Was#k W3W i X I % X % % # Vol.35 No.3
20094 3 A JOURNAL OF BEIJING UNIVERSITY OF TECHNOLOGY Mar. 2009

FE K EE X UniFed SBR L2 1 B AYR200

BRI, Yk%, BEX
LRI ok KEHESAFERETERAZRE, LR 100124)

W W HTHEAKLIMFHE UniFed SBR TEHEME W, SR RATKLS N 25%H 2% 8 2 M HT
9 UniFed SBR & [V 88, 3 A LRRAEFES KN LR, B HLBE 6 AHARBIKHEK p(C)/p(N)K, TNE 24
RAKHESET 1 ATERAYFORBRRRZ LK TN REKE, 57 T KK/ HKB BB SH B TN
EZRHEW. RRERRA, UniFed SBR LZEEX B —PRK KL TEFTH, MFEE -5 ZHME A 3K/ HK
MBEBABREE 9 N ARG FEKEA KX, TTGHK p(C)/p(NYHEX, BERKREKRM, RKLBX,
NimaB S E; EFEHEK 0(C)/p(N) KB, FEAK B K, S BB th SND WL E ¢, B®. B Fk/#HK
BB 3t UniFed SBR T¥ TN 1B RME L, B RHR/PITEAKK, EAHTFILZEAN TN ZR.
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UniFed SBR LZRIEEXRENF A HY —FHEERN LML — SBREVTERFASBRBBEAAFTL
T FITEM 1 MSTRBEERK/HEK RS VIR 3 B K/ HOKW B, 21 R TR
HAKRR BB, FANGRER COD BRMAEFA, BT —RAPRBESREPH NO;, £FEN
N,, Bl 3 RS AL B #E4T, NO; [ Bovk FE RUTRE MK, SBR MUK MBER R T REFF 5, BEE A A#KPH
BEREEIYHTHRENEN EEENBRSNE, TEAMAEERAMFRARRELE. BT UniFed
SBR TE#H Myt A F RS 170 R, 78 5N Mo o 7] 8 B 5] O Je K 0K 200 1 R B B BT A B L R AN
FEFE, REd M EFARTERRSMREAARSE. ZTZLEERAANINEEHETERES
KA BRI A, 3 COD.N.P #£BEH7E 90% b £,

FKH (B X hERMBHK/ HKRSR AR BERZ )R UniFed SBR LZMEH MK 212
AT — UREMZLEMEBRMEAKEN I BEEWHET. HRGRERUC, Fi5KPH
TN ZE—* UniFed SBR fE# 2 MBr B REMRA AR KN 2K/ K B A R, RSMWBBEWPH o
(TNHHEFEKSE A HBHRE, RRE—-Ra THKNWHBERIER, R d TR N bR SR K
CODMRARET EWLBEER  EFERSHE TN LLF —BoME, XR-RETHEDH R ILE
FAAEEMIL R4 (SND)/EFH5IEA . B, UniFed SBR T¥ 1 4 64 B B kK / HEK By Bt 2
REBSRERPRENRBERA=ENRARARSHBRE THEDHELERXR S ML RHELE
BrEEBEE_#2M. BRAKEY E, EFKRERTR BEFK/HKHBELAR LTS KM
(MRS NO; RBKE N O URFEMB LRSI (REEERN NH HEEEN 0)WEER G
T, 28085, #K/HKRBAOBREAEN 1-E, TRIEK LB/, #K/HKB B TN ZBRERHE; B
—5H, AR E R HERSH B SND REMEERXR, UR(71RY, W NRSNEAFINY REKE,
BEPRE p(C)/p(N) L, FT4REE SND 2R . 2 FEAK B/, F KA HLIAA B, N ZER S B H]
FF SND WA LR EM BB, TEWRER WA B FHanmR, MM BH SND = £ R A
ERBE. T, YA RAK R, 3 Lk 2 B BA TN ZRFHERMEFMEBRAMRY.
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B4R LE X T RAK LRI ENE UniFed SBR TEL R AN REMRE. X EETREXRMF
F, M| UniFed SBR L ¥ &3 ERRAE15K, BFRFEK KT UniFed SBR T TN BRI W .

