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P

■ui 3Ji0?im40aimvi0im0 jji0?31ij0tui^04 imsunfinsifiiuw'i-in ni?ni,Hi40ui0?in'U0Tu
as q as 1 as

^411000034^14341 1^00174'10540170410134 lt05;7nin0flTmn00034

U0Sfl10

6. Wan7Smi04U0000U (Environmental Impact) >1341004 1171020170171043403110^0114(5114^ ^
^ o' a*tn05i40inm7n74nii!ii0434'uu0U000l4W0n7tmj0034yu0 U0s;vi7'vi0in7i7734tin0

q q
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7. jjaarsmeuimu (Pollutants) vtinEjQ'j S'3'Mils;il'U0Ej1'U5Ti3Jtini uihajinfns:

utiin?^in?ifn?iJsiJtJstiltj-S^nfi003j Sow 3 |iluuu 00 su0^'H07 tmsl©
mjpi0tT^infi00u

8. ni0^iff0 (Waste) vmtj^ n)0^my 7fi00tifin0 u0S3J0in70‘u»i 05:0011
^ 1 J!
^0nil000vi'mnuvid'ifhm0ij?mi7

nol'Hin^w^nfsnu^o Hf0fi0l'Hin00ti07i0000tu0inS'nn0003j

^70110^^ Kf0^nn070i'3ci ,0S0fjl'U5773J!irn0 1107

iruniviotnjjy 1105:00101^
*« q

570sU07lJ75siniirUU05:lH113J10071U01 750 071U7011 U05 1005 00U U05;0713J^'U05:m051 K70 

ivt07i0ioj0,u5i ^m0M700mJf)0000mnntt'H05nnm03j00i7 >1703500175:00070

9. 3500175:11151411105:141100 (Water Pollution and Wastewater Pollution) 03J1005 3500175^100 

11101)05100 550100501000114141070111)714000001.34141 lt070f5W0ll1U00514lS0713500lJ70 01
3/

111141?|,50017l35l'0 3515035 ll4 017141 llllsfi:iJ75l0in4l?)0FI75

10. 75UU1J11J(?n41l00 (Wastewater Treatment System) 0351005 H10Tl4l0007071101017071357
qj

015^1147001010S?17110570707735010P17 010071l05ll4017ll050007000071070lt75U0
q

o o 3/ o A i * *015141 01101410^114 07511714 0171J11J01)14 00141)05751)1115115014110035 004010100135010 7 010
q <*■

v %> J4

14105 tl0501017001017ll00005110051410151704510

11.00017501501010 (Air Pollution) 0351005 U05l000tn0Oinni7llf0710700lljni7lWll035K70 

0170140111 U05l000ll5lJ 1400ll41177347010 01OO500ll47lJll05l0l00 0014070 0103 11)351 ^0 

05005 101010 1170350017014^ ^£0fnVlllllOU00000ll41j770ini0l0 

12. 1)05100010007 (Animal Waste 1170 Livestock Waste) 11351005 U05l0£J'VllJ00£J000O10vll734
cA o/ o' ' 3J d A Ji *1005007 l00117llJu07U05t00£l00?14ll4vJl735l005007ttli500nl0 2 0714 00 U0511U5 1105

1)051007

13. 10350511700034 (Environmental Chemistry) 11341005 01711071357 0713511ll1oyil50114t0fiK70 

10340511700034 3510514100171110014111105350017015^ 0£00013557735s510 m0141341,5507135t1ll1o 

ll4n0lnni7tl]0014tllj05U05U05l00 It071411l0y0'0l005fl01715l1^114017000111)1475 

U05l00l00015tVI3515035 1105f)0005013511007,5im7

UU1411J0

14. 707001401007 (Chemical Reaction Engineering) 11351005 m7lEtf071357V)157070773501007 <55 

00170500711771)051120707 m0'0TU1007135litl351l14U05017'0l00017llJ0014tlll05 11050713571115
qj

011410 £051170 00353511111000751111151150 1J141007135OD05751llll51150tt05170l£l,t[ll4017151150
y

1)05100 H7035115lil0l7ll75mi4ll750n50iyiU0575lllll5ll50ll100000050lJ11000l711l57£in0l7

11050 71351K 3515 035111501141071150100700070



15. (Environmental Management) nT^UQUniTVtfautnvil^luni?

ma'Mil'HiTfnvunpiaaun^uautTtTfnvi^^ni^Q'uiiu vifa
<ti

ItJ lei
9

16. flTula^ (Biochemical Oxygen Demand : BOD) MUHEJO^ ll?3JlfU9an€t!l'U^^UVl?^a'3fm1l 

lurmtiaEJTmiatnEmo'uvilu^Sadlma^tSEj laaaninfmiilSauuiJa'j^a^mi-iJTsnaiiSuyily
9J

r ^ d ^ d cs, d■raaeilmnmEJvtaflnifiij 20 'B^Sfmaiaauafu'MnCfno tilunai 5 iu ussinnm?
nj q <u q q qj

d ay I in va -a
101)^0001-3 li mvnjpi

iianmianns

^ Ji ' d A'ii-jinaflumii^fi^tnaaauSnmJDi.iiauaiouaa'i^inuJJ0010S'0tn0?ljluil9^1J'U,uS'H010?lluillJ 

amiimn^o^a^^iTU'iniluniiiJiiJ^I'HnaujJii'HSa'uiau uannspiTu^^inpiaajj'ainfi^ul'unia

3jntnpi^inyJi0U000nii'0iinu0'an??D ilajma^tnaaajj'aui^nnmniiyJmjisw^^'i
d c VI I 0 a* t In [ rii o a.

main liluiua^a mvnoiBaiuw

mD07n?nj
1 a 1 3; e* <v o' d dd d dd

am Ivmiuaiinfnnuo^trrasnmrisn aui^n^TTununjo^movi^
u

1 1 ^ A tf’ 1'ua^iaa^nannoiJiJdoaa^rra^tnaaau mni^njianiTaTuaima^nii^mi^al'uniT'aiylmjljJ
qj q

'iiiiliitfa'jnjo-jaivm'al'Huintntjaaiufia^nima^^PiT’ ri0lMtn?iilfij'Hini70nfii-3<D0-30ivnT0i0lu

V 3J

Jja/mS'm-a'Wl (Water Pollution me Wastewater Pollution) 1T^W0'V1ll<H07yi0in7141^n3JB701lsini
\ V id^!  ̂ d 3) 3J 1 * A 3) g. *Sll0UltU000-3 UV)0-3,U101jll401^l,niJ‘Ul tai'U101000-3 Illu0l4 '0ll'HU'H?i'3,UT0l£t(’l,UnilW00'Ul

y V V \

iTsaiPTHfaunJ^silifiilfuitua^ia^lil 'Hf0m0ni?in0U00,uu'Ha'3'uilT4ni0wS9TuiiJ03;ili laamlil 

uaiuo-st^ainnafliaildaaa^ldluuM^thBisjj'ine! jjnodlimJfnTauyila'ail'Hfn'MTiyims;
qj qj

1 , %i ** o'

^■jSlaisi^oiafaodlviiJTuiliJI'tfiJisIainri^ riol'Hin^ilfy'MiJjaan^yn^'ui Vhl'mnfdnngmsfu 

niiiiiifuiSuI^adi^n^tiinia^in'Hiiatm^'M'injiadi^n^m n^tlandi Ejlmrlmru “Algae Bloom
</ 1 <=> J* A ^i=l d ^ a” I^yiJiingniifUMndnmawrua^innly'uit^a Ciliuitu^iwlul^THnj 1170 

vlam^oT'a'l'uiJit^auimnuanua'umaluniiyl'uylamvnji^iynalnvn^BiTuinil^
qj

M 7 0 Eutrofication

J4a0n^'m-3<uasua3;!ue-3ia0e740710 (Solid and Hazardous Waste Pollution) Tu07Sl]TUni7'ifam7 

1000011017000771) l!B-33J0S017llf017mSm0l7-3017li)70Jl01ll0 mU0nj0'31'U0000'H70m0ll7S;l0sirU

su0-3t00'000l,H3j00i0s;yii'3nj0t^ii00i0mypi70773j ImiH 1*101000 07^011) 07s;i]0^ 11000TU01H

1)00141 tl)u0U U0"0101)0-31.000140710 HuH 01t)n4S'01l7700TillU3J0'3 017taS 0170S;010^Sqni 

1,3140701170013 W000WYmD0010017l!-3174 l3l4014



a Awaimsm-jenmft (Air Pollution) 1mJi'3iN'u^nj0-3rminnfii?nan?73j 0inSmi-?iun}j,ua'3iafJwnpi 

innfn?nan?7lm!QlJfl^af^'^ inna^Tiun'uuaTnifrmmvifQl'Hpniiil'otj 

fliridi^njQ^a^^MaomlisQej ^Un1ilai]ty>nit4ia03JiTfiTw^nnfns;u'3Ufmiwiuasy^nl'H 

WHtnfwnilmiivii&imiii

jja/m^tn^S'y (Soil Pollution) m?KtmmSlufnfuniiPiin7?u vtudi Sm?llluil?3jituijintn,u 

iiiQin^imivnfniutTssifi Ii^nsu^noui vnl'HtTfnv'i,u0'3pru^0tj1'uu?nfu'M'LJiKsai-9 

iT^ifaul'HawTu SmiasmjnjQ^mitaSinnwtfaa'n ^iWinfiajaansyn^u inntmmS^ndn

anufia^m?

tau

avuiilai (Acid Soil) KiJiaa^ ^SqnS’til'unia litiJuadluM^iaij Mla^uau

iS'uluninjnn ^mpnnnm7fTanaa'3<ua>3tn?aumaM!aa,uvi1aQPir ^nniN^

tilua'u vifainnnii'lltnTmC'HfaflmaCuimn'ua^uae'jfm 'HfaHaadanuiSinsasnaitn'u

awiajj (Saline Soil) mnaa-s auaStnaau? 'S^SqnStSuai'jilsiJuadlyK'unaii'Hfa^iuBdlu

ilfintuinn !iuinil<Hmaa?iu^j0'3tnaaui: atj'ir'uaujjmNui'HTjla'wiliJaiiJuau'ma^Tis ta

tw^mmauaans; mJ^la 3 iJ^^mvi aa ww-nfaiiiuifaii maaatrmfmu uas;aiamya?n773j 

'B'jiltyvna^inafiajj^nnii'Hfi^nimajjaarisuaasu'Hfi'jSaQnjju.ana'n'jnv! fl'unu'truanja'juaans'a

iJsiJuatjlufi-atnaaau

innV14V‘W'H-50inwt'J0%4 (Domestic Source) 6U0'3iaaama?Uilintmd'3nH'Ua£tf'Ua'U uu'^aanla 2 

aa ■UTtflaihitTEJ ^tSua^^mafiumnnflniiufmK'iliaial'uiJiuifaii nfa^uw tdu rm 

aiu^isdn^ma ni^iinaiiua^aia tiluatj ‘uasimsua-jiaaaua^ia mi vianaan uia uni msila^

fmia2'H78EJ'mi,m?H nisany tiltjati

inn/na0PiaTHfl‘5'SJJ <H‘50‘WaU0^aTHn'5'IU (Industrial Source ‘HI© Industrial Estate) Ua-aifttm
ina^'ulua'iaaaa'iKn^TuSanuuanan^nuaa'u^^uin wnuirua^a^imtaSalllunTs; 

wSanja^li'j-sTuaatTTHnTTu i]fyvn^ina?'U!nnu'Hd'3nii,uas»'ua'Sa0u,iii'3it!u?-3mai'aaunim'H?i'5 

mma'ua'itaau'Hd'jatj

UTurm



nj3'3iSej'mnfl?ul,unnmnyei7fmu rb'ul'Hduaiiii'uufnn/nfunupi-sfmjj (Agriculture Source)
' A a o o v <tA £ni^fniJfiJjniTyhanawfiwS^nnu^^uastfenlrLH nu^snnm^iwn

1J1 tmuniTlmiiu 'MiI'HiTfiTwnjS'jvruniuSpnisj^pajiTU'yTEU'UQEJfi^liltms^nnni^^in^viqifiiiu 

nifKinsLfiSlufnmnyenfmjj 3jn,viii'ii5fn?Hl,uiJ?untuuinm'ufnnupiQ'3fmsliB

3/

uintulnamy-a Kfsni^^infii^lun'uniti'HfB^'ui'u

A 4 sf d di */ G> A 42, A

^ilMinPius^nspniJun I'tfu ufifrnsvn^ih yn-30inipr nSy mutm^
ims;'VNU5nj0'3U3J0-3ttf'UPIpll'3,n tllllPIt!



imulln'HPimjjfmumli)

■wl'Qu^aiuntimtvt^ilavn^ndnii 
TnilMinssiiltyHi^nanlletin-jl? maa(pi3jfifnxmnn

Sfuvn^Tiunulfi'ti

_ | ^ a/ as ^ as a l <a as *=> qJ

2. 0ainYinimng,uQu^aii(fn3j,Mis?rifiifi)njs5i^itmju?is;?nintT'3inpia€3j
*S o' ^ o' o' *aQuaulil^rimjtaa^iTPiT’^'UPilfiiji^ ufis;nj'uifiyli?3ji,Sa>3OTT’6uunfil^nji-3

3. I'Han^afin^a^rliT’utaa^^'i'fnaluiJismprlvia^Sisuuijnijsfnja^ma v^l'au^l'Huanu^^'ii 

isuijijiijpiniQ^^a^nan ^uapiuftfms^rulfnji-? mTismpilpi
q

4. iMiTTilauTni^luniTTfui^a ma?iPim?1titimmSl'un0fmufnainypi?n77iJ3Ji

O'lq * A a *£ * V5. ?jn^i!]£n>3u,uiyn>3l<umT?i^LlfyMiu?ifms;yn^^'i^tn^?i4^nnfn^m£j^irn^^i i wivim 

aiunau'uavn-j^na'nui^aii^iafi^ilfyHnfi-ain^fiQjjll'atii-aliijn^

6. aairmnuintUTni^lumi-uitaiijaijn^jjiijiijfi^a^^uijijn^uuuljj'llonnia ^urns^l?!

‘tfaaaftila'Hi^^in^aaul'UPinul'uijn'? afi'iinia/^iaivi^l^'uaCwan^svnjpia
^mfiaau'Hfalu'

q

1.

llwmflfm'tf 2535

1-2 pnaai-3



unn 2

(Introduction to the basic of Environmental Chemistry)

rmTHTBinfliny-intuvIiTum^^'] iw vJi?uiTn? uns mz unn^sflenivifr ^^1^2 

Qtm^antjtuzfia wa^jntu^wQ-jfmnna n)0>3i^mfiflV'ufnulu^iT3jm^^'3

0niuil,u<u9^i^a2<uiiri'ia!nm:i^fnatTi5n°,'HfBUQ-ima2iJTmmfrij0THi7^iv!a0 

‘U0-9t^flinm?i00^fn“'u0nl^ 2 nbu 00 jjaMQussatTtmsnjao^T' ilfuKi^utMumuab

00 ifo^rmu

^nanumun

y civffo'u'ma'Nl^ifau

O' *A O'vlTJUiay'jn^Tuun^mnuatniui^nai'S 0

n0-3^0 m0'3,flinwil7j:n0um?0'3l21'H02i3Jifi0fym00nui70'a0

trTHl'iifmiiJsuuuiJa^yn^fiSua^ustnTlijnj©^^ jjnmw^nnfnT^nrwirasauiiJaauuiJa^liJ 

iw 00mSiinmi]u0i.3 BfuMfjC 0n3jfyvtf0iji^ iili40u

iiJ00uuiJ0^1iJM!0fjnEi00tT0n0liJui<ifTii4 ^m0W00H<i700i?T ^M7u?)00ej^fmnJa0uuiJ0>3 

vn-a^S Irntri m?tiJa0,uu20-3nj0-3tm2is;n00l0l0?i!)ij020tjl0nj03tS0t2uniii»u03jl3jt20 m'® 

aajjTjjmajj la10?0, tmsluusiT^ 01310100

2 anusus 00 mmJ00umj0-30i-3i02u0s;0i'350t02

m?0i00i0mlmn00n0mmJ000id0'3U0-3nj0-3m00i3t02 000i0tfi00j0inl,um7ilT3;i2000i0 

7uui3lumi'iil?i0'uii,ila'30n?0-3n?n'3'inf!0ffnvun0ri03JvnijB{j'u1il <^'3?"0i1‘h011011000131001^ 

00000ila0iff3in00000il00?0

000sij00l0U000i3l0mifl0m0nj03m0200i0m0i2;0'003?0 ^bi^kiI^
00n^nn0U00mi0n00tuan0ms,ii03<ij03tff0U00s;ttr00ioin

iDinQrnn000nn-301T0£0l0ftnsi03J0iSEjn0i Material Substance Data Sheet 01010000001 MSDS

| -~i * •

0'0000tm0l0001?llj000u203013'3ni00 100^100^00701)03=00001002001013031^0030010 ^3

20010^77011100701000311JI01)031^0^30010 l00U03tS0t000170000'010llJl00?00070' 0lll1 

l0U03m0200l00ffnn0i?r0070i003^0 

m001l03n0017llJ000UlJ03Vn3ljQ070ira2im'3l0 3 27Sri00 00 im02l70 12710^0 110311710710
* ^ ^ ^ 0 a/ gj 1 gu g* jj

u^iT'33jfiifQiPivi3jumjivunf)ajl,um?£j0fjtT?ntJu^^ni,Hii0nj0'3i)iT£j 00 uimmu

, ^ ^ | ^ ql

001000 3JW00731VI110 00311000031140 00 3 1)01411702
a

ci d



fni3j?^Spni3J^ii^i.'WQilEj‘u?i.ntnniiniTiil5ej,uuilfi'33Jfi'Emvn'3liuifnjimsyii'3^'3ifiu
HJ <u

in V iman
& a

<u

a^iiiTTua^mmlaa-umla^ (mitiaatraia) ufunT^wnan-al-ufi^in^iaBu mQlOTTunaaTiut4'ueS'<u 

ma^ue^masnn^'] iSanfnwruliJufisfiia'j^UB^mTtiQutTaiaufitn? ua^HluniTaanumjismj

unufnja^ma FmseiaufiPiilsy'W'm-nnpmajj ufis;an'3imTni'3luni?un1iui]a'Hifi4U'3fiaau1,u?sas; 

am^ialiJ

mailfuvn^infiaauinfi^^nnnafmufnalurlii’uma^MT’ aa?mu^ayafn?iilaa'umJa^,ua^ma
o ^

fil <=1 Ji Iffana'n e-3ail7snBUDa'3,ua-3ma anui,iiusu<unja'3nja'3ma ims;^'upi,ue'3,ua'3ma^in?ituuu?ia£ 

lmslVIU^s;^T3Jnu,H^^uma^^^ ■uiliJfffnTafimTue'Si^aatii'Sflei'ua^lfi^au'M'jansi'un mnirwaiun
imua^a'U (Sustainable Development) cB^l5uniI'lN9ill,UTMna1'Hmfiaai3Jta!EyniTHt41^vn^PintJBina

truui'iifmiilaatJuiJa'JDe^tia^mal'umKmufmtaa'j^piatnpi^'uainma-ama^'UPi'H'U'j aa tm a 

ma^B'3maa'3ndnmammlSat4uiJa'3'vn'3taS'H?avn-3lataS anl'HlaimwSajitu'al'Hu'^'uin aa 

m? r tTunisfmnJaaiunJa-anjB'airn a nanatilum? r

tiluati ^a3sjai5a-3atia^nanas;tiiaal'Hfm'n^u'uaan^l'Ufn??an-nua^malaafin'3fjnaa-3

^ RA

aantnnja^mmlaauuila^vifaaaTntTa^a^mitjaaafanaua^tm^au 

aaa^liltfaan a’unis^liimamTiilaatJuila-jmanaimulil mfe^'Hinavrunarjjmi^ 2.1 a^flai 
iStiau uas:aa7nmmlaatiuila'3an?waaafuca 2.2 Saimu^tiauaiflasliimam?
iiJaauuiJa-amBnaiWTulili'ii'unu lafa^mnaMijnarjjm?^ 2.2 ^Santiliiinn aa?immJSaviuiJa^ 

na^'DB-ai.^auaswSaafU'TiSanminu ai-anti^iafa^vmiumTuu

2.1 ’osflfh

dCA
■rA dt .... 2.1

k* c;

dCR
rR dt L ....2.2

k*C”

* dCA 
■H?a —-

A aa?ini^aaaa,aiaua4an?a4a'u vffam? aAaatua -rA
dt

■Htiauaanui'tiu'tiuaanai

9



R dt Q^ii'ifn?iTfi^was5intucvi vtfatm r

m iJ a a a q i jj i “u u w ip) a n m

ainui'uuwma^tri? a iSananwruliJ t
vtfai'UTa vffa'ihTu'? ,H\4'Qaa'3n3ji4'3j^'u

aia^'anja^afiTiniTtiaatTanatTiT-ua^ma vi!aa'ia^^nj0>3
aifil'nfnTa'Ii-jwaifiaQi'n ■ntbaTja^fh k waanu,tf'u?iu0^

a'u^uiJgnfaiiaC 'nfailgnTaiS'iiaC uanl^u

ni n tviinu ffua ai k SMiiimil'U'H'UQaanjji'uu'ff'upianfn

an n iviinu vru-3 ai k flvf^'iaiilij^nj'Qaaanai

fii n ivinnu tra^ ai k S‘H'U'3aiil'U'H'u'']aaaa']n3JiTO,iit4aa

aa

CA aa

k aa

nan

auauua^iJgnTanniiaaatTanaua-jma vtfailgnianni? 

a'li^waari'fu'a luvn^iaSmlavn^SitaS laatnTliluai 

awauma^iIgmantaS-Hfa^iiaSSan^uapfua^ulil aia5 

iltaflnin'uiaimfaifrkjfn'u aan^linanulu^ruuijnija 

nj0-3!,0ffj auauue'JiJgniaiiajj'HTaiJgnTaTtfiiajj uai 
mnniivruN

aa

2.1 uasmirm^ 2.2 tll'ua3Jnl5^u|^^4^0SulafmllJaa'u^lJa^<lJa^nJ0^lSa■H!awaa^T^u'v^ 

analmtuu'anNimmi ^tnin^ailnliJHl-umTaanuuu^ruuijiijaua^malu^'uaauaun aaliJ

arjjnrsfmaaaaraiana^isra m?t)aaa'aiaDo^iSa^'unui]?flafi-3inaa0uua^afuank)tusnja^ma ^ 

mam^nJaamtila^ tw ‘H'uanj0-3BuaiJilgn?aniaC a'aa’iJisnauua-sua^ma a-^iIgnian^H 

atuviaC malmsuu ?iJuuuua^ni7ila^a^mam?s;uuijnija tiluau laa^iliJimiT 

fn7iiJaauuiJa^a'3njji'uu'UTj‘u0^an7^0tjl'U7SJUu^fvM^n?anl'uiiJn)a^fn?iiJSa'umJa^'U0-3tn7^ay
I <a o' d t£ ^ ' 1uinmnwafimuamnanhi mnsmTT'aa'njji^u'iiunia^in^^pi'U^iiJao'uuiJa^'aila^aimsCaiiij

um^utra-s

'W'jjjnSa'nu^annl'um^T'aaanui^u'iiu^uyia?^a,s;a'nmjinn']nm77aa'mji'iiu,ii''uiu07waaatu':a

laaraiNisafjn'3a7manalnni7tilaai4uiJa'3‘U0-3a"i7a7an4S,HaiaTOa0ii ai!)'V1ll'HaTI3Jl‘U3J'U'U'Ua'3

waanfli'mtaa"waauua-3ni7iilaan4mla-3^aa1a aiaSanuwa^aiaina^ula

10



3/ ^ ^ ^ ^ QJ QJ d

l,u^fi!is;n?inS'3injni?fmti0ytT?nE]n]t)-3mEJ^0'u^ii^fj u0s;0t4^U0,0^ Ipiw^snTQnfm
1 J> i i ^1 I 4^U1 I I & ay ^

iiJSaunJfNuo^fmeii'amj ^tfupiu'oininjfn?^ 2.1 tT'iu0,u?i'uni?000tT0'i0,y0^m0^l3j,l‘K0u^u^ 

nfimunufi'il'u^^Piutnuiiovnlssi^yilfnTi^'in'u iTTHfimuiyii^fm^ninniTiiJ^'uuiJs^^j©^ 

wSguTifu^nSuinvn'jl'uni^^n'yil'u^n^msi.^inu 2.2 uvru

i. ifl00,u^u,n0-nJgm0iminiifr,u0 (n =o)

snntrijni?^ 2.1 tnjni?ni?f]00i,r0i0U0'3m0 ^00,u^ii<ii0-3iJgn70nminuf['U0 iilu^tTuni? 1*

k* c°A 

k* 1

dCA
dt

k

.... 1*k * dt-dCA

laifmSu'ntrnwti'ufmo'U'M'UB'fTurm^ i* mnnfmuFi'u (t iviinu o) lih'utvans'myi'iman (t 

minu t) u0s;^0'nm^u4''ut?u^'un)0'3U0tm (c mnu cA0) ^'U0'30'mJt,ii3J^'uiu0^u0im^tv!000d 

(c mmj cA) 2.3

c - c'“'AO

««=»«» i a/ ^2. L^00,u^'u,ii0^iJgn?0im'inu'HU'3 (n = 1)

?nntT3Jfm^ 2.1 tTurmmTfjotmdnduo^i^d m00U^un)0-3iJgn?0iminijm4-3 nJu^trurm 2*
k * cIa

k*cA
k * dt

....2.3k * t

dCA
dt

dCA ....2*
CA

ininifSii'MmTPitnjfmoii'^'UBinjfn?^ 2* ^innantiulu (t tvhnu o) (t

ivinnu t) ims^0'mji!iiu^‘utiupi'uiu0'33J0ini (c tviinu cA0) !)ufi^0immjmjnj03ij0?m'vu'Ha00d

(c tvinnu cA) iilupNmjfmYi 2.4
(-k * o ....2.4C * e'“AO cCA

3. i^00'uw!UU0'3ilgn?0imifTu?r0-3 fn = 2)

DintTUfmvi 2.1 tnjfmniTuoyirsiu'uo^i^y m00i4^uii0'3iJgm0imnnutT0'3 iilu^ttuni? 3*

k*C^dCA
dt

dCA k * dt ....3*r2
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tfimTauYunimtfijmsouwuBVjjfmvi 3* flinnfnifumj (t tviinu 0) (t

minu t) (c iviinu cAO) ^U0<i0n3ji‘u}jwnj0<nj0in?^m0000
A a! ' v

(c mini) cA) iS'u^tnjm?^ 2.5
1 1 k *t ....2.5Ca Cao

m?>ninjfmfm000iT0i0nj0^m0^0i4^iiPi,i^ njo^iJgn^mfmtioyiTfny 800 2 il 00 

mjfmvi 2.3 vnotrum?^ 2.4 vrfofttjfmvi 2.5 uasrmi^un^iyJ (Graphical Method) 
^nflniJ^snouliyun'utj©^ ^untjKrai^iiifm^ninfnTnJByuuiJs-j uasunij^ Kimu^nu

2.1 h 2.3 ni^istrouMu^iJgfncn 

fmti000r0n0nj0-9m0-iit2\jliJ0iu003uiT3j^/uB'U04?r3jfm^ 2.3 ,fl^04iTUfm^ 2.5 

niiylsonnif'Mu l^w^unuuot! uvi'u0'333jt^3j,uulv!7ilnj0400nfn?'0^ 

u04iJgn?unlij?ik0400nmr0U5iuSii n7TH^l?i20nyais047iJ^ 2.4
110^1101104 UVlU0071in

Au▲u I cA0
^AOp

p£ te— cc
§
c

D Slope = -0.43*k£ = -k*5=

-1
3

n
>c >

n?n: [t]B
n?n: [t]

31]^ 2.1 tm^>30^nit?inj0^iJgn?£ji0,u^u^y ^ilri 2.2 utt^'30^ni^ni0'3ilgn?2Ji0,u^uMeU'3

u
A /A

Second- order
*r
3 OSlope =-k 2 First- order

•010r° =
1c 1 tri

1SCp
1P-£ c^ ^AO Zero-order>

>ntn: [t]
firiuimjvu : [Log]

I

TLiri 2.4 im0400?1l?TtJ04llgn?0lt,Ufil Log2.3 U00400?3l?TU04ll20703011011004
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Sfmuinmijath'a^l'Ufm
i i i ^

u0-3U0?m0n0l'U7siiu^'M!n?fui00 (Control Volume) f-3Pi0'a0i#0nginfu<:0ni-msutin^nil0fm 

ngfmOIJinKinStn? (Law of Conservative of Mass) THfldTttl “ViafflfhJSniffffymilhJvin
, y A 3/ ^ a* A

mtNUfiSnTSiiiJaiJuuilzH'lihrhuu "7£L/L/
J =,

^nn^'wsntQn m0,vi'ifn7vnfii0t4,tj0'3!u0'3tS0,0pi0'3fnrvniij]u^s'mj 

?rmjigmlufn?^i?mq0U00?n? 00
j; 1

1. w07'3uio-3'H}j0l'U7il,ii0'300nnii1'H0min0n)0'33J0tn?^m?r?smi 

ni0'33j0tn?lu7Llmin0'000n^nn7s;uii flfl'uvhfru
A 3) ta \ Ji A 3) * 12 1ij2mTtTfmm'U0wnfl^u!0UMf0,Dims:uTum7l0flTiDTm c»-3'0ilvitJi^S0tilun)04

qj u ‘y

mmn0fn??j;i'H000nlil,oin,ii0-3m0

3. m0fmwfnjnu0t)i'3'0Q0'a

nj0^0^fl0fin0ltnsiJljllJ3J0111JUflnfl,n'an'U (Homogeneous)
-i. A i=ic» A <=> y £4. iJgn?unm5,H!0§'3i0S wvqil'Hnjo-jmym^niml^'uuiJs^lil

^sniuvnN^iTQn

■070111^15010000^0301111^1111 070033in0ml003l50tn7

* 3} AtTumiflu^fluifltnivhlil i^oul^tuimi^ 2.6

^o^nmiirstnj = ^ 00110171001111 - ^ 0011011100000 - ^ (00110110000010)
..2.6> ..

70 + ^(00710110711)

000170 2.6 ll!'U03J01103J001l0iaJ00170500l,U01in0003J 4llll00170in7tU1017lll000UlJ011101
q qj

00017000l‘U7S;00l!01010'U 010l0!110000170 2.6 4ltllll01700000'U10010lJ70107U01t00
qj

017'10ll701011101t0001JJ17010l07lJlJ0101000 01101101fl70l07llu01ll73J107 Ili71l500171l0 

U01l00luillim0l00013J 010170tll000pilll701tUU01H0'3100l07ll0'Ulllllll0007lltl000'Ull0
qj qj qi

U011000010177010111U0101000lllllilllJ70107U01U0110010010000170 2.7 4ltll000017
qj

0,W0l010Tai0071000'M0B071 “0710001110010100 07000ll70107” I0001017707ll000171l01 

ll70107l07llll010710001tl00tt0S017070t701 7Sll0a071017l00t5l070U0100017070US1t00
qj

01000170 2.7

1110

^ flfwoujTaffnuntrfofmffnai
vSS!!^ KMiinoiflomyiTiiTatlgf^if
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p
V

'HTQ m p * v

snntrufmfmju ustpiin

m /1 P * V/t

P * Qm ....2.7

tTi0fypi0fn7,M7tnj^?i3jQ?)fn?nj0'33jfitn? uB^suuvm^ansratusiii'n5-!

flVITlITlfl'Qfl

. (Steady state) tTfins'wliiSniTiiJayutnJs^ilTinfulfi'n

070l,u5"uu menanwTuliluTumilpin^mi 'Hfaai'onfinin iSutta'ns^liJin^niTtTJiiTiJ'UQ-JUfi 

m? vtf0mfifmiilauuuiJa-afn?D0-3U0im^20tj1vi7suu tdai^asnaimulilunu 

flua uiT^i'JQimouma^a^^ifmiTstTJjaiyl'uisuii mnnuaua
^ <u

2. arjmsIlJR'JCTl (Non-Steady State) ^11100-3 tT017S'0Sni7tlla0'UUlj0>3lJ?Ulfulflirl malu^suu 

manaimuliJuTum’ilanjnjj vtlaan^nairin tflutTans^m^imiiTsiTjj-ua^usin? ■nfatnam?
I ikapis^nja^uatn^^flajjlTj^suu ifiaTsasnsim'uliJvn'uiyi'ilpinfmj utTfldimojjaVmfmirsmj 

maluTsuu Sa'iljJmnniifruw
<u

3. tr/msljjunrsiilad'wuija-a (Conservative) ^33100-3 tffms^ljJtnpiminJsouuils'Svn^iaS vifa

vn^itfiS nia^uatni^CaEj'luT^uimfa^liTs^liJIuTsuu utr^i^dn 

m0U0?i7nni70f!,i'3 Sa'im'nniJffua
qj

4. «r01'3smifmill00'V4»lla-3 (Non-conservative) 'Min00'3 03 1T0ns;^m?im7llJ00'Umj03Vn3t0C 

3370711357102 <l)033J00n72200lu7"UU33702l0r03llJlvi7S;UU UtT0371 m0U0071fn7000fT010 

33701110330071017fr713 S0l12mi01J0U0
qj

A a

1

flfiiminu

m03J007ini70000'010'H70

0'3Jni70f3J003J700'1771033J0in72m0m7nj00UUlj03 U1J3I0 2 ibsUlU 013Jtf017S;2Sni70rs;tT3J'H70 

m0017llJ00'UUlJ£l33J?mi7fll0l,U7S:UU 03UtT03l7l4J7lJ2 2.5
<u

I

1. 0,3Jni70’3J003J700'17'0tT017j;0307 (Steady State Condition)

2. 0'3Jni70r3J003J70tri72fr017sl20307(Non-Steady State Condition) 

U0mnn2u07llJ0f3Jni70'3J003J70tn7!3)03U00S;il7S;t011 03Uli3000l000 2 iJ7311071 0133010171017 

llJ00'UUlj037l0333700'1771l00017lll0013Ull03lll3370l2

1. 1T33017tT33003370?n7^l33S017lll00'Umj03 (Conservative Condition)

2. 013301701330033700f17'02017tlJ0013111103 (Non-Conservative Condition)

' 41
00
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Mass Balance

Non-Steady StateSteady State

i

ConservativeNon-Conservative Non-ConservativeConservative

lilri 2.5

id A ^ Ji A *A \ V cA <A a/itfi5;l3JSm?nJ00iJUiJ0'3V0^3j0iminfinj,ufn0l'u?s;uu rrum?^ 2.6

2.8

....2.8

V I

0nu|'W‘H§TU^'wiJJi1‘dil‘wmtir?4nr5inj(nfiwi0?n? Imiri
& A eA A A& '-i^i eA qj ****** y *A I1. n'lmf'^'ugmvii'jmS^tnoTiiO'jnu'iJgnimtafluas^iJgmai ‘iriol'Hfmivw'u^umTmTtioo 

prsiynjo^iS^lij'intilum^Eioya'anovn'amS'HToSii^Cluyn^yiqtig ■niliiviTnuaitnT^inoivo^
-i\ y A i i *atilupiu iiJOYnnuai^iHnijnjo^mioaoiTaifjnjO'SmEjlunisuiufmtiaotTaiymo-jmo^nan 

fl'3n0'^'3^?^^u^llJ^Tfm00n^uu1:^:uulJ^^^ ;̂nJ0'3lS0?i01lJlp^

2. 0iijj!,tn0inuu0000m,u0'3?iu m0ltS,l'urm0iun0fn?iil00t!uiJ0^v0-3uaimm0iiniin0i'iiS
------------------ <U------------------------------------------- V--------------------------------------

,yinl,HyiTiufli0finiiTU0'am?fi00tTfnmj0tn7'Mf00?i?imT 

irfn^wa^ntuwnfi'iiaufi'aSm^muTiUTiutaili ijiol'HniivnnjuiPinja^isiiiiijmjfi^av'u
<u

3. fn7mJ07Fi'ini0'3^'7mJ?lM0tilijvi,u'im^62nu uvJ^iFioimo-aniiiiJay'U'Hu'io (Unit

Conversions) Tnolwmvnfi'mi'ag M70'iinm7iil70ummjFiru0'3vn73niPi07fi3'3g ion1pi?rs;fnn
rf 3/uasfmimsisvmcnj'UpnEio' 1A

4. n0fintTgl7/n)04l'H0 (Fluid Menhaninsi 'ir20l'Hni700nUUU7SUUfn772U7'7UV04m0']'l027mu1lJ 

luanyfusl?! tK70'l'Hm700nuuu0iJn7ful,uni772iJ7i3JV0'3m0C02n3Jiil7jlill?il'U'vn4iJg7jS
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inknie^fmeimnafm Cad 2 itasifivi ?mjiTfiTwut)'3uatn?^‘Wfli7ajn fm

1. aunTSajJCTae^fnJ-SSneU (Component Balances) lll,uni7mi?fU1tTUmifiU^a3Jflimnj0'3 

0'3fnJ7snQim?ias;ttf,u?i^!]dl'uin?^^?un7s;yi^nantuiluwa?ijT'fu<:ii frimJi^nsunjQ^uatn?^ 

^imana^lvidua'] tfiKi'uvlnT3Jia0<i^i3jntiltjni7^^Tjan-iiiTTuiJ?s;n0ueu0^THn?^1‘ff

U0^u^ 0-ii3jwm!0ui 4^0'ini3'utn?^^nj0^

ni?tiJ00'uuiJ0^u0^0^ia0^S0tj1'UTs:imu0sw0?ijT,ffi=vT,^mpi^iTuii 

iJfuitum'il^i mns;53s;u'umjfmtnj^0m?vnilfuntuni0^ui0tmlii0nymsnj0^0^0iJ?sn0ii h 

3Jm^l^lf^l7vn^nJnl?lT3J^0^0lJIsn0uu0^nJ0^^^^0^;0^lu^■u^0tjl'u^n?^^u^0s;wS?l^^fli^^^

2. arufmameiimiJ (Overall Balances) l5ufn?'W^17flnaum?tnj^aUQ0tn7^Ufiiin?^(f|Vj1lJflll 

1ifi00nuniiluwfi(5intuc0 ■u0-3my'oinaiin’’tm^inu0Tolpi'un' iil'usli'u tr^tiwa^ifiQi^K

lumTmjfmau^a 00 <u0-3m0'00i'0'5,,fi'udn000mjiu0£mij0nMi?'Mm000d iiluili'u 

ni?'iqitnj00?iunj0^u0im Ds;l3J"R!n5fun^ni5tiJ00i4uiJ0^0^0iJisn0u<u0^tTT3^m0Q<ti0^'H!0
*a ^mn^niTiilaytmila^

2.1 vl'nmaEj-3tTn?uvHvm>3 Sm?m0-3V!yflTuiti^au 100 ®i 

1.2 nlsnfudoMij ini 0^0iJ7s;n0un)0^0THi7^1tHt00^mj ua^Klij&iufm-sfm
hj V qj

• tvinnij 50%

• luiju iviinu 30%

• fi<umtms;0<u'n iviinu 20%

tnnjiQTHyutno^uuluuuy^l^wiy imslumil'Hoivmimviu flminiintuoivmlumo^viodo 

0'n3j00^m?u0-3'Hu ^IjJui^uoTHiTwnfii^fnyluIt^ifou
H A 3J £i 11. iJTintuimoivniu^vuj^ulvma'Jviuflitnu^ndnliiiii^nai 310011 Sdinnlanfu

c *a £ J! A Zi y A v •2. iliuimlilT^uu^'uuuuu^'Hu^l^u^nnoivmuHmo^ Sdinnlanfudoo'u

3. motiiumin^Fiu'viuIuniiiny^'Hy muo^vJiTulpiuiioiinuoTHiTumno lemnfuioTim
^niw'unl'iuao^'HU 0'30,iJ?sn0Uitj0^iffu0ivm^nfinS1iJ?0U0t) io%
V \ A & ei ] '
^ndnuuiinltttl'um7i00^viu tiii000iJiinEulii70ulu0i'Hi7i0u1ilnnl0n5ud0T''u

00invi?iuii

tmniipfuoTHiT
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c4 eA o' \ lA d d ^mjuii'i “ni?1,Hsi'm?m£j'3frn?!D0'3vin?3Ju,H'3,u 2m?l,H0ivn?m0-a i fil^lu i it!”

1. ^in011UtT3JlN'U5'0'il 

ll73Jim0THlI r^.0fi?nm?lM0THi? 

urimj i *«y

a, q a/

?n m nu J

U V114 fil PI "I-3 ^ ^VnHlfil0'3ll400l3J11U1N14B^n'3UU

HTUTUVHJ<u a n
7S0s;n0rvivnA d

j/ 3/
a/ dvntru

« .viimjpnrvn
d

41d
ni?m0-3

1.2 nlaniu3/ j,

lJllJltUfm0TH1?\1'3^14 = * MU'S TUTU 100 I^T * ?S40S;n01 30 TU
41a/ a/

L_ ph-tu J

3,600 nTafnu

iJiuniulililu^miPi
A Vl 3^ a> q QJviMij l^nu m i m J

----- 41 -----

d oj 3J H d% 1i1t^u1u0thi7 * 0Pi?ifml,H0ivm * mj^fiu
41

2.

1.2 nlfifnij
* vtimuiu loo pTi

41
50% *

60 nlsnfu

iliuntulili^uu 

spi^^ mnnuK
'yo rmspis-jlu '^iJiu'ituIil^^u""

3/ 3/

YUfluluOTHl?
3.

tfTU01VnT 1 1U
10% * 60 nlanf'upio'iu 

6 nlanfjjpionu=

<a * ^ A dfhpioij i. iJfuituimoTm^ia^^uuHmyi'HU mnnu 3,600 nleinnjlunfn 3 ilou

2. iJiinfuIililuvi'^^uumilpiT'iitipiss/T'u mnnij 60 nlsniu
41

d A 3J d \3. 'Ll?3j')mTibpiuvi0f)?)-3l,iJ mnfml^ifruoivn^lumTmy-jmi ivinnu 6 nlannipionu
41
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minu 1.0 n mn?3Js?i0Tu<sn0<5h moiiifmiaw^lillpiiJisuifu 10 iu itainjpTHijenfjliJ 10%
A J! tA \ tA tS eS’DTUTuvnuvimEn iinnTJiay^piolilofnsysjiiu^ ujjinubT.iJ ^^uiiu 80% im^nu

A <* A * t A * q v
^rH00 ^t00^?00 tT014'H3J'OTUTU^lM001T^nJO0lT-3<iJl1?'(51T,00nnV17nil01

« A J! i1. iJfmaitnTOTH-iT^l'Hlufmmo^vtij 10 i-u Sfiinnlsnfu
y V y I

2. ?TU014,H3J'0^1l1T'3nn0ll'3liiltT!5n“,S^TUTU'V1^^l4n^T
*=nA o *=» l

0TiYl1 truu^no
V v

. fliUQUflfilumsl'HOTi'ml'u i im minu i 01^ 

lu'S^OTHi^maomnni^mo-j 

1. mn0']13J0:'3J^'B,lll^?il-3

lJ?intU0TH1?

n)0-3

1

2.

007nni7l'H0TH1?

urivnj fliinu 1
<u

DTUTUmJ
■y

v ^
■0-311310

« <.

9

<uJ1
1 in01 % m?ia0-3->

U0'U0101'3rl 00mifin0'3l3J0'313J113J0'U'BsUn>3034

1.0 nlanfuy jj

il?3nfutn70i0n70-3S3j * ■nij'ih'UTu 100 00 * ososnso 10 in
0O-OU

1,000 nlsnosi

0i00s;0i0i00U0O00'3jfn?iT3J003JO0fn? ?s;l00i00intiiiii,00on'u

mmt3jfnoiT3J003n0inT ^um^loltitTUfmfi 2.6

^ 00nfml00m - ^ - ]T (007101700011010) ..

!u0um03j‘U0'3007ini7flsmjni0'30i'Hi7 uss^oimooooiTaioinooi^i? Sfiiiviinuouo"’
<u

007im7n,U01Vn7‘ll0'303U ^100'illll,U007ini7l0000mj0'mi70TH17]3J7S;

In sJ *A a as J! A tA007ini7 moiui 00 iJ73Jiaun70THi7yi/i^,u0l'ifl3ioi7m0^'H3j Iu7i'i'37s;0s;n0i 10 in 

U0U0101^ 007111010-313111310170 2.6

li73J11U01017
9 9

TO^nluiio^ -
10 TU

..2.6

1101110031
*9

00017100-300 U0H
qj

1.0 ol0O70
0Sll0 0 * 00*01000 100 00 * 7110111001 10 00 - 0a/ a/

?IO-O0 J

18



lIlintUSTHI?

10 111

i.o nlnnfu
* Mij ^iutu 100 eh * ?s;tjsnfn 10 tua/ a/L en-m J

1,000 nlsniu

A &
<u

^ lupi^uin —
% miioeienejlyniTtSy'i'ir'i'? 10 tu *A A! i2. liin'U'HiJ'mafmoeil'ur^ 10 im =

= (i-io%) * loo eh

= 90 $1

fliuTumi^Toeieny uasinmiluyisih-BUij'mjB = % fmnnmS'U'wa^Bid'w^f' * mjynaeiena
qj q q q q qj

= 80% * 90 

= 72 eh

j

m^is'BS'uu

'oimuvnj^ma^iaeilv!^ 10 tu uasili^h^iin^eio =<u

<u

j IvioiNUi uiJ'MUB

A ^rrmmumjvi
qi

A

= 90 eio - 72 (h

= 18 eo

(1 - % fill ?f101 ll 14 IN 0B U 3J ■n U “B) 

(1-80%)

'Hf0tll07,ll§'u^m7a'3Ul0I7-3t3J^a:,e^

20%

l l a/ o' ^ I%fm?f'ain0h-3<d7^en * ^ivnuvnj^my'mihmiialei<u

20% * 90 eo 

18 eti

h in 14 wj ^ ?f 4 u 10 h 4'ji n o<u

A y A 3J tA «iainiisinmeau'na'iiltyviTueoofmtBueiuainaufnTaueauoaaiB utleiaietoiJt'Bumu'in'uniJOB

ehnfhTimmj
ABinaumBaueiainaaiB aurmn 2.6

q

^oeBiniiasau = ^ ©eBimBlnam - ^ aeiBiniBliiaaon - ^ (oernfmejoemaiti) ....2.6
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1UU m 0 3J nj 0 >3 0 pi? i m t ?r s vt u ims0Pi?ini?Ei00tT0i0,u0'3m0'0^v!3jpi 2Fiiminiifr'U0 ims
'U

3; 5/3/1moumoooPiiimilM^inn minuiJ?3Jifuv(y*fiu^?0P)Pii0 u0^0Pi?nni?1v!000n minuiifuituKu
<y

in 3/
^ 1^1

a ^ amiisTJsiJiJ il?3Jituvnj'0iT'3‘un0l?'3iiin'npi']

90 pn - 72 - lJ7U1tU'H3Lj^1T-3?J?0T?-3'3J1^,plT’- 00

90 PH - 72 $1

= 18 $1
0 |«=> A & J! V i>

1. minu i5ooo nl?infjj
* 2! A \

2. m'inu 18

m?7Pt07UJirmJ?m/0^uim0tT7?ilMduMufn77PilimJii0^in70un!0 ^iPiluTiJuo^’nflT©^ 

nalfvuo-jfn^tjootTsiyuo-jmyo'u^uuTniilTjfmtioofTaiotnTiJTsnouRifuou • ¥ d «>msmunirmn^nju
170071 n?s;iJTUm7000fT0T0?fl7lJ?s;n0,U017U014 (Carbonization) ^ITUnil'M 2.9 'DTfVU'uf'SlLl'Um? 

EJ00tT0i0tTmJ7Sifi0u1ijTpi7i,aii u3J7i1un?s;int4fn7'H0-3'U0n!oSimiJ?s 

rnsuiiinTmlofni fmtioo^iom^il^snouluIpiTi'ou (Nitrification) m^nJ^uuiJa^nu

ijjossasnfnnTjfhisjmnfj
n)0^m0WTu1lJ imPl^HltlTlJ^ 2.6 tfTH71iUUTH1^1'Um70P)07n3Jl‘ll3J«UlJU0^tn70'UVll0l'Utfim0V13J

S' %t

'UTH'uninnnirui v(!0S0’i0n3Jvrunu?j,u3jnnn7n<ui 

n?s;inum7Ei00tr0iyH?0m?iJiijp)l-u^upi0U0'u5i piolil ^iilunis;

i y
n0U0i?u0ijm0000un-3«u

«=i cd d
^ 3P

in uosjvhniTuonoon^nnihmono'U'U'iliJw'i'u

mumTiJiljpivn'jmymiN wu
fmpmpisnou milM^WTUPismn?^ fmn?0<i iSupi^ n^suTum^umj^ylunmlf'ufTmwtfnmo vn 

Ipilpioilnuimo^ij-njpiunpinpibno'u snmlvrijniOTuimy^o^jm'uoPisno'uliJ'nnniTiJiijpipioliJ
S' j/ ,

rioni0Tuitfi0iT7u^n0,i7invnflifil0^S0nmnnijfli5l0^1u'unm0^0m'H,u0
qj

13J0

PlSn0U0TUni07tT7U?l0'3
pisnou^uonlflUTm^filo^ piiflTollutTQuySmunn mo^innpisnoul'uifitSy^ui^nnvJiijji^^

^PiT’jjmfltjpisno'unjo-jiTi^S'uvilo 

pisnoti ^impt'jHl'unJ^ 2.7
q)

^innlMfiifllo^ipilpiSmuinnontTTuuo-aijimy'Mogt'H'uo

1ri0,myi07nut3tj!)7^pn3js?i3j«tfnS mioootrsnotmSuyilylpiuliJmu'uupiou^ 1 vmmvilpitjoo 

fiifTHfouvuj'Qsliiinpnjumo m?is;m7{i00fT0n0fr?7iJ?sn0ij0i7U0uinp)1^iun7in7s;iJTuni?tj00 

iTsiotnTiltsnoijIuIpiiiDu u0sm?tl00iTaiutn70uvi7ulu*uupi0u^ 2 inptlm^vnsnuifimy^S 

0f tu iJ 7 ^ n 0 u u 0-3 ?n ? il ? s; n 0111 ii I pi ? id u 1 vi tu ■u
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Carbonaceous and nitrogenous BOD

E

5
Carbonaceous BOD onlyh

g
■j

c
O
Q
C—

Time (day)
3020non

I I ^ ^ I ^ o' d cA }

iiJ^ 2.6 ma-amsdamTflnamTS'unlal'uuB'aiSafina'ieh'S'i

, Nitrification

Carbonaceous BOD (k > 0.2)

_ —Nitrification

Carbonaceous BOD (k < 0.1)

Time (day)
5 10 15l

^ilri 2.7 tiJItiumaummlBtJuuiJfi^fiifila^a^'uni^tJ'M^ljJwTunisiiTUfmPinpisinQuuas^ 

wnufiisinufm^inRsnau

a'ambsnauma^fnsSunl^lunja'smo'wiliJ ilisnauliJI'TytmilisnauaiT’ijau

00n€i?u uastmatn t^wul'UTiJ'ua'jafwTlumnauuD'iiyl^Tn chons mampimifiaa

tranatmSijyily^n^Qmfi^u iflupNmjfmia 2.9 

CHONS ... + 02 CO, + H,0 + NH.+ ?ni,0l'M000£j1'UiU0-ai^0 ■
i J. 5 <U

... 2.9

iHunfuaan'iia'U^IHumsyayiTaijjfmS'UYily 'Hf0fn?00n€mwtn70i4nl0^S1,u6U0'3t^0iiii4^

ITUfm^ 2.10 01^1fllSnnfmf]00tT010,OintTUni7PI'3n?imil0n'3n (Biochemical Oxygen
bod) ^ifluinjmT'MaSinynslnmTtjaytTanyDa^i^yvn'j^TmS iJiintuimSu'vilh'MmfiDemand:

ct 4 V l ^ ^

niidadttandliliil'uni^api^nmJiunfunja-JimStmlori^vuj^ I'u^ifuwi'uinnfm^ninmmlayv!
tf v \ e& tA A v I a, cA 4 A A 3/ivi7ns«s;'UT40'iSl0^TPisnnfn7000?T0i0tn70'U7il0^nfni?3Jpi‘u

I'JlIon'il aiSlamiUPIlJ (Ultimate Biochemical Demand: BOD o5J
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00 n^tr (c6h12o6) ^if'mnjmtlunTJOQytT^mnjo^my^u iilu 

2.10 ^iS'utnjfm^imfi^^n^Innio-jfjoytT^iynjo-jmyTfimiufl^ily mo-uiuiHlurm 

fm^Yrnfowit)^ uasilutrufm^ 2.11 utr^^tnjmifmtJoytTsmu©^^ m0^n3JiHlufmiT?i^

0iyH^!nn^n0lnn]0-3fmti00tT0i0nj0>3uu0^i1y

6 C02 + 6 H;0 + W0WU m0Kll4fm^l7-3W 

■► C;H702 + 3 H20 + H’-r n0'3'31^J'w1^snn^m^Tl'l'9t5l^00,...

C6Hi206 t 6 02 ....2.10
c6hI2o6 + m .2.11

m0mi75uiMnFii5l0^1'tf1unn?000?f0ny^npn0n0l0iTlutTum?^ 2.10
^ v s/ ,
^WumTtioytTsiyiiigns Sfiotviinu 6 ivi'n'uo^iJTinfumo^^npnanglRir^in^fmtioutTsiyliJ MT0

iJ?infU00ni5iflij^H1um7t)00iT0i0fn?0i4n1y 

vrinyTufl 4*

J = 6 * il73Jitu,ui?n0n0l00,^mpim7y00tT0i0liJ :

6 ....4*^ o A «iJ?3nfU'uifii0nftl00"0m(5ifmti0ytT0iy1iJ: vru'iylu^

ll?3JltU00n'5lT),U^]tK : VtliiyflTU
Z 5 ~A~I, -—

iJfuituiiipnsnril^ir^mfifnTdoy^iyliJ:

192 nfu
K?0

180 nfumj'iynfu
1.07 ....5*

I O I ** A *A v 3J
1T3J3J^lT03fmd00fr010^115n0^fl0TlUlW‘ll'U,04^V!

y

x nfufioS^n oyonyinu'iiilTunfuoonit^'u^

iJ7infu00ni5t?u'0lttf : mj^yfrjusdoS^n
« ? ~A =ilTkntuun^nanfjl^iT^mfifmdooiTsntilil: miiynfufioSpii 

lJ73J7fU00n5l?U^1tt( :

flintrumT'w 5* 1.07

mbomnemsen
x n73j?i00fn

« ^ Ay 1 ^ilfuifuoonwuvn^l'UfmdoyiTfi'm'ihenfi 1.07 * x

0i5l0m?u?mluni700ytT0i0?m0,u‘0l?j
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iT3jfniiutTPi'ani?tiJafj,uuilfi'3?iTulQl (msaunfy) 6*

dL
-k * L

dt
dL

- k * dtL

I- k * dt

- * dt
L

.... 6*

'nim?S<u'Mmii?iiT^ni7'M 6* 'ointninuw'umjifjjpru (L minu l0) (L

minu Lt) {^u(inn?niiu<?ru (t minu o) liJ?t4^n?ntT?iriia (t ivinnu t) flsl^trufmvi 2.12

Ll

If
Lo

t = t

hk*=
l = o

In(L)&

In (Lt) - In L0

-k*(t)lo

- k * (t-O)

- k * tIn —
4

(-k * t)Lo * e ....2.12Lt

uviuflifl^Q^imsdsamnutrnS'uyiltJ ^LQU^uniQ^iJgnianmnniJvru^
v v \ \ ek QJ d I C d o' ) qj 1^uu<Hiii£jni!]>3fi,ifi^^0^?i^inj0>3fmd02jn'?n£jimSuen1ej iviinu^nm

i ^ tA ^

0i0'3'M^mim?uniJ0arHnCn)0^!ij0-3ma wmi'intCawdpli^tJO^atu'HfiC
q <u q <u

minii 10 0'3Pnii!B0iS0iT m0-9'Mn)0'309mi7T 2 mi

uviu0oi}jmjwij03in?0iivil0^'wij?i 'B^ossiluiiJ'uo^m'ylo^ndi
qj

!,IUS?1U (Ultimate BOD) MlioaCaSflf'u^asn?
uvu40'U3ji,\iiJ(iiuD04tm0‘uvil0^m000d ^ifiluiilnja-aaiLlo^ motnft

qj qj

fmEiomTsiatnTSuyiidm'unan t iili 

tmuaiiut'iisj'ii'u^o-ainTS'uvila^m^fmEjaaiTdndlil 

aiSlafl iSompifmdoatTdnyliJiSun^i t on ^14002000734^00(510

0OO3Jiii3j,iii4U0'3tn70i4yil02in?im700000i0l2 4'3O?i1i472u0'30'ilI0| (y vn© BODt) iSotnfinio 

t)000'0O0l2lLll4lO01 t minu 0O13Jl'll3JtU14U0'30n7014Vl1m?3J(5ll4'020f]luUim001J^O00O'13Jl,tl3JW
qi

lll0'30'17014717U'Ml'H0000114141100 llll4^03Jm72 2.13 71700340172 2.14
qi

ytiu

147114010340172 2.12 0'3ll40340172 2.13 ?S;l0070340172 2.14

A4340 k

L0iu, BOD0,u

Lt

ynu>

....2.13k0 5u L, 7vi
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(-k • t)
^"o TU “ Lo OH * 6 

(-k * t)
Yt iu

Loiu* [! e ] ....2.14

mfntu^QfuvfnSniQ^ij'i^sjvTfQQfU'HfjSnjQ^njQ^mylaJiyiinu 

fniuiTO^tnjQ^m^B'uvilmfjjpiu (Lo) ufis;m04^0?ini!TU0^iJgn?0i (k) ^©fuvtnC^nfin mns
i *S a/ <a ^ ^

fino^oouunuqfUHnC tnjm^^l'tflumTiJfu^n^nfi'ntfluwiTuni?^ 2.15 uasmjfmvi 2.16

20 04fnii!tf?u50fr

(-k x t)
TC ^“oTO.TC We

* (0.02 * T + 0.60)

^20C * 6

nfniTUWU (Ultimate BOD) UfiSvtafUHgij T 04fn 'Htiiy

mg/L

imu0104^ 'Hf0Uvl0li5)0f,l,UfmillS0V!010'313JfU3j4''U<U0-3tn? 

0147170 cK4T’pi]u7iId0^01u10| ^©fUUnC 20 04fni'»fu50tr1lll3l4 

otuvigC t 07frusBm$0iT liiSmiio 

imum04^u0-309i7im7000tTfn0tm0yvil0^0fl4vmC
q qj

T mil0?i0T''U

um40i0:'uiJ7s;5yiini7iiJ30U0i0(5i7ni7']rn7000n'fn0fn70i4'vil0 

mnofungC 20 0'9fnietfmi50tT iiluosunoC t 0-3fnt<:BaiS00' S01 

tviinii 1.047

Dt

....2.15
(T-20)^■c J ....2.16

A
13J0 BOD H70 L0 lu. T C 0 2U.T C

Dt

^■C

0

0n04^0fi7it77ni7000tTai0?n70uyil02w0S!i0naim7000tTfn0in70uyil0 2.8
qj

^ 1

m0^in7fuim7000?T0i0fu07m0£ii,ufu^07n'u,M0nut^3j‘ii'i4min,u j
iu0viFiir0um7000iTfn0‘U0-3itr0

^4fl?ll7SR700(5171l77U0-4lJgn70T^tLPinpil'3nU ^4111fn7Vlf)fl0'3^0'l09171l7TU0-3lJgn701tVl'inU 

^0714 tm^vi 0.032 £10714 rwoliHpifnijTofuvnnij 70 CsSniu^ioS?)? ^4ynj7i^0£i7ii77U0-3

ilgnionviinu 0.133 £10714 Hi7fnlii‘ii4^i4 20 tu luomounu^opmi^nio-nJgnroniviinu 0.032

0.133

£10714 'OsKnSTUTUEU 60 714 im£l4710£177l77U04lJgn70lflwa£i0l7f)lllJfn7000tTfn0tn7 0 

1l41414^0117001 Dnfll771

4=1 O'

0147170

47011141117000110101117tW00i0-3^ni0>30£i7i,ii0-3ilgn70iS0iuinfli4

0147170 flS420TU0004
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k, = 0.10

kj = 0.15 
k, = 0.25i

100-g
C
CD

50-

— Time (day)
20

2.8 w?nj0'3fiifi'3^uB'30?iTnt?TDQ'3iJgn?fn lufmf]0fJiT?ii0tTi?9'uyil£nrufi^tnni4 

nflTmtfuuuiTUfl'ULYnfTU

TO51

3^<=j

' 3J ^ & a * eA 3/eA fitt'U0'3<oTnfn?2ifii0ifll0^1ln0nT!TU0'3 5 iu u0s;pi0-30iU0U0m'H0Cnj0'3,unm0H'w 20
q q qj

n!,0U'M-ainiJ^'i0f]i'3,UT^0lQ^'H0'3u?i ^SBnufj^ynnl'UfmT'fifiBTJ^i'Junnl'u^TuonBtniiu<»
V ^ ^ j Id d o' A V1

m?iN(iannfnTvn0i0'n3Jtiii3j\i'u^vnjfiu0'3in70T!vil0lu7'Llnj0'30,Tul0^pfU0
qj qj

1 d a/ dllB^nutT^inPIPlBU nJ0-3lJ7SmP(?r'H7|0linm (Environmental Protection Agency :EPA) ^n'un'ITVl

e& d

2.17

1.5 -BOD-,+ 4.6*NH;-Nl- ....2.17^-ITU«U

filBiiut'iiu'iiunjB-iinTS'uyilol'unJnjB'iinTiJirnBul'uTsfiiiini ^7iPil'U7ilnj0'3fiTul0^iM00
qj <U

t (y2) vnlpi'ainirufn?^ 2.18
, (-Kn • tkLn * (1-e ) ....2.18y2

4 ^n'^0^7m'l^3J,l^'u,u0'3^n70'U'vl101m'lJnJ0•9^n7lJ7s;n0ll1,uI\>^tiQ^l^0^;prTu
«u

nj0'3fmiJ7sn0U077U0,u^i'M00 ^nnfi^suTUfnifmtJBOtTBiytniiJisinBU

IJJ0 Ln

4'3^1,u7ilu0'30nSl0^ riB'uinPinBln'UB^midBorrBnoiniS'uyilo
<u

o'
017U014

31 ^

^nnTiJ'w 2.2 wLinnssLiuniTyByiTBnomTB'umlyS 2 ^u^bu 00 msuTUfmtiotmfntJ
qj

tnTilTsnoiiBif’iiBUUBSJtnTiJisnouluT^ii^m m77Sfii^‘Mnm7T,pi1pi0i,Dilis;n0iiliJ0'i09'i2T00 

'23JiinmT0i-nj0-9ni7000iT0n0tm0iivi70lu7iJ,iu0'nJ7s;n0ii0i7’ij0'u 77uniJtTTunj04ni7tj00iT0i0
<u

tn70'uvil0lu7iJu0'3tn7iJ7s;n0ijluIfmu'u ^uvrupiBmviounjo-i yt tnjfnTlumTvnBiBiiil'ulil

^nutrufm^ 2.19
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Yt y + Y2 ....2.19

uvnjfii y (foamjfmvi 2.13 ufts y2 2.18 a<iluiujni?^ 2.19 2.20

sz'W yt

uasfin Kn‘Hnl^snmnjm?^ 2.21 20 e^fni'Bfu^uir fin Kn tvinnu 0.044 eioTu

0.0317 * (1.017)1

(-ft) (-Ke • t)
Loou * (1-e ) -(- Ln * (1-e ) ....2.20

Kn ....2.21

2.3 iJgn7tjnni7£j0oiT?nEj<u0^mEjiTTUDQ^tn7Qtm!y^fufi'H'u^ilu^ir3jm7'S'i^3,i^ 

QfiTimTEiealTfnyfme'U'viTw (-r) = k * C
K+C

IU0 k ufiiminu 40 mg/L-min uss k Sfl'iiviinu 70 mg/L oonnvimion^o^Hnsn
ci ^ I 1 '
nun^ liini70000'0n0U0^^0^0Qnut«u3jwt!3d?iu 400 {jfiSfnueioSen

20 CsSnfufioSfi?

iivh trum?^ 2.6

Zafi^nni^irsfru = XQennnnilwm^n - Z oemfml'Haoon - X0<si3-1rn7,vi-]fntJ 2.6

1iiiif7<i007Ujt'iiuwn)0^u0tn7S0n00lu‘ii']<i 20-400 mg/L liiSm'Jitau'iJoomoIndwfoioi 

‘U0'3m0ifii00n!onn0-3iJgn70T0K

uasoismfm'l 110000 S^'imnnufrijy<u

0fi7nni70S0'3jyi,'3,HUfi fliyliiisuu li!i:iiO'30'3Ujt,u3j4,,u0-3n0'm tviinu v * —

mn

at
o' 1 d o' £

ivinnu v * (-r) ,Hf0m,nnii v * 

uyiuHnpi^n s-alu^umitru^s Zm^nn-ntrstru =

k * C
K + C

Z 00710170000010
dC k * CVI70 v * — -v *
dt K + C

(■Ca (K + C).dc 
"CA0 c

pt=t
I - k * dt 
Jt=0

/ =/
-k* dt

! =0

K‘Ini-^|+c^-cA0 = -k * t
CAO

K*ID'^ + Ca"Ca0

I'mis'QsiT'u 

umj01 K, Co, C U0S 01 k 0'3lu0U017 1*

J.t ....7*
k
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20 mg/L 
V 400 mg/L J

'■

+ 20 mg/L - 400 mg/L70 mg/L * In
V] il i‘OS IfHl t

40 mg/L - min

= 14.7 min
fiJd d s' s'

fhfiaii rmfiatimnnuo^fj viSfniumj'iru 400 mg/L 20 mg/L Knaiifamj 14.7 ui'M

i v a* (/ ^ ^ if i/ d
fTiedl^ 2.4 ljimyn)04vJl73J^fnmi'4,HLl'3'lfIl1fl 10,000 mVday 7fl0711U<UUWU01tmS'Uyi1ylu7'Ll 

5 TU

Irm^O'jniLnfil'Hd'flTUTU 2 im'i fliiu^uQ'Stji-i'uiuvnusn
u q ^

t ^
HS'i mini] 50,000 m3 uas 9,000 m3 fiiuai^ii tujuwiisufi'uiJgnlyiniTysytTinyjjfmii^Satllu

ld« a/ A Ifiii la/ «la/i id^cv0i'3tfm'UTvi'3 2 uvi'i mLimjfnjvmi uasfii k 2fii 0.40 fiaiLi tt0s;<D0'imy^i'3n?ii70iylL!074inii'uiiii
a* i if i

Sm?nTU0fji4innj7fu ^4vnfii07iut,uu,iii4ni0'3inT0'uvi1yl,u|ilm040i5l0^'iu^ 5 nj04'uimy,M
d ^ i i i ^I'Haaon^iinai-jmLi'uiu'H^'a 2 7i Sfiin mg/L

nimtDfmfliJfminfitn? fruniTvi 2.6 <»
Zepi^ifmirstTu = Z^^im^lviam - Zs^^noiilviaaan - Zo^^iniTiiiaiy ....2.6

* d I o 1 I d V ^ iImviinu so mg/L uimyfNnanmAnisTHfi^frai^mu'ui^odluasu'in

c»i=4 O

iBvn

'Kivnj'ii mauofiTifm‘WDi7fuimml0UViuil04,iJ0'30ifii'3<n fna1u7s;uu^frnns;0'3^7
3/ 3!

iTsa'mJlinfuuafnTaiyl'uai'jmiiUTii'ia'a'j minuaua (dC/dt Sfiiminuffua)

njaunuaimouafiTifmarstru minufrua a^lufTunifmjfia trum?^ 2.6
qj q

in ifIfl Q * CA0 - Q * CA - (k * CA * V) 
Q*cao

Q^Caq i
Q^k * vj

0

(Q + k * V) C
V

os a/
fi-atm cA

CAO .... 8*v1 + k * —
Q

« i d *

a' V

k, v ua" Q a-jlutrum? 8* uasl'Haianui'ULJLiunjo^tniSuyiiy Imlima^
Cj ^ A A Id *-< o' d I lI'Haoon^nnai'aminiilu^ i ^i-ifilLmJnia-aaiCIo? vnatnTiJisnoLjamio'u Saiminu c

qj

umiaifii-i'n a^lutrum? 8*

mruai cAO.l ’

A,1

CAO,lnslfl C^! M1 +k* -i-
Qi

80 mg/L
350,000 m1 + 0.4 perday * 310,000 m /day

27 mg/L
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' d * A

mi iJisneufniiiQij'nfQpiifiTQl ^Sfii c „
Aj.

2 cA , ivinnu c
k, v uas q 8*

CAO,2

2 lS'3T,?)l\4Illnj0-3

. V <' a/<a oddminuatuiruuaua-j'unman1

AO, 2
unum c 

^ C.2 =
AO^ ’

1 +k*
Q:

27 mg/L
;9,000 m1+0.4 perday *

10,000 m /day

= 19.9 mg/L
fhflgnj mmtfmuma-smiSunialuuiiMnlMflaan^nan-amuuilun 2 Summnnu 19.9 mg/L

QJ 1 <=1

enem-an 2.5 Consider a larger pond within the volume 10.0 million cubic meter that is fed by 

with a flow rate of 5.0 mVsec and pollution concentration equal to 10.0 mg/L. There is also 

out fall that discharges 0.5 mVsec of that same pollutant into a larger pond. The sewage has a 

concentration 100.0 mg/L and a reaction rate coefficient (k) of 0.20 per day as shown in the figure 2.9. 

Assuming the pollution is completely mixed in a larger pond, and assuming no evaporation or water 

losses or other water gains, find the steady state concentration in this basin before discharge in unit 

mg/L?

a stream

a sewage

Qo = 0.5 m3/sec 
Xo = 100 mg/LOutfall

Lake
Incoming Stream

V = 10*106 m3 
k = 0.20 per day 

C = ?

Outgoing

Qs = 5.0 m3/sec 
Cs = 10.0 mg/L

^llfl 2.9 Larger Lake with a Non-Conservative Pollutant.

♦

Qm = ?
Cm = ?

/nivn nimrufmmjpminfltm mimivi 2.6------------------ q

ZoVirnfmAfstTu = X0'?i?'inTi1'H0m - 
m'liflmsLmvmsman (d'NimjuTuuifll'Hd) ©tilufljrnsm^'vi

v

mmsTisuuoVmfmfTsmj Smm'nnijffud (dc/dt =0)

....2.6
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imufiiQ^iTiniTtTstTiimnnuff'uy
qj q

= Z 0(5i?'iniil'Hfu,iii - X Q^7'ini?lvmEi!)n - Z Q^^nnnTionfntJ .... 6* 

Qs * Cs + Qw * Cs

= (5.0 mVsec *10.0 mg/L + 0.5 m3/sec * 100.0 mg/L) *

0
3t

103 L
1 nr

= 100,000 mg/sec

Zo^nnniiil'HaQfifruo^ijnmfj =
^ a A i0?i?nfm1'H?u5'3il?3JiPi?nj0'3'unmfj^l,H?i0Qnflnn7s:uu minu N0703jnj0'30Pi7ifm1,H0m 

u0'3,uim0^1,H0m7siiiii s5y'u1^'3?njm?iiii'3?ii^

7*Qm *Cm

.... 8*

i,iviu0i0?i7nfn7l,H0i5'3iJ?iJi?mj0'3'unm0'0l,H000n^nn7siiii^00i,r3jni7'0 8* fnluirufm

Qs + QwQm

A
VI 7*

V

ZS'f>7ini7l'H000nV)0'314im0 = (Qs + Qw)* Cm

= (Qs + Qw) * CA

- (5.0 m3/sec * 0.5 mVsec) * Cm mg/L * 103L
1 mJ

= 5,500 * Cm mg/sec

ZeiVmfmvhjnEJ = K * Cm * V

= 0.20 per day * Cm mg/L * IQ7 m3 * 10 3L * *

= 23,100 * Cm mg/sec

1 hr t 1 min 
60 min 60 sec

UYmfhen'H 6*

100,000 mg/sec = 5,500 * Cm mg/sec + 23,100 * Cm mg/sec 

= (5,500 + 23,100) * Cm mg/sec 

= (100,000^ni^8^c) /

= 3.5 mg/1

0Hi?i0u 0n3Jtiiiuvi'unj0'3U00'i7^fl00l,uu'M0''3,un^n0n7 n0vi1,H000n07nu'H0,'3vlTumnnii 3.5
----------------------- qj

(28,600^nig/seel/Cm

mg/L
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^ &
n 2.6 0fjmvi?iu'iifm3ji,u3j^'UTJB'3imS‘un1ylu-uimfj‘U0^n?uiStJ^^T'uiH^K'u>3 S0in

l (0iST0^uHij fl^nmilsfi luvtyiy

mo^'nui'uu'u'umo^fnTSvmlu^tnpifnftjoyiT^iyliJ monmwiulil 5 mnny

lijoraimyliJ

1 a!

