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Discussion on Design of Wastewater Treatment Plant with High Concentration
Wastewater in a Long-term Low Temperature Region
GAO Wei-nan', TIAN Meng', LI Wei’, CHENG Shu-hui', JI Hai-xia'
(1. Beijing General Municipal Engineering Design & Research Institute Co. Ltd., Beijing 100082,
China; 2. Xilinhot Water Supply and Drainage Co. Ltd., Xilinhot 027300, China)

Abstract: To alleviate the pressure of regional wastewater treatment, a new wastewater treatment
plant with a design capacity of 2.0x10* m*/d was built in a severe cold region, and the effluent quality
need to meet the first level A limit specified in Discharge Standard of Pollutants for Municipal Wastewater
Treatment Plant (GB 18918-2002). Confronted with the challenges of long-term low temperatures,
elevated influent concentrations, and stringent effluent stability requirements for reuse, the wastewater
treatment plant implemented a process comprising hydrolytic acidification, multi-stage A*O bioreactor,
secondary sedimentation tank, coagulation-sedimentation tank, denitrifying deep bed filter, and
ultrafiltration to meet the discharge standard and achieve consistent reuse of wastewater. By establishing
crossover conditions for the hydrolytic acidification unit and the ultrafiltration unit, the operational
flexibility of the wastewater treatment plant was enhanced, leading to a reduction in operating costs. After

the combined process treatment, each effluent parameter consistently met the discharge standard. The
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operational performance remained effective even in winter, and the ultrafiltration remained inactive for
the majority of the time. The total estimated investment for the project is approximately 274.932 million
yuan, with a unit wastewater treatment cost of 5.28 yuan/m’. The process route and measures outlined can

serve as a reference for similar engineering design.

Key words: wastewater treatment plant; severe cold region; multi-stage A*/O; ultrafiltration

membrane; denitrifying deep bed filter; hydrolytic acidification; BioWin software
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KRR 2 i A AR B (U T 7K b 3 Tab.1 Design influent and effluent quality
5 Y W HECRR E ) (GB 18918—2002) — 4% A fif mg-1"
I EAAE AR LA 12 CR A 5 KR <12 “Ch K R 1 H BOD, COD| SS |NH,~N| TN [TP
B0 8 mg/L, & T 12 “CHY 7 5 mg/L, /2 785 % & B HE KK TR

‘ E/ o TR (o) [99285228742 T9.1 |1108)143
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GB/T 31962—2015 [
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R G XS K AL R T B Z 5 K], HRT=19. 5 h, JREIX 4RI G480 X 1 45 B Bk i) 4
THRLRE R 2. 0x10* m*/d, KK BRRAT CORBE TS K AL Bk 2.5.12. 5 h, B3 HT5 TR Mk B 4 000 me/LL, 75 i 4
PG G HE PR AE) (GB 18918—2002) —ZL AR X I 448 IX 4% fin MBBR 3k}, SR i 43 51
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IR AT A | REAR S S22 b B
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S A A0 A AL B X & AR RS R AT L BR
LR RS R H AL B T2 A R BB T kS
A A+ K R R AL T S AL 1 mm AR Al A
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500%. 3k A P TED 3 e — T T2 A B 2 19 DO,
A B A TR SR B IR 5 O3 — T 23 AR HE A
R, FECRG N B RS BRI, AR TS Ve R ik 4%
il o BT, — B ET R AN AR AL 400% , Y [R1 B
At 300% .

5t A0 T2, i T 52 B AH AL [l 3 L i) B
il , HS F R R B IR L BR% 8 80% . Bardenpho i
AAOAO ZE5 44, 380 458 4 I 4 - 4 DR Ak 7™ A 1) il 1R
AL RS B R DR TR B, DA i S A SRR
F([IEEN90% VA 1), J5 B 45 X6 A A HLY
E— 3 . %I H A5 K H Bardenpho T. 20, R i
K TN #fer ,  BAE Ja AR X K B i, JEA
S o PRI H ) K TR R R A, R A Btk
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DX, A R BB AR VA, DT 28 A1 [ 37 L, 2 o i Y
FIUHRCR o KRBT 7200 X T V5 KA BT P T
TR T 2B AYO FLAYO T2 1 A5 5 i ]
NTF A0 T2 W HTHE T, 2 B A%0 52 FR H K350
LK 7/

% TR KIS e e B vy, 2T 2Bk VAL 95. 8
mg/L, Z:BRF T 86% , I L A=W Ab R FH 2 Bt A*/0
T2, TRl 70 TR b BB 191 B TN st — 28 2 BRAE 17,
IR X IK Bige sl . A WE5E 2B, TEs 17 HORA Y 1)
[E L1 7030 N7 5= W /3| R TIN5 vl
I TR P A PR 1 s = v ] R 0t

