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Surplus Sludge Volume Calculation of Biological Phosphorus
and Nitrogen Removal Process for Municipal Wastewater
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Abstract: Since the key to the design of activated sludge process is surplus sludge volume calculation, while
activated sludge systems are main forms in biological P and N removal process (BPNRP), it is necessary to
calculate excess sludge production of BPNRP. Combined with the operating experience of wastewater treatment
plants in Kunming, this paper analyzes and compares the precision of traditional calculating method, sludge
retention time method and mathematical models in surplus sludge volume calculation of BPNRP for municipal
wastewater. Then, it suggests that the sludge age method is suitable at present and points out that adjusted co-
efficient K (0.75 ~ 1) is related to specific process and several values of K are given. At the same time, it al-
so points out that activated sludge mathematical model ASM2 is the orientation of development.

Keywords: municipal wastewater; biological phosphorus and nitrogen removal process; surplus sludge vol-
ume; sludge retention time method; mathematical model method; sludge yield index; adjusted coefficient K
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PRIE) (GBBYTS — 1996) E A% Tk P 4% A BE MR Eh HEBObR ME R B 4% A0 R HEM AR , B g fe &
AT HRAHG RO, X BHRESFERBBILHISAKLE) B5 BRB AR, KBH L BEAAY
WA R B AL R, RN AR BRBRAN AR THITKLGER BB REN. R, & TFEES
RERBNSAEYLBNBRFIENE, KT ZRITOABRELREWREREH - ENBRT
wRE, FHit, RIS KRBRRELEZ > ENRKSRERBE -0, T B 87y @ #
BEMTRMETBEFEFER. BRSBTS KLET HXFRSTHDR, X e S#iT,
EHBRILZEKTFRENTEENARAE = A5 HHEE SR BRMBERTEL,
EFITEEERE AR BRE R RAROEDEYFR, HEXRBRHAT ERRBTML
HE RN, FRRTHITKEYRBED RS S RERE A ASM2, i TRERFEYREE
REEGTER, HABEU T ZEORERSE, UL I FEMRARE T —BIHRE
K12, B, Sy = R 7 sk B T b, A SOR BT X R G — 0 76 I 1R B R B B R A 3 B SR
5Ko HIMESHIE LFFRANBRBRARTZHRESRA  REMNFRA=HFEEIREOXHE,
RETZZEMNERERFRX=FHREQHS I XMBR S 7R e 2384k, PR ERA%E I
MEEAR,FUX—-BERAEREL. UTHERABHESREMKASREBNTATK HSE
EYBRBRBGRARENFA, EARBETEAR, A TRESRSIHFREMARE, RER LA,

1 FESRERRSERITREAG

1.1 {EGH R A

RRE A MR RAT R T, L SRR AR BIE AR B T RS A LR, %4
BAEE A R — TR A T UG, fHR G B R ORI , T A B K
SREE . GRE. SKKEREDLBEGSHFEHESERNSRERISRA KM, WIANET
F ORISR R A DU AR = | B, 2 T T A W B R SR 5 U B K B B Y, 1

EESSBRHBESTRERNHIB BB RRE, BWEKLB WESSTEY, Agitas
HHEAR N

AX = Y(S, - S.)Q - KX,
KF AX—F HHIEE RS RE(VSS), kg/d;
(Sa-S)O—EBHMANGRYEREE, ke/d;
W—E%mmﬁAmqﬂ#ﬁﬂt%ﬁEw BR kg, X, = MLVSS VABRSHBAR, m;

Kd~ﬁﬁﬁ%ﬁ$wmE%ﬁk&!(ﬁﬁm;ﬁﬁ),d"o

EXRHES, YERATEHERE 6, BKE, TS ER AX<ONHTEESR, MBRHTS
—TGKAL ) NG KR XS TRLEHETFE.
1.2 Siklgx

FERBERIERHAHER, SRRCANFHESRELERITMESANLBSH. BT
REEGKABRTRESER, X +4RRMETEELE, “ERINBENMFSHE, B
TR AEEENFEEARANSLRBSBUH B K, LR UURE, Bm TSR 808
M. MEEEHA EABEAP THAEFBEFNER  ESANBRRREAFERRETRESMEAMEL
MER, BN E, BEBEAN ATV EEFHHREAKXTUNRIAA, ATVESHGSRENS
SR ALRS I =540

1) HERANLYTSIRORFEREY IS EYMER (R A FREREYaNE) .