200 Casnfijsiiofen; ly7Jcus2'2nni7Ofim7d00yu20-3077ytTOW7]0^y00n7lpiS07y0y0tuvm2
o a y A « ' ■* «» *

su0'3y7m0H20Qi,H02 20 0^fnici(0iS00 U0^0n0-32<u0^0i5i7it777j0>32gn707m7£i000r0i0ni0'3m0 2

fhmmj 0.23 (5i07y

'Hi0n07nyt‘uyiiiy7i0^0'i70yvi70^'HyprH70007yt‘uy‘uyt7y(fiy (Lo) fov
oTivn

0ym7vi 2.14

(-k’ t)
Lo7u * C1'6’010 ]y nu ....2.14

y5 ^ ^3011 200 20007^(51001517, k tvhmj 0.23 ^'oiy 1105; t tvnmj 5 oy 0-ilyuviyfii
=!

0y0i?y 2.14

(-0^3 dolu * 5 7u)3)s:l?l 200 mg/L
n

QJ QJ

ssi^yy

Lo7,*[l-e

200 mg/L / [l-e('0-23‘5)] 

200 mg/L / (1-0.316)

]=

Lo1u =

293 mg/L

SuTi 1 ltH0'3j0i7yi 2.12 t'VN0vnfin07i3Jtiii3J7iy,ii0-30'i70yvi70yt'H000dlyiyy'Hy-3 (BOD,)

(-k • t)
^2; inSD0 Loll * e ....2.12

imy0i L0 5u mi0L 293 20007y(5i'00(5i7, k rvhmj 0.23 ^iooy 110s t ivhfiy 1 im 0ily0y0i7
A
y 2.12

(-0.23 *1 in)w 3)
1^1 L 293 mg/L * e 

233 mg/L

101

A
’0100^017^ 213

tmym lo1-u mi0y 293 2000^(5)0007110^ Ln-U ivii0y 233 20007y(5)00070-3ly0,y0i7y

L0 on ‘ L, ^ ....2.13yt in

2.13

in 31
’OS 10 293 mg/L -233 mg/L 

60 mg/L

yi on
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2 Hmjfmvi 2.14 n4!)fnTU'3fu'Hifi'i5IalT''u'M'H,u^
(-ift)

Lo,-u* Ll-e ] .... 2.14
u'vrufh lo?u iviinu 293 k minu o.23 ^'aiu uas t tvinnu i im

y.^

4
VI 2.14

(—0.23 Mill * 1 5u)s'!is: Ipi 293 mg/L * [1-e 

60.20 mg/L 

60 mg/L
id d a; el Vd tf*an^iav fiiSla^iuv i iua'3<uima'\je-3vii73juv''3,u ivinv 60 Caanfuifiaa^?

]Vl in

i 4
fneai-an 2.7 The wastes had an ultimate BOD equal to 300 mg/L. At 20 C, the reaction rate constant 

was 0.22 per day. What would be the 5-day BOD of this waste at 25 C ?

2im 1. linTDfmv 2.16 mavnan k vatuvav 25 c

^oc* 0

minu 0.222 aaTU, T minu 25 a^primulaa' uas e minu 1.047 a-alutrunif

Ad o

(T-20)
Cinn ....2.16

tmuni k 20 C
4
V 2.16

As la (25-20)0.22 aaiu * (1.047)

0.277 aanu

2. Kmirn^v 2.15 mavnaimiutt5,u^unia-3tmaiiv1m?uauvatu'Hfju 25 c (bod01-u25C)

^-oin,20c * (0.02 * T +0.60) 
uvun'i lo^20C minu 300 uaan7uaaaa? uasi minu 25 e^Pfit^mSatr a-ilutTuniTV

k 25C

inn BOD .... 2.15=oiu, TC

2.15
M SIla BOD 300 mg/L * (0.02 * 25 + 0.6)

330 mg/L
3. HaruniTV 2.12 meMiainiiuiw,imue-stmeuv1avmaaealmiJ,ua4uIaa luiuvui

qj «U 
1

vetuvnu 25 o-3fTni!Bm5aa' (l525C)

0 ill, 25 C

(-k ' t)
^-0 ill, 25 C * 6

imufii L0 ^ tviinu 330 uaanl'uaaaa?, k minu 0.277 aaru uas t minu 5 in a-slu
^ tin, T cinn ....2.12

4rninisv 2.12
»1 s'i)S la L (-0277 «niu * 5 in)330 mg/L * e 

82.61 mg/L

5 in, 25 C
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4.1&njfmvi 2.13 (bod,)

a^lutrumi'a 2.13

330 mg/L - 82.61 mg/L 

247.39 mg/L

Dlfl y 5TU,25C ....2.13
UVlUfil L

M n
ds; m

lias loTU, 25 C 1 214, 25 C

y 5 214.25 C

MfovnaiPNnemDinarsjniTvi 2.14 

mrufh L

Lo^tc* [l-e^1]

minii 330 Caanfu^oas?)?, k tviinii 0.277 eioTU uas t iviinu 5 Du a-^lu
....2.14y,

0225 C
=;auniTvi 2.14

V] 34 Ias Ifni (-0.277 (10714 • 5 714)330 mg/L * [1-e 

247.39 mg/L

viam'HnC 25 iviinu 247.39 ijaanfufioaei?

]y5 714,25 C

fiiLloaMiuO'j'uiman'jnan r\fliaau

Q-' I ^ I ci ei«ni0m>afi 2.8 fiiSIonm (bod5) 20 o-afrimu^cm

naan7Ufl0af!7 a^vnnimiui^u'U'uifu^uuo^tniSuvila ^onluTiInjo^aiSlQ^ (bod0) uasa'iL

lawaij (BOD10) flfiinCaanfufioafi? ni^oai^UimannmulT'l'UMQ^ijf) ^fnumjooivmSl^
q q m

30 a-jfTii^awaa a^vnfnulQfivn (BOD5) notu'HnC 30 uasaifi-j^afiTim^doatraia

^otuKfjC 20 O'jfnraaiSaa tviinii 0.23 fioTu

U 1. l^auniTVl 2.14 W0'Him071JJt‘U3j4/,Unj0'3a'170UV170'lT,'a'H3Jf) (Lo Vlf0 BOD0)
(-k*t)

su0'3una0UM?l'3'Hu-3 m'inu 210

L0 * [1- e

imufii y m'inu 210 flaanfueiaafn, k tviinii o.23 fiairu tins

am ]y, ....2.14

£ t iviinu 5 tu a^lu
4aunnvi 2.14

aslfi 210 unanfufioafi? ( -0J3 00714 • 5 714 )L0^*[l-e ]
(-0223 00714 ■ 5 714)

^0 714 210 mg/L/ e 

307 mg/L

2.Hauni7u 2.12 mavnfii bod10
(-k • t)am L,^ L0^*e ....2.12

uvnmi L0 ^ iviinu 307 uaanfufioafn, k tviinu 0.23 fioau lias t iviinu 10 iu a^lu

aunmvi 2.12
141 34 Ias Ifni l (-0.23 00714 *10 714)307 mg/L * e 

276 mg/L

10 714
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2.16 mQ^nfli k ^sfuvmC 30 0'3fnii!BmSf)tT
q qj

(T-20)k.oc *1-047^ TC ....2.16

minu 0.23 eitnu, fi'i t tvinnii 30 oonram'lEm ims e tviinu 1.047 mlu

mn

uvrufn kj0 c

trurmTi 2.I6
DsIpi k (30 - 20)0.23 SilBTU * (1.047) 

0.364 per day

30 c

4.K?T3jm?vi 2.151'wovnfiifnnui'UJj'U'unja'jtnTQ'U'vilmijj^^sfu'Mfijj 30 a^fn^fn^atr
q qj

(BODg-jy T L

L0ou,2oc *(0.02 * 1 +0.60)

20 0-3fnitB?u§cm, t in'nnu 30 D'afni'm'ifim 2.15

307 mg/L * (0.02 * 30 + 0.6) 

368.40 mg/L

BODq 4[y T C ....2.15mn

umini l
W SI '

ds Ifni
0TU’

BOD0 T B^mwiiwun

S-KflumiYi 2.12 mavuniCIan 5 ^mnaaej (y5)

L0^*[l-e

minu 368.40 CnanfunaSm, fh k tviinij 0.364 nsiu ims t tviiniJ 5 on

(-k • 0
] ....2.12Din y nu

imum l 

luarumi'n 2.12
VI si I

D£ IWll

0 111

(-0.364 BOOH * 5 111)368.4 mg/L * [1 -e 

308.71 mg/L

]Ys on
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uuuUnwimwfnijjml€

i ^0001^ ^?03j^utrpi<3l.

tnjm?^m00<u0^1'utT3jfm0fu«03j00?0uu0s;tT3jfn?tT3J^0n)0^0-30iJ7s
v o e? & l

100 wo 'wnni7m0-3wo00'w?0Tm7(tf‘uw,H'U'3
A ** 'lwej|$0uil'urmiwo?is; 1 mvi UTHiTfimBODB^ilsimnnu 0.8 nlanl'uwBwo

fl’uwi’U 90 oij ^^U'U'iK'unwolwyraBowoBs;

noiiuiwoo
o' cf 1 <4 *a2. vlmjm0^il0nu'H^'H<u^ loiJfno'uiiiajjTaTuou

A olUBvnfmmcj-s
4 nl^fifu iil0?t,!Bt!w°,,u0'3m?ta0'qij0n?0W0u

0iu 90 iu rviinu 90% mBwuo'uitanymjjnluflf^uin iJai^lw^m^^uwou 90 iu
, 3J t

nnoliJmy-a 80% uB^nJaTvuafm'ulw IwonioluTHBiraBB 20 umwonlanfu iTTuilsn^
on

<y

A V *A \ AmnB'U'uioB^wBliJmBHiiI'uvjB^uBuosi.aJ'wufwBlil fhvmwl'H
A *A- frw?0OMi?^l‘tfi00^iJm0'ulw tyi-inu 0.5 nlnniuwoiJm 1 nlonfu

- nfrmenoivm tvi'inu 1.5 inyiw'orrwoBivm 1 nlonfu 

BonnyiTiuon
^ In ^ e&2.1 iJ?nvmfjliJ iij0ioim?t004?x40?u 90 on Iwm’ta'HfBnnem'u m^ismwlw Iwonw^m 

wu,viu?inmoi00-5iJmwo0frwo0TmiW'3n?inu02;5'imiJm^iS03jiltitKO'3u?n
o V 3> d 1 s' </ '2.2 ■UTHunTounjB-jiloi^l^tiJ^'M'B'jNUBimsuii'MviBSfiinnlonfu

^ q

3. uotnt^'uwvru^'uiuiijiijwfnol'ud^iJgniaiuuiim ifiononmuliJ 10 inyi mnutww
fu0'3U0tniW'3n0'r3iv!00m0'3 50% niB^miui'iiu'iiutwu BmnvmuonfnfHviuB-sn'^EiBtmo'itJ

o 111 * 1

oiQu^uniQ'3fmd0&jtT'fn£aj?iim ,̂u^,ui><yi'inu‘H,U'3
a *1 </ J1 , A 14. uniSoniB-arli^utno^irniim^'Hu^inomi'iJiijwwooisuiiiJiijw'wtlonoi

i<uu<u'uu0-3u0in?i!uw\jlui3im0lwm'nnii 12,000 CaBnf'uwoows
oioiBtnj owmiu
qj

ijnijw^noio iilunm 20 iu moomy-j 150

oyinvnniniow^imitJBytTsiyuofn^lij'uitSyuo^^iluuvi^'uSfiimilw
11^1 ^uosi'Hinyn'in^vTUB^m^tjoytTonyustmlij'unmy Snuvhlvn uasAvruoyosli

5. !)'30TUOtUVn0lfll0WO'U,W'H3 U0-3m?f]00tr0n0'Uim0nj0'3Vll?Ul00'30i'wOU'H,'3V(,U'3
I a< ^ Ad * V 1

Bfuvifjntyinnu 30 B^prot^oi^ytr mBmfilowoii^'HTiiB^woBfJ^'unt^y'nBai'HfiC 

woi^yfr ivhnu 200 Coonfuwoow? tm^n'nn^^^ntu'HrjCw^noio mnnu 0.23 woou 

(BfuvifjC m'inu 20 uasB'uwinjB^iJgn^yiSn'iiviilw m?isimwlw
' d ^ o' ^ A 16. ?'3'Hnfl'lfll0WOU^^fnj04^nm003n'vJl7Ul00^0:'wOU'H,^'H'U'3 0,l5l0W‘U04O'U^'HllviinU 

uosnfjjwoHw? uasfl'ofl^^msuByfTaiomTSunlyt'umimcj tviinu 0.24 woou otuunC
q qi

CnSnl'uwBow?

A a'MU

25 B^Pfl

200
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7. ■oififhfmj'ueYi 6 TnmiifnTiifuQfU'Hfjflmu^uiilu 30 enfruOTmirr asjnnviTiuinfiiils^

A o o d M\ d el i8. 6 ,Hin‘nifni?i^0fu,HnCu0>3^'imcjii'3liJQn 5 Q'Sfnwmwm QCJinyiTiu'ii
q qj

^ i Ci a a1 ^ d } i Vi i A a \ A a aa,na^,a,ua-3fmdaatTinatn70iJvi1ali4,unmaSfinmil'H7 uasfiiClali'u^inuflfinnSaanl'jj 

?iaa?i7

9. anfilelw^'Hiue'afnTaaaa'anaima'U'yilaly'uima^aalnayl'if’uma'a^T'u'H^'H'u^ iviinu 

220 Caanfuwaaw? a7iui,y3Jiiiui73j^'u<D0'3tn7aumalu,uima ivinnu 320 Caanfu^iaapn 

aannvi7nu'3na'n'9'a<ua'3fmaaatTanatm0X4'vi1alu,unma2a'3mil?i

U
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unfi 3
^ d V

(Introduction to Chemical Reaction Engineering)

ifrQ^3UfntT(5i?m2mQ-3^iil'uif0-3^iJ?j;^n^fniufifiSm0-3^ uTviiunyvn^injji'uuw 

iua-3iifiim^m?i‘ut4M!0^i'H000tjm0Vf0^in-wiJgn!0nm?ti0ytTin0liJmpi1ij72;0s;K'u^ mauniai 

^aya^nfi'nui^ini^aanimimas'Hini'uipnja^^iIgnfan ^laa^^njiil'ufnTvnTsasnfn^nnnsinj 

^a^fmdaatranauaim^nniJgniyiiaS'HfaiJgniyi^'imCanaluO'JiJgnfaTa]^ ima^mnvri'slu 

miun ilajinfminaiiui^u^'HfafnTvrna'ia^^'uo^fmyaytTaiutnTS'uvilynja^uatn?

<u ?|
y ^ y » i i

vn^?nut0S^^in(5)ei0uiJTs:n0Ufm^nfui mavn^^^a^fmvifiijaialuisuuisialiJ

iJ-ssiivmie^^iJgnlEji uii^l^i 3 ilismn ^nuanyfusmi-ai^iu 00

1- 0-3lJcin?0muUfl£: (Batch Reactor) fn?lJ11JPI,lJ0'3mU0100-3lJgnf0iuuiins; lll'UfmiJniJ0iU0'3m0
iS'uns'wlWifafn-n T^aila'unia^mai'unri-jiJgniynfi'iaanui'iijj^ui.fu^uvrU'jinn'U'uilaaal'H 

nie^tSain^fm'daarranaliJfl'un^^'M-jainutiiuwiia^ustn^maam'nnu 'Hfauaan'iianui'iijj^'u
cA V

?^m'nnii?s;in0^0'3t^0mn00n^nn0'3iJgnf0nii0T03fmi03J!u0'3m0lM3J
j> j/

s-aliJfnyluMiJgnfwilumuSnai-j ^ilgnlymuuSjjnaonuuu^l'u^iJyii^nisiJon
v y ,

(n) luiii^0^0i<oSm7i0^?s;iJuni?fnu0i0lu^ilgn?0n 

7SUII Sa'i^umTnsnja^i^aimtDauvilmn^niTiTuwiTn'ulliunnw a-niJvi
q <u

mu^uaullnn 1mm fniKlumu iilu^u

‘ua^uainiifnuvi^a^fn?

3.1

3.1 (m) isuum?
jt

won^nnuim-i^suDniTfiTu^ndn 

^^aila-jnufmniinjo^'uimavifaMi^'ua^uoiJuiIiflnnjo^unma^na'nm^^uon^y ma 

ij'i^'uima^ilTsnau^ainTSuvila^m^fmtiaatranal^i imsanuitiu^uo^tnTouvilalxj 

lio-anjO'jma^niinSaijjin a-ailgnfaiuuiiuutT^^HIviiiJ^ 3.1

32.:-o:-:
o ' •

•: :-:o: : : :■
c

xO
0 00

in i «iqn mulunTU ^j. Slumy

3.1 uM^a^iJgnian uuiins; n. liiSlumy u. Clumy



reactor) ^niJfusnjs-j^'iJgmyiuuu'Gjjniil'uiiJSmSyuH'uwi2. ^ilgnftrmuu'yigl'Hfi fpiug flOW

A * a, 3/ A A v <=> -a-a ^ ^nu000^'Hf0,3n^7sui0'ui 3.2 m0wn0^iJ2fnmimu{!0in)j0ni00'unn'3inn

«u

^ ^ V ^ ^ ^ 0/1 3/1 ^a da'

otii-apiomo-a Itjnitu^^'uimyin^mTlvi^myluo^ilQniyi^nfin lanlvim^fioyiTsnytn^Suvily 

3j033jin?tj an^msfnTiJouDO'jmyimrjr'Silgnfyiuuu'uS^niJflist'iJ'umyinD^iJgnlyiinju
« i e» <a a/ o /=i Ins; tu0^n?nj0-3n'3ilgn?03ui!U,uS'Hm0il7s;m7 rau il?s;^vi5fiTyNl,uni7iJiijfun70t4Vil0'0£0tj

a/ ^ i i 3/ 1 i ^ i 1

l'u,uni^0^i00'3iJgnl0iimu'U£i-3Sfi300X4^'3^u?i0-3^n'3i0'3ilgn70nuuiins; mn^mnn-dgniEn 

uiiii5Smi3J0mfi0u<8’n'33Jin ■nnlMin^nn^yn'niyunfmlnyllnnTuiti^'u tilupi'u

<=i i

cJi?wSsiwa

i

3.2 UtT0-30'3lJgn?01UUUYi0l,tf?l

O/ I 4=1 Cld 4=1 O' 4i: CSTRs) Cl^ligflTyiUUU'U isnu 

?s;uDm?mymufj^mtTU0 mnl'HtmS'uyilynis^iyliJ'nin'S'iJgniyi ■nil'HiIgn^ni.nS'Hfn 

ilgnrynliinSmyl'un^iJgnlynm^Cuofii^frjJimun fl-suerfnliliniJvi 3.3
y i i

a/ | A 4=14=1 4=1 4=1 4§ I I 4*1 <T 04 Vl I Q a/ I 4=1 4=14=1 4=S Q 1=9 cSn-3il2n?03uuu'utn0nji4003^00m0'3 l^iovn m mm?00nLnjun^iJgn?0nuinj'UPi0'3mt4'30') 

ib^n5nim0'3n7sui,un'i?ni'upn0 mnl'Hmnui^uti'unjo^unfn^m^lun-jflfiityinnuunstilu
A I 4a 4=14momonnu'nn^nu'H'u^fnwI'un'Silgnfyi

3. mllMmmJfmmaJm (Continuous stirred tank reactors

A ei 4a 4a 4a 4a4a qj i 4a 4a 4a cfd i i 4=»4a^©nJIyumyuiJ^s^yiinivinjo^n'JiJgnion^ 3 uuu vru'inn^iJgn^nuuii'uflmuinn'iin-JiJgnlyi
qj cu t=i \n 3J i 3/ Q 3/ 3/ 1 1/1 d o/|4=i 4=,4=. 4=1 In 1 do o as■rntr^auu^vi lunji>3^u mm lin^nsjci^iJgnTCJiuuuiJQif) Imv^svi^tnininiifl

rau uniS^^SnTim^u'iiun^
qj

vj0^sis;iqi1,Hmpim?n?s,Di0iD0'33jmn?liJ'0'in'3 0'3,u'U'H3n^i,ili4(?i0'300nuu'u?tiiinj3ij0'uni^0^S

iu0'3^nnn30'3nj0'3nTs;inunii:mu03!ol3Jm0^

i5^00'3l‘tfni0'3l‘um?muunn 'nnl^iSannlvJ^iinnsniijIilmnutuunju^-sunn jjnuisuiimi’mu
<u

* ^ d 43 4=S^<uuvnn^0^'0nni?iJ3iJ?i,unm0'0C0nui'ii3j<iiupr'33jn‘0nmi00uimlt40n^tus;,u0'3n'3iJgn?0i

injuviolnn
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►v ^ 
■UTW-3

0

• .e

O OO

t

Mim^na'n^ufnTKtTufmiTu^auiafm maMim^liivi^usnmfu^vnfiiaij^liJ^ytTjjnTs 

ma^^ilgntym^'fisinju

UU 01^)

• i

^ 0pi?im?iT"tTu = ^ 0gi?im?l'H0t<iii - ^ 0(5nirnTl,H000n - ~n

vifa + ^aisiTnfma'f'i-s
y—3.1

Input Decay

jlate^

OutputAccumulation Productionvtfa ^ -I S -Z 'h!0+ ^
^ate. ^Rate__Rate —J Rate

il^^Swsni-siviu^aiJisfiviSm'VNmo-j^ilgnfm^Kl'ufmtiadtTsmtnTSumd
1mm ndilurmijiij^unmd ‘uuipiaaijj'onja^dgnfdn api^ifmlvtamiJIin^^Da^tfnma atj^u

v
lumTfJaytranatmSiiyilal'U'uimd tiluslu

SvidiyilTsm?
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na'iTufmihijeiniB'Jilra (Retention Time: rt me t) nml,unT3i]iiJ^^0'3iaEJfnfjl'ua'3iJgn?tnu?i
y Jj ^ sJ y cA A o o tv

asiJTsifnru'u^QfiniJil^ifle'HaiyiJTSfn? stm e'nuinnjmunje^ijatnil'U'DQ'juTeTi'unti'njiiJPi wia 

me^^iJgnifjn Tilimiiue'ati'aiJgnfm^iaenH ilfuitunja^iafj'M'uijjiilnijPi iilumi lutemn^inru

iilt4ni7vtit,r3jni?l'umTmt4'3fuvni'3inli4ijnjfinje'3iatJ^ie^iJgn?yius5iasiJ7s;ifm 

tu?nfmci0atT?nEjni0-3mti lfi0U0n?nutif'u^nj0'30'3iJ2nT0i

tA dt tv *A v Ai. ^ilgmmimnns: m?,ni^ntjnj0^0'3ilQn?0iuim'utiItjni7iJTijfin)0^m0uiiU0^0?m 'Untusyl
if y ^ d i ^ \ A it

nie^meodlu'j^iJUBtlu'U'HineTiin'tiiJ'U'unje'JtiaimSeiuinniifiTW^e^ni?
qj qj

ineini3000tT0i0^0liJfluniieim™runj0'3}j?iiT'n Sei^en'iTHfem'iniie'ieiuu^u'ii'u^nu
v

sfie-am? ^isinytie^my^innoanuaTiiiniftiu^e^tay^IvnJa^liJltJTsiJii 'aifru'uiJftatil'H
i

isuu^nninjujPinjo^my^lvnJsfioliJ m0tin)0'30?i?ifn?l'H0mu0S0?i?nni?vl'H000nlT4^'3,M
<a <a i fil s' im0,wfliTtuiitivns;fn7000a'ai0tn70tivil0i'vii'uum0iJmfiniitleea'any'De^meSmm'ifi'iiffuu 

i\j0'30PiTifmwapiSmminuff'Ufu (pi0'3‘viinT3U0nfmi!)?ejiSijI^,u0'3uiJ0'0t1u00n^nnfm0ft0'3

uo^tiaa'iT^odlti'uimo) aumitTu^fiuiam^^r'Sdgmeitilu^tTyfmYi 3.2 uastrum?
, ^ A! A

mliJlufmeTuifu'Hinanlufmijntifnje'jiaePiiya-jlIgnTynuuiJu 3.3

o-o-opiiifmdoeaaneoVmfmtrsmj
dCa

•V * (-rc)

-V * (k * Cn)

V * —me
dt

=

dC
-k*cndt

dC
- k * dt

vhfmS'U'mfnflfl'ufmvi 3.2 3.3

J- k * dt

.... 3.2C"

rdC
] C"

Vt V

rdC
J Cn\dt-k*

rdC
Jc«

\dt
- k
rdC

J C”
.... 3.3t

- k

39



'Dinmjfmvi 3.3 idevinnTJ^imjuivninjfmlunTjfiiuitunfnlymTilTijpnj!)^^
p

ii0'3au^iiilgnTtnfn?tiQ£jiTfnt)‘UB'qmt) tilu^'u 

1. ^i?fuifii?g]aatT?naug>3ma^g'u^iiPfua fn = m

'vinmTov!vufi??ifTum7vi 3.3 vinaimj^vi (t mnnu 0) (t minu t) nas
anut^jj^ua^uairntfu^ (c tvinnu cA0) lii^aoaaiuiiiuwnja^atnt^nan 

imsmnua'ieypiuua^iJgnfai (n) minu^aa^lumjni?^ 3.3 l^un^anuatuMnnar^Klum? 

tiaaaranauatniua^a'u^iiff'ua 3.4

t (c ivhnu cA)

Cap ~ Cat .... 3.4k

2. ^m?tuifn?aaatTaian)a^ma^a'uau'H'u^ fn = 

vnrma'uvunsflmjfmYi 3.3 vinaitiu^v! (t tvnnu 0) ^ua^naniTfnina'a^a'jfm (t ivinnu t) uas 

a^ufuw^-ya^uaimtfu^u (c mini) cA0) l^uMaim&jminja^aimvinin t (c m'nnu cA) 

uasunua'iMuma^iJgfntn (n) mnnuKd^dumjni?^ 3.3 trurmlufma^ifuMinaral^ 

rmaaatTaiauatnTnja^a'uau'H'U'j 3.5
I*Inf^AO

n

t ... 3.5k CA

3. ,fi<oi?suim?aaaflaia<ua^ma'aau^D!Ta-3 fn = 2)

inifmaTj'Mm^^tTum?^ 3.3 vuifniiupm (t minu 0) flu^nan^piinia^wia^m? (t minu t) uas 

miuiw^uueiuaa'ifiijjlu (c minu cA0) 1iJ?un<ia'3iu^usuu‘ua43jatmuriai t (C minu cA) 

tmsimuaieu^umedgnfai (n) minutra^lutTum™ 3.3 iruniTlumTaiunfuMinaiuKlu 

m5tiaa?miauatn?,uB4auaufra4 iilu«iiTum7u 3.6

I * 1 1t = .... 3.6k CA CAo

tmuTsasnai^inamiaBatraiaua^i^a 'oinmuu^u'iiuifu^'u (c minu 

CA0) ?'uumiui,S'u4'unja-33jatm?nuus?ia4m7 (c minu cA) viuianai 

uuun'in^uuBidgnTyimiaBatTaiaue^mauBuauni^ njaim'jfjaua'aia 

nja^ma ,HU,'iaua4alia'3vi?unua'u^u,iiB4iJgniaini7aaatraiatmaum1a 

ai1pinfinuiitPi'iluiBn?ri7uviu 2

ununiiuiuuuunu$u,uB4uatmlu,ua4i^yriBum0iJgn7uim5tj8cmfnEi 

uaima^nan ■H’uiamiut'uu'uu

im,umiutsuu^'u,DB43jafm1un)a4ma9iiumiupia4mT ufaanui^u^u 

D84uain?uin?im?f]BaiTaimil'unaitifn4'H'U'3 minamiui^u^'u

me t

k

cA0

CA
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n'3ilgn?£Jiuuiins;'ui3JiKiJiiJpiuii^t)'Mflil7Jjnaitn?a'uvi1o 2fii3.1 ai

500 nafinfu^iaS?!? aianai‘aim?'iJiiJ^'uima^mint3‘unaTUTua'3 6 'nu'iiaoiui’uu'u'u

ua'Jtmauvilal'U'uima 'v-npiliniJma^Slaetaem'Si'WflamEn 90 Caanfuinaapi? amnvmii'ii 
i A d <a -a-a £&*A i i A tv <v ^ ^ Va,ia'3'aua-3a?i?ni,?on)a-3iJgn7fJTuCfiimilfi ma au^uDa^iIgntaifmEjaaa'aiaua^malu'uima 

iTi'inueuft'uvrui

iB-ni 3.5 t .... 3.5k CA
I*Inf^AOa/ a>

k *emju an
cAt

mnufiiwi'j4! a-slutTum? *

500 mg/L1in s'
SiZ Ifl ----*Lnk 6hr 90mg/L

= 0.29 fia^ilu^

aigiaii mai^uaiilgmaifmEleaa'aiaiiBiiSa^Saal'U'uit^a tviinu 0.29 eiaTu

<a-=> i <=» <=»<a A! eA ^2. MllaMlomnmalHa fm'ai'JTUua^aiiJgmaiuimufianijmsnTJiii^ujm^auniia^iJgnlai
tH A! d vuuunsvifauuutvi r-9iJgn7mumjw3jnCan3janfiBi4‘iii-3Uinaaionuaa0'3?f'3iJTHfB?i^7suia 

141 ^,u'uaiiui,ii3J!5''uii0'3iiain?^aoi3janpi'i'4':i naia^iJgnlamuuuSailijminu 

^Pitiu^uvifaD^i^tnifiniTilaaaua^t^aaiui Sa'mu'ujjIuua'Juatrmnn^iT^umsaouu'S'u'S'u
«» <» q

a
• a/ | I d d I eSu0'3ijatn7i9suaifi?ia'3?mja'iiuaiTD0^a>3 mn^ilgniaifmaaaafaianjaimauaiuifiuu^mj

Ad Ad o'is;as;vii'3^nja'3i^ainam7l,Ha tSa'viifmt?ayfi?T^utrFi'3a'mja|,3j'wfi4ii's;'HOi-3a']iut£ujjiiii4ua'3

3jafm'afiadli4a'3iJgn?ainijaoiuanuBia-9iJgn?aiiistili4^7iJ^
^ <a d \ 3) ca A! **ua'33jatn?^vn-3a0fTHfa^ilaiaa'3 Sa'ii4aa^iTfi anJgnfaiuuiJ'U'uau'uiKlijfnTiJiiJW'uima

^ifiaounw'ii'unja^uafmuimmsCaoiuvrufmi ?ajni705uianimlaautiilaia'mu‘iiu,iiu!iiai
«u

^naipii-a5! iSu^truni?^ 3.7 ufatrum?^ 3.8

3.4 ^usmjoiaoijjt'iiuiiu

L

Cin Cout

u
P Cin

'*£*9
3 CoutI isfjsfnujynua-sd-s: l

3.4 niTiiJaauuiJa'Saoiuiiiii'iiiiua^uatnT^aoinanfii-jg matua^ilgfnfnuiJimal'Hfi
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fmiilay'uuiJfi^fnuji^u^'uniQ'jUftm?'
....3.7

G C * £_C
d x-vx

a. d V
untjQsinm'UB^'unmfj fiitjlu^iJgnftnmjuvjQlvifi 

M in EH S EJ £ VI "N ssi a n ?n

uvnjfmuEmniB^B^iJgnlEJi Mu'iEjfnnuEm 

im,u7s;EJsi'3fnvunpini7EJBEJtT?nEJU0-3itifEjfnE)l'UB^iJgn7EJnuuu5 vruTEjnfn

rc .... 3.8G t

IUB vx

X

t

m^iilBEj'uiala^fnisjiww^B^ufitml'u^^nfn dt 

luB'jiJgniEnuiiDviBl'MB
ocuc, J! \ A IiJgnfEJiuuuulu^^^BTmj^u-uuuB^ufiinTflfiiuinfriiMwiB-jm? lu^^fmut^utiunjB^ufitn?

■H3J3EJB-3 B517im7B,s;?r3JtJB'3Uflin7'BmBaBfJ
X V ^

i.uB'w^man'iiUBfm^nB'n^tn^flvjiIvjB^liJtn^fmTsuiEJBan’oinB'j

BEjlu^ CA0 ch cA lu'Sfm^sTjiEjnja^mEiOTmiBBfisnnBdgnTEJi ub^iIbu'ub^^ej^IvijJb^IiJ 

Bun'infnnu^uwnjB^uBinT^^I^SB'itvi'nnuvtfBiJBEjniifmut'tiu'uunjBouBtTiTwnjj^B^nii h

7^U3EJUB^^E)‘VBtfina0n1iJuBs;il0tuua^mEJ£Bfilviu'B^1iJuvru mauniB^

api?ifn7l'Hfimufis!B(5i7ifm1'Ha0Bmj0'auBimfn£jlv4B^iJgn7EjmuuS SfintvinnufrvjB iSbuvivjb'i
QS A $J ' '0PI7im7llJBE)'UUlJf1^fm3Jl<tl3J‘U'U<U0^UBin7^EJtTJJfm^ 3.7 3.1 3.9

^ c d Cv * V * (-Vx * rc)+ .... 3.9d t d x

■o ^ 1 < ,

^flTJQnmmJBEJUUlJB^B^uaim^BrfmiKB^ (Steady State Condition) ITUfmVl 3.9 l?EJVjlmilFI 
^trurm^ 3.io

o V * (-vx + rc)d x
dCidi

■H7B —* dx .... 3.10
Vx ''c

o«a<a A A■yiifmSu'Mifnpitnjfm^ 3.10 (fouwvivmmuQ-acnilgfnEJi ,?'3B7^3JEn^m^nuB^'UB, (x iviinu 0) 111 

DUMilaiEj^iIgniEJi wSfmiJEmm'nniifmjjEJ7TB^mj?iu0-3^iJgniEn^n?i'n (x ivhnij l) libs 

^pniui'uu-uiinjB^ufitm^nfniiu^'u (c iviinu cA0) liJflun^BnuiiiuiiuuB^uBfniunfn 

iviinu cA) flslI&mumrM 3.11 ufatTumiu 3.12 ?iiubi^u

t (c
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CALrdX 

o vx If
CA0 Ic

L

cA0 rc

1
— *X
vx

0

Cf ^ ciorc
1

....3.11— * L
vx

cfciorc
i A— * L * — .... 3.12

Avx

* eA Ji eA

v ^ ^ i in %i & 4^

ilgn^tn ivms'asmjiTiJfm'vi 3.12 iIjiuIku’3.13

L * A .... 3.13V

a/ « -a * d W & as“QPifims'l'Haiv-nlziJinfiiQ'ruiifltJvi'lviamn'i (Q) rnirfu wafliwi/S'j
W 3/ as a/ I a ^»<o as *=i 3/ a/ a/ / a <=J*a a/ In 3> 3^ i=lwuyiviiwFiVQWiiJQnii&iniJYiiJYiKiiiwft'VdjnjiJgiiJvi” li^nytT3jfn?vi 3.14

Q vx * A .... 3.14

3.13 unsffufm^ 3.14 3.12 3.15

Cf ^ ciorc
V ....3.15
Q

snnfnnuiTumjirvm "fzuznaihimftJvufrm&ufizriz ivinyQ^?iniuvB^nJ7uw?fniuvu?mi?
9

mvlun'njQnjtnnijmsimsiYimyjilzinvs'ilQ'njafrifYilyamn'nIgnwV’ 

v\ 3.16
V .... 3.16T
Q

uviufh?mfmvi 3.16 fnlumjfm'vi 3.15 sisl^trufm^ 3.17

Ca dC
J .... 3.17t

rc^AO
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mntTurmvi 3.17 nBnl'Ufn^inDPi^Q^iiTtjl^oiijjnfnjj^'u^ufj'jB'upi'iiilQnfjnniTEjQfjtTiny'us^iSE)
1 QJ QS ^

1. (n = m

3.17 ^fnnui^uwua^uBtmtiu^'u (c m'inu cA0) ^nfni!uwi'u(t ivhnu 

0) liJfl'u^fniui'uu^-us^ufifnitTfniijj (c minu cA) (t

m'nnu t) uasumuflimifiimdgfnsn (n) mnnuguos^lutrum?^ 3.17 DslImjfmluniT 

Bivntuvnn?n^K1ufmuQj)iTfnaajf)tn7D0>3Bu^iipri4B 3.is

Cap ~ CA
t ....3.18k

2. milfUin'IItiBBinnB^B^mB'BB'U^UMd^ fn =
o ci d ^ ^ %J $J 1 (

■nimiBu-MmfPitnjm?^ 3.17 ^fnnui^u'U'u'UB^ufifmifu^ (c minu cA0) ^nmifu^'u (t tvinnu 

0) 1iJ^B-3fniutw^'U8<iuBfn7^riiEj (c minu cA) unm^riiEj'UB^miBBfJiTfnBUfiin? (t 

minu t) imsimuBiBu^unjQ-Jilfnftn (n) minuMU^Wumsvj 3.17 mjm^lum^Biunfuui 
nniulllumifjBBB'BiBumniuB^Buwu'Hd^ i3u^trum?u 3.19

1}

^AO1— *Int ... 3.19k CA

3. ,mi?fuim?BaBiTaia,u8-n^flU8UfiiUfl'B^ fn = 71

Vnm78U'mn?Fimjni?yi 3.17 ufniut‘uu,u'u‘u8^u?)in7i?3j^,u (c tviinu cA0) unfuiiu^u (t minu 

0) 1iJtun-3fniui'uu‘uu'U8^3Jf)tTTJijpiiii£j (C minu cA) unfntTfiuiBDB^mifjatJtTmEJunim (t 

minu t) un^imuBiBu^uuBdgnitn (n) minumn n^luBfumid 3.17 trumTluminiuntuKi 

n?null]um7BBB?rfnBu?mi7UB'38u^UBr8'3 tilu^trumiu 3.20
1 1 1t .... 3.20k CA0,

imu7£Bsnfnuinpim?EjBtJiT?nt)nj8<amtJ flinfinufuu'u'uiijj^u (c minu 

CA0) louupniut,iiu,uunj8'33jfmi7umB8atjfnu^8'3mi' (c minu cA) vruna

i
tUB t

nm
1 ^ 1

imufiiB^uuB'nJgn?Bim7tj8fJB,?ntn)8'amtJU8ii^upli^5i DB^niTOBatTfiitJ 

niBoma miicjuB^Bin^uwnuBu^unja^iJgmtJi ^ulanfi’nuiuB'il'u 

lamn^uviu 2

ununiiui’iiuwifupmuB'auain^luuB'jmariBuinfliJgnffnni'jBafmfnfj 

UB-ama^min ■Huiofniui'liu'uu

k

CWo
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irvTUfm3Jt<iiu^y,u0'3Ufitn7lunj!)'3m?j?mjfnnu^0'3fm vifsfliiumj'iru 

‘U0'33j0tn7^m9imTei0uiTfnmilun?n t Mtiiy
cA

jW^mg i50nJl0ummjmjfii?'0l^1uni70Tuitu'Hnn0n1,ufmfi00tT0i03j0?niinj0^r'3iJgfn0iuiiu 

s0-3iJgn?0ntmiivi0l'H0 trufn?li4ni70Tuifu,mn0n5l\4nT3 0000,0n0^0'3m0'00X4^iJ(5in'3ffi
31

iJgnf0i^0'30'3iJgn?0T0'3?T0'3uuuCii)fr3jfn?^00n‘u

fm000t,f0i03j0fn?^00'3iJ2n?0iuimns ,H!00'3ilgni0nuuii'vi0l'H0tilu0:3jfmi,^00 ,̂0^^u 

iJgnTyiniTyoutT^imjstmi^yinw

nsus

14 1114 tf'43^^4 o'3.2 !)^'Min)'un?i^0-30'3iJgn?0nuuuvi0lv!0'ii0nn0rmiPfnaj(5n moHijiijpi'uimysnnvIiTU 

m000iui^u4,wt?u(?i‘un)0'9'uim0^1'H0^i0'3iJgn?m1u'u Sfiityiinu 350 

uflS0i0-3Yi‘U0-am?000tTfliw?n?0'um1?j ivinnu 0.7 ■vinni^iJTij^’unmo^nfino

^\40'313Jl,U3J<{l'Um00m0'3 52.5 C^SniufloSpi?
44 o 4 4 1 1 4 a/ d I 4 44 I o 4 I O'i3j0r<!)iTun!nntHeuifjni!)'3fnfi'3yn]!)'30i5nni1Tinj!)>3ilgnT£jinii:£iQtJtT?nej,u'utTej y<un 0*umunj0^

l 4 S,444,4a/a/ ^mioooiTfilouo-smaluunmoTrufi'u 00 <u

mn^^s'uutnifm^l'ifvnnsilumTfiootT^iotniS'uyilo 00 3.16
v

....3.16t
Q

1 4 q s^q 1 4 4 tf1 a/ I 4 44 l V] 4 a/ a> 14 44 I as ek0'in0'ityil^lufn?0000'0i£Jtm0u<vi?0nj0^0^ilgn^0iuuuvi0 i,3j00ii^ufiu0'3ilgnT0'iminu>nj'5 

■Hnl^nntTuniT^ 3.18
Cap ~ (-a ....3.18t k

I'uo^'oimTJjfn?^ 3.16 tmsffufmvi 3.18 Sfinminu t^uiuirnuunu
Cap ~CaV

kQ
umifhssmg s^lutrufm^i-auu

in y
TlS 10 350 - 52.5 : mg/L250 mVday * 

106,250 m3

03g10U ni'U10U0'30'3lJgn707^1ttf tviinu 106,250 m3

V
0.7 mg/L - day
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*>

iJgnryiuuuiiuiiluisysnsitJTu trun^lllijmiviiumiJTs^i/n^uo^odgniyivifo^uu 

iJTUfm^suuuimfi^iluiTufm^ 3.21 Itf000Pi^Tuiu0|:^;jni?mu^0dn<iJnm0 myoupiyi^nu^

lp|0,TH'U'3

51iJ^0^00lum?TOTU10'BTUTU^lJgn701^KllJl£UUlJ11Jfi
^C AO C A ) «

CAO

1,. iTiK?u0-3iJqn?0-iuuufimmj^?m mo^in^nytus'uoomTijou-uo^mum^iJgnfyiuuurf 

Sfii1ijtvi'inu^u0 mjm?tnj^0-u0-3^iJgni0iuuu5 iilu^tTuni? 3.22

Efficiency (Eff) = 100 : ■nmy % .... 3.21

dCv * — Q*CA0-Q*CA + V*rc

‘Wfl17WiniTEJ000'?nEJ'lJ0'3l?r?jyi?ffl'n"f|'3yi (Steady State Condition) 1Tlirn?Vl 3.22 ©'I'iOEJ'ul'Hljlpifi^ 

?T3Jfm^ 3.23

.... 3.22dt

0 Q*CA0-Q*CA + V*rc .... 3.23

«! Vflinmjm?vi 3.16
n

a/ cu
pi'jvm

tiyru0'n q 3.16* 3.23 'Dsl^tTufmv) 3.24

t ... 3.16Q

Q v*t .... 3.16*

0 V * t * CA0 - V * t * CA + V * rc .... 3.24

'vinfm^?iJ?Tuni7'0 3.24 lid 3.25
(CA0-CA)a/ a/

f)4,U'U t .... 3.25
rc

inmnjniTVi 3.25 'M!in5fUTHi0'3jrn?l'U!m50Tunfun0'il'UfTi7ijnijpiu0-3tS0 I^duynpnuirufnjoi 
ou^inJgnidnniTdodtTdiouo^m^ 'osiil'u^u 

1. ^!ii?anfn?d06irai0tu0>3m0'00ij^i]0,ij0' (n = m

viim?0u^in??itTUfn?^ 3.25 (C minu cA0) vb?ni!3jmj(t iviinu
0) 1ilD'U040'nut<uu^'un)0^0tn7tY0yin0 (c iviinu cA) unnitr^rimnje^mTEiny^iyuntn? (t 
iviinu t) iidsiiviuninu^uundgfnEnOi) minuguda^lufrumiu 3.25 tTum^Iuniini'uituvii 
nniuKluniTtinytTdiyuntnT'un^nu^uffud iilu^frum?u 3.26

Cap ~Cat .... 3.26k

46



2. (n =1)

inifmS'U'Mimpitnjni?^ 3.25 ^fniui^uwnja^uninTtiupiu (c irlinu cA0) ^n?ni!u(?i'u(t tvinnu 

0) liJ!fli40'3fn33JiTO\iu^j!)'3iifitm^?i,)anfj (c iviinu cA) ^ntntTpnnnomfj-jniTUBfjfrfntJUfitn? (t

minu t) uflsu'nufhgupmmQ'dgfnm (n) mnnu,H'U'3?i'3li4tnjfn?'M 3.25 irjjfn?l,ufn7^iuiQi'Hi 

n?n^1,num?ej0{JiTfnyii?itn?<\j0'30'u^ii'H'U'3 3.27

L^f^AO

4B

-1 ... 3.27t
k CA

3. ^^n?anni?000?r0n0n)0^m0'00'uwuiT0^ (n = 2)
3^3/ 03/ I ^ I

'MimiSu'MinTfitrufm^ 3.25 ^0733Jtnju<tiuu0'3U0in7ifu ,̂u (c minu cA0) ^naiifupi'u (t iviinu 

0) Iil0,u0'30n3jt\i3jw!u0^jj0tn7i|?irii0 (c minu CA) ■Mnni^fnoTuuo^niTraytTm^untTif (t 

iviinu t) U0suvn40i0u«u,u0'3ijgm0i (n) minutro^n^luiruniiu 3.25 trumiluniTnuntuvn
n0iull1uni70000'0i0U0imnj0-30,u^u0'0'3 tflu^injniT^ 3.28

f c* ^ AO1 .... 3.28-1t
k*CA Cx

A imunnmneimstiotJtTfncjnjo-amEJ mnmiui'S'u'U'uiiulu (c minu cA0) 

^uSmiui.'liu'iiuun^ummt'Hnnfmjmujno^m? (c minu cA)

u,vn40in'3'nD0'3ilgn70ini7t)00iT0i0nj0'3t^0U0unu!5ii'3,n Dn^ni^finytTniy

,HU70U0-30i0-3vnj'unu0'u^uu0-3ugn70i pi-3vi Ifinsnuiimn m 

tnmmuvm 2

imunnui'iiu'uuiiu^u'un^unin^luun'jmy n0utnfiiJgn70ini7fi00?f0i0 

un^my^nnn min^miui'uu'ii'u
UyiU071Ut4,3Jill'UU0'33J0fn7lunj0>3m0(5113Jmi3JFI0'3ni7 V(f00-mjfU3J^U

tij0^3jfin'i7^mfini7000n'fn0t9unfnsijn'3,H'u-3 (tuinut) 'Hu'nynnut^jj'S'u

me t

k

CA0

CA

0 SI l 3/ a/ | a/ o> ci 1 3> c& qj <ijmjmsflitntu'Hmfn mnuynyirniyu^tm^nyO'Jiigniyivi'Jtnuuuupi'avinsnuius'] unu^iu 

njo-jilgniyiminunuo, vim uns;n,0'i ^iiusinu utTfi-slilupmi^u 3.1
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em-NTi 3.1 impNtnjnTjluniTfiiuDQiMinfnlufmdQyiTfntJuiTiitnT^o^iJgnijnuui]^^ 

^s'u^u'tJo-nJgnTtntiiiniifrua ?mjai^u

mjmjDB-a

lignlmm'SEjeairaiEj 

ub^iSej

0rjjfir5vnnai^l,Bl‘um^EjaEjfraiEJD0-4i5£j (t)

vflenia^fuiJfjnlm

uuijyi'al'Ha uuijfiTwtrjjyscMuuuns
Cao ~ CA Cap ~ CA Cap - CA0

k k k
L.J^aoCap11 CapI*— * In -1k CA k CA k CA

f c* ^ API* 1 1 I* 12 1 -1k ^CA C k ^CA C k * CA CAAO ao ;

d'ssiflmjB^m'sWac^ilgnlEn

tmSuyilalunaimTiJiij^^oa'nJgnTyima^ i
oa/^d i <S ^ ^ ^ y y

iiiijfruimyjjinn'jn i luuiiliJ malMlIui^^Samfn^ifmjuipiTjTuuTa^

isuuni^piop-qdgniaiSatj 2 uuu 00 mT^iar^iJgmamuuaiJfmj (Series System) 

llgnTUmuunJ'UUJ (Parallel Connection System)
U0Sfn5000^

l a/ | a <=»*=»

aaianufiaunuair^iJgnfyi 3.5 ^iSussuum^'ar-aiJgniaiuuuaunm

1

ilauuitfiywa'jnmpdgniailu^ 1 imsildoalMin^mTtJaatraiatmSuvilti^Satilutfimw 

lil^n^nsiMuo flnnuriVhmiiiaihifm'BFilvd s^lu^iJgnianlu^ 1 

nunuiJ7ui(Pi7nj0^iiff0winiS0i3Jinn'ii02i3j<D<u0>3^iJgn?0ilu2 1 tn^rmlnaaijaamnn 

0dgn!«ilii2 1 liJfoadgniEnliiyi 2 tmsin^fmtloaMiyua^mypialurdgnfailu^ 2 

luiii'anaTinj-jfnaluO'jlij^ 2 1 ana?^ iJlinsma^

riiiMiiovinfiflftiuinn'iiaiiu^o^dgnTunlu^ 1 Dslusmjlilfoadgnfa-ilijvi 2 uasiijo 

iJfin^T'uaitJima^in'imjnuiJiin^mo^'ui^a^l'H^fnaluMiJgnfailu^ 2 Saimnn^i 

aiiu’ono-jo^ijgni'ailijii 2 wnmauslMaa'uaonsnna'jilgnfa'ilu'w 2 lila^aiilgniailii^ 3 

isjoiiiniT^uyi^aaolu^iJgnfmlu^ 1 ilTuiPi^njo^imtJvi'^uwaialuadgnfailu^ 1 5 

a'linnniiaTijj^a^adgnfailu^ 1 usm^inTjlMaauliJad^iJgnTailij^ 2

<k o3.5 ijjavnrm
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i 3^ i t

d'Silgfncnluvi 3 ufiruimfj^lvnifiijQaninfi^iIgnlEJilii'w 3 vnnl^fufnyi

?n3J3Jl^?^n^4'Ul'a'31,nul7a?s;lna'a'3a'3t,r^■Hfl'3'U'l^n^l1ais a'3tJutwQ‘aim7^3J'unma,w?il'H3ja^
«# <u q

lu^iIgnTailu^ i ■uima’osmfifnTlMa^antjfus^^l^nfinuitmal'U'ui^^'u uarmnuum 

lumiiaanuimisiiufnT'ijiiJ^iua^ma anaSm^uii^nja^mauilfflu^iIgnianlu'w 2 imslu^ 3
^^13/00 * a e* \ J! %J J?3.6 c^'3^s;tl^^alMllIs;SYlia^v^l'unl7lJllJ^l'u^maflfi13Jln^^4f^a uan^nfruanu

qi

{jfmrmjibsrviSfi'm 0iD,ai1«li?iafn?muliifnum1illt4a'3ii2n?am(5ias;lii
i ^ i=l i c» ^ c& £^ 3.7 ims;'Hinla-3ni7a^7s;as;nfnlijni7iJiiJfi,u3ma?i^infin'iiiiu ^nlfTi^ufm'uuQTUimu^ 

mi4ni7'uiij?mpi7lufi^ilgn7ailuttfiyina,unnaiJui1£tfl'H3J'aa-3ilgn7tnlu^ i vifaasnuuu 

isjuuiliij^i'uima l^yuniaruimu'wwiufmiJiij^utaQsnn^iIgnTailiiiTpnniainwiuinii'uniM
I A A A I i a/ * 4=1 a< A AA I £

lumvi

d 3)

3.8

^ 4d i 3)■u'mwTUfmijnjflun'o 14
V A l o <u 3>I4i^wii4m?i]mj0ufn

> > >

irir

............... .:00 030

fi-3iJgnlyi'lu'0 2

|iJ^ 3.5 im?i'3fm9i00'3iJgn703uiJU0'unnj i
v

D-3ilgn?tnlu^ 3

i4iinmi)i
liimu lumu

* £ \ si
1410W114ni?1JTU?lim2

v 4d i <u s>■uiamumiiijnjwujn
v jt

ihvkuimtJiiii
>■>

▼yr V

'y.:<pa>.y:\00 \ 
0:-3iia:n?ti3l:0yi::i:

:>;>::00:

4 ^ d3.6 utT^^mi^aa'JiJgnlyiuimaijnTJj^SniTilaii'unmam^iJgnfyTvinlu
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•lllflTU

o A \ v A!
UTVK

v

p

::::0: a/ |
fi'JiJgnTtJi

lu^ 2O
:OJO.

o-aiJgn^tJilu^ i

‘uinsuuilvlvnJ > *
>150141 lilijiuwfialiJ

3.7 imft^niTWQ^iJgmtjiuuDounTiJfliijQu 2 In
a/ q 3>G] tnan mm nn

■Inmu
lunruv ^ (

14TMH114m51J11J0U01

(^Inr 2)^^■un^miji o A \ yuTHHiurnTninwu^ (a-ilu^ i) 14lfi'3
-►

w XX,

>. :o-:-:

:::6:::::

° OO ::::00::.::;: OO

O'liJgnfailij^ i milgnitnlii'M 2 CU I A AA Q atmlgnstnluv] 3

-------------v ------------------------------ ►
5Sin0^'3 Vlf 0141 111lJ11J0?i0111liinnmnl^Mii

^iJfi 3.8 uaffi^ni^finn^ilQnitnunnQ'unTn^nmi^ieinimfj'MmnmTninquannamjiHImj 
^ A 11 1mvin-dgfncnlnvi i, Inn 2 uaslnn 3 qinaiqn
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fll?!51Qd'3lJgn?fnuimU‘UTU (Parallel Connection System)
I O ^2/ } tc, d ci

unnn-iifniu^Q^^ilgnTsn^]^ IfiEJinini7uii-nJ?uitun)!]^mfj'Mlv!fim^iJ2n?tnupi?is;]ii
dii d d d d d

o <v 3J a o/i J! i \ *fn?!unj?iiu?n0ToSfn?'uninwifjjn,u

v ^ i ^ dtlrnwTumTTjnjfiuaT (lu2 i): qi

i
WSIU

?ll2 3.9 n
unmulutim :Qi

unmuTiu:

n-qilgfiftnlim i: 

vi, tl

Q1-Q2
>

V d i d■un^wTumruiuwuai (lu2 2): Q2V

•UllStjIviam : Q2
>

n-3ilgnTtJilii2 

2 : V2, t2

3.9 utrfi-jmi^oa-jilgnianuuu'uuiu

mjfnT^l’wlufn^flitnfuus^fmpio^iJgniaiuuuaufmj tilu^truniT^ 

l^aa'nui'uu'ii'uniQ'jufiinT^QQn^nn^lu^ i CfiiivlnnuaniJiw^'u^o^uaim'Ml'Mat'iinlu^ 2 tms 

miut^u'ti'uua^uatnT^I'viaaansnna'jlii^ 2 Caiiynmjaim&jwnja^aim^lvmmlim 3 

uasnnsl'Mfiuo^'mm^mD'sluusnliJ^luiTflynEJ ^s'WfliTona'mu'uu'U'U’uo-j^iifiy'Ml'Haaan^nn 

lunawuasfrTu^lMamo-iluvi^^'nimfuiasi iiltjlilluaniifusflflun'ii^saiu^iIgnTyTvinliJ

’oifnilvi 3.5 MilgnTyi^l'wiiltJuuDfnumj^TfuimstTjjjji'iiaij^uma'jfnijioyiTaiatmSuvilalu 

nja^maiStioufliU'K'u-s ^ilisjnauliJ^wr^iJgniaima-a 2 lu 

‘flnnr'Jilgnfmiusiaslij ^0-3'wsn7fuiflin0'3iJgn?0iu(n,0£lij
A <u | «--.... q ei

Ymifu-m-ailgfntmijvi 1 

flintnjfmn 3.27

a'l^u^yntruniin 3.27 Inn 3.28

Ca>i

d3.25 JUtTIJfmYl 3.27

dn77vn07i3Jt,uneii,un)0-3na?n7Vi00n

1 f c ^ _L * '-ao 2 .... 3.27t k cA

i .... 3.28
^Ao ’1 1 + k’tj
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lutfruQ^fnmj mawiTtuivi&iiJgnffnlijyi 2 mjnTj^Hlum70Tu^iiIi4^tnjm?^ 3.29 vna<a

Jtrufmvi 3.30
Ca>2 1

.... 3.29
^ AO >2

Ca>2

l-rk*t2

1
....3.30Ca>i 1 + k * t2

kn5a^Tj-ui?nj0<i0dgni0iS0iiviinu (v, iviinu v, minu v ) 

l^^m^iJgnfoiupiaslua^nmin^ Kfoaron^ril^in^il'UfnTiJiij^vifonsnluminninuai 

Sanviintj (t, tyinnu t, in'inu t) mouiioimjmTa 3.28 fjiunutrum?^ 3.30

3.31
^A^l * CA>2 
^Ao’l ^A>1

1 1*
l + k*t l + k*t

2Ca>2 1
.... 3.31CaO’I l + k*t

n7finiini7^00'3uiiii0,iifnu'OTUTU n lu i:B'3u<ii'infuvinn'uu0S!0?i'jimi1'H0i5-3iJiui?i5U0>3'U3t^0'0 

Ivfsmr^iJgnlyiim'sslua^iminTj nsiluniTtiaytrsnaimSijvilalutfimy'uo

luflmm’inu tTUfmlufmaninmvna-njjiw^njo^aim^lvfsoon-Dnnodgnionlij^riia tdo 

mounurdgnfyilua 1 3.32 imsrailunTJooyirsiyua^^mo^rdgniynimss

lu iLlu^tnjfmu 3.33

1^ A >n
....3.321 + k * t^AO’l

1 * Capt -1 .... 3.33k c\^A,n )
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eneemTi 3.3 ^■uitfmiuumuiruu^mfliin'u i lu cinHli4fmijniJ,?inj0-3t^y!nnyli73j IpiyTiU'i'i
qj

0u^un)0^ilgnl0'ifmti0mT0iynj0-3m0?inyli?ui3\40'u?i'u'w 2

000^010^0-91^0 minu 0.1 S^tfloCsSnf'upi©^ 0'rajtfuui0,un)0-3m70tuvi?0tl,u'uim0'wl,H0m0-3 

ilgn?0i 'uiis 1'uiiJ'U0'9510^1‘u 141100 minu 100 unSniuetaSFi? 0-9iJfni0i1uu?u,uii00l3m0'9
* c± A 1 1400 031 13037imi1u0t5-nJl3J131U0'9'U1t00ul'H0m0-9lJgni0ll3minU 1,600 031301U D-3

* d A -a«=> eA i o -a 10Tuituvnfni3Ji,ii3J,iii4U0'3‘uit00U00n^in0'3iJgni0iluu ]uviiii0U00niU3003i
4 V<a^l o

....3.162HD Din^umiVl 3.16 t
Q

a 1U0SDin0UmiVl 3.28 t .... 3.28
k*CA

0umiu 3.I6 imstfumivi 3.28 Sfiiminu mouimouminu us;l33'30umiu 3.28*
Ca

CaO1V ....3.28*-1
k*CAQ cA

imufiifh-a6! 0^1u0umiu 3.28*

400L
1,600 L/day

CA + 40 *CA-4,000 = 

un0unnu 3.28** <S-3tll'U0Umini0100-3 (Quadratic Equation) 31015U0-30umini0-900-9

a * X2 + b * X + c = 0

1 ^ I 100 mg/Lw v 
US 13 -10.1 L/mg-day *CA CA

.... 3.28**0

Din03jmini0-900^

0130unj0-30umiu 3.34 00 

m0m0U0umi0 3.28* nu^umiu 3.34

01 a minu 1,01 b lyiinu 40 ,01 c tviinu 4,000 imsfii x minu cA 'HiJi0U00niu3003i 

tmufiinii5! 0-a‘l,uflumi'vi 3.34
in 3^

US 13

mnmiivnsninouutiluuin 31141401 cA tviinu 46.3 mg/L 

013QU 0nUt,tlU,lll4nj04U0011'013ll41l)iH04ul03 m0W114miU1U3U01 Sfiiminu 46.3 mg/L

... 3.34

- b ± Vb2 - 4 * a * c
X 2 * a

46.3 mg/L, -86.3 mg/LCA

0ymi!umi0iuimui0nutiuu<nun04U00iiSwii4niiuiU3ii0i 

0nua4s<n4ii4ni4vii0ttuuin4ii4 

0i43U3ii,n noiSgnibiSisnnuminTuitu tfli43i0ymiu 3.16

l30uimi3004Sgni0ilu 

0ymiuH1i4mivnn0ili4nii00000i00ii0i4Vii0li4i4ii00u
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^ | I q/

rm in ijVi u i m a 01 en £ uu 

iJiijfumuutSu^^yu^unnlufmaQnuuu qw
^ o ov <a <=!

fnTi^isuuijnjfiuas^^lijmTnotTf^ fi00?ifluiiluni7llvifiNuin?E??3j-in^2iJ?s^n5frrW
i ^ ,

unfrntTw trufm^l^TuituiflijIiJ^mitnjfm^ 3.35 ^vn1^inntnjm?tT3j«a^f)tn?^jms;0>3^ 

uas^0i?Qn^0u^uu0^iJgn?0nfn?t]0ytranmvinnu'H'u^ mipi0^iJgn?0nnTuiTjj\j7tuuiiiJ^Cni?

Q*ca0-qr*ca ca * (Q + Qr) + k * cA * v 

* (Cao-Ca)

=
V 1

....3.35Q k*CA
J V3.16

d o ^ ^ 1

mouiioitrjjfnivi 3.35 3.16 inmuum’inu 3.36

* (Cao-Ca)

t .... 3.16Q

1t ....3.36k*CA

UT0Unj0U^ 

(n-jlii'M 1): qt

uirnum: 
Q> cA0

Iuhtu * AuTmvilMfm'uaan 

1 : o, cli:
uv

o-swnwsnau

a-JilonftjnOO

unnauuilllviij

liln 3.10 tt0'?t'30'nJgn?0i^Cfmmurmij^tu uasjSm^^ioTunSy^mumi'iJiijfuminsuui
3St

-a ^ a d *s 3* ' '

o O/ (f ca d !isuuiJiij^njimuS^iinnnjuims^^ya^isjysnsnlufnTiJiijpiuo^mymyl'UTsiiiua^liJpi'io m
^uiiijiij^ tii'30l'HiJ7s^Yiifnr(,(j0-3

« *a ^ ^ ^ »/ , jy

tlorrii 09i?itT'iij,i)0^ni?'uii0i'ui^0n0mjiK1mJ (a) ^impi^l'ilumjfnT'w 3.37
2.a ....3.372
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* a A i i

Sfin0£jllJstf'3'3 0 0-3 150%

uyiii0(5infm1'H0t5'3iJ73jnpi?<i]0'3'uim0'MWTuniiijiijpiu0im0'ununn0U3Ji
3/

HlmJ mJi0D0'30?i7nn'iTl,H0i5'3il?3jn?i7n)0'3'uim0 

imu0?i7ini?1'H0t5'3iJ1ui(5i?^0'3,unt^0^i4niniJTijPi SvnJootil'umioyn)©^ 

0(?i7ini?1,H0miJ?ui9nn)0'3,unm0

ija a

Qr

Q

} A V *A o' eA V <? ] A 3/fniesrNTi 3.4 ?s;Dinjiijpi,uim0,u0'3rl'iT3Jt004^fnu'H,'3'H'U'3iJ7s;n0ulilli00'3fn'u (mjiwmu i) iras 

04Pinpis;n0ii(vmn0t0u 2) 3.10 ivinnu

10,000 floiu'ouo^nTuviK tvinnu 1,500 Sfi?

m7ijiijpiuao00fi^nn0'39inpis:n0^ mru^oomjiymni^ 2 minu 500 imsiksfinimvi

^jo^fmiiniJPi'uimoriol^D'amt! minu 80% 0fi7ifml,H0fiuu0'3,uim0^1'H0?ii400fiinnfi'4nTU 

minu 750 Ss^neioiuivi 00invmu7i

isosn^ilum^uiupiijimylur^mu Sninou 

07iui,imruni0'3,uim£j luowTumiuiutfil'un^mu Sn'inunHnfupioSsfn 

fii0'3unj0-30?i7iEj00ir0i00'i70uvil0ni0'3n-3nTu Sfiinfioou 

4. EiPiTiitiunjO'jmiuTuimouwiumfuiijpiumnpiuuil'Hu SfiimiJoii'ifUfi 

2E3U 1. Dimrum^u 3.16

umjflipli'3,ri n^lununiTU 3.16
in V

us: 1^1

*€& A \091710171^00111)041411^0^(1111

1.

2.

3.

V<=w=i o

.... 3.16t
Q

1500 0917
t

750 0917910711

2 711

(C ao~C a) *A
2. flimTUm7Vl 3.21 Efficiency (Eff) = 

tmunisiiii5! 04lii0un77u 3.21
in 31

US 191

100 : VTU70 % .... 3.21
C AO

(10,000 mg/L- CA)80% *100
10,000 mg/L

10,000 mg/L - 80% * 10,000 mg/LCAm7is<Qs;iiii

2,000 mg/L
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J 1 * (Cao-Ca)3. inmnjfm'vi 3.36 t .... 3.36k*CA

3.36
HI V

ds; Ifi l2 TU = *(10,000-2,000) :mg/Lk *2,000 mg/L
1k * (10,000-2,000) : mg/L2 day *2,000 mg/L 

4 per day

4. ^^nTsuntnjni?iT3j^fni04€Pnifml'H?imiJ7in(si7TQun4?isno,u

Q + Qr Q (l-’-cc) 

Q-Qr

Qt

lYmstisinj Qr Qt-Q

750 -500 fiplTpieoW

250 fi(!17Sfi07‘U
a Qrflinmjfmn a .... 3.37

3.37
VI 3HW l?)

250 S^7Fl07Ua
500 0i517ei07l4

0.50 * 100

50%
v

1. TsosnsnlwmTijiij^imS'uyilolu'uimo noluo^nTu

2. flTnji'uuiiu'uo^fmSiJviTol'U'uii^o^l'Haauoon'onn^fmj Smmnnu 2,000 mg/L
1 ^ v

3. fin0^^u0^m7fi000,0i0im0t!vi!0lijili^0^nfin Smivinnu 4 pioqu

4. 0?i7itf7U‘U0^fm'uiunm0^wTum7iJiij?iim'] ilnnausjnl'iflMiJ Sfinviinu 50%

Sfiiiviinu 2 ou
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iiuuUn'Heimjjfmumlfl

O/ I Q *£ o GJ ^ o a <=1 ^ d & ocltj'Q |
1. ci^iJQfn£nuimn^lu,H,u^f|mj'i3Jilsirm0uiu^iJim?j ^ufnujtnjijnjijnjQ^inTQ'uviTy

iviinu 600 CfiSnl'u^QS?!? nnuvi^vhni7ihijA^hmo1u^iJgn7aniLl'un?n 6 ^olu^ 

fnujt'iijj'ii'unj0'3imSt4vi?ol'u?ilnj0'35lQ^?it'H3omfj'3 90 jjafiniueioBen ^^nntnfuvnfinp^^

^ 4au0-30(5i?ni7oni0>3ilgni0TU moou^unjo^ilgnioi 00 ou^upto^ tms;0'U0iiffU0(5mj0i0ii vilou

Hi t d a/ 1 3^

2. U0tT17 A 1413JTV101T0UVn0,n0'3'0!U0'3ni7000tT0n0pn? A fll0ll4M0'3llQlJ0ni?UV1'3,Hl4'30O00^

ilgnrmuuiifnuinj^TQi mon^nwruliJ 10 im a 0004I1I 50%

,yniu'3i0i0'3^nj0-3il2nl0iuSfiniviil0 ims;S,m4O0iil'U0£in'3l5 nTHU^l'Hou^UTJO'jilgnfoifn? 

tioyprtnytm a 00 0,u0U'H'U'a

3. 0'3iJgnl0nuiiuns;1iJ'H'U'3un3JiHiJiiJ0<u0'3iS0^m0?'ul'uvln?3J'unn5sifl0nm0uvi,^'H'u^ 100111] 

L'uu'uuuoiimSuYil^lui'iho'sCIo?! Imviinu 150 Cponiu^loo^i 0ii3Jiiiiu^'UPf0yii0i\j0-3iu0'3
•u q

^ 1 d 1 1 dmu^oonflinisuuijiij^^ndii Sfiiminu 60 200013100001 cBwnnii'vi000i]£tfti0i1'unii

000113Jl,ll3J^'Uinn011Ul4,3J,ll'Ul03J!OUl'H000113Jl^U<ll‘U00ril0 HllPimOl 10 Ul^ 0111110111
q

a/a/ l Adtf'ta/a/a/  ̂ ii<a l01401)0110000'0100110131110 tvillll] 0110110131 0010011U11010'30i1J0'3lJg0i010110000010 

0110130101201111110 U0£20lil0t2,U0sll

4. U0'3t00H10rJll3JU0'-ni'U'3 100113Jt'll3J,imU0'301101010llllJu0'30l{n00l0 180 C00013J00
qj

001iO101in031110l2l000lJ010Ul ^'300'MHD10?00vh0HlJ000U0'U00 tlllllSOS 10 01013J01
qj q

^ Cj d 4=1 ^ cd i i/a ^ cit200ii3Jin,u04nj0^L000l'H0lium0-nji Sfii 0.4 111010011110 u0S0i040‘U0'300ntii 101
V

0.30 0010 U0S001101ll00‘U0'301l00 10I0 640,000 mVday
j/

5. 0H00H10^113J03J100H0l,ll01l0U010H00010l01lJnj01in00 10100 90 20001000001
qj qj

0110tlira00001l000l00D1000tl00mHD00'3D000010 00'ul000-3?fu201000l000 10100
q q q qj qj 1

i ci ^ d ^ cd
40 300100^1101 lS03301'3001l000'300nl00lmil-3001011100110lll 10100 15 0101001 

1mjfus;02ii00i000iil00lmii'30^00ii I000iifi000'0i0,ii0>3t^00i000ii 0.30 0010 0010

0ii0ii00'3l,Hi,i0i0iinl0'3 i00000n0i,ii0iimj0i0ii000imi000i]0t0000ii0i,S,0<iiiiPf00i0
q

01000-3011

6. D-3010103011101 lu 01100100 Ult^oll 0010010 0100-32g0101im000l00 30001103^0110 

U0-3tT11000imi000 ^-31010121)0401210 0 0 0130 1 0 0 350 20001000001 10001101ll00
qi

« ^ d d i d dl5-32l0101U0'3nitS00l00tlll0-32Q010ll0t0100 25 m3/day 0,10'30U0'30011lllU0-32g0101 0

0i o.7 200010000010010 3t0s;2ii;^0i0i0ii0'30-3l02t0i00 85%

0010
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O'JijmjpiuuunTutruTjTtunnKlufTmjiijsuB-jmfjflnn^iiu

yi 2 fiifi-sviuQ-jQfliniTiue-jiJgfntn lyiinu 0.i?ifi7(5iQ3j?i?in?}j(»iQ'i'u fni3ji^,3j^''u‘i)Q'3inia'UYi?y 

luiiinja^'iSIal ivinnu 100 Caaniussi'aa^? a^iJgnlailu^ i fuu^itTal^umvitrfUYw 

T^a?iTini?lviai,K'3il?3jn(5i7^ja'3'uni?rayi'ui3j'iinupilpuynnij 1,600 apii’fia'iu aannn^iuan 

anutww«ua^nma-aaan^nna<nJ2n!a-m^s;luSainmg^ meH^iJgniuilvmiTiliijfi^ 

2 lu ^nj'uifiaaiu^a^a'dgma'ilu'M i Sa'nivi'inu^iJgnlanlu^ 2

8. ■omfhfmj'tie'vi 7 aiiJiiJ?iuii^alaa^iJgn7a^2nj'unptu(p)n(5ti-3n,ui3,u 2 mi uasadgnfoilu 

IvidfuuimalmSu 2 miua^a^iIgnTailiuan aiiJgn?airi^ 2 lu fianuauuuuTU aaifm?iu 

7iaauj^u^n)a<iuatn7uaanflinadgn?aiu^sluSfiinuaSfrj3J!5i'aaPi7uas;nailuni7 

uiUfruimaDa^a^iIgmailul'Hfyuain^lu^

9. a-3iJgn!aiuuumutnji)7d'anl^lum7uiuPi‘u8<!mainn^i73j au^u-ue^iJgmaitSuau^uu 2 

aia^nje^awTitlanje^iJgniai iviinu o.l fi^Kfiauaafrju^aau aila^luifima Sfii 100 

Caafinj^aaflii aia^iJgniailuul'uuimal^ 400 mi imsafmmiluamiJfuiPi^'ua^ifima 

uai 1,600 apiT^aau 'a^aTuatuuiaaiui'iiu^uua^uima^aafiain^iJiupiupiaslu ^l^suu 

uiufil'tfdaijgfnai'ihinn 2 lu luni^uiufiuitiTa Ipiaa^luu 1 Su'ui^il'Mdniiluu 1 iItsuisj 

2 mi

vyuaiau^unja^ilgniaitfliiau^u

400

maaiuTu

10. a7uiufmuun7uafui5J7manl^lufmuiu?nja7iSaiiin^i73j inuoi a^^uuadgmaiduau^u

y\ 2 fia'ia^uo^aemifiua^iJgfnen m'inu 0.1 aw7(5i'8uaSn7Ufi,a5pn(5i'a7'u aila^luifima S

m 100 uaafnucieaei? adgnfailuufuuimalsi 400 mi u?is;a?i7im7luamiJ7ui(5i7sua^ 
* ^ 

uitfta ufii 1,600 Sen$i87u 0tnfm7iu7ia7iiJi‘S’u4,inja7'uiiSauaanfiina7uiu?m?ias;lu

fnalinsuu^na'nl^uiupi-Diuau 3 lu Ifiaa^luu 1 SuuiPilvidnailuu 1 iltsuitu 2 mi

sluu 3 Suuifiianniiluu 2 ibsuitu 75% 7fia7i3Ji(iiuiiii4nja7in7auvi!ali4ua7mauV I1471J
<u

ma-julallmviinu 5,000 CaanfuFiaas?!?

