— e e et " 1]

THE THEORY AND IMPLEMENTATION OF UASB REACTOR CONCEPT IN CHINA

UASB
dOZIEEie S
T F=S=e

EYE T HE W FF
Edited by Wang Kaijun' Zuo . Jiane Gan Hainan and Jia Limin

VEOA

¥
Q0
CESP

H R PR H

China Environmental Science Press




H EORY AND IMP] ;}%

RGN S¥

o , . w1 g
eJiane Gan Hainan and Jia Limin

//“‘\\?" ’

Edited by Wangi 7

lllllllll

||||

LT
it ) ;\\ \“ “\ """""" \\' “\\\\\“\ .«
IIIIII’III)}})»TII “,‘:”I’II Illllllllll / /’ll »)l[,l ‘/f]]]]])})})
4 /////////// o1, 11 gt ,//,,,///////,

'mm“mQ3m$%%m0%@@&&§§§s$»

AN

i i e
g

N
——
T
‘T
]
VE——
L
—

H R BREERL A R AL

China Environmental Science Press Beijing



BEEMSRE (CIP) ¥R

UASB T#AHII 5 TR/ FIEEE —ItR.
SRR R, 2000.9
ISBN 7-80163-020-3

T.U . FE- . s TI—ERE T —&
T —REFEAKLGHEEAR V.X797

b AR E 1 CIP 3% F (2000) 55 71418 5

b E AR R R H AR
(100036 FHEBREXEHEFE 45)
e ATBRAEENR T EDRI

B FERELEE

*

20004120 8 — MR A 787x1092 1/16
2000 4 12 A H—WKEPR ER%K 16 %2 BT 8
EN%C 1—3000 FH O3S FF
EM: 48.00 JT



Al

REF KA FH A RE R I5 K BT R BB R TR, BWELHA “—EWE
B OMEERR, REBANGRY. BEESTRANARRE, FHERE LRAS
R (UASB) HiARZEENIELZERBEARELBYERERZ —. REM 80 ER¥
Fr M58 UASB BB ARE, EER “EEH”. “AR” M1 “LE” JIAHEETRIHE
RERX, ERREAVEKRELEB AR NIRRT EHT T KENFARME: “LH”
BAIRIEE 5T B v = K RO R S DA, BRISATAL AT T HORBITY; “\NR” BAETE/MR A
PRIRMEML, v T -8R ETRE, EAZ2i B B ibe2BEEERN, ©
LT 300~ 500 MRIEBTEHRELAETE,

e ERR LR BB A BERE LR, WRKFBEAGR A FEN UASB
RICEENE _RERRER IS . FEHEM LB =RRERNELRE, HPAER
EHHRRETR SRR N2 (EGSB), TERXINE UASB T EWmIE M T JkL
15, XEHRE UASB TZ7ERR YN REBE) TH A REB/ERERE T Z AL HEat
BIMJLHREEHR—RBLKR . AUAFMILA T REEITIJLEJL AT, RIBER
ATILHESZE LA, UASBEARBHCE mEEMMALEHKES, Hbhdh %
W AFREH#HATRE,

HERERELAE T LT LN IURMESKERZE, BRRITEREEHR TS
TARRER LA HES B A FESLER AR, M\ UASB BB AR EoRUE, B TCIETE KA R A F= 5
B LSRR ENERETR, B ERRESE =ARERMNASMN ., AR ELHRE
) UASB H R B ECEMR 2, 15 UASB W 2Sr=dk ik E th A B KEE ., X —Ial
R RTE UASB IR FEHEZ TR, BR “NA” HXRFFIEETRELH
IR K. BHME UASB Wil . MIEILFET Bk, FEEH AR
A BB R R S BSB TR AR R L, MARKRESHMAE, (XIS TX—
BKIRME

APEENATER “JUE” BOWE, YEETE UASB RN & R ERER SRS
AT TRRN F E IR R RIS B . & 26T UASB [ 250 R B4 4T, O UASB X 2% 4
SRRV RER Sy . RANESH MR, = A4 83 (GLS)., Fsk &SRB U E A A
F%5, MiH UASB BI7= b A6 1) SALAR R A4 B B9 IR & AL AL