1 REMH5EFHE

1.1 KBER

AW KK UniFed SBR R MR B REEME 1 iR, RSN EVLEBH R, HEXHE 90 cm, B
EREFE, BK 21 com, BERBER L. ERNFBEBRHKFKE, KW REHR . RAHKE
HAKEHEK R, RS L HEE MR, BB K28R RENHKE HH R 8S, HKE LR
FoERER K. BEKKBREZEN 1 mRYFPHE REBERFRARETRIL, FFRETATY
RSB p(DO). NP ILBSHES AR E MK, #HSRAREY, FE T EEHEK RS, B
ST ERMBHEE. AZEN 2 AESBERR, EZEN 2 NZEN 1 WESER E&T 1 M EEE.
Bl — 218 2 SHEHEKAY UniFed SBR TE BN B BEH RE, X # KRR HKEHR.ZE
Pl 1EENL 2 B9 PEERE B 313 #]. UniFed SBR —MMZ 17 A #A##K/HEK 2 h BB 2 h~3 h 40 min. T
20 min W HFRNZELELT, BREF4~5NEAH. AN FMBHENHEKBRE26+1)C, EH
p(MLSS) % 3.0~4.0g/L, S E¥ 0.2 m*/h.

1.2 EMETRAREAK

HRERAYRERPEEREFSK, RKRME 1 iR, SREFTIRHRESKLE ik
EI# 5. B F#EK o(C)/p(N) HXE UniFed SBR TE TN K ZBRARKE M, Fr A WA £AK et
TEX TN EBRBR, BAREHRFHEK o(O)/p(NHKATRTAFEL. REERT 2 RHEAR
YERIFEAK EL 42% 71 25% , 42% HEESE AR R PR EES TIHK S H KR FIBHBRK KRS,
25% RERLEPLER AN —NB/PIFEKEL. KBRA 2 MHFTH UniFed SBR N3, 3£ 2K
KRR FEAK AP EAREFT R T 2R, B B 2 M REBRERFRBHEK o(C)/o(N) HLEHAT TN
E—ANZEARTHRERRBRELK o(TN), FHWTFK I UniFed SBR TZ TN BB W. M5,

ERRHHEK p(C)/p(N) LB, BUEFEK X HEK/ HEK B BRI B TN ZRREEMER AR, B
SRR (FF/X)
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Fig.1 Schematic diagram of UniFed SBR reactor and auto-control equipment
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HRRERTE 6 ARFRMHK o(C)/p(N)H(3.66,4.79,6.67,7.88,10.54,11.98) F, 2 Fe 7K b Xt
UniFed SBR TE TN £BWRMEW. B FREFBITKE p(NH -N)H o(TNY B, vl i R
KB IMAFEE R ZBRAREHARAHEK o(CODIM p(C)/p(NYH. 2 REBES p(C)/p(N)EKTF
BERLETRAMEST, FERREMLBYRE, X o(TN)E 1 A AR ILETRERE.

®1 WAKE
Table 1 Influent characteristics
A H p(COD)/ p(NH{ )/ p(TN)/ p(C)/ p(N)/ p(PO;™)/
P (mg-L™") (mg-L™") (mg-L™") (mg-L™") (mg-L™")

oA 7.2~1.6 190~230 51.4~56.4 54~60 3.51~3.83 3.03~5.16
Rl | 7.4 210 53.9 57 3.66 4.1

1.3 SHWMBRF =

COD.NH; -N.NO; -N.NOj -N.PO;” -P.MLSS.SVI ## X HEREEF L E, FHME
ER 43 #7722 A 89 Multi N/C 3000 TN/ TOC B E LM E o(TN), #E WTW Multi 340i AR {5 BIFFEL
KW 0(DO).pH. V(ORP)HIRE .

2 RBER5ETR

2.1 FEKECRsEA/HEAR BB MKW

FEs# K/ HEK B B, ZE R R M FRBE K A, B TRA BRI LR W IR0 ok Lt 5 R
B RERN AR AR, Fe, kg K5I E et BT s A5 18 K B 3 5 5 % B B L R
Rt B 2 KK B shi LR w, B i R BUE N W E RS ESIR & W PR NH, \NO; (TN R &%k &
B 77 1 O B e 2 ZEE K / HEZK B B NO, 9 R AL ZBR AR IL .