11. ^iinaiaijj'uau 10 aium^iJTuiJi^suuuiu^ua^taa^iaisuuuiu^uuul'Hu

iJgnlailua'num^BunTu^iuau^au 4 lu aainviTiuiiiaaiu^u-uuDB-JuiMluaaan'Din 

adnnfwiuplaslu ua'im'ilpil'umjaauaanI'uFiaapi?

ua

^uirmsiaa^

nivmaluanuaua^a^iJgniailuu 1 2
miviinu 500 mi ua^aaifmTiuiianu^a^MdgnfaiuKuplaslu 2aima4'wa?i'afmuiUFi

uimaufalu mnsm^l^i iuaamaiwui^siulum^daayihmyneuamma^iJiaiTnsfus

m'inu 60 uaanfuploan?
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^ s' ^ rf* ^ o'12. 'JsuinjiiJfi'uii^jjnjQ^vJiiumEj-j^'sfnu'H^'Mu^iJisnauliJ^fj^muuinjfrjJijifu (mjiatanj i) 

u.asa^neisnQ'u CMUimfini 2) 3.10 o^aaiui'liu'uuua^imSunlol^iiJnja^fiiSlal Ipi

iviinu 10,000 CaBnfjjeiaSei? aoiajamo-j^nTuivinnu 1,500 Ss^i? a(5i?im?l'Hfiawiua^,uima'a 

WTuniTiiiiJPiimoaansnn^finpisnav! ^uvru(?iaavaiiatau,a 2 Saiminu 500 Seneiao'uiyi 

iJi£fiviiain,ua'3fn7ijiij?i'uni^aue'3r'3nTuSfinmnnii 80% a^?nfm1viaainja'3,unma,alvia 

a'uaan^nnO'jfnu tvlnnu 750 aenmaamvi mn6uaua,al'Hin aairmnuii
<y

TsasnailvmiTiJiiJfiunmalua^fnu Sfiini'u 

aaiut'iiu'iiunia^'uiiSa i3jawTum7ijnijfi^a-3fiTu SannCaanTUpiafi?)?

1.

2.
I * a/ i & o' a/ i ' iaia^'M’iia^afiTiEiaaa'antJfnTa'unlania^a^mu Cain^iaou

St i i il* o'

agniiTTuua^niT'UTunma'Mm'uniTijnij^iuaonaimil'Hii Sfinmilali^u^

13. !)inaiaiu\ia'a 12 aiimua^naulaaO'aiJgmanuuiJvial'Ha wHnailumujTU^'unma irinnu

12 oPiaonutw'iiunja^imo'uyilalimJua^pii^lBl llminu 8,000
st

*=> cj a/ I *=. a/ I c I l/l la/ caa/ In 3> 0 cdwa?mnj9iaapi7 aoiuflma-aa^iJQniaiuuuvia ma tvnnu 1,600 api? efmfm maavinia^'uiiita

3.

4.

ai^l^manaiu^a^

^WTumTiliijpiuaaBOfToina-a^nfisnau ^tnru^aa'Hinamn)^ 2 fianivinnu 500 apiiflaa'ui^
*

ilis^viiaivinja^niTiJiiJfi'unt^aua^a'jfntjSfiimnnii 0/ * tA ABPi73fm1'Haain)a443ima'wlvia

auaanaina^ilgnianimuvial'Ha minu 750 apiipiaa'un^ snfruawa^l'Hin aamviiniian
st

1. TsasnailiifmiJiiJ^'uii^al'ur^iJgnianuuuvialvia CannTu
* d A 1 didanut'iiu^ti^e-j'uima SannCaanl'u^laa?!?

id a/ 1 <=ado/ a/ didi3. mB'j'B'ua^awTnaaaa'aiaanTBUvilaua^a-qnTu Sannwaou

aa^iffTU'ua-sfm'UTUii^a^mumiiJiijauaanaiiuilmi CanmiJawua
A 3> Jt

14. 'ama-m'iimvi 14 maa^mTl'HiJis^yiiaiyilurmiJiija'uitaaaaaTsuua-jnanSmuinwan 

10% 0a3nvinu7iaa'3anfn7iJf'uiiJaauu,UTvn'3as;l7la'Lii'3uasa,i^‘yinni7iJ7utiJaau2aii'vlila

80%

d a.

2.

4.
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-=1unn 4

mflSfifmmimimw ni'aniun^niQ^iSsj 

(Collection & Transportation Techniques)

q a A Jimfrufil'Ufm?iu?iu^g^my^infi^umnnflnTnjinnm7iqiilfriT(5ny
q

J! e,
inftwflinnsifmu^nfinKlijtTEmj^nnns^unBiJunliJijTijfi^BliJMfQuiliJIliJTsTywIu^u 

nQl^']iiil,uQ5'H'u^uQ^fn?^m7^0^mtj^^t!niru?i^Q^mtj uasni^t^^cjunuinnlu

mpi^uafuliia ma'uafmimjT'iuTiutm^ni^aQuauTja^myuij^aanl^ 2 itasifm 00 

!• ■s-uunniiiU'siijnjs^ma^fn'ummenfB^iSy’HfB-s^iiUfmTiij-jijjue^sffauuiiujjn

jjniilijmTnaiTl'i^suuTQjjTguma^myKfa’uiian^tTiiiDTil^nnyjji^uiJa^
qj

0£ii^1?n(5n3jm?00nuuuuvnpi,u0^0^ii77<o'Hf
q

eS c3 d tA A Jl
0iu-30-3 ilfjjiajnja-jmy^in^uuliJUpias^iiCiJiunmunn'uaymy-jl^

rnTnUTlSJUa^ma^y^Utlyn'II Construction Collection System m0 

H0rm5S;illlfn75'3U7'3UD0'3!,tT0UUUU0n (On-site Collection System) ltl00'tJ0'3?s;ilUfm7'nj?'3U 

'ua^^a^uild 00 m??'njn3ju0^m0lutt003;uv(0,^il0tTs;0-in 01114^0^001)0^1^00 vnn 

iJluiania^mu^inuiiuiijjlpiSiJTiiiaujinniianij'ano^Tsuumf^iunuuQ^ima^
O' I ^ ^ A ^ **jjmJdayuoima^mtjaiijjiua^isuuiiuiiu'uuaamTuviditj^tTi^iim:

q qj

0-3ui0a0u ,0i1,Htn00n3J0in0iuin]i4m703linyu,H0'3nim0^iilt40i4t'H0U03ii0j'Hi03n0'ii 01 

iJis;0vi?0TMli4nii?iiJii3J‘U03i00U00s;u'Hfi3l3j0 3jnn0lMm0i]fyvn0000iy)03Ui0003jl00 

?13J00t41ll3?UU13

d A
manuiijj U03m0vi

uni7ijnj0U03i00M

0011114 S)U?l^U03l,00003 

imsilailumiiiuiijj

nii,u0

030011 vtia

2. ■5SUUnr5-51JJ-51iJ1l03i00UUlJ-51JJ 0imU?13JU03l00010l1fiiLly01T141l01U03l00^m0UUD10 

U'H0301t'U0U00S:U'H033Jin3J014010lu00114U'H'3M1J3 m01014l1lJlJ11J000^TSDUlJ11J0713J

'Hf0'ni0i?iiun3j1ili4u1n0i^Sis;uinjiij0U03i00Di4i0liid ^3f'uiJ?uifuu03i00^Sill3Jitu
e& ^ ^ 'UI0I0 11001)03115 00 0,U'V1'u1l401707131S;UD71U113J1)03t005?10100011t50tlll0Um01l5

s <u

lJl3J1fU1)03t005m,1fTu U0S01?ljl1J0U03l001lf00175l1llHlJlS;T01fT450niUlll4llll03J10011

?S1im01?71U713JU03l00UUllU00 U0S;3J0lu'5ll0J,Hlll4tf0301170311014 lVH1J!l5'U0niJ003017
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, A Jl et 3) 1=4 ,ilfjn-ii ?s;uiini?
q q

TlU^lunJQ^mfJUUU?!!) 'Hf 0 Off-site Collection System

fn?0QU03Jfn70flfn?!H0'3m0^tn^^'Urll1'U lion'll Waste Handing tB'3'd7£n0ullJpn0mifl0'U<U0'3 

niTinununu ni^mudno imsniTnj'u^njn'imo^nnu'HTi'inni'Ufi^in'imou'Hfi'i'H'u-ililo'iu'Hfi-i'n'ni
1 ^ ydm0'uinj0^mej,n'3Mu«,ui1iJiJTUfi

njn'n^o^nnniT'MiTJil’jJiJff^T’ uonll 2 fTtirus 00 ni0>3mt)'n0f)1tmJ,ij0'3nj0'3u^ ims;,ti0-3m0^00
q qj qj qj

1 1

im'3vn'3lym7mumjilfUTn^tn0^nnnj0'3mtjm?'0im7,win?Qnpmjirfnus:nj0'3mjj^
qj q O

m0^t4ims;'iJ1iJianj0-3mfj^in0?til'uupl0siT',u m0lMiJ?si-ffvi5niiN,u0'ns;uuni?mu0uu0'im!Ji3u
1 A I e& AliJntii'iU'Lliis^yiinT^^nun'nuiliO'ini? l0fj,n'i1iJimnj0'3m0'nin0?'U3jn0t|lti|ilnj0-3m0wmj 

il7sn0ii1iJ0n0rrnu'0iiluu0-3u^'nms;0rTU^2t4niil‘uiTn‘uwmj 4,0i^0nj0-3?suum70TU0ul00U0n 

pnunfnTusmn^mEj 00 fiml'imoSmuinnlissuuiiUTQymO'nSosiu ('n^frTU,ni2ii^0'3ii^im£ 

friu'MtiItjniO'imm) frntj,u00,i]0'3l5?nii7'iu,v0'3i^0l0t)U0n0UJ0niJtusni0'3iSo 00 munuilfllio 

,n2H0n7sviU00n?f;intiniTijnii0,iJ0'3mo wu 0nui7iu7iu illuntuTin'ils'Hfi'H'un iStjnti
Ui 3Jei 1 i=4 1=1 1 q S' t q d 1l00n'n7suum77'iU7'i3JU0'3iiTO7'33J ufis;ifro0nltii^n0lun7707'300'0U0fufnv('U0'37)0^ifT0innmi

q

minuTnuuuimonfrEmjs;

m^iaenisuumimunjJDB'iiSEJ 0'37mi7Qnsnni]?^00'a00liJ2
1 1 3^ ^

1. (Type of Livestock) tl/'l2w0007i'U0ims;iJ1infU,l)0'3mo2m0lU,U IW vlllu 

2Cni7lM0THi7Ufistji3jnn illuntunjO'imo^in^njii cK'30tIlii0nufus;‘U0'3m0wtTij (Feedlot) 2fh 

unnn'iivlil’u^SmTl'HOTmfiJIinfuflnn^ 1214071

2. HWflUfi;;nm'l(?l,U0'3mE]yunfl1J‘U (Type & Size of Feedlot) Sw000m7m0n7S;UUmi07U03J7J0'3
A Ji d d

mom^isvnndlsjifu'uo-n^o^m^^udinn m70'nj03jni7fl0ni7su0^i^0 0niniim70'nj03juiju
q q

mi ^-nn0inn0'nu7nu20n)07W'0'nim7il00:'0T’ imt0niU00im7H0'3,tfUTi'u 00001114013113410
qj q q *4

riO'inTi

3. SrflTW/jfilJlSimB (Topography) ni7fi0fr!,l'37£UlJ71I1713JU0'3m0 11707SUlJni7fl0inU‘U0'4m0
I %>

d d 1 d \ y y * y o ** 10 in»q yd0']7'viDi7fmf)'30rfnvifi3Jil7Sim0viifls;n0tT7i-40'30 mi 0unim0'U0'3ii3J7nimi7ms L3j0'47l'H3J
qj

V V

ni7n0ini'ns;uu7TLi7i3JU0'4m0 m7is;0i?Sw0n7smj000Qifn7in0'4U'Hfi'4'uiw'i0uti0s;'i4il0074
q

l2740lJ Hinlll27J00'3'nini7n00,Il'37Sinj7']U7']3JD0'3m0lu^7420'3n?iTl

20'3nunmli4i2074iD0'33j0fn70-3mi'Hf)'3'ui0^nfinuin?'u
qj

017275; mini?
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4. nsuam!ia^ni4maflTWU04m04l?ra (Physical Characteristics of Farm Stead) 2w?m0ni7l^0n

Tsuuiinjpi-uo^i^ mTis^fiifnviniQ^myS^njju^nssii^nuunn vt!

u04t^mtjm7i]njfuiMv!liJpn3jng<u0U4fru0i0ltjyi0^0u MfowisTivij'tufyitT-Jitrfuims 

fnm0m0iyi^infi00ii 2535 2535

5. fll1JJ‘W4Y<0]<D“U0-3!nil{nni (Farmer Preference) fni3Jtfll7^mi00U0Unj04t^0010ltjyi0^'0y(i4'3

ilsi00^Sw00£ii4innpl000iinfnt70^n0m 00 001U0'3J07l<O?0Un<L! 

m0lM0tu0rwnj0<im0^

WTum?iJiij0nj04i^mm'3 S^aifnvi(5mjngi2;m0u^0!j^0u^0^-n‘u,Q04iu1'uyi0^Mt4'H!0U04

vniiy^nuiTitjn^i^ mj nTuiiff^T iiludi-u

6. flTWTV4U144TV4014 UasOlJn-sd^flUll'wkfn^UTWfm (Labor & Equipment Availability) 2

W0n5snLTfl{jpi345!i0fnlTD']0l'Ufn30'3i!f!}j,ij04ia0 0i1ttfi2;iiu220iiuiT0ij'5,u'tf0uinfunu1iJ

moin^ilnjvn^'u rm03mijfmni045s;iJiJ3jn'H00m0Mii]fyvn2m0?'uu0sinnfmun1(u vnntilii

ni7un1suilqjvn'0i,n0?ti2,n0040300w2SiJ5S0'ijmTminn

ni700numj7suufn70'3U0uuuu4,30uas2il7j;aviS0i^0yi0tT3j0'37 T000tufny)nj04m0^00mn

Iilu1ij0i3jinfu=vi"'jjn0737uni04ia02mufmiji!j0u?i'] 007!)st00ni!m7^i0tt0s;0TU0u1^i0
•»n

713J‘04lw71U7l2tnn'Ufl
<u

7. ‘U’uiw7i700iamj7nai^^”U04m77itJ7ijj (Size Of Waste Collection) fmnunum© Afm 

‘iN037fuiin07nij^'u22til'utiij?nj0^3j'tfU000 Ipiyravnsuo^tSy^nol'Hmfiilty'mlui^^na'u tw 

yaan? 11)11011 ^tT4W000ilfyvna4U7000}jf)0u^i4inn uas;0i?'ui3Ji^fii7704i7y'uH2m7 

0n0204nj04yJn7u M!0^nlMfn7U7Mn74iii<u04yli73jl07uw0n7s;viu ?4077Vi0^!mflntil'ui]Dfl0 

1T10fy0nij7Sm7'H,U^l'Um7m0n'0047J07l7'370U773J 71041^0

8. 71017)0411011 (Land Pricing) m04Din71017J04^0ll2710myi4‘innifri11 m7l'W7S;UinJllJ0UllU 

1100 liflunumuinnuu iiN7is;ni7iJiij0,u04m00007S)imiJiij0fr7tin0i4004l^u^3Jininii1iJ 

00i4l7n0i3j07ufnvnj047]04ta02muni7ijiij0 07711101707110311110 m7it;iltyin^0iDm0?u2 

ni7tm707S;D10l03Jinn717SUinjl1J0mm773J U0nDinUU07ni707U03J0713J7'UU74'U04l]fU111
9 q U

£ ^ Ji *vmiinnflwmi 111100100717^11111111101111117731 ,H70jT7iin0i-3

9. ‘U0U40UD04«Uin41411c| (Regulations) Tlll^Un liW^flU Ilf0ngmJ107J04m01ll0 ll07S;ifl0U
SJ ,

nj03J'30U7l0'3fl-ni701170'H,U'004n?:il7 11)11011
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10. mfmfl nr5flfinT5D0^lffa (Technique ufa Technology of Waste

Handling) Sw0nis;vnjI^uj?iT'3?i0W^Str^tntn^0'3T.vini??iu?i3JUfisinnfniiiJiijfinj0'3mt) raS 

tTTUtntn^s^ltifmijniJfnje^mtjnjQ^ilismfTlyio ^Sfniul'l'uniTfnufiunio^t^oQdl'UTsi^u^
qj q qj

^nij0mmjnuiJ?s:iviPfsti uafi^niTUfmtTTn-JTsuiifnufiu imsijiij?i) ‘UQ^ma^Sfniu

a'au^U'watniifun-ulildauSwapiafiiitiyT^mj uasmT'BBim'BU AimvtflwaA^lAnfminuri
q

si 3> 3^

Ifia'naliJuaaiTrTul'Ufmnimuue'jmmiiiutau aaiadvn^nrmn^iJwaEmuaEi 20 nlaiu^i?

uas;n),uiaanjjDiu0'3iia^]ttfliiniii']3jn3j^Q'3i,Sfjaai'\j'uifia'3iua'ayiamuis; uastrsfnnltjm?
q q

i^uvn^liJinuniu ninO'j^^iiTanlviLfa^tia^^TU'iumaolufn^^fijrr'jnjQ'at^tj

njQ^myumuinnj^

■

a a & 3J a dm ? i r !i s vn l m pi ti vru 1 u rm m u u ti
q

1 *a <=i A Jl <u o' 1 A^'3af]n'3uO'3m?a'njau'iJ?3Jitunj0'nfaMmpi?,u!nfini?'viulFfa:'pnD0'ipii'nJTi:mff impNlolu?il^ 4.1
q . q qj

uasluTil^ 4.2 impi'ini’siminiTaluauiJfintunja'imo msijnijpiua^mmifisnniima'amoliJH
qj q

iJ?sT0sBiiLmiJpii'35i ^SniTuoniJiismvnjO'ifnTaaiiaupmmoiusnja^'ija'ii.^o iBiJiupimaimo 

^nflnpiaapiD'Ufm'Uinia^i^yliJHiJ^silotru

FEEDLTOS

»"
so

Du
OPEN LOT PARTIAL SHELTER TOTAL SHELTER TOTAL ENCLOUSRE

U.

o

:
NATURAL VENTILATION CLIMATE CONTROL

CATTLE PIGSCATTLE CATTLECATTLE
DAIRY POULTRYDAIRYDAIRY DAIRY
BEEFM LAYERSBEEFBEEF BEEF<

s
z

PIGS BROILERSPIGSPIGS PIGSSHEEP SHEEPSHEEP
o POULTRYPOULTRY POULTRYPOULTRYUS LAYERSDUCKS>• LAYERSDUCKS BROILERSTURKEYS BROILERSTURKEYS

£
WASTESSHUDs WASTES WASTESSHUD
WASTEWATERSRUNOFFo WASTEWATERS WASTEWATERSRUNOF

cu WASTEWATER WASTEWATER

A d A O' QJ o' 1|il^ 4.1 uiTPi^fmaouauua'imy'Mmpiflul'uylmjilff^pnnja-iPin-nJ^smff
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4.1 w?i0U‘iiQ^m7^m7‘U0<iiMu ilisnouliJ^y (i) «uxi?i0ijn)04fn?muu0<im0 1mm
fmmulu0'30nn,u (Lagoon) l!B-aill'U0'3mil110'3m0UUU410 l^^00n0li0miJ'UTH?0li0yT fmlwflU

1

(Pit) niTinuHllJ^ (Tank) ni7inuU0'3l^0Kluvi0,U'!,iJ0^0 (M
^i04m7<ut4tT^,tj0-3i^0 ^uu’-al^ 2 ibsiflinenutuiTusn^ma 1mm

<u

(Liquid Form) lttf?SlJllfn7nj'U0!^UlJl)pll'3,n ^ ni?l‘tf04lufn?U‘UtT-3!U0^m0
fularm Tank Wagon TSUL^fl 1070(Flushing) (Solid Form) Ifc

sU'Utr'30007SUlJtn0Vn'U (Conveyor) 1U0T10 (Scrapers) 017^11 THtin (Loader) 017101J1000070 

000017l‘liluvisim'3 (Spreaded) 'B'3tllll7l0'U03J0t!U70luyil73Jm0'30:,00'0llll tlltJPIU

Pile) llltimu U0S (2) ^U00t4anure

1111

OPEN LOTS SHELTERED LOT TOTALLY ENCLOSEDg
N SOLID FLOOR 

SLOTTED FLOOR
COMPACTED DIRT 

LOOSE DIRT
PARTIAL CONCERT 
COMPACTED DIRTI

PARTIAL
TOTAL

LAGOON PIT TANK MANURE PILE

LIQUID SOLIDz
=
I -*

HYDRAULIC MECHANICAL

LOADERSPUMP
SCRAPERS

CONVEYORS
SPREADERS

TANK WAGON 
FLUSHING

PHYSICAL
CHEMICAL BIOLOGICAL

! SOLIDS SEPARATION
PONDING

MECHANICAL AERATION 
BIOFILTRATION 
FERMENTATION

COAGULATION-
DISINFECTIONI DEWATERING

DEHYDRATION-
INCINERATION PYROLYSIS

HYDRUGENATION

NUTRIENT RECOVERY WATER RECOVERYENERGY RECOVERY
2

i SOIL-CROP SYSTEMS 
RECYCLE PUSHING

SOIL-CROP SYSTEM 
CELLULAR PROTEIN

SOIL-CROP SYSTEMS 
METHANE GAS 
LIQULD FUELS 
SOLIDS FUELS

Z
5 REFEEDING

ENSILAGE

7lJ^ 4.2 075;UTU0770'3U03J‘U04m0 0^71J^lJ0nJ04m0^0S^0^7'Ul<^J04m0llJlllJ7S;l0‘tf^J,
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^iaf)n^n?s;ini4ni?pnu^un)!)^i,S?j^1‘Knul'U'3ius)7^uuu^fj,n uflffl'a’HTtnilvi 4.3 ilfsnsuflifj
* d ci Ini?mu?r'3

Jj^-? Manure Stackers
/Pump Agitators

;/ / ^ ,F7

Liquid Manure Injectors

id^ 4.3 fmfnufiuSJ q

d-s^Iy‘»‘u^m^^t4tnnnT5fnunu Imtfi
q

*&***£1. f1?nl73Jnpn'!llQ'3nj0'3mfJ^inPI?'U (Reduce of Wastes)
2. ineifniifuj ci^ilnj'mif0'3nS,u'Min?i‘ut4!nnm5'ViivlnT3JiJpfd:'pnuds;ilfU'Hi1i4if0'3U'Hci-3mnsi'wiifiq u q o q

‘U0-3U3Jf1'3U,f1s;lsUU0'3Ulif1'3,ifUfl?iT'3ir| (Avoid Condition Conductive to Pollution Control ,H?0 

Reduce Problems of Diseases and Odor)

3. fi0lmnpl0'miWV101T/'3W'wdnm7lJpf^5n UdS;^miliy^01Mlufls;innln?im0'3 (Pleasant to many 

people)
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(Avoid Wet4.

Ground)

5. tlil07Siin00imfr010ltjI?^lf0Uims;rllT3Jt00>3^T’ (Ventilation Controlling)

6. dfli]nj'H13Jf10mrvn^m0^^tnPlwlt!vJl73J (Reduce of Noise Pollution)

Aesthetic Environment) linsillllJ'lifaniO-amc) 

^liJvnnHnTsinum^^^miii (Landfill) ^Rsnynijm^nfnjnjtJSiUfis-uQ^muguismy ifuaN

i3uiT0iuYH0^m0TlmMfi0fj1u^i<3iJ?£tne( ilIupiii

7. ‘li']0lJf'lJlJ?'3gtUflTWnig'33i'3inf)g03J (Improve an

isiiII 1^101777117711 us-JitTEJuii^agnlpi 2 ihstnyi ?nu0nutui;ug7m7H0tT7i7 00
1. 7^IIII01777II77Unjg^l^0UUIim,Ug,W'U0‘U (Above Ground Storage Tank)

2. 7SlJlJm7771J773J‘U04lfTmmiMu (Underground Storage Tank)

11017771177117)071^0 S0'i0dlini77 400 - 800 mJ ll)717) 1)1000757711771)7)071^0

0707DIIIIl?l0(5)11) 0770TU7lltyin^0Tai00C'U'D10017lJl4lll0'U7l071J00fl707mm07'UVll00U
mils

017)07W007DV)lJ007DVI)017W00'UllJ7DlllM70U°10U^Huvi?)71Jll00I! t2uU'H?j7'lfl0IjluiI7ntU 

0700,17W00VllJ7DlJlVI70m001777lT10010lu7DlJIIvl0^lll0 l3J0l«tf7TUllll4n0TUTU ^lliSoi?

0777)tT0IUtill7)l'H00l'U0f01V'r00 07'UU001U'00707771J77U7J07m0UlJIJ77U I
^ 3/ ( (

017W00UTLj7Sl)lU0Dmuil,0ll40177Jl407UTlJ7DlJl 0017U00 3 0l0tlJ07 m07700m07W007Dm)00
7170 77001117 711071)111)<u

^ ' V si07U01V)7J0714ll00U Vn0lu,0'llJ1700imil017l0077S017ll070U01777ll107l077)07m0071TwJ,l
<U

s« di i d
100U1IIU00170

7B77I)77U7l07i?r0 Ulillfl 2 dODtUl) 01U001J7Ui;7J0701777II77U7J07lS0 00 

1. 7D1)II017771)771)‘U07l§0ltinJU00 (On-Site System) 01777fi77D7J07m007075Umuii;i?W71J

01777II771J7)07m07)10U'H0,70im07J07m0'0C7Illl71U17Um07Vi0'H7000V!'l7l000'UU10 TIDTIiIm
<y

j/ si si
017071J0uilfyK1^7U7000U0107)07m011ll00'S070U0i;7,10?U 7rU00U7J0701777II77U7J07l,S0

*A ' 3^ i 31 jy

UfiUUfi 01711017 7) 10017001) III 71JltU7J071?1'0yU0071'U 111 U0 SITU 117011001:0777)070171007)07100 

H,ai)0tU00i)fUD7J07l00^l00^'U 7)10'UU711017000UIIU71)IJU01777II771JU07‘01017000717070

0074070 V170l000ll07yi01tY00^7177J10l'MS071U5ll4017771J77U011J^111017000Uiml7
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2. •ssuunii'siu'nuDe^miuu'njj (Off-Site System)

il?}jifU3jnnfnEjlT4£if3j£tftj'wpi0'3ni?^usiiifm?iii72un)Q'3t^EjH^^£nnu 

fiotrl''i'3?siiinjiiJ?!iuuuuEjn tTrumvhfmmiTin

uasTanfmQQnuuuf^uiiniTTiijnjj^^m a ^ fjfn? a ti V! n ^ In a n
<U q

fil'HsnjQ^njQ'jm^ fn0l,um,u'vi0'0'0nni??7u?03Jui9inu’H^nnmpini0'3m0td0s;uvm''3Pi00

iJ^uvirvB^-ssiiijnTsni'Wfr^e^ila uu'^l^u 00 

1. nrslv-sa (Vehicle Transportation System) mivid^'HoVl SmnutT^^m 00n^lin

0iij1tjnjfus;,0'0ini?nit4fr-3iu0'3t^0'00dl,uriJiu0-3m0U'H'3 mmnunjo^my^nnn
qj <y q

1 <id <a 1 1 d J! Avifitj ,Hmn0ni?u'mnism0l0Ws,wi'i'm0'U30 'uonmnu'trun^miij^niO'jTn'MlI
q

njui^'nmuismjl'uniTU'Ufr^ m0lu'l,Hm0ilfuvni)?TO7iS0‘0ini7muDtjfT'3nj0'3i§0 Iflavnlilu^b 

imnii'U'UjjnC^ui^nmu^'uoynii 15 mJ ^TH7'yminj,u?r'3n)0'3tfi0niu1'u^u‘tft4 000f)i'3<u0'3?n^
•q q

■nimiminj'unjo^^ylmtn ?nn?s;us scivin 5000 tiltilu

0071000

2. m-jIv'lSUuVtfl'San Uas'DlUICTn (Hydraulic & Pneumatic System) 7Sim1grl070m3lim700
y d A a a A dil73jn07'un00mnn!u0'3i^0'0iv?00 ,0i]'Miu0'3m0^‘0nm7tnu70U70ulmvi00rav<i£!ii0'3u^ A <=i

sB'3U
V 1 Vi

14tl) 11001400 trTU7s;iiu,u0in0mmjns;nii<i)0^m0^00l'U7iJnj07tu0'iUD-3mTi4,u 1001101111100111
qj qj qj

7SUUni7111vlT5U100'3'000110lll U0-n^0^m0?11'U1u3ll,U0-3i00W0fU l'3l3J000t907SlJU'U0U10n 

ll4m770U703JU0^m0luvll7lU00'a^00 u0sliim7'0Tyli7iJ3jn'U0U'0im770ii703Jsu07m0lii 

0nntus'U0'n^0W0'jjuinn0ini7U0n0'0Tus90'3i,00 m7is;0rsi00nliini7inu70U703JU0s;20'iHi)i0
1 j/'uvvrmfnv

3. Iwvisim-l (Slotted Floor) lllu0Su0m01U0'lU^00ni)7nD0'3m0W0'UUllU'h0 l000100VI0nm7
y da 1

. 1 00000 
qj

70U70}jliJvhm7ihiJ000liJ 

UlllJI^Olin 00I1I

^01 iu0'ii0'0W0'3j^fiuiin0t0nn0i‘il0'30i'3<u0^l3jyismi'i liJ0un70mii<B040i'30-3O0i0l0 

uu^mnni4u'0im7n0i0i0ru0'3t^0^m0000uii^iil3jv<sim'3
qj

00inj0'im0^Smn0mon0Tiil0^0i'3nj0'3liJii^ttui iiililijiij00007i;

ll4O1700OUinj‘ll0'301-1<U0-ll3J1NSU1N 00^0TU40'3‘tfl40U0S;010eU0-3tl00^00lllvln7U
q qj

7i;uuni7i,00-3tTn7 000m70O^umil3jmjul3JvisuiN ^u^uo-iliJVisuii-iSoiminu 30%
J1 * di dl77t00'3tTO711'l'H3J0 l9l4011 O17U0OI,0TD0'3tnj'300miimj0'3t00W0'U 011lleB0tUn7'3tmiinl0 11071^0 

^ll0nl0tL00 Ijm4llll701l703jl0lllli0 117011034 ,S'311im700Omiul0l07S;Uljll4ni7H0m01<U0>3m0
q

A i A ^ 3J 3^ ^ '000 I'M070141 111ijtu000111 ilfy'Hi^0i9tn0?'ul0ioinni770U703jnj07t^00000S'u 00 ifo-moum©-!

wu moll
V I 

** <=1no^mivi
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'U0n!onn'uiminjunfiu0^0^H1um??iumj 

^mtjfnjnTi'u l3J0i?00nuuu(uun^<u0^^1'Hlv!dm'u1iJ

d i v 'mii,i0n^i0'3t0'0l,u?iJu0'3i'H0T\j‘u00niiiJi'ui?i?iD0'3'uivuj00l‘u^j0'3i'0f0wiTu 01 1^7suijrn?nini3j 

UUU0Pllu3l^ iW 0171^0000 m007U03J7^^U7J0^0^m07010llJ0^ tll’UWU m0lJ7UlfU7J0^m0 

10‘U7S^U^0^10U771I773J1« 0'010170''37J0-3l,?f0^0017llj0-37),u?ig'U0'U,rl l‘W0‘010171JllJflV!70

14lllJ1etflJ7sT0tirU00’llJ 0170QU03JU0^mu^005W

i^uumiijan-ue^iSal^iiJiie^nio^min ibs^uliJdnEj

1. fllV'Ws1‘Wfn777ll7'3JJU0'3iar0 (Liquid Collection System) 17TU 017lvV!0U 017H0'3yi01?l'00 

lttflJ000'U070 iilumi
^ V cv

2. rnle^SfUlll ■Hiailjj (Pump)

3. 0lln7ofl,Wfn7U0nu,WlCil!U0^T)0^mtn (Spreading Device)

017

tsuuvnlfnn (Flushing) m07j0'5m0H0'3jS0i7l'H0wru0ij07d,u00u,ui0,u0>3nj0-3i^ njo^msilvia 

WlUt»0-371'3^0017ll)77U0'U010]u01tff 74^^71-300^1^01^
<u

77D773J7)0-31^0 V?7001!)1vi0llj0703i0U77U773J<U03tS0 W0lJ7UlfUnj03m0ni0lu7^UU070017i03J 

U07 !)£ 100017lvi?l00llj0'3?n'U0'Ur] 00llJ l0000Tl43J0V!f0]‘H07400ttf0l070

vffolvis^iuvioliJ^mwsluoi?

l747S:UU77U77U!lJ03^0^fllJ73JlfU3J10 3J0mil77U77Uni0-3m0030017llJa-301‘li74S;lulvity070l070<i
^ ov ^ ^ d '

?m V!70ll3J 037lJ^ 4.4 lu73;UUU071Ul77U03U041VI07^t00017lvi0 077S01003J10071 0.6 010700

774T0 0{il31?001U071 I'MUlSITUTJ03710-30707201 1 OJ0700774l2 1l407dl22017Hl0703trU
v

01 0171'01017000111111701111017771177071031^0 (71030707) 100137710 3 07 0 7100 017137001030170431 

2111017771177071031370701057707110 01010117313400737103100 I007103m0l00017l370?10^fr3
<U

0103201 o3f32ll0l00000ltlJljl372u013710371373;iJ107J03l3707 1370010710010100337700710‘tf'U

00107373 1% 035% 03tl0f03l7l34722 4.5
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Flushing Tank

iT-
Flushing Liquid

Pig BuildingFlush Gutter

fl. SSUul'tfylQ'U (Automatic Siphon System)

Tipping Bucket

/
V'

Flush GutterPivot

(Tipping Bucket Flushing

Inlet

Pivot point

Plunger Latch

.--XT Trap dorLC

\

_
—- —S'Counter weights

to close door

d
fl. 7S;iJlJUtJnn)0'3U,tJ<3it?ls;U9'3t'Hfn (Trap Door Flush Tank System)

1

ijil^ 4.4 uuuu£jntT£nus;ii0'3mjjuuu0fiIv!3j^ uuu
n. tsiiuI^vIq'u 

9. Tsjuijuwnue^u^
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ifTU?^uuluni??':u?'33jnj0^my^tnpi^1u?iJnj0^0^m?nuuu0(5i1u3Ti Imri rmlvtawTu^j;
vis (Flushing Flume) ekms^'KliniJvi 4.5(n) 'HSUUSUUSSSn Narrow Gutter) fNimfKllflmiJvi 

4.5(nj) (U-Shaped Channel) 4.5(0) USSMSUfrin^ (Floating Channel) 0-3
UtT04Klt!|lJ'0 4.5(4)

uu

i%

ED 300.

3000 3000

fl. ? s; U U yi 0 (Flushing Flume)

150
'JVi , —■

C

E; •
o

§
0 *
O0

VJ. 'H03JU0UU0S0n (Narrow Gutter)

805805-*■

| JO

i-. c,...rm
30

800Dung Alley800 StandDung Alley ^ t t *■4 ■>■ Stand v v
Ta Ii i

////
i'//V

?/// / /a
-E £•i

1 I
%7/

v t
&■

cQ ^11o
o

zz

1cs_c Uv/: ¥ U "I175 R %
y• /

Channel Bottom without inclination

0. M0U7ll01EJ (U-Shaped Channel)

riJfi 4.5 tm04?s;uiifminu7iun3ju04m0 uuu
0. I"U1IVI0 (Flushing Flume)

0. VI03JTlj0QtJ (U-Shaped Channel)

4. 140330134 (Floating Channel)

“U. 1403311011110^00 (Narrow Gutter) 

4. 140330114 (Floating Channel)
70



A eA A Jl *a Jifn^aQnuuiinj'unfi'BEi'j'in^nis^l^su'u^ manunun)0'3tSa'Mmfifiufnalul?'3ifaiJ ^unuwmias 

l'iuat!a:'?n',,aiaa-a 4.1 m?is^'3^S,uui?i1pitiauSaaiupia4fn?aivn?infU3J8

nuaivnTuinilfintunja^ma^anaaamnaaufliJfjjnmunn^aa ^^a^STsuiifmmiinununia-ima 

aa'U'iii'a? i5ia'3'ii'3,UB4l3jyisu‘U'3a4'Hn4innnaifn?mu7'nj?i3J,ua4masnfi^'3^Cn)'ui?uanfrin

pniii^ 4.1 U,uifitiia4'ii'3n)a4l3j'visim4^1,waamja'3u^aanainnja4mawa'^

Slot Opening or Slat Spacing (mm)Size : TLW

Narrow Slats (30-70Animal Type Wide Slats (100-200

mm) mm)(kg)
Pigs

25-40Sows 100-150

10-15 20-3010-20Weaners

25-40Porkers 20-100

Dairy Cattles

Cows 450-600 40-45

20Calves 100-200 30

Beef Cattle 300-450 40-45

Sheep

25Ewes 60-100 25

nTSRTvnomiiJIjJiQi'ue^tffa^mei^iil'wvJrsjj
^ </ £ A \ d^sia/a/ o/d/iJ5infuii04ma^m^5'u1'uvli?3J ii-i^Bal'UTiJnja-at’Haatmsnia-iunj^ muaanuQ'D'aemfnaibsfn?

f10
* V OJ o'A1. 'UlUlInnuua'a^B^Sf 1?1 (Total Live Weight of Animals : TLW)

2. WPima^PlfmatillJaan (Type of Species)

3. IlinPl uasaicj ua^^PIl (Animal Size and Age)

4. aaui(n0'3fmaTH15 uasth (Feed and Water Intake)

5. (Climate)

6. ?SULim7flflfmrll73J (Management)
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d ^ '

*G o <u o' ' V '1. Total Live Weight of Animal : TLW UTH'Un?'3U’U0^^'9n^25^11-imjf)^Sacl1'Uyll7U
lunitusilu
Young 1?UtT'U0'3n “0170HU0tU'HllJ?DlJU^0'3lfT0'0inp)^'UiDnn0:Vll‘V13J§0ffl'lI'U 01I0TUQtU^nfl^?l']

iJ^smfrtTMnaajfm niymptlim 

100 ilou^i multiiJ?siyifr1yi0 mvfufni uiKunlfiottjaytia'itrn^yiafjlu'in'il'inmo tviinu 50 

nlanfu vnaai'onfmlem 1 tlw minu 50 nlanfunja^tmi^iuou 1 li
^ ^ o' '

AU Minar-j UTHunua^tTpnviumpi'Diuou 1 nm ^^flwalaniianuotuvn 

imjTEUU0<im0 IpiymliJumuTHumia^ffn^iuou 1 nlu unimfi^naoninluiiJ^a^nlanl'u
'HI0ll0U?l tTTUf1'9nuil0'3flUtT'3in?l003J (Environment protection agency 1170 EPA) Tia-ubsiYlfT
mi750m!m nnnufion 1 au minu 450 nlanfijniamo^Smpi ^Imilm-iuou

3. Animal Population Unit: APU mnUtiO inuoutJ07movun0O(tJ04'influ-3Sunm maUTHUnTQJJ
nj07iTmvi5mflflnuiul<in?m Smm'inu 100 nltinfuna^^o^Sm^ iifanjcjulmi 

tvinnij 100 kg TLW

4. Animal Population Equivalent : APE MinCJm ll7inflnj0'3t^0Um^innti:,?I'3uC5o(fl?lUOU 1 lo
' • V

!?10mllJll73JltUU0'3t0’0yUfl?l7JU uyuoflluilltia'llllafl (Biochemical Oxygen Demand) llfintU 

ua^i^ouin^mmjuua minu o.075 nldnT'uvifaaiDnmolmi 
iviinu 0.075 otii-jl^nfnufiil'intinniuo^jnij’ifu

an

sB-35w0?i0fmvnsuunpi0Qiu^0^0itifus;7oii7O3jnj0^LS0iif07^uinjiij?nj07tS0l(5i0

n a J!
H0np10404sUU”V

nij 45 nldniunfa

2. Animal Unit :

1 nau
q

APU

01 1 APE iU036U0'3l,m<D7n3JUiJ0
q

flua-aflVn

01 TLW, apu tmsAPE ua^^T'uFlasiJisjmvi utr^Tiluemi™ 4.2 uasliAPE 

iJisiavi U0'pi-ilolu?mi7u 4.3
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4.2 fh TLW, APU ims APE

Mean TLW APU Number of animals APE
Description and AgeAnimal Type

(kg/animal) per animal per APU per animal

Cows 2y and older 500 5.0 0.2 S.5Beef Cattle

Heifers l-2y olds 400 4.0 0.25 6.8

200Feeder calve 2.0 0.5 3.4

Steers ly and older 300 3.0 0.33 5.1

700Cows 2 y and older 7.0 0.14 16.8Dairy Cattle

Heifers l-2y olds 500 5.0 0.2 12.0

Heifer calves 300 3.0 0.33 7.2

10Piglets 0.1 10.0 0.3Pigs

Growers 40 0.4 2.5 1.2

70 0.7Porkers 1.4 2.0

Gilts, Sows and Boars 100 1.0 1.0 2.9

Pullets-not laying 1 0.01 100 0.05Poultry

Pullets-laying 1.5 0.015 67 0.07

Hens-laying 2 0.02 50 0.10

Broilers 1 0.01 100 0.05

2Ducks 0.02 50 0.10

Turkey-heavy 7 0.07 14 0.34

Turkey-light 4 0.04 25 0.19

Lambs-ewe and ram 40 0.4 2.5 0.48Sheep

Wethers 50 0.5 2.0 0.6

Ewes-1 y old and older 80 0.8 1.2 0.96

100Rams 1.0 1.0 1.2
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mTSHYi 4.3 fii ape nj0'3^fi'3u?ifij;iJ7smyi

Pork Laying Feedlot Feedlot DairyParameters Symbol Units
Pigs Hens Beef Sheep Cattle

Total Wet Waste TWW , kg/ APU-d 5.1 6.6 4.6 3.6 9.4
F/U RatioFaeces Urine Ratio 1.21 10 2.41 11 2.21

Urine U % TWW 45 0 29 50 31
Total Moisture Content TMC 1 % TWW 86.5 74.7 82.8 70.3 90.7
Total Dry Solids TTS % TWW 13.5 25.3 17.2 29.7 9.3

TTS kg/APU-d 0.69 1.67 0.7 1.07 0.89
TTS kg/ton TWW 135 253 172 297 93

Total Volatile Solids TVS % TTS 82.4 72.8 82.8 84.7 80.3

TVS kg/APU-d 0.57 1.22 0.65 0.91 0.72

TVS kg/ton TWW 111 184 142 252 75
Biochemical Oxygen Demand BOD % TTS 31.8 21.4 16.2 8.8 20.4

BOD % TVS 38.6 29.4 19.6 10.4 25.4
BOD kg/APU-d 0.22 0.36 0.13 0.09 0.18
BOD % COD 30.7 23.2 17.4 7.8 13.8

Pollution Population Equivalent APE APE/APU 2.9 4.8 1.7 1.2 2.4

Chemical Oxygen Demand COD % TTS 104 92 93 113 148
COD kg/APU-d 0.72 1.5 0.65 1.2 1.3

Total Kjeldahl Nitrogen TKN % TTS 5.6 5.9 7.8 4.0 4.0

TKN kg/APU-d 0.039 0.099 0.055 0.043 0.036
TKN kg/ton TWW 7.6 15 12 12 3.8

Total Phosphorsu as P TPP % TTS 2.5 2.1 1.6 0.66 0.7

TPP kg/APU-d 0.017 0.035 0.011 0.007 0.006
TPP kg/ton TWW 3.3 5.3 2.4 1.9 0.64

Total Potassium as K TKK % TTS 4.9 2.3 3.6 3.2 2.3

TKK kg/APU-d 0.034 0.039 0.025 0.034 0.023

TKK kg/ton TWW 6.7 5.9 5.4 9.4 2.4

NPK Ratio NPK Raio 212 311 512 615 614
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^Sasjlunje'nmieiasibsinYi aiimillsnnpnTi'j^ 4.4

4 y i A d i a iPiTn4^4.4 uir?i4a4aiJis;nau,UB'9^i(n?in'3<n ■aflatjl'unja^mausfiasiJistan

Annual Production (kg/y)
Animal Species

Nitrogen6Size Phosphorus Potassium

TKNType TPP IKK

14.2APUa 6.20 12.40Pigs

0.7 APU 10.00 4.30 8.70Porkers

Sows 1.0 APU 14.20 6.20 6.20

APU 36.10 12.80 14.20Poultry

0.02 APU 0.72 0.26 0.28Layers

Pullets 0.01 APU 0.36 0.13 0.14

20.00APU 4.00 9.10Beef Cattle

2 APU 40.00 8.00 18.20Calves

Steers 3 APU 60.00 12.00 27.30

APU 15.70 2.60 12.40Sheep

7.800.5 APU 1.30 6.20Wethers

Ewes 0.8 APU 12.60 2.00 9.90

13.10APU 2.20 8.40Dairy Cattle
92.007 APU 15.30 59.00Cows

5 APU 66.00 10.90 42.00Heifers

Calves 39.003 APU 18.20 25.00

‘APU = 100 kg Total Live Weight (TLW).b Assuming no
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pnBETNri 4.1

(1.) 2.000 porkers pigs 

(2.) 1,500 growing pigs 

(3.) 1,000 piglets 

(4.) 400 sows

QenfrMTiu'mlfinaima^i^tnpi^'uiiifi^o^^vmitjl'uriii'uu'H^'u 2fi'nn apu 

IfiVh 4.2 viuoi 1 vruia Porkers Pigs mini! 0.7 APU 

1 milt} Growing Pigs mnu 0.4 APU 

l mnu ua-a Piglets minu o.i apu 

1 vnJoti ua-a Sows iriinu i.o apu

i = ’BTUTU^Tin-a'HUf) * i ua-afi'i apumn fin apu 'M'3'hjjpi njfumn
at

mnsusalu
i o’ Vfin apu ‘uo-ansfnin-amjfi = 2,000 Porkers Pigs * 0.7 APU / 1 mbous-a Porkers Pigs + 1,500 

Growing pigs * 0.4 APU/ 1 mnfJUQ-a Growing pigs + 1,000 piglets 

*0.1 APU/1 vnbwua-a piglets + 400 sows * 1.0 APU /1 mj,'3fjn)0'3 

Sows

2,500 APU Answer

I » y

4.2 D'30itnfuvniJ?jjntunj04t^0'Mmfi?ii Sa'imnlfi ol
O d o

iBrn

mo'OTuiumj iTinnu 2,500 apu

inn?n7n^3 1 apu nja-a 111] iviinu 5.1 kgiww/day
a/ a/ o' A 1 a d A ^

flinanw^iJiNuiivnn il7}jn?u<u0'at^0^m?)^u<0'3V!jjfi * ^ <=, d A

mfl^uluTlJ 1)0411^4 

itJon liamd-aTiii
qj d d d A c. Ji *

smi il73Jifuu0-auD4tiJ0n^mfi?,u'in4mjfi (iww) =m?ns;R 2,500 APU * 5.1 kg TWW /day - APU 

= 12,750 kg TWW/day Answer
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uuuUn'Hflmufliiumk

Qiinfju,u'ivn'3l,ufii??'3uninj0^my,UQ'3vin7u^fi?iTi
d 4 A v J a/ ci i2. 7SUUfmT'3D?13JDS^l1TJJU0'3^-mJlSy'3']'3 ni0^yJl?U\43J11 ^011001110^0-3 HTsuiifmnunu 

1)0-3^000131? ims;?s;uu^3nfinl'Hf0l3j m0,win?fuiluU'3D03W0fi?s;viU9i0^3inft00u
a J J!3. ilnj'Hiu03?3;uufm?iu?iuD03i^0U03'Hi?}jt003tTn?000s;l?

(i q

4. vJl?Ut003lfiu'H3'H'U3 CflTUTU 5;000 Laying Hens ,Uimjnra00U03lfi^S§l?) S01 1.5 nlsfllU 

'oin^ua^nfin
<u

QCJinvi^iuii
*=» *a * V *a a. I A I4.1 ilf3Jifln)03iiT0?iu lu?ilnj03<UTH'uruil0fi (tlw) Sfiinnlsniu^Qu

4.2 iliuimuo^iSo??!) 1,u?ilD03'UTH'urm'H3 Cfiinnlsnl'u^^'iJfn'H
« ^ ^ A ^ J a <t *a * A 14.3 il?3Jitu,u03m0in3mj?i^m?nj'uli!?iliii03im0iml0 Sfiin ape 0011!

4.4 lJ?3J1fUU03^0113mjPl^m?l^l4l,U?l),U03tn?ll?s;n01j1ulfl?tDU (Kjeldahl Nitrogen) 5fll 

nnl0n?u?i0i,l0u

5. ^i?um03flVnD0-3in«ei?n7 li!0it00V!U3D03fl3,HT'?iii0?nsB^3Ji Cm?m030P)iMai0‘ii'Uf) 

'OiuiviMi^iiimii^^u^siii'UPi illum'd

• In (Laying Hen) ilTUTU 5,000 ?)?

• tdfi atutu 10,000 $11fi0nivnj?il,H,n,fli?tuTU03i^0inmil?i1u0nDtustl0?nii1n

• 11 ^iuiij 15,000 s^i

• KU fllUTU 10,000qj 5

• UVJS iilUTU 20,000 

00invi?iiJii

2.1 ilfuiQiuo^modm^mulu 1 ?u 1imJD03‘UTH,uniil0n Sfiinnlanfaj
■u

eA A a At O' * tA '2.2 iJluiam^movunfiu'ul'u 1 ^iIwth luiiJuo^iJTH'ummi Sn'innlnnfu
'U

d A 4$ d d '2.3 iJnimi^immmfiuulu 11^011 dninnlsniu
<y «u

d A A d 1 12.4 il?DiaiD03m0yunAnru'l'u 1 ?ti 1u?il,u03nj03uu3din«m??s;i'H0lpi Sn'innTsnfu

2.5 ilfuitunm-jmovufifiu'uTu 11^014 lunlmo^^otrvlol'ir Sfiinnlanfu•u
d d A A '2.6 iJ?3Jianj0-3m0Yunfi?ru1'u 1 iu Sn'innlanfu

2.7 ilfuionio^moyiinfiD'ulu 1 itiI^th Sn'innlanfu
3>

2.8 01 Population Equivalent 113,H3J03J01lV)'ll0

1 010013 ,m03J'031
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UtfYl 5

(Waste Management)

?n-3,rl mnfnfufry^tfmuu'ufljjn^iuua']
iw'tj'^IjitSu^unTHfntJUfislu'l^f'Dfniw'uyu mTisu-uy^ue^liimijwfifns 

mfiw 20-30 iJ^muuiuu wanTS'vnj^^inftaQusnnjjfmixtfuStmifnsjinti
a0nliJ?ffnfio^tnvm7TuufisfnfuniiPi5n'JT3JUin?y

^iilu^i?3jpi'uaai^tri^^l'uni7?s;uijni7wni?^jQ^ma mT^fm’ua^mal'uilismfr^ 

■waynuao wu aiju iTMnaimm tmiTful'siae^jjy 

^umwa-ammmmsaenuuussiuuriiijfl'iia'aiSa

vnj^nmjaarispiTuvi

« Jmfimvi

A O (L> f AmaiJUjpnja^tSaluirTu^i'HaawaawBU'unliJa1 
fm^aruiuuu^a'UisieliJ fmwminja^t^aanaluili^mff^naiaiJTsa'uaanutfntf^urm-Cisiiu
v & £ \ A y 'flfirmua^ma^umfu^'u^l iJTsnaunuflPitTTunlufmf'niJi^tnpiaojjmal'uilTjiivifTa 

aau'un^fr-j ^Sni^ammiafllijmTfrantkmaawlMunm^ijm^u^fluauinaibsfiaij
9

3^ V t

numTl'tfngviijna'ija-j^unaluiJTsmfrmm^maiJ^auuM^mmRajaantwi^ ■vjvhlmjafnx 

mpi?'uaay‘8'i-3i'5'3j^ap) ^an^nnuimiTsuuijmjPinja^maDB^iJTstvipf^nanSmTaanuiJDaa'U'ui^^ 

,vinlHiJ7s;^yiiaTwm7ijnjfTU0^maFi'0u«iii^^ maaua^ma^lu’lwiijiij^lu'unn

^nan

a> ay ^ .

mi'HPW'Wlilirua^a'W (Sustainable Development) 'H3J'l{JEl'a “fm'VNai'U'IVll'J^IU^au 

tTiBiTfuirnj uas^inFiaau aiualiJpiaan'u mapiautnjB^piaanjjdia^niT^a^utJijaluaa
9 9

ilflflij'uT^aljjSNafnsyiupiam^iilaatjuiJa^ua^tTa^inftaaultJoinaFi vifa^nl'H^infiaajjfl 
m^tilaatjuila^lilwa^rafruaa ^tIltJmIBll?n^^tn^aa3J1^maauI^JVia'3‘UBa,,

q 9

^ 1 Ji i

Itiaflfd^tvifTMma^w^intntjlvidi'iiJifaibsivmyiwatnuaT m'ufm'wwinvn^liua^tn'Hniiu
9

ItiafTunja^pi^iTjmnaQnu^infiaauumilijSmavrfBfl-uaainn ua'idiluih'oij'uCf
9

2njKn^<unfiaauvta3aiJ?sfn?^au-inaIamJistnj0tj tiluwauisnnniT^tnijTsmfrl'uaniJtuj; 

^nan maaisiiltyvn^^infiaBU^'uuT'u^syiiaaiijTuuT^unn^'u ilismpf^nna^^ui^'Hanaai? 

iJfuiiJaauutnawItirm'M^'uiiJTstvifr lpiaSuTaina1ufn?,^aivnil7smfraiua'1iJnufn?'Mwui 

nlau^flniimfutrl'i^^trTumnaanD^^tnfiaanl'Hunionwanalu^ * A'Hiafmrl'uvJ^inpiaBu
9J

I I ^ ^ ' 1ihsmefafn-aeiarua-s maapiiltij'Hi^inftaaiiuasa'isi'unliJafmT'wai'unuuiia^aulua'unapi



ibsmmnwajinufn ^ilTstru

wfi^ii5!)Qtjn'3jjinl,um?^fn?iiB'3mEJ

<2, Q QJ A <V *21 if dj^«=loa/l/) ifv \n Of Q-'imifi^l,umi^^m?mejQnutT'3in^m€uiili4tT'3vimii'3 l^TUfni3j,ucju ant l^TUfnujtn4uttT4U\iin

Imifi danced mmJ7s;mmpi\43j'iin nedo ’Dinibnvm 

aiJu gtz mmJ7si‘nm00?3Ji4 11114^14 0'3'iuttfi0t,H00!nniJ?s;mpfPi'3nfinuniJ?s;m0m0'3'iNii9J'ui0i!i
O q

0dl,uiiJ<u0'3m7tW0uv<?0'3nu7vii'3lii4m0‘u0 ,Hf0ivi0Tul00luni?^m7<u0'3m0'Ml‘Bnx43jnnlu0i0
qj qj <u

©PitTTHfmu 4-3lp^fu0^^3J^?^lT0ln^p^^tll^40fjl'3^1?l01F^'!,um?0r'uu^T'u^4l'Hfi?s:l^J^^lflnl?u0^m0
q ^

lx4n?s:uQ\4fmw0(5il'U0i00pitn'Hfn7U0tii-3,»T'i^ 

^00dn'3ni70flfmU0'3m0^ll7“1TU0l1UtTll!0U1U?l'3ll40n009l1TTHn77U 0(5ltTTHn773Jrl0nVI,U'3
q q

%J

uiijuijnsu <bwucmjl?i,Hs tilulu
q

m0^?'3li^'3n:flTVNtnfi003J'0^1,uni?'0n'3iij

iii0upin^-3nj0'35ruufm?fini7ni0'3m0l'u0^u0slu0,un0?i imfNl'fl'umTNvi 5.1

pirn-3^ 5.1 ^0u?inpin'3nj0'37suufm?fim7‘u0'3t^0li40^fiu0sl,u0i4i0pi

innrml'UBflei imrm-al'wevnR^

mTwnNn^in^PioumiBiiJfluilnjvnus^w
q u

(Pullution Control) (Environmental Management System : EMS)

(Source Reduction)(End of Pipe Treatment)

ua,wy^ihtfmmQuiJa'3flnmi!u?il0u 

00'4'ui1iJiJiiJftw0 ifidfl'ilvdiymij

muwawaw liiSua^utT^-iin^aou<u

. — -
inw75if4U0'wyinnu'Hfl'3nn'U0wi0'Jt'fi,3J'3iPi?T4

?mj0i0,Lim07ninfi4in0pi03J

a 4/ d
m?yi!*iJ'l4TV1040'U

(Sustainable Development) J
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Cj I i ^ •

Tnn^m^vi 5.1 iSunmnlnjilami^tnfiagu-aiJinafH^
u «>^ ^ p | t

vifa^iJfnEJvia =if<iij0fiuin^fn?^fmmuinui1ti)vn^infiaausisn?s^in(5iam0aflmi^infia0u

mfiwa'au'uiquui^iasm'ufmia^lyu^nn'tfu'ifubastnnlnmay^ triumT^niT^inpiagu 

I'uauia^uil'Ufmunlnjilfy'Mi^^infiaau^upi'gspuijj^'UDa.an^nmj'MSmTl^nivianni

ila^nuilfy'Hi^'Jtnpifiau'Hfauafm SJ *$

di <vt .din iin 3; o in 3^m'uilfyH'ivi in n

o'A -a *$iJ72;l0<im^infi'uuflinm7^ni7‘U0^m0tnuii0i4n1iJ1‘¥iJ7sl0‘nn^lu5^iJ7s?r3u1pi 

ffemivn-iiffm iroiuiJTsnaijni? Mfoiraiu-Mvi^iy irnufm^i im^niTamssmTuini? tr„
1 A J! a o' A 1 1 j/mTvia^myi ilfl^iJuuSmTituT^ainwiniimivio^myiuuu^y'u (Ecotourist) ^tuibsmftlvi0inj

Sm?7fu7^0Sfn?'uit0imTWfmni0^m0liJHlutr0it!^iJ7sn0uni??ii^<n arn liivliiuiaa^irn?^
n

^vriPmanJ^u tilu^u

y 1
qj d

yi^yi

n?sinufm?f)fm^Tu^in?ia0uiJ7s;n0u^uni??iiu7iu«u0>3m0liJ^ maui1iJni^v!!0ijnij?i

fmHvujunyuua^fmafnJIjjnmnja^ma^^nnmismfa^uM^nja^^a fi-mtTf)>3lT'l‘u?iJ^ 5.1 w
sJ ' 'Bnn?iJ^ 5.1 mT^nmja^mal'Ha'njj^atyyn^nn^iTfilum^afiiJfjjnfunjo^ma^iivi^nnmpi 

til,u^-3'0£tf'30l'Hfn7^fn7U0-3m0i,3ii1iJ0fji'32iJ?s;ff'viifiTH
“D'3

U02;ifl'U'0lJ7170 «i
yinj0>3'H,ui0^iijvi

A As)
tn?Jinj0'33jmemT^

4 j

A
m7fi«yi

imri-amnjfl

m7lv>i^unciu

0 a/mwu

fnuijrifltij

MTOfiTOfl

s,
■U0fjn?r?i

' 0 „ 0 „ „ ■
iiln 5.1 m^u0'm)tfnafij,u0'3m7flFifmS-m'3fipi03j
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<u u

1 o e» fii 3/ tA A ** Ji V y 4 Attfiumuwfiw5?i0npn0 lf)yuit0i<u0'3m0'Min?i?u'U'uliJ1ttfiJ7s;lstf,ulu^iu0'u itf
<u

cV ^ o' 'wspuS'um'tf^fn^ u0n^nfvS5''3i3i4m53'li-3fiTwnflu^ll,Hmfi?unij0^0ni^nfim0npii0

tms0'3ii!uniTii'3,<N,u^Tuni70fini7S'3tn^?i03j1il?ris;iiuuiFiT7nutrnna i^-u iso 14000 vif© iso 

11)14^ u0n^ifruti'3'ui3Ji^-30'nuiTi3Ji?0lT4fmtni'3fl'‘UYn^?i?n^,u0'30^0fnl^unn^u9000
13/11 ^ ( ji ,

‘tfoo'wnlMfrTuuu^'uo^fiinptl'uniTPiinjnoSuoniunnw^oo l^imnvnsoyn^S^lins'H'ii'JiJTs: 

ni 7 uni ^ vn^ Itu rm 0 nir^ u n n
<u

A cs
iviBvnj

• ttfiilEijvnuawij
• aijinw^infiasu

• iJisMOfifiiWiulTifma'iTj'u
• sfnJsjJitumsffiymu
• i^uwawsfi
• mufltumvt iJisanimvi
• sfifmuiatN iwufmuiJsefina
• aji'ifnvni'ii'uvifl
• tlilijfjjsiju ISO 14000
• ihWni:w3ivnuimiNtru

inwfnnjju tmtsun
> rmila-JiTuuam!

A o'A e=^ e£ d

si

ibsTHV'W'mnA?4mnm7flflm7U04ilm 1mm
t 4 ci a 1 Jt

1. ^OOmuWBW?l(5im3J01UinnJlJ (Increase Production)

2. tB'3£J7nynfTriTVNLn0f10iJ (Environmental Protection)

3. tiio003j070'5l'utf0-3,tj0'3mifnviiti0'atnBi7tu[ii'u ims0,u,0'vin'3nu0fJlij'Htio0'3iy
S q qj

(Safe Public Health and Worker Health)

4. Ul1ll?fm71Nm'U13J107f lumndOU5! (Approach to Another Standard)

5. llluvilb'ISOlJinm-ao'fh (Pleased Customers) imsOTDtJlIlJfffninidiy^n? (Enhanced Business)
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fn7wmi‘U!KimtJ^^fn?ilu^uui!nnni?2irQ^7iu‘U0^isttfiTO MfawvjStnul^ iriuma lumi 

fijfilfiJvn^in^aQii aaiu^iJulufnT^nTj^tnpiaeuflinw^SiT^I'uwfi'ijQulijiia^^nfi'n 

l00H2fl^T'3^4ln0^<u0^1unl7^n1ui]tyvn^tnplP^0u ai^Sitra^iI^nlna ufisnTHu^iaomjiiflu 

ulauna malMniTaim'u^Tu^o^niTwnii^inpiaautfl'uliJFiaal IfiaviynyiuvntmTvn^luni? 

00ni?nj0-3m0vifiyiiT0 ajaiji liJilguismflitTnTseisnfl-ivm^ 00?inim?iJ?smuN02in^?usnnfm 

^im,ufml'ufn7^fn?nj0^m0pi'-3n0n mal'HuyTni-s^fniafirninja-jmo^nfimlisjmjwatritT'Q 

l^ussanaasfinja^t^yi'Haa'uay^iTPmfaluSmy 5.3
^ <y

,u':

UB-Jitrti

y mjajiliJiJgijw

miimjiETiTn^inBn
3

S
sa
2^tTflvmiuiBZ'ulainac
2i
3)1 S

Mf cS'
N*

**JI

mimj-iiiuvB-i'nun-nviittxymyn

mi2rflUTlIJ,UB-5ll7ETnVUUnKH2tflulfltflliltTB

’ ^

pn 5.3 ^nnjiunja^ainutfnii'DluniT^rm^^tnaaau

nj0^t^02m(pi?nnnfln??3jnj0^ylnf'3jm0^0:'?n°'im^vl0 2 iJismyi 00 “uo^u^im^uo^mai laallrrorus; 

6U0^nj0'3m0i2iuintucvilum7u2-3 iJon'DinSanBim-jiJismvi'ua-jnja^i^y^njjo-jaiJTsinauua^tm^S 

adlumaoitTEj flsuynl^ 2 disinvi 00 tmSunlyuasfn^a'uyviTy 

man!? fm^mTuo-amal'HimnsnDDa-qi^yi^asiJTsmvi
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(Principal of Waste Management) vnlfi 3 IT flf) 

nr5^nT5‘Ue'3mEl^fl(?inimCT,Ue>3n-5SUTUnT5 (Source Treatment) QflTJ

3/ Qd J! y a 3/ a A a a A o *£PiiyiS'SianI'Hmfl'ijQ'imy'usyunfi imsvnnSmTTPifm^^ uQ'imy^iisinfiwlvinT^intjfmwS?!

1.

