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Scheme of Upgrading and Reconstruction Project for TN Removal in Qingdao Haibohe
WWTP

JIN Dun, ZHAO Zihao"
(Shanghai Municipal Engineering Design Institute <Group> Co. , Lid. , Shanghai 200092, China)

Abstract [ Objective] To address the challenge of upgrading the mass concentration of effluent total nitrogen (TN) from 15 mg/L
to 10 mg/L at the Qingdao Haibohe wastewater treatment plant ( WWTP) under the constraints of " no additional land use and non-stop
operation," this paper aimes to resolve the issues of limited mixed liquor suspended solid ( MLSS) improvement and insufficient
denitrification capacity in the original modified sequencing batch reactor (MSBR) process, which are caused by high influent volatile
suspended solid ( VSS) and poor sludge settleability, and to explore an intensive retrofit solution. [ Methods] A "localized in-situ
reconstruction and blended discharge compliance" scheme is adopted. The southern MSBR reactor ( with the designed treatment
capacity of 40 000 m*/d) is retrofitied into a continuous-flow membrane bioreactor ( MBR) sequencing batch reactor, replacing
gravitational sedimentation with membrane separation to resolve the solid-liquid separation challenge, thereby improving the MLSS and
denitrification capacity and ensuring the effluent TN mass concentration is <8 mg/L. In contrast, the northern MSBR reactor ( with the
designed treatment capacity of 80 000 m’/d) and MBR reactor (with the designed treatment capacity of 80 000 m’/d) adopt
operational control measures rather than retrofitting to ensure the effluent mass TN concentrations are <8 mg/L and <13 mg/L

respectively, achieving blended discharge compliance and ensuring the effluent TN mass concentration is < 10 mg/L. [ Results ]
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After the retrofit, the mass concentration of MLSS in the southern section increases from 2 715.9 mg/L to 6 506. 7 mg/L, while the
mass concentration of effluent TN decreases from 11.2 mg/L to 4.3 mg/L. The TN removal rate improves from 80.2% to 92. 8%,
consistently meeting the design standards. The total investment for the project is 27 million yuan, with a unit investment of 135 yuan
per ton of water and only a 0. 125 yuan per ton increase in operational costs. [ Conclusion] The retrofit scheme using the continuous-

flow MBR sequencing batch reactor successfully addressed the core issue of poor sludge settleability, significantly enhancing the MLSS

and denitrification capacity, achieving highly efficient denitrification by in-situ reconstruction. It provides a cost-effective and

technically viable pathway for upgrading wastewater treatment plants under land constraints.

Keywords

reconstruction mixed discharge compliance

MR L 2R A8 s R 2 10T ED R B (R T
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) I G KA R H K VR (TN $8 Fr A2 SR
Bl B LR, RiE R b A E
(COD) Jii & ¥ ¥ <30 mg/L, 1 H AL A&
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PEPRJE TN & Ve FE AR Hh IOk Y 15 me/L #2712
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BOD, Z A LA R PR R AR — 2 A FrifE,
MR R B R A NS K ) g gk — R T TN
IKBRE S84 TN BTk BE AR R JFR 1 15 mg/L
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XN 1.47 m®, ] AR REEHM, EIX
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Fig. 1 Process Flow of WWTP before Upgrading and Reconstruction
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R T B KK BT (HA7  mg/LL)
Tab. 1 Existing Influent and Effluent Quality of WWTP ( Unit; mg/L)

iH COD BOD; SS A TN TP

ST KK T 750 350 450 67 80 8
JE TR KK BT <30 <6 <10 <1.5(3) <15 <0.3
ARUARBR BT H KK B <30 <6 <10 <1.5(3) <10(12) <0.3

T 455 WU KIR < 12 CI ISR , 48 S AN K> 12 C I il AR

YIREW RARFRESK , UK TN Al fa 3k 3 % — )
A BRUE(CTN i R <15 mg/L) , 14 o35 2 HE R
B IRFRFRAU N 57.9% (£ 2) . AR An s &

AR5 FERT TN IR, HARAE b i I 2R, Jome R i
el i it
]ORN AP AL B T 2R B S ANk 3 R

FR2 2021 4F 1 H—2024 4F 4 AT5K) PRt /KK B (FLA7 - mg/ 1)
Tab.2 Actual Influent and Effluent Quality of WWTP from Jan. 2021 to Apr. 2024 (Unit; mg/L)

