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Design of a Fully Underground Wastewater Treatment Plant in South

China Meeting Higher Effluent Standards

HE Lei
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Abstract: As the effluent standards for wastewater treatment plants (WWTP) are getting higher and higher, it is urgent
to explore the sewage treatment processes that are suitable for low influent C/N ratio, high denitrification efficiency and
good effluent quality. A new WWTP with the design scale of 10x10* m*/d is required to build in an area of Shenzhen,
which is a fully underground WWTP in the co-construction form of domestic sewage and industrial wastewater
(operated independently). Taking the domestic sewage treatment system as the research object, the process of "coarse
screen - fine screen - aerated grit tank - multi-stage AO biological reaction tank - secondary sedimentation tank -
magnetic coagulation efficient sedimentation tank - precision filter - UV disinfection" is adopted, and the effluent meets
the quasi-class Il standard of the Environmental Quality Standards for Surface Water (GB3838—2002), excluding
COD,, and TN. The multi-stage AO and AOA switchable dual process is adopted for the biological reaction tank, which
is green and low-carbon and meets the requirements for upgraded standards. The sewage-source heat pumps are used for
the sludge drying heat sources and air conditioning in the complex building. The carbon emissions have been reduced
by more than 23%. The innovative prefabricated steel trusses are used for internal support in the foundation pit, which
save the construction period by 2 months and reduce the costs by 10%. The land use standard for the project is only
0.25 m?/ (m*-d™"), which is just 50% of land use indicator in Shenzhen.

Keywords: dual-mode biological reaction tank; sewage-source heat pump; prefabricated steel truss; higher effluent
standard; design case
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TR 5 K Ab BT 33 FLA A 10x10* mY/d, H:
i A2 15 TG K A FRER A 7.5%10% m¥/d, Tl Bk 7K Ab FHER

B 2.5%10% m¥/d , 376 5 T B8 2.5%10% m/d A 3% V5 K 9
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FIAE 5x10° m*/d, V5 7K S ASAb R A 1.53, K 245
P AT CCHlL 2R 7K BR 855 5T 5t A5 1 ) (GB 3838—2002) 1
(4 ¥ T 25 B 1 (COD,, TN BR A1), BTk K | H Kk
JRLFE 1, 75 TR ALBE 5 K R <d0% Hhiz ZHRBER T
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5 H pH  COD./(mg-L") BODJ/(mg-L") SS/(mg-L™") NH,-N/(mg-L™") TN/(mg-L™") TP/(mg-L™") KIGFHEEER/ (A1)
K 6~9 250 120 250 30 40 7.0 —
ok 6~9 30 4 8 1.0 10 0.2 1 000
WHIBAE  6~9 30 6 8 15 10 0.3 1 000
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Yyl (5 B 1~ IR AL ) E oK AT A= A 22 S5k L AR
I 95 7K Ak B 28 G5 TR K B o e BOIR BE K B/C AR
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Ak PR SR ) A1 AN TR T AR B 1k
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LR E A BT ARZ IR, AR COD,, 5 br 42 il K
P KRR B g SEIH R AS /NP IR 2% . 220
B AR K COD, BR{E M 30 mg/L 2 85 & 20 mg/L,
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B U5 HL PSS
HEIE % 2 B IR PRI PR HOK B
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DS/d W 17.5 SEW17.5
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e H A 2.8 PR 95% (BERERL
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RETRALA 197 TTICAEGER) 2032075 T0/a GE)
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HEAKFE 18, AME b1 650 mm FR A IR BE K4
HEFK FE Y1 A0 1) 128, i) 43 0 4 81 JE A7 %
HL 2N Rk I 1], 5 T 2 A

RLAS M Fe b K S s, 1 2 2. M2z #8 4z 5] X
FELAS M, B2 3E 98 1 300 mm, #t 45 BB 15 mm, 35 #HE
P 0.8 m/s, LR A E 757 0 dE KR TR AR A IS
FoEWaG 224, 8 2480 0=450 Lis, H=