JJ t* e* *£ \ dt A A 1 d A!imuliiinflnj'ui.aEJ niTTfiniTnie-amyuuii'u Imiri

0'nj0uiJ?infuni7l£tftTi?0iKi?l'uvliTin00'3^T’ Ipmlu’l'Htnpifmfinfii'mi^l'ulT'jtfa'u iStiPiu

2. f1T5«(?imTTJ0-3lSa^fleiffR‘nitJ,«04n‘5smi4nT5w3pl (End of Pipe Treatment) 'H3J100'3 ni?H
y d A C* *£ Ifii *a^ti?i0,ul'uni?iJTiJpini0^t^0^tnfi?ulu75;'H'3i'3^n?s:intifn?wS(fifii0'3mpi?'u

ni?^ni?nj0'im0pi00iTU3jfuil'Ufm00nuiiu?s

SU d,

fn cj,H?i>3vifns;ui‘u

q
uuiJiij^njQ^myuuu^i^n

I'B'u ?s;uuiJiijfiuitS0 Tsuin]iiJfi0nfn0fm0 ?s;iiuijnij?i<\j0s;u05;u0'3i,§00ii?i?n0 Imin
j/

tilupi'u fn?0?ifn7ii)0-3t^0pii0iT'ul3jfnuiT00nT?i,ij0>3m001100-3 0nfUS;U77T01?0THlTltr?3J
q q

^ ^ d ci 1 [A 1 v

,Hf0ijllJfini0-3lS0l^'HU?l 01ioflu03l00U1^0flt!'H0-3l,H0000<;B-3PI0-3UlllJm'Uni71J13J?llusUt49!0U
qi

fioliJ m00?i0ii3Ji2u,rau0inj0'3m0?i'-3n?ma-3

3. fmagnJ1jJ19ni0-3m0 (Waste Minimization) 1.3'UTiUS510U^tT10fyiT'3TS;tli000Pl0'll,tfT10U0-3fll7 

0pifn?u0-3m00-3lill?i00i4,iii'33Jifi i,u0'3i)iniij0-3i00,Mmt4iT'u?i0,u'U0i0,uin0uliJHl'un?suTu
d In %>d tf'qdd oj dddo^ln^o/ If] 3^6] ! a/ o'

lAQn 9>3fifn l^i
A d 4 d y cij A 3J <v rSa 3) |C» d d ad

<vi^nj0'30'3fin?Qn^n2J m'unpnmiijinnj'u t<um^fnnji£j

5.4
qj

ni70Wll?3Jl£U *1)0-3100

Waste Minimization

rmafl'mwdqrhmf) niTlwjJvuiwu

RecycleSource Reduction

I I
ni^aw^u'Hdqnii'uw 

Product Changes

fmfjuviuMdqfhi'Ufl 

Source Control

o a/ M 10 3»oi l
011131000 01Tff fiVl *00-3201

ReclaimationReuse

0T3O001l20 

Good Operating Practices

0imJ00uiwti00 

Raw Material Changes

0iml00*umfllulfl0 

Technology Changes

1lJ^ 5.4 fm0pnJ?UlfU'ii0'3m0 (Waste Minimization)
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fmapiilnnam^a 2 ilistfivilvid na

1. m,50fliJ1uiQiu0^iaranu'Ha4fnme) (Source Reduction) i^uni^a^iliiiifunja^taa'atn^^ul'u
nisuiwmTwapiriauilati^a^iimanTsiJiunTJwaFi fma^iJ!untunja<uaalaai!rfuij'^ao
in o«i <a
l^Qfl 2 1^5 ^10

• nisdatj'uwaflfuu'vi (Product Change) iS'Ufii^'M^mtuia^a'i^Swanisviiilpmfii^fiaafuaiiN
y q

iiasiJfuifuua^wasfiafu^sisl^f'ijmiiJ'mila'u m?^f)fm^u€^mal^J^TTud, laun

• mmlamja-Sflltasnau (Change in Product Composition) IW niTlllayua^aillsnaiJ 

a(5i?0Tvn7'wK tSu^-u

• minJayuapia^u (Raw Material Change) Imtfi rmafimemnmnuiua-jafiT’^'mjyiTU 

^iafmiiJaayuila^ua'ja'Jinftaejj V!f0inpil?ana1piann rmHinTa^iiaumja^lyaiu 

anavi^amjulviT'ritiaarinal'uina^au unumiKimiafl tiltilu

• ni?lllS,HaPlfn?l‘lfWrii51ri?U<:P (Product Conservation) IplUfi fn7l£tflTlIta21ufn?ni??i 
i™1uiJfinflirima<m0fl00i-i3jei0<ifm I^aljJSmiPinfi^iio^tnTinS^na'nrinalu

pmanu&Hfm iiIupi'u

• m7rilwS?intUcVlV10Uyi'U (Product Substitution) laufi bSuvilmiVltimTHflbmS
fn?1£tfa?i70Tm7riSw0n7sviij?i0atunfi?i0uy00 Vf!0in?im7t)00trai0l^i0 nWu

» ^ v i

• msa^lJfnimms-an'U'U?) (Source Control) m70^lJ73J1fU<U0'3iamnJllti3Jmn0iniJm70FU00fl
QPi0iu^tiiJjn1lltin7j;intim7W0(5iMf0nfln773j0V!n ^maTuo-jnijnisinvimTwaP) molnS

£ c ^ ^ ii ii

ainuimj^tnjnu^C^^mTmainijyif'vibnnirimaQ^^^ moWSiifuminiiaSpina^ 

■uaaMfoliJStda miaQuaiJiJTinaiuo^iay^u'Ha'-annmfi uii^tjaal^an 3 

• fmnJacjineiEimj (r

<a
in 00

Material Changes) m7071l0UnJ0'3ia001tn?,U 111ti017'Min7an 

uas;i00n7000imS0fU0iM00i000'3nij'i000in03jl00l3J?r'3n7s;viii0,0W0wa0Ml0inn

aw

m70ii,uunDn77jj0i'3ci 1^017^00 

7B017tlJ001!7l0001jlu07J:imj017fl0017U0^m0 Iwtfi

• 017KT'0001JM0rs010 (Material Changes)

• 017l‘tf'1000im0im'U (Material Substimtion)

• 017lJ7S;M00017l‘n000U (Material Conservation)
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• fmillaEmmfllAjTaEJ (Technology Changes) wfmilSwuuilfnmfl'Uft
TifamfiI^IfiS^inen4,a'3l,un?s:intim?wS?i 4'3Qn^,nifmnJ^yuuilfi'3vliJma>3in'3?rTu

<a A £ ) i A,Hfa,ainimlat),umJ?i'3liJTi'3'HUPiua^n?s;intimT^fi?lm ^iaEji'3nj0'3ni?tiJa£j,uuiJEi-3
«r -7 ci 1 in 3Jamfi iu Ifiej itu>3 00

• fnTnJayUUlla^n^SUTUfnTWafl (Process Changes)

• (Equipment Layout Vt!a Piping Changes)
St 3/ a/ qj*=i

• nill^simapl LmiPI (Automatic)

• ni5tiJatj\4fln^Kl‘um7'an-3niiu0'30ilnii5u^i'3,n^intn‘tia'3nijmalt4lah 

(Operational Setting Changes)

• (Good Operating Practices) tilufriThn^uwijniT^fnTmahnimi^fnni 

pii-?5! ^mfn^a^l'unisiJTUfmwfipi mamulJ?sa!vlifnvlfn7l^l'3l^4^ash'3‘l^^o?ts5llJ73J^fu 

nj0-3i^yfnaliJ0'9an?snlQa m^Pim^mnennuma-ai^EJ lluri

• m7l]0-3nyfmgfyiS0 (Loss Prevention)

• (Management Improvement)

• mmyniJ?s;t0VnJ0-36U0'3m0 (Waste Stream Segregation)

• milHuib^LLmLW'ienfl'fil (Material Handling Improvement)

• fmri'aumifmwafl (Production Scheduling)

• fma^auasumvi (Quality Control)

• uasVlIVldinT (Material and Resource Planning : MRP)

• fn?Einifl70-3 (Reengineering)

2. m-slv'mmism (Recycle) 0Vl7'Vl0^n7ri0f:l^^0-3ClJ7sl0£ln^ maiinliJ

'U0-3t^0^m^?iuiJij0n?,M7ni7vujun0U0i0l'ul7'3-37tivt70
q

ma uanli^-jTU fnTH'Huunymja^my uwnll 2 anytus 00
q

• mTuinauliJI^lmj (Reuse) iil'ufnT'uitaTDa^my^m^^uiJiHl'Hin^ilTsIy'iiijfnd'i'u 

0-30n7t40fU'H'U0liJinfm00il7inai<u0'3m0U0'3

uasiiilTimTfrin^Tndlpi^nfimi^muniT nT^UTumTun

nia'jmdnamnHIvnj Imtrl

• fn7'Un1lJKl'H3Jl'Un7Sin74ni7wS?U0U (Return to Original Process) WU fll? 

■uniaiilu'wSatunTwInauKl'HjJ 'Hfaiiiinwtnnji^tTTul'uilhlvnJ 017111101
q q q

0TH17m7UtT!'n'3^0'3200tjn0u1inttfl'H3j0n07-3
qj
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Substitution for Another Process) ITU niI,Ull0n5djgtjn1^1^inn)0'3t^£lliri1'3 

l,uuij0'3Lnus5i?n??uuvit4il0mS

A?sint4ni?w0fi0u (Raw Material

00'1'3'tanfl'iu fmijntginig^ig'yngiilill^l'HiJ (Waste Utilization) giTgru^^vtsfini? NICE Iflh 

g'uu'Hinaiig^gnfjeiwasgiiilij^'u

N is for Non-Hazardous Waste Material W3JIE10'mni ^mg^ndllllj'Wnjg^mEjgvmS'ltJ 

I is for Waste with High Improvability 'HU'iyfmini
4

^ v o' *0tumviiD0'3wfipinfu<:vi

C is for Waste with High Consistency mJI00Tnni ‘Ug^mb^nflTlSgtUITJJTjilllllJgy'UUlJa-jIlJ 

'Hf0'HlIiJ0'3m00tJ,rl inviplimvilwt ^S0fUtT3JljS00I000-3nt4

E is for Waste with High Economic Feasibility VUn00dunn ug-JtSp^ndTlCgfumyn-jtfrfliyiin?
4 oU

‘liigiJisMgfipliKtinplunTsuTumTwS^II flinniTuimo-ambeunEmlilK

^ ^ ej l 1

• fnmnfugigf-jvignggran (Reclamation) tilufiiitJitgTug-jiSg'gSgigondiiuil'tfl'Hjj
iitufmubmgnnjg^Sg'ngon^nnnjg^mbKfgtSufmionwdwS^^mpi^nnn^sinunuwSpi 

1iJ1liJis;I«,w,ulv!Pii‘U0'uei 017110^01^201000311111^!#

• m7?rni5U0TD0'3^S0in0iJuilll'H3J (Resource Recovery) I'tili fmimmgilgSy 
^til'utn7^500l'uiiJs0fTH003JilviJ7sl0^ru fmaamg-itmlgiuni 

■uisju^lhIsi

3 00n!o'in

• (By-Product Recovery) t'tf'U

n?s;int4m?fi3jn1ill^lyn?siUTum7lM0ii3JT0u mTw^nisimlvIvli rm

ii'03j0^^0lMm?fani?tu0^m00-|0luvm'Q0^TUM?00^0n?gi'i^0 mrualill^tifig Imtn

Ifidtfjynsgfii'Jb^fmiJitgnnjg-jmynduunl'S'lKu'KfgfmiTnfugi 

frwjjfhoofun fnsmufmtldn'il (Operation Research llfg OR)
J «il s' '

2. nimlgpumJs^gtufnTnjg^niQ^iSg'HfswSssintu'Tn^lgsnnnTsiinttmTwSpi (Qualitative 

Chart)

3. iHintunig^fJ'VUfiflnj'U (Quantitative Flow Diagram)

4. ifojJflfnsimfmwSei (Process Information)

1.

Flow
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tfune'ul'unuflAmTUB'ailm iltsmeuliIlQE)

1. ^nfn7Pfn^itntnnu<,u‘us5i0'u^,H3J?i'W0d1i4nis;iiTurmwS?i (Process Study) nJufm'W'imanmen 

nii,vn'3i00nlt4rmfifiil7unfunj0'3^fj ItJ^iuvru^isin^'n ^,viil'Htnfnj0^m00i0l'un?sin'U0iiwS?i 

\!03j0'Ml^s50inu0npi0'33Jin'U00m0'3lf! ?T4n,u0'3'iu70'iiut^il^lun75;inuni?w0(!rn-3is5i0iii
qj <U <y q

A ^ <S O' A xa Jl"U,u5i0'ul'un7nj'it4fmw0pi Ii0sw0fi0tu(n^tnfi?'u

2. (Economic Evaluation) m?ibsuimfl'nm0'am?,a?ifmnj0^0 

vn'3Piit4tfT7!yii0iiTPii^0'3”W0i?fuifml£»!vil,vi0nn?]'Hmpiilis;'l0‘ii'uinfy0?r?i
«a q

fiTsinyfmwS?) ngis;tS0ii,u0iJ'90iJU0s:ng,Hin0'Mmu^0-3 ?i00fi!it4ni?003j?D^nmni5'i7tu^'u

3. n'n^tl0'303?IU0T13J1Tn0aj<U0'3Uinyil'3l'Ufn?^fmnJ0'3m0 (Waste Prioritization)

4. ni7m0nU'UT01'3ltini7Wfm!U0^m0riinfnn4 (Selection Alternative) 

tSuilfuiniTiPifunoriKfoiifuvnt^piiri
u u a

| a/ | ei | x» a'xa A Q & I -a cl/c* cs i xa x=> A*5. mTlJ^UtlJf1fJT4UWUn'n’lJgU^'31,U (Implementation) m0 t<HW?iniTlJgU^'31<UUlJTS1T<Vl^fnTnJinnj,U

a 0 s 15 u 1 iJ (fiiu ^ pi 0 ^ m ?

6. nminlin^0n0f-l (Practical Again) fHd'Hri'lrilJf'lJtlJddUUWlJnmlgiji^lUUfll lo-njlliwil
J/ y

pii'3mimlilll'3TU0n0!''3 urisibsiijuwdm^im'UfmEhfifi vnnwsmiiJTsiCuBomjiln'iiiiu
o 1/1 I I xa o/xa i ixa xd In 3^ x£

i ** o' Apiodi-imo-ifmBPiniT'UB'nSdfndl'uyliTumd'i^ni Irntri
q

v if s/ i i
| q^c o \!\ $J a di a ^xaxa xa q xa ^ i xa

1. m-sm^'Hapivn fnsvn Ipipi-uj 00 mEmTiay-uu l^nounoonuuuTtuunisiiyniT'iiJgns
<a <3 y ii V 31 <a ^ a a i/ a A A,Mf0^j0'3t0000nl00s;0']n 00110-31^0villi! 11)014

0'i0fmmi0n0U0i'30'4y,ui H'unmd'rim^CulufmtfrypTnmi iw fmildnwfrHfomimd-i
<y

llai 10030TH110 tlluplri
I 1/ OJ in J/ 1 a 3/cnl d 4ln 31 a- aditfoaio'nT5'iJ'5i;'H00'W04>m! l^un lum'Bum'uvi mDinn^riirinisnunuO'nftdmriimvifm'U'vmiJ 

00mnjiiIi'3ii0ijl00lw0'3'm!tm-30T000 tSupiu
d ?3>? 3J dt A ixa^^xa3. liiue'nSynaiJjjilvlvni Irnifi niTuimn^snomnHiil'uild iSu-iti'THiiyuBs^iiijiluiJimy

q

,UTll0'3m0ini00'3lJ03 1111111401111710134111001 ,Ulin7H0m<ri till! 1170q

(11 til 14014

4. afnmVHifmimj Imm 000171130713414 0HJ171 ■H700i[diw0l700iiffi rilsiflitflu 10001^017
fijxai & *=> 3^ ^ dii*

qi

H7000111700034 000Ullul71t7014tt0S3S0170U070inll1000U00UfUS; 1^01101014170 11014017qi qj qj q

V o' o' ' d

001^0 I000010m415007vmuiu71
q

2.

, y ^

l3Jt00l70l0110 l‘W000017l^f017l021l4017l001007 11114014
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smulJ fVHPim jj fin jjmli)

i ^001^ ^!'0uifns;uQinn0iPifm<ij0^m0
3/

0i0lu0f0TuiJisin0Ufn?^nfin ussimTisMn'ffufio'u^ndTiSilTsly^jjimjoymw^lf)

1.

O' a o' J12. ni?0fifn?u0^i^uni0'3vli?ui00^iTn?lvifl'3'HT,fivi0nJ33j Silfmoan'ta U0sfn7?fini7u0^m0
0'3nfintil'um70fini7ni0-3t^0li40ntJQis1fi

35j0t|n?1iJHil?sl0sifi4luli'U0ij uonm^liJsnnnnwSfini^^TiNu 0 s nn w 0 fit 1! u {] 0 0 y vil 0
v q

wfi0'u]'unn0fiiJ7infunj0^00?inij0<B;n^0^wifi0iiJn^tilt!00n^lT l^ifms'H^njjiilijIiJ

3.

4.

1^1uni?H0fuil'uw0finfu'ii0tj

5. miKiJ7sl0iif^inij00fn^tn?iwliJvJi7ui00^0^'3 0i:un0\hinHd?sT0^mfcM3j?m!0 

lu' IVITlSi'HfllpI t^f'U U00n? lllui^u
q qj q

6. lMimns:Mfml£B!iJ7£l0W'innu04m0!nnvli73Ji00^0nn)0^0ni,00iJin‘ti0^ 

m0,uiin1,»lv!fmw0fimcifl'3mv)
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imn 6
V Vo <n vc* v

(Fundamental of Groundwater)

Tanliiu vifvmin?unn0l'Hin?iv<0^iv!^l3j^Hfmisviu(5ig^inpi003J ^mimn'uiuilliJTsIy'iru

iw wSisinTsutrlylvli tiluw'u imTvi7TN0nn?Unflil?s;T0itf'U0,0'u4'i^3jin

U(5inn0lTfIviy00i>3uimji0 iw 0nn00 iilult!

^01flf00till4<u

i * o'U'H0'3'UT01jl4y0'U13Jl1£B;il?£T0'tf14 Coti 3 imd-? 00
q qj

o<=»«=» e£ ^ A ^ '

1. ‘W1W1CT%4 (Surface Water) Maj'lCJfH ,Un0tI1t!‘tfl40tJV!f0stfl4My,0Sl'S0U0Qn}j0nl3Junn 

ni0'3,unl,u£Ki4'uminu0n3j0'uun0ini0

iS'u^'u u,H^'uiiJTs;mviuSiJ!3jnfuliJuii‘U0iu?unuq0fn0ims1vf0l3J

(Ephemeral Stream)

2. ■Ullfnfl'U (Sub-surface Water 'Hie Groundwater) VI3Jn00-3 'Ul'MUVnnOfiltJW^'UVtfoWK'U
■u

^ v %> %> \
tmfi^'UT^'u^'uS'LlTuiminnn'inuM^ijnouq 

im^UV!0'-3T43lll‘5'uUU^l'H00fild0m0>3f)000ll (Perennial Stream) 

^T’Sfm7s;in0nj0^i^0^m0Ci4liirJn?3j0^jTU3Ji4i0n000^ ^0nsun0m7'5jj0^iTtS'<ut4il00i4
^ qj

3. ,UlfnnvlTH'30'V41pJf4 (Hydrospheric Water 'hI® Atmospheric Water) V!U'ltl0-3 UTMSotjl'U'tfll

in^yinifr 15 nlatu^?

l-Sflienninyi (Hydrological Cycle) 'MU100'3 UW'U03VrMH05in0fmnj00l4Ull0-3'll0-3'UT0S0d1t!
qj

Isn 6.1 ^flumjibnngn-nfuVm
^ jj ^

flyiunfloimfl su 01111^11 iilu^u

3/ «s0Q1U0fl!510-3U3fl?U
qj

ftiimu
* v t V V ,

UlluU'H^Unirnil^fUSIT'lllJ UnluiHS 141^14^tlfU

=11-3
t 3/ d dussficuflTWfiouui^^ 'uomnn'd



A
Moisture over Land

100
Preciniration on Land

385
Precipitation 

On Ocean61
Evaporation from Land

424Evaporation and 
Evaporatranspiration Evaporation from Ocean

Water Table
Moisture

38 Surface Outflow
\Groundwater Flow 1 Groundwater Flow

^iIyi 6.1 I'manrnvun (Hydrological cycle)

* A \ a *=> 3J i laid,uipJ'u^finfi-33Ji?rw'ui,ufndT,piuT'3]'uudi'3Ti0'3'lfin in^frovmn'M^nnmutanH^mjfroijniQ-jlu'HfQ
<u qj

H I tA eA A ^aiifm ■uil'uifiuutlan'ii interception 'uiimmMaanslna^eliJenua^iuai^a-woSu uiluttru
1*1 A * 1 V * V

■uilanoi 'utvi'i (Runoff) 5'3aiiiS'uiin'3?rit4m?imTl,Ha^3J(5la1iJa-3^'U'ui1piii4?n3J7aaimfHj0'35B:'u 

iuwfe'ifU'HlJ n^n3JTQeJU^ns?uieU,Hf0s5r<U<HU^ ‘Ull^U (Groundwater) \hr\
3/ d|S/ ° ^ ^ a < t■na mmtnu'uiTami ui.d i A ' d i V Amaa^l'MaeieliJtn^'uvieh amnijlQl'uu,Hfi-3ui5?Tusifii i^au 3400<u

eid 1 o ' A d <v o <Si A^amnij (Storage Water) lt4tiio'3nai-3Tiu,uiiTTu^fjnmiinn^sm?ini??si'Ha?t4liJ^yiB-3yli ma-i'am
a'31U7aU!iJa'3U?r'3tU51?l^lia-3Ulfj''3WTUl llllufrowuilufril 'U'mmPlfmTSma (Evaporation Water)

1 1 * A 1 <=» e*nTsinumT^ndritlafTii rmisma (Evaporation) ,UTvmiufim?mnn5Sffouni7mm7is;'M,ua'3'mi 
Iti'ijo^na^T'um^mTTsma^Lipryia'jvli uilu^Tu^nanilanoi i4i^m^isnnfmaiaijru0-3‘W£tf

J! a 1 * *(Transpiration Water) flSSlITUmmlafni fmaiaui (Transpiration) TmawnTKlETmfaO'mue-a'm 

iism^l'uannais'uaai'SpiBrue^uasmiPi'BiliJtTaa'n
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0 o q W=*

(Occurrence of Subsurface Water)
& %! 

fnfn'j^TgvifiQvitnnD'iTunl^tj pi i u ? 0 a a m mi o >3 u « u k f a
aimsfimnutTstnjlawu^^na'n ^a^i^namlafrii

waioaun (Aquifers) ia0tf nnmmaisihinenaluwa iisl^Tninpimilviaw^JiiT^la
a/ ^ o/ ^ i ^ *l *

anutusmcnnu'u'm lair^inn a'unmaiiu^uua^'uiSmmnnuamjjpiauTTaifnfT
* y * i y tH * * ' ' V it<tf'U0a'UTaa''300nlpl 2 ll?"lflVl 00 iifU01J'U'm0aph (Saturated Subsurface Aquifer) 111 a TU13'll

^ 3> 33 , it it

tnamoT'a'uil^iavffaavi^'uiw'iiaawa^Tfw'uil^a^fia-nlpiSn

inpl1TfnYI03JPnP110'U1 uasiwaa'Uiaaala'Sa^T (Unsaturated Subsurface Aquifer) llla'tfa'Ullpi'iaV!
0^00000^1 mia^aua^a-ilavaviSmuin ^^“aifnl^amslvifim^aifnl^a^ndnl^ '

it it n

Sama^aaianfinmaa'illia^min

&<=* a
pi Pian

flan'i'i^aT’tr^^na'nDs
=;

00-3

V V

5tfa0aama''300filpi' 3 pnaatnyfusYnmanviin 00
a!/ V a/ it it it y , ^

l. imihnfiatnq (Aquiclude) ilfantuaila^aanJ^smnafiaa^n^aaa taa^innrmlaanja^aimp
St Ji v

tmai laa^innafuiTaijSua-sT'tT^^nflnla'l'Hailadma
3; ^ s' 1

Ipibnnad^laf'aaimmm^aifan
n

uasnj'ilMawnadin 0
a; 1 S' it 1

000£)i'3‘U0'3tB:'aaoi0a00 00 w^amaui

2. vaailaaaanmsIatieal'H'wi (Aquifuge) ttfa0aKf0tKa'Hala‘?aaiaaaaS0'0'iiNl3j0l0ia0'3
^ In S' a; j; jy

at mtnamatn^nmlaamalpi aas'ihmfl (^aiaafa-waaa) latnamamaaiKlpi nami
0 Z V <u \ 1 * *

D3;m0?00a0n,ij0>3‘tfaT'0'00'3nfin'] pl'iatii^uo^'tfaiti^^ndn 00 ^anaan^a^

3. ■waail^wanaa^i^iaai (Aquitard) aila^aam^mTlaalpiflaa^^aaa apino^rniTu 
1 Z St Z eZ *Aquiclude ^ayn^nio^^aoaauJ^smyia 00 ^awamay'jiJavi^iu (Sandy clay)

Hi) y

fmaa^aailpiSaanDHma^^aailpiia (Water Table) iilamfu=vi'lafmaij<i ^aa^lpi 2 ^0 00 

l. ‘tfaailiiSa^ ass 2. 'tfaaiSa^i ^as^^Hlaiiln 6.2

Xerophytes

}
0/ o a 3>« asvumMwuvin'ni 

Perched GroundwaterniUTl-Mt
Gravityational or 

Intermediate 
Vadose 
Water

i X

1 ...

■'■ \ rviSivuvrutn
Capillary Water i...

41'i...
/

Phreatic Water 
(Groundwater) vu^4^5rr7e mui7u 

(Effluent Stream)
<Z *a v
wvivludl (Aquiclude)

'r'^sr'

V V

vvidi^nnw

^ X ■X ^ ■

£ ^ *
•ffirnildT (Aquiclude)

i«l » f
run 6.2 il7sm‘mj0<3^aanl00a
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a!/ V to eS ci(V *

1. (Unsaturated Water) ^‘UIUUU'U^^
i \n | <«uu^ imn 3 ihsmn fie

• V'wIlJ^eimfl'Hlev-U^SBimPI (Aeration Zone) me V'WCTlilil (Soil Water)
o to t J!c& 113; o 3/ A A A<uilusB;i4,uil'utS:''U'u5fi'ifiQ‘unjn-3ijnn uastn^niTT^t'Hfjl^'im^elmufnnjjI'Q'u Iwwu^in^uvi'i^

. ^ 1^ 1^ v a/ ^ a) at

£tfl0m (Perched Water)
v v ^ ^ 3/

• V'U'UlT'WJJe^ (Gravitational Water) ni7l'M0<U0'3'Ulltls5'uU0ti0n0lmtT'3l'U3jd'l>3ni0'3l0n 

sK^ijmn^innt»'Ui4iw'ii‘uinpini?l'H0liJpmj?00UPin'ij0^wi'UKf0^'U'H'u 'ounTsmlvm^lillu'lpi

<u q

t/ V \M V d\ t * A ** SJ <n Jl• V'W'Wimatie^ (Capillary Water) m^^'Uljn^in0m?1'H000Un0UVlf0inflfn?1'H0™1ll 
A A y <v it 1 A ] t P dutni-3 ^fnunuui'^ltJudi^TJO^I^n'Mn^^'vinfie'tf'uilil^ti^ndn

at

3/1 ^ 1 «s ^ <siuKlmjdi'H0'3l?in ,uisi55infifm1'Hfivi-3Cu1iJpiQ00'3i3j^i4,u0'3<ui^jjinfrin0^3jfi/'uii??0imfr
q

A st ^ st ' at 1^vhlmhinflmslMsl'Udniytuslfl tlenin u?-30s:il?iai1 (Capillary Force) U0£0in3jeru'tj0<3,u'm0tj

luwu llfjfni (Hydrostatic Pressure)

UT'J

J

P ^ it 3/
« o' a/ a-1 06) St ^ I a/ a/ a/ a>
,ui4mj7s;piu0'3iuafn)0'37s;fiutn l?ifi‘uu?is;mJ?wnw'unuiu,uifiu0'3eii'ui?r^i

q
3/ 3/

0113J 0111 u # ii th n ?m i) s

(Atmospheric pressure)

(itlMfoMtl) 6.1
at 11 at

U7T01fn0 7S0UUTOS;'H00'U'3^7Si01l0'3nfiTl IS^U^ndnildtril mmsmj'un (Water Table)

A t 1 A <u at at
6.1 ^s^D^'nim-iue'i'uifnyltiviou^iJilfifnl nj0'3^ii'uilvi000'undu

qj q

•» I *

epui^nie^tii IwrieurnKJaeil (wjj)i0ruwigii£jn0i4,u04mfiSii (ww)wSfn)04011

Silt 0.02 - 0.05 2000

Coarse Silt 0.05-0.10 1055

Fine Sand 0.10-0.20 428

Medium Sand 0.20 - 0.50 246

Coarse Sand 0.50-1.00 135

Very Coarse Sand 1.00-2.00 65

Fine Gravel 2.00 - 5.00 25

* * A iti 1 A 4 * & v!»'U'Ul^Lm7n0'100l'Utli0471472;'H'il4'10r0^00nU‘)7U0‘UU1407401iU70n'il ^11101101010 (Aeration
*A * A 1 * * c& 1 o' A AZone) Ufls:il00'U1^0tjlll'Wll'UTU'il 0ll00001007 'Hf00'31ufll7J04011 (Vadose Water ‘h!© Soil

Moisture)
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2. v'wwibjjcti (Saturated Water) ^uijiuuuuajnstjl^s^iiijnw'iitifi^liJfiQu^i^jjin mamejunu
wuilu’Su^Ifimtvnn^nuiamtpin'UQ^u^ iJ?3jnm^l^tjlu‘?'uAunuutj^£Bad^‘ua^
£ v <* p

Sirtu^u?isfm3jejiinj!)'3i0yu^nnj€)^6?<uitr^
q q

v y y y y 13/3/

‘nJu'nl^mjMuunl# 2 ilisian ^nuaia^u^'ua^'un 6.3 ae TOifilaauaiTTs

(Unconfmed Aquifer) ^aiainu^^ja^ililaatjminuaQnuafJUTianma

iua^0ilaau?s;vri3^tj']af^atia^1iJ?3nw']atjaau‘u^3jnn aiijja'utfiua^-utfila^l'uuSm
l ^ 3J ^ V 3J 3/ 3J

uinniiaQiumjDe-aimaifnfT wijnlaa'u^na
•ijai^nsuTflun^sauainuannja^fjiiaf^muuniaiHlij^rf D^tnaniTlviaaatJDa^ifiltjiulu
ay ^ <v ^ * d V 3) 3f V 3t

anumsiaa'jniJtlTw m^a^aiailan^’uunuiju'u'ii v’U'uiuiaia (Groundwater)

(Confined Aquifer) Ifiavnni?

4^ d «a V

(Recharge Area)

V^ii /filial
^saulvd'Kaj^Tn

liewvi aainjna
UTw^imJe •5-»»rr

T

Water Table'Sg /
eV V

WUlBtTTt
E% 2

wauui ^

V V "]E?
ryuiflinw

iImpermeable Strata
1, ■C

l_E2
^**'r 1 <« wkjvwJTT^I

-X-'n r^—----------

* £ £ ^ 
Tiln 6.3 iJ7s;Lavi‘UB'3t5''u,uilaa'ul'uw,uiaua']

TsauunlaauSaTijJiru^'Bnuisiamjiaun ^^eiJuvi^tfiUiu^sman misainfilaawlu
cw^«a I V 3> 3> \ 3) 3J 3) X 3t 3/ x ,,

wvi^iTnmjaiinnn'iiTsautjnlvi^uietin unlaaulu^utjTa^fliTfuiliJa^tnjnSu^ viehnii
if 3) x 3! x y

ilanthvnMaaBn^nwihvimnTfuiilafni 'unlaa'u^lviaaen (Effluent Stream) ^nlMiJiumijnla
^61^^14 ^ if if if X J/

au mw'ui^nanSaiaaa^ luvn^aT^njjvnfnraiifjiluwun^'w^mEuTuaan'iiisa'iJuifnnnTi
Q4 £ £ * d HH X H if X 3) ,

isauunltj'nj'iha'U'q iisinaniTl'Haua^^'U'unlaa'uau'q ■unlwatj'al'Ham

ina^wUnvi^iTtun ad ilandn unlaa-u^lviam (influent Stream)
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Fmumj-W'WBIS'H'in-JlllUasV'WCT'W (Soil - Moisture Relationship)
(fniu^'u) ^fauYnn^iadl'uwT'ir^ Lbsnaulilfbmi^ 2 wpiaa

(Adhesive Force) uasuT-aSpu'H'uu^Tsvrii^e'uanaue^i^Pii'u 

(Cohesive Force) IfiaiJniua'iuT^afUKuaaisKdi^a'uaiaQa'^SfliiJinn'inuT^afU'H'uaais'H'in^aa'^
nirui i)s'ail'H'uil^‘utnpini?l'Ha maaauj^u'ua^'uiin^mmlSatJuiJa^liJ vffainfifmms'via'ui

3>-a 4 1 ^Ifi^'U'wfaiie'uiinpna

31 31 A \ y ^ 1 1ttftj'ui^uyi?nad?mj?aatt(5inn)a'3ttf'u^t4,Hfa£tfU'H'u uihlpi 4 anyfus^utTPi^laluiil'a 6.4 aa

Soil Particles

Water

Water

Air

A j * *6.4 anu^u'VNtJBua'JtJiuas'tfuapra Itnihmueh'a5)

0 5)^ A } a/ J1 <v dll <=> A d 1 A1. Gravity Water thlfliufiadluaniyfunmuCiJjn'wum'ulu'iia'n^'ue^atjfiifia'u^fiuunfll'Hd “b-^
--------“ “ ------------------ qj q 0

do ms^o A A Ci , o A A 31 <=. c eS \ * 31 d dmutlntan n?Tuatj,Ht4'3'HfBflaifnattvi7nad,fliuau'HtJ'3 iijaihwiau'5ua4?rtfu'uilaau?s;rmnu'H
qi qj q|

^ 1 A A 31
ItiUTnfua-jmimliJilfinfuivi'inuaimfT^nnimu^liJpiaaui

qj

V ^ I eA d d A
2. Capillary Water 'uilaat4^atjl,uanyfus;mjuS3jnviiii,,Htjlu‘Ba'3'ii'3<tie-3BtjmahiTanitnamn

3) ^ £4 l 1 1 ^ 1 ^l,HUT'3naa'u<ua4tlian?Saninnn'inaaiua'unja'3ii?iaima tfTU'ui1aa'u^B{Jlu‘Ba'3']i-3?s;'H'ii'3tB'u
qj

a; d A 1 v ^dii 1 ciaa'amunaian wa?'33J,ue4U74aai'Huaa7s;,H'ii'9‘BiiT,fTanu‘un SanjjnnnimT^I'Uhda^nja'jlan'M
q q

\ 31 V 31 * V ' t d Jifns'MiaB'Ui 'wilM'unliJIvialiJanalauT'jI'uuda'jnja^lan udtaaati‘a1'Haaau^tj1iJaQau?'3aa5BU
qj

c* d y <a. A A * a A! \(Capillary Force) laaCainumuaandn Gravity Water imt'nfTvn-jfmiaaau^DB^'uilaatiuuu^ljJ
111414814 (Brownian Motion)

V ^ 3/ V 1 a* A I to/ A 31 31ui1aai4UDUufianymsafii8nuuwuylauun'i,a8d78ii‘ianafA mawili
qj q

3. Flygroscopic Moisture
1 ^ \ J!a-indnlal'ijainulamnn^'u Dsinafm^smaua'i'unliianijfusa'jndnflu

A * & 1 * A \ * d4. Water Vanor maa?u,HaCn)a'n4nSdiunn?i4,UTamis:afiiii4WTDa4£Bi4T'fra usistvmnfnamiilaaaa
---------------------- T *-------------"f* q qj qj q

1 A 1 31^uliJiTria'ivli'HfaTsaij^iT'idaliJismjTaauanua'i'Kii-iiTa
qj qj q
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(Material Properties) m?lMfl,U0'3'Ul]^'U'Mlviawi‘U£»'U'11T?lfllinDflfUinj'lJ«
9 q

* 3) \ M ' 'Imifi firnjyiT'u
1. 0T13JTN?,U(Porosity

foejuem 'B'3'ui1^'uinimmm'u^“tf0^'in^ni0^0inipr 6.5 ^iJisnouliJ^u
V V V v ,

woimfT “tfiiun uas^'u-itr^ mjfiiT^lOT'itnfu'Hifii^iijjymjiSti^mjfn?^
q q

6.2 0'3nul3JiT3Jii0'3j0fu0^?il?i^
q qj

UUU(f|'l'3s]

«S V QJ cS ^: n) Vtin?J0-3 0tU1T3JlJ^<li0'3^UT,0'^,M003jl'H'Ul1'H0m,u1lJpnulj0-3'll^'Hf0

d a/
6.1 ‘ff-minu

ims:m?n7sinyni0-3^uiitTPi

vvn .... 6.1VT
I 1 ci * I

uvnnJ?inpi?u0^tij0-3'in'3'0'uiu77^00i,^u?'33jnuil?3jn?mj!]^gnnifrM
I <w i omiimBinen 6.2 ■Hvimilijjifi?

uvruiJ?in(5i7ii0'30ifn0'^im7n0d1,u‘ii0^']n'3is;'in^iiTf3 MvimiHui?!? 

uvimJ7inpi7'U0-3,un^uvi7n0tnutii0^'3^7s;7i^'ifr!Pi
qj q

it

UVrUll73J'1517^VI3J(51tU0-30llM!0'M'U 201tVinnUW0773Jnj0-3lj73JlW7slf0-3']-l^

nuiJnnssmO'rap! 6.3

uvTU0i0n3j'vn'uiii0'3T'fr^ IdSviu'Qy
q q

A
VvtU0 unin

Va

Vw

VT

n

Volumes

A X
AirVa

i L

Vt Vw -SValefi-:

Vs

jr

ci d J/

7iJ2 6.5
qj q

Vv Va + Vw .... 6.2

vT Va + Vw + Vs .... 6.3

immufnmjfmvi 6.2 imstruniT^ 6.3 a^luinjni?^ 6.1 imw^tnjfnil'nd 6.4
1-^ .... 6.4n

Vt

95



1

6.2 fiifni3JV<?'uni!)'3T'fT^(fli'9^,ufi uas;nju'iPi?ii'3'ri

IfTfl ntn^i (waaiiiPiii.) mfniJJVI'S'U : n (%)

16-32flTOWHtmj 28

8-16 32

4-8 34

0.5-1vmcivitmj 39

0.25-0.5Vltlt) 39

0.125-0.25 43

Silt 0.114-0.062 46

^vuvrutn < 0.004 42

' i *a a y ^
fc» q

lpiaravns;fm^ninmaQnLm?Tianfn«'U'Hfa'H,u iim fifutunji'ua-jv'u^'uvi?®

wtiu

enem^n 6.1 i,usiiT4^KU'9iJ7siinaiwa7'3usu®-3iJ?3jn(fi7Qimfr^®m'H'u®,uii,ijjniiiJ?jjn?i?njQ-3'uil,u
3/i ^ i ^inpilfiminu is Spit iJTuiPiT‘UQ<!#'uixi3Jfhibs;infu 20 Spit ofnnnTiij'TTSTaT'njviT'unja^wTtTPi

q q q

SthSit SSnmilpi 

o^vn Vv mnnu is Spit

‘DintTUfriTVl 6.3 

uvniSipii^'i fiTl'umjfnTS 6.3
in 3/

*=»<=J 0

VT Va + Vw + Vs .... 6.3

15 Spit + 20 Spit 

35 Spit

VT

vvrnmniniTvi 6.1 

U'M,wSlpil'3ffl aTlufrumT'S 6.1
M Vsis Ipi

.... 6.1n
VT

15 Spit /35 Spitn

0.43
l c? tSipiqu SnaoTinNT'UTjaTSa'Piu tviinu o.43

----------------------- q q
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(faea-Nri 6.2 0?nnvniu'iniis;^ufniusmjifrntTPinj0^tB'u,untwQ^^0 i ssmi^'OT ^Cfhfmu'vm!
i ^ ^

irmu 0.5 m0i's^ii00iu0n3jnn^i0'3ttft!']^?uviinu 3
q q

ci«=a o Vvi^yii flnmrufmvi 6.1 n .... 6.1VT
qj a/

Vv n * VT

n * —
A

a< a/ s'! 4» ^ Vi

“iliuKsmn^'HUfi iviinu w?ifjtuni0^^‘u^'H'ui^nii?s;^ii0']ujan”
• <u as o' ^

tmu0i0033j0:'3j'nu50-3l'utnjni?'w i*
in i>l(5|

Vv
.... 1*A

A* Water depth n * Total depth * A
A A

Water depth n* Total depth
12 in0.5 * 3 ft *

1 ft
JJ <£!

18 ■uifiafm'mn
O *S A <v ^ * CA d v *0'i(gi0ii ^iiufininnvitTfiua^Ts^irwil'uwTifr^u S^'iiyiinu i8 'U'lfiafnTn-j'U']

i i

2. YmYlNl^iryns (Specific Surface) ’WU'lEJO-a 0PI?30r'nT^U'MW0‘M'3'M3Jfnj0'31?T^,M?nUTJ0mil'Mf0 

©uiinlol^ouivrunno-jTM ^utTfi-aHliicnTi^^ 6.3

Pirn>3^ 6.3 R'nu^iniivETsviii-i^-u^wTuo^T'tTwninjuniPio'Ufn?! ^tilvmJvi?^nfiiJ
q q cy

V I 
4 <a «virumguanflid'uodaw.mfi

(wamupii)

V^PniOdT'fTfl
q

eia 1 au.ujj.

■W%4Y1WT51JJ

d10 nTiwiuwna'i^ 1 3.14

1 * io31.000 31.4

vmtjfisiafjf) 1 * io6o.ioo 314.0
■0.020 ‘Ban 1.25 * 10 1570.0

aunrutn 1.25 * 10110.002 15,700.0

3. U?4flSllafl1Tyf700SllT1?mm'UrU ('Capillary Tension! *s A *>1113004 UT'l^inil'HlIllpi^'UinFIfm 

m00tj^1'Ha'5u^'ulilliJutn^4 ‘»4lv!afn'uvi74nvuT4l'uud04!tj04l0n^n?5;>33(5i0£Bui43](li^ii 

^UtrPI4lhll4|ll^ 6.6 TS;^U0h3U^4ni047S;^inj3lwiiu(Capmary Rise)^1vm^ullJl^U3n^?l 

^'iPiluTiJniQ^RTiu^iima-i'ui fnimrvnlpiflintrufn?^ 6.5 uastrum?^ 6.6 ^iSutrufmv 

ltS;'Hiu?40s;il00i!^0mms;uis!i?f3'uinni5n?i4^ 6.4 xu'int^^^silaailmJTwnw'unu-uvnpiuQ^

tlf04']34T"'H'314^'U
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I
Y

7^vir_r_“!
2r

hc

y^yy

A a A A ^ d6.6 utT?i'3fml'H^l3j?,u1iJl<um4Qi'3n)Q-3'unfntjluviamn

2 * T *cosXhc .... 6.5
r * y1 w

uvrui'ffS'ya-aviamn'al'Bl'UfnTviPia'au'misiasaQijjtT^njQ^'uil^u^mPiniTl'Hhflv!
» ^ 

luUUQ«-3
y 5/

uvruuTH'unaitvn^ma-j'uilpiiu -Huia g/cm3 

uvn4iJiJTs;vi'ii'3waIa'3U0'3'unniumhi'3 vi’u'iaa-qfn

Um4ttT'3^W0nj0'3t?U'Ull(f|i'U tB^Ull7WnWl4niJ0tU'Hf|2,\J0-3'U1 KliltJ g/cm
* 3>o . A In ** Atm,u7s;0s:00n3JfT'3nj0'3'unl(fi^^m?ifmlM0?,u1iJu'U0^1piuin^0'?i

*1 9

■wibm'iaiiuupn

A
tU0 r

Yw

T

hc

■aatuvifjC 20 a-afni'm^atr aiiupiu ivinnu i uiioirnff finuT^^wiiviinu 0.078 nl'uFi'at'Kumu?!? 

UTHiInflimis minu i g/cm3 ua^insvn^wiTa^a^'uil'uu'unA-a ivinnii 20 0^01 tTTHTU'ui 
u?irvi51'uun70rs:0ifi isasanjj^DO-j'ui^tnwmTl'na'Su^ulillpil'utTfmsj^nfin ^tSufrans;

6.63J1P1751U<*»
0.15hc ....6.6

r
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enruti 6.4 isyspiTiu^njQ^fmlvfatis^nja^T'fr^'i^'y'upi

V

1351
<1 imiflueiTfron (waarnsrs)

nTifiasiitj?! 2.00 - 5.00 2.5

nTitmoiuinn 1.00 - 2.00 6.5

nntmfmi 0.50 - 1.00 13.5
VI'a 111 0.20 - 0.50 24.6

viTitias;t0tJ5i 0.10 - 0.20 42.8

Silt 0.05 - 0.10 105.5

Silt 0.05 - 0.02 200.0

Fnm'S'imWTW (Permeability : K) 143JlfJQ4 fin3Jtnimfl<U0413^'MEJQul'H'un1'H3,SuWTU‘tf0^in4

\104wiMQ0nl1l 2

fuwiuillvi^mjfm^ 6.7 'K'3^14nU£tf'U51,U041351U0SUUn5l,U041fT51
•» q

4.

2K .... 6.7A

05i77ni7lvi0miJ7in5iinj04,»,u,uil^u'0m5iniTl'H000n'Hf0lvi0
3; ^ **

nnl<uu'ui^^nnnin00U5in‘U0455f'ui0'5i vniiyiJfinpiT^nsn
q

*ii d %J a; ay a/ d o Q 3>ci a (n i i

vi,uvi'H,U75)piu04VuiiT^ntjnlpifn4in5)fm IviaRit! ynnu 

fiifmluwTu vivnmu51 semiii

13J0 Q 00

A 00

K 00
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I

emufl 6.5 fll Hydraulic Conductivity

FIT K : m/dayimfnue-njm

Clay soils (surface) 0.01-0.2

io'8-io'2Deep clay beds

Loam soils (Surface) 0.1-1

Fine sand 1-5

Medium sand 5-20

Coarse sand 20-100

Gravel 100-1000

Sand and gravel mixes 5-100

Clay Sand and gravel mixes (Till) 0.001-0.1

Sandstone 0.001-1

Carbonate rock with secondary porosity 0.01-1

IQ’7Shale

< 10'5Dense solid rock

Fractured H5S Weathered rock (Aquifers) 0.001-10

Fractured VTJ0 Weathered rock (Core Samples) 0-300

Volcanic rock 0-1000

Til o'5. fnnrSENWTU (Transmissitivity :T) VUJltJ^

6.8 Iwn'mTtuvnfnfmt’NWTU 

K * b

fliniT^WIV! ,H'U']0(5nTl'313J?l?pi0T,U (mVday)

01 Hydraulic Conductivity ,HU']0lU0If!l0TU (m/day) 

0oiu,H'ui,ij0'3i2rii0inimLm^in0 (m)

T .... 6.8
di

13J0 T 00

K 00
.3b 00
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V
m o q yck

fsliJ&iinnaififlT’ wng^na'ntlfjfi'in ng^0^i?§ (Darcy’s Law) HsiunyniTlvis'UQ^xfil^ij
%!%)%) V 31

■n-31 u “tf y 141S in s u 0 s 1 u w ij 10 n n pi

(Groundwater Flowing)

figTie^PlTS0# (Darcy‘s Law)

iilvjnfninunin 100 ilinufli ifnn?!© Henry Darcy 1p)yhfmn70>3iii(fo0fm
i 3; ^ i y 1 »

6.7 u^sluiJ 1856 ui0pm4l™'u
31 3/

770-3714000341 1 1034 ITTlJ'l^'il “0P177n77l'H0D03'U7WTU^U70'Pm70-3
q q

(Porosity Media) Ull^WU
£ A"WUVmlTI(inP!U0-3n7-3n7SL0nn770 U0S;-B7734tli7Su0-3'70'Pl

q

^UtTPl-jHlufrumi'M

Tpl0P17-3f71in77^fym0lg(PI (Head Loss) 
n70-3UdsuiJ7wnwunu07734077U0'3n7s:L0nn770?n34uinvn-3U0-3m7l,H0”
6.9

▲

p./y A

p:/Y
\

Qin 4

Z r,
<y'

Sand Column
z:

/Datum Plane
Qout

T ▼

A A <u *iiln 6.7 mTn^?i0>3m£iinufmlcH?inj0>3,u'ifntili4nis; o'Aij0nvi770 m0-3pmsii

QCC - Alh>- 
L ....6.9

v in ^4 (« q 34<a i ic i

Jf' A 34 a/ a! & * A * *uyiu^u'M,Hi47(?pinj0-3‘»'U034iJ7^i47lpii'umpm77l'H0mul,uui47Pi'-3,mn miidyajvi 

UYllimimyimSPII^lh SmJ00l3l4l34P17D0-3,U7 0Pt1pifl7flW0Pl’7-3<i)0'3iaplU0'3,U7
f sJ i i p ^ 12 11113 'H77Pn07S0S;,H73D03U<H03147173 2 11713 lu'Smj'70 

i i A <v *UmJ7S;0S7!737Si71773'flPl^7PUapnj03,U7 2 ^71171143 71140007734077

al
1340 Q

V i

A

L

mmruni?^ 6.9 m0i5014077U0:'34^14S03n0'7700m4lll47llu03tT34n77777llJ tlll4031T34ni7^ 6.10
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K * A *hL
Q .... 6.10L

A imufhni^umurumj'lh (Hydraulic conductivity)L3JQ K

^iinfniutTuiNu^'ii Sfiiiviinu wdficuna^fmwtfinja^m?
£ ^ a) * * ^ *

I'Hfnia^ue^l'Hdnu^u^M'ui^finja^'tf'UQU'ui^nja^lMdinfimil'Hdmtiluuvn^^nn” ^utTPi-jli
A d * A i * d 'lutruni?^ 6.11 tTuniTaTuifuvnaii^imja^'ui^lvmmii^amipimja-j^'uitT^iil'u^tnjfn?^ 6.12

v * A
Q/A 

K * A *hL

Q .... 6.11

V

/A
L

K*hL
L

K *dhL
.... 6.12

d

4 mruainut^fnff vifaanutfiraaonja^rmlvifi (Darcy Velocity) ufa 

Specific Discharge Velocity 'H'UiaSSCJSiYI'Nfianai 
tmuaimilumu (Hydraulic conductivity) mntntEJsvn^anm 

imtifm^tymais^ua-jUn Svniiatilutupiinja^iJi ^afilMnnwafin-3 

nja^isfiua^tii 2 U'Hl'3,m?fina?sas;,Hn^nj0'3U'Ha-3tJTa-3 2 liiSvniha
\ \ A *im'uisas'Hi'ns'Hii^Avi'mnnimafime'i'ui 2 mumi'3 mihaanuan

ma V

K

hL Ufa dhL

L vna dL

S1 A ^ ^ 3/ d ** ^laia^mnaaumntnjfn?^ 6.10 vifatrum?^ 6.12 u?ra'3l'HivruQini?l'Hasu0^tiilaauma?ul'U'aa
y

3/0/ d o q 3^0vn'3a7'3nnunurn7?rajt?raiaanj0^inlaa'u
<U *J

ana'113Jt7QU0^t4nlaa'U,alviaaia1uttfa'3in-3,tJa-3sB''UT'a'a (Actual Velocity : va) lll'UfHtnjmsyi 6.13

....6.13v/nva
4 uvruanjjvn'unja-ma liJCmiia

q q

d y At *
im,ua'mji?2‘iia-3'uilaai4^1'Hamt4^a'3'3i'3iua'3£tf'UT,fra vitjiaisjatyn^aanfn

q

ma n

Va
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mn?ilvi6.7 'B^'uvmui^mvhnu a Tstjsvr'i^
a'A 3/v V Anja-sgilfiTfu^l^Qfuirsfi^jQ^-ui^vn^mufisyn^Qgn minu l Ts^ufmuufin^i^nis^

is^uun^vii-jiuinimi^aan maa'iuasjmtlvianja^'uimalumsiian tyiinu hL innfmnem^vn
3/

anna-3 >31 -3 Mil Pi (Total Energy 1(70 Total Head 1(70 Fluid Potential) 111^07^^1101303 lllua3
mjni7M 6.14 5B3t70fl'31 0'Ufn7!U03m07'U00 (Bernoulli’s equation)

vf v;A A~Z+ ^ ^2 ~

3/

umj07iuai!‘U03,u03ui0i0l,uyi73n7s;ii0rm7i0 icuQd Pa
* V *

uiruunnTn?imis,ii03i4i miimupi7,u03,ui 

U7rU0711U777)03ni7ll(07103,U1010],UM73n7^1J0nyi710 mild m/sec 

umj0'nut73<u03'ui m030inii73luucb3U03lfln miatj m/sec2 

Umi73;pi/ii07iu?r3nj0373;aij'ui0itil'uvi73n73;ii0nvi7ifj miidiua? (m) 
um307iuupinpii3nj037s;pi'ij07iijf(3M^avn3i'uinimi300mj03 

M73n7S(ll0nV1710 mildiua? (m) 
pniTaei 11111003 'Opmi3mu03i4i

*1

v
aTM00 2 M11003 Dayii300mj03'ui

.... 6.14:2 *g 2 *gr r
A p110

y
V

g
Z

hL

mmTini7Vi 6.14 maapifmaftyindifipi (Head loss) sii03m7li(0'U03'ui0i0liifi7"ij0rm7i0 D3;tiliia3 

mni?^ 6.15 m03flmmuiAm;uwiuai0n0i3m03H73n7s;i0nM7i0Ml#ifhivnfTu a3,uiwapi'i3U03 

ni70;0jm0lSa071H77U03ljlMV113mU0S(Mm300ni0iminilPf'U0' (velocity head:Hv) 01017^^0 

taai0,infru00m03]a?inii07iit003U03;07iiain)03'uifii0]un7s:ii0nvi7i0M]<tf1'um7iia003 

(-+ZJ - (^+ Z2)hL .... 6.15r

l
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I ^ ^ ^ 3^ i a' ^6.3 ,Mnn'i7vifiir0Ufn?l‘H?in)!)'3'»u,uil^,um<u^']nin'3^ifi?ij:'Httf'Ufi'Hi4'3 lu'wprvn-qufvu
a/ l 1/1 3^ 1 a/ * ^ ^ ^ ^ 3/ v la/uqu t?iminu 35% ^']n^i'3,vii6tf3jyiij<vrH,ui^^uvnnu 1.5 emu

^13^ * J! v v \ v
lUPi? fniusjiTw-j^'uuQ^^infn^^l^lijniTvi^tTQUfi^S minu 2.5 ssusnin'jfamivi'U'iin?)

ivinnu i ui^ ©yinnnii

d t £ <a \ A \0inuinni0'3Pii7Slum?vi^fr0U0f'3'u Sfiinmpii^^'UTw 

0'nut?inj0'3iJi^1iH0wnu^0-3'ii'3n)0^sfi''3n0i'3fi''3n?im
l.

2.

Ad o2m 1. inntnjfmYi 6.11 q
V

a/ a/

v * A .... 6.11

Qv
A

A
L ....2*
t

utrufhipm'n fnt'uirurm'w 2*
W V
Ifl 2.5 m ^ 3.28 ft ^ 12 in ^ Iminv

Imin 1 ft1 m 60 sec

1.64 in/sec
v2. flnnmjfmvi 6.13

6.13
VI V

?s; l?i

6.13va
n

2.5 m/
/1mm * Iminva

0.35 60 sec

0.12 m/sec

d u'd d i a i a dfliflfnj i. fni3JiTinj0>3^mS Sfii 1.64
d ^d III O/ d i It.2. 021Ut71sU0'3'UT0l'HaWlt!tK0'3'il'3nj0'3^n01'3 Sfh 0.12 (m/sec)

r

1
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m?KT^fryn-3m?1vf?nj0^£?'U'ui]^,u0n^fjififQ^^a^tl!jnii I'wT'wCiPia? (Piezometer) ^iil'UfmiPi
luiiJua^anuar^a^^^uilil^u

y

lU?17fl (Piezometric Level) M?(Water Level)

v v

fm1,H?ni0'3V‘U‘wi1^‘w Sad 2 sniitus: 00
niVtaaTummiU (Horizontal Movement) ni7'HT00yil'3rm1'H0U0'3WLnl00t4 ‘ail^l^ann

* o' *

2 5u luTs^ut^winu viHnuiiltnsy^vru
6.8 (n) femjuilulwMflasSanmimi impi-jQiluufnfu^naiitfnl^tilu'S
j/ ^ v y

ni?1vta uaffidntiil^'uin^mTlviasnnl'vil'iim^a? ^5
1 «v v d 1 o' A va'lTs^iJ'unSanunnliJ^Ivn'tfri^a^Sa'nTs^u'UTuayn'in

l.

'j minii l 0-3tm0^

2. fml‘Hal'WUmei'3 (Vertical Movement) m?W1'00ni'3nillvmnj0'3Wlhlwi'U
000'3l<wlcuCi(5i0'3?itni40fin-3'U00 2 Itns^upi'n'jn'uuasMi^ntitilmsys'Hri^maini^i^nt! 

^mafPKilTliniJYi 6.8 (u) riTs^u'uilulviI'iiCmaiSaiivi'in'uua'^diluijfnfu^na'iTtfil^ii 
liiSmilna uplaiSaQiuupin^n^'ua^^wiruitn^wua^^'iiuil^'um^mTlKa^nfilnlTOtPia?
^ I ^ ^ g* ' ^

%5$g<5^1 k^g$5$5g5>55^S5^5<<^

i 1
Tdh Tdh

>

t

n. utnnii m. 11^00-3

A c y y
^iln 6.8 fn?,HT0flfvn-3fmlvia,ii0'3^ti'uil^t4 

n. utn?iu u. utni-3
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v y

lJ-52;ifrir,U0-3fm'l'HinJ0>3‘UllRCT'V4 (Groundwater Flowing Type) niS'miimnnislvi0nj0'3lhl(^ul'U 

M-UKsmSlbsUTV) U0fl1^ 2 ITfms; 00 fn?l'H0ilJ0^’Ullpi^l'U^fms0'3^ (Steady State Condition) 
Uf1Sim?l'Hini0^'l4nl^'ul,U1Tfms;l3J0'3^ (Unsteady State Condition) l'U0Wnni?1wfl,U0'3,Ull^m
^ _ V] • fii 3) o a/3> |ci *£ as a q d ^I'utrrm^uuu hif\iv\ ^Q'3,vnfmi^nj!33j?ifmiiJ?iyumT^<u?i^6u!)^i^^uiJili?i^ii^?i!)^n?n,mn^niT

A A cA I a/ ^ eA A! V V
dsyuuiJs'i l!l^'3S0^^u^0^mJ^fll'um?0^^4^fu ^,uu1'U'M,uiis;n0,n0-3m?'is;fnmfmlvi?nj0'3'tf‘u,ui

*=> A 1 **]mu]uT(fmz?)<iv\mruv
v 9/3/3/

in oSJS^'a • cu o q o q 3><e» di a'q 1 id!fm l,H0‘U0'3'U'im?muu-300fi Ipi 2 il^stfrn mumtTtJispiutJimirutnmpitjiilumfUTimm^uu-a 00
v 3/ 3/3/ ,

^■UiaUuSins (Unconfmed Aquifer) U?1Sittf'U'Un^n0 (Confined Aquifer) tTflfllT^I^IvnfUVnOffin
3/

m?l,H0,u0'3,ui]00u uun00nl0 2 n?tu 00
1. ni?lM0,U0^lill00'ul'U<g'U,Un0tt?S00,0nS040 (Unconfined Aquifer Flowing at the Steady State

Condition) 0n^msu0'3nulM0su0'3'uil00,utu#T40U'ui0fn2; m0innis;0ii'uil00tiluitf,uT'0r00n <«
113/ 3/

*'»| ^ 1 3/ ci |i=i I <S d 0 q tH o q 3><=»©eummJTUfm'N vi7000utj'ut400Ufn7m0tJ'uuil0^m03jni??rij,uil00UK?0iins;ui
* o; 1 A * 3/-a V 3/ , ,

Tuth^nfm mTtiJ^viuiJa^Tsfi'uijnl^tjIuw'unSinsiim^^Hl'UTiJ^ 6.9
^ ^ ^ ^ 3/ 1 * * & A *
0'3ni?iiJ00uuiJ0'3is;0U'UTHf0t!(0ni0'3'unu00S0iuHt4'3,\j0-3itfU'unl00'u moionniTinj'uioonliJ•u

^ ^ I vflTUTuvru^ tldnii uwu0iv<ni?000^<u0'i'uil00ti(D
d 1 A d ^1)145010^^ lltlfnn ?S0Utlna0 (Draw Down Level : DDL)

v v ADown Curve) U0S7S0mlT0000'3llJraw

Original Water TableQ ♦
Ground Surface

/

:z— Tr...z^,.rzzr^r:"r jt-iy~ - I •

fs, i.s_i
;

i k

x Drawdown Curve

\
'IT?

ho
^2h h :

! ►rlhW

f2

Unconfined Aquifer1 ▼ ▼

Impermeable

6.9 ni?l'H0^0'3^t4,uil00uuim0fns
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i o 31 <a * * v
nQUTnifn?i<oisuilfi^'ui43Ji is^uunl^ut^u minu ho iusfn meiiifnTi^nsunlpiiu^tJvi'a^tnfl 

ifruwTuafuanai'j dw vtia 2*rw taru^mpi? i^au^u^nsuilaiufluvisfi'tf'U'unainsua^T'pi
a/ o V ^ £ AQPi^ifm^iiiia-a'ui^nsjiljj'uiiafa^mj^ afuu^i^apmniTffulm'yiinii q m3/sec l^^uin'Da-j 

mi^u'uil^auwui'u'u ?spiu'uilili^'u?stn?im5iilaa'uuila^aai4?i?u^ Ifiara^is^ntmii-jnja^
^ o a a/*=i | £ | 3>InlTOt^aivifaiia^tnPiniTfu asvn-jaa^iJa^tfKfi 

apiaanajtr^
<y

£u ^uKu^^nanlpimnnu hw iusfi? ^iiltmimlaaumJa^i^auijTl^u'a

niituKi^mviaisnsyil^ijuin^u ^'unTsio-jTswuijnlwiuliitnpimiiiJaaiJuiJa^an !■
v

=;ITfrnswn (Steady State Condition)

Vi %J V V

'Mti^fmlvtania^'uil^-u^l'Hamyiat^nsunlinitil'u^u'unatT^s: ivinnu 2*7I*r *h pmi'Jiu?)? truiln
<u

leiiu00mnn‘injihams:l,u0?iinnn?a'uunmnu 

anapmmtl'HamiJijjifiinja-j'uilsIi'^iilu^afjjfm^
q 'Hu'aailTuiPiTfi'anai arufmlufniaivntuvn

6.16

Q A * v .... 6.16

i *a d s' d d ' 1 •umjfiTW'u^'H'ui^Pumsa'niMTue^pn^a^lumjmi^ 6.16 imiiiViTiJmjfml'HiJ sisl^irum?^

6.17

- 2 * 7C * r * h * K* —
in V

<0S 1ft Q
dr

dr
Q * —r

[dr
Q* J—r

-2*n * h * K * dh

Jh*dh

tinfmau'ajniPimjfm^ 6.17 ^ai r iviinu rw msiT lihufuai r tvinna
v v

ua^thleiFm h iviinu ho iuiji? lihuaiiz^uniiua^a^s^uuili^iu h iviinu hw iupii ‘asl&n 

tnjm?u 6.18

-2*71 * K * .... 6.17

ro mfi? imsuis^uanutr-a
41

K2-tiQ K*n* .... 6.18In (ro / rw)

imuai^mmilvimi^iliinpiiua^uilifiiuunnauaanflin'tfu'uil^u 

atT?S WU1U mVsec
V i , j/

v ^ o Q 3^^ <ii a< In i ca s' o iiimv* [3j^u^i4niT?ru,ui ■w'unaujfls 

uvnns^umiuaf'jlviuvja'j'uilini'u lua^uuiaansnfvvuajj'uiains 

uvmfflui^ume-ns^uuiltwu luaa^liJSniiiTU'uiS'H'u'Qaiu^?
v

imuffffuma-iuvi^i'oisiuil^t! uuiaiupi?

iiuu'b'uuima q

ho

hw mnmupi?
r0

rw

107



‘mlpms'U'imejina I a/«> 3J Im vn-3 il g u (si a m ? vt i fi 1
i a <S in t i o do a a/ i d in yd** d< in ^ a s>*a

ro

<a I Cj ^ ^0i^uni5iniTl'H?ima7OEja(5in<u'ui?imn^J!)'3T'iTfl ^iIumTvn^iifnTlvmmiJiin^T^Q^ijil^aQ^ 

1‘tf'H0'flfn7nJ0'3tnjfll?0013J(5i0m0'3 (Continuity Equation) ^10fl?nms1wfu5-3ll?U15m0'3'U'llpifl'U
Sfiim'ina Ipiyl^u'o^in^mtfU (Observation Well) flTUTU 2 1J0 ‘UUieuvnfTU 1(51 

?b«iiisi5i^0'3,un1(5iia^infifmiiJ?0'uaiJ0'3liJiu0'3a(5la^ij0 litifliinpmiimiiiiTo^ii^vhwnYioms; 

■uilisiiultiirbS'Ma^npii^ntii n,3J3j^inii0^in(5ifmm^ i n'3vii'3^nn,vi0t!ns;'ui]ilii'ui3ii?s;ysyni
* a 3>^ A i O/ o'ci in 3^ I ay A o ^ a S' ayi l^mmu h, LU!3vnm?injuim^<u^nej!)^?'ifmi qj

i «> i i a/ o'A i i * cLrriimitiu imsiisysi'H'i^mti'JuO'aiio^irKsimifuvi 2 ii'j'Miwnintii'ois'U'ildli'u tilti?s0s; 
i!iPi<u0'3'uim0^ii0^m(5ifmtu^ 2 l&vnmj ^ uj?n 6.17 ^01 r ivinnii
rt OJ0? lihawi r m'inii r2 IU07 unsyrni h rn'inii h; Iil'ouwifh h tviinii i^

ri

ay
r, OJ07 10

UJfll
4tTum^vi 6.19

h^-hfQ 71 * K * .... 6.19In (r2 /rj)

0ifmciitim,unj0iwuil00u^l'H0^'uitT00-3n0ii 6.20
fa(r 2/ri)
hi -hi

v %)

avruil?tiitufm?njtii00n!nnyi0ans'unl00a Mint] m3/sec 
01

ay ^ ^ 1 1 3/ 1 o' Aavruis^ij^iiij^r'j (is^ai) ctfi50i00UD7i0i'0m0iti0W3ms5ifmfuvi 1 viviibUj^T 

amns^ii^nu^ (iswun) eKi20n00U'ui'30i0m0iti0iTimi5ifmEuyi 2 miiym^i
l 1 ay o'A ay 1 ^ ,a,vniis0s;'Hiinj0'3ii0ti:’itn0fii.7!U0 1 nuvioans'uiiji^ia vniimu^i 

uvmisasw'ni^iuW^nflfmEuyi 2 nuvi'oitns'uiui^ifi yniiom^?
1 ci Ul S' ej d ^6.19 wfoflimrufmyi 6.20 liJ?nim005in0tinyjfus;mifi0ainj0-3,unl00u I00

in o a s'«> a « 1 Jt A a s' 0 1 1 >trm m^‘uluim^'33jfnuimj,u tT3Jfmvil^fni4ifuvnfnfmiT>3mu
(Transmissitivity : T) lll'UffatTUm'J'Vl 6.21

£ *K .... 6.20
7T

<a
Q13J0

hi

h.
ri

A *myns^witln ivm

b j + h 2
T K * ....6.21

2
A^nmrufmvi 6.8 K * b

Add d dujotiJIyijmyutTjjfm^ 6.21 nuiTwrmvi 6.8
in s'

2
t ^ i ay l ay <edimu0itT3Jfn?yi 6.20 tms; ii! mini) ho-Sj lias iviinu ho-s2 6.8

T ....6.8

h.j + h 2b

Q_*V| 3/DS! 10 T ....6.22
2*71 S? S2Sl- - S2-2*h0 2*h0/ \
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' il n ,

<v a; * i ' *s;To^sfiiifniu^«u0^nl^Sfi'ifi^ TSpi'ufmu^mt^'uimfifmiiJatJ'uuiJfi^liJ 

mamaunuis^ufmu^'ua^ildi^nsui^ififQ^uUn ilanai (Draw Down Level:

DDL) ^mawlil'umjfmYi 6.23 

DDL

d
aErmieunimn?

- ho - hw
a/ o A In ^ ^ma ddl uviyTs;«ij'uil?iiu^afia-3 m ma^rminl^u vruiatufii

p ij

ho mruTs^utJil^'UTs^umu neumjijil^u
•y

^ v ^ in A a A v
hw umns^mlilsi^u'aljjSmTiiJaauuiJa^an ma'anfn^mj'uil^'uaaninn

<u

* * V A d\ 'tf'U'U'iliwu cii'3iil'Ufn?iNai?tun^a'ai

.... 6.23

mjaaoipi?

asa^n mnauj^i?

^0^^ 6.4 '^^^fmvna?l?lmT1Manla4<tfy'Ull^^4^^afn?frllUlaana^ntB■^'u0ll^u^lJlJa^^s m

uninKnanm?sifijmu‘»i4T'?Tanj94iwuun«n?iT] 'K^iua^'UB^wyn^naritilu'tfU'HU an 20 ujpi?
o ay 4 A V %> V
Tinnii^mpimimmmlayuuila^Ts^ii'UTiie^wui^nanlnoiiB^inpimim

1 Ido ^ q d,

vn4!nnvi9yi'vnni?i!nruilFiPii4[iliu?s

j
- _ DTUTU 2 1IB 'B-JBl-J

V V V

asvn-s 15 L3J?1T UBS 100 tUWl PHUBl^ll TSPt’ll'UlUa'J^'UUnlFI
V & i a/ $/

iumwnanininTJ^uuil^u^liJ Smm'ini 15 m?n maMawn^vhmifriiihlflaiiwIiJflotJ
^ o' '

1 irnsviu'ea^meimsfllvi 2 Can 

mini 11.4 11917 uas 13.1 ti9i? 9niB°iai aainvi7ii'iia,ini75im'uua7<tfinfi9i'4nBriifii^

ay V '

09171 70 09179107111 il7ing7i7s;aiiils?iailii8B^7in9ini7£ui

100119179197111

70L , lm3 
103L

cid 0

70*103 m3/sec7SY11 Q
sec

15 11.4ri m, m

100 13.1

Q * -faQ ^/h) 
hi -h?

r2 m. m

ioimTini7i 6.20 K .... 6.20
71

imim9ii7ti ivi7iijai07lio,im7i 6.20
in yns; 70* 10~3 m3 * In( 100 m/15m)K

3.14 *(13.12 m2- 11.42 m2) 

1.015 *10‘3 — * —3111111
1 msec

= 1.015 mm/sec

^n^aij aini75niwiinja4ttfi7oraa4no,i7 mini 1.015 100119179107111
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w i <=i 2
Sneai-STI 6.5 Suppose a well 0.30 m in diameter has been pumped at a rate of 6,000 m /day for a long 

enough time that steady state conditions apply. An observation well located 30.0 m from the pumped 

well has been drawn down by 1.0 m and another well at 100.0 m is draw-down by 0.50 m. The well 

extends completely through an unconfined aquifer 30.0 m thick. Determine

1. The Hydraulic conductivity : K

2. Estimate the draw-down level at the well and the below figure show the details of example 4.5

*

Q= 6,000 m3/day Observation Well

©1
4* *

t ^
**•%'*.r *T

■
f0.50 m

------
Original Water Level 4- j-t-------------

1N!
■- 29.5 mj29.0 m30 m

0.30 m r
-L,

30 m

100 m

d d a/ l AiiJn 6.10 6.5

o .aim(i)Q 6,000 m3 /day

30.0 100.0 mri m, r2

hl 29.0 29.5m, m

0. * fin (r 2/^)4Dintrum^vi 6.20 K .... 6.20h^ -hf7t

vins'iufn^l'utTufmii 6.20

6000 m3 /day * In (100.0 m / 30.0 m)
in 31■as lei K

3.14 * (29.52 m2 - 29.02 m") 

78.6 m/day

os * A A v d(2) Draw Down Level mnfjfH maiaifnT^ij'uileiiuoanliJsnn
£ * v 1 A d A & * a A ATutheNfm'n

3)

rw

no



0.30/2 mri

0.15 m

1h h, Sfiim'inu iu?'!? 
mnT’avia r2 = 30 m, h, = 29 m

ammnjfmn 6.19 

mrufiiemH 6.19

6,000 mVday = 71 * (78.6 m/day) *

71 * K *Q = ....6.19Ln (r, / rw)

(29.0 2-hj)

In (30.0 m /0.15 m)

in s'Ipi K 26.7 m

THfitrumryi 6.23 DDL
umjfheh-a5! 6.23

in V
AS If)

ho-hw .... 6.23

DDL 30.0 m - 26.7 m

= 3.3 m
( f V

1. fiifn7cBuwiun)0'3^i47n,^^nfii7 Smminii 78.6 tufi7?is7'u
H el

2. 3.3 mpi?

In o G] Q a/ o o o' ei ci3. m? mwuiqingiymn'n^fn-ayi--------— ■--------------------------------------- 0-371 (Confined Aquifer Flowing at the Steady State

Condition) n3?1,H?i,ua-3'unl00'ul'u^'U03JiJiflin0tnfi^nnfmiLldoijuiJEi'37S0i)'uil00,u]uitf7J7fr0
q q

^0Piim,'uinn'!B-3Sfii07iiJv^7U'U0tjjjin fnTnJauuuiJs^ispruuil^ulu'wu'unflinfi ufrfi-jHlu
^ ^ i ^ i & il V i>

6.11 (israih) ma^ufi'as^iuTru^ua^'uail^u
^ s/ it it i t

laaiiofmrrii'uiaanlilSdnTJtusii^inij'tf'U'uiams^in^mTlKal'utTnniia^
11174031131017^ 6.23 ^iflumin^iswinu^KlTi^utfiSms;

UHStT 31017134
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Ground Surface
Observation Well

Q

(.
!

