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- ~~I 4.i.i_;hll 

Pn = Po + Ka (tn - t1) 

ln P n = 1n Po + Kg ( tn - t1) 
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w~I 4.iui u-9 t.J_µI .i...o~ c.S.l!I .)\.),_jj\ P n 

i,~~IJ ~I u~ ~ h~.J 4-ibWl .)\~ yJ P0 

( w,,ti J~) 0~ ~fa.JI o.)4)1 J~ Ka 

( ~\fa ) ~~I ~fall u-9 0~ ~fa.JI o.)4jll J~ Kg 

tJ_µ, ~ (~ ~\ ~jll o.faill tn-t1 

'f , V cY\....i)I.J ~I ~)i:. _,Ill ln 

~1.S.-ll ~\jlis.l\ 4.i.i...)= 

c.S~\ .)fa\ lA.).b. ~I w\..s\.j$J\ ~ (' - ') JJ~I.J 4-ib.WI) ~.l.o.11 ~~~fall o:i.,. w!fo.J 
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0.125 ] 

Percent Increase= :: - 1 xl 00 

Or . 

Percent Increase= [ ( :J" -i}i 00 
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wY~ 1..:-lb .llC ~WI~~ ~I.J:U 'ts-"'~\ ~)11..h...,fa ~ U:..b ~Io~_, 'r~f~.)fyl 
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~ .u_,s ~ l)A ,~I ~ ~I bJb.,-,\1 t~ y,.=. .b_,.b..;,Jl (Q-design) A)<>)<>·a',\\ wlsy-a'.ill ~ 

. ~\:JI J....,i\1 ~ ~y c.:!lE ~u.., ~ _, ,~ ..,1 c5yb _,1 c.S~ 

yl~I ~t-1.J.lll ~ 

wl....lj.ul ~_, AJ"J"'a\\ wli4.,\1 c)J A.!l....a)'4 ~I ~ ~~ ~ L>"l....\71 c.sA ¥1~1 wl....lyll _»W 

:~'JI J=-

. - ·'-'I w~I '··'- ~ ~_bj\ . . , -(jj-C'-' .J ~ ~ L- .JA , , Y,. LJ-"'-' 

.4-u.l .J.ul ~ ~ ~ yJI.., A I ;,, • .;, i "" c.:;bl.WI -l;~ ~.Jfo _bj\.? J=-

.wlil · . .:I\~\ c.:!1\~ ~ ')\ ~\ ~' J--' 1-:· .JA .J · ~ .J L..-.Y 

.wl....l....YI ~ .JL..JI ~ ..:.,~ J=-

• <lj)\_.;,, _, ~WI c.S .J~\ _,i ti;bll ..,i -l;~I ~ ~I_,.... w41.wl ()SW ~~ 
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~fa" u:a}il ~_,s ~.J ·U:0.J'll ¥.,S c.s1:- i.4:JI 04~ "Wl! ,i.l:=,. ~_JJ c)i ~ 'i "WI 0J.l] 

.\..Wk. <Y't...:..i ~) ~I.J 4.tl.....JI -ul6. c.s9 '"WI~~ ""WI 

~.J.) c)j .fa..,JI ~.J.) 04 o..lc.WI o~ c)c ~ .ul 'ij , i,.)Jyl4 ~.J i.)_pJ\..,i .)~ Jjl_,,..JI ~ "WI.J 

,~I.J o.)Jyl4 .)~ ~j ,Jjl_,,..JI 0-4 oy,c c)c o~ ~~ ~)yJ\ i.fall o~ c.s9 "WI ~.J f' £ 

0-4 ofa "WI cjl _,l.J .~µ\ wl_jjtslJ i.4:JI ~.) ~, .J~\.J w~\ o4,a e:,b c.s1:- ~\ Ji¥ 

,i,.)Jyll w...SI.Ji.J ,~µI wUj\.S.l\ uL..J ,JL.cYI c)J ~I y...,y ,~4 ~ .ui ~ Jjl_,,..JI 

.J~\ wk.\.J 

i>.Jy.-o 0-4 J~.J ,~ ~\_, ,~L.S 4.tl...J\.J '"L. .J~ ~jWI :w)l.:J\ lA.Jy.-o c.s9 ~~ i,.)\...S "WI.J 

I\ u...all · . ,Cl\ "~U· u...al\ 1\ 4-ljl...J\ · "u.i'.iS:illi'' 4-ljl...J\ 1\ .d...l "liJ\ · J ,,i,q . · i 1\ c.s', . lY' (.)"-"-'U .J . . . c.s'. lY' J - . c.s'. ..) lY' .r-::- t..S ~ c.s', 

• 11 • .: ::11.}1 .d...l ·liJ\ I\ 4-ljl...J\ · 11 I . - i'ili'' 4-ljl...J\ ...r""-:-'"' . ..) (.S', lY' .J .)~ . 

~I . j . 1 ·-\ ·i <....Vlh\ ,_ . L ')\ ~\ "'i ... ,11 I WI ,.q . -;.'\\ L'j\ ,_ ~ . i ,I!>. "WI •• c.s- ~ .Y ~ C. .J .), ~.)~ (.)A J,r ~. ~ ~.) .:r J 

. WI 11 wWLl\ .. ,< ~ J-· 11 1..6..o\'I ·-.J . c.s', ~ t..r-'-".., - . ~ .J .) f' _J-9.J 

:UC\J.......::JI wl.J.U\ · .. •.<11 ~ ·J......j'j\ i. ~ ·i 'ii ,oh.JI 4,ii,,l UlS ~I~\ <..::..ulS l.....lJ '~ '·-1 
- .:;-a lY' ~ . u ' .) u ' - - - - .. - . ,..r ~J 

.04,,J\ ~ w4\-= # c)J 1.5J Lo.... , f'~\ 04-Jl ~_,lb.JI ~WI ~yll c).c i._;J.z .~Wi w.4,a ~ 

c)jW\ J~ 04,,JI w\+,,S 04 Li:i4,l;!'.i:..I w.)\jJ t..S.J~\ \_j\~ ~) ~ i# y."JI .)bj;J 

.04,,J\ 4-A)i ySi ~ ~J'-A ,lpl.i...::. 4-A~\.J l&J~ 4.=...)j.JI ~lj "-;!k_, -~~\.J 

~I c.s9 f'Y:! 4. i~\J.......::JI.J r,.s-A.)'i\ J~ 04,,J\ y,!_iJ ~ 04 04,,JI .J.)~ ~I i)l,JI ~W 'iJ 

~.)~:/1 wl"IY.-)11 ~lS ~WI_,.~_,.; 01.S ~i ~\~~I f'~I ~i:i ,04,,JI .J.)~ 4-# .J.lll ~\ 

.04,,J\ ~\ 01.S-c.'j 

~6...JI ~ ~~ '1..:-ly.a.ill ~l.9 ~I 04,,JI .J.)~ c)i 'ij '.J~I t.5.1.c c.s1:- ~1-.J ufal c.s9 04,,JI ~.J 

-~ ~ <.r tYlS 1.5'1_, i.\.p.ll .JL:a o4-Jl_ ..:i_,t t.Si.J .~.)4j c)c J....JI ~i u)J ,4-# ~1.J ~ 
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,~I ~I )_y{w,\ r.fo....:i 1..5~1 y,'11 ,i:_}....,,j'jl ~\ ~i ~i .:i4.:ijl_, 04-JI JSW.... e-91.ii ~m C~ J:U 

. o Li.JI :i...iiri · .:ili..a -~ w1 .. .:. 11 ;.:ilJ · • • (.); • c.s- ~ • ..)J 

~ c) ~W o .)J.l.J 04,.JI .J.l~ 

~I c)I ..J~I c.JA o~I ~..>::..-u '~..J'l\ ofll ~ 04-JI w~jji A......lfa. ~_,l_,~1 r1c ~ 
w'-4.:uJI ~-' .~_,!_,~\ o..J_,.ll4 "o..J_,.lll o~ ~-' ..)~\ c)J i.:i_,c <.fa,)-J\ c.JAJ ~4ll c)J ~I c.JAJ 

.. 
,~Le. ..JL;._,iS ~I ~ ::.:,..ji ~'-:JI % r ,~}ii ofll o4,, c.JA % '\ V c)c 1..5_,:i=:J_, '{.}"2..J~\ e;b c.JA % v, 

0:H:! ('-Y) e-9..J J_,::.:,..11_, '~Y?- 04,..S <fa2}J\ e-6 ~_, ,~_, e::.faJ ~~ o4,, w~ {.}"2..)'i\ ~-' 

-~}:ll ofll c)c 04-JI w~ t;J_,:i 

. ' .. ' ,r 1..5~\ <.....VliJI wUfa c.JA o4,, 

C\V,Y • • , rr .... wlbp...JI_, ..J~\ ~ WL.. o\+c 

•, • • A '.f ~1.lll ..J~I_, wl~I ~ WL.. o\+c 

Ill ' •• '\ ,ro wl~I ~ ~k o\+c 

. ' .. . ' , , r o ~ _,_j,-' ..)~')\ ~ ~k o\+c 

r,, o r" ... 4..ubill c.:,.bu.JI wt....s:i yJI ~ o~ :Uk oli..a .. .J . . • 

• , •• £ 0. ~I wlnl..S..II wl.ifa ~ o\+c 

• ' •• 0 iV ~~I 04,c,ll y~ <.i'9 ~.Jill wl.ifa ~ o\+c 

. , r, n . . fa A,• ~~~_,~o\+c 

. , . r, n . fat••• ,_,A •• . . c)c 4.JS li..a ~~ ,._?.O, 

,~\ w;/l) wt.W ~ up,. <.fa,..)'l\ c...h..... ~ 4-j.Jfa ~ .)ii ofl4 ~:WI 04,c,ll c.JA % Yo c)l.?.J 