7F UASB [V 28R LE ) T, 56 =S8R R, SHERARRTEHN

1




UASB 3 RS EISRAEAL A RIML I TAESEAT T A48 o X T [RTE S 0 88 4 B R A 48 S L 2%
R TE &, Xt BRI [) B B SRR 0 A1k S 1 88 HEAT T 40 435 UASB B 28 =4
Sy BS RS ¥ B B SR ER B BRI S AL R . @ B N AME R A AH & FH =AM
BASMIR AR, MR, ETRNARER EXNREERIE . KW, AHHN. 38
WA E NS LR B = A B A BT T ARt

TE LARSCBR MBS RORERE |, 32T UASB LZMIITIER, X&F B A
FE, s, dEtt (SUK A B, AT (BRI M. EFREM pH FAER
SGERTIRE. KH. Bitss. BN, BEEEE. EEERSEAHT TN, K
W, *f UASB UM ESHIBIHITE T, AMAREFEABTE . mBEE. JUIRST#E.
RBEAS AR EE . BT N A R KRR AN AL B R D AR LR AT TN . B
25T BRSMRRIFZE B KM TAREH, "TLIER UASB RN ZFMET RS ERER
Bl; B, % UASB R #FRAM MM 5HH, MIMERMAR. TEEMAM. UASB
RN EESIAFEIRRT UASB RS RERESTHRLBNESE T

Boh, REFE “ANE”. “LEH”. AL HEBLTHLEEHIE, MARBRK#
KRB, e TAERREREREABKE BTSN ERME, MEXILETREN
B, AHXTF UASB BAREARFTLBKAE |, il frixg. . TEEaL
THBKMMARERTNR. FetxREHRALE (UASB) K TELHMS T4
WINR . SCHIMETE T UASB RAFFEME ., Jei. #Zy. LT, WA ERRETILE
TKERL TSN, BT R B E1E UASB N E% B KFo

ABHHE LIRS, FEHA. BAE, HWEE. KB, KER. AEEEFRETF
BHRELT TRAHY, ARRRBH, B TABYRIARETZFREFHLL. #
PRRFTRE, MEEKFAR, BRAZRERZL, HEMIFEE,

=3
200048 A 31 H



Preface

The anaerobic treatment technology is one of the most rapidly developing fields of wastewater
treatment. It is an economical effective treatment process for both pollutant removal and reduction of
operation cost, especially Upflow Anaerobic Sludge Blanket (UASB) reactor, which has become
mainstream technology of anaerobic treatment. UASB process has been introduced and developed in
China since 80’s of 20 century. During past several Five — year Program, National Environmental
Protection Agency and National Scientific and Technology Committee have put UASB technology on
National key project The great efforts has been made for process development and demonstration pro-
ject research by the research Institutes and Universities. According to incomplete statistics, there
are about 300 to 500 sets of anaerobic reactors, which treat various industrial wastewater in China.

At the same time, anaerobic technology has been rapidly developed at abroad. If it is consid-
ered that granular sludge UASB is a representative of the second-generation reactor, now the third-
generation anaerobic technology has already been developed, such as anaerobic granular sludge ex-
panded bed (EGSB) reactor. All over Europe, granular sludge has grown in UASB reactor and
UASB process has been rapidly implemented and popularized. The reaction time of anaerobic treat-
ment was shorten from several ten days to several days, even to one day. The organic load rate has
risen from less than 3.0 kg COD/ (m*+d) to more than 10kg COD/ (m*+d) or even higher. The
reaction rate has been raised ten to hundreds times. UASB technique has been spread from Europe
to American and other place of the world. The high rate anaerobic system has already been intro-
duced into China.

Firstly, because of the technical gap of the level of anaerobic process between China and for-
eign countries, we still can not well put the second — generation of anaerobic reactor into practice.
The stable granulation in large reactor or in wide range has not been realized yet in China. If no
granular sludge is produced, there is no material base for the application of third - generation
anaerobic reactor. Then the quality and industrialization of UASB reactor are weaknesses of our
products. In order to solve the former problems, the National key project of new five — year pro-
gram has put emphasis on UASB equipment research and production. The aims of projects are to
make design normal, systemic and simple. More attention of the operators and designers will be
paid to for the operation problems other than equipment problems. Authors have undertaken this

project.