I \k
Drawdown Curve

i

isi/ho
h

bw Unconfined Aquifer41f2
2 rw

>-a h r—
T

1l=f Confined Aquifer4
I

Impermeable

A <4 <L> * 3)*S> ^ ^ i>

3iJn 6.11 m7tiJSut4uiJ?i-3?s;^u,uil?iii4lu,B:''U'ui^nfi pnuuinffrSliJ^ilQtflis'uil^u

nsinniniTtinsiuil^iuimin trlinu h0 aifi? waiiifm^isi'uil^iu^'uuil'iEJvia
!niiPimiimiia,'uanai-3 dw mimuei? vifa 2% tfiaiiifm,yfusns;vis;a^u'ui?inpi -ipiaisiTi

o A * A A iniifriinja^ihflmafe^ii'U'Ufne^'wi^ Imviinu q m3
i v J) %>

/sec I'u'iii^tnnnia^niftrinlilliu^uuTuu<u
& ** o ^ i d & i

?s^uunl?iiuin^fn7nJaa'uuiJa^0tii'3?'i?ii7T l^atuvns^mmi-juB'JTswiiiiiilliu^adlna'vianns;
<u

v Ha * & * a 'uilsJiit! Tnfrut!fnmiaa'uuiJa'3‘U0-37s:pi'uaii3j?r^fua'3'uil(?iiuSaiafia-3liJifaaci
■ V 3/ ,

|<=4 I a/ o q 3/^ ay ay o q 3^ a/ 1 1/13/ 1 ay « di

^ ^ ^
tlJSaviUlJa-S^tTari^a'q^ (Steady State Condition)

A ay H o ay ci i ay A A ' * 'mn?iJvi 6.11 W'unflinftSanu'HU'i minu b tu^ii iSaaftluiilma'j^ti^niilvianje'Jililpi^'U'Ml'Ha
, V V V SI v

S' 1 o q 3^ q Qy o o a/ q ay d 1 t ay 0ainnviaiinsuilPipnj m,iiii‘ui(Din?iluuinf)-3'inn u^naiminu 2*7T*r *b trimiMpmaan
<u

si si sl

Dintf'uiminflpnua^iniitnjih Q m3/sec tTufn?lufn7aimm'Hifiia?iTim?1'Hai5'3ilfinPi?,ii0'3 

6.24 ^-3iil,uli)s!nung^a4?n?f

A * v
uvmaTwu^'H'un^imsa'nuimja^fii^a'jlutnjfn?^ 6.24 6.25

Q .... 6.24
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dh
Q -2*7t*r*b*K* —

dr
dr

Q * — -2*71 * b* K * dhr
[dr

Q * J r {dh-2 * 71 * K J .... 6.25

10lflTjS<U'Mtn??l1TiJfn7'Vl 6.25 Vlfl'l r mini) rw tU?l7 r LYnnU r0

uS'athlsnei'u h minu h0 

fruni?^ 6.26

%>
h ivnnii ujpi?tu?17

ho -hw 
In(r0 /rw)Q 2 * 71 * K * b * .... 6.26

VTUlb mVsec
QS *2> ^ ^ I 1 ^

mainnmTinj^naantinwau'unSd'Ts;<y m q

me q

h0

M'UQatwfi?

qj

a
v a i o q $>*=* iuyi'usfftjnja-jyiamsinleiei'u K^iatajpi?

vruQaajfi?rc

rw

vn maimjnnlu'tf'U'uiBin^i assmm^l'Hamilfui^Tua'j'uil^iu an^H
ManmT'ua^mjmia'mjfiama'S (Continuity Equation) ^nairii “afl7nmslMamil?ui(5n<tj0'3,ui 

Canmnnu” IfiaHlla^inplfmtU (Observation Well) ^tutu 2 iia njui?l 

tvhfru meiifiTs^uia^ua^'ui^iiJSauliJua^ussiasu’a lia^tnuirmfu^ i
A v *tussi? ^a^Tifmiruunl^umiiijj

qi

V

luen ^lafinia-juil^ h2 mpi? w?mnfm8imn?Fi 

iTjjfnTvi 6.26 ^a'i r mail r1 tu^i? r minu r2 mfiT h ivinnu h, ma? Iil^tja^ai

h mini) L, L3J(?I7 6.27

2 * 71 * K * b *

*ma^flinmiMnai ro

tiltJ7s;as;^ t1 m?i7 T'fuaatja^'unl^ hj
V o'A^inpimifu^ 2 vii'jfnnviatfnsl^u minu

istcvh-anja^ija

r2

h; -ht 
In (r2 / r,)

uvluaislinfn? mawiJ7jji(5i7,ua-3fn7^ru'uil?i^i4luttf‘U'ui^n^ vttJaa m3/sec 

umj7s^ija773jfr7sii0'3‘unlifiiu(tafi,tj0'3'U7) ue^iia^infifn?^ i vmitJttjfl? 

uviuis^uanuar^ua^'uilifiitioafnja-j'ui) ‘ue^iio^ifiwniTtu^ 2 mbmim
i i a/ o'A v i VimtJ7^as;'Hi'3,u0'3ii0^'3tns5ifn7tu,a i nimams'ihinA'm vnj'aatu^? 

uviuTsasKi^nja^ila^m^niTfu^ 2 nuyiaisnsuiui^na vruimupi?

Q .... 6.27
4ma q

hl

hn

ri

r2
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uynjpnnu'H^'i‘UQ'3t»'UQu,ui^inpi viinmuei?b

finrn?lum'u^Q'3'uilpii'ul'uttf,ulnn^ (K) til'u^tnjm?^ 6.28
Q___* ln(r 2/rO

fai -hf
K .... 6.28

2* 71* b

=1snntnjfmvi 6.8 K * b

unyfin K flitmurmYi 6.28 fi^lvitnjniT^ 6.8 6.29
T .... 6.8

Q * In(r z/Tj)
2 *Ji*b hi -h?

T * b

Q * In(r 2/ri)
2 *71

.... 6.29-h?

QJ 1 A -O ^ VP
6.6 ^'HiilfDnfumi^u'uil^uQQn^ntfuuiti^iuuuu^nA l2J)vi0<u'ui?i 50 

TOwn0-3n0,nS02nuMvn 15 iupii nTHtu?ilK?s^ii'ui^0^0-3ifi0^nfminjijn00n!nn^'U'un^ndn 2 

fl'unnybflliji.n'u 15 nrHUfilMfin ro iviinu 120 iupi? 0i^'uiJ?s;^,ninj0'3fn?iS3jmu mnu 20

ibtii ^nnluvib b 15 120m. r0 m

V^w = 15 0.50m, r» m
20 m ^ 1 day ^ 1 hr ^ 1 min

24 hr 60 min 60 sec
K

day

2.3148 * lO"4 m/sec

4 b0 -bwmnmjm?vi 6.26 2*7I*K*b*Q .... 6.26In(r0 /rw)
uvnj0i(fln'3<ri 6.26

2 * 3.14 * 2.3148 *10"4 m/sec * 15 m * 15 min a/ !)£ 1^1 Q
Ln (120 m / 0.50 m)

io3l0.0597 niVsec *
1 m3

= 59.7 SeneioTmivi
p p

0igi0u il7U7sum7gDui00nfl7rm0ihinei'm Sfiiminu 59.7 0?i7?i07i472
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<u i a

pn0£n-3n 6.7 Determine the permeability of an artesian aquifer being pumped by fully penetrating 

well. The aquifer is 90 ft thick and composed of medium sand. The steady-state pumping rate is 850 

gpm. The draw down of an observation well 50 ft away is 10 ft : in a second observation well 500 ft 

away it is 1 ft, Express your answer in unit gpd/ff.

Q__  * fafr i! ft)oTSTH ‘DimruniTVl 6.28 K .... 6.28
ba -b?2 *7t*b

^ j/ 5/3/

a J! rj minii 50 vjpi uftb r2 minii 500 ‘vjpi
3/

^ in’inu ho - 20 ■vta ims; h, iviinu ho - 10 ft 

uvrufnem'n 6.28
in 3/

iviinu ho iu?t7

850 gpm * In (500 ft / 50 ft) 
2 *T* 90 f:

553.78 gpd/ft2

CfillflblJ^SJJIfU 554 gpd/ft2
3/ j;

ninou fiim7ilumuiu0'3t?uumuu^in« iviinu 554 gpd/ft2

* 60 min # 24 hr 
[(ho -l): ft - (ho -lO): ft] 1 hr 1 day

K

nTSlJ'Wl^0141«0^JjafrTj1'UVV4till^'W (Pollutants Contaminant Processes)

3> Hi!

miil'uiulQunjQ^ufttml'uwvjilFii'u inpil^i 2 nnutubfis
V 3> 3/

m?ul‘uiilg,unig-3umn?l'u‘gu'uii]invli (Precipitati
CV 1 4^ 'aimpfuatj'HmbiiJiiuu wu niwfenntj^inww'oinnT^uTumiiwiiJi iilumj 

0iflinpim?fi2imfJi0i3jfin'i7iJufi4in^iEj ^giiiodl'unnumstnjg^n'iTn^mo’HfnfnTinjiumgo

ni^liuilJg'Un-j^W'UllnSU (Groundwater contaminant processes) lnfl^'ulfi, 2 ftnUftib 00 ^lin
in * o i ci 3' ' ^ .

mi mft'ug-juiwi^'u luiii^uuiginvIiin^milvtn^iuum^wn-JUTutj gigunsmyrniuntmu 

5J0tj1uWirU10UKf0W'10'U lU0'U1W10mU0l'H03J1lfl0I00U0mj0'3'V'U0UVlf0^'UK'U
3/3/ v

V) I o q ' in I o in I I o C
mi Ivt0<ii3j0-3?riruuim0'u00 luuasvn lugruiy'Hintumjumig^u'Hn^in^iu^iiu'iii^ 

irmvilumuisiiTulumT'uiuiHilislyru

■cH

contaminant processes') 11011172000001111. on

00

2.

0Tflfibin0
o a j/avn ivtu
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1. 00^mgv^3Jla'Hf01'st5tJU,l^QlJ'3^UlJ'3^ufmlJfiayn)0'3m^J1^^l^4frlfll^i9^3I?^3-3l^40(5l^TTHn?TU

2. 0i0?2l'H0'mnj00m00,H!0i'fu?'50’l'uif0'3nj0-3fn?0?imi!ii0-3m0'0mpifl'u Ipiyra^nslutfa-sm?
v

a * a/ G|3>6» olniq^Q'UTua^manauuil^lviuviian'i^i lilleKl'HU,HT0 Iwi iimt-ru
3)

3. tTTH?D?"UinjiiJPi<u0'3tS0uuu?ii'3'r] lii'iisisiiluisjuinjnjpi'uimy isuufmpknau'uas;
^ 1^1 t& ** 3> 3>

mitwn iilufiu 00?Sfn7?um JiT^in^nadmuaqj q qj qj

4. ^pm'3W4iw0'3l,Hpl?i4 Ipiarayns'Ku^ul'HjJ^asilfuiTaTwtil'uanma'Hfa^viifi

010

ssuu
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imuUnwimjifmjjml'o

1. pmut^njs^'unlpii'U'Ml'Hawiu^^'in^Da^'ifrs ivinnua']iut?i^a^pn?4vn?l'3aa'i 

aaiuvn’unjQ^'itYPi^na'n
9 9

2. \lnlMfiwiu^nfn<iwfmd-3 ^mfmaiuwmyhnu 0.40 ‘nfrvn^fmlvmnja^'ui^iqifrmiPiiTaii

adluuvntjau iPi^,u^'H,un^nj0-3^Qn?n^lpiminii 1.5 (smuam anuon^^unje^^inai^ 

'annitvifiiTauniTl'Hania^xjTMl'Ham'u^infn'j i)?s;unfuaomaanfn<ua-3ni? 

I'HnwTu^nfn-sl^mnnii 1 ui^ atnnmTLni

minu 2.5 t3J?i7

1 ^
ci <=.a/c4 d 12.1 fni3J^'inj0^^nTcK jjfnn'u^^Q'uivi

2.2 a'3iutnsu0'3i4Ta1,H?imu'ija>3ii-3njQ^wimn'3 Spinmufi??i0-i,u
v

3. trrTu n afiis^u'uil^ulpi ivhnu 196 m?i? ^nn^sainjivisJifiilnijnai-a
if \n s' ' ^ v vmm'nnu 192 men flimsauiirnsiailTunsi^ a'aruiei^s^uijileii'u^iTo^afi'H'^n'u

9J

tiluTsysvi^ 335 men tms'tfuau'uiSmmT'Sumuminu 12.24 menei'oT'u eiiaiiuyiTu ivinnu 

0.14 a'Jvna'mjnien^tmsainunTua-j'uileiiii^lMam'U'iia^'ii-jnja^^wlu'tfmjn^na’n

4. ^3fmyieuT0um7?ru'uisu0'3ii0'ui^0ej^einutB''u,uilei^uiiu0tT?s;^CMU00'ui'3l^ ininiiniis; 

uiuienfUJTO'u^^M'u ^Sanuan 40 mei? ^tneimmJaouuiJa^Ts^iiijnl^u^npinliy 

lia^meirnTtu^ruTu 2 lia HainienTaiifmiiJSaiiuiJa^isei'u'unleiS'u ■wii'iiTs^u'unleiiuSan 

ivinnu 30 men m0'nnmitrim°300mnn,?mjileiiuei'-3nfint3'un0nMm0T''u ^00enim?tru
^ 9i

** I ** d I ^ I c' ^ ^500 neneianin^ ilnng'iiisiwiuiJiluiia^mein'ntu^ira^ aeia-jlTjATUTUvru-j miseiua^iiTKi 

lia^tneiniifuiia^ 1 iviinu 22.5 men uasnio^ua^meiniifu^ 2 ivhnu 26 men ssejs'H'mia^ 

unahmein-ntuvi 1 unsiio^meiniTfuu 2 otivih'S^nniJaisns'uiuiens iflvnsysvn-j
9J

0 0/ II 4 I (f ^ I ^s 30 men enuaiem nynnvniuinnhmi'imminja-j^mlnSinsiirHhu luvi-uhounameneia
st

nvnu unsuneiainu

5. An 18-in well fully penetrates are unconfmed aquifer of 100-ft depth. Two observation wells 

located 100 and 235 ft from the pumped well are known to have draw down of 22.2 and 21 ft, 

respectively. If the flow is steady state and K = 1,320 gpd/fT, what would be the discharge in unit 

gpm?

6. For a artesian aquifer 150 ft thick and composed of fine sand, a well is pumped to 

equilibrium at 1,000 gpm. The draw down at an observation well 400 ft away is 2 ft and at 40 ft is 

12ft. What is the permeability? (352 gpd / ft2)

uasnroTu u TVnsfiu

st ,
o *=i

15 men
im
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7. Calculate the steady state discharge if the draw-down at observation wells remains constant at 20 ft 

and 15 ft corresponding to observation wells 100 ft and 200 ft from the proposed well location. 

The unconfmed aquifer permeability is 70.0 gpm/ff and the aquifer thickness is 80 ft. (137.8

gpm)
' o -a i <£? 3/ ^ i tf'8. liotmuifl so mieHuei? msyitdmmumj'U'i'ihnVi nvn 30 tuei? fhflftibsmiSfmmjw'i'u
la/ ' V tf* ^

tviinij 1.0185 tufi7/^7lu-3 7SAUihl'uiistTftnflfmai 2 tilmstis:

lifts 36.6 iu?i7 5njjft7?iu TSPiDiJifntilyiJQ^fift'mSfmuiiPifi^i^nv!
12.0 lUflT

2.74 mini OEnrmiTijn
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imn 7
V V

(Fundamental of Wastewater Treatment Processes)

ay v ^ ^ ^ ^n-ssui'urmiJiijCT'uiiSEJ nTnjISluniTTnilTi'unmfjlKS^fuiTinjm'Hunsmj
ilemtifutr uM^'uitnnTtus: nT^iiTumTijmjfi'unmej tm«'3wmtwunTM-3itjffi 7.1

v
untTEi (Wastewater)

V

UTV1-3
• Processes

Effluent vtfe Treated Water

A *jiJfi 7.1 ufTfi'9fm;u7i4fmiJiiJ?i'U7iS£j

V

fmeQnuiiunTSUTUfnTijiijpiuni^tilii^i'SiulIpnijfniu^g-jfn? 

uasilTuifuuimo^'uiuiiJiii'fifnwluTSiuinjiijpi m0l,HiJ7s^vi5fnvi,u0-3fns;inufn7ijiij?runi^ti 

til 711-3 iJgijiimj:iJ7iJ?iunm0l^9mj07n3J?i0-3fn7l^

n7^ln^4nl7lJllJf^?mn0mn7m7lJ^lJfl'Ulm00^4fnlJl7nll?i00^lT0-30-:?r^,Hfi-3'Ul^n^l7f^s;lp^<u

0 7 7 0 TU-3 0-3 0 fU mnj i 7) 0-3141 m 0

l000iPf0'H0mnfuc0li4ni700mmij

* V

n7"ll71n!017751J11J01411^0 UInIpi 4 ll7SmVl 013Jn7S;ini4017ljllJ014im0 00
V

1. m^iiiifw'wiiSa'm-smainvi
ijiij0i4im0 m000il73Jiai3j0in7^00li47ilu0'3it,U'3U‘tm!a00 ■HfosjafmviSih'HiInninn'ji'ui 
tms;0-3"tf70i]0'3ni407i3jm0Ki0li4n7s:ini4ni7iJiij0'uim0lu,ffi400i40i4U03;0iJn7fU0i-3ri lu
7"UU1J11J0 07001-3ni71JllJ0141t^0UIIU'U Imifl 01700070021107-3 (Screening) 017111111020014 

000 (Flotation) 01700020014111-30100171 (Sedimentation) 017070^ (Filtration) 017103401010 

(Aeration) 11020170714 (Mixing) llll4014

2. 017141^01411010111-3*014 (Chemical Processes) 0171J11J014°11^0UU1JU 340S017t03J1T17t0S07llJ
^ d A A d %j 1 1]in4im0m0tiJ00i47il,t)073j0fri7,t)0ifn70'ui4vi70lii00ly7iJtn7^Sm0070iii 00 liJtiJ00i47iJ

<U U <U

^ ^ I i)

00 H70SW0072HU00^71170001414000-3111 11lll1'31000017U00000in0141l^0 07001-30171J11J0 

nutfiS Imtfi 017ll7U0f0iy)ll1tSl4001'3 (Neutralization) 01711lll1100020014U1410m0Ua2017 

fr717yjpi00 117011lll1020014S‘U1410ll1fy^l4 (Flocculation-Coagulation) 017103401117^00114711 

007?fl7014717007001010 (AirStripping) 017741W0170 (Disinfection) t3l40U

o W o a A* cU a(Physical Processes) 0171411J0141t00tmuSl9l4Ill400'UU70,t)0'3017



3. n'nihimi'mih.n'm (Biological Processes) (Micrological Theory)
^ i H i 3/

■Hfoon^Sm?

mu^uvtfuS'al'U'uimu m0muilijJifu^Suvil0l,Hmy'3W0i>i0fmfi00iT0i0im0,um1yl'UTJ3m0
innl,Hil?s;^n5fnyin)0-3?suinjiijfiiili4liJpn3j^0^m? ^©tin^nTsu^mTijnjpiuuiiS Imiri 

*>
?s;ill)!J11JPI‘U1l^0UUlU0l00f (Activated Sludge : AS) 00D,5lftttf'UV10'U^ (Oxidation Ponds : OP) 

U0l?lflmmn'U (Aerated Lagoons : AL) T"lJinjllJfltlim0UlllJ^n70'31H'0nfnPf (Anaerobic Filter : 

AF) 7SUUlJllJPmillT0UUDm0l0mj (Up Flow Anaerobic Sludge Blanket: UASB) nWti
4. m'Slhifa'Uliarari-NmBfl-m (Physical - Chemical Processes) ntafmiMfm'llfTEJ

3) v V CA 3/ I

3l eA acie* Ji ckutnSfjfUflfinjfl^flnju i!B40TO'ui1iJKiJ7sTyirul?i'H0nyvn'3 

muvnsilsn tfitiPiL ?iQ0f]i^,tj0^m?iJiijfi'U3m0uimL Imin

Adsorption) miuantlJ00,Ull?^fl (Ion Exchange) n?s:i)TUfm000'ljJ15tntinJW,un01l (Reverse 

Osmosis : RO) IlIupTU

J

fn?fjPll!BU?l'300m)0t4 (Carbon

^ *
u0n<o'in5nTsimjni?iJiij^'U3i^0 ©toulnI^ 4 il?smn

3/ 3< !
o <a eJ 3^?mj0mfnwnj0-3,uiyi'3vi?i0'3fm 00

^ ^ ^ 3/3/3/

nrslJTU(?tm,«'UI«r50Ufn'5 (Preliminary Treatment) W00U'U

itilumTijiijpi'uimtivn^fnumyi '0n1'Huni^0^wTum?Lnj0S0tiiu0,s:0n00Ej7s;0ijvru^
1 ^ 1 3J 'ustmin-jfriticjnutinoon'IiJ'Dimilmti tr'jul'HEyu^uatm^uynlfiijmilunTiti 

unnt4000^tiI,uin?0'uuviT0 imsilfinfutnTS'uvilij^Sotil'uuimuSmafiis-j'uou-Hfolija^a-j
v ^ 3/ %l 3/

2. nrsijllfwuwpieyi^ 1 (Primary Treatment) lll,uni?'0nl,H0tu0TVnj0-3'UT0-3S0n0?U0fniS;0II'H'U'3

i.fl0wium?ijiij0lt4aS'u00<uuu0'3000^1iJil?s 

^ 50% Tamtinisludaflnflsno'uliiinn I00'»iililu0tin75;in'um?ijnij0‘uim0l'u“uu00u'utilti!

l.

snnfmia
c

3J1tU 30%

mi'ihifathimjvn-an'itjfn'w Kfovn^mS
IS Z/ A 1 3/3. nTSlJlirei1'W,i),'MP)0‘U^ 2 (Secondary Treatment) iSumStifllHumtmSunltiVlCodt'U'U'U^tJ

3/

n?rmuniTi]iij0'unm0

4

oo'luTiko-smitistiitJ'wf00000000 ^-3tiI,u0,'i70s;030^Smtn0i0ntinn
a! eA di *lufiuu^iouum,umTijiij ,̂uimejvn'3^/nvui?i

^ 3/ ^ 3/ j/^v

m7lJllJ0t3^m0ltil^'lJ00llL^'U00nlJ0^0^7^:0'^70■uv^10,
^ <=» Jl c* cA (J'AcA ^ cA *001^11000031 il7in0u50^0tjvil0^500li4'uim0 007irm000tT0i00,n?0'uvil0liJtjnm0 ttru' 

n)0^3j0in?^S00lyu3^0 0^tI'utJ3t^0^mum7iJiij00i0^'U3j00'iTS0,3000^1iJl03jin0^
1 ^ - *21 v *

u0s;'LlTti3fuu0-3ti^>3unn'U000l'uuT0'3l0033Jtnfucviin0i2Tu 'H700nn'3ntntuc0in07fiL

(Organic Loading Rate OLR)

90%
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4. 3 (Tertiary Treatment) itlufnTtlniBTuV^mfatfl
l V 4 . s'

tn?0TH1?ltr7UtTfl4 (Nutrient) WU luldltflU ^01Tyj0?tT lllu^U ^lll'Utni'H^UB'JltanngfmfU 

EjlnTyltB'tf'U (Eutrofication) 'HfatTTHTmTjU (Algae bloom) nil’lJllJfl'unmBlu w^au'dfrTul'Htlj
p

iraQiilumTiJiijfiiUnmuyn'amwnwmsiBSuBiPiB^yfnTiJiij^vn^lQfiyi

^nnyil^na'numailiiun^iR'u 'Qsiwu1flbin?s:u^uniTiJ3u?i'uii^0iJ?£n0uld$i0>uu?i0tin'i?ij'iijpi
O ^ H ^ S'

■untiTbviBny'wtj^ouTiuntj wu ismnjnij^unmytja^I^^^nunn^'uimy'Hiynjbn^

7.2<u

n^miNUKTUB?

k- 5. nititflnnsfistj
2. flsunj-wfi 

imjDfjs
v

1. thlfflfitn
flinaifitt

4. ?l£Ufl74P

4
flsne'UYiflfmjfi'jn'uru7\

9. muaast'u

B-iiaanfisnau e.^aanasnau
TOUTft

T.iiaiauaima V\
l DTjtjavno .V Xtl!

10. aaa4 1
BOD = 5-10 mg/L 
pH = 7.5 -7.8 _

lata-niaasneti*a a 4ive^imlu^uinainnlUinj'

/ ^ "i[ untr

4atvilnarnatiA cllata^Taa^neu

NXBOD = 30-60
mg/L frwnasfiati

4 1
asnauYimti

rnTtaunnu^iuifiuiinnlaasneti aauul

A V7.2 UtTPl-3T?'341l4mflPllJ1l^0'HQ0,U71^ 074110^313131107

121



msihiJA'unmani^ifnn uonl^ 2 ilismvi fnuan^fusmQ'j^Suvilu^tnEJTue^ ^0

1. nT51J11JCT‘W1iCTEJUUu1,»0imPI (Aerobic Processes) iSufHTlJnjfl^O'QSuvilyyiajjlpl’^WQinnfr

'Hf000ni5i,flu 'inil'HinpiiJgnfyiniieon'StfluvffoiJgnlyieen'ilfrvu mwmTtioaiTfnmnTS'unly
A \ Q 4* V 1 *J V tA J!^?is;0i00sil,u,unm0 ^Bfli-jniT'iji^'unmmmu'u Imtfi

v
'U'lljVl'U'UtTfJUUU Aerated Lagoons llluPlU

2. nT5l]lli,gl'W1iSEJUUll’,ljjl,tfeifnpr'Hl0inju1l01fnfl (Anaerobic Processes) tflvimiTJllJPllJimd 

^d^Suvild^lajPio-sfmonmflfliJEjodiTdnytn^Stiviiy'MSotilu'unmy
q <u

(Biogas)

is;ijiiij'nj0,unra0uiiui0i0?r izmi

1 v o * 3J J1

^ v ^ A A
IBflTSlJlifn’Ullla 7.3 l!BOlJ?Sn0ullJ07CJ

•u

v ^ A QJ * *• mmimjjihiijEj m007ii03JUfisiil!,iJiT0Tw,u0>3unm0lHS073Jji>nji5:iTul'uni7iJiij0lu^00u 

0^=1 00I1I
V V

• nrsijnjfi-uiiffal'U'U'wtno’UCTi^'i iru
v

W00U
0/ O A t£i & y V

(0-300020014) ^-3^007723J0721-3im2<W-37200lfr3J0‘U0-30171J13J0Uim0ll4^U00'UU 00 ^030314 

TOWllJ^Unai ^014V170l'HS030n3J^000UUUt0l1'Hl0 m0l'H0tU0Tyi,U0'314T0-3^l00001J1 iftalil 

0T3J'010000111111 lonll ,H?0W1U3J107S1U001'37TW0170TH'U0

• nnarsaruiJIwiai^auTnyflial'u-ssuuwimn'u'liJ l'U07fU0il?3jnfU0200i4^0'U0l0li4'uni,S03Ji0 

iBu0031400-3017 ?1t9'U00-3S01700ll7U1fU0-3100I'MSl00-3VI0000013400-30170101147211U1J11J0

14 VI 70'0141000 llJn 1072111114114 001014111)1411400000005014 tl)

11I34,II143410?14 01700 1)7341071100020014 0^714lllJ034^014^m40^7H^0^T'vl^T0, 1170010342000 
d( y

114 01 Dill 1411140014'W 2 K70^140014'0 3 01714114014im0ll4

■U til 14 0171411401411^00000721401401771105001  VI 1102 01D 013400007214 0140170100171

017111111020014201134
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* ^
jsuijnuyiuimaflifiriwn']

* lb
t
* * A

V V V V

uwuasmyu'itffluimarieuimmi

V

flsne'uiiin^n^ng'ulijuyn

(^wnwsnau) V

mymBfiwEnounoa m?mfl0»isn0u^nu
Tfiafmiwi

V ~ A * A

mjriiWflEfieuBinyEuiJijiijfiSfliiu
V i) 4 'ivuvuvu IflaniEUQumyMjjuiMiB')

f WEnsu^nyEiiij
mjihilflimaihmflifiaf Activated Sludge

iku fmnJBi

Vjr

fnjTiilvwEftBuiwtj^u Ifla 

Gravity Thickening

nuiBUflaeju uaseimfis^liJlutji 
laflrimunjsinumyflu'i uiimii

f
V

i ^ J i imyiJa0aui0wiunjEU'JTim??ii'jfi
V

{Hluimihaifiw

V

Anaerobic Process

ir

aitJBinBEnatj

^ ay Vi

^iJn 7.3 uM'3uwt4w,ijQ-3n7s;inTjm7ijmjpnjnmtnT'7ffi liJ

D *A V c* V & * *njQmiasmtTwnO'ynssuiijmTijnijfiuiina^iaiSysuuihijfluimmmuKginnfflifisysuuij'iij'fi'un 

i^uuuulu’lveimfr ufTPi-yl-flupii?!^^ 7.1
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A d tA v7.1 UQ-anssuiUfmihifa'uimtJ uuullfnmff imslu'llainifT

n-ssin 1401^1111151 liimEmiJul'Baifnfi n-s^u'nifirsiiiiigniiiSEiiimj'ljnvaima

BOD : N : P tviinu 100 W0 5 W0 1 BOD : N : P tviinil 100 510 1 00 0.2
ai y * AflOiniTwa^iiimolwTsiiimiiiVmiiffc) moiii 

m?i0U0inifr

lona-mumonaj lii^ilmo-ini'ifStmjvifom'Biinw

Tunnsm^aumtfloliiuin f'u/n^smTounloloinnniiTsmnjiiiouiiiiHoifnff
OJ * A A £S l e* o’ttivifii'uitflo^SfiifiiTsmToumouin^ 

uiijflihmtjoicm'urta'u
iimiim?

wsnau^unfowmo'u 14114721111 iiiii0,uit«0
^wo-iiiiniTni^oanlil

A « * a A
iv!© I'M iliu 107 u 0114 lift yo 1413111] iij 03Jfiinnii.0u

020014^0141170^1001)14311731104100111414003110 l,V(712 

lj7311O4m7014V170'OlO0O17000tT010lll70002aw a

Ull 1114310310 13110 80 01

90 gofiootrsiooaioiil'U'wain'uCoi'ifvifiiyi) 011414^ 

411007000210 01 20 0 0 104314020014^0141170

^014H70ll472111l3lll0llini313000llW0O17

t300i4u30itroTmn0003Juioi4o

^ 4 tf' o> 4V 4 I 4fl0i4vi70li472ini3ni0uiiu3 S0113117000171110014
443010)0111117000110014^111110

V t

14T0WTU0173llJ04407 3o3^fl0141llll0 117030 
4110010014 4lt3l400131^7731stfl0D01141

141^W114O173lll00707l3 07141110)3000141)1101

411712400 Olllll^Q 07 017211711 Ol'lllsl07t014l!H0ll'i0
V

O110'4U0l0112ll4141400

0071017401) 101)01? 014117 00 014 ^113110 0071O174?7Ey 401110D0102 0014 00141170 30100141J,11

^1 0114141)1410 D01O1'31^3o3d1410 In £U
4 4 ✓ I V373JlO4^014n70fW01V1000O173llJ0141l00

A a a>4me mu

4 ^ 1 4 d'44 1 ^ d tf 'w?mn0m40inni7a0U0amtmaun1u^Ssdluui4^0l0uaS‘un1aii<iifl2¥'U5u3i40i5n7iiYi 7.2

* <t* iS* * d* *
pitsi^ 7.2 niTiiJauuii^aiuaitnTainilal^aaa'uyil^l'ifaimfms^'Bsiivila^lu'llQinipr

9 9

’

017014H7EJ ^awnlofTlvoimfi oaunlafnijl&nmfl

0171)014 (C) 01=1(01711014'1000O1CK0 (C02) 01=l(3ll114(CH4)

1l4l07l?14 (N) O70ll407O (HNOj) I403jlut140 (NH3) lO00tt03jl3J4U0 

(NH4)

44 0 3JI3J4U0 (NH3)

V|00V]070 (?) O70Vl00vi07O (H3POJ 1^00tv]0 (P04) Vl00l]l4 (PH3)

=B0trl07 (S) Ol=l(1sT07t?14=B0l'v]0^ (H,S)O70=B0lj7O (H;,SO4)017l)72O0U=K04y]0 (S04)
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,uimfjf)0U'in3fiiiilu1iJ«iu,u0(5infi'3'M0el1^<u

v\ 7.1 Min30nl3m0<nN0077Jutmt0S0^1iJ moiJfutrrTiNuni^wlMmuisinjIufnTiJTiJFiifnt^y 

fnun7s;uTUfm37iJpiy7i^0vn«3f7fiTW 

unnu,u^00a,mni700miuu7suuijnijfluim0'i!i0liJ 

yJotTvJoftT miu^liJIussuutfiTjem'iitTu utr?t-3Hl,upn?i-33 7.3 moilfufii bod5 :N:P ImiSviIiI 

7.1

BOD, :N : P 3300]u5 <u

(51177-33 7,i 'M7013 MfoSfl'iooi-^imnufliofl’I'uisnri-a

-3017

I (510 U Vf 0-3 710-3 tn 7 0 TH171U1 (5171!) U U 0 S

1 35 ]

P1171-33 7.3 U0’Pl-3UV!0'3017t033'U03j1^1'Um7lJ7U0f01V<‘Ult30 m03JllJ0070lSvil-3§70Tl7

U'M0^1wT07Hn4 11710-3^0^070
a

W00i4imj ^07 wom-jinw g07

Anhydrous ammonia NH3 Orthophosphahte

Aqua ammonia NH4OH Trisodium phosphate NajPO^,

Ammonium bicarbonate NH4HC03 Disodium phosphate Na,HP04

(NH4)2C03Ammonium carbonate Monosodium phosphate NaH,P04

Ammonium chloride NH4C1 Ammonium phosphate NH4H;P04

Ammonium phosphate nh4h:po4 Polyphosphate

(NH4),S04Ammonium sulphate Sodium hexametaphosphate Na, (P03),

Sodium tripolyphosphate Na5P3O10

Tetrasodium pyrophosphate Na4P207

Phosphoric acid h3po4
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i A v c& \ ^«n0a'i>3^ 7.1 ^-37?]95i7ifm1vi?im

lifuiPIllpl 2.000

ay

^ c* a/ i 4 l <4 <4 im3/day tvinnu 500 mg/L 0n1l4ls517^'Ui:B-37Pl1l47lJn)0'3
TKN Ufi'l 5 mg/L U3S Phosphate Sfil 2 mg/L as P YlO'mTjg-aflsng'U 20 TU D-101UOQiVn'31tl''l791vn7

V

m7ul^4,U1^9^n?ll'35m0'3'V^9'H70lu, vnnliJi'M9^vi9Fi9>3lir9THi7m7jjtTln-3lfnji>3l'U7illfums;
OJ

^liuluilfuiauviilpil'u i iu
CW=* O

ifitn

1. 0TU7tUMimBW71fr7U BOD : N : P = 500 5 2

100 1 0.4
4100 1 7.1)

v
'annfii€?i7itTTU^n?i'i7 wiioi ihiflo^naniiJilfintuluWimmsvJom^gTiTiifhliJiwtH'wgl'u

$1 jy

niTiJiijpi'unmoPiOfnsiiluiugnfnfT

5<

luthiftonouihliJihilpiflol'iJ
2. BiinfuvnB^TiiriuDB'JBifllgwisiginigTHiTliiyn-iviqug

gVmtntinio^fi-mlgei (sie mini) 100 : 5 = 20

99l71?rTUU9'3fil5l9^ ?i9^9tTvJ97tT minil 100 : 1 = 100

3. 01infU071U(ll9-3m79TH17l1T?3Jtr71'3 llimTlJfn7tfn4fil'3

0n3JP)04m79TH171fT73J1T7n4'M(?l9'3ltTfl'3ll4Uni^fJ = -
finSIg^lu'uiiSEJ

0?t7iiTTu,u9'39ivn7fmiyitiwg

500 mg/L / 20 

25 mg/L 

500 mg/L / 100 

5 mg/L

I'ymS'BS'U'U 0713JPI94m7^9trvl0ftt

4. 0TU7tuvml?intu?n70iimiiT?3j

fn?9THn7li4l?i7i9,u^?i9^iiu = 3 -iJ7intu1u'I«7mjlui3im0

miOS’QS'UU m79TH17lulFI7t9'U,0Wl9'3lSli = 25 mg/L - 5 mg/L

20 mg/L
^4 3^ ^ j;

tT'179TH17rl91Tvl9flT,M919'3lili = 0713J?l94fn7vl9tT'H971Tll4,U9 3 -illinaivl9tTvl97tTll4'Uimt) 

mTisTistl’u tm9ivn7^9fryl0firvipi9'3mu 5 mg/L - 2 mg/L 

3 mg/L=r
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** a a 1iJTinfutnTQTHiTttrfinn-jmj^^^Q^mu = ilfuitutmaTHi^ttrfu^ljj^a * a^Tnrmlvram
3/

iJfinen'ua'Sij'u^y
> io5 L

» »
ivitisbs'U’u m?aTHi? = 20 mg/L * 2,000 mVday

* lkg
106 mg 

40 kg/day

3 mg/L * 2,000 mVday

* lkg
106 mg

= 6 kg/day

memmtaS^iwjjl'uiilDa^iniaiMiTl'uIfiiia'u aa Anhydrous Ammonia itiuti'u 80% laaifTHiIn 

flnmnjfmiaSnu-iiuauljjma ilua wfa n nfu ilTsnauaialuTaTi'ou 14 n73j uaslslan-o-u 3

1 m3

v * A
tviTisTis'U'u m7aiKi7^0tr^07ira-3'Hua^aa^ia3j * io3 L

1 m

QJ

otjj

tymsusuvi
v

a'333J(l|0^m7lt!l(517tlinjyi4V!3Ja *17 nnj Anhydrous Ammonia

14 0771 I'uWl'ilUa,i70ivn7lula7ii)t!^i,au
ff* o' ^111 07tclfUa'UTHiInU 0-31777102

a/ ^ ^

0-3 UU Anhydrous Ammonia VU01J = 40 kg/day * 17/14 * 100/80 

61 kg/day

iaaniY77l0S2lfl3jtu7lJnJ0/m77O7W77vJ0m407lT aaTrisodinm Phosphate Hjuuu 85% laaiirHlin 

Trisodium Phosphate lllih 1170 164 fl73J ll7Sinaua'7ali:Biaau 3*23 tvhfTLI 69 0731 vlaafylaflT 31 

07u tmsaaow'u 4*16 tviiou 64 ofu
tm77s;i}s;mi

0773100-30771^017^071717-311310 * 0/

164 0731 Trisodium Phosphate

31 0731 vl017vl07T71777071!77vJ017y|0717
j/

tl)07teirU0,U7inIoU0-31777m2 

6 kg/day * 164/31 * 100/85
a, 2 A a

0-31411 Trisodium Phosphate VU031

37.3 kg/day
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<=» a da a v o v o a
^‘wn^aninainio^m^uuuiu^^iifrEj

q u

a ^ dt ' A a 'a 31snnsm4vif0muffmfk^ui0>m0s:vnlA'nEJ ^l^iton^S^^nariu^ulufmTjnj^'unilw 

twl'Hil^s^'yii^Twuo^^smj'umjwunmyiil'uliJfnupiO'jfn?

i ra & o' A! 3> ,

000^010^170^1070 1111111^147 V)0'1'3714m0l^l'Um7^17l5l1 ni,!K017,U0'u1pl00n1l!B0 1102^17014^ 

1fl0fl0'U1170'000,ll414im000ll40frytU2'lJ0l2ncB00tD07 (Mixed Culture) 4<l'lJ72n01l1lJfll0tf'3Srifl 

'H010tH‘UPl1l4n03Jl1l0'1D0141170 lJ72n0Uflll00Tmnpl00U,00-n3lt00Sm7l,ll0014UlJ0'30m0U0
q q qj

q if a a> A *=ici£2. <=> q o A Q i <a a

q q q

cjnn^Q

^0i4vi70^tn0Tii0'3l'um7iJiij0'uii00,vn'35i0iii uii-i00n1« 3 ibstfin ^utrpi'il'ilu?'!]^ 7.4

a d
DSUTliy
t

(Microorganisms)

a/ d d <3
(Plants)0^11 (Animals) 0«1leKa0W«7 (Protista)

4 d
UUflyilltl (Bacteria)MossRotifers

01K71J) (Algae)
FemsCrustaceans

(Fungi)

Wonns and Larvae
111? Ioti (Protozoa)

|d «a d Ja a. Vq o a* o <a <d
^lln 7.4 fl014H70'mn07U0lll472111linilfl147ttT011147n0TW
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flawrilatanaWfli
y 1 1

Rotifer ^avmlwIufiauflSD^n^uafunn Suwatj^auilnn mataivruwluni^PiyniaitnfSuyila
^asaiaadlyunmamiJnn uasj^akrmiiiatli h2n>oiJu^^yi1fjwanrfSat(iJ7S3Jifu

^ ^ 1^1 * A *$

‘tfufiil^sunfu 90% ua^asnmaTuatjluuiflPi wim'-jeanls 3 

irsn uas;vnn^n^ii'3m

2. Crustacae iSunduna-sIsih \| n-s uasinlo^ S^^adlu'un^ uasluijniau

3. ‘H'WQ'u uasnaii 

^ja'juijya Kiaa^S^afiau5! 1^

fla-umEjynnm

1. weaa (Moss) iiI'U‘w<}ratnfi?uia'3?mii?73J¥nw^ufnfU'aSa'33uetf3jf'u TneifninafnYunFiaajj
3/

nja^Lmd^nisnjjBi^jjvi^lMealijaaTViiiuvifaSni^ili'uaaiyilMnauaufrTiiTij-ifn^ meuima 

Iviawruuaaa

2. ivlru (Ferns) iiI'umanilismvi'M^t'wumo'iniiijeatf^^Bua'nu'Bjj^'u ufi'aBnuu^m^ua-jn^ 

mmmsue^-uunnfiTnjemr

1.

1,500
A avnn aa vnnvinuv(iif ^anvimi

iilua-su'ina'alu'aa'amTt'Huatjl'U'U'uacj mnsaiaaa'UfiaiimtT'HQ'jl'BaTHii'

fia'unltJvnnlibCTam
4

uun^ila (Bacteria) iil'ua^SSiaviSma-qi'tfamauauasjSDvnaiamjin au^umiuDiiii-aaivnatu
q <n

(Binary fission) UlJa^l1a2|lJ73-3V!anaaniJfUS laufi yi?-3nau (Cocci) uvi^wn (Bacilus) trmjn

(Spiral) aa?atiidnan)a^uua^t1a luTiitmauma aa c6oh87o23n12p ItJTiJma^tnTeTJijvia 

S03, Na20, MgO, JCO UBS Fe203 illua'U

1.

✓
f)0

p2o5,

arouii^uua^ilaaiuefuvnnSla 3 wiu^ojviajjnia-juvta^tjniaa aa

1. Psychrophiiies tiluuua'aila^vauagl'u^Q'jefuviaC is a-a 20 c eiiiotjla^aamfiCann'ii o c

2. Mesophilles l3uuua^t1a^vauatjl'U^'3afU'Hfj2 25 0-3 40 c

3. Thermophiiles llluuuamy WOLIBaluirwefU'HniJ 50 M 60 C
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fmmkuufm1ej00n1$ 2 (Carbon Sources) 00

• Autotrophic Bacteria llitJUU0^lf0'0l$01?U0ul000n1etfmiluuwa''3m0'30irU0'LI I00W00 

m70'uvifyinmn70'u,u'vi1y 111)0^1701^001)^ ^irn0fij ImtH Nitrifying Bacteria iiluwu

• Heterotrophic Bacteria l3uUD0^l7W^l'iffn70U'07mil'UUVf?ND0-a017U0,U
y

0£Jl'33Jinlli7SUUlJnj0'Uim0
SJ d d \ d a/ t rn Vd i dnji>33Jin uufivuTejnfUJU^uu^ 3 n?i3j fis

* q

• Aerobic Bacteria ll!uuU0'0170'0lllf00ni5^U007slimi71wnW0n?yin70UYll0 m0l'Hl0

-31141, ms0f7'35,vilij00iv)^S0nnn0mTU'u

• Anaerobic Bacteria tl!l4Ull0ril,l0'0lsB00ni5lD14^0dlu7ll,U0'30''l70UV170 'Hf00170'UT4V170 

Wli Il4l070 °B0d0 tl! 14014

• Faculative Bacteria ll!l4UU0^l70'0017'35y)l0in-3ll4tT0ns;^20im0 U0S)lu'50'ini0 T00 

nji4ni)00Tmn000ijli4<ufus;i4i4'3i 201010 07012201010

,5'320n3JfTl0tlJ
(i

m7S3J017141l01UU02l7U0fi3j21lil,wl 14017211401411000014
q

(Algae) l3l40-32r70'2200l'UU'H?i-3141013JE771J‘3n0 4-3*li00ll401770D100TWU0'32ll00 

fll02207010170-31071S:0,U0-3 0TH7:i0u2'3l0U103J10'H010,5f'U0 010000l,0tUcV101'3,rl 0'3'U

• 013400UfUS;l07-3071^D0-301M710 u2401K7!10000l0 2 27D10V1 00 ^IM^IOl'KSmflOl 

(Single Cell Algae) U0i;01,H7:100010l<Itf00 (Multicell Algae)

• 013J0Q13J011J170ll4017fT<U071s;0U0<l (Synthesized Performance) im'-3trTH710000l0 2 7010 

00 01K7:i02l110170-3l071S;vfu0-3l0 ims:01K710^1201U17mi1017^l071S;Mim40

• 01urU0,U0'30TM710yi2nJ00 1170122 (Pigments) u2-30TH710000l0 2 700 00 01K71022 

O00 ^013J17007l071S;'HU0-3l0 UflS0T07102122uj0fl ^-3120-31071^11110^10

2. 0TH710

0111710217111111401341100-32117734 7n0U0Sill47Siim2llJ0U1l00^00-3000l5lD14 

ll400UEUS;i7'3171014 l0001K7:i0DS;i,0101cB0171l014l0000l'lf02t000100170000010017014y)707J03 

U1102l703Jllll'UU110,-301in7 m0Hl2l401701in70^014ll40170-3l071^117il^22u0^U00 0702u0^
o' d dd** d d d *=> d >0TV100rV103J 2Q070l5'3t022l00?14in007S;ilTU0170'3l071S11U003111140340172 7.1

00773J0UUU02l,70

U0-3U00

NH3 + 5.7 C02 + 12.5 H,0 ^ CsAsO^N + 6.25 O, + 9.1 H20 ....7.1

01H71E)
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^ ^ J/ y

lu^nin^liiSu^ufifi iTTHTiw^siilfiQaniwi^iiaulfiQQnlOTQamjii'Kaa ^iutpi^KIu 

mjfmvi 7.2

NH3 + 5.7 C02 + 3.4 H20 .... 7.2

vian^nnuarDuii-JtTTHTiw ^uinIa 2 ndulvid IfiaHanufusua'jfmSi'vamuuiiiTij 00

iTTHimndu'U'asS'uiiaawtr
' a* 1 d a vOJUtimJ (Nucleus Membrane) tnK7nmJ7Smvi,UlllJ-39mjlU0^ (Pigment) l^'U 00 Chlorophyta 

(in'HTny^t^bi) vmmul0lii7s;uuTJiij0'uii^0uiiu

tuwTmaaavivilpi) Phaeophjna (?TTH7iu^ui0i0) Rhodophyta (tnvf7i0mi04)
! t J* ^

1TTH710lun03J'UUtr0'3l'flu7lJ^ 7.5

• Eucaryotic Algae llI'Un03Jni0'31TTH7n0'0inui70IT'3t071s:v?,Ufr^l0

Stabilization Pond Euglennophyta (tTTH71tJtt

°o yliI0°0
v

-■•. >T" SSS• —" £S

■ -; /TnT^.

7

’ C Qp

m
'&QZmhe>5r5

:i i'i
im i

-7

I

7.5 UTTfl'jmMT'Itjlvinq'jJ Eucaryotic Algae
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til'undu'ua'jtTTHTntj'Milifl'uitfiScjlfmjjmir'u 

(Nucleus Membrane) 1T'l‘HTnillundu'U1T'l3JTJEl(5lf'3lt!Tl>l?l!],U^nn0nfnffl^n?lfjl£Kni6Blsl?l1'l11,U
o' * A g* '^lyJ^uvru'unl'urrfms^ljJSaQn^^'u ims0'3?n3Ji7000n€lfii!Btmiiis;n0ui!B0d0i^S0filu

<u
SJ ^ i>

■uimwll mm:i0iJ7stmTuSiiviinvnfn0fyuifil'uiis:

4
• Procaryotic Algae ‘H‘50 Blue-Green Algae

ii u in ifaihma
3. ?T (Fungi) tSumfl Heterotrophic Protista 002^71000^111111,1171! (Nucleus

Membrane) 2n77l000U,flT00010f0lim00U (Mycelium) l22w'U'at,!1^00, (Cell Wall) 
©^■uiJismvu^bnub^ (Yeast) ^dmi^uiNiimtiiii Budding ua^niTirfNmW 1I071 

imn700i7^5yil0,0'30mn212200ni5i0i!U0s0mvi22000i5i0ii 77u,0-30017^220thi7,u00

0TMl07iU0S5207Ulfu20707l0 1l!7i:
Treatment: AS) 2'nmitf0770tjl3'UflTU71IUin ^0sniTH,Ul2000t,f0700'170im7mmi!UlJ02t70

4. TlHIpi0#! (Protozoa) ttTulviduailllll^'WT^Oyll! Aerobic Autotrophys WlPifryail010tlJ 00 

iilii^7i'!ii00i007 ^2uin0lvidn77100 lu070i! 122«,u-3i<!K00 (Cell Wall) maoulvnll ^ 

^U'Wl!fmiUu2'307V170Ql (Binary Fission) 7f70n7fl01cli00’uU02l70 7f70ll17S;illl271J0l0i00r2 

itasffYiffnviff-siru l00'M3lM:'in0y|figfi (floc) 27simnj0'3liJ7l0i:»72mji'0i!lu7s;iJii27iJ023t^0

7.6«u

<v Jl0TD0017J077

llUlJ71J0Uim0Ulllll0l0tT (Activated Sludge Wastewater

um?

| 1 ^ ^
7.6 Iiblfl'inibstfiviem'H ^vmmuluisDii^nij^unmd
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Oxidation Ponds (OP)
9 a

! o *±i ^ tA 3/a d * InmJs^'UKfoinsiui^Klum^munu^iu'unlT'l'B 7.7 upiiJe^ndnHIum?
ooy^fll QJ J! $) tH ' 1 V

ijnj^uimtj isiiuijnjpiuuiiuwQ'jaifi'Hfail^tifieufilpi 'Hfa'itT^ati'MniJiJii^a'Suvffaila'anu
^ q

** V J ' **

truauvifa'watjl'uijit^aSa''i?ipifi^'inntiQaiT?nalf)mTTHi:ia
lu^fifn-jiuvifelu^viSu^

<=i a/

rua^^nnmTfismTinauQ-jmal'uiisuii'uinfi^'uraviisl'u^a-?
ay <4 q i ei i £! ** V ,nai'n'uw70lu¥7'wSufnmTuu

uuu'U0'3uu''300nlfl 4 ilisiifiYi isnjJil^nSaivinja^isuuijnjpi 00
7SU1I1J71J0

1. High Rate Ponds fllluanua-au'ai'Lmfhllim'U 0.5 tfJfl? tm'3U00?T0-30'3n'UU,0l0 IHll'Hni?
^ Jf ^t=i Jf V

trTH77m,o!fymul(5)0t)i^npu!'3 inil'H'unt^oanyluiioSmy'] ^
» in ci * a A )(Algae Bloom) 00>mnfl1U'U7lMfim?(07D,uiliJirni7t?7ajmiil00eii-3n0i77nj0-3iTTM7n0qj u

eA \ qj at *f \ £ ^ .isuu'uaiTwiunTsiinuni^ijnj^'G'upiuinnau maita'amjmilmni'uniO'aimi'u
inmuiilunaiiiTu

2. Faculative Ponds 07nU0mJ04lJ0iil SfiunnnQl 0.5 OJP17 Uwlliinu 2 OJ07
3> d * *H * *4 £ 1nj00n)0-3?s;uu'u 00

l V 1 tfSmuni?ihijVinrum'u iTimJgnloi^n^iia iS'umTyaytranmtuulu’KsimfT

3. Maturation Ponds Sailuanl^oraaoill^intU 1 13J07 inilMS0nijQlsmS0V!li00UUUUWfr3J 3Jfl 
]tK],um7ijiij0iiim0^wi'U'u'U00ufn7iJ7ij00'U3na07 mo^wl'H'un^SfnTvIanlayiTijjin^

y Si \ ca ex ei*& * V

(Self Piirification) ‘Mil'WunluijaiuSafUfliyifW'Uflijja'ipiij ^'uuiJTs^viiaTM'ua'aisim'G^frin
^ QJ o tA £TSiUUlJllJ^'UimCJUUU Oxidation Pond UUU^ 1 U?IS 2

aiiuafiua^iiaatjlu^O'j 30-54 mwi 3jn1ttflani77ii'un^0^S0n5l00pr-3
v v & £ \ ctmnil'U'uimu^HTUTsuiiuunliJijnij^w'aliJ 

UUU^ 1 05 3 m71SU0f4U0«0r0405llJllJ04'WU0VI ?4m0ni71T^fr3J,U040S;n0T4D0Uyil0<O1t4714
q

knnuasnalnTia^mTEiaofraioua^moI^o^-unlmifia^^'Ufi 7.8

4. Anaerobic Ponds

ibsffYiSanvna^suijSfhfnau^iwnjamEJumj
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Dissolved Oxidation - Reduction potential
(mV)Oxygen : DO

*\Rock Depth T I Depth

Night

> Oxidizing “Aerobic”

Rock

i I Reducing “ Anaerobic”

Minimum Sludge thickness

7.7 TSIllUlhijVl'UlitTCJ UU11 Oxidation ponds

Sunlight co2
dZ -*rT7 Biomass

I
1<

Organic acids and other reduced compounds

of C, N, P, S
SI

•. It;
Anaerobic Bacteria
i . ai r

:r • • ,
I

Sludge Blanket

Impermeable Lining

llln 7.8 nfllniSUUUlifa'U'imtniUll Oxidation Ponds
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» o v o * 1 3J VmsinaisuuihijVm'utTEJ uu-jlfi 3 ^uir^'jlil'uiilvi 7.9 Twtuiii^pnjjsnytusfniiw'uisuii

IJlJ'pl P10 UUUQIJfmj (Series Type) UUUUlilU (Paralleled Type) uasUDUHIttJWtnu (Mixed Type)

lior 2J lifl'M 1 liefi 3n. uuiiB-unju

UB'B i

lisvi 2

3u. uuuuutu

UBYl 1

lisfi 3

11071 2fi. uuuwrru

^ i ^7.9 rmfiaisiDuijmjfnjimtj uuu n. aiinni u. mimj ims a. wtniwtnu

Aerated Lagoons iSmsUUlhuPluni^U^flaiumnsDU Oxidation Ponds riniJ7Sim7,»1'3]utT7'U,iJ0'3 

m7aQfUmUUflSfmn01T714 ^Fll^snn^SIUU Oxidation Ponds Aerated

Lagoon 3jrn7lttfiafa'3iSuaifnpfmam3JiJ7intu00n€t!)ii1'U'uni^a Tfial'Hil^sfinBaivil'uniifiaa
tf* a* ^jYfnutn^a'uvilal^a'flaTjmaSfiunnw

9

T^ia'MlIlluaQiaia-lWUaimpr^ll S 2 UUU aa UUUaaauWTUn (Surface aerator) fTnulu 7.10 uas 

uuuiihaimflf (Diffused Aerator) a-aufTa^l’iluTiJu 7.11 Ifia^luluaiilTs^viSfnviua^isuuuiupi 
uuu'uSa'iuinn'ii^suuuiuaunmauuu Oxidation Ponds fiauirurinn mam^nn^niistn? 

auvmiivnnu uansnnuimQisuuunupmuuua^l'iriNuwl-umTfrfi^isiuui'WBUiufi'uit^a'uaanii 
Tsiuuuiuauil^auuu Oxidation Ponds ll^SiUnm 8-10 mi

eA 4 f
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llln 7.10 (Surface Aerator)

0i?

r=r0 Q-cn. -----^t)
=Z30a:

°o 0------0-°-OTr
^ o 0------T_°-

Air InjectedAir Intake
into the water

o
'O'

oo0 O

^ AllJr 7.11 mfe-JliueimPfUlllltiJiaifnfT (Disused Aerator) Difftiser

o/i o/i di sj i ^ A A ,^'3Sdi-3nj0'3'H7fliasifnpf,H!oQQni5i!),ul'MUfi'ui 7.12 ^ilan'iiiiTDiasimmmsT^u (D
Aeration Device)

ome

Jflll " k. t , •
m I

f >*•

%

7.12 ■H7D,iaaifnsussT?nj
♦
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ISUUinilfUHIU Aerated Lagoons 2 itasiflYl Jnu?Si?itllfni3Jan,U0'3liQlJ11Jfl 00

1. Aerobic Lagoons 0^t03J0im0,0l'H0nfn0l00£il^'0Q0-3ii0 'UT0-3VIW11J
V i 

o d i

O' II ^ 3>

?simijiij0nijijt!3j0ii3j,ijij00'un)i'3uin ^'uu?sijiiiji!j0auu'u jjnSd'30n0s:n0tj0i!j00tlaT3j0
qj <«

I ^ I V V 3/

n0-u^iJ?i00'UT0^00n1ilmtM^,uifn5i?fus;

2. Faculative Lagoons ?SilJlllJnL0Uim'ul<Kt0f0'3t03J0ini0 m0l'HS01fn0m0'3‘W0(5i00'313J00^fm
Faculative Bacteria ^0TUnsuVfllJfuntU011Usl|0-qfm0nm0,U0'iUl]0^tl0'riS0til'U

■u

^ d ' ^ &

i iJ d d d ** J)?0U0Q0 m0a?iilfinm0sn0,u'0S0tjltruim00-3lil'Bit4TU'Hu-3
‘y

^Ptn^snouiinui

Aerated Lagoons

isuuijnjpuiiiu'UjjnliiSilfijvntfo'jnSvmasi^tnimnni^isisnoiil^
- d tf * iimS'unlynm^mimal^ou'ui’ainn

isuijijnjfiuuu 7.13
duofiinnuudi^fimiTs;

Wastewater EffluentAerobic SettlingFaculative1 n n\tH-ij\ /

\C^> '
7

Well mixed /

Residual sludgeSettled sludge

decomposed
anaerobically

?lln 7.13 7SUinjmj0U1l^0UUll Aerated Lagoons

V

tnjfmiT3J00U'30tn7‘U0^tn701vml'U7s:milJ71J0UniSmnJl) Oxidation Ponds Aerated Lagoons 

iiliwmjmsvi 7.3

007nfm1vt00071017 00710171^7^10111000710171110
.... 7.32 Q QJ0fs?r3jyi-3vnj0 tUl V)-311310 0VI5V1'3'H3J000071-311310

d ^ ^m0-3D10llJ7S;illllJllJ0,Uim0l3j00^017lllStn70UV17y0001^ 0-3'U'U0071017tTStT31U0^0'170UV170
010lri7S: 1111111110 11110110110 4-307-30110011^0-33 (Steady State Condition)
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a» a/ i ^ »

3/ ^ t

ni)0(5i?ifm1'Htn5'3ilTuipi?u0'3'uii^a” 7.4

0?mm7l,wm^im3Ji0U04tTi707vmtu'U'im?j Cao^-Q .... 7.4

o' 1 & v
^nn0773J^;,3J‘WT41^n077 0f;l7nm7l'H000rui'33J70^0'3tT770TH77ll4UTM'3 SfillvilfTlI W00tmj0-3

<u
y y 3/ ,

ll7U7fU?n70TH77l,UUT0'a nU0Pt7im7l'Kin5-3ll?U1F)7D04,Uni^0 sB4lllu^?fUni7'0 7.5
p

0Pi7nfm1vm00fu54inau04tn70ivti7li4'uii^0 ca*q .... 7.5

09i77fn7liwin70Tm7,u04tnvii70 mnnu w00tun)040(5i77m7]ttftn70THi7nuilfu7futTi7'000n07n
P '

7SUU U0SlJ?inPI7,U04'U7l^0l'U7SllUlJ7TJPl III 14«4ITU017^ 7.6

0i5171fmHtn?0TH17l543J70 Vr * k * CA .... 7.6

i ^ ^ 'umjfi-mufmvi 7.5 04 7.6 S4li4iT3jfmyi 7.3 7.7
Cao *Q - CA * Q - Vr * k * CA

Q> el '3^ '0pi7ilmjni7^ 7.7 Imil^pruni?^ 7.8

0 .... 7.7

cA 1
VrCAo \ + k* —
Q >

1
.... 7.8l + k*t

li4fi7tuSfn?pi0uuu0'un?u n ^14(51014 mjm70ii47fl4Mi0i0mmv4,u04i4T04^00n0nn7^uuij7ijfi 

luir?irii0 7.9

\n
1

^ A, n C *^AO .... 7.9k*t1 +
n 7

^ « a; ^ll?3J7Q4tm0TVmi7Ufn4ll4'U1l^0 m4'l0U70?i0ll?UlW7 

ilfimutn70THiili4i4TM4 miiyuiswoilTinfl? 

ll?3J7tUtT770TH17ll4147^4114^1491014^ n V!14701i709l0ll7U79n 

0704^D0409i?7fn7ji0umn0tm0TH77 mhypmnm
0 v o a/ £ V

,flTU7i404ij7ij9ni4vnj9i,i)047s;iiinj"nj9ii4im0 mJiyoTUTulu 

7S0sn0nli4fii7nniniii47i^0 miiwnjn

4 m
^AOIJJ0 00

cA 00

^A.n 00

k 00
41
00n
<*
00t
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fiif)^^njf)^Q9infn7£iawtTin£Jim0mn7 m^wifiifi-wuo-afmeiauiTfl'itJ
c± </ A ^ * a <k »

tn?a,uvi1a^0fu,Hf]Cn)0'3unma vnllmmrunii'M 7.10

(T-20)
^■c k * 9 ^ 20 c 0 .... 7.10

aia-3^,u0'3a?i77fmjieaira7atmaTH77 ^atunafl t c 

■Hinaeianm

fiia'j^ua-jawfimTtiaatraiaimaTvn? aaamaw 20 T 

vt^iawanan

aia^^nia^mTuila'janana'j'aa^TnfnTfiaatTaioimai'Kii'a 

asunnC 20 c liltilij'aatu'HnC t c ^rn'inu 1.079

a

^•cmo ao

m
^20 0 aa

<se aa

v

iilTi-amO'aa'aihijfllinsuuuiijVi'U'imciU'Lm•u

^maauw'umm07iJmwaau uasSanuaiaioa'3il:s;inai 1/2 a-3 1/4 ^unuanyfusnia^wainias; 

ainuannjo-jiia wu^iJoa77Cfn7pnav(faTja7aa'u5m,uavifauwu'wa7iTin Kumnalvid tiluau 

mailo-jnijmTluua^'unlaa'Ui'iiiina-JTsuiiijiijauasluaan^nmJaiJiijaooalil^^nl

Oxidation Ponds UOS Aerated Lagoons LflllluTlJ

4mu u?is:yi
uinTSjfi'iniau'yi aQiwniTaiPi^'uatj^iiauiJisinfu 0.30 mwi I'wuauaslpiisaiiwTui maila'inu 

m^nPiniaunja-jw'u^iJainnaa'u^mfi^^fliniafa-jiauaifna uasnjoiiiiaai^^r^n'iiisau'unmaCFree 

Board Level) atii^uoa 0.30 lufi? anuaiTua^iiaiJiija^nfim vnla^nnfmmi'a 7.11

\a* r* A-6* r* (S* D)2 +2* (S* D)2Y2 + S*D*(\ + r)Lt 7.112 * r

i aQijjanua-Jiia ^aa^mT'OTsaiiwTui vni7aa7iua77 

anuanaioa^ma-jDaiiiio ^maila'DnnowTiirQiniO'juinisau 

nuiiin^
v

anuanuO'jn'uiiaa'JWTui miiaanuani
a/ 1 1 3/i 1 c4 *aFinprTu^svrii^ainumi'jaoaiiuan'ua'Ju'B ^isauwTUi 

^i4^tfiaau0-3iia 'K^vnlflsnnoaTidiuua^iJfinpiTiia'j'uii^a
v ** o 1 1 ^ <4anuamja^isjauwQuifnal'uiia

<*
Ltma aa

ms aa

D aa

aar

A aa aa
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^ <=» I ' '

Iflavnlihmiaei-nfmM

annialxjTsuii'u Cfinatilu'WQ'j 12 ^ 1.5 minj0<3iJ7uifUfn?0THi? l-uTilma-JinaDO-afilapi^an 

fh’DVilaVianfn 2 U?'33J1?l0'Uimu 1,000 m3 ITTHfuismi
V

lllljamju Faculative Ponds U0S0(51?nni7H01010 13 0-3 40 UT-SihflaihmEJ 1,000 m3

tTTHIU Aerobic Ponds Aerated Lagoons

O/ T 4 ^ ,pheai-J^ 7.2 D'30TU'3fUKn0,10-3'W,U0-30S517ini7f]00tT010in70THn7UUlJ Oxidation Ponds

?s;inji]iij9iuuii 2 'tru<51014 ^Tsasnailufmnmnu'uimu 6 lutfTiif'u'yiiwouuin udsisosnsilii 

mifimnu 3 on itim7ii,ui4?i0'uyi 2 u0s;il7s;^n5fny(l007i3jli4fn7iJ3ij00n70THi7,iT'-3 2 ^44^014 

mini) 88%

ibiii i,u0-3inn0i0-3^,ii0-30<5i73fn7Ei00tr0'i0?n70THi7S030'3'0 lu'^uatinuTsdsnai^minmnu 
ad * I A \ v A v A■unmamTisusiIu fii0^^0<5i7im7000tT03W0n70THi7lt4,ui4<5i0i4^ 1 u?is:T,unn4<5i0i4vi 2 Sa'nviinu 

'aintrum?^ 7.8

CA 1 .... 7.8
^AO 1 + k * t

ITTHTU^'Ufia'U'M 1 c 1.4,1 .... 1*
Cao

Ca,2
1 + k * 6 day

a 1tTTH71J!ffl4<5|0UVl 2 2*
Cao,i 1 + k * 3 day

^ ^ cl 9J 1 Alj7JJ1£Utn70TH37l'U'l43l^0^1vi0l,inii0^ 1 KliobiJOaisiailTUnifl?

i mnainaflaiJfinm

il73jnfuin70i'Hi7li4‘i4T0-3,000ninnii0^ 2 miouinapiaiUmpn

i mr̂AO,lme f)0
*n

Ca,. 00
di

Ca^ 00

^1 ^1

UltTUm?^ 1* 0Q4nUtT3Jm7'0 2* 100-3IT34017^ 3* 
*1

CA,l * CA,2

Cao >1 Cao,i 
Ca,2

1 1* ... 3*
1 + k * 6 day 1 + k * 3 day

1 1*
C 1 + k * 6 day 1 + k * 3 dayAO,l

0.12
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iOintrunml7S^yiifnyi,ll0-3ni?ni^tn?0THl? ymsuu (Efficiency of Total System : E)

E 1-
CAO.l

E 1 - 0.12

0.88

1 1* ,4*1 + k * 6 day 1 + k * 3 day 
umrjjfmvi 4* minu 0.265 $n0Tu Answer

QS T ^ & i

7.3 fl-aOOnuUUTSUinJllJ^UUll Aerated lagoons mOlllTJ^IUltf0 cK'3QPI0(47nm7l'H0t5'3
V Up

lJ?in«71,500 rnVday 0l5l0^ni0-3'Uim0 tvhfTLI 600 mg/L 0tU'MfjCu0^'unm0l,u,UfUS:'Ut4 mini!
it 1 ^29 C ‘uoutimutSmJfsinoiiniT^tnQuS'u^fl

p p
0^0/ id .Wd i o d ^ d d tf*

'UTvi'3pi-3nim3j0aitnjupuvnjis;tnjpi0fmi07Euifiu mmo-j'osuvildU q

I d i d030-3^0(5171fm000tT030fn70TH17^0tU'HfjC 20 C IvilflU 1.2 PIOTU
V d d ii■UT04^00nsnn7j:uuijnj?i 2011311014 60 mg/L

flTVU4fllll0071fTTU0713J0114000713J0nU0'3li0 27S0UW1U1 mi0U 1/3

0113J010U04li0 mi0U 2

0n3JS0U040'Uli004W1141 IvhfVU 3 13407 
A ^7S1S)"IW0,U10‘U (Free board level) tvil0U 0.5 11407

(T-20)dd o

IBIll 0101T34017V1 7.10 

11711401014^1 341141T340172 7.10

in st

^■C k * fl^ 20 C ° .... 7.10

1.2 00TU * 1.079 

2.379 00114

(29-20)^TC

=1 CA 1?10tT 3401771 7.9 

I17n401014al 04lum401771 7.9
in vSIS 10

7.9
Cao l + k*r

60 mg/L 1
600 mg/L 1 + 2.379 per day *f 

3.783 day
O'

4 114

iTmsssmi t
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v v
ilTjj'ifmQ'Sim = w?ifjfu,iiQ'a0fi7im7lMfit5'3iJ7ui?i7nj0'3t4it§tj nuTsasnantuni^nfiinuihi^EJ

1,500 mVday * 4 day 

6,000 m3

Vr

iJ?jjifutn?0nvnT^m?rij0 Sfiiminu w00tun0^0s5i?nfml,H0milTunpi?ninJlunfutm0THi?lu

iJ!insuin?0TMiTvimiJ0 

umjfheh-a*! s-jluirufm^ 5*

irmvcTJs'u'u iJT}jifutn?0ivti?^i,uiii0 =

Q*Ca0 .... 5*

1,500 m3/day * 600 mg/L *
1 106 mg

900 kg/day

ijfuiaioon'it'Dufil^nnmfo'niuoimff tvlinu 1.3 mT^0>3iJf}jnfu?n70Tm?^0nmflpil^
«u

lYmsAsmi

il?uifU00ni5is),u'w1^nni0f0-3m3j0imfr = 1 day1.3 kgO, / kg BOD* 900 kg BOD/day *
24 hr

48.75 kg/hr

A v y
nn0'3nj0>3i0f0'3ti3j0nni0 tviinu 13 ui-jjjh (510 1,000 m3,D0'3i4ntSEJ * il?un9i7U0'3,uim0030liiii0 

mTisfjs'U'u nis-auo-jiflfo^iiuoimpr = 13 Hp * 6,000 m3
31,000 m

78 Hp
amnmjfmvi 7.11

[4»r*^[-6*r*(5,*D)2 +2*(5'*D)2}^ + S*D*(l + r)
Li ....7.11

2*r
umifh(5m'n 7.11

[4*1/3* 2,000-6 *(l/3)*(2*3)2 +2*(2*3)2 + 2*3*(l + l/3)Lt
2*1/3

89.5 01(517

« 90 OJ917

Snfl0PI71tr7U r= 1/3
35

m^nsTJsnj'u^nunii^niO'jiio 90 01P17 * 1/3

30 01(517

142



X
Water Level

▲

Water
Depth

0

Y

nTH,u?i1'H7si£JS'H'i'3luim'i^?nmj9'3WTUT^wDijQniin,uii9 mnnu x iuci? 

uifrHanminiQ'jfnutYiatnjfiany 

finua'm'uuQ'nje tviinu 2 

n,uii9nii?£sui4il,uiiQ

A 1 os as t OS I £ o * A« I^rninu QfiTitnuua-snu^jiys'H'i'jl'uuin^'mnuQ'jwDilTMNQLianij

s X/Water Depth
2 X / 3 tU?l?

ivmsti^'U'u x 2*3 IU(51T

6 0JP1T

90 men -2*6 tuifi?uasfmuy'mjO'anmj© =

78 13JP17

1yfn7fi0tT7n'3ii00i?,nnni700nuumi0l'HS0733j0nfi^'umnn'um0'0>3PiTu
V , ii

V os v 3/ & l M] $J & s=*ci ^ as 3/ 1 d <a a as 3)mi-3) ^uumiumi-s 110-3fmu0?nimtmi mpnwDmfimmj IfimoiPDuinDi-jno-jiioviwDtJiiinfny

071^071-3110-3013110

(ii-jlTuumuss^itj

30-2*6 lUPIf

18 mw?

m0l'Hin?t07i3Jtrspnn,lum7tiu70uii0 ^iwo^sosinmjouiio'vn'j^iu^Dijjymufis^DijjnDi^'lil
A V , J/ A At Q *A \ *s 3JOflATUflS 1 lV)71S07U10mil011ll0U0t0713Jmi'3U0-3lj0'0^'U^'U 201^-3111-301-3

90 13J07 + 1 t3J07 + 1 mm 

92 13J07

30 13J07 + 1 13J07+ 1 IU07 

32 13J07

r A0 713J trn ij 0 Li Li 0 "im i u vi i-31 a u m u

U0S:0713jn71-31l0LILi0773JVn-3l0U
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1)011110 fryu0

V
32flTN : m 30 18

92 90 78Em : m
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imuUmiPimjjfnijjmlfl

0 CU A * & t=i1. fl'JBenUUllTKUUlJIIJPIllUll Aerated Lagoons IVISlJ'lljVl'U'U^fJ 5B'350(>17imTl'H?n5-3ll?U1^7
V Up

20.000 mVday miflL 150 mg/L QfU’HnS’Ua-JUimjjIuutUS'U'U minu 39 c
a/ 3> i *A \IfioaiffumQjjfiplelil'U'wial'um^Qenuuu<u

V

• 0n0'3^0?i7im?000ir0i0in?0THi7^0fu'HnC 20 c rninu 1.102510111
* J! A• iiTM'3^00fimn7s;iiuijniJ?i Sanliiinu 60 mg/L

• nTH'U^lM051?31TTU0T13Jnil'15i00nU01TD0-nj0 ivhnu 1/3
• 0113J015l^0-3li0 iviinu 2

V

• 0113J0n‘U0'3flUlj00'3Wlli3 iviinu 3 IU517

• SS0SIlW0Uimi (Freeboard level) iviinu 0.5 IUPIT
• liauK Sfliinu 5 uo ^■mni^aisuuuiuflluanutusuuuaiinnj

9

a/ 1 a/nit vii mi
oa/ ^ ^ d Ad2. DiaamiUUlSUUUlUfUlUU Aerated lagoons maUIU^TUIlM 5lflS051?imi1vinmiJ73J151T

V if i>

20,000 m3/day niulawDOiiiii^d iviinu 150 mg/L atu'Hfjuuai'uimaliniaisiiii iviinu 39 c 

Ipidai^o^aynisialiluiiiyl'umiaanttuu

unsmnwpniuuuai
9

^ A 11• ihmcjviuiinuiuA mylmJnuiu^upinsiio SfjfutruuiiMuiJitrupiamimnjiSuIwniai 
dSuviIo
9

1 A '
• Fiiniu05i7im?000n,fn0?m0ivmu0fuvinu 20 c iviinu 1.102 5i0iu

o ^ A o <» A * *a A 1 *• iiTniuoamnmsuuuiu^ 'BiuiDimiii^w umunmuiumini mmii 2 ua nunmini uni 
luinu 60 mg/L

3; 3^ 1 if

• nTHiiPil'Hapinfr'ninnuniii^afniJJdnDaiua uis^uwtui iviinu 1/3

• frmimfinjoilia iifinsiia Sfinviinu 2
*

• fliiunnuainuuaniwmmoiuauiuViueiflsua iviinu 3 luw?
A v• 7S0S;tW0'Uin'U (Freeboard level) U01U0U1U(f| llfiasua iviinu 0.5 tUPl?