.A......~ w~ ~ ~ ~ w\.i,ib ~ o.:i..?..JA ufo ~ ;~ ~.J 

2/'< 



04,,.ll y.)i ).h ... )'1 o4o _;!w.J .(~).J->*11 O.).J~I) ~I ~ YWI O.).J.:l (' -") ~.) ~I ~J:.J 

wl jWI c.s1c o _;:)..c 4..:y-ac ~ ..ll y, ~ r.5 _fJ::.:j ).h.}i I o 4o .J . ~ o 4,. c.s1c J ~I ~ \~} , o }ij 

·<.JY.fll ~i ~\.j.J ~'}\ ~i_, ~\~\ 

~ ~jill ~ c)l..'J\ ~i.J .'-5A4o c.s1c ~~\ .:il_,...ll t~ ).h.}i\ o~ ~ .bi.....:i ~I U:,O.J'l\ .:i.h:j.J 

•!'WI~(.)~~ ~l! c)l..'J\ 0~ ~.J ~I.J ~I wliL...3 y,:;JI w\JJ,}.fi 

:rUi ~ ~I 04,,.ll c.s1c ~.:111 .:il_,...ll ~ .J • 

.(Dissolved) ~\~ .:ii_,... -

.(Suspended) Ajlk .:ii_,... -

.(Colloidal) 4:1~_,lS .:ii_,... -

w\..;iSy.J 'fJ:.:1~13 r~I.J r~lS.11 wlfa.J wliL..._, wl~.JfoJ w\JY..ft c)l...i ~ ~\~\ ~1_,...11 ~i.J 

~w.J ~'JI ~i.J ~l~I wljWI c.s1c o_;:)..c ,~~I.J t.5.J~\ ~.., ~I.J ~I.J ~.b..31 

• , .. I\ - .• ( • .q ~I -~.J.J-'::e-' .J~~.J uY.~ -

.y_Al3 t.5.J~\_, ~~I ~.J ~l.,ull .:ilyJI.J J...)I.J ~l AjlW\ j_,...l\ ~i_, 

. 0~.J~l 3 &,ull ~ 4.b fa :Ub. ~ ~ .fJ ~ 4:1~_,1$.ll .:ii .,..JI Lai 

: w)ri wlA 4,JI ~ u:,o }ii c...h.... c.s1c oy..JI r.5 ~ .J • 

.wl~.J J.Jl~.J ) .. ~..ii.J tY ~ c.s1c ~I 04y.JI -

-~.,.;,,. o4o w\Jlj=,. 4.j~ U:,0.)'1\ w.J'?- ~} 04y.JI -

.(r.5)1) wk .J.Jj.,JI ~ -

~ .y~I 04,,.l .J.:l~ ~ _;!w.J '.J~'J\.J wl~I_, w~I.J .Jh:JI oy... ry- o.J'--:ic ~I o4JI.J 

wl~I_, )~'l\ oy... t...,i ,~\ wyl...c 0,1_rb ry- w~I_, .Jb..,JI oy... <.J.4 y~I o4o ~ J~I 

.\.:u...,\y t~_,... ~ ~I.J ,~h..JI wyl...c 0.1_rb ry- ~ y~I o4o c.s1c J~I ~ ~~\ 

~i YI ,~\ 04-JI <.J.4 _;si o.:ik ~i ufo.J '.J~'l\ <.J.4 ~~ o4o ry- o.J4'=- ~~\ o4Jl.J 

.djlW\ ~I .,..JI c.).o ~ y, u:,o .J 'l\ wu+b ~ o\+JI .JJ..Y' 0 'l , .djlW\ ..ll .,..JI c.).o I~ ~ ~ c)t:. r.5 _fJ::.:j 

-~ 
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:c)J 04,.ll ~~ ~ 

~ 't...a.i. , ,. c.,..::u • 

• 

• 

w~I ~..fa ~Y".J ,4Jl...a..JI wy.J~I ,J-u~ ~y,, c)c .lel.....3 ~ ~k..JI wyk::, c)c yy ~.J 

-~~I 
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o .;l.Sa.11 - 'I' 

.)SJ .lA.)15:J u9_,l ~J~ ~w ~ t.... o.J#. ~~ ~ ~1 ,~hhll Jj.... ~y.a.c .:il->-4 O.J~I 0fo ..)9 

04,.ll ~ 0..,µ1 ~ ~lfe)'I 04 w\11 o.:lc c)l J..=,.:j .)SJ ,Jl..)IJ ~I Jj..a ~y.a.c y,i:, .)\>4 O.)~I 0fo 

-~.Jill w\.46 ~ lA.JJY' ~IJJi &.Jlll u,:.:ifa o.J?-YI 0\r Ip ~.,;JI o4-JI ~ lfo Jsi 0foJ ,~I 

. 
~j.)_ ~ Y ~I ,~ ~I o~I .:il_,.JI r""YI 11\ w:.:i ~foJ '~~fa .:il.>-4 O.)~I 0fo .)SJ 

·&.Jil4 ls'12°r, ~ ~J ,04J~IJ ~I 0H 4..h....ji..o ~h ~ .)\_,.JI 01'. ~jjJ -LS~WI y_,s....._,µ4 

o.,lll - r 

~.l:JI W~y> Jj..a ~y.a.c y,i:, .:il.>-4 .:i_,=,._, .,I ~~I .:il_,.JI Jb::i ~ ~I 04,.ll ~ ~w1 0-.,t.; 

wl..l~YI F-' c.s"'}i\ J~ ~ f'.:ic ~ wYY.:iJI _;si 04 ~w1 0.,t ~., .~1., 

.~l.l....::JI 

~1 - t 

Wl)\ - o 

. w! _,JI ~ <.s-9 ~ y,i:, ~,.) .) fe Y. t ~ y,i:, F .:) fe _, .h;ii Y, 

oi JJ.l L...Jt4JI ~~\ 

~.J.;~I ~)\ - ' 

.Y'J J.)lu\\ ~ J~ V ~)I_, . , £ c)J _µ1 04 i.lH .Y'J 04-JI ~h uc ~J , pH j.a)y .i.J YY-J 

-~_,li ~ "J.:i V uc .:ilj l~J., ,04-JI ~ ~ ~lE "J.:i V uc Ji l~j_, .~1 o\+Jl ~J.J~I ~)\ 

O.)~ c)c c..b.....YI ~ i.)~ y...,fa ~pl t....i ,~.lLJI ~L:.. d~I JSt y,wu 4J·o=ll 04-JI_, 

.wl~J.J¥ 

.)•-""""' '""""ll - '( 

y...,_fa_, ~l.Jl ~.).)~' ~)\ 04 ~y ~J ,~w, u-9 ~,~ ('~WI_, f'~\.$..11 c)l..i .:l_y;._J uc ~.) 

0Y.UI f'l~I y-.11 ~w1 t:° ~J -t~ y,t, ~ ~w, ~ ~i l..S 'C..b.....)'I ~ \.)~ 

.wlihW\ 3 
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~jJ\~1-r 

~.?.-' <.S~Y._, .~UI 04-JI cs9 ~ o~.Jl.,JI 04-JI cs9 ~ ~Y-' ,~b ~ 04-JI cs91..,ul.:i ~YI ~I~ 

.)Ll ~ I:".~ )Ll -'<'."\I.-: 1 ,i I.,~~ ·,ii\ i 1., ·-·- <\rl Gil \\ ol..i..JI 1 w.ll.::...hl\ , . u=> , ~-' .)"'&-' • -~ .)"'&-' ~ ('.: ' i.S", , c.s- • 

L:lljJ\ J\_,-31 - t 

~.., ~l~I c)L.YI t~ 04 % '1 • ~J % yo 04 YWI cs9 ~l~I r~WI_, r~\.SJI c)L.i ~ 

h ~l.i.\_, ·r>.!~~, c)L.i 04 ~ ~ <.5_i=:J ~I 04-JI_, ._;si _,i 0.#I cs9 y_» 0 •• ~I ~ 

JSW..... t:.u<l4i1nall ~ 'i ~ ~WI .,i :yy.a-o11 wli-.ol_,.al\ ~ YWI cs9 ~l~I ~I ~,y.11 ~i 

.().!l ~ .Ji:- WI .)J ~ YWI ~ .,i ~ 

<.S.J3.fa'I 04 0ts ~bl ,:y~t wl,i<yJI Ji... 0~'/1 ~ o.J~I_, ~\.:ill ~\_,..JI ~ ~_fJ L.S 

. ~~\ w4k:- y~i 1+L, ~ ~h :Yl..ic. y l.bcJ 

o.:lb, wLl.i<I <.S ~ Y-J . cJJ<lg', .. , a\\ ~ o .J~ wL _,..># _, yfa._, ylb..b 04 o 4-JI ,y_i=:J La uc o .J4c ~ 

C'"4 _, ~J wL _,_y,jll_, y.fo.'I o.:lb, ~ ~ ~ ~I_, ~~ ~I rl.l::ull ~ _, ~] wL _,_y,jll_, yfa.ll 

• . \ . 5,11 ~\ (:J\jj\.SJ\ o.:lb, I".: ~ Lu . ,;;_',\\ ~h..Jl .. 1...\\ U::u\\ 
(YO _r..;w . . (.>J:I - • ~ _, • ~ f' 

. 
: ~] ~ _,\.ij 4 .J~ \.i,J:i o'+JI ~ ~-' 

.(Safe Water) JL.u...,)IJ ~1.....o ~ ol:-o -

.(Contaminated Water) JL.u...,)IJ A..:....11.....o .Ji:- o4-o , (Polluted Water) ~ .Ji:- ol:-o -

~~\~lo~\ 

1 • • <'.-: -.11 ~\~\ ~ . . . .:. I\ 4-lj~\ ~1 .. I\ . (~ :u.:i.. w\jjlS) >I i . UWI oli..all . ~ ~cs"-' . -~ ~ , _y,,a U-03 .JAA , ~ fe <.S Lr° , , ~ 

· ~h 1 · ,,; ,q " i .WI)\ I .- l..1\ w=. · ~l....u......c . I JL.u...,)IJ ~1.....o . '- '---: I U .l u - ~ ..r.>" <.S ., r- - Lr° y,c ., _y,c ~ _, y 

~ YWI ylji: • .I r~ ~ ~y-aio c._s+b .b.i\ ~I_, .(Wholesmeness) ~I_, (Purity) yliill :~ 

F'-' ".Jt.WI_, 0_,rn w~ 04 ywt _,b. ~ ~~1 ~ ~ YI.ill\_, .~4 O.J~ ~1-"" <.Si 

.Wl)I_, 
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'i 11,. 0i 'iJ ,o.)~\) ~\_)\ _,i Fl) u}ll ~ ifa ~\ ~ J..,ly.l ~~ ~\ oy.JI ~ 

.~4 )fa} .,i c.J'°l__;.al ~l u):JI \1,. uc-~ 'i ~ ~} 'rl~ oy.JI ~ ~ ~b ~ 

La.... ,~lyl u,o ~ W 4-4WI ~4 o) .... ~ ~ ~L ~.JL:..fi. .)\y) yfa. ~ i.s.fa,:l ~\ oy.JI ~ 

·Y...>~lL~r~ ~); 
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(Y-Y) ~.J J_,g~ 

-1 = - ~ y - ,".' -

- - - 'to•· 

l....al_y,i ~~ 

o ..JI&. .J WI ..J.J L.....b.J u _,l ~ 

c~l! ~ ) y,.:,..i u _,l ~ 

~) i.:i_,...,i u_,l ~ 

L.....b b-'~ .J y .. 