B R (1)~ (3)iH+H—45Z% UniFed SBR AHIK B EE 5,

1=m+tn (1
Hep g Rt K/ HEK B RE, g, ARSHBHHEEAER
_ (FXK o(TN) - BEHHR G o(TN))

K o(TN) X 100% @
_KE-\.?JJ!I“YEAWI o(TN) - RS EHRB AW o(TN))
K p(TN) x100% (3)

E 2(a))§13i7kl:t%7 25% KRR BRTE 6 AAARRHEK p(C)/ p(N) L, TN & 1 4 UniFed SBR A#+
AIREMREIZE. WA 2(a)FTLLEB Y, FE#EK p(C)/p(N)HM 3.66 ZHBIME 6.67 T B+, BEMBIE
BWFE o (TN) BARBREMRES, A 23.04 mg/L B E 15.45 mg/L, S HIHE KA VLRE R B i
W60, R HR ey SR AR T 22 BR A NO, RSB th 22 R84 m, A8 RL#E 7K / HEK B B Y IR K o, thBE 3 8K
p(C)/ p(N) LGB BT FH 5, M S8.2% B E 71.4% . RMLLER R o(C)/p(N) L, BSIMBRAHF
B o(TN)REHM p(C)/ p(N) AR BT SE T [, TR IS LB RETE 15.35~15.45 mg/L, 5, BARFAE
ER BEBEET71.4%~73.6%. LRERER 9, HFREHE o(C)/ p(N) LB TR TCR B R, 4
p(C)/ p(N) LA BRI R —H RS, K P ANBREMAXN T —APRESERFREN (NO, )RR
W, B e SR R R XA BB 5 4K 5 4 A R COD A AN AL B Fr e B B9 B & NO; B8 IR
N, TIAKP LB, BIER T 3K/ HKR BT RWARA, SR, BTN 5 BB TZRRKK
T ERABKEEE 9

2(b) ATEKEN 42% MR EATE 6 ARE#K p(C)/p(N) I FiBFTE, TN 7 1 4 UniFed SBR
AR, TTLUR, BE K 0(C)/p(N) LA N, S HMMB S W PR o(TN)H 9, B
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Fig.2 TN concentration profiles during a UniFed SBR cycle

PERFFEAK K 25% G5, BIBEE o(C)/p(N) LR ES, MRS HIHR S WM o (TN) BH K, 5, EZ
AR, % o(C)/ p(N) LXBIFE—EEPER, BIWBB W o(TN)REHE p(C)/ o(N) LB F BT
REAR, R MR TE 26.2~26.95 mg/L, o, EEAEREE FF, BETE 52.8% (PHE)ER, ZENERK
B2 42 % B EK/ HEOKBY BT E R BRI EE imex. T FEKE 25% HRBLA AR IR IERE] 71 mai BT,
X RLE p(C)/ p(N) ELEMR, AT ZBA 7y me,HEBERK.

i#L A 2 Xt UniFed SBR T 2 MR FEAK T HEK/HEKB B TN 2BxBE o (C)/o(N) LKL
MASHT AT AR, RREEFE - RAKETETH, BEE NS ZHNLH pinall, 7ima R TTKLE
HR, THHK p(C)/ o(N) LT, B KRBT R, KB, R, BT ETXT R AR W15
BEWH o( TN)BE.

2.2 FEKEEXWAEBRE BT W

Bl 3 A HMHREIHEK p(C)/ p(N) L RREIFEAK HETE) TN #E 1 4 UniFed SBR & # 1 #9 R @ h 2%, 3 3¢
HHK p(TN)REAT T OB A 3 o TN 28R S B B iy R AR A 0L W] 20, E R R KK K o(C)/
p(NYEEHT, IN ERSHBSALFABRENRER, 2T RP—RIREMEDHRLEABT AR
20 a0 SR BT I A, 55— WA IR B K 4 SND fE I 8% .

B 2 EBRSBT B TN R AR W LUR L, ZEREW B b K/ K B E A 2 T/ R LB
p(C)/ p(N)ILTF, BBSHHA TN HIREMRAER 0(C)/ po(N) L T EARFRMHE, MR IKIARIA L p(C)/
p(N)HEH TNREREES, HK p(TN)EEMFER. BEEERGBTERSUH, — R B NDEE
TS R AR MR E IR 0T, REBBAEM RS R R COD MR FHZEL RS ], Haf TN
MBARFERO FHEYMRBILIEM. BRI SND MBS EER, EMEDRERE, BT o(DO) M &
B, AP ERFE AL, TERAL COD K REMMAL T Y, A BN, & FRERZE RIS
HHRBHRE, ™ EREMX, BE S R, FH R LR8I e A LR R R B IE, LIRS
BEREFRE, BHEER N, #i. ERE THEMEANGREMIF RN FE, FBT SNDH AL,

