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Design of Quasi Class IV Discharge Standard Upgrading and Expansion Project
in Qingdao Licunhe Wastewater Treatment Plant
LIU Hao', ZANG Hai-long', GENG An-feng’, YANG Rui’, MENG Tao’,
ZHANG De-yue’
(1. Qingdao Water Group Co. Ltd., Qingdao 266002, China; 2. North China Municipal
Engineering Design & Research Institute Co. Ltd., Tianjin 300381, China)

Abstract: The original design scale of Qingdao Licunhe wastewater treatment plant is 25x10* m*/d.
To meet the requirements of pollutant reduction and ecological water supplement in Licun River basin,
the scale of phase IV project has to expand to 30x10* m’/d, and the discharge standard should be raised
from first level A discharge standard to class IV surface water standard (except for total nitrogen no more
than 15 mg/L). The upgrading and expansion project adopted the construction scheme of capacity
reduction, wastewater diversion and capacity expansion of the original plant. The modified process
consisting of Bardenpho and MBR was adopted in the expansion project. A high-speed air floatation
process was added for treating the effluent from the original plant, and it was oxidized by ozone and
disinfected together with the effluent from the MBR before discharge. In addition, the construction method
of semi-underground full coverage was adopted in the new plant to reduce the “not in my backyard”
conflict. Since the completion and operation of the project, the effluent indexes were better than the
design indexes under the condition of large influent shock load. In the meantime, the project provided the
maximum 20X10* m*/d of ecological water supplement for the upstream of Licun River, which achieved
good ecological and social benefits.
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Tab.l Design influent and effluent quality
mg- L'
iH | BOD, | COD | SS | NH-N | TN TP
K 430 900 750 58 80 13
HIPIN 6 30 10 | 1.5(2) | 15 0.3
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Fig.1 Design scheme of the upgrading and expansion
project of Licanhe WWTP
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Fig.2 Process flow chart of the upgrading and expansion

project of Licunhe WWTP
3.2 EFEMCE) FWR
3.2.1 ¥aHs

O b P (HUEL 10x10* m*/d)

i Ab P [ 4 20 fb A T =N, P 1 R 24
mx81 m, AL 75 ACHLAS A 0] AL ik 2K 2 B L S3D X,
o3k T S AT b A 240 A A

FELRS MR FH Il COMLAR A 2 5 (2 FD , Mt SR TR
20 mm, B %5 1 700 mm, M FTAKIE 1. 7 m, ¥R =
2708 m*/h. EKFRAEKELE4GCH 1),
H2 &R AR, 68 W 1 806 m¥h, #12
130 kPa. 4HA%HME3 &5 (2 FH 145 ) , 198 FH P sk 37 T A
MW, 3 FE 1300 mm , #FARTEIBE 5 mm , AR FC S s
FEMERL2 5 (1L 1 45) o 7E 4IRS MY Fi IS 35154 1)
T TUETE WSS TRIEE 5 mm, B3 2 708 m¥/h.

S3D BRI PR AP U VE M 3L 1% 4 )38, P iR
19. 4 mx24. 5 m, I 1 354 m/h, BHE R
gy 18 m¥/(m?+h) , lL £ 6 5 B XKML (4 FH2 %),
51 J1°8 4 mYmin, F+ R 30 kPas [ B e 25 HE
R OHERD SR HEVEZE Sl BRI ROGE 2 DK o) B A
S B I it

it 4 RE AR AR FH PR D U Al R A L 4 5 4 L 2R
$5 1 300 mm, WIRTZK I 2. 5 m, MFSSIAIEE 1 mm.

