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Fine Design of Underground WWTP Based on Complex Land Use Conditions
QI Chaoyuan, YUAN Xiaokai * , LI Xiaochun, SONG Pengfei
( Guangdong Architectural Design and Research Institute Co. , Lid. , Guangzhou 510010, China)

Abstract The second phase of a water purification plant in Huangpu District, Guangzhou City needs to realize the design of an
underground wastewater treatment plant ( WWTP) with a scale of 50 000 m*/d under the expectation of irregular land shape, complex
surrounding environment, low construction land index and high-level above-ground construction and development. In the process
design, the "anaerobic-anoxic-oxic+membrane bio-reactor ( AAO+MBR)" is adopted to improve the efficiency of land saving. In
structural design, the common wall and staggered floor of the unit structures are treated to make the best use of the land. In the graphic
design, the utilization rate of the operation space is improved by optimizing the layout of the upper buildings, facilities and equipment,
transportation and logistics planning. The land load rate of this project is increased by 36% compared with similar projects, and the
cost of direct project construction is lower than 8.5% of the same scale and projects of the similar type in Guangzhou City, which
achieves the engineering design target and provides a good demonstration for the design of similar projects.
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Fig. 1 Satellite Map of Site Selection for the Project
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Tab.1 Designed Water Quality of Influent and Effluent

T H COD¢,/(mg-L7") BODs/(mg-L™") %%/(mg-L”") TP/(mg-L') TN/(mg-L™') SS/(mg-L") ZEKBHIFH/L'
S K 233 118 24.5 2.88 30.7 146 1.0x10"
Btk 330 180 30.0 4.50 36.0 300 /
BTk <30 <6 <1.5 <0.3 <15 <10.00 <1 000
RIS 90.91% 96. 67% 95. 0% 93.33% 52.78% 96. 67% /

AR T BN RAE FaE GE R, I8
AR TR MIEFRD, T EAEL 1.1 hm® FIH A E S
T3 m’/d BRI 5 K b BRI it

2% TR R SS3 FBl P R T 43 T Tt 2 ok o 38, AR
P — B SE BRIz Tk AKOK Bt Sz T AR 7K K BT 43
Br4% 401, Hi kK BOD,/COD,, = 0.55, BOD,/TN =
5.0, AT A AR PERCAT AR 5 A 1 I R B ol A 1 T2 D
ASCIACTE H bR, 7RI TREA Sk &0 T,
RS — i, BB S TR M, 255
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2 IRt
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Fig.2  Process Flow of Wastewater Treatment

. PAM RN EENE , PAC W R AL,

B3 iHlesbsl T2
Fig.3  Flowchart of Sludge Treatment Process
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Tab.2 Design MLSS of AAO Reaction Tanks

AL WIHE
JE 8 MLSS/ (g-L7") 10.0
=R L 4.0:3.0:1.5
480 MLSS/ (g- L") 8.0
B MLSS/ (g-L7") 6.0
P4 MLSS/ (g-L7™") 3.6

G [0 75 2P AR ) S s T B S B
L PR [ 97 e 2 S 1T AN A [ 25 T2 B sz b it 1 4
g AAO TR, HERATHE: 4 T2 Be iy H 5L
X TR S BRI A R L 4R 1A 2
T2yt it A (4) ~ (7).

Q,=(1+R,)%xQ (4)
Q,=(1+R +R,) x(Q (5)
Q3Z<1+R2+R3)XQ (6)

Q,=(1+R;) xQ (7)
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Tab.3 Practical Flow Rate of AAO+MBR Reaction Tanks

SN HS
ZHMIGEIL(R, * R, * Ry) 1.5:3.0:4.0
B 7 4k ( Q) 50
IS ( Q) 80
BB E (Q,) 5.50
R (Q,) 2.50

zi b EIR AAO 45 T2 B TC [ b K 92 PRii
5, EEEETESEAT (LU 30 000 m’/d B
FNE R ) A4S 30 000 m*/d A N b
Oy R EEHACFERIAE N 15 000 m*/d, BEHREA
W HRT 2 1.2 h, AROKEEHR 7.0 m, B4 HE R D)%
HF7.0 W/m’  HERARDIFN 4.0 kW, MLSS 4 3 600
mg/L, #itHE M HRT 1.8 h, HEUKIE N 7.0
m, BARHER IR 7.0 W/m®, Horp 148 &0 R
A YIFEA 3.0 kW, 288 A AR IR AR DI RN 4.0 kW,
MLSS & 6 000 mg/L, #1440 HRT } 9.3 h, A
BOKEE R 7.0 m, BEHR N 5 623.16 m® 0,/h,
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MLSS 4 8 000 mg/L,
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Tab.4 Comparison of MBR Hollow Fiber Membrane and Plate Membrane
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Tab.5 Designed Value of Membrane Flux for Similar

