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fiat i  1  uati4nonl.iicLid (25 finall.1) 

1.1 n-m3-117K1:1-ICSEJImiii-AtificunnTL316-111-1Chihietithazalkwinvinlfiu@d-il'h 1@'8-unF.J1tiAll6dcd (3 ntucuu) 

1.2 vinimeiirinvetAifil5tiicil@Enomull,feilqnaliIthtFil4nTwi@tit 95 61.trh'nn.6aicti  CSTR 	Plug Flow 

LLuculoollifv-amIcufri%Mcurinlrinn-infiu 	
aavonnanlvmd@uaanoanwilPulethvSactintl 

(half Life time) looNaLnnTtlh'iliunnAiuifi 1 (7 nt mai) 

eirrocuoli 
C 	1 	C -k0 	

1 A 
, first order reaction rate = 0.06 h , — = e

-kt 

CO 1+ k0 Co 	 Ao 

1.3 '`'eutiloilet_417iLvIS'aoEjlet.a1-11767ineun-m3-11'in.L6'xicu Unit operation process iia1anwliffinnoi4n -1 -)1,A)  

low7R-m-u-N-InF-minuitaL fl--IL6 cuillt66atm-12,.1661141Avril6FITvi -lavli (5 fia:Laru) 

	A Suspended and Colloids solids 

	B Total organic carbon 

	C Heavy metal 

	D Bacteria 

	E Volatile organic compound (VOC) 

1. Air striping 

2. Activated carbon adsorption 

3. Ion exchange 

4. Surface filtration 

5. Electrolysis 
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1.4 1,11-rumvinTvit1uvilvii!'aoln-i@onumcuTctuu13-117gcLALcCN'ofi-AonnuL,2@nTInd-ILSEJ 

olLS@ncrikt,616-hticucu primary sedimentation vilo dissolved air flotation (DAF) 

filV111916Li 
Wastewater flow rate fiOlLYinfiu 1,500 m3/day 

Chemical oxygen demand '2=iiiVvinfirti 5,000 mg/L 

Biochemical oxygen demand i.1 -11,Yinii`u 2,500 mg/L 

Total suspended solids NniNiafTcu 1,000 g/m3  

Optimum A/S ratio i.linvviniiìu 0.01 mL/mg 

Temperature 30 °C, S, i'ini3vinfiti 15.7 mL/L 

Recycle pressure N-iLvinficu 3.71 atm 

Fraction of saturation 51F1nvvi1iiu 0.5 

- win loading 	5 kg/m2-h 

rig safety factor ?i)-vvicullciliiinviiinigicu 2 

- nn surface loading rate i'llin@Ot1/6-11 20 – 150 L/m2-min 

- T.;'<uct_i Dissolved air flotation L`1,11-i'cUcUlt:11M recycle 

A 1.3Sa(fp —1)R 
- — = 	  

S  TSS(Q) 

,1),IJcuvill-lcul`tot 24 5nhil 

- Surface loading rate '11@1 primary sedimentation tank Lciiheicu 1.25 m/h 'A@ m3/m2-h 

thtFrafiiciAilcunnvMdoacivi`61,LatTriwn'rto@u6i21 DAF L 50 at, 90%, viLS-ih 

theiRvl'iv-icterunnfi-loact.nA'tiLLati,anu,ad-rta@mal primary sedimentation tank i;ticu 10 at; 

90%, V11.11`101J 

116iT'sti@liafirirvicuolivilovrwhilioialcifd (10 finietn3) 

1) DAF (Q + R) (m3/h) 

2) Surface area 	DAF (m2) 

3)1,171M'AncLAn surface loading rate L/m2-min 	
lcurntricitbavantaLlivinnno 

cloantaL 

i 4) cicui6no1611 primary sedimentation 

5) wig COD, BOD 	TSS 	 DAF at, primary sedimentation 

6) Wooliai-ioLSE.J1comS@n16hticuu DAF .A@ primary sedimentation 
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6601 21,11'11.111,14101 1.4 	
DAF LTh.,15tucucCinctivriiciku LiatkInn5lAITQL,ium3117911.1ii,Suiluu Upflow Anaerobic 

Sludge Blanket (UASB) 076ct_il.ivrtiv-1171.fAillalnin5ctinaiwkil.i6cului@1i 1.4 Iouilj- :SuiS1-15r,cutniim,hvinn-156-11  

fl5tUTt..ifil7A1SVI (wastewater from washing) Li'l6urirt_4tigt,icriiii-ivicuvilt1,12,fetInFifict4-ailimecrfifincyruolt)iivi@u4ntrli6@lcticil  

(12 RI:1MM 

2.1 winCOD,,„ Lot 1111nm. 611.1-1611,1-ILSEJ (v„ Lot V1) 

2.2 lvili/11.1176@1M1179-11.1thi Lilcue.inwjciAnanlaatirmv (A, HI  Lot HT) 

