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JTis AT AT TR . DA BRI A R AR WY, BB AR XS A T K AL BT HEAT AN FIAR
s A R T, (HHA 25 R i — 20 SR AG 6

& 340 B4 3% M 75 Je 15 (cyclic activated sludge system, CASS), X ARG X GMHEH R T2, &
SBR .ZM R T2, SN AYO., AALinZoh, B & WA T 2N, hFi% T2 b E A
Sl L REEAR, ERITE, AR T LR SEGERER K, 5K BBk
PR BB R A FEAT I, B S TN, SRR AR RS AT SR AR AR S
15 H KA BE IS AR HE R

B FE VS b DX I AR G TG K AL T AT R bR ks, DA R IS K AR RS g HE R
#E) (GB 18918-2002) — 2% A b Y2 R T 3K, AT Db B A HE O 35 AR B 5K K 1 B35 K ab 38 )
CASS T MHrae %t 4, i o 3837 V8 i A6 P75 R A A (activated sludge model, ASM) B U4 4k , il
EIXT TR T, HAUREOZ) UGS S AR R TN LBRACE, KRl IL 1k 7 28 00 sl s
He, AT A TR BB V5 K ) TR MGE SR IE S %
1 MB5ERF*®
1.1 5K ER

WAL TR 0T S S K AL BT B AR BE AR O 1.5x10% mP-d!,  SZBR AL BE AL A 8 000~
12000 m’-d™", $AT CIREUTE KAL) V5 G My HEBObR #E ) (GB 18918-2002) — %% B brifE (55 1), 2009 4F
7 HEANIBTT . R CASS T2, 5Kk, IRk, Anas it . duas it . eivinii,
IR G G KA B A CASS Tt . 757K e HE A CASS T () S 48 X (e 35 A 2 NI PE £ %%, QDT
2.2/4-1800/2-40P) 5 Ml i5 el &, RJG i ARG B RGN RN X7 A RS, s r -
T2 3 R X A v o] T R YE K AR R, B R b A T SR e . AR, TE K AL ER )T SRR
HEK B 2 AR B = T, COD IR T il , SEPRiF/KAg C/N 2475, RiHAEMN 44%, X
SHGGK) st AP B AR KRR (1), THEGE R R BOERT, T5KAER Sk o 22.72%,
15 U845 B A] (SRT) o4 21 d, EHEFREEE] 420 min, o 40 45 o 7K B Be B[] (2 K +IE S+ 3E) Ry
90 min, PR HYBLTE] 180 min, JLVE N BLfE]) 60 min, &K BT E] A 60 min, HEJERTE] 30 min,

F1 SR LK R e R R HERURE
Table 1 Influent and effluent quality indexes and the discharge standard of WWTP

REES SARE COD/(mg-L") BODy/(mg'L™) NH;-N/(mg-L") TNA(mgL") SS(mg'L') CN pH

itk 490 182 30 45 200 10.8 7~8
SEFRiEKD 400+50 16020 70+10 80+10 200+20  4.75+23  7~8
bRk 55+15 12.3£1.6 1.5+0.7 3245.5 1142 — 7~8
— BRI 60 20 8(15) 20 20 —

—2 AFRifE 50 10 5(8) 15 10 — o

TE: D201 TARBEB TR s —m RAFESR,

B FE K A R AR TG TS K, (B SEBR kK 8 B AR TG V5 K, IRA — & el Tk koK, %
15K AR PR 3 4 A-FH TR A9 CASS L, H b e S0 AT 0 FLUR 4.3 mx17.6 mx5.6 m=423.8 m’; 4% ith
RS A 34 mx17.6 mx6.5 m, ARKIEN S55m, AMER K 32912 m’; GAEMD S Ak N
12.8%; YEKIREE R 1.25 m; B R GBI AL FHI5 7K 58 34 mx17.6 mx1.25 m=748 m’; HEK AL K
748 m*/3 291.2 m*x100%=22.72% .
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W AT 5 H Az 17 Be Rl s b A7 . K O SOR TR K .