SCER[ 10 ]4RGE, ® 1 SND I EEE K2 o(DO) A VBKRIE. #H ZHH o(DO)XT KB E KA SND
EXEE. HREH o(DO)KK, MALR T A LUHEAT R AL, T 0 (DO) X RBERH, AEEMEYE
A ERBRESE, BRI, R, RENEIEDAZ T EHET LW T e BRIEY
TR, B LW, BEM o(DO)EFF TS N E M SRE IS, B A RE N T B KR LI E
SRR E, LR TRERRSH B REER 4, BFRSHIEE o(DO)E 1 mg/L KT,

AT HEBRFVBESTRSH B SND M, B 4 5 K H 25% 1 42% 2 51%&E 6 HiEK o(C)/
p(N) B, B FIER WA o(COD)HIBRSIE o (TN)MREMRE. 4A4E 3. B4 LIESE, RAKRA
25%HT, B INEEH p(COD)M o(C)/p(N)H 3.66 BTHY 52.67 mg/L F+ZE p(C)/p(N)H 11.98 B f)
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Fig.3 Comparison of TN profiles during a UniFed SBR cycle at the same feed p(C)/p(N) ratio but

different volumetric exchange ratio

164.2 mg/L. MR H, BSHAME p(TN) I REBEHBMN 2.51 mg/L RBAZE 7.16 mg/L. ERGERERH, %
RI—FEKHT, MSFIRIESHEE o(COD)HBSBAEN po(TN)HHE p(C)/p(N) L N A R, X E
BREANFK p(C)/ p(N) L E, F/KH COD ELT#H K/ HKNBHUNHRE. WERSREPIIHL
TEF RGBT ARV B PO}~ M-S R PHB MG, FAMBSWHRASRE o(COD) LR
B, RWRTTHTERLSHARMANBRERE, B b SND T EBHM TN W% AR AN, RE
R TEKE 25% TEITH, #K o(C)/p(N) L BXIBEE N, (RSB B i SND 1 2BR# TN ¥ &
WMEEREE/D, AWK T 4.65mg/L. MERKEN 2% KBS, BB o (TN)RKMEMN 5.25
mg/L KIBERBEZE 20.39 mg/L, TR ERER KK TEITH, B p(C)/p(N) LAY 34 m, B < B (8] gy
SND ZBRHE o(TN) MK I B B R TR 7K LBt g8 52 .
ME 3. E 4 ETUED, EHRFEK o(C)/

g

25 ~
p(N)H (M 10.54) B, FooK Ho 4 25% 69 MR S 90 84 1B E—'-;ozo— g
AWH o(COD)% 138.4 ma/L, MY p(TN)E o E 15 ML
186,41 ma/L, TAKHS Q%BEMNBRER  Ba 1 1005 E
# p(COD) % 195.7 mg/L, M HAE o (TN B{E By Of | &
16.74 mg/L. U EZRERH, R — p(C)/p(N) K 0366 4.79;(.121)/;.(83)10.5411.9 0
-Fy Eﬁlkttﬂffﬂﬁma P(TN)%&“E%EE? O FKH =25% P(TN) KE{E(E
KR o( TN WRERE. AXFA, FTERHT B JEKH =42% P(TN) (A
FK H AR B, 3 k/HE K B BN B R B A e D)

p(COD) B, [ i B <90 45 1R & W AT o (COD) B ¥,
ERSHBRTHTF SNDWANRER S, ZM B &
SND Ti B8 TN £ .

&8 LT, £ UniFed SBR TE.H, ®#K p(C)/
p(NKMBEKEBEEER TRINHE TINHZR, HERTRRATHAREBSEZHAIRE, 68
BEMEDREFERSEHTHAT SNDHBRER L, Hith SND BREH TN RF, HKH o(TN)

4 WS o(COD) IS BB o( TN) RERRIE
Fig.4 COD value at the beginning of aeration and
TN degradation during aeration period
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R