EiE| COD BOD, A TN TP
R kK 596 238 44 56 6
SEE K 17.2 2.5 4.5 0.38 11.8 0.15

R RBRR 97.1% 98.9% 98. 8% 99. 1% 79. 0% 97.5%
kK 1617 640 100 108 13
IS UNLY 30.0 3.5 10.0 1.86 15.0 0. 30

® 3 BURBtALPIEE T AR

Tab.3 Review of Current Facility Treatment Capacity

£zt MX MSBR  JtIX MSBR dtIX MBR
AEBERIEE/ (m®-d7") 477 8 i 87
A ROKIE/m 8.8 8.8 9.0
K345 BB ]/ h 32.6 32.6 18.5
SN s R]/h 27.7 27.7 —
FEBRIBATIR G W T [ A 3000 3 000 8 000

(MLSS)/(mg-L™")

K TN/ (mg-L™") 1~13 11~13 <8

MR 3 iz T8 v 0, m X 561X MSBR T.2
HK TN BB N 11~13 mg/L, B0 2 8
TR, WIS AT R B, LB AU B R TR K A
BRXES At AR, MHEZ R, JEIX MBR T
Cim A IRy B A ROk T TR ) R, MILSS Ji
W PE A3k 8 000 mg/L, /K TN i ik B fa i <
8 mg/L, X —ME BT L EIE T $2 - MLSS ¥ 2 52
B Ao R A S B, b oA TR A s T i 4R T
SEUFARHE

JtIX MBR T. 2 ( AAO+MBR) &%t 4 [l 3 [
400% , S PRBCIERE 1T 3k 500% , 3247 AT AR 4 R K
K BT R VR B ], AR AR (N R
J 400% S AN R 100% ) , AAO BEFg i A RN
83.3% ; ik TN &b F & {E B, [0 3 58 4 JF (P4 [l

WA 500% ) , R GEMLE R AT HE T 2 85. 7%, i fR h
JK TN B JE e E <8 mg/L, JEI I B i1 is 1T
PRI R AR T

RSB TN BB 15 mg/L #2445 % 10 me/L
(1 B bR, HIEAHINT MSBR T2 A e SR B 1IN
FESRIH AW T 24 | 2E 7KK BT S B i R
3T EHATEE G AT

(1) TEAR G XG5 IR DT RE A A8

MSBR T 204 W) I o 5 Ui e F — &, ke
Ko B MRS TR . A TR 3K &
PR AR (VSS) B S 80 VR U BE
HlRABIEE(SV) BEm AT, EHEAHFT, R
45 MLSS Jii & W FE AL AR 4E R 7E 294 3 000 mg/L
% 4 B OH, & 4T = 2 % i E
(3 800 mg/L) , ¥ 57 B 5] & T [ AS 19 IS A < 0
Ve B, AAUTC 4R A f a7, St 43 b i )
SEUR AL R RO, B G, YK 4 B O R R
MSBR %4t $2 T+ 5 Je ik & 5 W 0 RR J1 1 45 44