. . 
Wl.:il ~ y.= .. 

~_,ls~ 

~_,ls~ 

wy)li.11 ~ <..S }.i;, ..J U;fo ~ 

·\..i.,}y\ 4.J >• ~ (.) _..,......, .. 

0.:it.....Jl~yy 

~wl ~ .• · .:i\.....J\ I~ > ,. . ,y .J U ~ y y 

Lll ..J.J ~ .J 0.:it.....JI ~ ~'u 

wb.J_MI 

wUY.fl\ 

w~fil 

d~.J_,lSJI 

wb .< .. 11 Y.~ 

wbY.fll 

w~fil 

d~.J#\ 

d~.J_,lSJI 
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~l:...b.\1-

~I -

~.:l=J\ ~1-
~\­

~~I .:i\_,.J\ -

~WI j_,.JI • 

~"JI - ~I~\ wljW\ • 

0Y.fl\ ~\ csi~ -
. ., .. I\~ .. < 
~ .J~ , ,..)-:-" -



. · 111 o ~I . . _\..'.-:11 ·"' llii ~, · .. =.1\j .L.l .>.111..c~ k......o WI I . 4..lhll 0~ . _q ·.1. UY' .J .J LJA ~ .:r , LJA <.J,O ..?-' . ..J"= .J , '° CJ"-?- . c.s- f' Y: 

.dJ::.l......:i...... _;:i:, ~ YWI <.s-9 .)\_,..JI o~ .)..?.-' ,J ~J ,wt......_,y,s11_, 4AI.., ~1.., -h.il)I_, ~I_, 

. ,.sJ\s; ... J.l o .JL..:::.-' 

-
~I_, .l;!h.11 J.i__p.:il_, ,~ii ~WI .)\_,..JI ~ o~'l.., ~l_,)I c).o ~I ~J ~~I ~ t..S.)Y L.S 

.~~I~ ~I_, ~_fa.JI o.J~I ~J 04,,.ll <.s-9 

~ ~1.., yw, <.s-9 ¥1~1 ~~; c)l..'11 <JA ~1 uc- 0.)4':- ~ (~') yw1 y.= 4..l!Jl ~ t....i 

~ ~ Y ~~, c)l..YI o~ 0fl.., .~"11 ~ y.u,l_,.J 0:fo ~., ,0.>:u, ~1 <.s-9 o.)l;j 

0~ r_#J wl;~I ~ 0i YJ ,~jWI ~ 04-JI ~ .)G..J\ <JA ~ 4..i}.s ~ 04-JI ~ . 
-~ u,oy..l 4.J.Jfa ~j 01.S \j] ~ 04,,.ll ~ ,.sUs; .. ,.,\\ ~~~-',~I 

~~I ·1 ·~~\ u,::i .F- ~ 

w~I . I. :i ~ ... -:11 U..ae I,. 0 ."'1 .. 4-l .. -:1\ <.....u.ui .-.11 1,. 4.cll.....:J\ oli.JI . - wLl...c. ~ 
- LJA '6--' - ~ - c.s- ~ -~., . - Y' c.s- - ~ -

.) _JS .,ll ~I o.)l;j c)I tS.) j:! L..a wUI Jill ~ui J=._b o fa 0:fo ~ ..>'-"-;)A .}#JI _;.uuJI y WIJ . :S....~I 

.4.J hll ~tS:JI . _g ~w o.)w · o ... < o L..u::... "'UC, u.ii L..a <....UJUYI ut ,.) . - c.s- . ,.).J ~ .) C:: - • -· ., 

c)l.,1 c).o ~µ, y.u,l_,)I 0] ~ ,J..,,li..JI <.s-9 w\.il;WI_, uY.UI ~I <.s-9 o.)l;j ~ YWI y.= J L.S 

~1 ~ ,.. ,o .; _1, 11 '- . ·IJ · u .1 , . . L-: ~"lw -:. _-:1-: o .. ~.i ~ · · w1 .. 11.S\1 -· cs-., ~ ts" r...J:A:! c;:J ~ y ~., . ~ ~ . . f'~ ., f'~ 

~ .)y ~\.lll y.u,l_,)1 0i ~J ,~4-ill ~I .dJ::.4---o w4'-= y\.jjj ~.J.Jfa YWI ~ w4'-= u~ 

01.a ~I YWI ~~ 1.A:,bl ~ ~I wlcu..o.11 c).o _ii$.ll ~llii_, .wl;,...,....WI t4,..oi ~_,.i_, wly,Sy 

1 - 1\.....u.....,I J,i! o · -'I ow.JI ' ' ' td.~;/1 I .:1\ ·\j ~] .-1'",I\ ' -'I .. L::-:11 'L.:JI wlcU....... ~ . ~ , ~ ~ , <r.Y' U, r::...-.J C..,.)y.J ~.J y 

. :S....lc ~ 4.cu..oJ\ <.s-9 
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ci 

ut~tion 

N~.CI 

e_ 

OD 
DO 

10 

µ 
12 1l 

' 
~

l ; 'l 1
1

1
1

1
1

1 .__, ! . - i I ! I 
Sc:rap~, .../ + I • I · I 9 ! 

I I ! I . I 
•-•=csz:s z:zd.-____ J L·-·:y-·-·L. -·-·-·-·-·-·-·- ·--·-l ------------------------ ~ 

t~ 

Cotleciloo W0<lcs;f D· Purification Worltc. IJ-Olstributlon Works r 
1 - INTAKE , 
2 .. C~OlJIT INlAKE \ 
l - SUMP Of LOW Llfl PUMP. 
4 - LOW ltfT PUMP 

5 - CHEMICAL FEEDING . 
6 - FLASH Ml XI HG 
7 - CLARIFLOCCULATOA . 
J · FILTERATIOM 
9 - ZEOLIT FILTER. 

,0 - OISJNFECT,OH. 

11 • GROUND RESERVOIR, 
12 - SUMP OF HIGH LIFT 
U • HIGH UFT PUMP. 
14 • ELEV.£TED 'tAHK. 
1 S - HE TV.ORK 

PUMP. 

FLCJN OIAGRAMrlN RAPID SAND & ZEOLITE FILJERS TREATMENT PLANT FOR SURFACE WATER 
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g 
a: 
II.I 
> -a: 

Ill 
0 

line 

" 

1-0>lleclion Wot1(s 

I - I HTAKE. 
1 - CQHDUIT INTAKE. 

Sod.l Ash 

l - SUMP OF LOW LIFT PUMP 
4 - LOW LIFT PUMP.· 

.... 
I 

Co.f.'!!~t n 

LY 

..,..---
9 

DD 
DO 

DO 
DO 

1t 
·1s 

12 13 

:, + I I I I i I I I I i 
! . - ·- ·- ·- ·-·-·:!. L - ·- ·-· . ·-· 0 - ·-

14 

II- F\Jr i tic.1tion Works Jr-Dis tribution Worlcs 

S - CHEMICAL FEEDING (LIME , SODA ASH) , 
6 - FLASH . MIXl NG. 
7 - CLARIFLOCCULATOA. 
8 - CHEMICAL FEEDING (COAGULATION). 
9 - FIITERATJOH. 
10- DISINFECHOM. 

11- GROUND RESERVOlR. 
12- SUMP OF HIGH l£FT PUMP. 
13 - HIGH LEFT PUMP. 
14- ELEVETEO TANK. 
15- HETYIORK. 

FLOW DIAGRAM IN LIME SODA ASH TREATMENT PLANT FOR SURFACE WATER 
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~I u-->-11., y~/ 4(,... JL,.c./ ~ t.J"""/ 

(Y-o) riJ ~ 

&1:iWJ1 ~w ~ U"'"'I.J e Lb! 

(Submerged Intake) J.J-d-4 ~L. - --=!" 

~WI.I~ ~_, .y_,bll 06 _bj\~) ~Ly. d~ 4-.bl~ ~WI c..5_p,..JI ti.!~~ O.J_,....I.... .Y'J 

ul....ly.11 ~ .:Jy,.J :i'?[•i ~lb) Ul\.c .:Jly .:Jy,.., u'ib. ~.,,~~I <..S.J-4--JI .,I .J~YI ~ 
, ,·u.ubJ\ \_.. . ; I\ ...,,.- . cs- U'-"" ., 

,O.)~I ~l.J.l ~~ (i-o)_, (f-o) 0~\ <faa.YYJ 

~ ... >.).:; ,~ ,, ,j,,' ' ' ~ 

. .j L.a .. .o \.,,., 

~ JJllf /f 'J!Lj l 

->; '>{;~~';;~~ ~s~:j 
. ; ~-.. L.: ...... 

l.i· ........ I ·: I .. 7 "" • ·->...:~ . .: , \ __ .. ~ 

~ ... ; .,. ) . t:_. r1·--
1:1 

\ I _ I 

-· .....,"> " 
i'j 

,'·i 
1:1 

.-1 
j'.! 
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(r-o) ~J ~ 

.;.JAM ~w [ j~ 

~ (<>7 ·; 
I 
I 
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l - ----r -
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! j·J 
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-·'-1--·--··t-l, I .'I 
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~, --·- __ __'._ J .. 