B S 2t 42%F 25% BN FAK A 6 AREIHIHK 0(C)/ p(N) LB, BEAK/HEKB B TN £BRE
7 BB B TN B E 5, AKX —1 % UniFed SBR ARIH TN 25X p REE. NE 3.8 5L
B, g BEET 750, WHHK/HAKRBRMIE INMERTBMEK;E 6 H p(C)/p(N) LA H, &
KRBT, BRET RAK LR R — p(C)/ p(N) B, FEAK HLRBTET 7, SR T FEK H A
B s TEF —FEK HL BT, p EHEBREEE o(C)/ p(N) KA IITT AR, BRK LMK q ARBRHEE, T
FK R g, HABBRE, Ht, 7K 0(C)/ o(N) B, A KR H K o(TN)ABRK T RK LR
B K o (TN), HMH n REAB R T RAK LK 4, (BFEEE o0(C)/ p(N) Ui, 2 1 FEAK T
7K o(TN)F 5 HIBREEIE, 1 p(C)/p(N)HH 10.54 B, FEAKH A 25% B K o(TN) K 9 mg/L, SFHKLE
R 42% K p(TN) 9.69 mg/L REEIE. % p(C)/p(N)REE 11.98 B, FEAKELH 25% I K o(TN)
K 8.19 mg/L, T FEKHEA 42% B 7K o(TN)ERZE 5.81 mg/L, B 6 4 p(C)/p(N) LR FHE— 11K
HHF KR K p(TN)EMERL, XEEREM 0(C)/p(N)ET, #K p(COD)®iX 633.6 mg/L,
Mi#E#l p(DO)ZE 0.5 mg/L KA TR —MEH . LhREEI5KSURTTIEKH p(C)/p(N) KA RETIRLZ
B, % o(DO)HIEH AR E, B ELHREN SND A, B TZ 8 A RANMR B R HLBRE, HK
p(TN)BAK, p BB . B, H T BEME UniFed SBRTZHH K o( TN) BRI HEBUIRHE, N M4 RAB/PMRKLE
2 SR e
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BsS 2AARREKILER g0 F g

Fig.5 1.7, and 5 at 2 group of volumetric exchange ratios

3 it

1) B F UniFed SBR L% 1 MEHIE TN £BRE 5 FHK/HKH BRERRRIZRE S A £ KN
AR RER g WRSHBRE THAEDHRLERXRSHLRHEERTENREE 9, =&
ZH. BRI HEK/HEKB B TN B X5RE 5, RSB R TN W ERE 9, "EBRRERH
e, E L HIE TR R g MR TS FIRERT 4, M g, BIRW.

2) UniFed SBR LZEEE MK TBIT0E, MELE— NG Z X RLH 7 me B (FEK/HEK BT BE
BB KBEE), N AT RKEE R, T HHK 0(C)/p(N) TR, BIEHKBRIEFE R, K HLBR,
771maxﬂﬁ'

3) EHEFK p(C)/ p(N)B, FEAK LR, BB B B SND ZK#) TN 8%, Bl 5, B&.

4) B1F# K/ HeZK B BE 3t UniFed SBR TE TN MR AME R, B RABR/MIRKELEEN T L
TR TN B9,
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Effect of Volumetric Exchange Ratio on Nitrogen
Removal in UniFed SBR Process

ZHAO Chen-hong, PENG Yong-zhen, TANG Xu-guang

(Key Laboratory of Beijing for Water Quality Science and Water Environmental Recovery Engineering,
Beijing University of Technology, Beijing, 100124, China)

Abstract: In order to investigate the effect of volumetric exchange ratio on nitrogen removal in novel UniFed
SBR process, two UniFed SBR reactors were operated at the volumetric exchange ratio of 25% and 42%
respectively to treat real domestic wastewater. The effect of volumetric exchange ratio on nitrogen removal
was analyzed by comparing the degradation rules of TN during a whole cycle and TN concentrations of effluent
at 6 group identical feed p(C)/p(N) ratios at 25% and 42% respectively. The results showed that when
UniFed SBR process was operated at any volumetric exchange ratio, a corresponding maximum TN removal
efficiency 71max during feed/decant period always existed. 71 Was only relative to volumetric exchange ratio
and irrespective of feed p(C)/p(N) ratio. When the carbon sources of influent were sufficient, the bigger the
volumetric exchange ratio, the lower 7im, was. When at the same feed p(C)/p(N) ratio, the bigger the
volumetric exchange ratio, the higher TN removal efficiency was. TN removal during feed/decant period
contributed more to UniFed SBR process, so the use of smaller volumetric exchange ratio was beneficial to TN
removal of the whole process.

Key words: volumetric exchange ratio; UniFed SBR process; nitrogen removal; simultaneous nitrification and
denitrification
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