Yy+ Q- BODs (FSRIEMH) - by - X - MESS - V - fr n(HERRERR)
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2) EHFRABIBRBHERAM(ALERAMEN 102 A£H)0:0.1 by X -MLSS V- fr 4o

3) BEHAKPATEROEERZEER, HEALSBREAXRSIREK 60% £4H:0.6°Q-SS,
Hit, , MRS RBETRER:

SP =Yy~ Q+-BODs; — by - X-MISS- V- fr 54
+0.1-byg+X-MISS* V- fr g +0.6+Q*SS

A :X=(Y4°Q BODs ; — by X*MISS- V- fr y)/SP,

tHF SP = MLSS* V/6., APl RBFRISER SP X:

SP = Y4+ Q-BODs; +0.6+ Q+SS-0.9+ by Yy Q+BODs; * fr.a/(02" + by * fr.u)
H B EER 1 kgBODs H5RTR SP, X
SS _0-9' by * Yy + 6. fr.u

BODs;  1l+by-Yy-0."fr.u
R0 KRR, m’/d; X BB FHUEMEDETEHSRPFSOLA; vV IBSKHER, v’ 6c
KB, d; Yy IR OINE R, kg SS/kg BODs, Yy = 0.6; by h R FHRMEYH R BIF
B, by =0.08 L/d; fr p R FHBMEYEKBEBERY, fr.n=1.02T"5(T BBE,C);
SS R S M BE K B IR B AR PR BE , ke/m®; BODs_; Jy #E 7k BODs ¥ B , kg/m’; BODs, .29 i /K BODs ¥ BE,
kg/m’s

HEH Yy=0.6.b5=0.08 L/d, MARXE .

SS 0.072-0.6- 6. * fr.u

BoDs, * " 1+0.08-6, - frm

XEFEEREFROLTRAY Y HETUESD, HABRATRBR TR MIAEKL SS/
BODs B .15 SAKBEREEK, ERIAREEHFSRIESAKLB HRHKSEFELER
EWHERES, HEYRBRREREFR LS RERE THAAEEISRELE, BKbR RN AN MR
RU—AIMARXFIHEERB K(KEASRAKIZEEREFER):

SS ) 0072066 - frp
BODS’,' + 1 +0.08 - Gc 'fT.H

Hilt, K ISEE SP=Y-Q-(BODs ; - BODs ,) (kg SS/d)
1.3 HPRBGE

BHERK TS IAWQ T 1995 4EHE B TIEHEIS I 2 SHR(ASM2), EXRBA Y TIHRT IS K4k
AR KB ER, TUERNRT SAkEDBRBREREAVVENR . LRI NSTEENHE
WTHR, B, BT ASM2HYEAREZR, 8T 19 /PRI RN .22 MEEHERBKZ 21
FINFSY ERP R EFSHALSAERERENE AR E, EHANBRA ;T ASML 3tH 13 7
AR 9T BE KPS SYRAEE, LFHEHAI NN HREFEAFBETRRGEHR KD,
AR AW 5E 7 8k BB XS BBE i SBAnaE, B A, AL SCARIRE, BT S K EYRBRR A
RGENEREBSHMEHSRESHL, KA£8.5% ~ 13%3, BEaEitANMASREN, T4
A ASMI SR RIGS B, ASMI AN, RGEH P4 MBS R EE U TILE2 AR,

D RE#ANEEHESRPEAMATEYER VSSELRBBHEAEBFHBSREKRNA, d k™
HEHBRER X, =TSS(1- f, + ff.,) (kg SS/d);