\.. - I f-'.J v--

J.J-d-4 ~w ..?-1 [ :i~ 
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. ~I u_,,._)I.J y~l .f,,... JI.,.,:.{~ V"""f 

(Emergency Intake) ts.;\µ cl_;.. li.L.. - J 

04-JI ~ .)~)'I ~ y"il ~~ ~\ ~_;.JI w;/WI ~) ,t,s.)..,hll w'Jb ~ t.,.Jl ,~ ~ 

O.JJ-U1w1 o~J .c,WI e;.b. ~ ~ L>Ab ~ o.fu.a ',.jy o.Jy.,il.o uc O.J4c _,..., .04-Jl .J~ ~I 

.~.:..\\ Wh.i o •liA ~ '.<:-:~ .. I\ c.- . . y.,, . UY"' ..>-

~Lr~ Lo 411.c. 41.j~ ,uhl;)l.J tftl_, 4.J:.J.).., J.µ.11 ~ _,. ~~~)I o4-JI .J~ 0ts w.., 
·tftl ~ ts-bLlJI ~lo_, ;.)6-lll ~ o.Jy.,iWI 

.. . .. n 
4J A '" t 

~I u-4 (.)Q ..;aJI 

~ ·l ·.<- . ·.11 UUJI L....:..\rl ublull ·~Y\S o ... <11 u..-i1 L....:.."il · ,.b. ~ I · · .:.11 u (..)-"'":! tr' - r . .., . .., u ~ . f' . ~ ~ - u-o (.)-Q..ra 

~ .bl.ii .ilc. -- · l 1-1.:o..J .U )'I 4..Jiull d -L.:. 1 1 . Ji. ~\ .~I wl.la.,.Q w~ c.....atu i . ~ L) .... J - .., - ~ C.s'.J ~ - .., .J J 

.(rl,.::...ll) oµl 1>4-Jl 

c)~I el_,.ii 

(Bar Screens) u~I ~\j c)~I - I 

=~ uL..it.i.u ~ wt!\..- ,_ ~ - '-'I~·\ .-:-11 wh411 ·~ . . • . --- ~ ~ .,.J .:r- . LJ. U-0~ 

·~' • • c)j i"I' Lr" 'ofa. ~ ,~ '\'o c)j H' Lr" A..b.....fa ~ '("" H' c)J ',o Lr" wl.!~ o~ ~ 
0 A. c)} 0

'\. J-»" yl.JY. 04,JI ~L. c)J U:..1~1 04,JI ) ... ,..,. ~ ~Y.J .o~IJ ~jWI Lol~l lA;&i.., 

.wl:......a.JI ''-- 1 _ .11 .)\~\ • ·,A, ~U:ull ~ .1. .. -., . .iq)'\ 4..::.. ,, 
u,=;- .J ...»"" .r-' • c--.J - ~ r.s- (::" . ..r 

(Mesh Screens) ~\ ~I.J.l c)~I - y 

y~, • c)J ~\ 4..::..\..- J..,.o:j_, .i~ YlS~I yl,..o.l\ ~I~ Lr"~_, ,4..h.....fa.11 ~k.J\ ~1 ~ 

~ y.li w.l::..ri_, ,04,JI lS.?.-4 ~ ~i.J ~.Ji.J .o~ r~l u-1c- c..SY:::. ~ \ 04,,JI w'Jb ~ <'~-' . 

,uy::..YI ~ 

(Microstraincrs) ~~I c)~I - ~ 

,c,W\ ~~\.bl\) ~\ i.l:;>. o~I ~4,ill_, ~\~\ ~I uLl\S.l\ 01A ~~\ ~ly..11 _j.>..:J ~~ t..sA 

• ~ o 4,.jl ~ ~ Lo J,.) 4..h.....l Y- y.li o.)Lc. w.l::..ri .J 

o~I ~ ~4-Jl=i 

(Raw Water Low Lift Pumps) ~I .bi......JI lS~ t.,:ill LJA /.::...11 o\._i.JI ~ wl+,Jb ufo Li o.)Lc. 

r>L:JI 04,JI wb.:.._,_, ,u4,.Jb.ll wl.b._, ~ --»""1.,....., ,~\ ~I wl+,Jb o.J~ ~ ~ J_,Lw.......J 

.(ofi.JI) 
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~I w~IJ ..,_,~I.(,.. JC,.c.f ~ v-f 

o.l)_,JI 04-JI ~~~I o.)4:JI ~ (Wet W.ell of Low Lift Pumps) ~I ..bi....all w4,.lb ".)'-H 

.4JiiYil1 wl.b..J ~J ~) 04-JI (o.ll.c ~I ~I) o.fa.ll 04-JI w4J,6 ~ ~.J ,.i:..W\ U-0 

:~'ii o)~I ~ ~ i.rl.>.!.J 

. ~\!.) o ~J r u-o ,o .)4:J4 ~' o.l.4 c) fa • 

: tS }.,."; .JA .J , w4-J.bll 4..b.... J_,b .JA o.:il.c ufo. o .)4-:JI J _,.6 • 

JS ~ fa i-r .l.J-h ~ w~I .).Jl:...A ~ .dj\.....J\) \..\.).Jl:...A ~ AJWI x c.::.i~I .).)C. 

.(•Jl.,0·, ... J\ c.::.i4,Jhll ifiLci ~_;, ~ ,~ 

• 4,,j~\ .J .dj\.1ul\ Jt...c ~ rlfol' ~ ~ fa , , 0 uc Ji:! 'i o .)4:JI u.:o y:. • 

wS..JI o.l.4 x w y..o:ill = o .)4-:JI ~ • 

.w~I ~ Y-'-"\Y' y_,....1.o c.i,S .b.l.J fa uc o.)4:J4 f.W\ &,c Ji:! 'i • 

~ ~ L..iJ o.)4:i)\ f.Ll..ij ~.J .4J~I u.:olp'i 4,3_,b ~ ~ ) LJ:!f..» ~J o.J4:JI ~ ~.J 

. .uc. ~ ) o ~4-i w4,o.lhll 

~4,o.lhll ~\J.:a..j ~ ~,.."4 
:i.J,'JI u\+Jhll ~ .»-"ly. c.) i.rl.>.! 

Jfo'.il ~~/ .b.l .J fa ufo 01 ~.J . ~~/ fa r uc ~.:; 'i .J ~~/ fa · , , uc f. w1 ~ y.,, Ji:i 'i • 

. .b. ~i ~J ..b.........o.11 .:isl _J! 

.~\ .:isl _J! Jfo'.i} t l..b:i.....JI .J.:is ~I .J u~I .:i.:ic. ~ • 

.~I · '-~ WI.lb. ~ WI ~I .b.. 4-.alll....l e . y,..J r..s- • • . C ~ . . 

.~I i>J_,...,Lc _;bi oy, , ,o = ySyJI (Bell Mouth) tY'_;;JI .;hs • 

.~I ".JY"Lc fa dy, i = tY'_p.-31 _;bi WiJtJ..o = o.>4:J4 f.WI ~ ~ &,c Jgi • 

r~' o~\ ~\J.:a..j 

04-JI o.J'-H u,o r'WI 04-JI (:j,y ~I wl.b._,JI c.sA (Raw Water Pumps) (o~I) ('WI 04-JI wl..:.......a..o 

.419111\ ~ c.k,..ly, ~I~ c.,-1) ofi.,JI 

:c)! Le wl.b._,JI o~ J~I ~ i.rl.>.!.J 
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~I t...i~/.J y~/ •'*4 c)L.&.f ~ (.)"'If 

.lfeJ u-1) ~l....:a)'4 ,~1°r,11 :yL..c wl.b._, ~ u_,_):a ~ c.s9 4s1,.s; ~)\ ulh., iie u~ ,) • 

~~':fl d~_,ll .l.le Ji:1 'J_, .~\II d.u...,11 .l.le 0-4 %0, u-1) %'\'o 0-4 lA..l.lC ~~\ wl.u._, 

. ().u.b..J 0C 

o\+Jl y.,.._.J.,. Jg! ~L:.. ~ :i1inl\ wlh_, u-1) O.J~I 0-4 04-JI t}) ~\S wt+J.b.)l ~\ .b.i....o..11 c:.;fa, c:.;1 • 

. i:..WI e} y, .).jc. 

~ J_j.11 4_,L........ ,(o- o) 1°'9.J ~4 ~ .JA lAS ,ofi..ll oy.JI p wl.b._,) ~\ ~ I c:.;fa, • 
-

141ii'1ll wl.b..J 4.:11~ ~ oy.JI y_,....l.o ~ .., i:..WI e}y, .).jc. o\+Jl y_,....l.o J!I cm oy.JI y_,....l.o 

.oy.JI .JL........ ~ ~I ~l-.,9 l:!11~ ~J l.9\.....:a.., 

~ LP Ji::, 'J ~~ ~\ _»uily, J:.,.lA y_,....l.o Jj o.J~\ ~ 04-J} y_,....l.o J!l 0fa. c:.;1 ~ly, • 

(•12.0&J _ 
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(•lt11 

(•l.40) 

O,.n \le" ..... 
1-itehbcl•rd * 
t•alrol , . ,.,1 

' 

(•1.6)) 

. o .J_,...WI _;l,j J~t 

- I 
~ :..=.:.::-~::-- _..., ---- ------- --. -- (•t~AO) 

!.. 

C\\lH ~h!U 

t:l1H1lrie.U1 Op~r•l•il o..,,,-i.~ 
C:,.H•' T~ C,..t1\1 

0 ,, 
:i_M S 

... ~. 