(2) R A A X S A A 1) B A

S AHACRCR 1o BE AR UG o] ARAHE . AT
PRI B3 W] : BOD;/ TN (B/C) 444U 0.4,
J& T IRMIRER IR TS 7K . FEREAR AR, BT SE 4 i A
15 A IS R] , B A ph it A A PR el 7 (AR J TG TS ik A8
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£ 10 mg/L AR AUREE T S B0 T e LI SE
IE bR, DA T T 2 MAR AR I 2 5 e vk
SRR HRCR IR, H LR f A BT 2
it B AR, B AT SRS AR IR s B AR ), 1
AR SR AT RS R . S22 T X TS
FHH A IS 25 1 AR TR AR IR A2, H G B AR
TG R T RN b 75 YR
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TRV VR TUREPEREA A EE R AN ZE R R 5
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FEJR MSBR T 25, s o b 5 e Jo kv 32 3
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M, REtis TR UTREERE R 22 M5 e i s vk i
i3 000 mg/L B, 551 &5 WAk, 2 1 52 i e 28
A PR PR TTIE AT RS E I, A T O AKOK B AR
b, SR Vs B R A 1) A% O AE T B T RN b 1 T
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AR T AR X5 Ve vk FE B THE 2 R R LK
H— B IECRL DL s V5 Je TR e 2 el As
Yerk sy eg Ty =, B LARE 4y S AR S Dt vE o . B
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LR A T A TR, W T AR A
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1 MBR 3t s o it , 38 a8 15 43 8 R AR T iR L
PETH MLSS I AR, el Hh O 1 ik S i 5 7
b3, B MBR Bt , 185 45 Bk 45 B3 st ] . JR
S 1.0 h BRACH 11,5 h BF4E00 9. 6 h i/ G480
4.6 h J5&ith 4.4 h, Wby 2 A E, AL E 14 4
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L/(m*-h), PG MLSS ik ER I 24N
8 000 mg/L, 7K TN B FEARE <8 mg/L, 245
MOE TS FERITTSENER 4 R,

R4 AT R X PR SGE AT G A SO B 200 [
Tab.4 Comparison of Design Parameters of Biological
Reaction Tank in Southern Section of Qingdao
Haibohe WWTP before and after Upgrading

PR S AT bR
WIS (2024 4 (2025 4
1 H—8H) I H—8 H)
HHETZ MSBR i MBR JFHlL s i
MLSS/(mg-1™") 3000 8 000
Ttk 3 45 B il / 0.9 —
IR &R K Ty 45 BR 6 T /b 3.5 1
S K 5 B I ) /b 4.1 11.5
G4 K I 45 B ]/ b 11.4 9.6
B SRS WK F1 45 B B ] /b 3.3 4.6
Frtt it 7K Iy 5 B i 1)/ 9.3 —
MBR 555t 7K g 452 82 B 6] /b — 4.4

ZE L TIR AR TRERH T 642 b I EE AR et Oy
MR RS X MSBR S b S 425 W A b i 4k
Ui MBR T it S It O/ B AR K TN BT vk <
8 mg/L;JtIX MSBR 4b3#£k 55 MBR Ab L 1 4545
T RAIE TN i <13 mg/L 5 <8 mg/L,
TIAARIR A RPR, s T AWM E 2 Fis,

e 3 8 Hmi/d 8§ Fmd
ik LK 16 mid T
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— - I| J[) o
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Fig. 2 Process Flow of WWTP after Upgrading and Reconstruction
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Fig. 3 Floor Plan of MSBR Tank (South Area)
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B4 FEZLH MBR AL -1 (R 1X)
Fig.4 Floor Plan of Continuous Flow MBR Sequencing Batch Reaction Tank (South Area)

T P B A m
B 5 JEZEH MBR FHLN M MBR b ki 4]
Fig. 5 Reconstruction of MBR Membrane Tank in Continuous Flow MBR Sequencing Batch Reaction Tank
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I b T RE 19 B I KK AT, AT 48 i 22
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A ROKIE R 8.5 m, ARCME A 22 957 m’, BT
MLSS i 5l 6 400 mg/L, 50 Jy R | B4R
th, 480 i G 4R 4 4, K T 5 R R 4 Sy
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2L, BRAE 1 2R w98 £ M (PVDF) Hhzs 274k
i, B T A R 1 820 m?, BT EE & 16. 35
L/(m’+h), MBR B&thi% T MLSS ikl 8 000
mg/ L, MR V5 R [ i 5 Rl i B Ak =
U AT I , 1903 LA 400%

(4) K@i X

W A XL A 7K RS R ERSE S
BV ARG =804, AR L MBR P IL S0 it 4
J, Hod PR RGEFEH 8 AFKELI, EEM
TORRELLAE = KA AR KR T BT VE R
BT IR FIRCE IR NI 25 R G SR U (CIP)
B BRIV AL, G T VR AL, T ey
KN CIP TELRTH VRS B LR Uk 2 P IR R
GiEE 3 AU ML A, Wi R R R
105 Nm*/min, 2 1 57 48 5 25 AT 4L 14 1 B
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5 IBITHRSH