2) FHBRIPHEHSIEEREMEYNAREEYD , RHRBMEY (X ) A TEVERE
ViR fbmmsk, =4 B0 Xp 5 = BODs Yy /(14 0.by) (keVSS/d ); INAMILR L LR (B F
B,Xg. AN Xg o= TKN Yy /(1 + 6.b,) (kgVSS/d);

3) REERBREYIEN Xp = febfXp,n (kgVSS/d);

Hit EHEBRERN Xr=X,+ Xg.p+ Xpa+ Xp (kgVSS/d). BEBRUKBHENEED

SP, = Y” +0.6-

SP, = 0.6'(

Y=K-0.6-(
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SBN Xpgr  (kgVSS/d), Wi

4) PHATBREN X, = Xr - Xgr  (kgVSS/d)o

HA . f, HEK SS PRI G LLH,0.7; £, FiEK VSS P AT EEYBEBRE S FT G I
#1,0.3; Yy ARFEMED =R R E,0.65 kgVSS/kegBODs; Yy AL = R EL,0.1 kgVSS/kgNH,; -

N by IRFEEVHBEEREE,0.15d7 (15 C); by N EEMER,0.035 47 1(15C); 6 H
AW R A o] A Yy BEFE SR 43 Fr o5 HE 61,0, 2,

2 |HITRE

HTHRPMAHEER, BHARTISKAE £F R ARBEBRETIEE, ik A20 TL&RitE
7. 1IZ2BNARRASHL. BHRREHNRTEKLEZER/HRTZ—(L60%), C&
BRI M E S E BAEBETSK 36. 57+, BAZEHAKAE B RE, RUHTHTE KA H
FAHEE 80% ., XWREISKAE PREEFTI~SF, BKE I0F, HNMEFEHRTERENIE
TEHEE RKFEKESEE, BREFEMERRCHNTINR, XES= BTG KAEET X
FAMEIAEE T Z (ICEAS) , A BRKE — I, M T XM SHASURHME - FZMBENIT
TRALERT S,

BHW EAAE R AARMEERAKRERE 1. BT EERBEKKEDRE, Bz RAEEK

BIR, AR R AW, AR A AR ERR 2(URHME MK A6l), &K
TZHBERERE -3,

x1 BEWAGKALEN@HKRSKRETKR

K P38 47 (mg/L) BODs COD,, : Ss TN TP
N oK 180 360 200 30 8
gitf K <15 <30 <10 <10 <0.5~1
S BR Al #HK 60 ~ 80 100 ~ 200 200 30 4-8

HK <10 <15 <10 15 0.5

*x2 BEETEOSKLE XERBEHRAKKR
K38 bR (mg/L) BODs COD,, ss ™ P

#K 190.41 518.6 416.4 41.37 6.52
K 3.57 19.6 3.3 16.77 0.28

K — [ — [REmw — [Eiw] — [Eien 2 — [HEn — [fEn - Hx
H1 BRTE-EKLB TZHABRERE

K - [ —~ [REw — [BER  FEK]| — (v — #x

(Rl B m)
B2 BUHWB_BAKkLE TZRERER

#Ek — [ULESM] — [ICEAS RRiNs| — ik
(B . HE. V3. EK)
B3 BHmBNEALE TZREREH
HTEEHRENTRGRSLRETHERR, RUERBRANVESETRERETAH
RAZE, LRI 8 15K A EIHC B R BN, RSO RS IT (B Y, =
0.65 kgSS/kgBOD; ) it # tH BIAISRE N 9.26 v/d, I FEMILER, BRI ¥RBERE—HEKE
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T, xR, HUESRXERNERESR BRI R(HEM=1IS5KAB R ),BE2
BB REGHREN, KK O0BHNBFRI1S~-20%E, BES L, A4 TR 15~20t. HilL, LT
WEFITLIBRBE MBS, 45— B A #/K BODs = 150 mg/L. SS = 250 mg/L K& i 7k
BODs = 10 mg/L.SS=15 mg/LitBRHABRE  MEHTE - F . BB KL4ET WHED 5
35.5% 10 m*/d.10 x 10* m*/d\10 x 10* m*/d, S ¥J35 K KR 15 €. —M, T 5K VSS/SS 4 0.
15&EfH,BHTFEAEAANRK NEMBUK, B EAEE, RaEHEABER, #AR ITK
AT TIEBBRATMERY, - EsREWHE S k4B SRENN, 5 — HEuEsx
3#E7K VSS/SS (B BIRER , Bl , — T 157K B9 VSS/SS{EEH 0.7,