R4 = AN HEK B35 1E ) (GB 50014—2021)
XPA Y AR T R TR iR TR AE Wit i
15 R B TE] Ry 45 h, Horp AR IX B X 44801 49 )
F2.16.27 h XA 157K (HRT=31. 7 h) , f£7E
WRZEM ., NEHHIGIE T 2S5 % 7 RHnliT
P, 2R H BioWin 45 ELAR $0L R {4 %o T 25 3 B 1 A7 4
L, i — 2SR E Pt SRR A Be S50, 2 B AY0
T AT EAIZE R 1, %E445.31.7.39.5 h
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Fig.1 Simulation of multi-stage A*/O process
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Tab.2 Simulated effluent quality under different HRT

5iH BODy coby SS/ NH[—I}I/ TN/ TP/ oK ﬁi?)ﬁﬂ&?}u ﬁiﬁaii/

(mg-L™") | (mg-L™") |(mg-L™") | (mg-L") | (mg-L™") [(mg-L™") i/(t-d™") | (tDS-d ™)
HRT=45 h 1.97 38.90 7.60 0.60 13.79 0.41 11.3 4.5 16.4
HRT=39.5 h(£ B AY0) 1.92 38.82 7.84 0.22 13.14 0.41 11.0 5.5 16.9
HRT=39.5 h(Bardenpho) 1.72 38.18 8.39 0.22 13.77 0.35 11.2 9.0 18.1
HRT=31.7 h(BALI5K) ) 2.96 40.41 7.36 4.25 13.31 0.40 10.9 9.5 16.6

A WF5E I F B, MBBR 7EARIE I HA 88432
TR . 1% 15 K A B b A 5 5 M X HL K B
W RE B, 78 A Wt R — 4R IX PN B MBBR 0 4%
8, BEA T B 1k 4 2k e — 25 B AR R i HE K 8K
S, R 2B P R AR R S 18], SRR KK Y
BT E 2% o % T AR BT /K BODY/TN=3. 24, %
A R T R (0% R R TR KK R A — 2
PR Bl , 10 RR R AR 451
2.5 RELQEBIZHIEE

P BB ACOK B, R E A AL T 20 mT i TN
R kbR, (EIZ 30 H 7R K K 5 b B, A5 A 564y
B BEE K TN R P e, ik shiik ., BlER,
MUK B R BT B AR 110% UL E R, H KA
FETERBAR AR o 5 PR G e T iR 7KK s, 390K
R 5, WO SR TR Ak P B B ARG, R
FIALFEETAE S SS A TP A ORI 120, 38 21 it B ]
YER TN B ST

TR A FR B R R Z A o B2 R W)
TEHL RIRUETD , 25 A LR AT A, TR g it LA K
FaE B AR X TP & SS Ab B4 i 1 A5

H R AET7 B4 5 2 04 B I 2 51, DR e R TR IR
IR BRI AL BT . BB R K s,
BETF R U 2R B +RHRITTE T 25X SS HI TP AT
FBR, I TR PR UE M TS, 3R AR S A T T R U
PR, 3R s TR T

I LRRICHEK 1, oK 4 A D A K [l
FHAE R TV B0 UK LR T A% F K, BRI 2 1 £
HKFRENE . Za % 8, Bk ) SR BB A O
BT 20, [ I 190 B 2 1, 4 i e Ak BN E 1
ORI, X H AR BEATHE O 5 2 A7 AL BERE RS 1K
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Fig.2 Process flow of the project
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Tab.3 Predicted effluent quality for each section

mg- L'
i H BOD,| COD | SS |NH,-N| TN | TP
it bk 135921 852.2 | 8742 | 79.1 |110.8[14.3
KR ALK | 290 | 680 | 450 75 100 | 13
i K 10 50 20 5 20 | 3
LUK | 10 | 50 | 10~15 5 20 |05
SRR IEN | 6 |30~50| 10 5 15 105
ABUE N K 30~50| 5 5 15 0.5
BEFHKKE | 10 | 50 10 5 15 0.5
3 TE&
3.1 Bt

K- BRI, 3k 2 4 s BE A 2 b,
B T 3t PR RS K 35, 2 mx6 mx4. 2 m, HLJFE % 1%
b3 A IR R o MG A 211 | B/ ¥ | B SR R A o
WL IR TS R HE R T XMk 4t
3.2 FEUMIRHE FRFFK it Rk RRES 1L it