• uauH ufliinu 2 u'0 ^ipinnilunnumsmiTunvi

• uauiu^luu 1 Sfinufluoini iilu 2 iviiuaiuiauiufiu 2

• atnnmnhuVuhmtJ ua-niauiupiu 1 Sfinuu 4 iviiuaiuauiufiu 2
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unn 8

fnsin£wfnttHii/n<riTLlEj 

(Composting Process)

n-ssjuTUfmwjmii^Ej kuicj^ fiTsiiTum^iJiij^nia^muvn^^fiTvy rwaafliJhnane-ama
A ^ <4 y y A
vunpi,ii,ul'H9tj1ii|iJni0-9tn7^imj(fi7n7 

Ifiuvi'iliiuainjQ^^jj^UiuiwSwifluiltJ ^iTiJisnauliJ^wimSuviTuiiIuif^lviaj manslmnfi 

ili^TavupiawawSHVii-amTmiJisi?

tnui7m4i1il1liJ7s;T0,iru,vn'3PiTuini)pi?n?73j1«Tpia?i?<3

ibslaru^1fllimnn?sinuni7w£in as ^nliH^sS'Uvils^SafusTwa
i q

^ns'msjjllJITSTW^ttTSSTVtfsmafmilJsS'UUlls^UOS (Stabilized Organic Matter) ff^WSSTSVluas 

^•jtnasauaas^liJ assm-jus^ne^ms^ununKlun^sintmiTvrijfi lauri
ret I tS a o'

i?snsi Night Soil t^ssStivils n)s-3mssin^as uS'Si^uflifisiamupii'nTnjussjmS'Jt^ain'j^'uania'?

q

d A i
ss^ttrsvim'unTsin'um?

mO'ji^yonniitjys 4-3
q

iRBiJ-ssfr^R'UB^n's^in'Wfm'Hsun Imifi

■nil'HiiB'aifraBul'Ufrinrmiarsia's (Waste Stabilization) 'sil'HSwsnirviURO^'Jtnafiou'usaS'j
O q 3> ocu d a/ I S\ £/ A oln At

2. aRnflni?iJii0>3^S'W'iilEjRiil'uanmR<u0>3T'5RRi>3'i a^d (Pathogen Inactivation) mifmufmeisej

^iiluanmaua^lTfipii-an dninawlti 

l'U0'30in0TR0tU'HflCtT'3lJ?S3J1fU
q qj qj

V

trsissa-snais'uuinuiissus-qnflnisuus^Stjms'WfOfmvi'm'U'tJO'S
q

1.

irais uasmi’iiensmiBuo-asaiiYnsu q q

arfmsinRasuRivtJJisiau wu samaS-Ho^
q qj

‘uO'jnisuTumrHJjn
50-60 c

tsiaa sauvils
q

3. iil'wm<5wii0i0Tm<5iar1war5i'3nain4ilvl'Hjj'1pi0n (Nutrient Reclamation) nTSinUfm'HJJfl
4 SJcA d *S O’ 'mRmjlRRm0'3lR^u05jnuvuRU0'3tn?0iJvif0^diin'0im?K3jfTMi^0 Tfn'aflfrma-aenTS'uvns 

lR0taynt:a:i70'uyil0^5l0?^iT?Naauc»ucB0,u m^tlaoaranutnTS'uvils^na'm ao^wi'u^Tjaou
V 3J t y 'fnTflfamMaiy^ROTj uasHTsiusnailufmtiostraiuuiiifTiianTO'ums^SlRT-jtriNuiiU'Sis

vtfoSlai'jtTfNDo-jlumnatiluuuuu'uiRian
q



I d4. wi£i1t4fmni?i'fui(0'q0‘wnlEJii'H4 (Sludge Drying) ofUTigCfnjilune^vnjmjo^malunTSUTUfm

50 c tinil'Hl?ii]ej'MC0£ufiTmmiti'3£ifit)nn^t^3^St4yi1oSn^iej 

mruunr^ fmmunnu?isnn"ijTu?i ^'3iil'Ufi'i1‘B:^tJ^?T'33jnniD0'3?suiJiJiijpmmJ7stfm2flnfifm'3
‘U q

ci J/

illUPIU

,u0n^nn'uej'3?iPitKO0

iJ-ssji/vnuB^fvssuTwnTS'Hwn (Type of Composting) niisinums'HJjnueiflsLlssmvi SniTHmf

i0f0>3fln? uaslInsnl'umT'Hijnpii^n'u ©Taaii^nTSLnufnTMJjnoonll 2 il^sinvi ^nuilismyim©^ 

t©!0-3^0 mfo^'ontr^l'wn^sjinvifn? 00

fV5S;in‘UnT5<HUn,mjm‘5lKl0'504S)fV5na (Mechanical Composting Process) ifl'UflSSintJfni'MlJn

m00TU'300nu?rs5fnnl'Ufm'iin'3TU‘U0'3n?sin'Ufm wa
^ ^ 3/ 1 a' 1m0,vinm??']u?'33j,tj0'3m03jnn0-3lo m rrontj^tlyin'u milloilnituiiliau t'wo^olMntsin'u

9

<u d a Jl \n 3)ei loQ3>« l «a « a o'fm,H3jnnj0'3mym^uT4
q

o «4 a#ln sJtA Ji
QUTIICJ wmu

JV 3^ ^ 3/ 1 3/
ii0n!iin'uu0O0U'0n]im1ilm0lun0'3'H3jnti'3t»Q0?s:un00iiu70i4'0m0?,u^nn

nisuTuniT'HijnSnpiiy tSu^iu

2. fl^SUTUfm'HlJn^lliSnTsl'Bmlo^fln^na (Non-Mechanical Processes) tilufnsuivimTviJjn^ 

0i0mt?44ii40U'Hf00iln?fuuuii'3i0 t'tf'u fmn0'3i]0'5-ql0uisnnfm7iii?i3jnj0'3i,^!!JiJist0'vis5in^'ri 

'inn^'unylu^uwtlu n anunviiiuntj iiludru

©nmm^n^siiTUfn^'HijfmiJ^lmiltj 2 il^sirvi pn3januais;u0'3fn7r)0iT?i'3?s:mifn?'vinil0 00
q

1. frs^in,Ufn‘J,HlJn^W‘Wnim0U04‘«04iff0 (On-Site Process) tll'Ufn?'H3Jnsnn^0'3tS0'00'UmtU0
~ ek C* Jin)0'3U0-3my^in0?U010l'U^3J^l4'H700n0lul?-3-3TU00trTHn7?3J

■» q
1 ^ 1 V

lu‘»uw^S0nu00-3fm]uni?'ijTU0U0-3m0^m0fl'uimst'Hii0n3JiTn0fun)0'3ni?'H3jnt0ii]0
q tl q

^‘tfUTUUTul^Tlamnp 011001^0-3 io-3'H50WiJtuIan iiIustu
q q

2. n-5^m‘Wfm,Hirfr5'3W'Hl0fns:in'Wfm'H3JmiUligt40fiai-3(Ofr-Site Processes) Ilillfmvujn-Dlfl 

u0^my^'0im??'iu?i3jnj0-3m0U0-3^uctiU'in-3‘HU0 vffoSiliuituno-JilrmjTHJjfil'uanu^i^'ifiu 

4-3S0Q13Jio1l4fmi0-371lll?U1fUU0^m0l03Jin 

m??ou7O3JU0-3m0^0 <H70!nn0oiU00^m7D0'3,wuiitii:i3jnii0i0?5^00-3fm'uii0in)0^m0^m0 

UUUT0im?'H3Jn010l'UfT0TU^t0W'3nU ITTU T?-3K3Jmi1ll0 ^©OU'U'K n7^mnUMTU0? 11113014
q q q

a/ J! a £ms;uTuni7,H3jnuuuuin0?u

llfU

a/ a v A an?s:inufm,HijnuiiDGmuis3nu‘KU,tf,u,0S?s:inj
q
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UQn'oin'UQn^unj^fnsin'umT'Hijnsnmiij^l^ 3 ilisifivi ^nuiirmiiu^uu

1. n‘5SUTMm?M«nUUUin ■Hlen-SSUTWm'S'HWfnmUfl^fl'Jll (Batch Operation)
qj a A a o ^n?s;uitjfn?vi3jn,h0'3mtJviSfmmu,u0-ai^fjfi-3li)fi?-3^fn

A sj

U0'31i0fl'Un?S'in'30'311Jl,llU,llt4nj0'31Tl? 

fl'3fi30,u0'3m0^mum?'H3jfi00ninnn'9vnjn,a,umj?i 
iiiifru'u^000mijnj0-3m0lv!3j0>3lill'U0-3'H3jn mol'Hinpinisinumi'HJjnwolil

2. n‘5SUl‘Wm?'HWmiimP10m0'3 (Continuous Operation) ,HU300'3 n5SUlum?W3JfmiiJnJ0'3infJfl-a 

lil?t00Pin0i0i0lt4n?s,Ln‘um?i!B'3t"'ioi1'HW0wfi?i'Mtn?i^t4 (flaSuyila) '0l^20l30eii'3S5i0i'U0'3

3. fV5Sin,yfm'Hifnf1'3CT0m0>i(Semi-continuous Operation) >111300-3 fl7S;inUfm'H3jn^Sn3?lSll 

<u0-3i^00^1iJl,u?suu003-3lu'pi0t'U0-3 3ni7tSuu0^m00-3liJ 2 033IU 1 im vifoiil'uni?

tilupiy nisimjniTvnjnuiiiiwjjnniuisnuiJfuituuo^i^o^mfi^iiluanyfusl^iT^iitru© 

lifuntulijfiwluueiasTn-jnin

it

,u0mi3n2u030iimiJ'3n?sin'uni?'H3jnl^ 2 ilistnvi pnu0fuv!0Cm0-3n?s;uTun37 00
q qj

1. ©om/JJJlhunai-J (Mesophillic Composting) 2fil00l'U3f3-30fUM0C 25-40 C

2. (Thermophillic Composting) 3Jfn00l'U‘in'3 50-65 C

n?s;ij3T4fn7M3jfniii-3lpi 2 ibsunvi 03iiii,U0nj0-300ijyil0200l‘uis;uu 00
q qj

1. fV5SUTUfm'H35'miUulv03fnfl (Aerobic Process) >111300^ n7SUTUn3?'Hll'fr0in0,i)3fl‘03-33'U,U03 

D0,UVll0200-3n3703n30>lf000ni5t11,U 

?s;uii03n3000U‘ti3-30 m0l,H,D0unl02in03,u03linis;

eA St dn?su3tjn37vi3jnuuuu00-3S?suun37iw3j03n3fmf0

uuS?3Pun?in3?0000r030tr370'uvi?0 

2. 0i;suil4m'5HajnuUu1w1‘H03n3f1 (Anaerobic Process) MU300-3 n?Sini4n37'H3Jn20300n3? 

‘03-33'UU0-3?0U'137021200'3n3?03n3fr'H!000n€l,'OU m0ll]un3?000tT030tT310UVll0

iJ2n?03'Mtn0?'UTS'H33-3n3?v!3jnn)0-3ta0 uii-alfl 2 su,u00'u 00

1. n,5SU'3,un3^0'000ra30a310,uyil!J (Digestion >110 Degradation) lll'Un31000aa30fr3I0tlVll0l'H 

00l^J?lJ2m007'H?0lll'un?s^ln^4n37000^3Ula^ult^^JU0-3a'3I0'uvl10, uasl0v<a'333,uvi0uvruii3n 

n3eB2m,u ufo 03=115303^

2. n'5SU314n3'50r53'3l<!»aal<Hji (Synthesis >ll0 Assimiiatory Process) tll'un330'73313100^0uyi30

l00flav!vil0U3i03fr370iml003?i)0u Igl^Ttuu oofTSmu uasj'S'aivioi

lll'UIi3?1,0a300j]lJn3Ta33'3il!B0a/'0tT30?y,ll0'3^0UVI?0 

U3K1un37a!,3-3tclia0'U0fU'H'U0lllll3nH1'Un33i03?-35v(

o* A31-3
1=1 o' ims;1tti!T(0-3-33vm3-30rTul,un33a!,3'3tcBa0/
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iJgnlEnSiifiSTio^nisin'um'sa'QEifrinauB^iffEi vtinsiao nisjin'ufnmlla'uuila^nje^i^u^'unjji 

WTunTsinum^Mijn Tfltnhlilurjfn
i i v jj j/

fnml0yi4ttij0^nj0^<u0^iS0'0in?i^'ul‘un7siiTum?,H3jn uynll 2 "uu^u 00 ^upi0u,u0^fn?d00

"UTU

iTsnyimStmiy ^05;^^'u^5l0u^0'3nl?^Tfl'3ll:l^00,

1^0 S ■« Vll 0 0 0114'J t d 1 tu “U i"
q qi u q

rn?til00i4uiJ0^'0i^5']mSn)0'3<u0^iS0li4n7^inijni?vi3j0 S00 2 anums 00 fmiilawuuiJs'rvn^

0'30,lll'Sfl0Unj0'30l4Vll0'0S0fill41)0-31^0 ,0n1'Hnj0'3m0^n?lnfi0l'Hm0W0n7s,mj?i05^tn000u

340004 ^0sm7tlJ00■u^ll0^?r^^4n)0^(l!lf00^S^4Vl10t0^ ^S^fn?000iT0i0tm0i4Vif0tms;n'mT!'i^
s' 1 *st'vaal'HiJwjji

4 ^ 3^ <=in7sint4fm^m0TU0'3numml00i4uiJ0^nj0>3ii0^m0'vn'30i34ilgnl0i5it0S uinIa 2 lIts 

an^a4s;,u0^iflSi4vil0^m0TU0'3 00
q

1. n,5Sini4nT5'H«fUlllll1v0imfl (Aerobic Process) lllT4nTSJini4fn?vnjfl^000tT010U0'3l^0^141Un 

K3jnl00'flSunl0'000^fm0nfn0,H!000n<5n)'i4
Cl d o' a ci 1 if V <Hn?s;ini4m7'H3J0l00'fl0uvil0^,u0'u uii-300nl0 2 iruemij 00

mnwn’j

^ el 4a
Microbes) ilgn?0n^tn0W!nn(Aerobic

1.1 llgn70101?0001T0n0 (Degradation)
Aerobic Microbes fCHONS....+ 0,. CO, + H,0 + NH3 + Energy

1.2 lignlbiniltTfl-amislvtii (Cell Production) 

.+ 02. + Energy —^——^—CHONS C5H702N (New cell)*

tti0^in0nj0-3n?sinuni?'H3jfnm'ull0imfff Imiri 

1. ?imnstn?0i4m0,l000‘u,5'i'3(0i 

0i?s;tn70t4vil0Knl0snmrum7'M 8.1

(Low Organic Loading Rate : OLR) 017011410411101

Q* ^2Organic Loading Rate .... 8.1

00?nfml,H0t5'3ilT3jn07,ti0-3m0'Mt4nin'iaim7,Hijn viinbiJfinfl?
Vr

A
1U0 Q 00

00H01

0'nui,u3j,ii‘utfu0t4U0'3,\)0'3m0'0'unjjTH3jn vnji00inui,uu,ff'u 

iJ?3jn0?'Hf00ii3j?nj0-3‘ti0-3i^0^'un3JTH3jn miibilfuifii
CA0 00

Vr 00
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2. fnTiiJStruuila^tTJiTiNinfiseuSwfifn'SJ'mjfia'u^^innpian^nTiuDe^'oa'umy
9

tTmnmwaauSniTiiJautjuila^lilinfVHfadaaumla^'au^

Atua

du atuvinCnja^ainiaiaaq <u

QJ ** «a ^ ! d * g>n^suTuniT'HJjnSfmmuwafii'JTafu?! ilgn?ai§']iaC,ua-3tlaafiuvi1aai^'Haa^s^n 

lil'Miatn^i^ulij^ ionl'HiJ7s;^viiaTwnie'3fi7s;uai4fnTVi3jn5ana?ia>3

2. n-SSJUTUm-S'HtMfmuulj/lvaimfl (Anaerobic Process) dufnsinTjfm'mjfratnfifmfiamTaia 

I]0'3i^a^,un3ji>i3jnlaa^a,uvi7a'aliis?ia4fm0nmfrv!!aaafi'5i?,u
^ ^ cx a. o' ** J!
infnml,unis;uivmi?v!3jnl?ia^a<u<a1a^'u?i,u uu'^aanl^ 2 lignrai aa 

2.1 llgnlaimTtiaatTaia (Degradation)

Anaerobic microbes

(Anaerobic Microbes) llgniym

CHONS ► C02 + H;S + CH4 + Other end product

2.2 llQn?aim7fr71-3leBaa (Cell Production) 

,+ Microbes. + Energy -^—CHONS ► C5H702N (New cell)

iiiaaitJB'3n?^in'um?vnjnuim1u'1'ti!ainna laun

1. Itifie^mTwa^iumal^ltdgn^fmaasmfnEj

2. f'ijaiistn?0'uvi1alaa0ti^i-3iT'3
91

S>

3. IliiliiT^iJiJiJiijalti'ff'Ufie'uu^nua^pieaQai'siuaijnjauuullaifna

'ti'a'Dinama^nisintiniTmjiilij'Haifna laun

1. illinaTua^a'Jtiuinalvtfil

2. 1lnailufm,H3jna0T4ii'i'3an,uiu

3. SilcywiifB-anauuasni'ffl'iliih
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ar/iTmnfiaojj^Swan'ssi'mjCT'anifsuiwnTS'Hifn 1mm

1. QPl-SiafTUIIB^arseTHTSiarljJall-J (Nutrient balance) Imtfi 0(5nntTTUnJQ'3fn?U0l4?i9l'ul517tD,U 

vl0tT^0ifr ^0^07 im0i§0uu0s;‘Bn^0,u'!i Imiri Tilwiat^yu ii\um

IptyiT'iliJtmiilfunful'ulssii^'u^munsfrul'unisintin'iT'HJjn Sfinotilu^ 2%-4%
<U qj

i> 3/1 n '

UTHunuM^ 0,i0(5i7'i0Tunj0-30THi7m7U077'37)0-3‘U0^mu(5in-qr) 8.1

1 .

mrUTl 8.1 U0?l^0,10(i17ntT014U07017U0,U?i0lull51710,U ,U0-3,U0'3t007rU?)pil'3rl

01 C/N ratioMaterials Nitrogen (% Dry Weight)

Night Soil 5.5-6.5 6-10

Urine 15-18 0.8

Blood 10-14 3.0

Animal Tankage 4.1

Cow Manure 1.7 18

Poultry Manure 6.3 15

Sheep Manure 3.8

Pig Manure 3.8

Horse Manure 2.3 25

Raw Sewage Sludge 4-7 11

Digested Sewage Sludge 2-4

Activated Sludge 5 6

Grass Clippings 3-6 12-15

Non-Legume Vegetable Wastes 2.5-4 11-12

Mixed Grasses 2.4 19

Potato Tops 1.5 25

Straw, wheat 0.3-0.5 128-150

Straw, Oats 1.1 48

Sawdust 0.1 200-500

010Si171?fltl077Ll0'U(!ii0l'uI?l7^U,U0'3m0'01J1UTi11fn7ti000010l'Un7SiUTUm7K3Jn -el I 3/
3JflTU0tlflTl 25

fl0^fllJTJ0mfl0Wfl0'Uljs:Ll‘U0'a1lJm]Ef m0t'M3Jfll0P171tf0140TJlJ0'U(5i0ll4l?I7H)ulllSfllU1fTU00 

mini! 25 ,Hf0l'HS0i0?i7itTiv!«i''m0n0Ej1‘U7j0'3 20-40
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ijbAvuiWiTiksnaiim'Istj vffaSTa^^li^a'au^ii'Bau wu t^aalatr Snuu iilumj naln 

niTaaaa'anmjnmpi'tfnua^EiaaiTaialpiuaauin mn'oiifl'u^a^'uiimja'jma^minuTanmifjaa 

fraialufnsinufm'HJjn a'ST'Hivifai.iunja^maaua^liJil'u^a mal’HinafmaaairanalwiLfiflu 

Miaai'ornan'aauviTa^Sa^jjtnuiTal'UfnTfjaatTaiutma'uvilal^nanm ^n^yaiHrialn

,u8'ani?aaafranan)a'3maSil7s5vi5aiv<(5mj^a'3m?l^

lutri^iJisnauTiliiiiti ia7n^i4(Keratin) mflmiaeufTanyTfla'oaunlalpruatJinn a^'U'u
j> ^ ( ^ i %> ,

‘ua^^aTrupi^jjfilii'uojjl'umTijiijpi^yiimTvnjn'Mi^a

nismtjmT'HJjfi^ii'uuaa ai?3jnioimJgn7aifn7?il'3iai1uT(5i7i(ouluD77aimfrunl‘tf Ifia-oaunlu 

in-3'irupi Imin Azotobacter Spp. uasma-3'oinm77ia7irHvna'3ai)7"nain)a'3ai7ua'ul'uan70'U'vi7y 

fla-mjainaiuifilum7iia7is;M fn7'Hianij07ti!ift4^‘ua^lumnanja'3ai7ii0tj'aimnjm7,a 8.2 

anijanFia'jatjI'UTfQ'? 2-10% tTiin'iTa'jndnana'uviuIaa Gotass Itiil a.a. 1956

A d
If-JU

100-% Ash%C .... 8.21.8
A

nJ87!ciitjau0'3l3Jtanaiia'3an7ua,ul'u?n7at4vi1a 

iilaimjama'aiaivuvma aiana'j^'urDa'Siaaliiiwn MlawTu 

n^sintjniTaan^tavii^afu'HfiC 550 c iSunan i
q qj

dma %c a a
d%Ash a a

vnnaaTitTTuaiT’DeuaaItjIaTt'auSaTuaon'ii 25 airmtfuaame^miTibsnaul'uWimiastrn 

iJisnaDaiT’uaul'uiiJue-jinaaiiue^maanal'uisuiifnT'HJjn ma'HuJTinfuua^ua^ma^aa-atau 

a-aliJ ma'anl'Hn^sinumTvnjmnalaasnnana^naiTui-jau

waua^aaniTiuaiT’uauaalviTaiifltJ aaisasnan^'vinfmMiTnuafa^lT'luam^^ 8.2

8.2 wa,u0'3aa7na2tj077U0ua0luIa7ifl'u( c/N ratio) nui^osnai^'viimTMijn 

(Composting Time)

01 C/N Ratio Composting Time : Days

20 12

20-50 14

78 21
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8.2 iil,uni?^l<u?iln)0^'UTMt4nim'3 

0^uo>3mnluvn^iJ2iji-3iuI?mraynslu'in0-30t!^liiSifif0'30iiini'3 m0ld0iu)fi4,Hf0,un00nflin 

^©^iiTypit^ndn mol'HinwRiniJtTSJfnnliJvn'jiJgiji f'3'U0uiJ?uiQi,Hf0UTH,un‘U0-3t^u'M'uiuiwnj 

nis;intifn7'H^nl'U|iln)0^'UTH,uruiJ0n sl^'350^lu^,ullsll'U0^i^^^4Tuvlu^ trumT^l^,Hiil?jJi?)?nj0-3 

njo^my^sisjuijjTHJjntilu^tnjfnT'M 8.3

cS

mV .... 8.3
P

A iJ?uipm)0'3D0^i^u'n'UiijTH3jn vruitulfinfl?
*H 31 tu 4i d 'ilfuitu'nfo'uivfun 'Hf0in0nj0'3U0^m0'0uijjTH}jn vru'iuui^ 

0n3JV!ynUt!UU0'3‘U0-3m0 (Bulk density) mi003J00(fi0l)?U'lfl?

13J0 V 00

00m
m00p

8.1

20oimjij00-3u

1. 0i0fl?iih'U0i7U0U00luTem(Du iviinu 15
1 d £ i <w2. tviinu 10%
id* o' v3. 01fU0'3U1l'3'0'3>UJ0l'U?lJ‘U0'30'170,UVl?0 SfillYnnU 90% ni0'3‘U0'3U^-1,n-9mj0

4. 010n3J,Hinu,u'l4 (Bulk Density) Cfliminu 1.1 kg/L

!) 1 n ^ 0 U 01M 3J11 VI'll 1 ^ 014

molHfnsmiimTvnjfunwDu ^0300?ifrTU0i?ii0i400li4l0?iDi4li4U0^i^0W03j 

unsiinm^iiiuiwfru S0cu03jij00-3u
q

* 010071tTTU0TJll014 00ll4l071014 minil 80
» X i* 0,i0oiu^'uminu 50%

* 0i0'mjmjiuiii4minu iookg/m3
if

* 0^0il?sn0D,u0-3'l'ul07tin4 minu 2% ’tatmi'mlfi

u0-3m0tiru0'H'u-3^l03Jiinmjii4if0i4i4i3Jniifn?'H3jn1,Hl0i300i4Vil0 no-n^u^nfiri

oyinyiiiij'iulfinEuuo^uns'U'iiiTMtius-iliJw^uSmnnlsnf'uifiooii

iviinu 30 tins

Ofil o

iBvn
d A ^ v v if

mjuin iJ?uianj04'U04i00ui0uli4n?su'ii4mi'H3jnl,tfii-3^i4 iviinu 1 kg luTuluo-njimlnii'H-i
100-% AshA

nin0um?vi 8.2

imufiim^'n d'llumjniTU 8.2
VI uus; 10

%C .... 8.2
1.8

100-10%C
1.8

d t50% U04U04imvi'amj0
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a' o' s' i ^ 1!iiniJ?uifufnTU0'U'in-3<Hu?i =% fiifuau^Cadlti^g^i^Ej * iHinms^uvuKjjflvi'ihin'MJjfi.... i* 

iiYiufiiphi*] a-aWum? i*

llf 3Jm<UQ>3fn?Ua'U^'M3JPll'U,U!)'3mEJ ( c) 1 kg * 50% 

0.50 kg
mn0(fl?ltTTUnJ9'3ai?DO'U9is1uIpl7l?'U (C/N) = 15

0.5 kg
N

tynnsTismi iJfuiQi1uIpi?iDu (n) 0.50 kg /15 

0.033 kg

3^ ' ^tniu^l'MiJfuitunja-juntnj'un^iijj tyiinu x kg Teimh'H'unu'H'S 

iJ?jJi£un)0'3ll'uT?miflU'aS0al'uunmj^n =<u 2% * x kg 

0.02 * x kg
^nn0Piriiroi4nj0'30i7D0i4pi0luI^7^^ (c/N) = 80

C
0.02* x kg 

80 * 0.02 * x kg 

1.6 * x kg

ivms’iismi lJ73JOtU01?U014ll4Un0U!Ul'3 (C)

0Fiiniht4'ij0'90o?u0t4^0luTisni,'i)'i4 (c/N) li4ni0-3m0wtnjsfi0-am?1,M2flitviinu 30 eumjnn'M 2*
^ Carbon

30 2*
Nitrogen

waTOjjua^aTiuaTjl'uua^i^o Tojjnuaniuouluunsu'unZ CarbtU0 on

1 * 0.5 kg + 1.6 *x kg

waiiuua-al'ulsni'Diil'uua-amEi ?iijnu1ijlfi?ifli4li4unau^n 

0.033 kg + 0.02 * x kg

X Nitrogen =

uyil403pi3'3rl 0'3ll41TUm?'0 2*

M V
'os: ifi 0.5kg"-1.6*xkg30 .... 3*

0.033 kg + 0.02 *x kg

umrufmvi 3* 5 kg
<v v 4SX 3/ * ej o^Tilma-s’uivrunu'H-a ^iSua^lilwtrultiua^mtJ iviinu 5 kg

X
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a/ zj o'A i ^innfm3JtTuiN‘uf^'ii”iJ?3Ji^njQ'3mEj1,uiiJtu0'3,uTH'unu,H'3 minu
<U qj

3>

1,u,us-3mtjnii 14111140111

uvrufi'ifii'3in ^nTiiifiifi'al'uinjmT^ 4*
v

huIpiii iliuioiiiO'iuQ-it^tjIunJuQ-njTH'umiltjn
■y

.... 4*

1 kg/10% 

10 kg
[CS cA P QJ cA AiJfuifliDQ^ue^muluiihs^ihuiImiltin ■o'uiui'Hijn minu iokg 

uimruniiu 8.3

umifiipii'in fi^lutruniTu 8.3 

DuIpiII ll73J1PllU0'3Ua4mSJ V

mV .... 8.3
P

10 kg
l.lkg/L

9.09 L
^ 4=> a A i^-n4i4il?uiPi?,u94U04m0'Mi4iuTH3jn iviinu 9.09 S^I? 

illuitunO'mnsuiiii 09i1‘uiiii40'im0inuiJfui?,u04U04m0
V v

«4i4,uiJ?3JituD0'iun0UiJi'3 lunlun^uimlmilyn 5 kg / 50%

10 kg

10 kg ,105L 
10kg/mJ 1

100 L

un^ilfuipmjO'iunnuiin (v of rice straw)

<u t c A
^-nj'uiliuifmjO'iunnu'iiiiriiJiuiwtTu Silnnpiimimj 100

2. umenie^ue^iffa uaulR-s^a'Ii'iue-ieiJfnfu^lvl-wn-ssuTwnTS'Hwn wtlynii Compost Pile vnn
a * d i A A*z At a o'u,uifi,u0'3m02,u,uiPU0mjimviil?i ■wuriwil'umTauwtns'H'ii'iifo'fla'umiyuasDo-iiayufiiuin 

?i4 ui1iinisuTum7fl00fr0i0U0'iia0l?)0if0!O0i4vii0in^l^i0?u uasHnnTuoym
9

T 4 A3. 0,imi>J*14/n0ll4,U04ia0 (Moisture Content) Tfl0rilllhmilJ?U1tU011U$UU00luU0'3iatJ 011
A a/ * <acB'30Til1ll0U04nflni13JU0'320i0tj]i4‘iii'3U'ri0ivujis m?i5;0n3j ,̂u2w000ii:tf00iD0'uvil0

Ai a. CA <i e,W0?0'UVll0Kf00S:0im010TH11tmim'11-3 (Nutrient) 000121)101)0-31^03410101412 ^lIuOTHIT

2i2i4?rn42,a0i4vil000'30ii20i000'3 wauo^onufuwonDniisjuo-iflS'uvily tn21pi0-32
A01134104 < 20% 2wani33yiU00mi0Ut)'3nDni134011ti001T010,l)0'3fl014V110

0101134^14 > 80% a-3W000ni7clf^01-3l010TH1?lir?34tr|l1-300nDimi0-3m0 0tU1102010ll4n0-3
q qj

1)0-31^0000-3 2llu,D0l4n?02t2u0'1l,H0U0-3ll0014sl 2111100110101)0-3

fl014HI000340-300n22l341tU14000-3 W0W002l0fl1001s:U11401?'MUn
q q

I

2l4lll014010fl014'0100-300'n27341fu234im0140n3400'301? t00W001s;VlU
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ssio^inemsu

\ Jt A A '
Sanaa<»

I A Ji $Iutk 50%-70% lunimSa'iaanjjwunnn'in 60% aa'JTniniiaaaaiu^ua-jmariau aaenSfmuuu 

-jia ftfu fmlMaanjjIanj vtlamTiauma^mu^iilunia^u^ima^lilwiTu maaaanamjj^nia^nie^ 

i^aa-3fifina3 fia’uuiliJnja^ma^namliJwTunTsiiJTUfn^'HJjn

V i y
«w £3 0 +« d tf'dln V ov q 3>d a/UT3fi7-30nflumnj'ue'iijtJ0vm7Ervi laflifinisinum?'H3jmjil£tfana7-3 

nja^malviS ^uafa^HluiiJS 8.1 aSS^aal'Haiaanuifuma-jua-ai^ucjniJful'HSfiiaaa'S uasinilM 

iraimnaaaunie-jnTsuTuniT'HS'mnimnma^ulaa

TflutfnmnlauwiTumlil

Exhaust Gases
ii

Wet Organic Substrate Mixture Composting

Process
Compost Product

*“T > *
Xc, Sc Xm, Sm (Xp, Sr)

r Air

Compost Recycle

(Xr, Sr)

^ i d a* *

8.1 utTa'iaaafjn^nja-infsin.'UfiiT'uniaiflaay'vilaSlainnnisintifn^vtS'nnauu'il'KlKS

mniilS 8.1 tnjm7tnjaaSa0'3,wanitui uii^aanla 2 iltsimyi aa tTuaauatmiauuasa'uaaina 

tnima^e^ailTSinau mjmTmjaainanjjnja'jnja'iu^tilua^fnjfmS 8.4

tr u rm tni a a in ?m u m a >3 m a 41 m Xc + Xr Xm .... 8.4

2 v *& d cA A lSTH,unnia'3mal'U|i)iha'3<u3'3U‘(j'3tilan StlaumarnTsinumTiiSinlunai 

nu mjaoinaaanan

STH'unnia'St^al'UTi) 1104130013 nla'SwaalaluiiJua^'unM'umiJan 

uS'nua^maiii'unai 1 im miioinaaanai 

SrH,umj04mal'u?iJu042o0U'vi1a1'U7ilua-3U04u^'3iilan 'S'unnamnH 

IviSl'unTsmumT'HJjn iilunan 1 an miaauaaaanai
V ay d d 1

UTH,un?au,u0'3D04i§owa,ii^i)0iimarn?s;ini4fmvt3ja tilunai nu
ai

■£

IU0 Xc 00

d
Xp 00 unarm

d
Xr aa

d
Xm 00
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Sm * Xm 

Sm * (Xc + Xr)

•u

yhilej liiSvium
aJ0fi^^0'3n)0'3u^'30i0luT)0'3m0'0'unn0iiuil,tflv!3J lun^siiTum? 

■H^fT^iily liiSvmtJ
9

tiJ0it,!Ki4^,u0'3n)0-3u^m0l'uu0-am0wtnj fio'uuim^nTsuTumrHjjfi
o -h in id i

■Vlllltj liJSJ'HlJlCJ
9

Sc * Xc + Sr * Xr .... 8.5
Sc * Xc + Sr * Xr .... 8.6

4
13J0 Sc 00

<3Sr 00

3!Sm 00

d v i a tf'd^nniil^ 8.1 09i7'iffTU'U0'3niT'uii0TQ00,uvil0^1^nnn?sin'uni?'H3jnn0mjnKl'Hu' SniT'WDiTfun 

00 2 00 lu7iJ,i)04'uim4nu^ (Dried Weight Ratio : Rd) tTum?Yn#lvifmfhinaivn

00?l?rTul'UTlJn)0'3UTH'UfUm llly^trumi^ 8.7 tmsluilJuo-JlJTH'UnilJyn (Wet Weight Ratio : 
Rw) iilu^-mufmvi 8.8

Xr*SrRd .... 8.7
Xc*Sc
XrRw .... 8.8

0fl?n*htJU0-3m?'unL0ii]00unl0^l0n0uuiltn,M3j00ij!unm0-39

<u0-3i^0'ritmm?i]0rimiTn7su7'un77M3jn luTiluo^'uivnln91 91

3/ in id 1UVN liJJJ'HU'ld

007itTTuu0-3fm'U7i0ni3y0uvil0^l0nauuiK1'Hii 00il?inQJU0'3
d ^iu0'3m0'ri'riim7i]0um?fn7su7Ufn7'H3jn lu^iJ'uo-jiJivnln

91 <U

dun liiSutiiu
id d 3/ 'imunitTum?^ 8.7 s-alunfum?^ 8.6 usTaVijiJmjmslMij D£l0^iujm7^8.9

lSm/ )_i 
^ /.Sc> 1

Xc
d

OJ0 Rd 00

d
Rw . 00

Rd .... 8.9

<3 d d 1 d *3^m,0iu0'3t0uin,ui3j007fruni7^ 8.8 8.6 usiifanltTun'nlvm91

Sm - Sc
8.10

Rw .... 8.10
Sr - Sm
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fn?unt0i,i)0'3i,trfjyimi4nTJ'Hijmjil‘B!3JimnuliJ 00n2wan?s;'flu?i00fl?nni7ihi0i^u0um0fmuin 

1sifl'H3j0n0|/'3 8.2 l^'3iAiu'i'nS00pi?ntT'3umT'uni0ii]00U'vil0^mtifTJs:'Ln\4fn7

v!3jmmunuiwiT3jnunj0>3m0l'HJj,'0ssi0'3m7ui3Ji'H3jn 

m7K3JnU0QS010P10>3

0(5i?iiTTuni0'3fm'unt0nni0'5m0^^1v!ii^mi4

5r = 0.5

14 -

13 -

12-
Sr = Fractional Solids 

content of Compost 

Recycle

“Otr
2 U‘ ’ 

cD i°-
5 Sr = 0.6
^ 9-

■a
co s -

-S
O)

Sr = 0.7
7 -

CD
-Q Sr = 0.8
.2 «-
« 5r = 0.9
* 5-

u
^ 4- 
0)
* 3-

2 -

1 -

0 20 4030 50100

Compost feed Solids, Percent (Sc)
idri 8.2 utf0'3W0n7s;viuu0>30?i?nm?'uit0ii]00uvil0n0U3J'iltBlviJjl'u?iJn)0'3tjTH'umi'H-3
v “i

vif!hn0'3,u0'aimpmffi iviinu 40%

lu,iniu0'3i^0'3n'unu|il'0 8.3 H0ntrsmnj0-3m7,uii0ii300uyil0n0iJinHlmJlt4|iJnj04ijnvnImilun

nSw^t'ifu^ynnimJ'M 8.2 8.3 Spiiuimnpii^tnn
qi qj

tiI'm 8.2 imism:ihi0i$0Yimum?wajnu0i1u5iJ,u0'jui,Mumi'H'3uiwmjnunj0'3mtjl'M3J tailtiS
qj q qj

^ i d i £ id A SJ
i *a 4=1 1=1 a'
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3.0

Sr = Fractional Solids 
content of Compost 

RecycleI w
o
\r

1 •S'c
o •<r

"S 1.5 -
03n ,
o
0!cr cr1.0

<s!o.9
o>.
CJ
0)cr

0^ -

0
500 10 20 30 40

Compost feed Solids, Percent (Sc)
^ j;

rdri 8.3 utTPi^l'HiKu^wnn^r'mj'tiQ-jQ^nniT'uiia-iilejStJvilfjnamnKl'HJjluTiJtje-j'UTH’un
^ q HJ

LiJEjfmfhtjg'aimish^ msl'HCfiruQ-ju^l'unja^mywtTu iviinu 40% i

tnieEmyi 8.2 8.1 8.2 mjui'hfnfmuf'u
‘ua-aijoau'vi^o^wafilpi1 iviinu 20% tnn'usyfi'Ml'HunD'janinfuvniJTinQnja^iOosuvilo^wa^lpi^ 

ufn?uniai^aau,yi1a^wS?i1pinaii3Jil‘tfl'H3Jlx4fns;invifn5vnjn mal'HfiTua'jme^u^luilaSuvila
^unnauuiHlvm’ 3fii 40%

oism
V v

mjulm ilfjjifu^a-au^wa'uiO'jmjfi 100 kg

iliinaianu^uluua^mawfru =

umjfhemH ^vmuaia-tl'Ufrum?^ 5*
Z anufyl'uua'tmowmj

^ Total moisture of all wastes * 100 .... 5*^ Total solid of all wastes

a'nuf'ulumo-ama + fi'miTulminfumn
(i^i* 90% + * 50%) * 100
v 10% 50%
1,400 kg
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d £ *
u0'3unj'3in-3,H3jfil'unj!)'3mEj + ug^im^vmfiiluunfiu'ui'] 
(—!—kg + —^— kg) *100
v10% 6 50%

2,000 kg

Z iu0-3u^'3l'un)0'3i,Sfjwmj

t

uvrufinpii'J5! 6*

^'UUllf3JlfU0in3Jwl'U,U0^muW1T3J 1,400 kg . 
2,000 kg 100

70%

KJ-14 Rdmntnjm^vi 8.9 8.9

motfnnisunufhem5! 8.9

111 VUS 1« Rd

0.67
=1 Sm-ScRwmmnjfmvi s.io 

moinnni^uvitj^n^i^'n 8.10
in VUS If)

... 8.10
Sr - Sm

0.4-0.3Rw
0.8-0.4

0.25»

unn^uiu^'u'wuB^ui liTintu'uo^mowtTu^tSu^^liJlufiTsinuniiviJjnlimJ'uo^uTH'unum
<y

' v d. ^ '
mnnu “wafjfU'uo^msuo^nio^t^ol'uiil'uo^'UTH'unum^ilotiitiignTsuTumi'HJjn nuofiTnrfuu 

m7uni0i^0n0iiunl£tflviiilii7il^0^iJTHunu^ (Rd)” 6*

Total Wet weight of Mixed Waste * Rw

(Xd)

Xd 6*
ii^i ^uvmfhfh<H 6*

in VUS If) (1 kg + 5 kg ) * 0.67 

4 kg Dried Weight

Xd

uififniumi'miivni

iJfunfU'uo^mowfru^iSus^linun^suTUfn^viijnlu^iJ'uo^'unmjmiJon
d * qj d ci qJ iui?tu0'3<ii0'3mejlu?il,u0'3UTii,umilcjfiri)!)umtTn?2Ju^ni?,H3jn

'U qj

Wv!U,1ll7lJni0'5UTHUfUlJan (Rw)” 7*

Total Wet Weight of Mixed Waste * Rw

(Xw) mini) “wafjom^ 

nuofinfrTuniTuitoiilonamji

Xw .... 7*
mrurhemH nvinufi'ia^lninjm?^ 7*
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in s' 1?1 (100 kg * 20%) * 0.25 

5 kg Wet Weight

Xw

4. QiJfmMTiinmSuaimfl (Aeration Requirement) lun?suTum?'Hijn^l3j^Q-3fmanfnfr 

Qilnituiiuaifnflfaisilu'Sfniu^iiiI'u^ffle^llmti^upiSyialufnTuniaim'U'mnpi^u'Bin 

nTsinumTvnjnuimliillanmpfaansnnna-stia^ma^ndn

i v
d <a c£t

mBila'jntjniTismfima'jm'ii 

aialuna-jua-ama uas^^uismaatu'Hnnaanlilin-atriu niTanvntuvmJfunfutja^enfnpf^ 

?)0'3m7liin7sinT4fn7K3jn^Sfn7l,woifnpf Sfl'upiau^'u aa

• 'aimTiflatJtTufmmjaa'ija^midoatTana'ua^ma (Stochiometric Equation)

• tnntnjmftnjaa^la ■HiaaTntnuua^aan'iiqu'al^lunisaan'iifirunja-Nftjaailnnfume'S 

ma^mam^tiawtrtnulil (luvn^viqug)

• uila'3ilf3Jimnja400n,5i!)V!'ala 8.11

• aiintu'H'nJfuifuaima^l-K (luvn-aviqyg) Aimnjfmvi 8.12

• aitnamiiJ73Jifuaima^K4TU'D74 a-iatTjjni?^ 8.13 aianiTuiiaiuylaiaaiaiiuiltiafinu 

(Safety Factor) inatuniifhalmnnmjfma 8.12

aitnaivnil73jntuaafiiii'Dti'aH1un7^inuni7,H3jfi
v os o'd t ^ ^ d

infianu^u^u^'a'ii “diintuaaniiflu^aa^niilufiisiinufmMjjfi 

nja-3aoni5t<DUMH1ufn7aan,5ia^unja'3i^api0iJ?3Jianja-3tna^tnafn7tiaatTaialiJ

nlllJ73J^^unJa'3^Tl70'U'V11al^'3Vl3Ja'aSat]lu,ua4maa4na’1r, i5au1aa4tnjni7,a
Total 02

ivhnu waafuua-jaaintTTu 

(luvn^nqijg)

8.11

Total Organic Matter *Total 0, requirement ... 8.11
Total Wastes

o d £ d 3t oq/ -iJfintuaan'itsiu'a^'HJja'al'iilum^aan^ia'y  111)041^0 

mb tuna

aa7'iafTUU04aan,5nu^1^1uni7B0ni5iattfini04ma!5ia

liTintuua^mu^tnamffjaaaranalilQtivn-inqyg) 

iliinonie'jtniauviiaii-jmja^Satnunja^ma vftiuaina

A
Total 02 requirementma aa

Total 02
00

Total Wastes

Total Organic Matter 00
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a'^ i a ' 9j‘annfnuj&jTruEvni iHjjntuaimfr^le^mi^uvn^nqijg)
* A 3> o' o' '^■H3j?i^aiuQtuv!i1^niuiJa?t'ifu^0an€^'u^Sad]'uaimfr”

Total Air requirement =

mnnu “waatunjB'3il?unfuaan€iflu

8.12
1Total 02 requirement * 8.12Percentage of Oxygen in Air 

£ Ail ? u i tu a i m at 10 >3 vtu ■a HI u ni ? a a n'S i fi ti m ? a u nl a 

miiauifipianai

il 7 in tu a a n 51 u u io ^ n u pi ■m Hi u m 7 a a n'i i ?i m a >31 ^ a

miiaina

Percentage of Oxygen in Air a a aani5m4^Saal'uaonifr Sfiimonii 23% (lilYmioqyg)

ctl
T otal Air requirement a aiua

Total 0, requirement aa

amatu'HoiJIuotua'ima^Hniiii?^ vmJfinfuaoma^H^TUnfoaaaiTuni?^ 8.13 laauotaoao 

ttvJai,aa7a7iuilaaana (Safety Factor) jnafunuaoviHinnmjfmvi 8.12 iua'3innB0ii5fn7tTfm^a 

aomflnoilfiaaBBmnnailfi7m'H7BioBa,oaaonia'H7ano5ii a'3,ui4iJ7s:^ioBaTwli4no7D'oaaimal,Hun' 

n7sini4nn7aaatTaiaSaolii^ ioo%

Total Air in Practical Total Air requirement * Safety Factor

5. acwHfiC uasaiai'iuiil'umpiJiI'uerN tflaSa'ouon?i4 ma^mnatuvifiCmu^u fha^viueofmaaB 

aanatnaflulaijon^u i4amna'uaoa70inili4n7aiili4a,o-3Swapian,fln77inia7i7faiiai4io7a
q

8.13

it
eti ci o'

aa7luianaojB'3ua'3mauaas;oi,ua ima'3Hluao70'3^ 8.3
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enruri 8.3 impi-3irpi?l3jmrmuQ'3nj0-3mtj‘w,uf)pii-3ci
•y <» 1

Waste Component Typical Chemical Composition

Carbohydrate (C6HI0O5)!

Protein *-■16^74 *^5^4

Fat and oil ^50^90^6

Sludge : Primary c^h39o10n
c10hi9o3n: Combined

Refuse (Total Organic Fraction ^'64^104 *^37^ 
*-•99^148^59^'

Wood <-'295^420®186^

Grass C^O^N

Garbage C.^O.N

Bacteria CjKyO.N

Fungi c1oHt706N

1 A 4 ^ ^pTiBrn^fi 8.3 !)'30ninfUfmliinfU00n€tsi,u'0litfliin7sini4m7'M3jnmm1<B0inif( fnnnjo-fmyfliinti
Ji & *a /a* 4=» aa'1 nfu m0su0^tS0^nFim00 ilofiSumytmiiwinj mnj^'inl'uniB^uni-j^nfi'nStniSuvilyos) 75% 

imsiimStJvilmnfifnTEJoy^nylssiy’oS’unly Sfinmy-j 50%
A A cs d o'

ibiii mnfmnvi 8.3 fTR^Iumn^'uO'ji^^atj'vilyuuiiwtTii 00 c10h19o3n

> 10CO2+ 8 H20 + NH3

C*4^

C10H19O3N + 12.5 02 .... 8*

MW 201 400
V ^

(Molecular Weight: MW 00 UTHUflllJlBnS)

fnntnjm?^ 8* viu'in 400 0711 o2 'tnulgfnyrwo^nuinTB'uvity^ns'n aiuiu 201 nfu
d q im 3/ 1vnQtnjcjulvtu 02 400 g

OrganicMatter 

ilisfinfumlpi =
^n077umjmii5vnn tviiriu “W00fuD0-3iil07i4,u0tn70uvil0
Ad I da; a. d * A d A^floyl'unio^monuiliintuuO'jmy^'Hu^^'uiinKijn” 9*

il^intutn^S'uviimn^'HU^

201 g
2

% Organic Matter * Total Wastes 

iiJomuflViTSunIwviSoEil'uuo-amti
qj

iJ73jnfu,D04m0^mj0'0'U3UTH3jn miiuina

.... 9*
m d

% Organic Matter13J0 00
4a

Total Wastes 00
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mrufnei'N'n 9*
75% * 1 g 

0.75 g

flinfniumjmjirvnn iJ?uifutmQU'yi1y^mfim7{iQwirinu1in?itJ,oSuvi1y
fii y A

m7Qi4yi1ejwviupi^,uiuTH3jnniiiJ?s^viSfny<fmEj!)fjtTine)tn?Qi4n1yIfitj^'U7i1«” nWomjfm 

v\ 10*

tvnnu “wfifimiiiuntu

Total Digested Organic Matter =
A A

l»iJ0 Total Digested Organic Matter flQ

Total Organic Matter * Efficiency

il?uimin7a'uvi7w^inpifn?doEJiT?njj1liJ 

TfitjflSunla

Mtiotanei

ao iJis^viimnfnTtisaiTjnoinTSvmlulfiit) 

uauvi^fj
q

.... 10*

Total Organic Matter fl0

Efficiency
d o'

imufiipii-j8! 10*

q 0.75 g * 0.5 

0.375 g

a Total 02mnfrumivi 8.11 Total 02 requirement =

im'Ufhfm'i 8.11

iJiinfuaQn'Stflu^piQ-aniTlijfniQQn'Sm^'uiTmlfsnQiia'uvilo^ndn =

Total Organic Matter * .... 8.11
Total Wastes

0.375 g * 2 

0.750 g
1Total Air requirement = Total 02 requirement *

umjfheh'a'i mlumjfmvi 8.12 

'flsllilfuofuua^oimff vi^nistuni^anwiwima'uvila

.... 8.12Percentage of Oxygen in Air

lg Air0.750 g 02 * 0.23 g02
3.26 g Air

HamylmflOTfliiuiJfioAmj tviinii i
a

mntT3Jfn7Vl 8.13 Total Air in Practical = 

inrua'ieinH 8.13
Total Air requirement * Safety Factor .... 8.13
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3.26 g Air * 1 

3.26 g air

o' i i

sinfniumjmjsym (Specific Gravity of AirrSp.Gr.^) tvinniJ
ay i ^ ^“9?intTTUfmU'HU1im'UDQ'30imfr ^0tU'Hfj5'll0'301fllPfl'Un)fUS;'Ut4 d00^11J'H'U1^'U^4'^^0•a'UT, iQu

^atTurmyi 11*

Sp. Gr. ^ p air
.... 11*p h2o

0'n3jdi'3!oimnsu0'30nn'ipr IjJSvi'u'iy 

flrm'H'unu'U'uuo^ifnfr ^0m'HnC,u0-30nfn0l‘u,utus:'U'u

flTUJvrunuiiinjo-JTh Sdi i g/L

01111^1103010 minii 1 im0ini0tms;0m'HrjC,D0'30ini0 minu 25 c 0101111 

di-3?imisu0'30ini0 mini! 1.20 

umididun s^lutrum?^ 11*

usl00iiijvnnu'uinj0-30ini0

* a
11J0 Sp. Gr. ^ 00

a
00pair
m
00pILO

1.20 * 1 g/L 

1.20 g/L
mDifmiifmvi 8.3 

umididi-i'n a^lufrufm^ 8.3

!is;l0 il?iii0?ni0'30ini0^00'3fn7

v .... 8.3
p

3.26 g
1.20 g/L

2.72 L
ay (i <a A0'3ii‘uil?in07H0-30ini0^Kliifmu0U00iuni0'3m0 ehanisiiTufmvnjn Sdi 2.72 00?

RQianwfw^ue-i^yeiiiily i^SumavimfluuflinnssifiiuniTviijnuiiijdi'i'n 5
a. J!
0-ni

1. 01UMfj2u0-3U0>3l00501000'3 00000113J0nni0-3d,'3K3jn U0S;50101'0ir0'0Vn-300mi0-3d''3'H3Jfl

2. ditrnmivily §100 I,000ru0-30i7ij0ii Mfoiouasno^iaidiii 1101:007101110111101100 

1uT07isni 501000-3 monisiiiiinii'Hijn^imuliJ^nisius'H'u^ mnsmo-smoaniiSiivily'dimi
<U q

ti0000iw1il’aiiiiii vru-3

3. ijyoiinlw^lpi 155uu0-3in0?u '0f0l5iiliiu'H0-35mis:<wu5U0'3mi0-3iru00i'3,n
■h « a jAm] sAn id <a

4. flejQuviTfjyi 1^1 lujjnmj
q

^dS/dddd dd5. liiiii'307-3i]05l00iu50,un<H700mi miisSwoli Actinomycetes iflityi^ii^luno-j^w^ndii
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rmlviJ'ssIairwfnnwawaCTThnflinntsjiniinTS'Hwn Imiri

1. fmlliiluiltiSuvilo
3/

2. m?l,Biflu0THi?l'um7ta£j'3iJai

3. (Landfill)

4. 1$ifluaQuwmjtuiJ,u§tfju^fii4TUpi
41

5. HiiIutf'3i4lum?iJf'iiafnyinj04W'u MfBissiEnJT^u^mg^
4 4

fm'Wflrsaiil'wnrslvilae'U'nlEj xm^sman^u gg

1. amviDg'Xa-xgu uasvn-Jiff^ujnfl

2. gfufnytug4wawa9njg4^uvnpisnnn!is:in,umrH3jn

3. m?(5igijmjg-3 imsmTWfi'tfuug'XW uas^-u
4i
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imuHntfflmwfliiwmk

1. ,uQ'3my^nn3jfi'iT^a'3viiiuu'H,'3'H'U'3 iJ7snaii1iJlia?n?iJ?snaiiaiTim,u 70% luTibt^
* 3> cA ,uTHuntm-3 DQ^i^o^fifininPifmEiQCJiTfnjjlpiuin^iTfimtJ-j

9

tmS'uviiw aa c10h19o;n ’fl'SaTuoomiilfunnTje'jeimfT^ll imsuTHunaimfr^Kliimi' 
tiaotrmaua^i^a'fliuTu 1.2 nlanfu nTH,ua1'Ha']Uj<HT4nim''u<ua'3a7fna^arfn7s;ina7^iu

ta

uai 1.2kg/'m'

imstTaiiaCua-a«u65%

2. ue^masnnuiutfati SatumjiTa^'d
9

2.1 aa7ia1Tuai7i]av!aa1'ula7i?i4 iviinu 20
2.2 iHinmua-aim minu 20%
2.3 ilfunfunja^uu-3^vma Iviiilue^tmovmla minu 90% nje^ulfuifuua^u^u^mja
2.4 anumnuu'uua^ua'amu minu 1.1 * 10'3 g/L 

lun?sunum7M3M-an?m Sm7i4iiaiunauuiwfriil,uua^i^aa>3na'n 5 nlanfu
1 v vaailfuisunja^i^t) 1 nTanfu limluB'3'UTH'unu'Hi aairmuaua^unau

9J q

2.5 fniuiru iviinu 50%
2.6 miumjum'u tviinu 100 kg/m3
2.7 a-aaitasnauDB-sluWi'aut'uunau triinu 20% TawuTvrun 

njB'n^awaruuniaaTiiTTumT’uauaalulaiiflu minu 30 aamnTiuoi
• un?iuSniBfl?itnuni7uauaa1uTfl7iflii tviila

• ilfuia7njB'3unauu,uiJJil^l'un7su7um7,Hun Sfiinm3
• inanj8'3unau,ui7^,uunwtTjj1vm7suoum?M3jniii^a tulunm 

nlansu

a/ d I cl

tu jjfnn7

3. vhsuma^lnuvnvm^ Silijjiaaialnma^u'i'uas;
91

iiTHumii”Da lamauunauwtnjB'jliJaia luminivnaiirmjaiiualnuuiuTHun tviinu 1
M 91

<9 0/ O V y A CAnlantu li47iln)a'3,uTH,unim-3 mauiluDa^mawfUj SaiaatTpfruaiT'uaijaal'ula^t'ou 

minu 25
'uayaua-ji^au'uiin'Mjjn tma^liuuinalil

0.15 m3/day la^mTunaiyautna^uui
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ajalfi
-a d i• iBuntuutKim'm'HUPi mini) 10%

• iliuiful'uT?iiisi'u ivnnu 3.8% luiilniQ^'unvrunu'H^
unmi
• awntfQUPn/iiBUpiBl'uTwTisi^ iviinu so 

0^^u^^4 tviinu 30%
• fliiirntnuiiu mnnu 150 kg/m3

• ilfuiQi1uI?m(o'u^3€5il'unj0<3iff0 iviinu 0.02% lujii-uo-^uivtunmi^

ooinviTiuii iJ7UituunnJ?in«7nj0'mnnuviuiuiwTrulun0^>iun tuoiiiniTvnjmio^my 

^ndmilunsi 1 i^ou SniiviinnlanTu uasnpiiilunanuifrniuw?<u

4
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Siunn 9
fmwBflnWin/nw

(Biogas Production)

fi.fr. 1980 MjntnJi^mfrlfiuravyisluilfsmfrni^iNffljtJi IIS
fmSiisTtifuiffti ^tTTulvrdilTsnQuliJl'ifjtmS'uvily'uiinMS'filitJisiiuSnjfumiilSI-wsnfnfr 
Skills nfayi^^iuvifmyru^nfim'irSmuSSstjlunnwifnyi ^unKlmJislwnni

wu fmUfmul'au m?w^n?s;mTlvJyli iSulu
luiilS 9.1<u

Animal Waste Crop Residue and

Night Soil Domestic wastes

▼

Methane Generator

Mechanical EnergyOriginal Nitrogen and 

Other Nutrients Returned to t

Sludge Residue•*Soil as Fertilizer, Sludge Heat and Light

improves Soil Structure and

increases Organic Matter
Electrical Energy

f ^

^tlri 9.1 m7uii0inT!ir5ifnyilill'ariJ?tIwirTjluliufii'3si



,iJ,5s:l£]W'W“U0>3nT5wapinT!i(viiiTwsnn,u0^iffE) Irniri

1. 1f1V<a-3'31VIVl ;̂um\4 (Sustainable Energy) 0fl?lluilUVrU'3in?l?‘U (5'3l5fi''3n?int9'UUUTVn'3'H'U'3]u

mT^rmua^i^w luaniifus;nj0'3rn7,uTU0'3i^u^na'nuTwnl'Hm^il?s:l0^,u

2. Tnil'Hnja^my^wTunirinunTJW^fin^iriiviatil'utTnTiN'amaai nfeCwa^^mpiasua^ia'S
3. til'un^sinijm^ijntanaivfifttrfutTln^naiiuiKlKiJ I?mra,wnsn^lulpi?i,ou uasvlatrylafaf
4. au^nan773jua^aa,uyi1a Taammsaatjnfa^tfiuinm^nia^Iiaisii^'n (Pathogen Inactivation)

m?i£l'ufnsinum?wa9imi!»5iaTwaai'Hahaialu7siiiujjnSa'iiT'39 <U

ma'jmavi'uiiJiwapilpim^aTW ai?ilTsnaii1iJpiaain?atJvi1m3utrTul'Hd wu

hititfat! (Night Soil Kfaeiatianai Sewage) ^a^t^aainyliTUiaa^irpi'] flinfvmntiflifmij tauwn 

walii ua-^taaeti'n 11114^14 m?ai4vi1atili4afai4il7snaii'ija'3nja^iaa'a?auvi1aEjaaafana1l^na
9

Ti^ul^n'iitnTa'uiinfa wa,alM3nn?5;int4m?t)aaa'aiaaniai4vi1a^'3na'nTinil'Hl^mi!if§afnvi 4-3 

ibsnauliJfoam'imamuei I^aiT,']1iJtm'3iJisnaij1illaam=Ba3?uat4lfiaan1i!ifa ni^Smu 

laI?iiiauctfa1vJ^ ^n3Jilnmta'3m,!»5'3aTW^1piflinfn3;inufn?iJ3Tjfmuul3jl¥8imfr ilirsnaiilil 
^umtK5mi4iJ7Siintu 55-60% m'waiTiiaulpieanl'ifa iksintu 35-45% luiliuna

lanuaa

t'tiu nia^ma'nfi

aanul'a'u’ua^m'iiSi'iruSailaamaa iriinij 9,000 kcal/m3 

li4,ii'3'a 4,500-6,300 kcal/m3 anufa'uue-am'iifiaTw^l^SanjjiavifauBb 

ihvmviSaej li4ni«iifamvi nifu^uTva^i^a^ilTsnaupiiuuB'ju^flau^i'jinmnwapim^ain 

aasifljjihwfawjjaTihfulMnunjQ'haa^nem

aniauyila^S^nja^i^ala'jiafl'u ,vinlMiJ?s^'yiifnvn)8'3fn?wa9imi!if5Q8iviSfiiinn?i4ua£,yi8
3^ ^ 1 34

lJT',U8']1in4,U^t4nJ8'3an?8l4VI78^S8f]lut43ia8l'HmU1S1T3JS5)8fNS;<u

uasfiianuiatjnjB'jniwaaiyi Sfiiaci<u
*£ qj V

malhaa'uvila^T^^ifiatjlmiasfjaaaany

maluIaanTsinufmvthn^nijaLm^nTsin'urmwafinnwiaiyi uiTPi^lilupmi^^ 9 .1 'Dlflfl'nNYl
9.1 vaiaiil?s:ayi583y(,u8-3n7SLnuniiwapinn'»5i8TwiJ3nn'3nn7sini4fn7vnjn'8iil873;8

9

eiBaafaiauB^itral'unTsiniifmwSpim'tflihTvifla'TuaafriinTs;
snami?

- a/ +■ J!UTurmwapmjjniiiija uamnnS 

uainisintifmwapim^anmSunfsinumTliiTsuuilpi (Closed System) ilsyrntfa^nau^

m^niu^nnnTsinufmtiBuaraiaue^t^u^ljJS ^^m-aliJ’onnnisuTuni^'Hhninnila
9

A'B-afnaJinurm
M3Jn^T^^4l'Hdt3yIS;lJUl^lfl (Opened System) '8nl'Hlpinfi'U'D8'3U83jT3Jl'U8Vi78nil!KlaIfl?l8l4l!»alvl3

atii^lin^iiijlufNsin'umT'HhmoiijaljJ'oniil'u^B'jSfmiSh-una^lil^aafina 

lHumsiinumT'HJjn'ni^aijnSaiiuvtunn tTTUDB^ma^'ununWI'unisiniimiwa^mwiaivi

d doi mrisnja'haravmun
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iYTul,wdiil,u'U0'3tm mafninanu^ufnulunia'jma unsiliu
anui^uTOnjQ^inTSyvilal'uisuuWSa'numjj'isiTJjanalijnTsiiTumT^nfi'n malMnaln-na^

<a CV in 3><=1n?sinuni7wa(5imwiaiwnfi leift

9.1 maTulfian?s;inufn7,H3jmiii]a uasnisiiTUfmwSwm'tf^fnn

Operation Conditions Composting (Aerobic/Anaerobic) Biogas Technology

Materials added to night Vegetation Water + Vegetation

or animal manure for C/N

ratio and moisture adjustments

Temperatures 50-70 C Ambient

Period of operation 6-8 weeks (including 4-8 weeks

maturation and curing)

Nitrogen Loss Low to High Low to Medium

Space required Same Same

Modes of operation Range from traditional to complicated Complicated

Odor Problem for open system Less problem due to closed system

End-product composted Materials Digested Slurry (and CH4 gas)V

Weight Reduced the water loss Increased in density due to biomass production

Water Content 40-50% 88-92%

Humus Content Abundant Less than composted product

Pathogen Destruction Good Moderate

Transport Easier (solid matter) More dificult (liquid matter)

Further Handling Not necessary Drying usually needed

Storage Easy, little loss of nitrogen Difficult, with possible loss of nitrogen

lurpi-aTfl'Ufmi'aTi 9.2
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em'Nri 9.2 ,90mins:,u0i^unja'an?sui'um7wSpimctffomn

Advantages Disadvantages

Produces large amount of methane gas ;methane can 

be stored at ambient temperature

Possibility of explosion.

Produces free-flowing, thick, sludge High capital cost (however, if operated and maintained 

properly, the system may pay for itself)

Sludge are almost odorless, with the odor not being 

disagreeable

May develop a volume of waste material much larger 

than the original material, as water is added to the 

substrate (this may not be a disadvantage in the rural 

areas of the developing countries where farm fields are 

closed to the village, thus permitting the liquid sludge

Sludge has good fenilizer value and can be used as a To be applied directly to the land, serving both for 

irrigation and fertilization.soil conditioner

Reduces organic content of the waste materials . by 

30-50 percent and produces a stabilized sludge for 

utimate disposal

Liquid sludge presents a potential water pollution 

problem if handled incorrectly

Weed seeds are destroyed and pathogens are either 

destroyed or greatly reduced in number

Maintenance and control are required

Rodents and flies are not attracted to the end-product 

of the process; access of pests and vermin to wastes is 

limited

Certain chemicals in the waste, if excessive, have the 

potential to interfere with digester performance 

(however, these chemicals are encountered only in the 

sludge from industrial wastewaters and therefore not 

likely to be a problem in the rural village system).