@ AW R 10x10° mY/d)

A 18 43Ok 2 L SR FH AR R AR O X
SR SE 1127 mx100 m, A BOKE 7.5 m, A R
K75 760 m®, A5 B B 1] 18, 2 h, Ho R 4R/ SR/ 4
SIS Y AU BRI TE) 43 551 R 1. 5/6..0/7. 7/2. 5/0. 5

h, & it g # 18 d, 75 Y& 1 far 0.074 kgBOD/
(kgMLSS-d) , MLSS 4 6 500~7 200 mg/L, fi5 it % 4
AT P13 EE 400% |, Sl 20 1m0 3 LY A 4 R L 43 5]
}200% 400% , Fo b 7E R4 X il 480 X i A S 5T
PR  PRIEE Y R G IR A AR, 4 X Sy
R 4N JRRIE SR FERG v S O =X o R KRR
142 000 m’/h, AN A it e A A S e B X
36 300, LB & S m¥/(h-m) , 755 B I/
DX [R) B 3 A T R S, T AR A it H 7KK
FE S, T JE b A slUs B R A A

XML 1, T A SR X I B,
TR 24 mx13. 5 m, WYL ERML4A 7 (3 H 1
£, A AL Z 355 kW HES & 13 500 m/h
[1JXUE 85 kPa.

@ B4 FEA] (HLBL 10x10° m?/d)

EEAL B A] 1 A8 -1 RS 34 mx112. 7 m, JE 1
VAR 2 4, He i 28 AN B JERAE , RIS 1T, 244
AR T PN BE 2R 0, BRAS JER I 7 2H AR L 3T 168 1
S22, 100 A8 4 AN JERIE M & 2S00 AT 5ok 3R
T i 2 vh 23 2R 4R RS T B AL AE 0. 1 pum 384 TR
FEKE BT 7 min, 5 1 min, 1T B = 15.5
L/(m?+h) , Bt 75 P8 e B 10 o/L. 76 Bt 5 A= 9
BEA 9 4, A ] L 400% , 5 W 3 K 55~110
m?*/(min-m?), 5K 10: 1,

FEE 2H 47 o S XU At 25 SR AT R 22 g R 9 Ik
7, LRI E TR, XS5 @H 1
), A BEALEIER 160 kW, B4 5510 500 m¥/h,
Bl 1k YRS - 35— JE 2 — A~ A X R 22 95T — Ik
PRIE TR Ve B Ve W TE L CIPIE Uk B 4B Uk
TR 2R AR AR -

@  JmZga R 10x10° mY/d)

Jnggra) 1A S RS 13,5 mx24. 6 m, ik =
AL LRI R 5

R 24 7 W A = SRR, R F R AT S
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HEAE, fEAY M A XA K 0 2 82,
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A AR SR DL i o AT Yo vkl i AR
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o RSP 4 8 B AR O TR ST 24 1504 mx
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BEX 3 BIHIN 2577 PAC 1 PAM , I3 i VR BE X R 4R
BEIX B K I BEFEAVE R K AR b i B ) R AR AR —
EIE BLALAE , 7 I UK, 78 2205 B BOE A9 L 46
23 B A E SO b, g S B KT, T8 U Y TR
B2 K HEE RS

@  BERAZE (B 3010 mY/d)

B R A 25 18] B AR 0 TR 30101 mP/d .
B Rk A A A 46 B4k A A 1B % () L FL AR ]
I FETC H ] 3 3R B] 25 IR AL %6, T RS 23. 6
mx26. 6 m,

BRI 10 mg/Lo R AWSECH SR, ik 5
B RA LAY, 6 B8 25 ke/h, BT 148
g/m?®, #5 1 <—65 °C,

RERE/RKEANLEARH ARG , KE 26
P gt . KEBNEE6 SIEMEHKE, G
(=40 m*h, H=200 kPa,P=4. 0 kW

LA T AR R At 22 K O R, T
DA3E 2o 556 15 K b 4 SR B A T RS
KAARZWE 24 40 mM A HE , ATAEAF 3~7 d R
A, WA RHAMGEA, &R KT
S N AP TR SE 10 mx10 mo

@ g GRAL 3010 m’/d)

IR IR 5 v AT A ISR AR SR AN
EHE AL AR ), Bl 2 GHIZEH B
FEF A 50 m¥/h, #7100 kPa, FRIEIFRE 3G, H
BB T i 500 L/, 4578 350 kPa.