(•1,ot) 

~'=;~, -·:j ' !.·-

tM0011uo w 

_!. .. / _ _::_::_;•\ --- , '\ C••••I n 
(•1 40) ( • 1,16) 

~ 
l---.uo i.n- ---

- ,J,'1 i ii, •, .. 
'5'-·· Ii WJ.(•6701 

' ' 

(+3.00) 

=-r=: 
I 

' ' • --' 
0.11 Mou.th n era 

, / P,,u t.e.k 
/ •>OOmm, 

ij -- -- •,-..:.:.· ) ( +3.00) 

- - ·-·--"'· , ...... , .. .. ., 
(+300) 

l-2.oo_j 1--,.oo--l 

SECTION 8 - R 

( 0 - 0 ) ~.) JS,.! 

ofi.ll 04,JI ~,~_, ~ ~ e-.J 
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.,, ··.3:t.1 

Fu tur•~ 
Cross-S.-ctT 00 
0 :~m 

1- Str~tght ·Str,tch. 
2- . Scouring. 
3- Sittlng .. . 

-oir«t1on Of Flow 

LOCATION OF INTAKE , ON WATER 
STREAM 

! , 50 ms I 150 ms · j 

- 1:st· 
. ,, . I I 

I 

' fnt~k~/ ~ 
I 

. I loc~tton . Of W:a.t~r I 
I 

5Upply Tr,~tm~nt 

·~ 
Ptv,t. 

L-, .,. . ... -. 
Sludg~ Outl~t 

i 
I. 

PROHIBTED -!EA FROM ~E ROUND ·THE . 

INTAKE 



1 

tturJMH : ! ·1 ! ~::-'. ~ ! ·1 ~--1 'i ~uz~'! '-=4 ! ! ! ! I ! ! ij-qe,- ...._ 
- ~ ~ -------- --.--.--....--...----.r--.. ~T 5 ,o 

I 

t1il \, ,t Ill :\\. ,L l'I ) :1 l l l'I ) l Fi ~ I . < j • \.} I . /!I . i-1 

t 

¥-

,,· ,.,. , 
,,· I I 

I I 
I I 

: I 
l.t ........ 

• t 

tt 
4 I I I 
1 I : I. 9 
1 t• IL. 
11 1 I I -
I I I' 
I I I t 

I 1 
11 
I I • I , ., 

ff ~ 

-V . 'I 

~ 

I I 
I I 

. I I 

"I 'v iJ 
: I I I , , , , I ... ot.nda . 
~ v~----u~ 

SEC. ELEVATJON A-A 

50-100 ms. ~--~-------------==~ 
I L I I. f I. i 

2 

1- Foot Vatv• With Straln•r. 
2- Slulc• Valve-. 
J_ Pill~rs And Handwh••I • 
4- Suction Pipe ( Steel Pip•). 
s_ To Pumping Station • 
6_ Coarse Scre•n . 
1- Bridge. 
e_ Truss • 
g_ Pile . 
,o_ Suppo·rt ~ Concrete • 
11- Navigation liglt. 

· PIPE INTAKE FOR WIDE RfVER 

. c 
• E 

X 
C 
0 

J:l 
E 

w 

. 



6 

L. 

Suction Plpf' (Slut Ptp•)· 

2 - Foot Volv• With Stra1n•r 

3- r,,1,1lc• Co,,structio.,. 

4- Bridg•. 

· ~-Not Lo, Th.1n 
2S Cm -+-

H.W.l . (Canal) ' . 
I t..W. t.. . . 

6 -To Pumping St.1tion. 

7 - Apron 

a- C.I. Sr.p 

g - Pil c-. 

5- t-C.1,,hol• ( P, .. t.abric.,t .. d Or C.a~t 
1n Situ} 

10- Suppo,tt'd (01\(f .. , •• 

11 
t2 

Pilchlng In 
Pip• Clamp 

I. 

Mortar JO Cm 

TYPES OF PIPE INTAKE 



SURFACE WATERt= 
- WATEJl STREAM SHORE INTAKE 

IN4VKiABLE i~LI 
_l_ 

I 

r 

,_ wooden Ooh. 
2.. Plat tform . 
l. Screen • 
'-Weir . 
5.. Honholt ,go.sow 

..., I I g 

&. ~(CUI Ladder. 
7. Go I• Valve • 
8. Corduit lnlok • • 
!L Slrointr. 
10.Seclion Pip• • 

COLUCTIOH WORKS 

CONOUI T INTAKE 
I surp I PUMPING s TAT I ON 

__J L ~ .. -LOW LIFT PUHP 

I L '" I 
Pump 

·-t 

t1. Sluice Voln . 
12. Pump • 
13. Hotor • 
1'. Hon Rthrn Volvt. 
1S.. Otltlvey Pip, . 

15 

~ l ito tloo 
~ 

C 

SEC . A-A 

A 

-t-
i 

PLAN 

'COLLECTION 'MJRKS FOR SURFACE WATER (SHORE INTAKE FOR NAV IGABLE CANAL) 



7 6 6 

t 
z . . .x. . ,._ ' ~ / -{1 ~ ·c ~1111Fh6illi~r* -tt-:)<q··W • / To · 6 

' 
SEC ELEVATION A-A 

3; E-8 
Bt"d 
•vt>I 

Be-rm 5 Embankmf'nt 

1 I 
"" 

I ~;; :;:1;111111 11119 r~~4--=-~-
·- A 

f I I (;I[__ I lil. l- M l~L- _ _J 
·······~~ 

I 
~---1 1 • 1

13
~ I ...... ~ 

to 

PLAN HAFE EARTH REMOVED 

1 -Suction Pipf'. 
2-Foot Valve- W1fh Strainf's. 
3-[ntak• Construct\on . 
4-Shc-•l Pi!" (Sl<'t>I). 
5- Aporn 

6-Platform. 

7-Coa r ,• S<:r••n. 
8 -Fin• Scr,c-n. 
9- Pip~ Clamp. 
r.o- Sl('f'r s: t'PS. 

SHORE INTAKE 

·-



. ::-k:H1W.L.· . ·--r· 
9 

~Ju . 22LJF 

A 

. ${C B-B 

z.so 

:==-~Q...J(~,m Plint A 
("~ -~· -WWW J 
~~'!tS _ _!-1_ar:hotc ===-=3 
/,/ ___ ....:._ __ 

-.;;;-..:: 

0.90 

- ---

. ' • }. •. r , 

.: .. . : :!: 

.·.~.' :.··.·:. 

0 
\0 .... 

0 

"' ~ 

1 lnl•I Ciahs 

~ J, l'D IIR !1 ~~~: 
·I[ ~ k _/1 

SEC. X-X 

, Concr•I• 
.5 . curb 

~ . /Ul•nd -

1 · 3., -~ .. \..,/" 
'TYPES OF TOWER INTAK f .. 

I 

!EC. y _ y 

0 ..... 
Ill 

0) 



l 3Q_Q_ 

U· S 

i-
c 

U·S 

sec. c-c 

3894 
31-00 

356 
SEC. B-B . 

Brush 

Location ofTroveting 

Water Into~ Screen 
In Inlet Construction 

A 

CJ 
~ "'""-

TRAVELING WA!ERJ NTAKE SCREEN • 



.. ~-.;, 
\. ·.1-t--i,/ 
~Ir 

I
I .I 

0:1 ·-
'·1:1 
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~I u..;,-all_, y~J .t,.... JL,.,:./ ~ U"'-"f 

~\)\ J.-,ail\ 

~ J~ ; ;n~ ,., JJ~' 

Coagulation - Flocculation 

~.la.4 

c.sk ~I ~_;JI ~J ,~ ~ ~ :Y-l:.,JS jl_y,_, ~le jl_y, c.sk ofo ~ ~ 04-JI <.Sfa,:J 

:c\h:j ,A l..9 fa 4Jl......a '-,-1,uly ~ ,~.l;!_,}Sll_, UIW\ j\_,..Jl ;;~\ r~ ~l;i! .~ \ .:il_,..JI o.lki ~ 

. ~I jJ i ~J C \h:j r-4, fo. jl .,.JI • 

. (.jJ\!j i ~J C \h:j r-4 • , , fo. j\ .,.JI • 

. w l.c L... i ~j C: \h:j t" , , , , fo. jl .,.JI • 

.4-c.L... i • • ~} C:~ r-4•, • •, fo. jl.,.JI • 

. 
,L.J:! , o. , ~} C~ r-4•, ••• , fo. jl_,.JI_, • 

c.sk jWc\11 ~ AJi <.SY 't"' , •. • • • , ~J . , .. , 0:H c.,lfa. ~wt ~~1 j\.,.Jt fa 01 l.l..k. 1~1.., 

~I w'l.h.A ~ oj~\ oj4jll.., u~I jje ~ ~I ,l;lyll t"" o4,JI wt._J....c. ~ ~I ~_;JI 

.~_, c..,.i;_,_fa ~ ~} o~I ~I L:-Ul~I o.lki C:~ cill.ll .~.wl ojyj t"" 04-JI 

.hil L.i ,yWI ~ 04..,~ ~\! y,i:, w4_,p 0fijl i)}'JI 4.hyJI , (Coagulation) c..,.i;_,_;JI ~ ~.., 

~I_, ,~ .fi.'JI (Floes) u.illl tY..fo ~.., ,c..,.i;.,yll 9tJI 4.b.yJI ~ , (Flocculation) ~I 

. ~jJ JtJ '-,-1,uly 

~~\ w~I j.Y?"J ~} L..L.i -ill~ (:::"Y-.J ,04-JI ~h..o ~ :Y.JJy..o ~ ~I_, c..,.i;_,_;Jls .i.._Jc_, 

\Jj_, Jtii.., ~ .fi.l r41 ~J ~_p,:i ~~.., , '-,-will.a d _,~ ~.fall~\! ~1.., yw1 ~ ~1 

• y WI t"" ~.., (Coagulants) ~..,\.4 w\..h4.,o 4Jl....o} ~I Y. 