12.03 m(H,_=12.58 m, H,,,
Bm1 &,

AR M S R ST, 1 R 3 AL, T IR A R
220 R R AR A A A, SRR 2 400 mm, R FE
1 800 mm, Mt 5% (B Bt 3 mm , %2 %% 1 & 907, Bl & h JE
MYER G, R T IX oK vk . TR, b vE
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0.2 m* 25 Fm* 15K, BLE W AP HLRIAD K 43 B 4% o

Lo A0, 13, T A 24
A B BOK 5 B ] 15.12 b, Hirp  JR4RIX 1.03 h,
B4R IX 6.94 h ( =G4 IX 73 5124 2.01.2.56 .2.37 h)
UFAAUIX 715 h (= HAF A X 53 51 0h 2.03 .2.56 ,2.56 h)
3K EL LB 4:3: 3, A A 5K I 8.80 m,
SOKESS5: 1, BERHBIRSE . ZHA0 1205
PSP Bl L 100% , A 181 HE 509%~100% o

TR IS K, 1R 3 L T R A
B2, WA 5ANERIA , HERE S8 8 m, K 40.55 m,
A ROK TR 4.0 m, 0 A R T K ) R R
1.0 m¥ (m?*-h) , FLEIE &R SE A FIE L | 35 U
H(6E,4 24 ,0=300 L/s, H=2.0 m) M T 415 )8 5
(3E,2H14,0=40 L/s,H=10.0m) ,

REIREEUTIE M, 1 )8 4 2 A e 341 . Uit
TE M TR 8.90 m, A MUK IR 5.70 mo PREIEA X458
B[] 2.2 min , #E Ry 1R A DX 452 BA B[] 2.2 min , 2205 X 45
B B[] 5.1 min, POIE XA ROKER 3 m, &5 06K 1M K )
i 13.53 m/ (m*+h) .

K%l pE e, 1 4L IR EEIE, &
T 7K SS<8 mg/L, BEI U 295 m/h, U8 W A4 BT AN 85
W 3161, K3k K<0.3 m, I Pk /N T A BREE H1 )
0.3% , I #3873 24 50~80 mH,0 .

LOMEEM, 1 E3E, TR E2E, RETPR
16 kW, Sl B R A B8 R 4t
4.3 SiRAGIE

Z TR L S e B 4 il R 12.7 «DS/d
(Hodr . 4595 98 11 DS/, 4622 75 I8 1.7 tDS/) il
17.5 DS/ ( Forp 2 ) 42 35 Y 15 DS/, 4k 2 75 e
2.5 tDS/A) , BehiBie L 1 8 2 4%, FH TAB A7 380 A5 e Al
fe2fiE e, - 44 B 29 9.5 h(GE A 6.9 h) o
22 LA A 46 HL A B 5 5 U8 5 7K R 24 95% iE R
W, A 1R 2 T R IR ] 29 6.2 h (G 4.5 h) .
fRIR B2 WK T — 1R Pl 2 £, A KA H 3 ALK,
A PR 2 300 kgDS/HIL IR, BLE 15 Je k6 2 8, 588k
CHMAERL30 m*,
44 REE

AWK ARG (A5 RS b R E
84 700 m*/h, >R FH PR A ) 12k o B + 368 41k o T Ak
P2 HERCRAT T AR 28 A v OB 1 5 /K Ak B33
Jite 388 X5 B A A BREE AR AR ifE ) (DBJ/T 15-202—2020)
FA0.1-1.38 A.0.1-2 #54fE, DA K B.O.1-1 (L
J Tl X B bR fEZE SR, R IRYI T fe s 22K .

45 THEHRE

T K AT RS0 F M T AR 24 5.90 hm?, BV T AR
L 3. MR R AR R T A 3.87 hm?, A= i G /K Ab B
A8 (Fi5e) AR 1.89 hm?, A= 1% 15 7K R 40 H
F8h5 0.25 hm? (J5 m¥d) , A (ORI 38 1l R 4] A
YE 5 HE ) (2024 4 1 H W) 0.5~0.6 hm? (J7 m¥/d) $5 5
(BT AR 5~10 J7 m¥/d, H Hi 48 b7 3~5 hm?) , HL N 58
T 0.31 hm?, A7 K P 18 A LI 4
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BRAER | ZRAERE | SRR
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TACREATE