Provides a sanitary way for disposal of human and 

animal wastes

Proper operating conditions must be maintained in the 

digester for maximum gas production

Helps conserve scarce local energy resources such as 

wood

Most efficient use of methane as a fuel required removal 

of impurities such as CO, and H2S, particularly when 

the gas is to be used in internal-combustion engines
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'oirmruvi 9.2 !Aiu'iTU0Pinja'ani"inuni7wSpimi!if5'3fnviiil‘uniTuits'in)!)'3t^E)n^/iiunl^iJ?slj)w

uanannua^'tfaaapiilfyvn
lumi^PiljjiniinaiJnuasafiilfyvfnl'uifa'JU'Ha'jmisjw

tAnisin^rmulmifi

^U5‘U0'3UU?1'3^,UPI9il'3ffl iTTHfumnaua^
I njui^ia^iIgnTaiviKSnj'unpil'Hd mal'HSilfunfuua^^a'uvilfjaial'ua^iJgnim

innma-3V'i0eiafmy0fmentjnj0'amcj aai^linpnun'jsinufm'usisifiiri'sjitniaijvifalpiaau'ui^ 

unnfriinTsin'Ufmijiijpfue^maituulvaifnaf fla'umafufwanimlau'uuiJii^'UB^tTaiiNinpiaeu 

Imn(Sensitivity) I'WT'is^siI'unTsinufni'wS^niwiaTMaaiaauajjniTnJau'umJa^nia'jtTmn

mfiaanviflwawaaS'unlal'HW<»

v
uiJ^Ipi 2 w^teu aa (1) ilgnTaini^wfianTaetiviTa (Acid Production)

S' 1

lifts; (2) ‘UUaa'UmTwSam'tfftiflVI'flinniaa'Ullla (Methane Production) ^utTA-aKltnilvi 9.2 laa 

‘uiiaeua'Sfia'ninaaame'Snu vnntTfnvunaaaua'SnfinSatiijjivnjistnjaa'oSuvilaupitisinfiij'aad
^ q m

Ivulgmaia-sriftn ^'Snalnua'SfmaaatTanafn^a'uvilalyfmwSam'ii^tiaTwiJi^naijatia'flSuvila 

^maTuaditiQU 2 nau aa BStivtla^wSaniaatimia (Acid Former) uftsafiunlaviHaam'fffim'u 

(Methane Former)

V <a cA J j '
luwaaunja^n^uaumiwSanfaauvila fn^atmla^tiafjlunta^mafjnaaairanalaaflS'uvilawSa
fnaauala (Acid Former) 4aUli<l1a 3 liismyi aa (1) 1120103101^71050' (Hydrolysis) (2) llg““ 

miwSanTaauviia (Acidogenesis) (3) ilgalanniTwaaniaas^an (Acetogenesis) vfa'Ssnmlunia 

Stivila'amawflsmafniEjaa^anananaiSumwiaTyilaaaa'uvila^waamwoaiiN
q

m^wSamiiCtynj (Methane Production) 9.2

0701

d I <a
17001120701
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A
Complex Organic Matter

(Carbohydrate. Protein, Lipids)

Hydrolysis 
(Extra-Cellular Enzyme)

X

Simple Organic Compounds
♦

(Sugar. Amino Acids. Peptides)

Acidogenesis
(Extra-Cellular Enzyme)

H Acid
Volatile Fatty Acids: VFA Former

(Propionic Acid, Butyric Acid, Acetic Acid, etc)

V

Acetogenesis

•%
(Hydrogen Producing Acetogenic Bacteria)

x Acetogenesis x
yHydrogen& Carbon Dioxide ♦ Acetate A

(Hydrogen Consuming Acetogenic Bacteria)

Methane

Former

Methanogenesis MethanogenesisMethane &
ir♦ ♦

(Hydrogen Using Methanogenic Bacteria) Carbon Dioxide (Acetoclasic Methanogenic Bacteria)

A *IiIyI 9.2 ,Ul4i51Q'U'UQ-3llgn?tnfmW^fl1WOflTW (Anaerobic Treatment Conversion)
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(Acid Former) lliu^fiuvifUWa0em?neJtH?SlJY]1mnfjf)Ejl'U‘U0'9lfr?J 
Lfi,uin?lumn0l'Md'K!0in?il7sn0um'B0,u m uaslmju til'ulu ufoiri?
lutsnamn uipiis n?00s;niu iililWef iiIupiu I'HnsimSun^fiSuvilu'IptyflS'uvily

9

Faculative Bacteria l!li-5^17'3'ii0(5tl^'tO-3l'UtT0in'M200ni5nn4U0j;lt4?f0TM'0li]S00ni5iin4 010'3UJl3u

n7fu5u?ii^^i'H3Jisinjl'un'n^7^w<u0'3flS'uyil0 ©dluTK 4-6.5 uasmu^TUTuiil-u
flTUTUmulunsn 14-18 ^Iu4 ^0til4‘U04ilH'UVll0lun?i3J,U Imifi

<> 9

iiB'U'iilawapin'SfiS'W'nla
<»

nau
9

2 mi*U04

Hydrolytic Bacteria,

Fermentative Bacteria, Hydrogen Producing Acetogenic Bacteria U0S Hydrogen Consuming 

Acetogenic Bacteria

•Hydrolytic Bacteria !.2'UiO0'UYlI0^{j00tT0n0tn?0T4Vll0lumn0lvid

tm0l4Vl!0^S<nn0tan04^yi0,u1'lilJ^fl0'Uyi70ll?i0000mn (Extracellular Enzyme)
» ^ a o' y ^ 4$

m7^j000,010l^0^0^1V170U0^?^;0S0^0l'U'U^1l?^^^l

d A 1
lU0'31fT0'VlWnU

m n u ti ^ 0 u yi 1 w ftii 10 n im 0 u nl 0 ^4 n 0 m t 
1Il]^lll:l^00I0ym^lw^^4l'B00', U0iii0000n?6'uvil0^m00!nnfn7t)0000i0^4infunti0nul04m7

00n3J^^40ml!l^00,1)04^014 yil0m,uvn4w,u4ii!ii00”’

til 44^014 Vl?0^£i0000n00,l?0liyil0lui0n0i0fl1,Ht3t4n7fl0'UVll0 

IsmtJ-nfJ (Volatile Acids) <li'U0?in4cl fl?f)Tvi?lytl0'Un (Propionic Acid : HPr) fnflflTVlfn 

(Butyric Acid : HBr) (Acetic Acid : HAC) lllumi fmti000f0n001?0ljnl0l44sS,44(fl0l4
mpi0t)i4?Q?U4n il4?4400nul0i40rin4n)040i70'i4ial0l3jmn0i0n'3iSflTuii40i7U0'U0s;i5i03Juinm04 

lift U0S00TWin«i1003jl44‘UfllS:'l4UPI'30

•Fermentative Bacteria

• Hydrogen Producing Acetogenic Bacteria III44 ^0147110^000000444i?0lut0n0t0n 

c»42fl444144041U0V05;?10U^4U(fi 2 0S!n03J?44lllWn040lll44mcli1aIP11t4)44 ^l^'1^017U04J1?l00n1l!lf0, 

u0s;ni00s;5Sn (5143404011

• Hydrogen Consuming Acetogenic Bacteria 4410 Homoacetiogenic Bacteria i,ll4J\|04471107
SJ 9^o> CV ^l/J Iftfl'dl I dd <ad 1

d £ d oasidf *a. CV00101104100144 ,U440044S047U010fy0t]l404(5i0n71W00n7W1077N

0nyfli£‘U04U04471107W00(11004471101,100411144041447 9.3
9

179



^ s' 1

Bacterium Substrate Product
*

1. Cellulose-splittmg Cellulose Similar compounds of low

molecular weight, e.g. formate, 

acetate, succinate, lactate, H,, 

CO,, ethanol.

Acetivibrio cellulolyticus

Bacteroides fibrisolvens

B. succinogens

Clotridium cellulovorans

Cl. Dissolvens

Cl. Omelianskii

Cl. Papyrosolvens 

Cl. Populeti

Cl. Thermocellum

Neocallimastix frontalis

Ruminococcus flavefaciens

2. Semi-cellulose-splitting 

Bacteroides fibrisolvens

Semi-cellulose Xylose, arabinose, galactose, 

mannose, formate, butyrate, 

lactate, Hj, C02, propionate, 

acatate, succinate.

B. mminicola

3. Starch-splitting Starch Acetobutanol, butyrate, acetate, 

Hj, glucose, maltose, 

oligosaccharides.

Bacterium butylicum 

Bacteroides spp. 

Clostridium acetobutylicum 

Lactobacillus spp.

4. Protein-splitting 

Bacteroides amylophilus 

B. ruminicola

Protein Amino acids, organic acids,

NH3, H,S.

Clostridium spp.

5. Fat-splitting Fat and oil Long-chain fatty acids.
Alcaligenes spp.

Bacillus spp.

Micrococcus spp. 

Pseudomonas spp. 

Streptomyces spp.

6. Acetogenic

Species of the Enterbacteriaceae

e.g. alcohol, butyric acid, aromatic acids, 

long-chain fatty acids.

Acetate, Hj, C02.

and Bacillaceae families.
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flfl'UmanwaWflTTJVlflTW (Methane Former)

ni?wS(5in??iSun70l?i0flfiT4yi7uwSpin7?iQtJvi7y monJSauiflufn'inhfi'm DStJvilylunduu^afj
^ ■» <u

luflSU Oligative Anaerobic Bacteria ^^17'35vilFltt}'VNn^ltltTni,iN'MljiS0imfT,Hf000n€l!)<U

t il u n? (fit 9 u pI i >3 ^ i vi u n s: it u 0 m 7 ^
fnuj

6.6 0-3 8.6 fmmu^TWlU
^ tf" ^

9 q <u

i'Baatil'ui 2 ivin l^nai 2 fN 4 tu uonflin'uua'itnTuauIui'ummsi'ffalvIfl'ainfl^vi
^ 9

3/ 13;

utnui70'ui3JHil'uuvi?i4l'uT9i7is)viu0s:'K0t'H07 mawspilii?^ ■flSuvifylunpiud'lmin
9 9 Hydrogen

iH

Using Methanogenic Bacteria VI70 Reductive Methane Formation Methanogens ims Acetoclastic 

Methanogenic Bacteria Vtfa Acetate Cleavage Methanogens 0,1701vn7y]sKll4m7W0fimcw5'10TnllRfJ 

i)0<UV170n03J'UUn?l'3Klt4P!171-3'0 9.4
9 9

• Hydrogen Using Methanogenic Bacteria VT70 Reductive Methane Formation Methanogens 

til'u^vivil^tjayiTdndnn'Blgflfu^vi irnsniwiTiiaulfiaanlTO
• Acetoclastic Methanogenic Bacteria 3470 Acetate Cleavage Methanogens t9u?0VIV170'0d00 

iT070n7?i03;i5in1iJiiIunnw70nn

^ ^ a* A cv{11714^ 9.4 0nyfus:,u04fl0'uvi70riW0?inT!ii2i,'vni

Barterium Substrate

Methanobactenum alcaliphilum WeN4 H.-CO,

Methnaobacterium bryantii M.O.H. H2-C02

Methanobactenum formicicum DSM 863 H,-C02, formate

Methanobactenum thermoautotrophicum ‘Ae Hj-COj

H2-C02, formateMethanobrevibacter ruminantium Ml

Methanaobacterium smithii PS H;-C02, formate

Methanococcoides methylutens IMA-10 Methanol, trimethylamine

Methanolobus tindarius Tindari 3 Methanol, trimethylamine

Hj-COj, formateMethanomicrobium mibile BP

H2-C02Methanomicrobium paynteri G-2000

H2-C02, formateMethanoplanus limicola DSM 2279

Methanosarcina acetivorans C2A H2-C02, methanol, trimethylamine , acetate

H2-C02, formateMethanospirillum hungatei JF1

\
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ilsiciEj^Swafn^'mjpion'ssin'unTswSRm'ifSifn'M Irntri
1. ^■u^ima^taEj uasTa?'3ir|,i'3^JB^n)0^iau^iiiunwfi?inT!tf5ifiTiN
2. aaiKaC^inirnTwapini^mvi ^uii^aanl^ 3 il?sitavi aa

• atUMfjC^l (Psychrophillic Temperature) Sfhafjl'U'in^ 0 a-3 20 C

• afUVIfjUllTUnai-3 (Mesophillic Temperature) 2anaal,U‘ljl'3 25 a-3 40 C

• afliViflCa^C Thermophillic Temperature) Sfinatjl'U^'3'3 50 0-3 65 0

miiiilaatJuila-3iJf3Jitum5»§iaTM^wa?il?i ^afUKn2m-3ffi analuo^vnjn 9.3

0 10 20 30 40 50 60 70
Temperature : C

^ A O) j=i ' '9.3 uafp)-3mnilaa,uuiJa'3il73jnfuni'if§'3mvi^wa?il^ viatuvmijei'H5! aialuo-3,H3jn

3. aia^jjiiluni?u3u?li-3 (pH) n?j:inum?wapinisif5om'mn?i1pi^ana'33uii!'un??ui)34fii-3 

113^-3 6.6 03 7.6 ^3aia773Jl5'Ufl7Fu3'Upil3^m3JnS5tnJBfJlvi,»03 7 03 7.2
3J

4. a3a733JtiltJfii3 (Alkalinity) 333Jiao3 fii^Hli4ni77nmfmiyifmnJSuvmilo3fiia7i3Jiilun7fi 
Ill,u?il3ua3ua3m6 20186113^73 2,500 03 5,000 mg/L

5. a'lfmsimai3Yno (Organic Loading Rate : OLR) OlfllSStflTBUnlaSwooaiJlSJIfUfn'tf^omYW
lo nonoa oi033iijn2iJ73Jifuo'i7ai3n73Jin,Hfao'ifmstmai3vil62oi3Jin 2f3Jiajfl033yil6li3 

03313Jn3JlJ?3J1tU3JiniVI633Naplani76B60ffn6fri78l3Vll603ndl7076 6833311131 lonicB?7fnV33Jin
I ^ d tf* 3/ 1 ^01fn7S1T178U1ll6ll37i;Uu2l3JOUinjl2l^8imPf,U838033Vll82uD7l3f18888l342lta8

q <u

(Suspended Microbes) 861131173 1 03 4 kgTVS/m'-day 3178 1 03 6 kgCOD / m3-day UOSlOlfms 

0'178l31178llJ7S;3Jlj2l3JOUUljl2llf8iniFf1l8 3D 03311782 86011070013
q qj

1331173 1 03 15 kg TVS/m3-day 31781337111)83011180 201881331173 5 03 30 kgCOD / rn-day

*s v 
1)33078

(Attached Microbes) 88

(
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6. Tsusnainninuihlira (Hydraulic Retention Time : HRTs) Swa^QfnTtJetJtTinSJtniSvmld 

ms>3^nn^Swyi1dl0'3l!B;ntnlufmfjQfJtTinain?Su'nfyviQmjfn? vnn?s;jJs;nailum7d0MiTfnt) 

imSiJYifEJ'uWn'ulil an^'Mil'Hlpim'ifv^myiBsnuTuad'Mfalu'ImfiEj i40niDnn'U'viil'H00'unl0
9

0n^0i^00n0in^0n0i^^ifns0tiil'U00n1iJyi70unii,ui^00n0nn^vi3jn ilfmtutniSiJviluon
qj

s)00tT0n0'U000^1il?f^w0]^iJis;S'vii0Twltini7wS?tmw00ivi20i^i0-3 uaspusysnsiluni?
a/ d * *1 d i onfunii'uimySfiijjinm'uliJ iJfintuflSuvily^Sod'l'UTsiuuoi^SiJinm’Uflnu^'amT'MilM
^ S' ^ ^ a-i

llf3JlPlIU0'3'Unm0,0'U1iJ11JPlSfll0PI0-3lll mTis0niivi'U'0Pi00'oa,uvil0^unmn'U00iu^0-3mi
a» 3^ d ^ dlfmii0lilim0?s;0sn0il’uni?nmnmjim0‘u0-3ni?wfi^mw00T»Npi'000Suvi1uunjTU000

9

(Suspended Microbes) 00l'Uin'3 10 0-3 60 TU U0s:?S0Sn0lluni7nfUniJ00'lu^0-3 1 0-310 111 

tT'mfll0'3n70-3lf01fnfT uasotilu^ 0.5 0-3 6 014 1TTHf'lJ0'3'H3JmiUll0i0l0trfi (Upflow

Anaerobic Sludge Blanket Reactor : UASB)

7. 0fl71tT014'D0-3077U0U?10ll4Tpl7l0U (Carbon to Nitrogen ratio) SwdflOmTthtOlimOliVllEpllJ 

1^1um70ffl'3ll!K00flSl4V170
9

8. 7l)uim,ll0'3m7iS'U7S;UU U0S;m7l]014tri7014Vll0 (Operation and Feeding) Cw0(?i0fmK 

tnTBuyildlpiy^uvilb iiil'HiJfunfuni^Su'yilyKfomwifTw^llSpliliitmuou ?r-3W0(5i0 

iJf 3J IfUD S u nl om 01 u 0-3 M 3J n
9

9. T07-30'|,l-3'U0-30-3llgmtJ7 (Construction) Sw0FI0ni7?j0tJ0'0n0fn7014'V170 U0£7S0S:n0l1l4fn7nn 

mii'unmd^b innfn700mmu1,Hfl0iml0^3jw0rium70un1dlpi3Jin'U00m03lw

10. 00i3Ji,u3J^'ui]0-3in7m-3,n fiwasfio’oSunldmuftmlilumsmvi 9.5

\
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enrMY) 9.5 im'mgeno5!

Parameters Inhibiting Concentration (mg/L)

> 2,000 (as acetic acids)1Volatile acids

Ammonia nitrogen 1,500-3,000 (at pH > 7.6)

Sulfide (soluble)*1 >200

>3,000 toxic

Calcium 2,500-4,500

8,000 strongly inhibitory

Magnesium 1,000-1,500

3,000 strongly inhibitory

Potassium 2,500-4,500

12,000 strongly inhibitory

Sodium 3,500-4,500

12,000 strongly inhibitory

Copper 0.5 (soluble metal)

150cCadmium

1,710'Iron

Chromium^b 3

Chromium-3 500

Nickel*1 2

a Within the pH range 6.6-7.4, and with adequate buffering capacity, volatile acids concentration of 6,000-8,000 

mg/L may be tolerated. 

b Off-gas concentration of 6 percent is toxic, 

c Millimol of metal per kg of dry solids.

d Nickel promotes methane formation at low concentrations. It is required by methanogens.

04fld‘5sn0UH0.an-5SUl'Un7-5WaflmstfS'3#l'm (Components of biogas production) Imtfi

1. D-dgnltn (Digester)

2. viQ'UhQnni'Kasmnn^iJgnftn (Gas Pipe)

3. ^inilfrmiflTW (Gas Holder)

4. IlJuUDUQ'nsUUniinQU (Type of Mixing)

5. us-hm aas;nieK (Liquid Solid Gas Separator)
I
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vutnue^cnilDnlm ^Ivl'umsuTwnTswa^inTTfSi/iTW Imtrl
V

1. O-ainjUf^nSu (Conventional Digester) IpiuH ^KjJnuuiim'Hfauuiins; (Plug Digester Vlfe Batch 

Digester) I'miwITl'UT'Ll'VI 9.4 (n)

2. d-amutTinj^tU (Continuous Stirred Tank Reactors : CSTRs) Utwlllinilw 9.4 (U)
3. ^■HJJflllQinnmmU^UWIT (Anaerobic Contact Digester) 9.4 (fl)

4. (Anaerobic Filter Digester Vtfe Anaerobic Packed Bed) UtTPl'jIll'UTlI'M 9.4 (-3) 

uaniJvi 9.4 (U)
5. MmatQtTU (Upflow Anaerobic Sludge Blanket Reactor : UASB) impnlTlvqiJvi 9.4 (Ki) UflSTlI^ 

9.4 (tf)

6. (Membrane Solids Separation) UfTPI^IlluTlI^ 9.4 (ty)

7. ^m^nuuUUNUfru (Baffled Digester) 9.4 (QJ)
* * £ ^

8. fl'SHUnuilU 2 tf'UWS'U (Two Stage Anaerobic Digester) 9.4 (£U)

9. (Fluidized Bed Digester) 9.4 (g)

> Gas
Gas

Batch Feed Effluent EffluentFeed* * >■ ►

u. r-3vi3jnuuufnutnj^7Qin. D'j'Hijfmuuwiiu
Gas

Gas

Feed EffluentM. Jk.\/ Effluent^ -J.Return Sludge

Return Sludge

3/ ^■3. o^nTo^liainin (uuulviatieinj'u)
Feed

a. ^vmnlfsnmmmumjFm'

*
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GasGas

V1
EffluentFeed Effluent

<>
I
I

'^FeedI
I

n. ^n^a^lfgnmpf (uimlvififi-3) fj. Mtimmtrfi<u

r Gas^, Effluent

Feed<> Jk*Effluent
\

MembraneT Return Sludge

Feed

“B. ^matstr tB. muiimjGas
GasBatch FeedEffluent 1*■

■ T
A A

A
A A

Feed A
A AX l/ l/ 1---0-1

Return Sludge

ai. a^fiijfiuuuuHijnvi a. ^Kjjnuuii 2

I 035

4* •
Recycle

Hi
Feed

g. ^Kjjmmuvlaapilpi'Bm^

i

n
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n'ssmwnrswapimuvi/nn uuYlw 2

tmul'HatJO'UnnJ (Up-flow .Anaerobic Digester) ‘U1tafJ'MlviamO'3'H3Jn1'Ha!nn^l'3a'l>3n)0-3a'3 uas 

,UTvimuni?'ij'njpmaTl'Ha90nvn'3^iusui'3'tj0'3O'3 sii-300tj-3frin7s^u^il0uuii§u'nf0uiia0l,M0 

00nvn^ ^Tuii'unjo^^vnjn s?i0tii'3U0^^'H3jnuim'uairpi^1ilt4|il^ 9.4 ('3)

2. UimlvmfN (Down Flow .Anaerobic Digester) 'Unta0^1'M0tfS,n0-3'H3Jnlfl0l'H03nn‘tin'3in4nJ0'30'3 

u0s;'un^mufmijnjfUi0il'H000nvn'3?int!4,n>3nj0'30'3 (^'30fj^inii7s;^ii'Mi)0tjt4nta0'Hf0t4nm0
<u

1via00mn'3«114014,U0404Vf3jn ^0til4,U0-304K3JfUtUU'u1«Un Ill'M 9.4 (D)

1.

aTW'iJ's^nBU/nal'uci'wijn uii^een'lpi 4 afi’w 9.5 (n) uasiilvi 9.5 (u) 00

1. tTlUD04flS'Unl0^S9niJVruntm‘U3Jtn (Digested Sludge Vlf© Sludge Blanket) iSuinnamnu 

T'3UTiu(5is:n0,uflStJVii0 ^S0nu'Hunuu,'U3Jinv!f0,iu04u^^2'UTHumjnmn0fnii0n0s;n0titi!0 

in 0 m? !i u 0 la 4 tr n u 0 4 m a n<u

2. ?f'3tJnJ04fl0tJVll0^S0'31U'304l'llum?f)000,0n0tm0'Um0 (Active digesting sludge) tSuilIntU
el o \ o el <*'1/1 3>el -7 « elff'oqS/Vl^CV^ Ji \ c A

<mn^m?ej9ejtT?n£jtnT0,u‘vi?ej mej^uviicj vn m mn'iwifnvim^injujjinmiuTnfUQ^n

3. tTTUnJB-aU'lltT (Supernatant Layer) l2,U?ri,U^,unm0'0Rnuni71J11J0tt0Tllvf00U00mnn04'H3Jn

4. 0TU,U04!51sn0tm0t) (Scum Layer) tllt4ffTUnj04Plsn0,Utin 0Tfll5tl^tinJ04?0ljyil0,Mfn0llJ
J! | ^ V A n*^ A <2, J!

000,ut40rw'3,unru04?nnfni!iifimv<^tn0?ulil'HUPisn0'U00004nfi3'3
•U q

Digester Gas Outlet

4

, Floating Cover 
(Often Uncovered)Fixed Cover

s' Gas Storage
Scum Layer\ :111Hi

1=
Sludge Inlet Supernatant LayerMixer =Uoc CO

•a

ti
co C1 / ?Sludge

Heater
Digested Sludge

Second Stage 
(Stratified)

First Stage 
(Completely Mixed)

fl. 04'HlJfmLli]04!0U m. Mvnjnuuu 2 ‘uu^ioti

Tilfi 9.5 0f'3mJ?sn0ii0'i0l'U04'H3jn
QJ V H

n. 0411310111111041011 U. 0411110111111 2 irU00,U
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«infn^^,unui1tif1ti^v!3jn^']£j?nyiiliunfun)0^^'uyi?«fiiolt4^'H3jnl'HSfiiuinw vhl'wfmwfiei

uuul^l'UTsuufmwSpim^fliyi imeKi'Hl'upJvi 9.6 0tuafi^tusu0^^ntn^^ltB?l'U0>3V!3jnimu 

Pif'jvlajj ■Hfouuuim^iu'a ufTPi'3lQl'u?n?n-3,0 9.6

fl. Pall ring 11. Cross Flow media 0. Tubular media

^ a/ A^iln 9.6 siihn?muuiie!mffi
fl. Pall Ring

11. Cross Flow Media

0. Tubular Media

A <v Atm-ri^n 9.6 0tu0nytus;ii0400n0n^'0ltKlu0-3'H3jmtiiu(!if-3rl0,3jv!!0mjium0tu0

Specific Surface Area

(m7m3)

Empty Bed
Materials Characteristics

Porosity

Quartz Stone 20-40 mm diam. 0.42

Granite Stone 25-38 mm diam. 0.53

Lime Stone 20-40 mm diam. 0.49

Gravel 6-68 mm diam. 0.4

Oyster Shells 60-100 mm diam. 0.82

Active Carbon 1.5 mm diam. 0.6

Red Clay Blocs 28.28 mm pore size 157 0.7

Corrugated Blocs 98-132 0.95

Granite Chips 12-25 mm 0.4

Pall Rings 90.90 mm 102 0.95

Norton Plastic Rings 90 mm 114 0.95

Raschig Rings 10.16 mm 45-49 0.76-0.78

Polypropylene Spheres 90 mm diam. 89 >0.95
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mTWflrsQiiiaon^infn^ m0‘ui»Ji1vl'Wfvs^uiwfnTHwmnjuiJ,5s:tiiiinYi^ iiluenu
ta A QS A q sJd I a I 3> di q 3^ o a o' & in 3>d1. ^,uyiw'3nj!)'3^in?n'3tvi iwfmj'in u?is3jfni3J,HCJiuQCJin'3

‘y q

2. fiifnn3JV(7T4ii0^^'inai^iiI'usifs^'ii'3^Knmnii^,uvil0
*s A • t& \ M 1

q <u

3. ?il7n'3U0sfn??0i70'3^0n0i'30i0l'U0'3vnjfi “nnlM

mns^S,u'vil00000'0i0n)0'3ia0lpiunnn'iiu,uii^Pu?0'30fii'3iilu
JMcv ■i ifn?w0(5imw00iv<3j0nunnmj 

Tsmyu ?'3tn?ifm0pi^1^'i0n'iimjuflfm'3i1y'3vli]iilij?sjiii0ii

4. 0(5i?i0fTU'wi4^wipi0il?3jnP!?^04i4nm«0i0li404'H3jn ^nai^^Sfii^ndna^ iJ?s:avi50TWfm 

wSpi m^mviSpiunn ^yapiisjysnailyfnTnmnua'S mTisilijjituDa'uvilmfnsiJu^nai'?
5) & 3) o' Jiwndrilpiunnw tianlMfmfj00tT0n0,ii0'3ia0lft0fl0,un?0S0,i0''3W

q <y

5. Ti0nuasfn7vn0s1vffitT3?04

6. ,UTHlIn,U0'3^n01-3^1^

iii0mms;'ii0ta0,u0'30^'H3jn 'MSmiKennfn^l'u^uu 9.7

ui]ueji0I0?tij uapi^l7l'u«n?i-3^ 9.8 ^nuai^u

»
enrNri 9.7 iii0mms;^0ta0,u0^0'3M3jfmiiuSm7lfen07-3

Advantages Disadvantages

High organic removal capacity. Difficult to stan up.

Risk for clogging.

Restricted to wastewater with low TSS.

Shon HRT.

Good adaptation to different wastewater. 

Application to dilute and high strength wastewater. 

No mechanical mixing required.

Insensitive against load fluctuations.

Fast re-start after shut-down.

High TSS and NH4-N contents in the effluent. 

May require periodic biomass removal.

Limited access to reactor interior for monitoring 

and inspection of biomass accumulation.

High costs for packing media and support systems.Low area demand.

189



em'nyi 9.8 ^fj^viijnuiiDfJtaiafrS

Advantage Disadvantages

High organic removal capacity. Granulation process difficult to control.

Short HRT Granulation depends on wastewater 

properties.

Low Energy Demand. Start-up eventually needs granule sludge.

No need energy of packing media Sensitive to organic and hydraulic shock

loads.

Long experience in practice Restricted to nearly solid free wastewater. 
2+ +

Ca and NH 4 inhibit granule formation. 

Re-start can result in granular flotation.

d t cn> d A V] 3>iA I i a/ a/ Armnninuemn 9.9

A m) A *8 A d t* <temi-aYi 9.9 il?3jifu,us^fncif5ifnvi^mf)?u^istjs;njnl'ufn?nfnmj ims;flifn7s;tn?0'uviiTOn f̂fi

Hydraulic Organic 

loading rate 

(kg TVS m"3 

day'1)

Total biogas 

production rate 

[m3 (kg TVS)'1 

day'1]

Volumetric Methane 

production rate 

[m3 (kg TVS) 

day'1]

Volumetric

retention Number biogas

production rate 

[m" m3 day ']

methane
■ioftime production rate

[m3 m3 day'](days) digesters

30 1.20 0.284 0.33 0.18 0.22

0.3250 0.75 4 0.24 0.21 0.16

0.2570 0.53 3 0.13 0.16 0.09

s' ' CV ^ V

q qj

uflA-alTl'uemnvi 9.10
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tnrn'3'n 9.10 vtanmtucn]‘Ufii700nuim?siiiiw5(fifi’i(!B5im'w ^o'aSumuunnuaQyQfil'uijnmy
■» qj

aManintu'n TT'Sviiviuismj
Temperature inside digester (C) 25-40 (Optimum 35, mesophilicj

pH 6.6-7.6 (Optimum 7.0-7.2)

Alkalinity (mg CaCO,/L) 2.500-5,000

C/N ratio 25-30

Loading rate 
(kg VS/m3-day) 
(kg COD/mJ-day)

1-4

1-6

Feed solid content (%) 5-10

HRT (days) 10-60 (no sludge return)

Gas production rate (m7day per m' of digester capacity) 
Fixed-dome digester 
Floating gas holder digester

0.15-0.40 (part of digester for gas storage 
0.30-0.60)

Volumetric for gas storage (% of 1-day gas production) 50-100

Seeding materials as start-up > 50% of influent feed

Air tightness Essential

Water tightness Strongly required

COD removal (%) 30-70

VS removal (%) 40-70

N reduction (%) 20-35

msK$ofnvTMwS(?il^2flifniul!'0'uupinpii'3n,u nfu nicm0iWYiibsn0u^o0meKSmu0t) 60% laei 

iJnm? lM0Tnj!0i400mji 5,000 kcal/m3 m0iu7innu0'n3j?0'u^lpi,'inn'ui3Jt4lii:ifa 0.6 ims 

ilfuifuni'K 0.75 m3 l'HVi0'3'3iulvlyln00ninmnnii 1 kw - h

nrsaenuim'uej^'H^nupiasimju

isysnfnlumTnmmJunmy 10 o-a 60 iu
u <v ti A d *0-j,H5jfmuufn‘uarjj\j-5ai ujossusnfliluniinmnuu'ii^tjaem'a ilis^nifirwmTijnjPiiio-at^yuas

iJ7infuw0(5imi!K500TV(2m0fi0'3 Ipimuvnsotli'aS-a^naiinunn 3 in iJ7s:^7i50Twu0^7s;iiu09i3-a 

otli-anfun iiililfrniTin^u^s'uiJfjjiEu^Siiyilyoiol'uo-anajn
«u q

^l,H0'iil7j:^ni0TVNluni7ijiiJ?i,u0'3m000n3Ji(5in'anu 'uinjoua^lflini^u'unTivlisiK'ii-a
qi

isiysinsilijm^nniniiuasiJ^s^viBmvi iiil'H,n7iun0n^mins:tT3jnj0'afnsiiniim7i]nijfni0'ai^0

(smiilis^viSoTw^^o^ni? nailum^nninuo^jlvi^ 10 m 30 in Twonjvnpi^Majn^uojjnii 

0amfi5 iJTinaimo-afla'unlyl'UD'avnjn 05|i7nfmlii0i5-3il7unpi7U0'a'unm0^1'Ham0'a

q

A ^ d * c-
fn?vi^f)Q'3^?sjejs;nfnnmnu,uimcj

*
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fl-3WWmiUUHJJlhsamfiinn^'3 (High Rate Anaerobic Digestor) llfuim'aSunfyfllutu^WJjnuUD 

u3fiiuin?t4 inn1'H7s;£Jsninnfunii'uimtJ?ifi?i-5
^vnjn^SiJis^viifiTM^ Imtrl owiJnuuiimjwVr ^vnjnuuumsiQirS ^vnjnuuiKii^rlau 

Mjjnuuun^a^lfaimff nainmnij'uimymo^TsuiiiJiURimuu
a< « i o,- a/ eA A **Mjjfiuuuiiu wu tur^jjfmuumommj ^llnannnmuunma mo^q 3 iu

a^’HWfmiJlICTinin'q (Anaerobic Filter Digestor H^e Anaerobic Packed Bed) Mfl03'3'0HStU'Ulf)0fj 

0.2 0-3 6 cm l^tJ'ai’liInTsinunitwSpiniOTQaTiNuiiu'ul^'uyuSmTKU'uny'uijnmynauun
9

KlvnJ lymsjjnin^ni^aPi^'uiia-qnia-qu^lu^a-q'in^ua^^nan'q^H

m^00fUlllll0'3'H14fl (Digestor Designed)

maiJQn^nniTfjayiTaiyimS'uyilmnfiflu ^il^snauliJ^yni'Bumtj ni=B
0'1711013lpl00fl1i:B0 U03jTjjiU0 USSni^au5! ^SlJfuitumnuaa (Trace Quantities)
uast^aa^l'M^'ua'a^S'U'tilfu (N
m^arw i,ilu?Ntrufmvi 9.1

Cell) ilfu'itufn^S'uyil^m^niTEjayiTaialin^ynSuvila
9

^ m0W00ew

ilfuifufriiSuvil^
^CajiluiJTai

9)

iJiimu

m^SvmlyiJfinfutnTSuyil^llwS^m'BvifiTM =
....9.1

BODl stabilized -BODL for cell production

0'30tji'qu0'qtTi70U'vil0 00 001011(131010) 0'um731i3m7t)000r0i00'i70i3vil0,iru03il7sn0u1iJ 

00dinjm7m700000i00n70i3vil0 u0S0mnimn0inDni70rfi<u<itf0a"' 0'3tnj0i7,wi-q0,i'3
+► 3 CH4 + 3 C02011301701700011010

V

13im40Tut000
9

(Molecular weight: MW)

c6h12o(
180 48

HU0170170'71'11|:1100 3 CH4 + 6 02 > 3 C02+ 6 H20

192

11101113017000110107)0^1^0 nuii 00I0H 180 0T00713 W000i=»3mul0 48 0T00713 moiuviiiiu

192 010073J BODl lW0l‘»ll30170'71'3leB00,fl013n70ll3113J0170170'71'qieK00^013V170 m0'Win71U1017 

tlj0013Ulj0'3ll3lu7ll710'Un0 11ll0l0013113TH,U0'H7013TH'U0lui000,U0-3in7'0'!Win 71U101U01I
93
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^■u'uua^mtj'Mmpimid^yuuilfi^lil aiuiij i nTanfu rn\^ 

m3 ^irufm i* 'S^ua'^'j^uTua^fliafn'ntrati^na'n uasua^i^ann^rupi
q

^ ^ i a; i i ^ ^^Sfii^nd'nminu ■atTmasuiPt^mvh'U'u
ata

VI 3>CV aIftfnwaaivnnau'u 0.35 

^m?)m?t)aatTanapiaa?siiuijidfiuuDlu'l'wenfnfT
(Standard Temperature and Pressure) 

*
luffomi bodl l kg 48 kg CH, ^ 180 kg glucose ^ 1 kg 02

180 kg glucose 192 kg 02 1 kg BODl

0.25 kg CH4

10J kgmol * 22.4 L * 1 m'3 
IdkgCH, 1 kgmol 103 L

0.35 nT VHTaiX3J39njTU (STP)

0.25 kg CH4 *

4

(Standard Temperature and Pressure : STP) ....1*

aifilfHnnmjfmvi 1* d'uaniJfin^Tnia'im'iflaaTW'amfi^'u daaeafraiaua^maliifliin'u 

nlanfu ^transuiPiijTu mail7intuu04?m8vm1atilaai4uiJa-3liJ
!nnn7s;in'um7wa!iiinT!v5aaivivnlaannaan3ja:,3j‘iN'UB minu “waafuua'ia^^iiTaijnia'im'ifSm'u^ 

l^inmiEiaofraiatni-a'uviTa (luvn^yiqyQ) nuiJ?inmin?auvi1a ^HliJIufmwS^mwaaTW 

^QfiluTiJula^” i5au1pi^tT3jfn?^ 9.2
41

1

^ VI 3^wapi Ipi

iliuifli iJfunm
tniaunla - •tn^auvila'a 

naaotrana SatiluiiTM'i
41 —

BODl BODl for 

Stabilized cell Production

0.35 m3 CH, ^ 
1 kg BODl

A 1

0.35 m3 CH4 # 
1 kg BODl

....9.2

il?umtmauvi1a^f|nEiaatTaia1iJ luiilnja-iSIa^ (bodl Stabilized) vnlflsnmrjjfm^ 9.3
Eff * Q * CA0 * 10'3BODl ....9.3

a ilis^niaiviniTniapiua^ma vru'amilait'vuw
31

aPi^ifnTl'HamiJTjjiPiTnja-i'unma mhv m3/day
» v

anut<ii3j,v'ut?jj^'u,va43jain?lu,uima vriiaa g/m3 wfa mg/L

me Eff aa

Q aa

cA0
aaTitTTUua^aan^Ti'Ml^aan^ta'V'ui'vaa’aa'uvilo miniiaantTaunja-? leoaa 113 iviinui.42 

flinmjfmfi 9.3 anvi^wulmj'laa-itTum?^ 9.4

aa

BODl Stabilized 1.42 * Px

jjaam^a^auvnEminauu Kiiaa kg/day
....9.4

a
ma Px aa
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(Px) mvnfuvnl^intrufm^ 9.5 

Q* Y* Eff* C— *10"3Px ....9.51 +kd *9c

a a/ a c? A a o'

^uiJ?s:^viim7m3j,BTuiu,oS,uvi1?jsnnfn7tiQfjinntJin7Quvi1w minu 0.05 

finfi^^e?iTifn5t)€utTfn£)tn?S'u,nfu Spliafilu'tfi'j 0.01-0.03 ^qtu 

iscjsnfnlxifn^nnmiMiS-unliu miiuiu
9

4ma y no

kd aa
A0C as

mrufinrufm 9.3, trum?^ 9.4 uasmini?^ 9.5 a^lutrum?^ 9.2 9.6

0.35 m3 Clj, ^ 
1 kg BODl

1.42 * YEff*Q* CA0* 10'3*Volumetric Methane Gas = 1 - ....9.6
1 +kd * 0 c J

A
il?uifl7me4nictffii'Nufiwaflln Mtiaa m3/day 

niiau'niJToinmiuiJa'JiniQtJDa'j 1 kg *
106 mg 1 mJ

Volumetric Methane Gast3J0 aa

IQ'3 flQ

9.1 ?4minfuvniJ7iJ3n7ua4nii!ifStvniritnn Inal^auanaliJ'ul'UfninTuatu
9J

• aniifnil'HamiJfinnTua'S'uni^a minu i00m3/day
1 ci d * a A• aiSIanlmiimaulviamn-j'Hun iviinu 20,000 mg/L

• nifniufuu'iimia^lulnii'a'ulu'uima^'lKamn-j'Hun mminu 400 mg/L

• isiasnoiluminnmu'DaunIa minu 10 iu
9

• itasm'iSmynie-nsuuihuVi minu 65%

• nruil7s:^viim7mu<OTuiu,oaiivi7a minu 0.05

• nin-j^onTimitlaatraiotTiTouma minu 0.02 naiu

«k«t o

ism ^imrumivi 9.6
0.35 m3 CH, . 

1 kg BODl
1.42 * YEff * Q* CA0 * 10'3* 1-Volumetric Methane Gas ....9.6

1 +kd* 9 c V

umin'ini^'n ailutruniTU 9.6
Vl^i-a a) a A *s> \n y 1)^ l<?\ ihNifl^nimjmiJYiwafl l® = 0.35 m3 CE, „ 

1 kg BODl

*10'3* | 1 -

65% * 100 mVday * 20,000 mg/L

1.42 * 0.05
1+0.02 * 10

428.1 mVday Answer
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a/ i ^ ^ v n t
9.2 5 au aiiu^a^niTuntaimwirTw^l^nn

n?s;uiuni7tfitfAnj0-3mmiuulu'Ksinifl^n'uiT4 10 m'- su03ja0fU0nt/Qisii0'3nj0'3ma«'3?n?n^q) q

si!m?h<i 00nnvmu'ii,uiJis5)^K3jn^HlufnsuTUfn?vi3jnS0i m3
^ 1pnjj^iiio^fmussSafoti^lTlijfnTiPilaunjo^mawinj ^lutTTuuo^nio^mw uasunau’S'r] molti 

0i0?iTntfat40i7ii0uw0l'uIji7i'au iviinu 25 mol^lufiTSJiJTUfmwa^m'iffaaTwinfiuo-jt^yHtui
MmM lMl0m'B^0TW00mJ1 0.32 m3 CH4 / kg TVS added per day 0T5Stm0UV170D0<im0Winj^ 

Ividma^KUn iviinu 2 kgTVS/mJ per day UdsHnaiwSfini'tf^iaTW 30 "lU

ll?S;i0Vl‘U0-3‘U0'31^0

fltudnyfusuO'JUO'qida niB-smcj >01011 rutfavi 

(Night Soils)

unaiun
(Rice Straw)

Organic Carbon, % Total solids 48 43

Total Kjeldahl Nitrogen : %total solids 4.5 0.9

Total Volatile Solids 86 77

Percentage Moisture : % 82 14

Bulk Density : kgT.» 1.1 0.1
15rh U04msjwmj S0i0(5i?itTTuu0'30iTii0V!pi0l'ul?i?i^m triini 25 2*

Y, Carbon of all Wastes 
Y nitrogen of all Watse

ml kg liTibB'Jih'H'umm
3/

m2 kg lifiho-aThvmnu'H-s

25 ....2*

miueni uiu0-3iS00imjiiiif0,uii

^'314UllflJim0lfl0,U114<HJJ0lmj04m0HtTl iilu^tuiniT^ 3*
"Y Carbon of all Wastes 48% * ml kg + 43% * m2 kg 

0.48 ^ ml kg + 0.43 * m2 kg

=

....3*

lllllTU0'3l00in'Ullfllfu1'uli5m01!,04'MJJS5l1,Um0'3t^0WtTl lllvi^trifllT^ 4* 

Y Nitrogen of all Wastes 4.5% * ml kg + 0.9% * m2 kg 

0.045*ml kg + 0.009 * m2 kg 4*

uvi'uaifho'H a-atuffufm 2*
vi 3^

US Ifl 0.48 * ml kg + 0.43 * m2 kg25
0.045 * ml kg + 0.009 * m2 kg

ml kg =imisssiui 3.15 * m2 kg ....5*
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aemnnwfiflni wifnv* mnu 0.32 m3 CH4 / kg TVS added per day
a/ £ c a o' P J! A <=*^ uu il i u i oi m t a u yi? ej ^ 5 I i u CEL required

Cli, production
10 mJ CH4 required per day

0.32 mJ CH4 production /kgTVS added per day

31.25 kg TVS added 

86% * ml kg + 77% * m2 kg ....6*
Aunmjfmvi 5* uas;orum7n 6*

laVn ml minu 10.16 kg uosfii m2 minu 3.15

{laii'UB'imomtr^vnjn^nfin
«u

* 10.16 kg wfa tyiinu 32 kg l<uu^as:7u,ue'3ni7

mvtlpiinnmTaTuiai adl'u^iJua^'UTHunim 'K'jlaJtTSfnnl'Ufmvnijnvnin luvn-iilg 

?)0^NTUfi7s:iniin77iaiui (aiou^u) aeninnua-n^a toil'H^a'jl^sasnanoiynyi'H'U'ilii
upi ivitos

o 4 Ji d *nisinum^iaiui Kfaaoiufuaanainua'ai^aufisumnj'un ^■uumT'uiDa^iainniiTutfauims 

unau'rnijiwmjmi ^uajj,uT7Pilii7iJ,ua'3'UTH,umtJun ^vnl^-oimruni?^ 7*

V V J/

“uiviilmja^myvi'-ivuKfiliiiiJua^uimrnu'H^ minu wanfunja^laya^ua^ 

uemmluue^cj nuuiMiInua^mou-3mjpil,u7i),u0'3uiuumiJon” ^aul^truniiu 7*

Total dried weight

flinfniuni'uiNiiBU7i

% Solid Content * Total Wet Weight

V y

Ivniiua^^ainu'UTMiInTiu-ua^ua^SawiTu I’UTxJua-i'UTH'umiJun vnl^inmiu^u^uB^nan

....7*

^ y 3/ ,

iJ7in£mja'3D0^t^u'ii-3mj9ilii7iJii0'3xiTH'umm'3 vnl^imruniTu 8* 

Total wet weight Total dried weight
%solid content 

Total dried weight
... 8*1 - water content

imuaien^ n^luiTuni^u 8*

%> V v

myisosu-u uiyrunninja-j'ua^ma luTilma^uimimiJun 10.16 kg
1 - 82%

56.44 kg

luvhvia^Enmi uTHtin^'iunja'Junfiu^n lu^iJua-iiiTHumiJan 32.0 kg
1 - 86%

37.22 kg
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^'U'U'UTH'unnuuQ'auB^mtiwtuj 56.44 kg - 37.22 kg 

93.66 kg

snnfliiijmjmjEvni

Volatile Loading Rate : VLR) iviinil U'ltUim0UV170^'H3J?l'0S0?il'U<U0'3m0niJ

il?ui9i7 (073U0) ii)0'30-3‘H3jn” 9*

VLR TVS added per day
9*capacity of digestor

0,im7s;tri70t4vi70U0-9n)0'3m0wmj'0ijninwS?uil'UfilT!if570TiNSfii trlinii 2kgTVS/mJ -day 

uvnjfhflU'n s^lutTum?^ 9*
w s'■as ipi 31.25 kg TVS added per day2 kg TVS / m3 per day =

Capacity of digestor 
31.25 kg TVS added per day07i3J0,u0'3r'3ynjnivmsftru'u

2 kg TVS per m3 per day
15.625 m3

16.0 m'’
3^0^  ̂ A 3/ V ,S/nim40]'HiJ?3Ji?i7tw0'U0'3iJ3fn0lt40'3'H3jn m0l,H0-3'H3jfi70'37ii,uim0l0uin lunstuvi'u'imemf0

]'M030(5i7nni7l'H0i5'3ij?3jnpi?uinn'ii0iinnn'3n0(5i7nfn7l,H0t5'3 

il?fnpii(5mj^'0ini700mmijl7 I^iuiwoiJiuijmjo-j'uni^dCuo^mu)
A Jl a/ ^ ^ 1 ^ A ^
^m«,uu,flinfi7sinym7‘H3jn0i0luci'-3'H3jn trjju^'iiiJfinfniwonjO'Junfnyl.vi^vtjjn tviinii 5 m3

v v £ la/ « a/a/a/^/a0'3'U,UlJfui917071U0U0'10'3'H3jn'0'3VnJ9l minil W0inn,U0-3ll7U3P170713Ja‘U0>30-3,H3Jfini)lJ?in(517lW0
^ q

'^'unfntit'umwjjn 10*
« a/a/<» a/a/^a^^^dlJffnpl70n3J'9,D0'30'3'H3jn = lJftn^70733J01U0'304V?3Jfl + lj7U1<<1?lW0m0'3,U1lS0tu0'3'H3Jn .... 10*

3 ^ 3= 16 m 5 m

= 21 m3

flnn07nDtttjm!5vnT “0Pi7im7l'H0i5^iJfinfi7nj04,u0'3tS0 mnnu 0fmiT7mJ?inpi7ii04U0'3i^u  ̂

tinuiMijn luuflasitJimsasnaiviyhmTwijfr ^yul^trurm^ 11*
v

Q .... n*
t

u'mjfhfm"! d-ilutrumi'M 11* 

Q 16 m3 * lo3 L 
30 days

533.3 L/day

31 m
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ninfniumjmjivnn 

ua^njS'Ji^cj” 12*

1 d Vm n n u a pi ? n it i ti u s >3 d 0-3 u ^-311-3 V! u pi (fi a fn n u m u m ti'u

Total Solids of WastesV .... 12*Bulk Density of Wastes

mrufhpin'n a^l'UfTJjfmio 12*

#'3,uuiJTuiPi7m0'3m0'3i^0nnnijh,uif0'u = 56.44 kg / day
1.1 * Ikg/L

51.30 L/day

luTHTuo^i^ainu ujowTmmnluabunjo-Junaij'irn 

ivmsTJsi'uu ilfinpiiTJO^unau^n 37.22 kg / day
0.1 * 1kg/L

372.2 L/day

51.31 0(517 + 372.2 0(517W077inJ7in(517,U0'3t00W0'3J'0'Un3JTH3Jn =

423.51 0P17
O d, Ay d l * J! \ 1 Iil7ins5i7,u04m0^(5i04ni7,ii3m7,H3jn jjfnvnmi tviinu 533.3 0P17 ^aifnaivn^otrum?^ 11* 

lJ77n(!17'm'H003JfrVinm7mU'U1ll7SllTH70UllyU'H0'3T4n(5mJ577Utin^llJS0170Uyi70K70Sll73JltU
d d O' 3J d d V d017 0TJV170'U00lpl0^ll73J1PI77)0'3'UTMmU tvilflll H0pil-3ll7inpl7773JU0'3110'3l0UH0Unilll7inpl7'TJ0'3 

710-3100 U0j:i)73J1P177J0-3Ufl0D,U17 ^-311)41^-3031017 13*

-a ^ cil)7U1P177J0'3'U1,Ml^JJ

uvniaipii^4! 0^1u03jni7^ 13*
a/ H d ^ d^-3 4111 iJ 7 3J1 Pi 7 710-311T01^310-3! 410-3113111 =

= 1)7311 PI77)0-30-3 - li7317PI7710-3100 - l)73nP177J03ltn01l7l77 ....13*

533.3 0PI7 - 51.3 0P17 - 372.2 0PI7 

109.7 0P17

m7U0ni0imeBlllTpl7lf)'VloBa1v|pl (Biogas Production) n7ctf^1pmnn7S11um7W0P!m,:tf5l07,W7171 

ll)4imclTW0U,:B3JJ411773100fl707nniJgfl70l57l0S^tnp|?41 m7411t0inietf570iyi1lJH314lIp|0PI73(^03 

1 If 170331117n-3lt7f!‘Vll1'H7117S)t'H0ll0S;niclf011s’l 00ninnni'lT§70T17 l'W0l'Hl1100m03fllT!BSimj 

4iil'H0i07i3i704ivi1pi7nnm7l^il7s;l07f4iS0i3nfi?4i (^i00i37j03m7ii0nnii!B00nDinnT!iff lain 

Ipiun m7ti0nmcii0i7U04i1pi00nllciT0 fn7tl0fln^lil^1?rIpl7l,B4lc»01yJ^, oonuinniwiaivi tiliisliii 

053i0lum7ii0nfm077ii07i1pi€0n'ta000n'innn7OT0fnY! 00 m7H4iiii0finii!ii0i7iJ04ilp)00fi

4

Iot m7is;fni!»0i7ij0iilpi00n1i!»00s;0i04iilpi0 iiil'Hl0n7Pi0i7ii0‘un tTinni'BSimi^Sa^luni'B
“* o i/l ^ <41 V %>inPim7ln0000lll0,fi'41P1041041,n 7)03ni7lll)7S:T0,W41 0013l7n(5n317l'U3in003H411li73ntU7170117

uin 17)41 ni'mainfilpiTifniiipi'ii 1 117701010 it0si0fuii05tviinu2O 030iicii0i500 SniuaiT’iiaii

10041TM 4101103107131114111141417l03n l̂!1^0^71l04l1000n1l!1^0,lp)0001tc110W03100 30%
d 3) ol 'llfllltUlll^K 117101) 429 007 pi00T!11§7mi7^l0 1 m3

1.84 kg/m3
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3jnl?i,uiin?i^,uitnj9 ^■uufmuanni'Bfii^uQ'ulfiaanlwoanflinm'B
4=1 I I * CV I ^laarw dau,ifaauamaTuiaansnnnii!if§iaiTi^nfinpiia mTism'ifai^ua'ulpieanl'Ba’ssina'U'nii 

iMl^n^PiaiTuaun uasa'j'nnlMtTmvnja^uiSqTiitiJluniPiaa'u m^uannn'tfaiiuaiil^aan’l'Ka 

aanflinm^iaivi ai^l‘»n?suTumi?j?i,iBfumi!tfai7iiaulfiaen1eifaaan,ainm<!if5'3aTWpi,iuin?
d i a/ J'flT^UTUniTUtlynil nssuiumii^^u (Adsorption Process) nTSJU^mTipj^l^ll^nilfll 

fmasanaue^m'ifaiTuaul^aanl'waly'uima afu^fjC uasanu^'U'ua'Smw'iaTW^Ifi ^uiTPi'3 

9.11

piT5i>i^ 9.11 ainnasaiaua^ni'Baiiuaul^aanl'ua’luiJi

fniuff'unT’B acungS wvna F CMiiia C)

kg /cm' 32(0) 50 (10) 68 (20)Atm 86 (30) 104 (40)

1.03 0.401 0.25 0.15 0.10 0.10

10 10.3 3.15 2.15 1.30 0.90 0.75

50 51.7 7.70 6.95 6.00 4.80 3.90

100 103 8.00 7.20 6.60 6.00 5.40

200 207 7.95 7.20 6.55 6.05

Solubility is expressed as lb CO, per 100 lb H:0 (kg CO, per 100 kg H20) 

b Adapted from Nonhebel (1972): reproduced by permission of Butterworth & CO., London

tmiaS^uaiiKlijnssinum^fl'ihj Imin IeB^a3j1a?i?an1tKa (NaOH) Iwilvl (NaX03) imsnju 

mi [Ca(OH)2] iiIupiu tTUfnT^lumiuannn'iiaiTuaul^Banl'iiaaanflinniwiaTvisiainTiaS 

rueifl'n4! u?r«4l'fluprwm7vi 9.7 a-3 9.9 

2 NaOH + C02 

Na2C03 + C02 + H20 

Ca (OH)2 + C02

> NajCOj + H,0
> 2NaHC03>l

> CaC03 >l+H20

.... 9.7

....9.8

....9.9

o' Of o' if *fTmjSma'iailisnau'ua'ani'BaiT’ua'ul^aenl'iial'umOTia'iyi Sfiirna^ 30% TfifJihvrun ■Hfaai’o
H V

n^l^'3l?^1TlJ7ln^7nla'3ml!]^al7uall1?laanll!Ba, Sfii 300 S^Tl'uni'ifmai'wminu^^'u 860 Bpii
3/ ^ v y

^aillij'umi minu 1 nlanfu asiaia'uil,Hl^iJ7un(5mi-3^u logo Bei?
o

199



n‘5sin'unr5ii£jnnT!»1liiIpi‘5ifl‘w<!»ii1vjei

ni?uumfnfli^lsIfl7isu$aly!Assntinniwifnw?ml#TOTi1^ m^aJafJtmiJa^njs^mwifnyi

^ l a/ a/ ei! tA 1
9.7 nisiiTumT'utlanii

Scrubbing) ilgn?yimmlayuuilfi-3^inpi?,mi'uuwi4i'Hfin til'u^tTum?^

■untsnm^nsanlwnauuiHl'HiJ tSu^mjmrM 9.12

Biogas out

(Fe;03)

nism'UmiUbnni'BUU'lJni'KU'H^ (Dry Gas

9.11 ufismsmum?

Wire net support out

Ferric oxide or

iron filings

Biogas in

pJri 9.7 U?r?)^n7Sinuni7Uynm'!BlaI?17l!)y'Ha1rl^Ulllinil!BLm^ (Dry Gas Scrabbling)

-► NaHS + NaHCOj'i" 

-► Fe:S3 + 3 H20 

> Fe,03 + 3 S,

Na-COj + H2S 

Fe203 + 3 H,S 

2 Fe2S3 + 3 02

.... 9.10

9.11

....9.12

fmuynnT!iifn7us,ul?iQ0n1£tfmias:niciilgrIpi7i!ot4i!tffi1'W^a0n^nnni,iii57fnvi?iiyin7?is;anjj?ii'3 nju 

9.8<u
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Biogas in ----- m Biogas outr~

Alkaline Water

I Water-sealed Stirring Paddle

Precipitatio

fntm^ujjnm'Bpnf’uQ'ulwBanlw'Hfoni'BlsTfm^u'BtilvJwQQn'oinni'iffimnuai 
m'tf^na'nlill^ilislavxriflivifnailTsfn? fmwfiwnTsimlylvln tilvi^'u Ifia
lMmcB^nfin'l'H?i1ilfnfjluvi0^vn^m,uQ^vi0UQ-3aiJn7ai^^s^ni?uimOT'3fnviliJlttf-3iti

9.12 uas;1v!|iJvi 9.9 uiT?i'3^'30fji'3'o?'3,u0'30iJn7ful'uni?'unmc»l0fnv(V!f0

9

muiTPun

nnnfi

«
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tnirNtl 9.12 utTf)'3nnjiPinj0'3via,uii0inT!»l'3fnvi'lilllilTsl£),5ru^iu?ii-3'ri

Quantity of gas required

ft3/h 3Use Specification m li

Cookmg 2-inch burner 11.5 0.33

4-inch burner 16.5 0.47

6-inch burner 22.5 0.64

2-4 inch burner 8-26 0.23-0.45

per person/day 12-15 0.34-0.42

Gas lighting per lamp of 100 candle power 

per mantle 

per mantle 

two-mantle lamp 

three-mantle lamp

4.5 0.13

2.5 0.07

2.5-3.0 0.07-0.08

5 0.14

6 0.17

Gasoline or diesel engine converted to biogas per horsepower 16-18 0.45-0.51

per ft3 capacity 

per ft3 capacity

Refrigerator 1 0.028

1.2 0.034

per ft3 capacity 

per ft3 capacity

Incubator 0.45-0.60 0.013-0.017
«

0.5-0.7 0.014-0.020

Gasoline 1 L 45-66 1.33-1.87

Diesel fuel 1 L 53-73 1.50-2.07

Boiling water 1 L 3.9 0.11

*
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Air inlet

Biogas-atr 
mixing groove

Biogat air miet

Biogas air inlet

vn. fmvNfiu ve

/
i i
i i—4—Biogas and air mixing 

chamber
i i
I >
i1

!!
I I Air inlet

ol!
i

! i
MantleEarthen

i ifoot Biogas inletLamp
glassRootstock 

of lotus

Standing biogas lampHanging biogas lamp

u. fml'mieutri'i'atn'N

|iJn 9.9 ?il7i^Qiln7fuu0'3,yi0^uinTi»lQfnvi'liJ1stfiJ7s;ltJ'»u Itmiu 

n.
9

a
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uuutlniieimjjfi'mimlf)

1. Q'9vr3jnlu'H,u>3tnui7£iKwSpim(!if5Qfriyil« 15 m3/day iJisfnBu^tjni'WfiiT’uaul^QonWiJ'u
n

atj 15% Ifimjivnln anu'Mijm'U'unja'jm'BaiT’iiaulfiaanl'Ba ivinnu 1.8 kg/m3 Varans

memru fl^anvnomniJiuifuiJ'uim [Ca(OH)2] mallmapini'Ba'iiuaul^aanl'Kaufias'i'u It! 
1 -a a/ * A Jimiianlanfu injniii!a5^tn^^tiutT?!'3Hlt!fr3jfn?,vi^a'i>3

► CaCO

2. Q'j'Hajfilimti'jinuiial^wapim^ainlw 15 m3/day ilisneuliHiani'ifai/ua'ulpiaanlOT
v

atj 15% TfiyuTH-un aiiuvitJiutiuma'jm'Baifiia'ulptaanl^ minu 1.8 kg/m3 vmfrns; 

in^n-jiti aainviTiu'iia'il^'ialtmn^ni^ni'KaiT’uaul^aanl^a^'iaiJti^nSfinnuiYi tfla 

TiaTua-jiJ'uunminu 30 urnfianlanfij
3. rJi73JU'H,'3,H'U'3Pia'3nii'Km<!if?'iaTwi0TUTu 12 ^-aibsnauliJpbyfh'KSiYit! 85% ^maaiiluni'B 

aiTauaulfiaanW Ifiani^liaiJtnm^Sanu'Mtnutit! ivinnu 1.8 kg/m3 imsmaiis: 

msatmlaVuua-amywtru ^in^^nmja^maaimjrutfatiriim.naii Sa'ityinnu 2 kg TVS/m3-day 

uas:a?i?nni7wa(finictf5iaTw ivinnu 0.3 m3CH4/kg tvs added ^ajjanjeAueiasibstavi
\n 3/$J 1

1,C02 + Ca (OH), h2o:

-a■ame^ifrainfnjTWi-sa'w unau
llfuifUailuatl^in^lfm'HJJn (% Total Solid) 

lIlintululpm'Btl (% Total Solid) 

ll7tnanJ0'3U^ltiaTU‘U0'3im0t!Vl1a (% Total Solid) 

aiiu^t! (%) 

a'liimtnimtj (kg/L)

48 43

4.5 0.9

86 77

82 14

1.1 0.1

* ^ ei 1 g, gj ^ 1 ^

aannvmuoi 1. liiunaima'Waomaueiasvufl'miuSannnTannj

2. ilTinwTue^a-JKJjn Sana m3
O 1 G A d A

3. il^uia^uB'jnja'JtfTausias^ua'a'anmiiaua^liJltia^iiijn Sannnlanfu

4. iJ7tna7,uTataiia'3lillua'3vnjnmaa'nja3jfn7ai'3Tuua-3n7s;'Ln,ufmK3Jfil'H 

iMiiI'uliJpmj^'aifnTaanuuuieilo ma'anmT'HSjntiltinai 10 im Sfiin m3
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a!umn 10

fmwlisdai (Fish Production)

fmiay^iJfnsnmie'ji^fj^mfiw^nnLinuifev! fn?n^nT7u rmifmenniiu mnuQ'jmtjmT

m?fii a^iPi'U'viu ioiIkS mliumw

<d Qy $i 1 d ImTiliiQinjQ^t^an^uuil'Kl'HiJlijfnT'Miisy^ilfii S0fi 3 00
d d ^1. m7?^unDi0im0'3m0vunfl^u1iJi00-ail?n

eA « d 0 1 d *A cAmA & d * o'2. niTi00^iJan],uu?nfu^'03nmJfi00,u0>3i^0 iilulfiay-aitpiiuuijwiruwinu

3. fn7t00-3iJailuii0ij3ij0U0>ai^0l000T-3 ^•3iw3J3snuu0-3i^0'Mlu'2l0HswijnilTU'imuin 

122<oauvil0'0iiluinm0nj0'3l70fil3'3ffi

lPlfllJ-5Sfr>30D0>3nT5ia0>3llfn (Objectives)

1. i5^4m7U^l0^0TH^?l^Tf3J^T!'^'33J^lItflJT^:l0¥^^ ^11^0^^02^0000001^711^^00?
qj <U qj (Waste

Stabilization and Nutrient Recycling)
il V ^ V

2. tii00iJ7iJil7'30fU0Twn)0'3’ui2>3200mnfiii0iJiij0'uim0uimii00u (Upgrading Effluent from
ay ^ *a i *Waste Stabilization Ponds) ni7lJf'inJ?-30fUfnyi'Ul2-3inmj01JllJfl,Ull20S00 2 15 00

V o d i ^ eA tA '• ni?,uit0Tui2'3200n5ifni0iJiij02im0 jjiis0-3iJai 0-3?i12 10.1 (n)
d^ i oy ^ d d• fn?2im7i00-3iJail'uii0iJiij0'uim0l000?'3 0171I2 10.1 (tj)

Influent Effluent Upgrading Effluent ^+. Fish pondWaste stabilization pondn.

Influent Upgrading Effluent1. *■ Waste stabilization pond and fish pond ►

d <ad ay ^?iIyi 10.1 i5nml7uii7i0fUfn‘WD0it4i2'3



3. iwaafil,u9Pi?i?rTuiJ?3jnai'Hfa'U3V!'umn?
A a/ln i ^ ay ^ o ^0TH1T^Qnl^1lJ^QtUl,M,Un‘U!)>3ll?n^mu?U (High Food

^n?i'na?i1u7il‘UQ'3'UTH'UfuiJan wuirpi^lil'uiTuni?^ 10.1 iJ7s;^nijrmfn?mU'3il?nw'mnj0-3
10.1

FCR

Conversion Ratio : FCR) aVintTTU

Dry Weight of Feed Given: kg
.... 10.1Wet Weight of Fish Gained: kg

A <a <=» *Aarji-an 10.1 il7s;^viifnvi‘U0-afn7taa-3ilai^tJ,uO'3i^jj

Species Live Weight Gain Food Conversion Energy Gain (kcal) Protein Gain (g)

(g) Ratio

Chickens 356 2.8 782 101

Pigs 292 3.4 1,492 30
Sheep 185 5.4 832 22
Steers 163 6.1 748 26

Channel Catfish 715 1.4 935 118

Brown Trout 576 1.7 608 75

jmim fma'njajjmTiiviTsiiiuimsjfnTiji^f'ninTSiiiiifmisy-jiJai mlpmyni-nsijufmwse! 

mM^yuominuTSLLimsia^LlailL'lOTn^aiiuflumiaiuauunnmnLniTmej’itnvtT'itiqj q

(Operation Skill & Maintenance)

4 <4 V Imiri
A *=* Ji A V• Tiai^R'uuasma^ua'STsuuniTiso-JiJin

^ Ai $j 1 j/

I* 3J as A 31 a * A• Tifliuo-Jilai IpioilniusiaiTfliiiJaiina iflo'UTHunnja^iJaiS'UTmlmnn cii'303DljJpi0'3 

?00-35susn0T0imimijm0']
• 0'nutScj^?i0tTm0iv)nj0'3tnTiT«icii'u

fln’OflaulMuiil^nluijoiiiifa^ndiiluSua-ai^y'mSuTsws'W'Ufi wfaifalTainmnii 
tnfu'TT’inisiTjTUDo^'uilijmTtsa^iJai ^SwanTsyiu^iavr^l'iiaTHiT

qj

as \ t& J! 4L '10.2 ^ati^nia^fn^tTsjtruuBtn? (Iu'mu 00 dot)

^ A *a vlun7m,0tatJ'3lJ03luLi0L3iJ0l1imtjl000I^ 0T7

10.3
ay qj A A! 3} ^• fn700u?inj0-30030 njjin'jfn^uouT'uiJsTama^liyTlmiiBo^^nan
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Man

Tertiary consumers: 
carnivorous fish (4th trophic level)

Secondary consumers:
\ plankton feeders and some fishes 

(3rd trophic level)

Primary consumers, zooplankton and 
herbivorous fish (2nd trophic level)

Primary producers: algae and aquatic plants (1st trophic level)

Light

Benthic ammaU
O;

v COj and NH3

Detritus: faeces and
decayed biomass

Decomposers: bacteria Organic waste 
input ■

I

pJti 10.2 vh'al'tfaiMiTvifimTtTsiTuuafm

DDT in fish-eating birdsTropical Level
25 ppm

DDT in large fish 
2 ppm

DDT in small fishi

0.5 ppm ;
DDT in Phytoplankton 

0.04 ppm

DDT in water

0.00003 ppm
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iJinuihlfl 3 ibsmvi ^nuantjmsus^Qivn^'Mnt!
1. liaiyifTUVI'tf (Herbivores)

2. llfnvifrumtmpn (Carnivores)
^ di 2i 43. lJfn^n^^‘W!KuasmaiT5n'’ (Omnivores)

«

a/
ay dd ay

1. SJaTlUVn-iyiTU'H70'?nillT0fn?'3tlJ'liN 1^1 vi00nclil^l14f12I?n0'Ul Ufnpn (Low Dissolved Oxygen : Low

DO)

2. ufliiu?nu3?a,miLTfll«l,u'U'uSEj
3. Cn^viTUpiomTiilayuuiia-jnio^iTmvnnpiaou

niTiilda'uuiJd^ilaflypi'i^5! mwlinsuiirnTmu^iJan
'y 10.4

v ' ' ^y

N.

\\// / \ 
t f t

SOLAR RADIATION slndf*
' ' ' ^ -l l. l__

Wmstew«t«rWindincerfBcud
tr«n«f«r or

/ /
?»/

// /PhotQTwth—i» AerobicGrowth
Ftab Soiubte

nun MiuALGAEpinttiofio'
iformoke

a*g£-
FacultativeIQ, A NH, RMpt ration

Swlimenf tinn
Pbotoeymfa—b

Soluble fermentationSedimentation Anaerobic
Sludge layer

I 1 ^
?iir io.4 ni?nJa0'umlfi-3nj04ila?0m-3ri
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itafla^wafi'em-siaEntlan Hurl
1. ua^ (Light) pmSfmui^iuviet'Hjjnsma'iail'MaTHinfji^ulpil^ iwaaTHTiumu'aiuiuuinfi'u 

ilarantj^SaTHiTmuw^a uasa'j'ail'Hilaivintia^'iS'uivi'uninn^usnfim^n'uilaTan'U'WK
2. aoi'HfjS (Temperature) flwan7SYiu(5ianiofmij(?n-3‘r| ^ja-jiiai iail‘Hni?ntjaTHi7sua'3iJana?ia'3 

liJ ^aTQiil'UHaiaafie7S5uiini7taa'3ilan Ifiara'wisaai-aS-jl'u'tf'i'j^wiJimuflitiTuatji^TifUT'] 

iiasai?,ailvfflnm?asa'ia‘ua'3aan(5t!)ul'U'uiSmafiia'3liJ^'3tJ
V

3. ainTsasaiaDe^aafi'Sifl'ul'U'wi (Dissolved Oxygen : DO) SwanssviijIflafls^afmay'Mfamf
anavinja^a^nui iJai mtifiu m^isi^aatuvinflmuflu aimTasaiuuo-aaan'Snml'U'U'uat)

rfl I ^ i Ul i a/ A 10.2

«i - * A10.2 a'lniTasaiaua^aan'Stuuasaia'ui ^atu'HaC?i'i'3<nq qj I

Chloride concentration (me/L)
Temperamre
CQ 0 5,000 10,000 15,000 20,000

14.6 13.80 13.0 12.1 11.3
14.2 13.4 12.61 11.8 11.0

13.12 13.8 12J 11.5 10.8
13J 12.7 12.03 11.2 10.5

12.4 11.713.14 11.0 10.3
12.15 12.8 11.4 10.7 10.0

6 12.5 11.8 11.1 10.5 9.8
12.2 11.5 10.97 10.2 9.6

10.611.9 iU8 10.0 9.4
11.6 11.0 10.49 9.8 9.2

10.7 10.110 112 9.6 9.0
10.5 9.911.1 9.411 8.8
102 9.710.8 9.212 8.6
10.1 9210.6 9.013 8.5

929.9 8.810.414 8.3
9.7102 9.1 8.615 8.1
9.5 9.0 8.516 10.0 8.0

8.89.7 92 8.317 7.8
8.69.5 9.1 8218 7.7
8.58.9 8.0 7.619 9.4
828.7 7.9 7.420 9.2

8.6 8.3 7.79.0 7.321
8.0 7.6 7.18.8 8.422
7.9 7.4 7.08.7 8.323
7.7 7.3 6.98.5 8.124
7.6 7.2 6.78.4 8.025

7.8 7.4 7.0 6.68226
7.7 72 6.9 6227 8.1

7.1 6.8 6.47.57.928
7.0 6.67.4 627.829
6.972 62 6.17.630

Reproduced from Whipple and Whipple, 1911; copyright 1911, American Chemical 
Society
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V %)

Swanks; viu^mTivns'wtjf'ug-j^'iuiuasn'Bn^nju!)-3^^!4. fliflnjjifrunifliil'uem (pH) S

gnuiilunT^uS'Ufii-j^muistTJjlyfmiag^iJin 7 04 8 0^07^3Jtllun7fUll^4fil4U04^jl
1 v

6.5 <0il'H0(?i7ifn7wfi(5i'Hfg0S5i77fn7D0nyM<u'B<u04^7'U7Sfin0?i04 uasrignjjiil'unipi

gtjl'U'dl'J 4 04 6.5 ‘0ll410?17'im7lDf0JtiuIfTU04l)0nflfi70fl04 m7llj00,UUlj04010713J 

tilun7puil'ufii4u0s;0nni70s;0n0ni0400ni5t!i,ulu,ui ^n0n5in4,!i U0ffi4l7lu7il^ 10.5

i
9.S--

19.0 sac
- o pH

o

_ *1 
5&.0
a

7.5 - 20

15

10

Dissolved oxygen5

126 am 9 3
Time

| 1 j/

10.5 mmJ00uuiJ040i0n3Jiil'un70t2ufii'i4U0S0,im70s;0i0,u0400n,5t?t4l'ui1i

,0n0i?in4ri

«*
1

5. fnnnwi'UJJIJ'WI/O-JUeilTjJmalwwi (Ammonia Concentration) 01lJ7UntU0'ml7sn0u1l4ls517i,fl,u 

'00fjl'U7lJu04U0ul3Jl,U0 (NHj) 0tjl'U,if74 0.2 04 2.0 mg/L lilS;Sw0n7S:VlllTp|0?174?i00?l7'Ul 

0,i07iutiluwy,u04im^4m:ii7S0i3Jinfluifi0iJf3jitu00n5mj^0S0i0'uiS0i0?i04 gnutilu'Wii 

,ii04m6BU03jIum00f)04 m007iui,iiu<tiuu04ni5tf0i7U0ulft00fi1cB0S0i3jnn?u trml^snoij 

l,ul?17m4ll47lJu04U03jIum03jl3Jtll'U'Wi)?i00:'?l'5,141 tT3Jm705inum7llJ00'UUll04U03jl3JlU0U

ugsuguTut'uoiSu^injfn?^ 10.2 u0S07iui,uD,tmm04U0uIui'U0'Mf0ti0u1umEJ3j'00i07imil,u

n7fUllvifil4 UtTPI4l7limJw 10.6 

NH3 + H' 4

U0j:

> nh; .... 10.2
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10

1.0

z
S-

0.1
E
--
7

0.01

0.001
7 86 9 10

pH

3ilfi 10.6 fmufuii'U'uuQuIiJi'ummsuQuTui'utJjj ^fniutilijn7?u3up|,i'3?ii^,n

6. m=BnrsU0t4lei00n1=Bfl (Carbon Dioxide) llJSHan7SVnj?i0nfln773J‘U0^^T,'Ul 0til-3lin?n3J 

0'3i3Jt,iiu‘iiu,i)0'3mcif0iiii0u1?i00n1i:K0MUpi 10 mg/L tif00l'Hni?0S0i0nj0'300n€^'ul'U'uiSm
A ' m) o' **innTu I?i0<M0liJupi'30'mjt'ii3j,iitinj0>3ni<K0i7i)0iil?i00n’l'!B0l<ui4i Sfinl^suiai 5 mg/L

7. fli™‘H<muwu,U040rfnTm (Stocking Density : SD) SwflflOlllM'Ufm-Slta'mafJ-l 001700 1^0
i I ^ *Soa/^" A | d d cl in i 3/ a/ In S^a i Afnuj,Hi4'itm,un]0'3iJin3JUinnji4 tJTHiin l^icjt^fiejnjQ^iIfnvunumcn leoifn'UQCJ mui’iJvi<u

i ^ V a \ c£ ’10.7 U0lilK,Unl00773JU0'nJ0111-3Vnj0U0'3l)0lS01JJin?l4 0'37ll^ 10.8
<u

0 1 2 3 4 s 6 7
Time

^ S' d d e& \

|iJ^ 10.7 'UTmInl00iu00,u0'3iJ0i^n0ini7m0'a0i-3<!i
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120 -1120

no - no
100 -100

90 90

5»* 80 80 §-
"S

70 2u 70
i

■8-= 2i= 60 60 S.
5 JZ

£ 50 501 40 ^40

30 30

20 20

10 10

0 2 4 6 8 10 12 14 16 18 20 22
Fish stocking density, fish/m2

' * v a V '
^iln io.8 UTH,unlfij)ra3tJ,UB'3iJinuiis;uivrunTf)tJ7i}j«uQ-3iJin ^fniuvrunmuisi^'n

8. fm»Ji,UJJim,U0'im,!tf'lal51‘5ifll4oirfl1vlei(Hydrogen Sulfide Gas : HjS) ni5Klgrl?lH?ucKfi1vJmn?l 
snntiatJiTfntjlpiEj'oSumtJviliJWQ-sfn^eimflf ^jjmnpi'Mnuiie ilgnftJiniTtjQtJtTinfjiniSvmlB 

uasfn'tflsiTpmfl'u 10.3 uastrum?^ 10.4 fm3Ji^u,ii'uiii!)4nii!»lalfi?iDi4i!»Blvl^

1uu0-3000u^4g S0^^u^ll<wt!^nuf^l0^^lJtllufn?llll,uw'^■3 10,9

Anaerobic
SO4' +fn?0UVll0 S2~ + H,0 + C02> .... 10.3Bacteria

S2~ + 2 H' H,S-► 10.4
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100

80 S*-
HS"

60

%

40 -

h2s
20

°5 9 108 1176
pH

io.9 w?i^Q'3fnnuii!,unTfuiIum-3?iafni3Jt^3J,ii'uSaauu0'3t,rml5sn9u1aI^m!i'ui!tf?i1vl«

9. lHuiQila-HS'H-umiasai^lUua^ (Heavy Metals and Pesticides) liJailljadltnh mnsmtJ'Wy 

ssiaavnihaa'unn-n'uuT'S vnnljJtnintani^lfimj^Ia'Hsi'H'unuasai'diuua^^Satnvi'ui
9 9J

adlinJ?3jnfu^<u0al'U'HiiialuTa?n!'u?i0a?iT<o

10. ainTssa-Tsaynla (Organic Loading Rate : OLR) mnfjM iJTinaiDa^maMfatniavmla
V ^ eA I c=L d 42* *£ Ji \ o' d I cj'a-3mjfi,a'uiinma'3iJai1tiija'a5iJ1ui?i7?Tuau'H'U'3 5K>3aia'i?s;in70ini1aai?2ai^'iN0imns; w 

lijai^inua'niJinimaua'JiJaTan'utnTaivnT^ndTilpivnjpi 'Hfa^nai^'uaounn anutninta 

l,um?l‘Bfn?anvn?^unuatu,Hf!5,ii0'3aimpf rmtitiT^uiumsaiiumjiuii'unja'ja^T’ijn mim? 

mtnEuvnaifmsanTatJvilmil'u^ajjm?^ io.5

4

Q*ca0OLR .... 10.5Surface Area

4 ff'fij ci i d. cAiJ?infua'i7atJvi1o^l,Ham7j;imm?iaa>3iJan Kti'-ianlanfuClal Kfa
4 1 4 4 ^ I o/fTaeipiemivi 1 laa^iiT^aiu

eA ek \ tA IapiTimTlMaua^ua-at^a^lHamiiataa^iJai iru'iuilimspiifiaT'ti 
an3Jt,uu,u‘ut?jj^inja>3nj0-qma'alviaiiaiaa-3iJai vruia mg/L 

Surface Area: a aa ^u^mjiaaua^iJaiaa-Jilai mj'iaffmi'joja?