)AL R SR E . LA E BR/K P54 (International Water Association, IWA) [ 1 #4: 75 I8 1 5 4 7
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Fig. 1 Flow and simulation diagram of CASS process
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Fig. 2 Sensitivity analysis of ASM1 model parameters
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Table 2 Influent COD components according to the ASM1 model

- SCOD Ss Sy X5 X X
KK TCOD#H/ — — — — — —
o) (mg'L) W Sy WEs o A e N WeEE S wWaEs S WoEs i
(mgl") % (mgL") % (mgL") % (mgL") % (mgL") % (mgLl") %

1 435 69.86 16.06 3863 888 3123 7.8 25813 5934 7526 1730 3176  7.30
2 328 5445 1660 2745 837 2699 823  190.76 5816 5999 1829  31.62  6.95
3 394 7577 1923 3601  9.14 3975 1009 23735 6024 4874 1237 3191  8.16
FHE 385.67 66.69 1730 3403 880  32.66 850 22875 5925 6133 1599 3176  7.47
4) T T % B 52t . R $& F+ CASS £3 ASMI BESHKRERIEHEMER
v N TN o Table 3 Simulation results before and after
T BRa I A ORI T 2484k Y o
. ) - ASMI model parameters calibration mg-L
SR, AFETS IR I L L A DX /A R X AR AR
— Ly N v IKFERRAS COD + TN
e R RIZKR s 17 e 55, feliis K F = NHiN
Yt Iy 5 B TR L IR0 3 1 R woooww
s HA I 520 Sebriik 43.46 0.82 31.77
R FEIERTEAL T 7K 30.84 2.31 38.53
2 #RE5iTE R
BB JERADLT 7K 39.15 0.91 28.91

2.1 HEIBT CASS BITH RAVEHMLK
ABFGE B Se M AR IE H KR (20 °C) 2514 F B0 CASS T 25 it 20 I B 80 14 56 B 45 s 0 A7 A 4B
fb, FEAFEF R B Ry, A XA A XARR (R, FEKE (). BT RIS bR
1) 75 U6 1137 bb 5 5 g DX AR AR B Sk Ak BRASCSR (R 52 i o 35 U P13 BL R B K Hb 5 ) CASS T2 A ik
BB, 2 Ry B/NE, SR B SR AR 41 B X COD Al TN A 2 Bz BR 1, [R] B B AIG 17 Bl 480 IX
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IR Z FEAR o 33k 32 22 P D [nD3As HE 39 0 2% S SO B AR 28 4 SO 20 R sl 4 o, 5 B S IR S
[ B A, ST S AR A B COD B L BR, [RIINAF 4E IXT5 PR I Al G T A, fe it T A
R B 3EAT 5 I HB S XX B, COD K BRI, i 4 XM <o 78 6 2 U AY) 25 B3k s kg
2 [nl B 100% 1, H R S0 BR AR AR AR AN KA S (181 3(c)), 3 32 2 R O o R Ay e 3 EE 4
TR NI AR, SEOAERIZ 2 . BEE Ry BORE AN, K COD. TN ¥k & 5 AR
M X FEIE D B S DCRER ARG I, S AR AR M, R T A S A AL T Y COD #Y 25 Bk
TTRRAT P d v o A LR Ry BN TEA TR, SRR E TS, O S DR RN, B (R
R M S S A PR T, AR T A AR SO AR AT
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Fig. 3 Effect of sludge reflux ratio and reaction zone volume ratio on the COD, NH;-N and TN in effluent

Lia 3B AORE , MRS KT A BY Bk S8 X/ A IXR R 25 (Ry=12.8%), A 18] 35 L
] 200%, ABSRAREWE L 1K TN — 2% A HESChR . PR, Z00BF XS ATE &0, XF H 58K e Flis
17 R AT A AL