, '- -:lh....t 1•l...:il '- ·... W .~\J:i u.l.:,,.J 'WL ,UL..., 4-ul.J .• < wlh....t 1.-UI . •.11 =u.is~I w~I L -. l.lki ~ (JJ ~ , ..r , I..S' .J . , . ..)ti-' • .,..,... , , . c...>-=-J.., 

4,.iSl_, ,~ w~I o~ y~ ~ J.u:i <.S.?-l ~ <.S.JS ~_; ~ .~ uc- oje\.,u.a ~ 1~.., 

w4_,yJI <'~ cill.ll ,yWI ~~<.Si~~~ '1.., o.)~ '1 w~I ~ cill.ll_, ,.)lull <.S~ t"" Jjh:u 

-~~~.J,.Jw~lo~~~~w 
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~I wy.,o,11.J y~t .~ c)l.c./ ~V""'f 

c_,l_fo_, .r.~I w4k,JI ~ ~)II ~ J_,b...o ~ ~ 4Jl..a)'I ,J .ft:il4 .J:l~I <JAJ ,~I .llyJI 

~ JSt ~ ~I .)\yJI F ,J .lH .%, • u-lJ J..di .)9., %0 u-ll %i ~ La LI~I J_,h-JI r.j 

J!\11 ~ .,i JSWI f'-'lii o.)L. c)A 4Jl..a)'I oJP..i ufo ui f'~ ~ ,(Metal Corrosion ) ~~I .)\yJI ~ 

)y,'.i,,,\ u~ A.....\.AI 4Jl..a)'I oJP-.\1 ~4 (Durability) JStJI ~ly.l A....._,li.JI r.~ fa., ~ ~ 

.Jl.hc.1 _,i wi ji LJJ.l ~I 

:u-lJ 4Jl..a)'I ~fa~ 04 ~I ~ Al,,.::i,.,.,l~ .llyJI ~ c:.f.-c.:J 

.j.,.l;!.l::>.ll wliL_, ~.l;!.l::>.ll wliL_, ~ts J_,h..., ~ ~ .,14J~ ~~) c:.f.-c.: .)\-"° • 

·f-'1.l _,...JI w~ _, ~.l;!.l::>.ll .l:!.J~ Ji.a .bis <-4!6..... ~ ~ LI~ .ll .JA • 

.~\.......JI Jibll_, ~I ~I_, ~I ~I Ji.., :W...... _,1 A.!~ u~ .l\.JA • 

~~, l,liJ\ 

J}JI u-)l:ill., u4 We ,o~I (Yl,i~J·e-WI YWI yl_»I yt..... ~ y_,yJI (:jjji 0L.....::J I~ t.S.)Jy:o y, 

~ Y:!J.fll Jc.U:i ul! i:ill:il_, ,~4 Y:!J.fall ~ ~ ~.? wl__jiAll _psi 04 y, yw, t:4 y_,yJ.J 

ulJJ r..h.! ~I ~ 0i., i_,_,i -4..;_,_fall w~I t:4 y_,yJI ~ ul 'i_,.,y.o11 0...! ,~., -~~ A.c~ . . 
.L.l.:i \........,)tj ~I w~I I...J •• ,, wl..i.i · . .. "\!-:-: • • . (:4 . J..r' • .?.-~ ~ <.s1=" 

:~ _, wl ~I c)A t lyi o~ (:jy.JI .hb..11 ~ f'~J 

-~J.J~I .1,l;JI • 

·ts¥~' .1,l;j\ • 

. 4-tWI _»I yJI wl .,~ LI _fall • 

. ..b.JI ~ -4..;~I ~ • 

~Ll 04 wL.l_,.l ~.b.'.i 4_,.) YWI A.cy.,, ~ l~J ~1..:..., '"'WI t_\J.l..il ~4 ~.,_,~I .1,l;J\ ~., 

. .1,l;J\ ~ e-WI 

~ ~WI I"~-'.~.,...,... .,tr.).,.) r._,_,iu .,t w'il~ e-1~4 ~., yw, ~~~cs¥~' .1,l;J\ Lal 

•YWI ~ ~ '-:-1:Hul ~ y.fo cJA CH J_,b...JI ~.) ~fa UC .hb..11 

J)l:.. · J .L .I\ .. ~,',11q ,oh.JI \ .b.. I\ ~~\ J .L .I\ .·,ii,, ..b.J\ q 4...i~\ ~ j', L>" ~ ~ • ~ .JA lS", ~ ~ v--: <.s- • (' ~., 

.4-.J~I 4-.J ·! q wb:i! • .Y.J c.s-

. 4..;-ilj " • u-lJ , • ~ c-" fa L.&11 r.~ u4 We (;iy.JI .hb..11 wl ~ t I yi (" - £) r-3 .J ~' ~ .'-!J 

.. 1\ .h)L;JLJ .ij~\ · .-:I\ .U k, ~ (i- i) ~i ~\ . \....S (:::~ . .J t::;UYJ ~ f' ,...> ~~ 
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~I uy.,:,1/.J y~/ .~ JL.c./ ~ (..)'L"'/ 

·thLl' ~1...- I u y.aj}I = ~\71 ol......11 ~ Y" ufo J - -
V = Q I BH 

-~~i ~ A..ilWI ..)\_,.Jl ~\714.c_;...l\ ~i ~ ufo_, 

A 
r -, 
I - J 1 -- - I 

---.J ~---... V- :- - - • I 
' -i r 
~ ~' :t t i 

l I 

I : 
I Cl 

L 

H 

• I 
J 
I . 
I v 
r 
I 
J 
I 
I 

L _____ _J 

I 
I• ·I 

.~\71 o~:/1 ~ A..ilWI 1"1......;..YI 4.c y.,, V 

·<S'""l )\ o~)'\ ~ A..ilW\ ("I.....;.. YI 4.c y.,, V 

.~_p.31~ H 

.~_p.31 ~_;c B 

-~Jill ~_p.J ~I ~~I A 

.~_p.31 c)A (fa.J ~.Ji 'l ~I .ll_,.JI .JI......... AD 

·tlill c)A y.ftly .U_p..l ~ ujl$ ~ :l) ~ ~~ 'l ~I .ll_,.JI .Jl..- BC 

.4.c~ ~.Ji ~I_, y,S\71 ~I_,~~\ wl~ l"l.....;..)11 .Jl..- AE 

('-") riJ ~ 
::11 ~ t.. t..:.. -: ~ ..;- - c.r-::-- e-J 

~ J$.JJI cJA.J .~tis_, w~y,JI ~ y...=. ~ ufo (v) ,_,..Jjl o~:/1 cs! A..ilWI .ll_,.JI 4-cy.,, lAi 

:0i 

V/v = (UH) 

V = V X H /L ufo., 
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V 

V 

= 

= 

~I u J'-"''·".1 y _y;lf 09" JL.t;.f ~ U"'-'I 

0! ~.J 

Q /(B X H) 

Q I (B X H) X H/L = Q (B X L) = Q I A 

:01 tSl 

wy.,dill 
w~ ~i)I .b-'*11 ~ y,i 

~.fall u,a_p.l ~I ~WI 

u-9 ~ _; ~ , (v) 04 ;isl ) ~.J~ ~1.) .b .# ~ y,, ~ ~I wWI .:ii _,.JI 01 i;!m 04 ~.J 

.(v) 04 J91 ~1)1 ~y,i ~\5 l~j .:il_,.JI ~_; 'J u,&.11 ~J ,t.J4_p.ll 

Lo.lS! .~.Jill oyltS ~ ~\+ci _>:µti~ ,(B.H) "A"~.Jill u,a_p.l ~I ~WI 01 tSY ill!~ 04J 

·~.Jill (.)4_p.l ~I ~I J..la.A} (v) ~J .u,a_p.11 OyliS w.:ilj., (v) wl9 ,~I ~WI w.:ilj 

·r~I fa .,i r~/~ fa/~ fa lt3l.b._, 0foJ ,(_)4\_p.\11 o~ ~' (.)'Wit 04 t.>"L..Js h:ri' J 

u-9 ~ y 'i o~ _, , ( v) 04 J!i ~ y,i ~ ~I .:ii _,.JI .J~ y, AD .JWI 0i ~ ( ) - 1) f'9 .J ~I u,a _, 

.JWI Lol .BC .JWI ~ c.5~1_, cfa_p.ll tU y.) ~ J:...l: Lo 'i} ~ ~Y-'i.J ,.u... ~fa_, t.J4_p.ll 

. (v) <),a y,Si 0fo ~l )I ~ y,i di ~ ~ ~ _;., ' y,Si ~ J ~ti5; ~ ~I .:ii _,.JI ~ AE 

u..i..,., :: ti ~ • \.:UI . t.-: I\ 
• ~ ...J-'' ~ ~.J .J..,...... 

YWI ~fa 04 (Plain Sedimentation) ~I ~.Jill ~\5 YW~ wWI .:il_,.JI ~_; 1.i,b ~IJ f'.:i!i 

~J -~) wW\ .:il_,.JI ~_; 01 c)J ~ Ji ~Li...o cfal_p.i J)l:.. .l:~ y~ \5~) Li.Sl..u. 

. c.>'° _,:Jl c.S fa.ll e:,bJI u,o ~I )I o 4-JI y.:...u, 

· t .:I\ \\ .. \.: .. _\.:-:1\ •.C . -:I\ c.....J.u1\ )\ wW .4.J l.....iS .:ii ~\.....o\ ~ 'j _ .. LIi I....U.ul .-:I\ 
(.)A Y"' °"Ir.' "8--"" ~ ~ c.s-" • J - J .J - Y' • - ~ . - ..,.. J 

~Io~~ A..fil_,.JI Jl_p.\11 ~ u-9_, .4_¢.,ill <.Y' tjjl..... ~ t:' %V • ~) %1 • t:»! r_Jlfa ~.fall 

.% " . ~) 

:c)c ~\ ~ .Jill 01..? ~ us Y-;J 

·~:UY y_,lb.JI 04-JI ~ • 

. y _,.,..._)l ~\,; ~ .;.) J ~WI .:ii yill ~ • 

.~_,lb.JI oJ\.illl ~y • 

u-9 4Lii ~ u-9 ,wl.cl..u. ~ 0fo 0i ~ (Sitting Time) ~.fall ofa 0µ o~ ~WI .)\_,.JI ~\5 I}~ 

. ui 11 .llAJ .:i! I....U.ul .. -:.11 d · t.s ,o · ~WI wl:u ··- 11 ~\5 o ... < o \.i:i 1~ J . . -- 11 ~wl 4.16. f' • IS, • . - y-, .J (.), ~ ,.fi"" J ~ .J C..S- ~ . 