* 4ma olr aa

<s
Q aa

4
^-"AO aa
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11. fnnrsasfnEnie^eQfV’tfifl'wl'win-Jiwijjfi (DO at Dawn : DOd) 'hutejS-j
^ V

QdlutuuMa^itunanmiJfi fnTSil?3Jituinnmtj^,wa?iam?^i7^5v<D0^tffiT''un mjfmlum? 

aninmvnfiifn?as:aiaua^aan<Siiml'U'un iilu^trum?^ 10.6 ^iNaitnTwa Boyd luiJ a.fi. 

1979

DOd DOdusk ± DOdf - DOf - DOm - DOp 

iJfuiaiaan,5t!)'u^as:anal'U'ui <u

Vltild mg/L

ilfinfuaan<5iiDti^as;aia1'UT4ilii‘ii7'3nannan'37t! 
n^siiTum^^taTns'H Mtiia mg/L

iJ7jj7tueeni5isi'u^vnaliJ'Hfam3j?u]u'ui<!K-qiil,uwauisnnn77iiu 

anmfrvruQa mg/L

il?3Jifuaani5tin4,aas;aial'U'ui^ilaill'1iJ1ymi^i7-35’w 

vniia mg/L

ilfjjitueaniisi'u'M'HialiJsnnfm'aDrjj'ua'j^sinaTj'Mfafi'jSfifi
^BEjlfiUiufntuntiiie kiJib mg/L 

iJ?uifuaen5iBufn,ninAy9Sun?ana3Jvi‘ff mg/L

.... 10.6

A -ama DOd aa

A «wina^nnDOdusk a a

A
DOdf a a

ADOf a a

DOm a a

DOp a a

trumTvi 10.6 nliraiinfUMiai DOd laflnnnif'ana'iiaainaa'TJue'jaan^nnj'aasaTaltiiji aim? 

1ttfaan€iio'un)a^tiiijnuas:aa7^ntj^ aulfinaiaan<5tflvil,u?njfm^ 10.6 in-jailutrumi^nan 

mam7tiJaa'uuiJa'3aa,u,tin'3i!7ua2i'anfn77alaain

aani^'u^maaadluunTaa Bhattari lull a.a. 1985 10.7
[-(0.017*r+0.002*Ic)]

^Sm^'VNatntTjjfn^maaTuifuvniJfuifu

DOd 10.745 * e .... 10.7

A
nannfuniiDa^tmauvilalmjn 

ai^stmauyilatrstnjlmJaiJan
mild kgCOD/200 m3 Pond Volume

yrdiuiu13J8 t aa
A

Lc aa

a'nai7s;tn7Buvi!a‘ua^tn7euyi!d^ila'ua^?riiama^iJai vnlwiJsijntuaanwjuvtasaialijih Ca’i 
aaa-3 a^tma^lolimJ'a 10.10
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io
o

Predicted data from equation 10.7 

Observed data from Edwards., ed al. (1984)
9 O o

8

7
o o

6
o

1 5 o os 4.
oo

3 o
o

2
o

o o1 - o

0
0 20 40 60 80 100 120 140 160 1 80 200 220

Cunmlattivc load, jr^ (kg COD per 200 m3 pond volume)

0 10 20 30 40 SO 60 70 80 90 1O0 110
Time of pond operation (days)

^ ^ i QJ d ^ d id I

fiis/o o & A A A1 y d?T3jm7^1,tf0TU')tu'HTuivrunT(5iejm0tru0-3ilai^ia?j'3Hlui]0
A! SJ tA tA V \ V

Bhattari lull 0.0. 1985 I00,01fn7t004ll010'30^0^m0!nmjiutf0U U0S0tU'H0C<U0'3'UT0'01fmm0^q qj

mnu so c

10.8 100

0.707t*N
Wt 12.032 *

* v A A 1'UTH'unT^ymayuo^iJsi t ou vtiiownfu
A £A

w0?'3uu0-3fms;in70ii'vil0'i0l'unJ<o0'3ifl00iM0l'uT0itfl'u ^Sfii
<u

iviinuiJ?intuin70,uvil0',l'ul07t0y u0su0ul3jm0lul07i0,u'M 

Gofjlmil mho kg/ha-day
0Onim,U1U'U,U,O0'nJ01 'HU10^TUTUlJ0100017n-3t3J05 (Fish/m2)

.... 10.8SD
A <A

OJ0 Wt 00

m
09t
«sN 00

<aSD 00

♦
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V

12. ■SSiasnfnm^iaa^llinuasfniJj'H'Wlim-w (Fish Culture & Stocking Density) iJfiTVnn'vifVUtTfn

unzijfnfiuriwwiaztfpii 'osil^ufnsimisnntTfn'vnnwaQu^iiJatj'uuiJa^lilinnn'iiiJai^n'u 

wvmtMQvuwvi ■MamnfU'vi’luniTmEj-Jilai tSu^'u
t <i/ti **

• fnuj'Htnu'U'UDS'jiJan 10 i phti-jiupi? Tstisnanl'um^iatj'jiviinii 3 f-jiin
d dfmmmnfn

* 1 1 ^ ^• fmuvnnuti'umQ^iJan 1 a-3 2 ^piopnii-jiupi? isysnailunifiaei^Sfinmnnu 1 tJ

vif Qjjnfin'in ^■Mimimurntn
0 ^ d 3^ d a' ’ V13. (Water Supply) ihitasihvn$m0?)Ptfnim&jmjnj0'3tmS‘UYi7Ej'vuflen'iJ?n

1 d 1 d/ '14. Timpnie-^iie (Pond Size) flinjjan'uo-simm^ilaiTflwtfil.itad'l'UTn-a 1 1.5 ujptj uasiisys;<u
^ ^ 1 1 V 3/ 3/

IW0 (Free Board) ©dtll'n-S 0.3 0^ 0.6 UJP17 lt4n7tU^lj0'0ia0'3ll0nil?UlPlT'Ul]tJlj0t00^il0i
J/ }J 3) ,

Ipifiiwa^nn'un^l'udou'vi^unn vifoljJSiiiuufmisiinmjni^u pi'3'uu^0'3700nuimii0^Hlu
3t ^ 3t 3J

uas;mu'uilT,l'Hm0'3yi0pi00Qn3jFi0.3mTluni?
ci 13/ d 1 3> d ^ Vtay-jilail'uiii'jqpjfo'u IpiyiJ^'uiioPiioyiaiirinmoilo^nii'ui'Sua'ja'uilpiitj vifooifl^Piiiol'H 

aninnuu TpicjifaliJuaiu'oiaO'aiJfn 20-33 iupi? ^'u^vrun^Pinjo-jiio 00

1,000-4,000 m2 0in3jnin'3ni0-3iJ0liJ0'3?Sfiiuinn'ii 30 men

15. fn'5€Pm-3i'50'3U0 (Pond Arrangement) fl?EU'0Pi0'3'0nrn700nuUIIli0i00-3lJ0ninnn'il 1 1J0 03?
^ ^ d „
piO'j'nin^an^fni-ailo-jiJol'Hi'HinsaunuopinmTlvianjo-j'un 

ii0mnn5ufi00'3il0'3n'um?tmi:fi7s;in0nj0'3l?0liJ‘0iij0U0s;0-3'03lM0tu0TV<'UT0-3t3i4liJpn3j 

pi0-3m? Iiinolmnpi wanTsviDploa^Twinpiaou ^odi-jDo-jfmflpm^ilo-jiioutrpi^l'il'UTiJ^
<u

10.11 4 lu Ipiolu'do^u.Tn^pm^tlo-jiiol'uanijjujimiunjtntj mfruu
! d Jt 3J d ' 10Pi?iuTuii0^1‘Km0'3il0i0-3l'Hi,'H00m0-3 2 lu m0l,tf-3imilins0s;n03‘iio-3,Hu-3

m0-il0^n4Jfn?0fs0'3J3j0-3iO0t4vil0^tili4fnmpi,u0-3l70
* 9

moltilpiiJai^tnmnn
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Septage Vlfa 

Nightsoil

Sewage Slurry 

■H70 Sludge

Composed
Sewage

Product

H

Faculative Fish Faculative
Fish Pond Pond Pond

Maturation Fish Pond

Fish Pond

Fish Fish

(vn-siaan)

Fish Feed MTS Depuration

Livestock Feed

▼

Human Human

^ a/ I | J>
|iiri 10.11 utT«'3W'30tln'3fn79pm'3t?tj'3iJaiatj-nJ?n

namno<e,nl'wnT500fmijmtuunr5ia!J'nJai mQlMl^ilfuianJanaiinijuinuasll'UTH'unl^oraaej 
unnlyisuijmiiaa-nlai nou'aimiinijmyiiJaTuuiJiinnisiiiumTiao-nJan fi'mJgijflfl'iupm'i-jvi
10.3
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enn-wi 10.3 'M3mnai(:n”,lufmQ0nuiiu?siiumi’i?Ej'3iiin

■Hamnaiii fii

Pond Depth (m) 1-1.5

Pond Width (m) <30

Pond Area (m2) 400-4,000

Minimum DO at Dawn (mg/L) 1-2

NH, Concentration of Pond Water (mg/L) <0.02

pH of Pond Water 6.5-9 (Optimum 7-8)

Organic Loading Rate (OLR) 

kg BODj/ha-day 

kg COD/ha-day

25-75

50-150

Fish Stocking Density : SD (fish/m2) 0.5-50

Recommeneded Fish Species Tilapia and Carps

Culture Periods (months) 3-12

Fish Yield (kg/ha-year) 1,000-10,000

Removal Efficiencies (%) 

Suspended Solids 

BOD;

Total Nitrogen 

Phosphorus

70-85

75-90

70-80

80-90
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t ^ & v10.1 ‘O'SaQfumiiTsiJUfmiatmJfn T^mus^i^awndri^e ^a-amfjinfTHa^'ui l^aaiafa 

^auaplaliJuluni^aamtinj
• aRTimTlviiimilfiinpi? 2fii io5 mVday

a>
• fiiCIa^lmini^a Sai 5,000 mg/L
• aillallviuii^a Sa'i 25,000 mg/L
• aitma'untal'uTf'iTifl'u uan 1,500 mg/L
• anuauliit'daluIa^i'D-u Sai 500 mg/L

v jy

• a'lvIam^eT'tnn-avnjalu'unma San 300 mg/L
• aTDB^uu^ii'j'Hual'uijnt^a

$1

• aiue-3im1u?iJua'3fmai4'n1a Sa'i 70% ua-iu^ii'imia
^1

• anu’Hyiiruuua'Silan Sai 5 No/m2
• aifmstmS'UVlIa Sal 50 kg COD/ha-day
• aaTitTTuaiiiianaeanua^i-j Sai2

• aa7nfmaia,UB'3ijai Sai 20%

• Tsejsna'iTufminuinjn Sai 90 in

• isusnmlumiamiJal'Huii'j 28110 71!
v

• lisanvNmja 1.5 tua?
• 7sas;iwauiai4 2ai 0.5 tua?
• anufni'Wa^iia 1 iia 2ai 25 aien

a 1

■I 1
jjai 4.5%

Q*cao

Surface Area
^ 1 ^ ^ cl J?’oinmjni?^ 10.5 ^72^3111171112 WBin^u^vruiaaua^^aiaa-idai 

nslaa-ifTJjm?

iiyniaiai4fi fNlurmimvi 1*

D"la Surface Area =

4Ofii 0ism Din?rum7vi 10.5 OLR .... 10.5

Q*CA0Surface Area .... 1*
OLR

105 nL/day *25,000mg/L * 103 L # 
50 kgCOD/ha - day

50,000 m2 *

1kg
3 106 mg1 m

lha
104 m2

5 ha

Dinlflna aa7irr7i4a7i3jai7aaa7i3jn7i-3 (L : W) iviinu 2
^ V \eA

a-iilu anijannia'iLBiaa'adai (L) 2* 25 m

50 m
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A^'ufi'wu'ieiVinj^iia 11J0 (a) L * w

50 m * 25 m 

1,250 m:
4$ as * ifnmemmO-ns^U'UIfnCjI'ULis (Water Depth) 

uvmfiifii-j'i a-^lutrufm^ 2* 

sis;lpifniiianiU0^7s;?iii'unfnfjl'uiia (Water Depth)

Total Depth - Free Board Level .... 2*

1.5 m - 0.5 m

1.0 m
a/ a/ o'cj i o \ t&9TUTUlim§EJ-3ll?n (NO of Ponds) = 

uymfiipli-jn 3*
it n

M'U'U 'OTUTUimmfmJfn (NO of Ponds)

Total Area
....3*

Area of 1 Pond

50,000 m2
1,250 m2 / Pond

40 Ponds

fllinuita-mlHu 1 lie (NO of Fishes in 1 Pond) 
ivms^is'uu luiia i iia

SD * Area in 1 Pond 

(5 NO / m2 ) * 1,250 m2 

6,250 Fishes 

90 IV,

IN * ^^ A

Jt

isasnailurmiaa^iiai i iia
v

SiniHuntUUa^ (Total Nitrogen : TN) =

inruan^n^5! a-jluirum?^ 4*
vi 3/

S\t l?l

....4*

105 m3/day „ 103 L „ 1kg 
106 mg

(500 +1,500)mgA. *TN
35 ha 1 m

4 kg/ha-day
0.707=; t*N^nmrufmyi 10.8 

uvruan^n^5! 10.8
VI 31
Ifl

Wt 12.032 * ....10.8SD

0.7073*4Wt 12.032 *
5

22.3 g/fish

NO of Fishes * Wt * (i-afnifmentj)lJ?inm0-3ll?nvi'1,Pi (Fish Yield) 
im'Ufnpmffi a-slvitrum?^ 5*

Fish Yield

....5*

6,250 fish ±
Ipond

111.5 kg/Pond - 100 days 

112 kg/Pond - 100 days

22.3 g/fish * (1-0.20) *
103 g

kg * 365 days 
1 year

112
Pond-100 days
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kg408.8
Pond-1 Year

* 1 Pond * 104 m2kg408.8 * 40 Ponds
1,250 m2Pond-1 Year 1 ha

16,352 kg/Year
a [-(0.017*r+0.002*£c)]DOd■nnmjfnrvi io,7 10.745 * ....10.7

t
Lc COD Loading Rate * Surface Area 1 pond * — ....6*snnfn

in VIfi

V

50
ha-day

kg COD # 200 m3

90 days 1 ha1,250 m2 *Lc *
104 m225m*50m*lm

0.45 3 3200 mm
90 kgC0D 

200 m 3

trmjpinpin-s5! 10.7
in V ^[-(0.017*90 + 0.002*90)]DOd 10.745 *

1.94 mg/L

nnltflhsTfJV'UfnmJai (Waste - Grown Fish) ImiH

1. odluiio^ 74-89%
2. lmll4^7'v^71lt)'33J'Ulyd,

3. (nil) lua?i7WPio'uti vifsijamej'Jilfnev!8!

% Jf i 0
. liiSt^aviai? 'HTalninje^viaiil'ui^'iiilhaua'Jilan

^ eH ' ' ' g*2. 'Hfaldnia-Jvianilin-jD^Soa^maoiia'jl'U'Ka^I'BBivni^jjuijapia'Jijflaa
4

f ** If $ £
3. liiSmTil'mLiauua-sifalfaa'n-jn aialmJamej^ilai

1
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uiJii&lnwimNfmwmta

KilTsnaufnTm'uifu
in ^ ei ^• 0^?ifn?mmj!)>3,uimy,n1,H?nj!)mcj'3iJin mnnu 10m3/day

• aiflTafllij'uima ivnnu 5,000 mg/L
• fh'ITafiltm'ima ivinnu 25,000 mg/L

v
fhimmjvil^ulraiivitu'u'itffa mnnu 1,200 mg/L

aiuaului'ual'ul9i?i!it4lu'unma iviinu 800mg/L 

FiirlBtTvJafiTluijni^a mnnu 500 mg/L 

aiDa'Juu^'a-jKUPil'U'U'ima mnnii 300 mg/L 

aTUB'Juu-Jwvnjpil'u^Llua^in^a'unla iviinii 70% nia^Da^u^^nupi 

a7i3JKLnu‘uuua'3iJ?n^iiifmiaa-9 minu 5 r^aemnom

mm7stmauvi!alu|iJn]B^lB« tvinnii 50 kgCOD/ha-day rnym^ 1 ha= io4m2
a» l 1 3/ V
BPina1o\4aoiua77?iaaon3jn73'3,ua'3iiaiao-3ilan mnnu 2

l cf
liaiaa^iitnuHasiia Sanjjnon-j ivnnij 25 iu?i7

a> 1 v

aVnnfmenania^ilfn mnnu 10% u8'3iJaTiO'9'H3J?i^tMnfmiaa'3

?s;asjnanl'Ufn?iaa-3iJfn riati'nifminuinao iviinu 90 tu

ismsnmluninpnniia fiauuimTiaa'jiJail'UTuisialiJ Knfnvvmu 10 iu 
*

is^uumialuiiaan 1.2 misi?
A v

• TSB^lwauiau (Free Board Level) IVlinu 0.30 IDfl? 

aainviTiu'ii
' a £ <£ A y1. ^uiTuiiama-JilaiSu'j^'uniiB

2. miunmi>3^'u,uB'3uaiaa>3iJai Saimupi?

3. uafiviimTmtMiJaiSfniunTN miuannoiPiT

4. 'UTH'unii'3^uiiB-nJmvuaa'i7B?i,a'un'37sus;naTnim7inuina'] malu'ssusjnai^na'n
d I d d <T a/ufnnnmn^ij

5. fiimiasmauB'jaan'iiDuluiiama^ilm Sfiin mg/L
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unn 11

rmNiPlfmn'lSJ (Algae Production)

tTTH7imil'u€'355l?l,iS'3^Q£jl'Und3Jn)Q'3tT'l51T’t5B?imlfn l^fJ‘lfQfJll?U1TfHY<lJlllJU'HP|l'3'Ul
^ d i i ^mrnfus iTTHTiuaij^lfi 2 ilistrm

1. tnvtlia^atjl'umjunia^^'tf (Planktonic Algae) 11.1

2. ■cn'WTna'aadtunduDa-amn (Zooplanktonic Algae)

gj^aaocOCOOCKIJOo^ooo

°0°°“e0O—"oooooooccqj Oi)
to5Q3J=oc000^^

» 1

a Asterionella b. Skeletonema Dinoflagellatesc. Ceratium d. Peridinium : Green Algae 

e. Chlamydomonas f. Scenedesmus : Blue Green Algae g. Aphanizomenon 

h. Anabaena : Chrysophytes i. Dinobryon j. Synura : Euglenods k. Euglena

^ ^ 1 1 \ dH t ^ 1 cid 4 *lu'a'Uflsndn^tBynsiTTHTialandinja^wmTU'u m^i^m'Hinandu'ufiiJ^rla'tf'uda^-jCS^^ <»

aai4‘ui-3infi



tfn^nu'iuikirwTnaaeniilij 2 nsu^^llnfinuiusi 00
1. (Synthesis Process)

2. s»'U0iU0'3m0^fn0ll41l!K00U0'3tnM1:n0 (Pigment)

3. l07^fTTl^nj0^tTTH710 Vtf07ll?n-3nj0-3frTH?10 (Structure)

tnvmmiiklei 7 ilismyi 9mj^u0D0^^^S0tj0i0li4i'B00<u0^?nK7-i0 ^utwKl'uemi.w

A ) 1 (
11.1 ibshfivt^tnvmtJ ^uu'-3(5iuj'5i<u0<u0'3t^^

11.1

Phylum Common name and species Pigmentation Other characteristics

Cynophyta Blue-green algae : Spirulina. 

Oscillatoria, Anabaena

Blue-green : phycocyanin. Multicellular or unicellular but usually 

microscopic : some forms become 

unicellular in turbulent media, usually 

with gelatinous sheath.

phycoerythrin chlorophyll a

and b

Euglenpphyta Euglenoids : Euglena Grass green Unicellular, motile : lacking cell wall

Chiorophyta Green algae: Chlorella, 

Oocystis, Scenedesmus

Grass green chlorophyll a and Unicellular, multicellular, a few

b macroscopic : cell wall of cellulose and

pectins

Chrysophyta Yellow-green to golden brown 

algae (diatoms): Diatoma,

Yellow - green to golden 

brown : Xanthophylls and

Microscopic, mostly unicellular, 

includes the large group of diatoms 

which have a cell wall containing silicaNavicula. Asterionella carotens may mask the

chlorophyll. Chlorophyll a and

b

Pyrrophyta Some are dinoflagellates : 

Peridinium, Massartia

Yellow - green to dark brown : 

xanthophylls predominant.

Unicellular, motile : cellulose cell wall

Chlorophyll a and c
Phaeophyta Brown algae : Fucus Olive green to dark brown : Principally multicellular and marine 

(seaweeds): cellulose and pectin cell 

wall

fucoxanthin and other

xanthophylls predominant. 

Chlorophyll a and c
Rhodophyta Red algae : Polysiphonia Red : phycocyanin, 

phycoerythrin. Chlorophyll a
Some unicellular, mostly multicellular, 

marine : cellulose and pectin cell wall

** Adapted from Mitchell (1974), p. 75: reprinted by permission of Prentice-Hall Inc., Englewood 

Cliffs, New Jersey.

Chlorophyll, carotenes and xanthophylls are present in all phyta.
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fn?,unifnirTHTn£JuiHii?sly^l,u^Tu?ii'3ffi Sm^wsviinuiJfsm?

. mM7io2fiiiywy<niy^sm?iiJ3uyuiJfi'3<u0>3iTnimiei?i0y1&ney^n^

Environmental Changes)

2. 1TlVIT1020?17im?mtlJliyI(510[>3 (High Growth Rate) 0Si1?1fn7mfljl^uTj1^0'3tTTH710Sfil 70 <f\M 

?i0i0f!t?1175i0lJ (Tons/ha-y) KfolyTlInjO^IlllSy tyiinil 35 PtyplOlSPl^ni^ll (Tons/ha-y)

3. hfl07U0^mK73000,Ulim0r'3 (High Nutritive Value) ^©y5) yiynw'll'jfly
V

nisyiyrmijiij^yii^©
4. leK000nK710y0'7yiJ7SJn0yni0'5llJ7^y00y^n-3tr'3 (High Protein Content)

5. tnyTnyiiylpilyynmuMfolytmfi'jyi^yl^n'ii^oS^opiSy5! ^^iT-a^vilpi'lytTflTmnpi^u
A i *
nmyiSfrymTUy (Abihty to Grow in Wastewater >170 Natural Water Resources)

1 (Resistance to

n0i-37y vifoly^^yutr^ ilgn70nm7^i07is:,MU0'3tny7i0ytn?i?y i^yyl^trym?^ 11.1
o' i ^n0lnn)04ilgn703fn7^i073s;>nj0'3tny730 ionfim7Hin7^'3(fiyy03y‘iiy0U0s;fn7y3in>n:i0lil1stf

^utr^-ilolyTiJy 11.2

Sunshine
C02+ no: + POf +H20 ► CH2NOP + 02 .... 11.1

Energy«

SOLAR
C02+ NO3-+ HjO commercial!

CHEMICALS I
[ CH2 ONP] + o2
ALGAL BIOMASS

ENERGY

ANAEROBIC
DIGESTION

METHANE
ENERGYSOLAR ENERGY

co2
!N2 FIXAITON '
t.f_______________ I

FERTILIZERS

EXTRACTED
COMMERCIAL
CHEMICALS

NUTRIENTS:
WASTES

CHEMICALS

ALGAL
SEPARATION

^jALGAL > 
^GROWTH

ANIMAL
PROTEIN

SUPPLEMENTO:I WATER I
PRODUCTION

HUMAN PROTEIN 
SUPPLEMENT

TREATED
WASTEWATER

aquaculture)

11.2 n0lnii0'nJgn70ini7^i07is;'Vfn)04tny7iy uasmitmivmyliJlIihslEJ'ru
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nfilnnjQ^iJgn?yini?^ifi7is'H%!)^tn'Hi1nmfu^,u!nnfn7'untQnnnOTi?uayli5ia0nlOT
^ i 1

yi 11.2 mTismMinuadlfllutTfnxYiS 

lun^m^iliunful'uIpma'ufiial'uuvi^'UTHfaluaTmi^Sadl'uuvi^'ui Smlii
<u

ma^atnMTiu tnui?a^tail,uTpi?ia'uinnanfnfru'unii1alut'»aa maWvin?s;

tmarHii-
i ^ rfj t ^ ^ ^ ’^Satjl'U'uima'Hfaltitm^'un^ij'Mfalijmifi^'una'U'n ?|i;il^

aiiu'tf'umu'isafu

UTum?

?f'3taTi"‘Huaf-3 n?"UTum?i?Ejfm n^sin'uniiFii^l'uIpii'ta'u (Nitrogen Fixation) ^iin'U'UfnKinatai 

t3jfta,ui1sslunis;inuni?a:,'3i,aTis;,H'Is5)aSua''3u?ia‘ifiaii:-3a(5Nnfn?a:''3tans;,HmT'3 ^'3^1?iannn7sinu 

fm^ia?is:iiutT<i ae teifaa'lmisua^TH7nauanJlunfuaafi€tatj^as;anaaa,lmfi^u^'u 

ammvnja'3‘unma,H7au'H?i'3ijnaii2aia^,u

ma^imnvi7im5ufi-355a?nnnamn uNwaua<iaiapniilan1a Iaa^iliJimtnK7na3jnatilii7iJ
qj qj

■uao'uaou^ ^u'U'Minlw'SmTuamaitrTHTiaaansnn'UTM^ ilfuntuma^u^unjTuaaalu'ifi^jjnS
s/

nmluiSaTJua^inK^a l^inilMiJIuiQjua^u^uinviaaaSfiimianfuqiinFiTjnviiJTa'a fnvmjw 

uanaan’onnuTa-jiTiinia'unliJlTiilTslaiitria'Hanayn^ wu iaua-3lunT"iniim?2iija'unt^a 

I'walMinviTia^mjiiJfTunt^aa'ianisin'umTvn^ilSiaivmfatiaatraim'Biiainvf^aa'ianTsuiy  

ni^twilvtu tfilMlawaw'Ufinnisimlvtjj 'H7an?sin,uni?0an,5ta^'u uansnnuimia-alatniiaS

'U'llilwirunua'u mamuin?eTm?l'Hunau iifal'iftS'uawaiJ^a^afiimnau ail'KiflaaTH'Nma^ 

mi K!aai^wfnjad'Ufra?0n>mma^aT' rmafn?uanIiJ?aijaan^nm=ifaainvii:ia malwja 

0ivn?aTT3jtriMf'uw{Jia^flaiijjaa-3rmIiJ?au mns?i-3ma,u0^w{l'3amaiiJu12tnjJi?aeiaatTaia 

liliaulaaiuBTTU'tfna uasuilill'Ufn^iJf’uitaTwua'SiJataa-j^PiT'un wu liam^n-a tSuau

t'tru

uu'^aanla 3 7suu anuu'Ha'-j'auiDB-jfTTHina aa

1. ■Ss:injmiaaia0ni<=Baafn'H^acnmma4'U1CTll (Selection Algae Strain from the Fresh Water)

rmwaaa’Ti'myaiEissuiiu ^"3Jm7iaiifnTaTvn?tfT?jja'fi'32?ii2tja'3lua3tiii4s;2'vinm7taa'3 

inKTia Tauitivnsiafii^a^snalii lanauua^vJaavlafa mal’HilfintuaiiaTmfa'jfiant'^a'jne 

a,afmia?fyiaulanj0-3tcnaa?nMi:na lunTa^a'jailisneunie^aifuavil'u^ifiaTuaa ajninnfn? 

lautmilisnauaniuaua-jlil I'wamuilfinfUfrmlisnaiiaiT’uaulMmu-jvieaaa^ujaB'jmTlu 

fii7a,!li'3is»aaa,THi:ia

2. ■S^Ulim^waPlfrTH-Sial'WWIiaaltnaPl'S^ (Direct Algae Production in the Wastewater) fmwaa
a'TK?ia7suu212SmiiSuan?aiKi7itT!3Jtr?Nuasai?uaua>3lutJima m?nslu2naa^lijS

ay I i 3/ 3/ V , y

tma^nanaainn-Jinna^juai uanmnua'THTna'a'aimiwaalaa'iaTsimu S’^Sinnn'intnKina 

2maCuinnirin 1 ttrua
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3. ■5SUUnT3WaCTfn'H,Jia/nfjl'U'H0>3'Ll2liinr5'Hl0nia^'50Tm'5,m^lflW (Cultivation of Algae in 

the Laboratory ‘H‘50 With Chemical Nutrient) 7SUllfn7wSfll1TTHTimnJlI'U3JfTiaifn?li3J^?l? 

QTH'mtrftiflfl'mTEJfni Autotrophic Medium ll7infUtn,H?n0'W'Mnfn7W0?lllpl107s;
^3) *'uon'oinuufnfn^wSwtnKTiy^msDiJ'utnimfrMifmw^tnKTiyrayn^in^tnjj

ja ,
uumini

00'U'th-StY'3

q

mTiil0uuuiJ0-3iJ?unQiin'H?imi0s;m7l,Ktn?0iKi7‘U0>3?s;uufmw0PiiTTHTi0
■u 11.3

DISSOLVED
OXYGEN

EXCESS
ALGAE

ORGANIC
WASTE

BACTERIAL
OXIDATION

co2 + h2o + NH4+ 

^CHLOROPHYLLEXCESS 
BACTERIA SOLAR

ENERGY

1 /S

11.3 mmJ00,uuiJ0'3iJfuifunj0'3tn,H7i0 tmaivn? njs-an^sm'UfmwassifrTHTna

iJ?intuinM?i0rlpi'Dnni'siiiJfmwS9iiTTHiri0iinu5773Jin^SfiTU00 ^liima-ana^aanu^a^ni? 

iJisjfiaijniimTwSwluaniJfus^na'TillnsTuiu
q q

1uvn-3ifr?iisfnfftn5 uuT0i-3l'H3Jlum?mmJ?intutnK?n0l«0fji^n?unfnij0iiu^0-3fmu0s;0?i 

?s;0s;n0nl,ufmH0?ifnvn:n00>3 ilarrii ^simmTwSisifnvnrimmiJT'iPuf'i (High Rate Alage 

Production) -3I'll 14711^ 11.4
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1. a-awaflfn'HT'lEMUimflm (High Rate Algae Pond) tll'Ua'3^1£tflym7RS?ltTTM1:3tJinnuiiatJ 

'HiatTiiaTHii'Miiufi^lill'u^^ndn mal,HiTTHTia5fmmu?iuiuaai'3T'3Piif'3
2. uwttn'w (Baffles) ^^i'u^T'3^4Vltl^^al'Hfmliflf?yl,^uT?^)a'3^TTH7^atn?l^lJati1'3s^lama'3^aafl'^^'3a'3it

3. 1llfn,W'H,501s;ilunTifn'y (Turbine 'H'50 Mixing Operation) ^10l'Haivmin«fn?f17S:?ia1lJ'iT'] 
a-3 ■wnl'Hfn^l'wtmaivnT^nfiiTua^tniiiiafnalu^Saimin'u rf^walvniTi^ij^vnumvTia
i5uliJatl^tT3Jiimj0 uan-amuua^siuumTninjaWQai'nuiatuviaCua-jUnfnalvi^ IjJWSfn

tr-aintiliJan^Qa

SHWAGH
INFLOW AHRAXOR 

AND NirXER

-3G BAFFLES

-3G <

3D
n. armtiJat!

OUTFLOW
TO A.LGA.E SEPARATION’ UNIT

AERATOR/MIXER

o
V

nj. mm®— SLUDGE LAYER

I

31JTI 11.4 a^wSfUTTHTiaUUUTI^U?! 
n. irmuijfiu 

u. mvi^Pi
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tsuuni'Swaflm'H'JiEjmjimnsf'a uikelaalw ^nijtus ^nuanutusnjS'jfmiSuisiJu ^0
Cl <L/ CS Cl Vd 1 d1. ^uum^fnunw^^EJ^nmmm^nmniimufnfi^Ti (Constant

V d ? a V J1 1 tA \ A0QU^3jnm‘l,ufmnnifnj'uim0fn0li4r-3iau>3tnv!7iul'H3fii0-3^?ifi0finai vifaQ^TimTlviaw
n , t y ,

i<=» 0 «=1 d I d q 3>d I diJ7ui?i?<u0'9'uittTU'muitns;uufmi,aW'9l'H3jfn0'3vi
<u

v!?n0iJ?s;m? wu 0n3Jt,ii3jn)0'auiT^u?i?i mioTHimeiu iSupi'u
1 - A etiJ?3Jifutm0Tm?3K1,ufmm0'3tnvt7i0

ITTHIIW
0i0Hiri70i'Hi?wi'3n0,nT,3'0i4 Toil,Mii7s;5yii0Tv<lum?w0?iinKi:i0l3t3'u1ils5mj0:'?itTTun)0'3 

0THi?31ff i!B'3il?3jnQim7wSifitnK7n0?n0i5u 11.5 (n)

a/
d $J

Retention Time) TSUUUPIO^

JV
i vm s n ? s in u m ? w S ei tn w i110 nj u n 112 i)'flfi

i,u0>i0ifiSm70QU0umviis0pmfmlv!0t5'nJ?3JiPiT 

0T0CFln13m0^vi0 ,0llM^n■H?l0m3J0Tu^t!llu00Kf0l^4n1^tu3^m0TH'l7Ulmn'u1ll

^ ^ V J/

2. ISUDflTSSllaa'UlllJa'i'SSiprURnuamiB-i'WlfnSjI'UCi'^ (Variable Depth) mTm0'3tn,H?10pfQ0?Sllll 

ut3i4mmnlu,ii0unvii0-3ii0'3is;uiifmw0Pi?rTHin07j;im'0 1 mns^inmml^'umJs'iis^u
*S o V d 1 I I too/ 1 idd ^fniu?innjO'3i4'ifntjlu^Cw?i^0m?tT>3im'3W'n4?i'3liJfi'>3tnv??icj Lfl0is;^u,uifn0li4^

0/ y o/ d to 3>d l to I V Ililvnue

©til'U'uiiSyS'? iJ73Jifuu04imn:n03lMinfnii00'3li0is;uD30'33jnCpiiuin30'Pi Pt'^utrpt^Hl'u
•u q

iil'w 11.5 (u) ivms;SfmininiT0TVNtnPi00u]iltmns;pi0mi0:''3t0?is'HU0i'3ii0-3tTTHTn0

AuasiuoB'iiiJiuuu 111)0-3 

00?,mni5n0fli-3tnf0iMi7M!00p)0iiui'iin,njn0-3Datmvi2

3. nrslv'ssjinjnrsiaa-iuinjweru (Dual Function) tilumilwaPifnwTiafliaisuum^wSpitnvfii?)
a/ v , »/

<v la/'*!’ a/Q o/dq 3>d Id a/ d oyi^ 2 ?suuu?nmim4 mm^nmnu
q

a/ d^ 1 <A 1 d!cS di^u,Lini^m0'3in,Hi1'i0ii,iiu,u?'3tiJum?,uii0i<ii0^eu0'3u^?is;i^uujjii:iun,u
d 31 j;

i,u0'3innnii00U0uis;DUfmwSpitn,H?n0ii'3lii?rTuu0-3is0U0'nu0n,i)0'3is^ij 1110101110-3
q

iii1,HiriK?i0lpiiuiJ?3Jitu?m0THimT?3j0rli-3l3m0'3vi0 KfompifmiJfiipi'ipioniTiilaoiimJa^ 

11-3 2 anutusl^iiii 0iDiii1'MtrTK7i0pi0-3ltt(n0iif'i'3'Hu^liinml7uw0pi0ni?til00iiuiJ0-330iD 

mpiuuii-3 2 anyfusrviloumi iliuifuiTiKTio^wSpilioisuu^^Sfiiuinn'iiisuu'M 

1nm00-3Mf0minii7suii3 2 ^impi^liluiil^ 11.5 (0)

01?

1 UP)
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Area (km")

Retention Time (days)

0.100 0.125 0.100/0.100
3 2.5-5 3/6

0.45 0.3-0.6Depth (m) 0.45

1,800 1,920 1,840

Annual Biomass

Production

(Tons)

680

an. Tsmivi i u. IS1I11V1 2 PI. TSUllVl 3

ii.s tiJ?yumfJUiJ?infu,u04tTiK?3t)^mpi?'u luis;imfn7«SpitnvtTitjpiijj 

n. i (7suufnimmsusnailun3snninulmjmfi4vi
(Constant retention time)

m. ?s:uu^ 2 (TSJiiDiilatJuuiJfi^TSpriipniusnnia^ijifnejIu^ :
0. 3 (TSIUUWITJJ : Dual function)

i

iJ«flEi^Swfifnsmjfi0n'5sin'WfmwaPifrTH‘5irj Irniri

1. UVI340TJ1J0'U uaso'ivmitnimfu (Carbon & Nutrient Sources)
2. OfUMfjC (Temperature)

3. 02nrit,limj04tm4 (Light Intensity)
4. TbimminTU VlforilfmfnV! (Mixing Operation)
5. 0nuansU04li0 (Pond Depth)
6. TSdSnfnlvmiTnfUflU'Ul (Hydraulic Retention Time : HRT)

: Variable depth)
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V c& \ \

luWifl'uuasylQfn'teftT tiltiPiu I?miT,i1iJimitnnJ,3s;naulul9i7t!i'U3jru^u1,uTiJ^Q'3fm
qj

ilisnsiiuauTummifaimuauTuma iS'3tnvti:na'un1iJl'un?sinufm^La7is;'HuiT-3lf)atnvn:ia

• ima>3*u0-3flTSU0'w uas0THT5i0'1jJsrli4

4 1 4 3/ 3^ tf' AAA 4 44 A <$'uiltjI^^^uMadluTiInja'Juauliu'uauil^l'uniiiTTn^i'ifaa ilgnfai^iaS^in^^u^nnm?!^ 

tmuairlut'ualuT^iTt'ouiil'u^itufm^ 11.2 Oswald uasGotaas
4 d a 4 ju

lull a.f(. 1956 adi^li'npmjiJfiJiQiuauliJtualua^iaa^tTTHirnaai^Sm^aaijau
q

,uiliJlliJ?sTastfin^ma^ 10% ua-ai'flfimnvmEJ Lifu a'niji,ii3j‘uu,ua'3tnvf7na Sfii 200 mg/L 

il?3jifuliil9m?'u^l,nill«atm!7ia Sfii 20 mg/L tTTuilfinanja^lul^Tiflu^tnulil an^Swa 

fi'a vnniiT3Jitul'ul(5i?ts)'ulu'uifnal'ua-3 Saunmnulil aiamsfiaaiv<tilu'iN,y?iatmn:ia^'ul(?i
Sunshine

rmismvmEj

NH3 + 7.62 CO, + 2.53 H,0 ^7.62 ^S.06^^2.53 ~ ^ .62 02 .... 11.2
Energy

I CU4A 0/(^14 00/4 A I 3) . . (

^na a-aujj'iitn'Hinapia^fmluiliinfu^'uaan'iiluTpiTiu'un^iij upiwaua^vJafr^aitTUPinpi^lu^
eA I O' I AAA 4 44 4^ d(taa-jarTHirialiJnal'Heu^nna^ai'ifaatn'HTna ilgnfyn^mS'mnfwu^inmslwetTvIeftT mu^ 

n.3 4'3til'um?'Wfli?anfmllii'3n?ilulpm?uimsvi0tT^B7a' lunisiiTunii^ia^ns'H
q

4 4ua-3 ajjmi^na'mqfrwfjjui^'uuilpia Oswald lull a.pr. 1988•u
Sunshine

CO, - NOj + PO4" + H,0 ► CH2NOP + 0, .... 11.3
Energy

Bf]^'3l7n(5niJa-3a,lJ7s;nalJDa'3^l^yla^Tyla7a, utiraalufmtT!,i-qii!Baafn'H7ia flan i.5°/o ua^BnaBU5! 

u'tf'ialuni^af^aiiuit^uf-juB'at'tfaaanKiia lauri uunut^au uaiibsintu 1% uaslilamauS 

fiiilTsinfu 0.5%

4 V 4 ! 4 ^• isaiJflnuan'uo-sui/naluo^iaa'SaTH'sia uHanTsmilaaaT^piBmiaB-jmunje-sua-jaiisaiiun 

Canuanliiuin ua-jufiaimmaaa'jmua^lila'j'wuua'j^la 'nnlMmTa-jmns'Hua^mpilaa 

anaiiutiiu'ua'aua'juaau'imnuliJanfl'ail'HaivtTnaanala mnsatu'Haunja^uiUflna^inulil
q qi qi

y ^ J1 I , , o O/

TsauaTUjaniia-Juiaialu^ma'jaTMTia aiiadluii'i^ 0.3 a^ 0.6 tuai aiMfu^simniTwaa
qj

aTKinouimnatia auni^llaiuituwnaimiiuua-aua'a'assauaiiuanmB'nsauui iNaui 
Taa Oswald uasGotaas lull B.fl 1957 ^-31,7an'37 ngUB'3ma7, uauiufa (Beer Lambert ‘s Law)

^uaa^Hlutnjfmu 11.4

Iz -Ca* a* ze .... 11.4li
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fmutnjun)0-3u^upi^^wTui Sfii^upi o 0^ 20.000 ■vtaufomau (ft-candle) 

^'Jiui'uunio^utr^imfi z tu^i? ■winEjylfnu^mtnj
q

(ft-candle)

aruilis;^'vi5ni?0t5ii:tfimiT'3Uf)pinjs-3frTHi:'ifj SfinstjT.u'tfQ-j 
'UdunTHusl'Hiviinu 1.5 *io'3

fl'njJt^JJWnJO'JITTHIlEJ 'H’UltJ mg/L
QJ t& V

?^fi'ii0'3i3j?in<u0-3?s^u,uifn£)lu0-3 vrii^iu^?

M
IU0 ii ns

■aIz 00

«a
l*io'30^ 2* 10'300a

Ca 00

mz

o 1 fii *$ * vtruun'in vi?s:0U0nu0fi‘u0'3'un0n0lu0'3i00-3fTTH7i0 tvinriii z tun? utT'3U00flm?tT0'3WTu,u00unn
41 a/ ci •M?00n00^iivt3j0 11.4 tfls-ulvm'lnn^tnjfn?^ 11.5

Mn)z .... 11.5Ca* a
V %/

0infn7V1000-3‘U0'3 Oswald lull 0.0. 1963 Wini 7S0U0n3J0nU0-3'U1010lu0-3 lll'IfQ-J 8 0-3 10 U1
vtiolu^n^ 20 I’tfuniun? 0-3 25 inumunT 00iini7t!i?fyt0i)l0iD040THTi0fl0'i3JifV000 Ofli^lin

s/

mjjisnu'unnol'u^wSn^nKTis 0'i7unnfrin 20 miniuen
tmsTSdsinsilufmnmnu^THinsl'HtSuliJmuno^m?

^ i^i ^ f

Url0t007Ull0^0UQ0Ull00tl]00U0,10113jf0uluilju0^Ul^m0ullltllu010n3j|'0U^l0!nnU0’3U00 

Kiou^^unnmsu 1100-3lilufmnvi 11.2 u0S0,i0'3i3J70'um0iimiu0'30iM?i0 3nnni70nuru0-3
uniu0i0i00i ^iaifmn000-3U02ijj0n00uu03 lu^i^ 400-700 unlutu^? ids 1 inlmufli

tvinnu io-9 turn ufl'PNKluemuvi 11.3

o' ' 3/ ,
pirsi-jn 11.2 ttvl0t007ul‘Blufm0iineutn0inii0i0']i3jl'0u,u0-3U0-3U00 ufoim^unnmmj

g - cal W - J — vm) —
m m - s

Btu0U70 (Units)
cm2 - day ft2 -h

g - cal 1 0.485 0.154
cm2 - day

W J-a 2.06 1 0.317—- K70
m2 m2 - s

Bm 6.51 3.155 1
ft2 -h
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flTTNTi 11.3 filfinulQUmEIUlYh

fiifniulawmauin'i YliJI

1 ft - candle = 0.0206 g-cal/cm"-day Kreith and Kreider (1978)

1 ft - candle = 0.0936 g-cal/cnf-day Wetzel and Likens (1979)

1 ft - candle = 0.0913 g-cal/cm"-day Goltennan (1975)

1 ft - candle = 0.0933 g-cal/cm'-day Coombs and Hall (1982)

1 ft - candle = 0.1119 g-cal/cm'-day Coombs and Hall (1982)

1ft- candle = 0.0720 g-cal/cm'-day Bickford and Dunn (1972)

ay** o as d o a/oi«£• isasnail'Ufmnmmjiii (HRT) ttuniiftru'ituvnninl'umTnmfiU'uifntjI'u^WftssuTTHiitJ
£4 ifm mi A clOswald UftS Gotaas lull ft.ff. 1957 11.5 vifaft'uni?^ 11.6

Ca * h * z .... 11.5HRT
1,000 *F*Io*Tc 

LT * h * z .... 11.6HRT
1,000 *F*Io*Tc*P

as d o 1 ^isEJsnfnl'uminnmiiui mhuiu
fiifnujiau^l^nmTTHTnfj Hina kg-cal/g 

*iTTHfuijni^asnmjiuife'u fiifmufeu^nninvfTit) tvinnu 

6 kg-cal/g

10% vifaivlinu
as A o' I 1/1 2>as

0.1 nJ0>3<lN?1^>3'lUU1T>3U^^VU^atn,HTieJ 

fliiumj'UQ'mflMUAfl qj qj qj

Ufnatjl'Ulil'? 0 fl-3 800 g-cal/cm'-day

iruilf^mniTi'dfta'uaiaEU'Hnn 11.4 IjJS
mioti

alinjTMilsuimfrr'j vnhu mg/L
V ^ A <2> \ ^ as 10^7iiT7i4l?ifj'UTH'umjO'30ani5tu'u,ain?i?ufiauivrunnt04iTTH73d

vun^u SftiafjluiiO'i 1.25 m 1.75 tumsaanuuu'uauHfn
1.58

a
tU0 HRT 00

A
h 00

F 00

<a
lo 00

A
Tc 00

A

Lt 00

■s
00P
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^ la/ « *=t ' i
phtnyi 11.4 fn^'uiJTSj^viSfnmlSfj'ufiiatuvmC

q qj

Cl 4

acuttgjjiaaa (Mean temperature) Photosynthetic temperature coefficient

C F : Tc

0 32
5 41 0.26

10 50 0.49

15 59 0.87
20 68 1.00

25 77 0.91

30 86 0.82
35 95 0.69

40 104

mmrufmvi 11.5 11.6
11.8

Ca .... 11.8
P

• fnisimiuirsa (Organic Loading Rate : OLR) a'lfms;tn7Sl4yifaSw?llaE)Pl74(sjafn7'UltSl

tn?aiFm1iJ1liJ7s;la«KTnfiainMna mTisa'inTsiiTTjauviltj^jjinmuliJaisiViilKin^maTw 

liainifTwl^i imsa-jwini^mTfTa-amuufT^upifi^a ImiTua^pii^nu'fi'iuanaiTstmauvila^ 

uaainulil aiq'mliimMTiymimiafius-ivm niTinffyiiulpiua^THiriaiSulilliJ^ 

niiTflaDa'i hus lull a.a. 1970 'K^ffninaaTimiiiiffyiauTaua-jiTTHTia^tnpi^usnfimTwaa 

imtTiusnmia-j^a^nmjiuifeuuadismalyia lauaaaiiui^u'uunia^ua^i^a^naniMnau
1 &$)

wa^nnfmnaae^ nim rmn^uivmistnj'ua^m^viaaa^ iilua^u isjauaiiuanue^uiaialu 

a4 tviinu 0.35 men uasnainnmuuima minu 1.5 5u vifhfmstnsauvila minu 300

inniia-Jiu

Lb/Acre-day vtfa 336 kg/ha-day il7s5vi5aivnja-3fn7aaaifiIaafr4D4 95% aiulaaluuiwu

aamnna^waatnuTia liJainii 10 mg/L uas;09i7im7m3Jil?3JifUfnK7ia^ina?u minu 350
Lb/Acre-day Vf7B 390 kg/ha-day
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• fi'SsiiTwnrsfn'WiiasinTS'HU'unavim^l'Ha'uo^'wiinEjI'ufi'^ (Mixing

Recirculation) 1TTH,jlt)ly7Slluni7wSs!1UUII71^u!'3 a'THT1EJQE]lu?lJn)Q'3U0'3U^'3Un)lUfiat)U?lS
qj q)

Ad t *uDfrMtlEj^Sadlu'ui Tis^EJtiayaaiEJimS'uvilyafjluTilDQ^viaQfVMfQnjQ^u^unntjaetinjuifi
P y

Ividflu ■9il,HiJis:^n5fn,wiD0'3fns;uTurn?nTuSaiafifi<3 fniuifTUQ'j'un fmfifin

Operation &

15 imimufl?

^0111 T9

00fumu7suiifmwS(5i0'TH?i0uim?T?u!T flTTHtfamnai^luni^Qnuuu^emi-w 11.5

11.5 M0mntui9l'uni?00nuim7s;uiini5wS?itTTH7n0uuijnpuf'3

Pond depth (z): m 0.3 -0.6

HRT : days 1.5-8

HRT / z : day/m 6-12

BOD loading : kg/ha-m 75 - 300

Mixing linear velocity : cm/s 5-15

Channel length/width ratio innmi 21

«-» d } ^ 1 d « <9 3/etnTifmwaeifrmrm ilfintuuo^tTTHTiy^mpi^uaTUTQmnl^inmnjfm^ 11.9
Goldman lull 0.0. 1979

lo0.28 * Is * In 0.45 * — + 1 V Is
P

0P173fmwS0?nvl710lu|lluTHUfmm KUTO g/cm:-day uas
p 1 oy 1 3/ d A

in'30!,'30i9vn030>3nflnl0infmj0 11.6 2 tau 00
« 1

90T1Ul^3J03J0TU0^Ufr^U00 86.4 g-cal/ cm2-day 28.8 g-cal/ cm2-day 

07i3Ji,umj0-atitT'au00 miio g-cal/ cm2-day 0i04nan?unu^am0u 

U0'397m0luilQlS'UU 04Ufr04l7lu037n49 11.6

Pa .... 11.9

ma Pa 00

Is 00
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60

4 50

^ 40>•

c-30
Q
2 20

10<

0
200 4000 600 800

TOTAL SUNLIGHT IRKAD1ANCE (1^), g-c*l/( cm-2-<i*y)

liln n.6 fii09iTifmwapitnvt7ijj ^fnnuiniunje-qutT^upipiSjj^'i tyiinu 86.4g-cal/ 
28.8 g-cal/ cm’-day PlTU^lPl'u

2
cm -day UdS

pmi^r n.6 fiTUJtt3'u0u^'3njQ>3u?r-3u?i(pi

Temperature Is

Species (C) Illuminance Irradiance

(g-cal/cm'-day)(ft-candle)

Freshwater

Chlororella pyrenoidosa 25 51.8

25 500 36.0

26 82.1

Chlorella vulgans 25 250 18.0

Scenedesmus obliquus 25 500 36.0

Chlamydomonas reinhardtii 25 500 36.0

Chlorella (7-11-05) 39 1,400 100.8

Marine

Green algae 20 500 36.0

Diatoms 20 1,000 72.0

Dinoflagellates 20 2,500 180.0

Phaeodactylum tricomnutum 18 82.1
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fl.ff. 1982 Oron US" Shelef l^iniT'MauntTUfllTlJ?S3Jiaifinfnn3Jl'll3J'llV!U0-31TTH1:ny^tnfilfl'U 

lii7siiDm?wa?nTTH?iuuiiu?'iPU7'3 mjni?^rm'niiliin'i7'w^mtui7iuilfl00?in'3ci ^Swunisnu
?i0m7wa(5itTTKTnw 11.10

HRT^b

fill

j * (lo)^ * TvCa a * .... 11.10V z
v

©tu'Hfjnuo^onni^lu'utus'U'uA 4am t 00
ma, b. Pims v 00 0104'Vl

'mmrjjfmvi 11.10 0H0'3,0^00'9'mionnfmyi0a0-4li40!'^d0>3 4 fin (a, b. P uas v) ^fheNnemuimo 

nutrnnmm^uTautusuu eB'3liiS0Qiu0,s00mjin,unl,uni7iJi'sintu0m07nfmi?!fiJi0ul0n]0'3
i 3/ i i 3/ j; ^ <a tA 'mvino miis00'3'Hn0n0'3n0iTiii-30u^n07-3 ao^Twin^souSmmlsyuuila'jlil f-jSfm'wwui 

mjrmfi n.io uniil'umjfm^ ii.n m00iyifuvn0'mii,iiuii''uu0-3tniii:i0'0wS0l0 imstrumnn 

00?ifmw00tnK?i0lin:siiiimiw50iTTH?imiiiim0in i^u^trum?^
HRI^l

11.12
1.71

* (lo)0-70 * T 1.30Ca 0.001475 * .... 11.11
z

Ca * — HRTPa

. (,„)» . T 1.300.001475 * .... 11.12

t ' 1 J t i

’Dintrum?^ ii.n imsfrurm^ 11.12 viim 077u^u'w,u^u0^0077ni7W00invf770nu070n7sin7 

S^nloluilimo iilu^trum?^ 11.13
hi. * _i_

p HRTPa .... 11.13
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<ni0fj-NTi 11.1 !1^00nUUll?S;Ullfmwa?ltTTHTimiUUT'lSpu!'3^TU'lU 1 111 sU0U0ll4m700f1UUlJtll'U
O/ 3/

• 0S?infri7l'H0t5^ll7Un?l?70UU0^'Uim0^11H0t'lll0-5
y

• filflowimjimy Sfhmfru 400 mg/L

• 01 p= 1.5 g02/g Algae

• il?snn5flTvru0'37suu Sfiiiviinu 0.1

• 0i^uiJ?2;5'yi5U0^0fuv!n2minii 0.9

• ^wtui tviinu 400 g-caiycm:-day

• 0iiruitas:^n?m?0A‘!»u,flimis; iriinu 1.5 *io'3

• m,H140ll1010'31ul'0l4m01Uyil Ift-candle = 0.0360 g-caycm:-day

• 0'mj0iTU0^0^ tyiinu 10011107
^ 1 a ,

• 0iiunii-3U0-auwunu minu 4 iu07

tviinu 500 m3/day

J ltoiimi fumrumivi 11.8 

imunieh-s5! n-aluirum?^ 11.8
w 1/tls 10

Ca .... 11.8
P

400 mg/LCa
1.5

266.7 mg/L
4 In(Ii)tintrum^vi 11.5

fiimiufoumoumi 1ft - candle = 0.0360 g-cal/cin-day 

iwnzxizuu miutuuiio^ttfr^^RTui

.... 11.5z
Ca* a

400 g-cal 1 ft candle
I *

cm'-day 2
1 g-cal/cm'-day

11,100 ft-candle
uvnifheh-an 11.5

M 3/0S 10 In (11,100)z
266.7 mg/L * 1.5 * lO0 cm - L/mg

= 23.3 cm

uniTeidiksuitu 25 100100107

a Ca * h * z!oimnjm7vi 11.6 

inrufhfni-n 11.6

HRT .... 11.6l,000*F*Io*Ic
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266.7 mg/L * 6 kg -cal/g* 25 cmUl vIfl HRT
1,000 * 0.1 * 400 g - cal/cm" - day * 0.9

= 1.11 days

SfillflCJltasinm 1.2 days 

Q * tsinfliiutfumiimn v

W V
$2: l?l

1*

500 m /day * 1.2 days 

600 m3

V

Surface Area * Depth 

600 m3 / 0.25 m 

2,400 m:

^-31414 Surface Area

....2*
i ^

umjfii^vimifiiii^1i4tnjm?r 2* 

usll 2,400 m" /100 m

24 m
IQ/ 3> V O/ I IIflnnfliiumjmisvni

24 m / 4 m

6 ‘80-3 (Channels) K701TTU (Compartments) 

6- 1 UWU 

5 HW14

ail4'314UW14ni4,Uin?ia'313Jnil'3 4 134(517

35

atu'HnCua'nji^tnfnfiluiifu^'uu mnnu 30 C
q qj

1

nintuifm^ 11.11 

uvn4Fin?ii^ti 041141134017^ 11.11
in s'

. M ' ■ (I„P • T 

* j^iAj * (400)0'70 *

1.30 .... 11.100.001475Ca

301.300.001475Ca

119 mg/L

Ca * — HRT .... 11.12mmT34fn7vi 11.12 

um4a’i?ii4ffi 04li4ti34ni7M 11.12
W V

DS Ifl

Pa

1 gio3l* °-25m * 
1.2 day

= 119 mg/L

= 24.79 g/m2-day
SfnTpIfJltasintU 25 g/m2-day

Pa 3
1 m3 10’ mg
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^ <a \ ^ AIVmS’flS'U'U ll?UlfUtTTHi;i£J,11-35'U'MWa?tlpi

Pa * Surface Area 
25 g

* 2400 m:
irf- day

= 60.000 g /day * (1 kg / 103 g) 

= 60 kg/day

mfnluIaannmulftfnarm-nEJ (Algae Harvesting Technology) VmifJO^ n?73Jo51uniTi41tan
^ ^ ^ I (

tn,Hi:"itjnwS(fi1pi00n'infid'3 maluTaolurminuinyo
* A *=* * 0i,ol^0uvrf0l^0iJfn'fuvii-3ninio0 mawauuT^uasntnlunumiunui 

malfjTaolufmmumwimvtTiw Imiri fmn^a^uuuljjla? rm1?ii3iituiiamvi

rlaaauasmT'Mnl'HPisna'uaay

1. m-sfi'se-auinjlulfi's (Microstraing) iflufiisinum^n^a^iTTHTno
uwu?isun?^ ^Smu-ieiua^rnmnn inilM?nMTi0^S«uvnpi1yifyn'ii?u0^pisun7^ on^nlolw

2. m-j-seiwuiuimjan (Belt Filtration) i5ufi?sinufn?Huwi4t1uii 'U'jflanufusaaiyi^u^ifinnnpi 

Ivia mauwu^nann^a^u'umKino 'lail'M'uninfimil'HaaaninmTTHinomii'ija'j'i'i^'ua^uw'u 

^rm'ri tnvi^mnipiatiuuuw'u^mino uaseifmeuilfiuw'u
'U <0

3. niismMnTsal^ylaQfmasiinl'Hfisne^aaa (Flocculation & Flotation) nisuTUfmal'n^vlaaa

jjniiuaiTiaua^lmja'MmO'jaiKiriy

eifiifisnaul^Tu triunTsmvmiTiniliiPisna'uaamS'Ufmmutimfra^liJ mal'naimflfliJflii
os qj * A 3) \ ^ '(Roniifis;n0'uaiK?i0 malvtaTHTnoaao^owawounlsfisnnu^^aoo^Tua^ylo^ aimpfyliJ'Qiinu 

aiK^io 11.7<u

Aigal concentrate to be 
removed manually or 
mechanically Baffle

Chemical
coagulant

Preiauriaed
influent
wastewater

Clarified
effluent

'U-M v
i

11.7 n?s;inum?,Mnlii?isn0'ua00
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nTslvil'ssTav'wue^snvi'jiEi (Algae utilization) Imiri

l. oltama^eTHU uasile'um^n'ssuTum'sm-j'i mtjKumisivnianf'OTiJ (Food
i • <=» <a <» in o' I ^ T <7 | <=a ^ in

& Feed)
a a>imsfmu'wt! fn^nvi

a/ lns» A o' ^^utTfi-a nl'UfnTi'j^ n.7 ims:0'3fiil?^nQiivn'3ifiS‘U9'3tTTH7iy'MwS(5i(5i9'ui'H'unu,H'3n)!)'3trTHinfj
100 nfu UtTPI^1-fllJpn71'3'9 11.8

4 o' 1 1 ^ A /A 1{mn-afi 11.7 9'39il?5;n9inj9'3tnvn:ntJtt(5i95;^'u?t morntjunuoimsg^

ScenedesmusComponents Spirulina Chlorella Soya

50-55 55-65Crude Protein 40-55 35-40

8-12 2-6 10-15Lipids 15-20

10-15 10-15 10-15Carbonates 20-35

5-12 1-4 5-10Crude Fibre 3-5

8-12 5-12 5-10 4-5Ash

5-10 5-10 5-10 7-10Moisture

A o' ^ \ \ \ v Afl'm-afi ii.8 949Lbsn9Li'yn4i95,iJ9'aiH'H7'icj mna n7U{n9U3Munim'3U94fiiH7i9'9M9S5tl^ 

100 fl73J (g/100 g Dry Weight of Algae Production)t
Component Spirulina Scenedesmus

11.0 8.3Total Nitrogen

1.5Non-protein Nitrogen 1.05

9.5 7.25Protein-nitrogen

Available Lysine (g/100 g protein) 2.96 3.66

Ribonucleic Acid (RNA) 2.90 4.4

Deoxyribonucleic Acid (DNA) 1.00 1.6

0.75 0.85Calcium

Phosphorus 1.42 1.9

** From Becker, 1981: reproduced by permission of Tumep pic
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3. iilwimaMe^arTsifm (s
vn-3 w'u 1m3Julu0(5)tnv!fTjnj^via a^il^u^luarMi?

« <* £! A** i 1'iJijjnailiJTau^vfusR'nSatjl'u-cnKTio'awaFil^'iaTs 

impi-alil'UfnTn^'a 11.9

of Chemical Agent) IltaflultltnWfiyihlllHlhsTaTuHfl'Wfi'ltJource

uiifmwa^tnMTnmmuT^i!-] flimnvfina

A d «J A -rtPiTsi^n 11.9 iJiuifuTilissi'uvi'SiijjpmjjQ^I'utn'HTia lu^simfmwapiiTTHiimmii^iFun

Major Species Total Lipids

(Percentage of Dry Weight)

Neutral Lipids 

(Percentage of Dry Weight)

Chlorella 22.6 10.9

Euglena 11.0 8.9

Microactiniuin 17.4 6.0

Oocystis 19.9 13.5

Scenedesmus 22.2 10.4

4. ittaijEi (Fertiiizer^iKiiaTiwSfil^SinuLbsnQU'uQ^tTi^S'unlaas'u^i-sinn ^Nmirmihiai
» <*a AiTTHTiaMfapisna'u^inpi^uaiolu^^uiimTwSsfitnvriiolLltLlfiila

4 0synlvn4^t!i7fyis?nj Ipu?'] 
u0s1iJ3jw0ni"viii?i0a4U0fi00uinfmi7ltti!in7t0Spi,'3m:in MfaninCnSwanssniimfj'aian'uay \

(Energy) 010013J70Utl300^1^iniJgn70ini700fll5^^'UVff aniftwilviij 
minria Smibsuitu 6 nTaimaal^amKTiyounu 1 nfu (6 kg-cal/tnvmtj 1 nfug Algae)

5. iili4ima''3‘wa44TM

11.2 040wnaaniJ7infuaiv!i:i0^H'iiSfiinnlan7ulu7iJ-u04'uimrnuM4 idapia^ni?
4J

anamnluI^nnmaafvinnaTHiia aiinu 1,000 niufi'aou snnMflatnvmfmlitalaih (Spimlina) 
mauililllilislwifu
04 0

15m

!)in(511714^ 11.8 llJ7^mn4V13JS5l kfTTH710irllJ7laiin (Spimlina) mini! 11 g/100g Dry Weight 
fNtnj ilfuifu?nv(7i0<04mjfi

uvruflipi,i4ffi n^lutrum?^ 3*
v %>

m 71 s: u s; u-u il 7 3j 1 m itth 7 n 0 to 4 vi u

Total Nitrogen Required per day
....3*Total Nitrogen (gram) in 100 g Dry Weight of Algae

1,000 g Total Nitrogen per day 
11 g Nitrogen /100 g Dry Weight of Algae

9,091 g Dry Weight of Algae * ^
^ * 1,000 g

9.1 kg Dry Weight of Algae
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fiTsiiiieiarTH'SiHlinwiJ^Iairw
4 a A a i ✓1. ilfuiaiue^t^aT??! uasjtmtnS^flilsiJuatjl'ui'iffiatnviTia

^ o A a i ^ /a 4! o' '2. m?trs:mj‘U8'3la'Hs;vrun vdaim'WW^Satjlu'uiita 'Hfalut'ifaa,ue^frTH?ia'Mwfis!ilFi

/
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uuullfVHPimufmjjmlfi

\ Ji & 4 A *l. tButBi4uv(^'H'u^SiNi4^1<um?ir!'i'3ij0tafj-ainvii:n£j ibsinful tgfifn? nivTUfilM

SasniupigSpi? ?-3S0nuuu5suum?wa(simvmMiuu?iflif'3 aiutu i li© uasu-uiPiRnu 

0mj0'37s;^u'un0n0l'U'Li0m0-3trTMi:i0 ls5)00i0f«,ii03j0iS'n-30'i-3 

0PlTnm?l'H0^0-3,Ull^yMl'H0mu'0 tviinu 400 m3/day 

01 p mini! 1.6 gOJ g Algae 

Lhsmaimvm'nsim tviinu o.l 

fii^uil?s^viim?00etfu'aimis iviinu i.5*io'3 

0i0i'3JilTs^vi5u0'30Qi,HfiC iriinu 0.8q qj

i 3J «=» ^ i010'n3JtU3Jni0-3Uir4U00^H'njl tviinil 500 g-cal/cm2-day 

fnfl'mjfounjO'JtriMT'iti iviinu 6 kg-cal/g 

llmjm?nj0^ Wetzel and Likens 1'Um?Ull0-3010']13j|l0U 

liotao-jiTTHTioon loo mw?

5S0£vh-ns;vni'3i,iw,ufTu mini! 3 iL0?

1 lgf0017 

iviinu 300iviinu 104 0171413J07

V
3/ A sf ' Pi p

2. ninnimuuou 1 nimunnTiniTl'Hn'uo-iuii^yul'Hdmunino^frTHTiotilu 2 ivii 

unmo^fnvi^iyflsiSinjiniviii^imfn'lu' mTisuufllfl vnnufiniJau'uiiils-qlil
i o i £ A v*aA i 1muTio uas^TUTUiiw'unuuHuniiHU onTini^wB^muTiolu i nuuninnlnnl'u 

mi'3ii0'3iiwunu1,Hni,HU0i0-3

3. oomvniuii iJiuitutTTHii0tTliJ7lmiTnltSlSfiinnInn?ulu7iJnj0'3'UTH'uniiJ0n iij 

iTTHiio^nn'iiSuiilituitu 75% iu000'3ni7frn0i0iliJ70'U00n!iin?nvn:i004n0'n

uillil^sIo'tfuiJfuisu 1,200 nTu^niu

4. Dinnimu-unu 3 iliuituiinnilouuirnwl^imTTHfioiJTuiai^ndnl'uniniu'iinu 3 Smn
a/ l a/

n i0n?u00Tu

5. ?in0oiniuii0u 3 iJluifuvIniTylsf'fT^tTn^l^flimnvrTioiifuitu^nfinlunitiiu'un^ 3 Sfii
£A O O' I O'

nn ififmiflsnu
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(Waste Utilization)
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