2) FEK HE XA BRAICR 2 . FEOK L (A) 252 CASS T AN AR MR EFE, & HEV W
CASS T Z (Pt v 7 far 8 J3 1920, 78 CASS T 25 Ji 309 M o A Wr 0+ A o R w3 Ji] 30 A Ak 230
KA A B S R A s K IR R, BRIE b, AR, FRBEEUN, KOOk, A G1E K
IKBEAKEE 5 A8/, FBAERDBROC, JK g o/, KoK BOBRS & o (HR2, BRAY A 2 FEAIK
CASS W AR TR I #, EOAE BERLAE T B FIs AT iAo R, BE X CASS b 78 7K 8 FE 43 53
0.5, 1.0, 1.25, 1.5 F12.0m S FfEAL, & Ry N 200%, R, A 12.8% M5, VIR 3 Finmiafs
JRREAT RN, T T R Ts Y i e K e . G 4 B, B A BRI, A RGN
) COD B AT T, KAk, SE coD EMEwi Lk B—m, Ak, TREUEAR
BN K SR, CASS TN KK M RE A8 2% . TEJLRh A K LA T, Z AR A |
HRRENH A KRR, JF BB/ A A R TR A R N AT s X RAINT S, BEE 2 RS,
KERMKET S, RELBRGEZS . FEIFEHEET, B/ FEK AT 3G 05 K 78 P i 45 B B
], F T SR A AL BOR o (HAE SR AR LT, K BRI R IL B — % A Hesohr i . R,
O R I AT EI AT A, AR R R AL A AR R] TS e A AR HERL .

3) B AT A . FEAK R A SRR B S e o ASORT SR AK B ] RS2 I CASS T 2218 AT U R i B
SERIR U, B A ] B K T B 5 e DA A R B R IR MR TR ORGSR A W T 2
a0, A AN S AR RS, B A EBR RS REAL, KA BN ik BRI K,
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Fig. 4 Influence of decant ratio on the COD, NHZ—N and TN in effluent

S 10 SR Ak 40 B 1 SRS ARAE T, X i 40 BE COD T TN A 25 Bk s AR R SE ), [) Bsf 386 0 AS 0 B2 1)
REFE. FUM AL B[R] 52 e S R R S8 VAL . COD Y 5Bk, i T B2 52 i s 7K K s
WRAEEEE R, EHABIR T, B 450, 455 ENRLE . AR . FEK AR
R, IS KAL PR ONARESE L TN — 20 A sAAr iRk, 5 2 0PN 2 S fid A i ) o 2. M HE K s A
FEARREFERY AL, AWTSEX A AT T A, 225 R BB U Mg, mRE s i 23 i 7]
ALV, 75 Ry=12.8% . Re=200% fIREA AT, W BEUTIERT A I [R] 73 1E , BIFSEAS 6] J5 38 K A [
FEK AR A K S5 R (W3 4).
*4 BETCASS TZRHEITEUAR
Table 4 Cycle simulation program of CASS process at ambient temperature

PEK I ] /min
VE 3418 BT A/min - PUTERTIA/min - VEZKAESE/min - HEVERT[/min - SEERET ] /A
TRA -+ RS+l i
JR B 0 90 180 60 60 30 7.0
ES 45 45 150 60 60 30 6.5
VEY) 60 30 120 60 60 30 6.0
JER3 90 0 120 60 60 30 6.0
VEL 90 0 90 60 60 30 55
WE 90 0 60 60 60 30 5.0

ANSTR] R GZ 47 7 AT K e AR fh 25 SR an 18] 5 TR . COD AR4BL 25 % (18] 5(a)) £ W, BEE
FEK LRI, HoK COD BTt e, HrE 2, 3. 4 v USCHLIAG FoK AR T Kk bR, R 1.
SHTFRKILER, SEEKENGIRRE HKHEE, S8 COD AN kbR, NH-N BHUZEE (B 5(b) &M,
24 1 A I ] 4 46 24X 60 min(F7 % 5), FE/K M 36.36% B ik AN kbR, FEELH LK, 1546
A JEI R G 9K T S far 38, AR TR, HE LA A K R RUA bR . TN BLHRLZE IR (& 5(c)
B, FEKLR 10% B, &B17 7 RHKBA AR KR, X FRERHFRAKLKRAM, ##F/KCOD &
A, FEEERBORIEA L, AT R, BE ST I E] 27.27%, A HE 3 0 LK
HK TN HEOhR o o X Tk iR, KRS HRE, Khfmigm, @RkEd s, Rr
F4, SHBERBTAR, WMRNAES, HKEEERE TG, SAANIIR. M F K &
T, HEKIRA RS AT R ARG, K R UM A R AR R, KR AR, IR S
KT BEAK K BRI S A B, AR IE IR A F T KK R RS G ik b, B A % 3 A s 1T,
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Fig. 5 Simulated effluent results under different operation cycle and decant ratio conditions of CASS process