In this book, authors’ exploration and practice of industrialization of the equipment of UASB
reactor and great effect of implementation of UASB process on full scale have been emphatically in-
troduced. The UASB reactor can be divided into four main parts, i.e, the body of reactor, three
— phase separator, influent distribution system and gas collection and utilization system. The in-
dustrialization of UASB reactor in fact is the industzialization of the parts of UASB reactor mentioned
above.

Because the body of reactor must incorporate the different type of three ~ phase separator, the
standardization and systemization of rectangle type of reactor has heen described. The emphasis is
put on two kinds of new materials to make round reactor, which relates to the new material and new
construction method development. The three — phase separator relates to the scale — up and product
of three — phase separator. The different type of three-phase separator (such as module and resem-
ble type) and materials (such as stainless steel, enforced grass — fiber, high density PVC and
coated carbon steel) have been tested and evaluated.

Based on theory study and application experience of UASB, the design guardline of UASB pro-
cess has been proposed. The functions, types, design parameters, operation mode, range of ap-
plication of pre-treatment system which includes roars and fine bar machine (or hydrau-sreen),
lifting pump station, conditioning (or acidification) tank, nutrients and pH adjustment are shown
firstly.

Secondly, the design procedure of UASB which includes detail parts of the reactor, such as
volume and dimension calculation, decision of various upflow velocities, maximum volume of single
reactor and compartment of reactor, has been introduced. The large member of engineering cases for
various industrial wastewater at home and abroad have been summarized, of which the design data
are useful references for designer.

Last but not least, the monitoring and control of UASB system, the factors which might affect
the stablity of UASB system, such as environmental factor, process control factor and monitoring
and control, have been discussed.

In addition, during the past decades, hundreds of projects have been erected in China. The
experiences in the area of anaerobic treatment, which is rich property, should be carefully analyzed
and summarized. In this work, the applications of UASB process in various industrial wastewater,
such as brewery, distillery, starch and pert — chemical processing have been introduced. The case
study of above wastewater has been described in details, which has repesented the level of our
country in implementation of UASB technology .

We gratefully acknowledge the technology support of the following individuals Mr. Ke Jianming,
Ms.Cao Congrong, Ms.Chang Lichun, Mr.Zhu Zhen, Dr.Song Yinghao and Mr.Lin Xiu-
jun. Appreciation will extend to all the staff of our national key project group. All improper evalua-
tion and mistakes will be in the charge of the authors.

Authors
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LR TREKA VA RMABER, SEEHARA L, BRIk Bt R IR
Raas . IREEM T 2R E S R A TR BRI A E L.

3. REE N

PR JE e (AF) JETE Coulter %5 A (1955) TAEAYEA BT Young 1 McCarty T~ 1969 4F &
F AN REERERMENFEAR S ER N ERIOR, WG, JiE. B3,
YRR AN BEA LK o BEK i L 0 3038 5 B A% i R S b A O THR UK ke s
A KL ok B AN BGE BB SR FH YA HLAL T COD F] ik 10 ~ 20kg/ (nd’ - d) o F38MEH
THARA N, HRERDSEPA KIS SR EA E R B8 A
KA |, R KT %, EEKKIHEEaT R R TR TS TR, P E
BHEI AT LI 100 REAE o RSB S RBUAM SR B, AT EIER I8 SR
YIRS Y, KA — R R A MEA AR Y, ESKTREFYRENELT,
5 R E X AF T2 RBEAGE M MR

v

a b c
H13 LtRAMTRAREERFARIRETIREKR LS

4. FAXRAFTRABEE

Fr R IRE IS5 VR IK (UASB) S 28 /2 B Lettinga 7E 20 42 70 FEAIF R W FRALFER)
BEK B3] A UASB I 2% B JKE , ) b i i DR SUBURR 5 98 4 i 75 T K (B
1-3), BEET5KS TG IRAM AN & RER N, RS (FER PR _EMK) &
HREMSh . SRR AN A —FAMEESRER E, AhENREES
POk b B9 BT E RN BT . TSR BRL b B AR B RS, X TR




4 | v rzmmesTES:

!