.:ii~\ u-9 ~I ~ljili ~~ 4-i_,lh.JI o\+JI w4,..S u-9 ~I ~l_;JI (:"' ~.~ oh.;! r1 rl.hlll I~ 01 'ij 

.. , l:..11 l...:u. 'ii .:ii'.ill r,-- cs=- . • f' J 
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~1...;~1., y~t .!f.. JL.,:.! ~ U"'-"/ 

(Sedimentation with Coagulants) ~4_,.;,.31 rl.w.u.4 ~Jill 

~L;.._, ,~\_, ~.l!I w4.!+:JI ~..fa~ ol_,~ e::ic._, ,~I.Ji.JI ~I ~.fall ~)Lo~ i:.»fJ lo.lie 

.~WI wl.:i\+ill ~ lY' ~\.:JI ~~' .(,.JI_, ,~.lll ~' wlul.S.II_, ~' ~lyJI.., '~~~, .)!_,.JI 

~w4 o.l-.,;,-_,...ll w~I u"i ) ,o_».iS ~ o.i.. u-lJ c~ u-1w4.., _».iS ~ ~fa' 4.c Y" ~ i!ln_, 

• 1. ·-- · · o.lcl.fu wt...........::JI . ~ ,w~I · "'·L.:il 1. · .. • ~ ,ilri w.AJ 'tilli ,UL.... ~ .. < ~ ' •· ~ <JC • • . ~ U" 't-';':' • ..r • ~ ·-' . --~ ~ 

~ -b.~ ~ L.S - ~~I w4:c,JI o~ ~ u-1c. J..w (w4..,yi) ~_,~ .llyi o\+,,11 u-11 u~ 1!11~ 

J;i..,yll u,al_p.l ~ 04...ll .).4.l ,~I cj.JI.., o'y,JI cJ.J' ~ ~ ."fo::JI_, 1..;-1,;!JJJI" &\)\ ~\ 

. u-a _p-11 t 1..9 u-11 ~le .llyi 0-o ~ u-11 ~ ~ J;i..,yll <fa>l_p-1 ~ 4-j µ1 u.illl y..... ..fa ~ 

0~ LiS ~ o y :,.JI J,..I yJI 'i J , ~' ~ .fall u,al _p.l. c.JC- 1401"' Oi ~ J;i..,yll u,al _p.l uh:.:i Y J 

.i.fo _.>i...ol u,al_p.\11 o~ r~i ufo c)tii4.., ,;~ J!l us_, ~ ~..,y14 ~fa' ~ ()S.l.., ~.fall 

u).., 'f')O• o',11 ~)I L>""""i.l ~ ~ 4-Jl YJ ,w4_,~ ~.fall (Y2,~1 j.):.., tlyl ~, 04 re )4., 

. ~\.iii\ . . ~ wit.:..\ 
• ~ (.5"" 

~ .Jpl I~ ~1.., ,04.JI w~ ~lji_, ,~I ~I r~4 u,al_p.YI o~ w~ w.J# .l§.J 
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,<.fa>yJI J_,b tJA J_,'il wt\\ ~ w.l.ill tJA %0. ~_; ~ c.fa'i\ ~~\ wl~ ~.Jill <.fa>l_,.:,J ~-' 

·(Y'3_,.:JI (.JA ~_,)\ cl~\ (°'t,hj ~ ~ ~m ~I.J:U 

:4_u'il y'-:wi)U 4.J.,j <.fa>_,:JI (.JA ~=')' c'~' ~., 
tY'3Y" ~ ~_;JI c.,bl.l.o (1-i) r9J ~I ~.J:J .lAfa oj\.c}J ~_,yJI o\+JI ~ 4-b,l.i'i ~ • 
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· lh..i" ~\ '-1.J\ 4..ic . · lb.ii ~ o \jS · , ~, · ·- 'I · ... < · I •• j\.ij • u,a f . 0 - - .,., u,a t:"' ' - " l)A ....,---; u,a :t""' l)A .ft!-" ~ (J'l-UJ (5 

:0.1.;b uc- i1<1i~ .,t 4.,~ Le} (Y'31y,,.'il tJA ~..,;1 cl~\ ~.., .L&JI o.l4 

. o ~I · I ' 1 1 4..IS...u\.<.i...J\ wh.....l.Sl\ }:>-Y- u,a~ - - -

.:il1l.,, .. ,"11 <.fa>\~ ~\.Sll <.S.J4SJI.., ~)'\ wl<lfll }:>-
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~I u~f_J '-:-'~Io~ JI.,.,:.[~ U"'"'f 

l'~~I c.l,Al.u 

~ L»! ~I uc o.J4c- .Y'.J ,J,a)I ~ ~ .):!i.:ill ~.JJ uc (Uniformity Factor) r'l.t:i.i':11 J,ak.... ~ 
\.b:ij';I\ t k..., W,J - •.C. . T . • IL :11 -- - I\ . J,a)\ . . . % i • '. l)G.. . -:11 ~\ r' <.JA ,y..i ~ Y::,. ~.J LJUt.lU ~ UH.J U.J.J LY' ~ LY' ~ cs'" 

.JWll ---1\ • J,a)I · · · %! • · ' -:I\ J:;..W\ ~ · 4..1.uull .J t~ ~ UH.J U.J.J LY' ~ cs'" UH . ~ 

Fl c.:JI.S .J f"" • ,A c..sA J,a)\ c.:.,j.J LJ-'l % i , ~ LJ-'l ~ ~I ~I ~ ulS 1::i} J~I ~ ~ .J 

·("" • , i _yo J.a)l JWll 

Y = , , i 7 , ,A \.b:ij)I I J,ak..a . l! r' u, 

:c.:.,fa ~I ~)I wl::.....tyJI u.9 4..o~\ J~)l • 

(. ,fo) - (. ,r) L»! JWll Fl 

( Y, , , ) - (, , Vo) L»! r'l.t:i.i':11 J,ah.....J 

: ufa ~y.JI c..::.iw _;...11 J~ Jl .J • 

(, , r) - ( . , q L»! Jwi1 F1 

.(, ,V) uc ~..>.!Yi ~.J'(',o•) - (',fo) l»!f"\.b:ij)I\ J,ah....-9 

' 

~b.J,~\ t 1-.,.il 

:<.)} wl::.....t yJI ~ 

• • :: I\ A..c . . I l.ii..b 4.Ju . I\ wl::.....t . . I\ ~\ wl::.....t .. I\ • ~ .Y-' ..r-u . _..r,u ..r'"' .J - . ..r'"' 

d.:i wl::.....t . -'I ~\JA , • .-:11 4.iib t .:1 lub ~ · ··':11 l (<.::.u...1 ··':I\) --·'I i 1 )1 c..::.iw • ..r'"' .J ~ .Y-' . Y' . L»J.l .J - y.i r- .J (.)A ..)A 

. wl:4hJI oJ.lti4 ) o.b.l }I &, Jill ¥ 

LJ-'l) ,~LlJ\ t_,111 .Y'.J Ji,...i ~J ~i LJ-'l 4-:9 &,Jill ~ ~I wl::.....tyJI ~~ :c~Jill o~':I ~ • 

. ~ 1 c,lJ Ji..,\ 

. .hi....;,,~ i 4.JJ.:il:Jl.i • ::I\ .. < · ~ • .J -· . . ~y., u~ .J 

~I J,A)I ~~yi 

yl6. ~ Jlo.:u:.':/1 Jg .u1 ':IJ ,wl::.....tyJI tlyi Jjl) LJ-'l (Slow Sand Filters) ~I J,a.)I ~..Y' ~ 

i)4ll u.9 ~ r'~ ~ )l....a.S !~le ~ts:,~ LAA u:a}i\ LJ-'l o.JHS ~b c,11 ~~l..9 ~~I~ 

4..b.y ~ 4.;.,..;;all o).S1'1 wl.:i o4JI &,Ji~ A..l~I ~.J ,ofo. ~6..hll ~ ~ ~ ,o.Jl:JI 

-~l~jill 

.~I J,a)I wl::.....ty r'l.~4 41•i'1ll wl_,b.. ('r -V) ~.) ~I ~.J:l.J 
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~I w~IJ y y:.11 o/,f.., JL.s=./ ~ u-f 

. . 
~ ~_j.i ~I c9l_,.JI <.s9 \+,ol~I ~ 1&:'j ~:I~~' wh.!.yJI ~ ,wl~I 0~ ly:uJ 

~I :i..l~I .)fo :I ~ ,~.,1~1 ~IJ..JI_, :i..ly.WI ()SL.YI <.s9 wl.ll4J ,~lS wl::..~ ~I.JYI 

.o~I wlsy.o::JI ~~~I~)\ wh.!.yJI rl~I ~ w':ll::...11 o~ ~-' ,4--u~I 

~y,..JI c.>-4)1 ~ ~.>4 

=c.sA ~\ wh.!.yJI 0:,}J ~ c.5_,_) rAi_, .~~I wh.!.yJ4 ~1 wh.!.yJI o~ ~J 

~ t . - r. (.)A ~Ji J~ ~ <.St 'r.>:f rtr , A. ~J , r. 0:,} C-''fa. &,.fall J~ ,) • 

u..J~ 'ti.11..i · l i · ~ 4.£.J · .11 04)1 wl:...J. · ls ~.ll .~I wl:...J. · -11 , - J~ • <.s' .J y,...i..,o y,::.. -~ _)A (.), - • ..r' ~ y 

. wlsy.dill ~ Jsl ¥Ll..i] 

:I ~ wl:...J.yJI lg.ly,..:i J:19 d.~A~4 Wb ~w ,.d..,yyJI w6..J.yJ4 ~Ji i1:l ~I o4,JI 01 • 