2.3 105-A0@cu'in1l alkalinity 

alkalinity all1rlvvi-il 6lu1ithurilan5wi@Iu 

2.4 n5t-11-411 COD m-aanmyrtnInciloimicullTrual@qt,cuvovinwrImiqvienvin@lfidillarcu  300 mg/L 

linilf,iium51.1'11110 1n5r,uu UASB 

Wastewater from primary treatment 

Wastewater Row rate, m3/day 	 1,500 

Soluble COD, mg/L 	 2,500 

g/m3as CaCO3 	 300 

Wastewater from washing 

- Wastewater Row rate, m3/day 	 500 

- Soluble COD, g/m3 	
5,000 

- Alkalinity, g/m3as CaCO3 	 300 

Process 

Organic loading rate, kg COD/m3-day 	 8 

Upflow velocity, m/h 	 0.7 

Reactor volume effectiveness factor (E), percent 	 85 

Height for gas collection, m 	 2 

- m-ilivliElt°4@lid-n2.1@un-in, 1011M 	 101,L95 

- d'19711d11.1k111715VUUklirl, g/m3 	 3,000 

1,-Jal6fleufinviadinvu Oc, 11.! 	 52 

QSo 	171, 	VL  
vn = 	, TA= 	A = 	 , 	= 	,HT=K+HG 

Lorg 	E 	velocity 

Ks  = 500 mg/L, k = 3.125 g COD/g VSS.d, Y = 0.08 g VSS/ g COD, 

Ks [1+(kA] 
- s = 

	

	  
0,(Yk — k d )- 1 

Qprimary treatment 	primary treatment  COD 	 Q
washing 

 CODWashing 

CODm,„= 

kd = 0.04 g VSS/g VSS.d 

primary treatment 
+ Q

washing 
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61i/1 3  

3.1 'iniii@et7; 2 wrinvila511Taioln'iwili:6@fatinnT616n9cilLS01,00,6htuculhlYou'uulilj@in'w1thtLfrifi 

Sequencing Batch Reactor (SBR)6011:inFInviliiii@kiaiiiilwidil)ivountilwidtcdil (10 fravuu) 

1)lcviliiu'ri.n@cuinwin6criuniwi@61 	41tryinuunn -ILiTunnWITtnio (4 nnau) 

2) fill volume cria eau Lot 	SBR (3 fittlut.1) 

3) Hydraulic retention time Lot BOD volumetric Loading lAultivilli6nuAniw@nau cuvill0,1i 

vi-annt-uvill,famIlilaLau@Lave, (3 fir,tanA) 

filvrtiolciii 
Wastewater flow rate, m3/day 2,000 

Biodegradable BOD, g/m3 
1,565  

xbil SBR, 61 
3 

tA, ii-A1.11 
4 

ts, ii''Aul 
1 

tr,,ihiLl 
1 

t,6hi5J1 
0 

VENT 
0.3 

Range of hydraulic retention time (HRT), h 15-40 

Range of BOD volumetric loading, kg BOD/m3-day 0.1-0.3 

tF = to +ts +tD 

tc = tA +ts +tD + tF 
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3.21Inukn-raviolnl1415tucull-itivli,Ssu,uu Activated Sludge 

lvt*1 (7 flt661,11.,i) 

1) Mass TSS (kg) 

2) The reactor basin volume (m3) 

3) Determine the reactor detention time (0) 

4) m'Aaguin Volumetric loading (kg/m3-day) --ii@OteliiliivnTenvtlgli 

tiivitivili 
Wastewater flow rate, m3/day 	 2,000 

Biodegradable BOD, g/m3 	 1,565 

SRT, d 	 6 

Px, T55, kg/day 	 1,500 

MLSS, g/m3 	
3,500 

sip volumetric loading, (kg/m3-day) iiii,viLitin 	 0.3-1.6 

V*MLSS = Px, Tss * SRT 
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'hil 4 (10 fit,161.11.0 

4.1 filvtuolct)10156uviVeViviintucull-rU'ojnChItk 4
d 
	 C12H22011 (10 fitaLiN) 

1) -@Ivinctillinna@nilLwuct@lf-riTtimaphi (theoretical oxygen demand) luni5d@soann C12H22011 

2 kg (Vit'aaulconi-ntlIn'IL) uatklm5mn-inxi-1,5 

o@Aau6ricahutl5tnuu 21 aJaikd 
2) ei-ivicuolci,1015hvilaui@Ci 3 fiAbagiAntiva-act.rolaviiai n-id@uaalua-15b'euvii6hia.Jolcuii@cili  3 

ciA6Vi5inlitvia 2000 m3/day aat BOD 1,565 s/m3  .tioln15ct_filrit-la@n671LworilvQ1.46,1/Lib 
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II 5  ca-ukv-inblyruoilmthilknggAvialA 

