 100% , 15 8 ¥R
JEh 4 ¢/L, Bileith 22.3 do BRAA RA X L%
Ehipidy 14 6,V =5.5 kW; KHmsE 4 53
145),0=833 m’/h,H=10 kPa,N =7.5 kW; #5{
LIRS AR 3 m’/ (h + ) ,2 000 4,

@  HARUTTEH

PR UM 1 A, MR 2 x 10* m*/d, 433
i WM R G A 1.29 m*/ (m? - h) G EOKIE R
4.5 m, MR TR 36.5 mx25 mx4.0 m, %3k
e 4 B R EIENL 3 & ,N=7.5 kW,

4T

HBE AL 2 x 10° m*/d, Bl AT HE 3 6(2
H14),0=416 m’/h,H =150 kPa,N =30 kW,

©@  JFti

R Y BT K e X R AR A LA, AR TR
IR 1 B 2 x 10% m’/d . T EALHE N I
20,0 x H=3.85 mx12.9 m, {58 Hf[E A 20.9
min; T2 [E] 1A, & A BEUKBIN R G, Wit
310 mg/L (A RS 27. 5% ) 5 & AL 7 4%
ERSGe, Bty 120 mg/LOARGE # 90% ) ;
R RN R g8, Bt oA 171 mg/L( AR
T 90% ) s TR BN AR G, B4 700 mg/L

(B RCAHRE20% ) 5 A 2 88, 37 AN 80 m® x
2, EMERE Dy 11,5 ming A0 2 )8, A RS BRC
80 m*® x 2, B {5 B AN 11.5 min, FffJE % &4
Fenton P[4 8 (4 4 45),0 =300 m’/h, H =
180 kPa,N =22.0 kW,

TEE B NINABLER UK R R A% TR 5 34
S 0a IIRFRH#E AN RS o SO & N ) pH (B2 i 7E
3.3 ~ 3.8, L5 R I 15 /K N BT R 3
A JGEER AN, F5r HoK R S KRGS, 1
UGS N, 4EFE SO RS NI BT .
BN EATAE & B R4S i (FeOOH) 5 Fe 4
A DA SRR SN o 5K AE HR R 5 AR 2R
A SO, 5 il T R K S . FE R IR
N, 15 K B BR T R AE K R AR, R T R 2T TE
T2,

0 [REITIE

B AL UTTE N 1 R 2 41, MR N 2 x 10°
m’/d, BRHERLUTIE M BEIR At 1 %, HRT 4y 1. 8
min; ZEEVIIEM 1 5, HRT 2 14. 5 min; JUHEM 1
PE SR SF S 10 m x 8.5 m, B M faf i 5.6
m’/(m® « h), EEREEEAE KRR, T % %
RS EIEHL 1 &, N =0. 55 kW ; [F] i 4 4 Fic &
HRERE L &, FREREL G,

@ Vv A g

AL 2 x 10* m’/d, SR SR 21, 8 m x
19.79 m, 3 4 & , I IHIEH A 7. 8 m/h, S A
10.4 m/h, JER 1 mm 543 JERPAE UKL, J5
1.5 m, JopPeR AP SOKIBCE R ok, 945
B AR R PE, S 12 min, SRR 24 b SBEaR
JER 1T L/ (s m?)  BHE 3 min; SUK RIS S BRI
4 min, TYEHRE K 17 L/(s - m*), FKYESRE N 3
L/ (s - m?) s KUEHRIE R 6 L/ (s » m*) JBHK 5 min;
FHHVERE N 6 m*/(h - m®),

B L 1R A ] 5 i K AR I e, oF- i R 16 65
m x19.79 m; AL RFKH3 G2 H 1 55),0 =
20.1 m’/min,H =0.08 MPa,N =30 kW ; lipX 25,0058
34602 H14),0=354 m’°/h,H =70 kPa,P =11
kW,

@ S 2

WU 2 x 10* m’/d, K]k 21.25 m x
9.7mx5.5 m, RKHE R 5 m, lE{H HRT 4 30

min,
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T2 [ g F o fl it by, A IRGE R
BB M2 R4 1 £, I8 10 mg/L; PAC fif
fERMZI RS 1 &, WiHnZyE A 30 mg/L; PAM i
BUSPEE 1 E TNy HR 2 mg/L,

(BIRCH A7 & ik

B HRAE 1, AR R 15 m, A UK B
K4S m LRGSR ANL L &,V =3 kW,

@ 5B KHLE

FEG UKL 1, BN 4 x 10* m’/d,
Weds J5 5 IR AE TS Je R Bl 28 25 R 215, i A TR
TR IEHLH MK 25 7K <60% , oy 8 5E i 15 AL
ik B VSR, ANE AT I LA B