ARTHRT 2025 47 1 HIERB =217, 45/ 757K
J7 2025 4F 1 H—2025 4 8 Hizf18di5 2024 4F[FH]
(2024 4F 1 H—2024 4= 8 H ) HLFE Z4FEis 175
BEATXT FE AT, Sk e 5 Fs . 450 MBR P4t
FR A A BE MLSS Jit & v B i 2024 45 F- 341
2 715.9 mg/L 2T+ 2 2025 4EF-HI{E K 6 506.7 mg/L,
IR ARES) WS TE . K TN B ik By 54
SEHIME N 112 mg/L BEEFH N 4.3 mg/L, TN
FERR M 80. 2% T 92. 8% ; HARbR ek s )7, i
JK TN S R TR EE N 7.4 mg/L, FaE A% <8 mg/L
T B bR, RIS TR R AT

F5 MEATITGK)ARHTG 2 4RO
Tab.5 Comparison of Operation of Haibohe WWTP
before and after Upgrading

BORZ T I (2024% g ?{}fﬁ ;ﬁﬁs q) (202?5 f&f Es )
HFE/(kW-h-m™) 0.35 0.46
ZIREN/ (gom™?) 9.25 13.98
HAE/ (gom™) 31.23 28.04

[, X 3 Gei2 17 REFE 5 25 #E HE A7 X Hb 43 A7
PRFRPGE S, U MSBR ik i 4L MBR JF#E
SN, V57K ) rE XA AARE AT AR 0. 35 kW eh/m’
PEFFEE 0. 46 kW -h/m’ ; I K TN 5 2 4% B A of 1
15 mg/L 27+ % 8 mg/L, BRI ( ZFREN) £
9.25 g/m* WA Z 13.98 g/m’; S AL &k % hn w45
TRE, B 3123 g/m’ B0 E 28.04 o/m’ ARG FE
AR,

UEAh, it —25 BB B Je R G IR RICR , #b
TR IXVAFR TN BR A Mo s (R 6) , Wil 2
SR G S TN 32 258 2 0 03t A A 4 s N i
ST LR, WITTHE TN £ 5% H 8.9% 21k -k
8. 0% , AH Xt A2 2 ; A9 I Nl 1) TN £ BR 2 i
78.3% WERTHE 92. 1% , B8 d 5 AL RS
FURE T K 3G 58 5 AR 7K TN AL L B % 80. 2%
PR 2 92. 8% , Bk | HCiE TFE Y f 25 A

HeJa AR TR 4R 28 0 o i s SR M SR o8
B, AHTHE b, BB Z) R 2 700 T3 G, %R 135
Ju/m’ AEHRA I N2k 0. 125 Jo/m’, Hepr s 9%
0.020 J&/m*, Z551%% 4 0. 038 J0/m*, HoAlh 2% F 0. 067
RGO e S bl At/ = I & IS 3L K e
) MR RIS H bR s TR AT BBt 3
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®6 AT AR BGE T A SO S EO0 [
Tab. 6  Comparison of Design Parameters of Biological
Reaction Tank in Southern Section of Qingdao Haibohe
WWTP before and after Upgrading and Reconstruction

PR S i AR
izt (2024 4 (2025 4
1 H—8H) 1L H—8H)
JHHEK TN/ (mg-L7") 56. 8 59.0
Az R K TN/ (mg- L") 51.7 54.2
A R R K TN/ (mg- L") 11.2 4.2
WL TN R 8.9% 8.0%
AR TN RBR% 78.3% 92.1%
oK TN LB 80.2% 92.8%
6 B

(1) T B MRV 35 7K Ak 2R < Jay 8 Iz 4
i IRA AR B TN $245 7 58, R JFOR 1) MSBR 2
o7 b PRI S E SRR MBR AL S i, S T T AR BEAL
R BATRORER  MAOK B E M T3,

(2) EELEI MBR FPH S0 it i 2201 RE v 28 Ttk
RV — IR I8F T 4 R 517

(3)JEZE MBR Frtt SO it HA ORI 2R
o A SRR S GE A T A BR bR R
R A8 T R rh A g A AR B R ekt TR
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