K A0S M AR T K Tt KoK i B Ak A d . RS2
s AR 1 mm PN 2 30 LR AR B, 15 A AR O 3
2,2 1 £ PR TEE O 1400 mm, BB A TR vk
ARG SRR IR A b IR 7 AT B T K
Mo TR AR 76 m?, N B E T K S 3
B2 1%, 4 0=625 m¥h, H=90 kPa ,N=22.5
kW, N E T2 BT 4E 80 S A M 2 T A A MR
AT, KRR AR TR, 40 4 4%
PR S ROSE A 22 mx 11 m, F3 1 FH 242 m?, 16 {H
TR 1. 30 m/h, HRUOKER 6. 8 m, 45 B B[] 7.9
h, 7K A R Ak b 3 T e A JER - 1T RS R 45. 03 mx
6.0m,
3.3 HEYMKRTRERE

AWt S e 5 s A, A oy S 2 41, R
3Bk -2 9 A0 A=t , A BOK R 7.2 m, BTt
SRR E]) A 39. 5 b, HAR ERARC X 55— B4R IX 2
— IR XS R AR X T A X A R
2.12.5.16.5.0. 5.4. 5F13. 5 h; %5 UH S h 4 000~
5000 mg/L, &5 IR 4 20. 3 d, 15 P 7= R R ECH
0. 6 kgVSS/AkgBOD,+d), A b4 4 0. 035 kgNO, =N/
(kgMLSS-d), {56 far 4 0. 063 kgBOD,/(kgMLSS-d),
A Wb B KK HE R 120 1, 95 Y8 113 HE R 509%~
100% , AW 7137 e 4 300% ., 35 9 % B3 15 - 101 3

HIRFE3IH 2145, 1.5 0=420 m*h . H=100 kPa .
N=30 kW; i BRI RTGRHAFCE 26 1 1 &, 15
(=50 m*h . H=100 kPa N=5.5 kW, ¥t i% & /3
Brift KA, a] SR A IX B — AR X
ALK [R) 1) 4 KL A1), G v s e A DX TR K LE R
10%~20% ; 15 A= 43 55— R R DX R i i R4 DX T o
100 BR B YRS 0 o5, A A A it KA B B R
G K PACTINAS 18 .
3.4 Zimih RERKHF

SR P gt X R O T L A 2 8, HHh AR
27 m, IR IR 4 m, PR BTG AT 0. 73 m¥/(m*h),
{5 R IR) A 4. 07 by 15 )88 — DL L 1 R AR FE K T,
FEROKH EAR 12, 6 m, 3L 43R, AN BIAME IR Ry 7K
XK X5 U L XA AKX
3.5 EFEITEME R RKIE

ZEEUTVE M S AL VR PR DB A5 A . SR AL
BRCZR BRI, FLHT I B 2 A% R BRI ALARIR & T, A
RAWRI R 30 s ZREEM D A 2RI, BRG] 45)
93K BAAR RSF 3. 8 mx3. 8 m, oI AP gLk i
MK A 0.5.0.35.0.2 m/s, A REKES. 5 m, =
BFIE] 15 mine PLIEN SR 24 R 50, SR AR T TE
L 5 SRR OVE - 1 R SF R 9. 4 mx9. 45 m,
BETHIEAR K 7 767 7. 08 m*/(m?+h) , 15 7K XA &k
1,29 m, A AKPTIE XA BOKER 1.7 mo AT
PRUEAL 4 45 | 5k RSF R 14, 2 mx2. 9 m, JE 3R
TE KL LU WP JZ 2 EE N 1. 83 m, SR KiA% 2~3 mm
1A DERD , BT IR /K ) B faf 7. 59 m*/(m*+h) 5 7K 4E
JEZJETE 0. 45 m, K HTRLAR 3~38 mm 4 K SR 38 B 17 ;
HRICIZ T A KA R G, WEHL #4 5 HDPE, 1
KRG TN 304 NG B & gk G 7K,
BB WK E2 G, 1 145, 8.4 0=605 m*/h,
H=95 kPa N=44 kW ; Ix B BEFE B2 5,1 ] 145,
B4 0=3 908 m*/h . H=69 kPa . N=90 kW .
3.6 HBIEFEZEE

SR 7 AR A, 15 R 8 A 4 ) 1 s, el
VERSEHEACHD | F VB DAL UE AR R 5 2o U R A 1
A R koKt (=Kt ) k2= 3E Pk B 1
B/ RE MR GA . BUER G 104, H4la
HEKEE AWV R A R % R RS B ) A
e RS 1 &5, B AL FEBE F7 2 000 m/d , 45 S
A 40 L/(m?-h) . 1008 RGOk R 50
FACETE VR G, A7 T8 DR 5 1Y R W A Hh R
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17, 2B HEAT XI5K R 5.
3.7 HfhE(M)HAY

©  HIAS M IR B - BB A 4x10°
m/d, A 22 AR Ry 2x10* m¥/d, BT AR I 2
4 RIB S 1200 mm, B SR IE A KIS 2 &
b 45 ] B2 43 5010 A9 30 1 10 mm, 44 5% FH (] 2 =A% Al
HIRIE D 3l 24 A6 NI i 2 3 15,2 1
#2241 B, B Q=625 m¥h H=170 kPa,
N=45 kW .