PR AL 1 3 A%, AR RS 5 m x5 m,
BOKHEHR 4 m, EAg i BEAEL PGS 1 6,V =22
kW V5 KHLE R4 30 m x 15 m x 14,5 m,
J 2 T A 2 6 W B AL, o 8 1w AL
450 m*, BRI FEAMEE S1<1.2 MPa,N =23.75 kW; —
BEEEEERG B, SRR 1A,V =5m JE
MAKFE2EHE(HLI4),0=0~12m’/h,H=2.1
MPa,N =15 kW; it R 40 1 &, & o KH 14>,
V=10 m’, WK ZE 2 (1 1 %),0 =0 ~20

m’/h,H=4 MPa,N =18.5 kW; Z:#IME% 1 &,
FRRAERE 1 £,V =20 m’ BRI 2 A (1 AL
#),0=0~1500 L/h,H =300 kPa,N =0.75 kW,
BEAKBILE BB YT 1A, T2 it BHEE  a3E %
JEHEAFEE 2 4,0 =0 ~30 m/h,H=1.8 MPa,N =30
kW, @ JEBAFE 2 6,0 =30 ~ 125 m/h,H =0. 8
MPa,N =37 kW, [flJgi&#&EA A KRG, &
AORRERE 1 A 3B 20 m* N =3.0 kW, iZig
kML B

® AL

AR 2 x10* m*/d, R~ 9 m x7.24
mx6.3 m;ZREIFE M2 4,0 =58 m/min,
H=88.2 kPa,N =100 kW, H 5%,

0 FRERL

TERTAED bR R 2 2, 1 B 1 T A AL 3 i
QLB S SO R BR AR KR UTTE . 9% A/O Hfk
W PRIE X 1M, A PR AR 8 000 m*/h; 55 1 B
TSR Ak B Y5 8 e 40 T K DX 35 i AR, b B
22000 m’/h, PIERESRHEDERR
3.2 RIFIEIZEIT

Pebr TR T2 an &l 2 fs .

FeSO,,H.S04.H,0,

Iﬁi &mx w\iﬂafm
- En ] C C C C ] Co Co ]
W[t S
\ Y TNY SRR -{ N - BT (IR
ke w0l G lm| m h R Rk
U R T SR A 1 S R S TR
x i o Ee e A
B8 . . L C |
L _l_' ._[‘ - L

1

15V INE b B ~——35 Ve K L3 |=——] 15 e I 20 s | 75 8 Wk i 0

C 1y

2 RRIBIZRE
Fig.2  Process flow chart of upgrading project

@ MSBR jt i i

J5A7 MSBR b 2 J8 , SRR MIAS R 1 x 10" m’/d,
WRBEA 1 DB X (HRT =1.56 h) |1 PMEE
[X(2.16 h) .1 PMF4IX (3. 18 h) |1 ELARIX (1. 56
h) 2 N4 IX(3.87 hx2) .2 1~ SBR X (4.8 h x
2) . $RFRTFEK MSBR Bl g A/A/0 3,

F MSBR i 7K 45 el iy N — v #E A MSBR. 3,
MSBR i B # X (L x B =35 mx 12 m) %32 &
2 PRI B2 A9 35 8 81 3 3, T X A e {1 26 T 172

fiikl.4 m’/(m® - h),

HOHT B N A5 ] HRT g BRARGH 1.5 h (4R
X 6.9 h 4F4A X 12. 6 h; FRER A IF I FES:  7EIR
AR, R AR I LT SR FE AR s S BRI A
S DI R K PR I S R 1 I e S A W 1 I
300%

@ FEITE M HNGE

ZRBETUE M 0 202 He I A RS o R,
BARZOR 598 TR SR TTE 2 ol
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4 BATRCRBRA
15K 1Rb5 AT 2018 4 9 H—2019 4E 8 A
SHisEHe 2019 45 9 H—12 A PG ia 1T, ikis 1T

WA KB IR 3. R 3 A B T L, O
KR B, AT DLk BB ARE , BGa AT
1.42 55/m’,

x3 RIFBUEFHISERREE | KK R

Tab.3  Actual influent and effluent quality of upgrading project

COD/ BOD,/ SS/ NH, - N/ TN/ TP/ o g/
m H =i -1 =i -1 -1 -1 pH 8 2

(mg-L7") | (mg-L7") | (mg-L7") [ (mg-L7") | (mg-L™") | (mg-L7") i

I K 537.00 213.00 204. 00 20. 80 30. 80 11.40 7.63 128

95% HEF it K 532.45 201.42 192. 68 20.70 30.52 11.39 7.63 128
g3tk K 343.77 161.67 168. 00 14.74 24.50 9.45 7.30 103

e 7k 34.10 3.10 5.00 2.08 9.86 0.17 7.12 4

95% MEHR K 32.01 3.10 4.80 2.04 9.44 0.17 7.11 2
3k 28.82 2.90 3.71 1.09 6.84 0.07 6.87 2

5 #Z# Liang Ting, Lu Dongping, Jiang Lanlan. Design of

WHLHETG K ) bR S i TR DAl 4 x
10° m’/d, o845 2 x 10° m’/d F @ 2 x 10* m’/d.,
P TR + KR + —H A/0 A
L + SR+ S AUTE L + V RIS + YR SRR AN
BEALT T2 245 TR 4% MSBR 2t iy A/A/0
L, FEHG I T SRR BE AL PR T2 oo 58 O 28 i
IBAT, KK BT 8 55 0 3K B Wi V48 5 b v (O
BRYGK AR BE T 3 K TS e W HE bR ) (DB 33/
2169—2018) , A3 H 1) S it Ay 2F 7K & B YL I K T
A s L K AR R I H L T 22 [R]EH1
T HEAPR TS G Py i, RHE S by 28 5 1 AT
LR SRS SR T I HEE L,
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