BT RMATNIEHEA R HIK RS, ¥k BODs HRME, RBERAFTTFREA R HEHL5MN
BB ESFARERE, ERHNBKAES, HIF AR RARE K A KEE BRI K
(6c= 20~30 d)[8), 357K A0 B~ KBRS ATES 6, >30 d7), MRXMETH XML EHLEHK
TP 4 F{KTF 1 mg/L 7K TN REBIE R A9 E BRE SLAEF &, B B 5 E 1T 38 B R B, X [/ B
BBERE AT B KAE , ERSBEFNEKEBRER, SREEEHNE8~154,80 6.=8-~15
d, T LA 4 0 75 TR 08 7T 3 B B 47 e B B s R 128

RS — B MENSKAET NEKBRESIEAEGSITEE TS RBEMBFR
BEtENFIELERIITEI

F3 EPRBUHASKLE WATRETNSR

((’é%ﬁ-ﬁﬂe , SRS
. Y (kgVSS/kgBODs Y(kgSS/kgBODs) BOFRA EAEMASRE
ST £FK K,;(d_l) 0< K<l Xw(t SS/d) (1 SS/d)
AX(r S5/d) SP(t 85/d)
B = 7k —
gﬁﬁgfﬁ. mﬁ;d Y=0.4 K=0.75
040~ 30 K,;=0.1 Y=0.79~0.82 8.74 6.1
S =0.75 AX <0 SP=6.08~6.3
BT AKZ Y =0.55,K;=0.05 K=1
Q=10x10* m’/d AX=5.65 Y. =0.65 Y=1.22~1.39 16.7-19.5 15~ 20
6.=25-8d (FgitkmE) SP=17.1~19.5
VSS/88 =0.7 N AX =9.26
B v=0.5 K=0.95
6. =250 4 K,;=0.08 Y=1.16~1.19 16.3 ~16.7 16.3
VSS/SS = 0.75 AX<O SP=16.3~16.7

MR I AT IS KR AYBRBRBEA T ZRKISRENITERNRAEEE. WEA
ASML HFTH R MBFEBRIE M 0, <30 d 6, HTHESRSERFEABREHIYWS . B4 6.230d
B, AR BRA, RHME ASM1 FRSIS HESBETAFESTHEEYRBERRARSEHH
RKRILGRR, MMAREA, M RRZEE/D FRABEAE, X54EYAEBEHFEERL-BM. 4
KRB EMSNTREEYRBEBREIR N5 K AR OXEFETHRE, AR RENMSH &SR
BHAKKE, AEERLXSE, HERA A 7 E, XN RS EHNERI M.

HKBO0.75~1 ARBMERN , SREEEEHEFEREITESEYRBRRARLHFRS
R, KHARRTFRAEANTEER, MBAK A220 T, K=1;ICEASTZ,K=0.95; LAY
KERENEAMEITE . K=0.75%  FERBELHXFEETRIEMURE LS.

3 4k

DWHBKEYRRBRBEATZHMABREENITE, ANEERATT RS, MBFRIE
(ASM2)RI R TH. MAHTEETEERSREMKBREN, NS HBKFTROARA
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FARSHFISHE.

2) GRBERAZRANMICHAESN TR I E BREZRAK Y HEHATEAXERERLHES
Tk, e, B ERRIEEENBAKRMNLRAHN, ZEATREBT S KEDBERBREET
T, mRUBERK K(0.75~ 1), K HBESEKRIZEAE X, MMM A0 TX,K=1;
ICEAS TZ,K=0.95:; A MY KFFRENAILBEILZ,K=0.75%,

SS 1) 0.072 - 0.6 - 0,: 'fT,H
BODs ;. "~ 1:+0.08-8.- fru
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