@ s R ST - - TR R 4x
10% m/d, P45 22 25 AR R 2x10° m¥/d, BETT4I A% i
I 2 45, WEIE E I 1 400 mm, f5 S5 R E 4% 3 mm
P E AL 1 75 5 BT A3 R 2 4%, WA 5
B BT[] 8 min, &A% ST 2R 18, 00 mx3. 50 m, it ¥
4.95 m, A ROKEE3. 60 m, 2 4 LB K 7. 85 m 1
B &

@ A KM R A K IR B AR K LAy Ol 2
AN ZA, BAEFRZ 2 000 m*, BOKIES. 45 m, 3 E 1}
25 2 h, AR H A S . P AR KR Dok R
HR T2, F i R 28,0 mx8. 2 m, 5 NI E
FRAE IR S X A KSR, He v 3 05 8 P A 7K o)
3f .2 L& CRHENE O, ARG, G
(=625 m*/h, H=800 kPa N=220 kW, i #4 2 &5 %
i E 26T XA HKE, RAEXEOE, 1.5 0=
88 m*/h H=440 kPa .N=15 kW,

@ V5K ARG i iEleh SR AL
I 5Tl S AR HE T K R 4, e B KRR 60% , it
Te 5 24 20 tDS/d, MAE I K B I [] S 4 h/AtE Y,
FERACHE S AR . BB AT 18, 73 R 2 4%,
k& RSE R 5.5 mx5. 5 m, HROKEE 4. 7 m, HRUEH
142 m? R HE s b, 3k 2 &5, B 5 AL B 180
m’/h s IR AR B, SR B A K+ R R A TR B, A
A 2 R, B AR 8 m, A UKIR 4. 5 m i
J5 I 5 e AARHE JBE K HLZEA 7 I 7K, 158 AR i 7K
ML3 G, G IE AR 400 m*, JEE AT m’,

% TR AL Jy 27 493.20 oG, TR M
23 468. 01 J7 oG, Hiv 5K 3% 18 747. 177
T KA FHEATT 4 200 TI0) , ) AMEZE 4 720. 84
T I6, ARFZ IR AME L Kok BT, I
TR N7 273.59 J7 Jt/m®, BT % T AR gk 5 e

Yy B 5w, H 52 BR BODJ/TN 8448, 75 7K b 38 i A<
By, 5. 28 Jo/m’, B E LA 3. 62 90/m’ s KR4
LR RN oK [ FHER T IH G 15 7K Ab AR 4. 49
JC/m?, 458 AR 3. 12 76 /m’
5 IBATRR

IZ TR T 2023 AE LB 58 W, [R)AF 9 A JF iR e 7k
RiZ1T, B4 T — 4N ], FEAW A fE 1T, HK
AR . &F 11 H—WRE3 A 15K
KK IR FEAAL F BT K IR 8 “CoKAF, )ik | 7K
IKJT AN 4 FIF 7 .

x4 EBREE HAKKR
Tab.4 Actual influent and effluent quality

mg- L™
iH| BOD, | COD SS |NH,-N| TN TP
o [45~289.4 802~ |14 040 2227 | 303~ 145 150
K 1703y | 3538 |25y | 787 | 1008 170 )
71 (310.5) (50.5) | (58.1) ’
ok 0.4~5.8 [7.9~41.7| 2~7 |0.4~4.5(1.26~14.8(0.09~0.4
(3.2) | (325) | (4) | (3.2) | (11.8) | (0.31)

W S NEUE NI,

HHET, i TR LRIz 1T SR 290 33
mg/L (453, R ED , WA 157K ) 4 4 H4 R
BInE 2 58 mg/L, Al WLy Bt /K vl DAAE—EFE R I
AR RIS FE B . 2 SEPRIGIE 7% TR R e K
b B K B AR 1. 5x10 mYd LA F, H KK B RES
Tt FE BB T 5 0 B A O eI, 22 800 [ 4b
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