El4 MTHEENBETNHER

=2 (B &)

X B M TE FR 5 51.00~57.00 m, JE 6 B bR
15 48.50~49.50 m , 2\ el PN i1 8 7K 437 46.00 m, 50 a — it
LKA 47.00 m, FiETGE 50 a — B LK A7 41.55 m.
gih TR BB B ORI R A K
0035 b 2 B 51.50~52.00 mo [R] R, 4 44 H A 1Ak 352
B — B 50 em = 0P K B K W GE R AR T
A, 5 6 6 PR B T8 A A 11 e ] A 35 B Ak 4% 35
— TH R AT AR, B kT DX R RN K R A AR Y
B AN Z G AO LR FO TR AR B = 44.50 m, #E K
FE TR AR =5 50.50 m, 15 F A T EUTE KA AR
AL S5 4 T 1T 15 7 Ak KO A A, R R
IS,
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SRALA 5%

B5 #HAESETEE(RM:m)

5 BANEREZFRHA

51 HMANERITREBM

A 315 K 43 AT 3 B A AT AR B AR 1.01 I/,
Horr: #1298 0.35 Jo/t, 25 7% 2 H 0.21 Jo/, V5 U AL B 3%
FH0.25 Jo/t, HoAth 2% 7 0.19 Joh, i sh % 4 ) 5 3
0.01 JC/t.

TR J5 BT B 0] H) 98 COD,, 4 015.00 t/a
BOD, 2 117.00 t/a.SS 4 416.50 t/a. NH,~N 529.25 t/a.
TN 547.50 t/a TP 124.10 t/a, B A B BR 55025
52 TIIEZFHERAMK

AETE TG K AL 38R G R K bR o R o T2, AR Gk
B F A K 2% F B K S b o, AT L ES & X T
b A 9 K T 3K, B R R AR KRN $i =
KELRE . AT IE A R A B Toalk 4k 24 %, B H
K 947x10* m¥/a, F A2 K 75 5K 171x10* m¥a, & 9] F
A KR RAL18% . 3 B R R m 4k T 20 H
IR LR 80% LA L, A sl 470 P A= 7K rp R R 2% Jo
TR N E 90 A S R ) 7 NI [E N G200 o/ 6
BRL I A2 KA AR ¥ 20 KL 5 0 K L B 2
KAFERK. E5HP BB -8R T, ol 8@
5 000 m*/d & R AR K TR, S I A T E 75
AR TR R CEBIE+ BB T, &RwY
850 J1 JC , is AT A 4% 1.82 JT/m® (FEA= 7K T F#2 (1 3 /K
KBTI G R, LR i AR S BEIL) . 45 A
CORYNTFAE KR FAS BRIME ), #52 HR 3 a [ DL
10% Wi 25 90 53, FRA 7K B9 4% 24 3.71 Jo/m® (P - 4%
PR 1.55 J6/m’, 38 17 AR 1.82 J6/m’ Lh K 10% Wt
25 ) AU TRIINT HE R B AR TG K 4% 5.31 J0/m? (H:

W H kKM 3.77 J0/m?, 15 K Ak B 2R 1.54 J0/m?) )
70% i fq , A B vk nT AT AT S ek

R JC IR T H) e JRE B o
6 4% &

A T TG KA BER R ORELRS A+ A A i % R R T D
W+ 22 9 AO A Sz it + 0t + W TR B DT U b + 4 5 0k
HEAR+ER AN B 17, K AT 3k B M oK v T 25 HL
FH AT R 3T 2 R s K SR K AR TE R TR
PTG A AL BT 8 v di = K AR LK

A R R T R NG U AOA T4 32 17 AY AUAR
2, R = 250 WS B AR, LA X G 0] H K R s A
3R SR TG K JE L 135 U T 1b M gs & 4% il 4y
%, RERL R A B B HE ik 2 k2 23% LA b5 FEST N 32
P % F A e Fe XA 42, W T 2 A4 L
A10% , /DB K 2 T m’

V5K R KA 7= i i Tl AR K, FE AR AT AT
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