Wastewater Row rate, m3/day 

Total suspended solids (TSS), g/m3  

1,000 

500 

Wastewater alkalinity, g/m3  as CaCO3 50 

- 	Alum Al2SO4 18H20 added for removing TSS only, kg/1000 m3  10 

Phosphorus in wastewater, g P/m3  15 

Raw sludge properties: Specific gravity 
1.03 

Moisture content, percent 94 

Chemical sludge properties: Specific gravity 1.05 

Moisture content, percent 92.5 

75 Lcii@ign-Pi6m1 Total suspended solids (TSS) v)notnutiVilti primary sedimentation tank Iouliikl 

alum 
90 Lti@igiugliol Total suspended solids (TSS) 9)nntnotaau primary sedimentation tank 1,0Et6ri 

alum 

own5fr11L1J alum vt76n15 precipitation 

3Ca(HCO3)2 + Al2(SO4)318H20 < 	> 2Al(OH)3 + 3CaSO4 + 6 CO2 + 18H20 

(3 x 100 as CaCO3) (666.5) 	 (2 x 78) 	3x136 	6x44 	18x18 

aLfmnmh alum f 1J Lime 

Al2(SO4)318H20 + 3Ca(OH)2 < 	> 2Al(OH)3 + 3CaSO4 + 18H20 

(666.5) 	 (3 x56 as CaO) 	(2 x 78) 	3x136 	18x18 

vinnn5vioaol1ni-innn5f-1- 	Phosphorus (P) 1 kg klni5 18 kg T@1 AU(SO4)318H20 

= 1000 kg/m3  

(10 otimu) 

5.1 11412-ilall@l TSS (kg/day) ci,y,nrinolgt_i1,21.FIL alum LotolL alum 

5.2 lv15'3wi@u-i1 alkalinity lucti-ILSESiolullA29i@n15610 TSS lounmF)D alum vil@b.i 6111,1hiNEJ11A2921@l131.1  

Ca(OH)2 allliLYiih (kg/day) 

5.3 	Al(OH)317ii,rloi'm (kg/day) v  

5.4 winctSilino56tialotnwATSS Vii,FActalnnnworinatutotii)lalCh alum 2) Chi alum 0711 @f1-40,,TSS 

5.5 wilnctillniu alum 171A1'61612,-11111.1(kg/day) 	 phosphorus uottlilrim@lotnuuct7krioifrtiv-In 

nnwinwzn@culounniSIL alum man 	TSS Lot phosphorus 
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foil 6 
 I11-11.A1@lni5V15tivullict)100,GucuMtkonn10 (aerated lagoon) AuCiTiioj'n@@nv-in5Licuu UASBIct.iii@Vi 2 

Wilkjnfivz.inct.grimp.a:iniaounctilIFingnctJiiiifinviuolv@cu4nonliviathi 
(10 f1t611.411) 

6.1 aciA-Pi-ii,-)a-Aufriwiutlimydn@cu (solid retention time, SRT or Bc) 

6.2 lctiritlia_riminllial,Fai@nn-wi 

	

6.3 	
llnwrrai61@ln-15@@niiLvuvillvi,04'ielu LLatIchlTarn,i-raolni5@@nilLvt.ifi@lliM1 

6.4 wii-ri'win BOD 

- Wastewater flow rate, m3/day 	
2,000 

- Soluble COD, g/m3 	
160 

- BOD5/COD 	
0.5 

- The plant permits standard BOD5, mg/L 	
10 

- Depth of Lagoon, m 	
3 

- 0, day 	
5 

- Water temperature in summer°C 	
35 

- Water temperature in rainy season°C 	
25 

Y = 0.65 ingrvILVSS/rngBOD5, Ks = 100 mg/L (g/m3), k = 6.0 g/g, 	= 0.07 day for 25 °C 

First order observed soluble BOD removal rate constant k20 = 2.5 d-1  at 20 °C 

So 

- 	

S = 	 
[1+(k)0] 

- k2  = k11.06 
(T2-T1) 

- Oxygen demand = 1.5 Q (50-S) 

- SOTR = 2AOTR 
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foil 7 19•ractii'lti-i2,Jvillicti 

7.1 6tipri.66evivitiwtrim 20,000 mi ct.ht,6tinn 1 ct,flifctlict_i2.JitinLvinficu 200 L/day Iout:inil -inctv.m..i@etlAn 

yctn-al6i-ittrlyt.7-riloctl-iLSE l'inOint9,-it-pnn-iEl-ullYi@onacurntilicuctin6dejo6Luu 
Tricking Filter 161469ii@ki,actli 

rimirtalt;Ijo@nucueuvniAa,incteptinann@ltil Tricking Filter `174viAlA,A2Kluckuct71117ifiTtirtio 

(10 finalcu) 

- cdilinti.rtNhcr;ILihWt.u, m3/day 	 0.8 (1:1- t.lininItntl) 

- i-nBOD, mg/L cil'uSE 	 500 

- BOD ciiihmn-iTtinlioLLA'- , mg/L 	 20 

- tilvinnngAct.Alljfino BOD 

Filter depth (D), m 	 4-6 

Recycle ratio, m3/d (RIO) 	 1 

i-i K 	
2.35 

- n 	
0.5 

yruvillilcunlyrilt-il, LLm x Ilivi. 	 18 x 18 ,.. 

-KDIQ: 
=e 

filevicuoli 

St  

So  
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7.2 lot`u')Einnl.in`'Vil'1100T,L,ieu'Uti@liiicULatItJOETQ:,"U`Altht;i1110A1ILlili (6 flli'LLIZLI) 
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