@  BLAE A (30x10* m¥/d)

S HE ot 188 (43 34% ), = G o X 1) R4
B R RN 50% . 25% 25% ., A INHEE N
10 mg/L, $% i S 3 5} 6] 49 min, A ROKIES. 1 m.

fipkohy T LA IR 1 HECRI A S s S oh i )8
SRR R AR AR T 100 we/m®, 7EREAE 122 fil it
ToUb 1 i 1A R e W i, LA i 1k 422 ikl P+ 20
R B IE

® il K [\ K 50k (3010 m¥/d)

JIER A fiiths 1 8% , 4 fit B 1R) 30 min.  [91 FH/K 3R
v SRS R EHKEOEIGQHALE),
JKEE i 160 m/h, 774 340 kPa.,

© TR HEREE

P2 T8 5 b B LR 20x10° m¥/d, 3T R
11 000 m’/h, $& T+ 5 R F W K i 22, 24 5 (3 1
%), 8% 0=3 650 m’/h, H=50 kPa., HEWZE vt
FLRE 30x10* m*/d, i i 16 250 m¥/h, HERCE R H
KRR, LS5 E@H 1), A% 0=4 100 m’/h,
H=50 kPa,

@  HraEHe

157K ) R K HERCE 15 3 4R DN 200 14 1A,
TE I AV TE 5 PR HEZK B S HE AN AR A
O TF It i AREHETS 171 A4 38 1) K2 25 1 37 ek
IR LR A 1R BT 58 T HA) , 8 28 28 ) 3T o] 3 44 3
W] LA, HE il 3 SR FH—AR DN2 000 404, HEA Z= A4
VAT A g [l S AL E F AR K L, o L
FEHE20%10* m¥/d (A 54K
3.2.3 SRAHERS

ORIy -3 V&

SRFF KRR, 15 B RIS Ve A A v, ik 2
JE, B 20 m, BIHWR RN A . E R RS
BOEHERE 5, Wi 2 55 R A, L4 Q=120 m'/h,
W e 4 2 T I 1T e HE 2 K AL D At e i

@ WAKHL

R AAIL D A, T8 4% T 11 28 vk 4 i 0 A B R v
bl ILBEE 3 A A A AL EE R 150 m'/h, WAL
(R 45 15 U8 7 K B R 97 % , T AT 8 IR 5 )
TUT5 IR A I 25 V8 B, 8 B 1 5 e i e R TS U
PRI 2 26 A B 6 e e AILUEA T e B i K, K e
B R T T8 5 K RN T 60%

LB 4 G ARAEF KL, B 5 AL AR J) oy 12
tDS/d, BEE WK HLXT R 3% B S KRR R4 4 &,
o EHE R R I 5 30 m/h A2 1. 2 MPa, KR e %
Wi 80 m¥/h 0. 4 MPa. MUHE H VR S5 H B2 A HL
136 WERE N REAR <5 em 1975 VR UKL G 367K 4is
A& S5 IRSMNE AT 1
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4.1 BITHR FH 2 2 HR A BCE TT DL 9% TR S K OK SRR e A

I H PB4, 202045 3 H—20214E3 H 11
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F2 EBREEHKKER