Engineering Cases at Home
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TR R

(m*-d™) (Lem™-h7")

P RUE TS AR Ak T AR 1077 14.5
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ARG ESCy TS 20 J7 16. 04
KU T5 K b g 1) 1477 17.81
AT+ i5 kb pm) 1 1577 19. 61
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Fig.4 Layout Plan of Operation Floor
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Fig.5 Typical Cross-Section of the Project
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Tab. 6  Air Exchange Standards for Each Structure Space

H(F9) $i9) HERHREY (Kb M RB (Kb ik
(AL 10 HERUAY 80% /
o R HL B 10 HEX 80% /
G IR / HERE 80% /
TH Bl K5 6 HERUAY 80% /
BB 12 HERUI 80% 8k o F ALK AH
YRALFR X |3 25 ] 2 HERUT 80% /
THAL X |5 6] 2 HEXAY 80% /
15K AL BRA AR AR X 2 HERH 80% AR5y 4B MR
7 2 / T3 A RN
ez SCIEH) J12(FFilk) HEXAY 80% /
2) R R A RARGE AL RS PR b B A IR B IR R R

TR RS A Sk 54 T2 Ao as [l 4y
MEHR BT HKE S BRR RS, Hh ek
FUSDK IR K e+ 0 + A P i e+ 3% i AL
BRE T Z2RG, HAR KSR A YA TR R

1#PR R RS0 A FRTAL B IX RS, s R A AR
AEBRBE T A 10 500 m’/h, 3t 1 &, 2#BR R R4S 4
L3 U7 m’/d AW RN & MBR S I5 K X RS,
HER R FIRE I N 3.4 J7 m/h, 3#BRR R
G 40P 2 T m’/d A O K MBR IS 5 7K X
RS BRI IEE T R 2.5 71 m’/h, 4#F%

PSR FRE S 4.0 T1 m’/h, S#RER AR
Gt . FH T4 25 Y08 Ak 384 T e ik B RS XS R
PR AR AL AR )1 1.5 7 m’/h,
2.2.4 5L E
T VAL B R AL 47 + Ak 2 I 5T+ Al HE i
KBS T AR, A TREZORTG R4 =
A B G S AR R 40% VIR R Gia EHRE T
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AR B () IR 7 FiR,

R7 OEEEM) Y
Tab.7 Main Buildings and Structures
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i3 EATIIN 10. 90 x60. 65x7. 85 R AR I B AT e A A% A
1#E ) Lt 56. 6x46. 2x8. 0 SRR 3 05 m/d, B
244 ) S I 65. 8x24.9x8.0 ARBREE A 2 J5 m?/d B A 2
1#MBR Jiit 36. 0x28. 0x5. 7 AbBRYE A 3 0T mi/d, R

2#MBR fI%ith

&% 14. 0x6. 0x10. 2
Bl 28.8x31.0x14.5

22.49%24.9%5.7

eI 2 7 m®/d, R A e
/

/

2.4 EiHEESENG
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Fig. 6 Layout Plan of Traffic Organization for Operation Level
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Tab.8 Comparison of Investments in Similar Projects

TiH ATRGTH m’/d) RGBT m’/d) THMEG25T m’/d) JMEGI3(8 T m’/d)
FIKRTZ AAO+MBR CAST+IR i Ab # CAST+IREE b3 AAO+MBR
H— o TREFH/ (J6-m™) 5322 7765 5816 10 279
TR HALE/ (JE-m ™) 532 643 609 980
it/ (JC-m™) 293 25 193 559
TP KL/ (TT-m ™) 925 5 760 6 138 0
MR/ (TC-m™?) 7072 14 194 12 755 11 817

1 CAST MEHRRIG G IR,
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Tab.9 Comparison of Production Costs for Similar Projects

HiH A7 A
ATH(S A m*/d) 0.74 J6/m® 157K
0 1(8 77 m*/d) 0.985 J&/m* 57k 1%
L0 2(15 7 m>/d) 0.900 7t/m* 57k 10
24 3(10 J7 m*d) 0. 843 7t/m’ 15k
3.2 BEFXRWE
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[R50 H BRI R 4R,
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T, BA ML A JE M, B K AR
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(2) 3855 B H R T i, A AR T AT H
ORESRIVAE 7930 NI L LB 2 3 o [ 2 A P i BT S S £
DB AR 7 072 J0/m’
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R H 8. 5%,
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