- H AN 22.73%,
22 {KIBERMHET CASS BITH EHERM L

15 7K AE Py Rb BRASCR A2 R BE S e A R, IR T A W SO AR RICR: SRR AR . R IR S 1 L IX
AR ZETREANEN, fElrE 3 &ML, ZET 20, 15, 8 C /K T AFEIZEFTEPIXT CASS T2
WK, SUEBL T Bk s i, B R K 6 fin. B 6 Win, BEE AR, Jr
F3HKRBOIRAEZ . KIEH 20 CREME 15C, HAKTNFE T 1.31mg L™, RIERKZES CH, &
REZABEW L IBARHEL . RAEFIZE T, AORUE KA AR HERL, Rt RE R X% 6 )X
MHE 74T, F. KEWORE 1S C)RATE6ETT, EFRERS, RAFTE3IEIT, WE
TE S KK BT 2 — 2 A HEAR I

x5 RIBEEHCASS TZEAMBETERAER

Table 5 Cycle simulation program of CASS process at low temperature

HEAK BBt E]/min

JIEBIT — — fEAER ) /min BRI min UORERS ) /min YE/KHE/min  HEJRRH ) /min  EAEPRAE /A
RA+EE B+
T3 90 0 0 120 60 60 30 6.0
E 90 0 30 120 60 60 30 6.5
VIE ) 90 0 30 150 60 60 30 7.0
70 61 177 - 753
~ 60} =~ 3 16t
5 =, g
e S0r o =5t
£ £ 5t g
g 40 t % > 14}
© . = 2 &
301 \ N 13t
20 ' — 0 ' 12
5 10 15 20 5 10 15 20 10 15 20
T L T
(a) H/KCODFEFRX L (b) HKNH,'-NFEFRXT H (¢) HKTNFEARX

6 FELIREFMH TEILKER
Fig. 6 Simulated effluent results under different temperatures
2.3 ERREBITHRIIEE
WAEE LA I 38, XK 64T T I E, I T AT AR E S 8, R E A R R IRy
RTB1T, BKETIHBT R 6is 7. K7 RT5K) FHRAGE RS IR K S5 R . & 7 a7 %,
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Fig. 7 Changes of water quality before and after the upgrading of sewage treatment plant
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M vE AT (B 7(a)) 7K COD. 2 A A TN B9 BE 230l Ry (25.4+12.1), (1.240.4), (16.3+7.2) mg-L™", F
TN JEARSE 15mg L7 L b, ARERHER, UHEAEL . FF, XFEEH THAXERR
R, OSBRI A AN /& 5 COD e Bk F2 AR T 5 I b K A5 S 72 b, R4 &0 AU K B Ag i
AHEARE , (B 7 R b B A R K (R 2), R o X RBITESGET, V5K F71E
UGS A A3 BTG . BRBAE R . KA SRR a8, AR RS AE %, s s
95 K ) FE 4 ZE (DA 2018 4F 12 H i), %25 (L 2019 4E 4 F ) 4t 7K 45 5 4 1 7(b) FEL 7(c)
fiizm o HIE 7(b) AT, R FEAKOK B s K . KRR, Hik/k COD & FHRIA, e My
ZREEfrf, /K COD. NH}-N. TN ¥ & 537 hy (23.23+2.76). (1.16+0.76). (9.83+1.4) mg-L™",
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Abstract In order to guide and support the upgrading of the sewage plant in cold region, the upgrading model
for CASS process in a sewage treatment plant of Hebei province was constructed by using the ASM1 model
with GPS-X software. In this study, the sludge reflux ratio (Ry), the reaction volume ratio (R,), the decant ratio
(4), the operating cycle time (7) and CASS operation strategy at different water temperatures were numerically
simulated and optimized. Based on simulation results, the optimal operation strategy for upgrading this sewage
plant was provided and put into practice. Results of the CASS performance in the winter clearly showed that the
effluent COD, NH;-N and TN concentrations of the modified CASS process were (23.2342.76), (1.16+0.76),
(9.83+1.4) mg-L™', respectively, and stably met with requirements of the first grade A discharge standard of the
Discharge standard of pollutants for municipal wastewater treatment plant (GB 18918-2002).

Keywords cyclic activated sludge system; activated sludge model; wastewater treatment plant; upgrading

and rebuilding; low temperature
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