Tab.2 Actual influent and effluent quality mg- L™

5 H BOD, COD SS NH,-N TN TP
BEAK | MK | HEK | K | HEK |tk | #EK | K | K | oK | K | K
202043 A 389 | 291 818 | 20.10 891 | 5.39 | 30.15 | 0.81 | 54.87 | 10.10 | 10.95 | 0.09
20204E4 H 375 | 291 567 | 22.67 590 | 7.42 | 2539 | 043 | 67.95 | 1091 | 1028 | 0.12
20204£5 A 235 | 3.03 809 | 23.00 | 1079 | 7.00 | 2435 | 0.61 | 63.96 956 | 37.78 | 0.14
202046 H 386 | 323 | 1266 | 1891 | 1308 | 7.50 | 24.41 | 044 | 57.36 8.58 | 11.28 | 0.14
20204E7 H 279 | 330 | 1099 | 17.95 | 1200 | 530 | 18.01 | 049 | 6599 978 | 21.31 | 0.19
202048 H 270 | 1.93 445 | 15.42 513 | 3.95 | 14.14 | 036 | 53.14 | 7.56 | 10.19 | 0.14
202049 H 216 | 1.89 647 | 1547 748 | 3.42 | 1830 | 032 | 51.12 8.96 | 1466 | 0.14
20204£ 10 A 362 | 1.71 666 | 16.82 432 | 5.07 | 25.10 | 0.51 | 57.15 | 1331 | 13.66 | 0.19
20204 11 A 227 | 1.92 731 | 16.59 718 | 5.87 | 34.00 | 0.28 | 78.79 7.95 | 1524 | 0.10
20204F 12 A 366 | 2.61 804 | 16.00 750 | 5.45 | 41.50 | 0.49 | 92.90 8.19 | 21.45 | 0.18
202141 H 330 | 2.97 712 | 15.60 593 | 642 | 3545 | 037 | 6845 | 1022 | 11.58 | 0.16
20214E2 A 295 | 271 628 | 16.53 429 | 654 | 3639 | 0.48 | 60.03 9.60 | 9.73 | 0.12
202143 A 245 | 2.62 546 | 17.96 446 | 5.61 | 38.74 | 0.67 | 61.11 9.38 791 | 0.10
SEHME 306 | 2.60 749 | 17.92 746 | 5776 | 28.15 | 048 | 64.06 9.55 | 15.08 | 0.14

BT K BR{E 6 30 10 1.5(2) 15 0.3

. BOD,.COD.SS.NH,-N TN TP £33 514 99.15% .97.61% .99.23% .98.29% .85.10% .99.08%
4.2 &EitEFES b, 7 HL B e T 4 2235 e Wk B o vy B kA M e R

TE AR R SR A IE O T, S A kol TR T
HHTHN— = S TR SSAS S AR Rk ik
JEE 58 v A R D B i A B KSR X A5 TS
Y HE RS bR i AR L 8 b B T2 AR IE S 7KK BT
KR o IR AT

O KAEG RS UUR M PIT0H A I N
EEBRED B HEVE D) A — A Y 1 e 2 D e g
SBRIMBRADUUTE I, BAHE DITE RS 217 g il ik 18
m/h, KBS T 200 S A5 UL o 38 2 il HE Y s 1]
P28k K BRE =y SO Ui HE e 1 T
PR o SEBR XTI G 28 2 B 2R 5 A 70%~80% , SS £
B4R ] 3k 50% LA |, 200 wm DL DR 25 BR AT 5k
80% , #fm 1 TAbHE ST AN FRALCR R e ek AL 2R
GuisE T A

@ R EBETE K IR A R A R ER R
FHE N 2 r = T KB B T AR R
e, b PP R BE AR 24, L (R AR Se BET AK Ab BE )
WML 36% LA Lo db I & ZR IR AR, 2 1R A
AN 25 (3217 7 =X T 4ERF KR, MBR T 2080 f%
48 1200 00, i i VEORE FEAMUARIIE T 17K SS ik

G, M o] 7 2 e S D [ R A 4, D AR AR B
T REFEREA: ok

@) 7 5 SUHE il v 14 K AL B2 8 COD S
TEL AR, T 5 RSN R G sl , LU R
COD B2k, S B S ARG BN ; [ , 22 i i
PRI WA R R R IR, PRIEAS 7 A kS
G o ELFI PR A% 00 88 e S0 K AR R AT B US4, T
TE KV R A 10 mg/LL, FT A ROR SR K AR K R &
SR IA] A

@ R4S U R B A O 1 TR
P 3K P A I R R A R R A PRAIE T A
KRR o

& TG VRMEK 7 T, AHE o U JSEE AR PR IE
155 K AN T 60%, 5 58 B D ALIBE K TS U8 5 7K
IR T8% AH L, J L T V5 /K Ab BT 75 e st b J5 7 9k
T T AR SO A T B bRk A A BE B R ¥
VB KA LR, AT Ry J S b PR L 2 e

© HH S AT R RS, S T =
T RP AR T X Al B AR K 2R T
TTE AR K, R AT 28R R 2 T AR AR B, S B
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