ERAEEG RS TRBRTT ﬁ@ﬂﬁﬁ?%&ﬁ B HI AT TS e BORLRE I A
AR R N AR TR E N AR P& — R0 A A (B (A F A= ) 0k o A B
TIVEE N, A EEFIAYBR ARE oy & 8 R s B 2015 )2 A9 B

5. RICAPIKRAE R 4%

WALIR (FB) RAH Jeris £ 1982 FEHF &, REMMKE—FEAMRK LR ERIE
MREBR RN, REMEYERIRELRK. ER—HoHKEIR, FEHREBR
FERAN R B NAL FHRALRE (B 14) . BYRANBRBERDF, HEERAKE
FE R0 O KR FN R ) TR LAV /D B R VR R o m R, ATE R AR A . BTk
RIEA T LREAR AR R, (RRKEMAEYUR R . AR5 7 A/ N FEOR I i #2
FEAT A3 BB K R RO ALK, ALK — 3% 20% ~ 40% WK Rzt ., KB ITHE
IO ¥ i 7E Lb A 46 B Ak R RE S K, MR RR R 5% ~ 20% . [ E I KK
(AAFEB) JZ R 88 BRATIEZRK 10% ~ 20% (Jewell, 1982). HI THRIEERRK, HETNHEB
BRAL R R B AR N ER, XN T afmdBaeesE; A= 8FEER
BB EE, BEREENBITHRIKE, BrRAERRM AR,

bl 1
OO T ll
S TTTT R f i
A‘ |
— — I
a b
14 FRERWHEKKER B 15 REEMER/MKEITRE LB

6. REAHHERE B

REAEYHBRESHFAEYHEEMELUNEE, EXFPRNFT, MAEYHREERS
PR AR L, A BRI R e R AR K (B 1-5a) o AR K HHe 3R,
AT IR AR RE o TR VAL B S I K AR L ZRHERR

7. REHARLE

Prift AL SN 1-5b Frn . B T RMERE K ETIRELEREZE, &
BT RN AR R, B — RO ST — DM A SRS, SRITP YRR
AR, AT ABRAG I 9 A BROR

8. REABA 5 R AR (EGSB) B 5 B

F 2 Wageningen f2Mb K22 3847 T & T R EBRLI5 R I AK K (EGSB) 2 b 28 B 5T o
EGSB [ [ #8SL b7 b2 (B E B9 ) UASB IR %, HB 77 8 ) BT F (kL y5 e kb F
BERRA, WMEFTHKSSREBEA Tk, EGSB KM #% I A 2 FRIITRIK




Bm  UAS RIENEESNE k 5

B RAEH EFHE (50T 1~ 2m/h B UASB KRS E) BD 6 ~ 12m/h , BFT7ENE
HCIRAS . EGSB $F5iE TIRB AR E S K, BBEARM ., REEERE, TR &4
TS e K EhRE BRIV R R A RZ K & B KA L “HE 7 UASB RN 88 4 (IB 1T
5. EGSB RN 25 M T RABEM b T E R A E TER AR L. dHKEFRE
& “Fat” RIS TR BE KB R N AE, RIEYI RIS R BRI LR, T
T2 PR A RSB EGSB B 4% :

a. REWNTEH A (IC)  IC LZJE3T UASB [ 8 Brki 4k F0 = A8 51 2 2% () #E
AT SR H RN A, JBT EGSB B—FP. REWNTEIF RN a% (1C) AT LLE U2 B
UASB M 2§ CHEER M. CHRFSEE RN BSNHEBEIN S E 25
BB EE— TR B R, - B — TR R A

e [ TR
i i K
K N N o
ORI N BT L it
PPt ER
AWAY N\
NANA B
AVAY AN
AR e WK % RE
~ R YN
K W ) |
B16 REABERIC)EERETEE B 17 Biobed RER N TEE

b. REFHAMALK T2 (UFB BIOBED) REFHH WAL T2 & H £ 17 Bio-
thane RHEFFA T K BK—FFH BRI 25, HEET Biothane 2RI HKEARILIK, &
HiSH A RALR S B b, B TREM/K MG UIER, BB A Y
HARE, REAHEYENE K. MR, EafraBhER TRESNIER, W
WA SEBRE T P R ERAL KRS A 2 EGSB iz 17 /E R ; UFB REMMAR, EIGREAR
AHZA EIAREL N EGSB R 885 XA — A B T RERKRARDHIE T, Hit
T EGSB RIS —F ., B UEREAK, K EFARE(REEHTEE 5~ 7Tm/h) T
FEA MR BRI B, FTUAERAREYR. BT HOBREMSIER & s T
KB RZ AN BIFRARE, BHERSATLIRA COD1S ~ 30kg/ (o + d) Y= 7247