. u~I ~ i:-.?. f • uc 4=i .Jtsc ..l:!Ji 

,u,aly,J ~ c)c wh.!.yJI ~ . .hlj.11_, 04)1 u-a 4-.;,..J.ll.a wl.i,i.b ~ 04,JI .JJ.JA ~ ~yJI ~P.J 

~ _jJ ~I ~l _, , 04 )I u-a 4 .J.ll.a <.S _;.:,.l wl.i,i.b ~ .,W ,.hl jll u-a 4 .J.ll.a wl.i,i.b ~1.3 ~ ~ .>: 

.~yJI 04,JI ~ ~l....a.JI 

~ t1:IJ .~yJI ~ ~ _;si) . • ,A ~I .,f JW F wl~J ,:a......u~ 04)1 w~ ufoJ 

. , ,V ~I , ,f 0:,} r~I 04h..o c)c J~ ~b wl~ ~ o~ 04)1 

i:-WI ~ ~-' ,(Underdrain System) u ~I ~~ ~_j.i ,(~.J c.:,1) .hljll_, 04)1 wl.i,i.b w:.:iJ 

~ c)c ~I i:-L.. .i......ii w!_,ll ~ tJ.J.i ~i ~ .~yJI i:-l_j,J ~ ~ ~~ J~ ~_; t1:l c5.lll 

.~_;.JI i:-l_j,.l 

tfaJ ,~_;.JI J~ (Header) ~.J ~ u-a ufo. u~I ~.JA?-A ~ le~ .foYI t_,lll.J • 

~)I ~I c)ci ~ ut.p..i_, 't.J.).ll o~ c)ci ~-' ,~yJI y.jl..P.- ~J tJ.J Wl.3 41_,j c)c 4..iA 

·~.J <.i,i,.t _,i fJ.?- c)c c5_jb:J, (Strainers) ~~ '~Jl...u..a .:i~l c)c (::'-A.fJ ,~i 

. Y-'-"I _,.JI c-b ~i c.:,ts.a u,a _;s.i ~ ytu J,i , ~l....a.JI ~ :I _;.:,.T ~ ~ .J • 

o~ ~ i:-l.ucw,':11 t1:l ~., ,(Nozzles) ~IJ! ~ ,·,tr, ~L...y,. w~ Y-'-"1_,.JI uc <J4~ ~.J • 

. .hl jll w~ uc :i..ll::...11 

~ _;.JI 04.C ~ ~~ ~l.....o .J dJ )I wl.i,i.b UC i:-l.iu... ':/I ~ J <.S"'L......., c} (.)A t \j ~~ ~' ~ J • 

• 4-19 ~ \ ~ij Lt~· • ~.J 

~.J ·cJ;;.JI ~J w~I ~~ .hljll-9 04)1 wl.i,i.b ~ t.,-w,yll i:-WI _).J~ ufa. ~_;.JI ~.J 

> - 1~ I. -'· ')I -l.. ... 1~ ~ 4.ii.h :U-<- wj_ill -- ,04)1 -\... ... ' ~. -'I oh.JI ~ y i.s- (JA"-J (.)A c- i.s- - - - . . ~ ~ c- (.)A . ..r' - .)J..Y' 
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~I w~& y~/ o~ Jl..=/ ~ u-,f 

( \ ·O) 
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~\ o4,o J_,::,..) f~ (') 

~I o4,o CJ.?- f~ (Y) 

~.;-Jl 04-JI J_,::,..) f~ (i) 
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~yJI 04,.ll CJ.?- f~ (o) 
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~\ ~6.J,jA 

~l...J ~\ L}-Q ~ ~1_,bl ~b ..bJjll.J J..,)1 L}-Q wl4b (Pressure Filter) ~I wWy ~ ~~ 

J..,)I wl.4h! o.Jla ,D)lcl L}-Q ~_; .:1\_yJI D4,JI ~~.J ·<.5.P.- 'I' uc ~ '1 ~b .bi...:o ~ ~1 ) 

~ f:_,.ill I~ ("~.J .~tul\ J..,)I wWy ~ w~ La 01.4 ~k.JI ~ ~ ~ ,.iJi...,l ~J ..bJjll.J 

~~I &4,JI w~ ~.J u-ot.:;.. ~Y- ~4,..JI wLk. DY-4 &Jil ,o~I wij_,...dil\ ~ C'""I.J Jlhi 

~ uc ~ '1 .bi...:o ~ ~ ..,.JI # ...J~I ~.J . o fo f'~l .J t I _,.ii 4-lA ::.:;. ~ .J . _ ( Compact Units) 

-~1 

el ji1 , 0 
• uc ~.>.l '11 ~.J ,~4\J ji1 , 'I'· ~J A• ~ c)fa J_>b.11 I~ 0.:1\:.ut..JI wy.dill w'l~.J 

-~ ..,.JI ~I 4-b.bll Dl+JI ~ _,.i ~ <ill~ W!j'i;!.J ' (e ~1\r f' "' 0 ) ~4 y 
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INLET OF WATER FROt , 
CLARIFIOCCULATOR -· 

OUTLET OF WASH WATER 

AIR OUTLET 

.6.IR SCOUR INLET 

FllTEREO WATER ~E:$f~tih~~~~~iJ~0~~~Ej 
AIR DISTRIBUTER 

OUTLET ANO · 
WASH WATER INL~Eer---r+-rrr~~--J'-'-i:±rr-:~:r-~~~~~~_J 

~ ·.:·"~ 
~';"" 

WAT 

DRAINAGE 

.. . 

REWASH WATER OUTL ET 

Fig. 4- -/16 PRESSURE FILTER c HORIZONTAL FILTERJ 

FILTER 
BODY 
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~ I I a2 

CD FILTER BODY ® RAW WATER INLET 

0 FILTERING MEDfUM ® FlLTERED WATER 

Q) FLOOR WITH NOZZLES ® AIR SCOUR INLET 

© FEED CHAMBER @ AIR OUTLET 

® AIR ors TRI SUTER ® WASH WATER INLET . 

© MANHOLE @ WASH WATER OUTLET 

(j) DRAINAGE CHAMBER @ REWASHER WATER 

Fig.4/15PRESSURE FILTER (VERTICAL FILTER>. 
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~I u~I_, y~/ .I_... JI..,;./~ u-f 

.(Loss of head) ~yll <.) .6...::J\ JSl! ~ j~ • 

.(Sampling devise) ~yll oy..o.ll o)Sc ~.J-l (..}"4il j~ • 

c..w::i ~IJ (Operating table) ~yll ~ o_mly ~ ~hll w4k,JI c.s9 o~\11 o~ ~YJ 

: ~ • . -1\ ~ \..:...o 1- 0 ' \q o ~-' 4-9\....oJlli ~ J <:"" .r' - ~ ~ ...>H- -+' • . 

.(Inlet valve) ~yll o4-JI.Jy,...l ~ • 

.(Outlet valve) ~yll o\+JI tJ.fa. ~ • 

.(Waste valve) r..)W\ ~ • 

.(Wash water valve) ~I o4,, ~ • 
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SEC. X - X 

11 

-- _I l~~'""'"' 

·I 

SEC . z_ l 

DETAILS OF RAPID SAND FILTER. 

A 

SEC. Y_Y 

PTP!HG D£TAn.s 
Pt_ RAW WA.TER SUPPLY. 
P2.RE.WASH W.l.TER PIPE. 
fi:1.FIIJEREO WATER OVTL€T. 
P4.C(),{PRESSEO AIR PIPE. 
f's.WASH WATER PIPE. 

f>&.WASTE WATER PIPE. 

VALVES OHAJLS 

Yi- INLET VALVE. 

\Ii-REWASH WATER VALVE. 
VJ.EXIT VALVE. 
V4-PRESSURE AIR VALVE. 

· "5.W.l.SH WATER VALVE. 
"5.0RAIN ANO WASH WATER 

OUTLET VALVE, 

FILTER DETIJLS 
A-RC°FILTER BODY. 
B-RAW WATER SUPPLY CHANNEL 

AHO WA5H WATER OUTLET. 
C -WASH WATER GUTTER . 
D- FILTER BEO (SANO l. 
E - LAYE_R OF GRAVEL. 
F - FILTER FLOOR , 
G - UNDER DRAINAGE SYSTD-1. 
H • FLOW CONTROLLER . 
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Sec - Y - Y 
RAPID SAND FIUER 



AIR SCOUR 
PIPEWORK 

BACKWASH \ 
WATER INLET, I (() 

TOP OF WEIR 

T.W L. 
~ 

~~~-----=.:.@LA'EAC1IT..----------- -
Fl LTE.RED WATER 

SAND 
--- ---GRAVEL I r.,....,, .. _.,_ , 

I _-".J-1 •' ·:) 
I 

.; .. .. ; 

.:>:• 

-----------~ .. •• : ·L,-----------------------------, 
• • / . •• # J. 

o- . · .. 0 ·- • ..; • . : j . .... · J .,,. 

SECTION A-A 

~~·XI 

FEED Pl , 

.. -,. ,, .. 

.;,. 
• J ; • 

.. :_4'>.:. 0 

AIR SCOUR 
PIPEWORK 

8tCKWASH 
~~TER INLET "' ~+r irnTf 

-t---- .. 
l 

A 

l-:t 
FI :..T ER £0 ____./" 
WATER 
OUTLET. ~ -

I " 

BACKWASH/l - ·­

WATER 
lr4L:T 

r- - - i- - - - I- - - - I- - - - ,_ - - - - - - - -, 
I 

I
M--- I t I 

: ~- I l lj , I 

I ==' 
--- ---

: I: : : : : : : : : : : : : ; : : ; : : : : : : : : ·: i I ~--
-~ 

-"- flLTERED WATER 
C-UTLET 

RAPID GRAVITY SAND FILTER 

I 
I 

I 
I 
I 
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I 
I 
I 
I 
I 
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I 
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I 
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I 
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-U----~~~~~~~~~y~---M-
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D 

'-E.i!JE" ... 

RAPID 

I ) 

FILTER DETAILS 

,,uu MIO'-' 411Aftnt UNO HAVIMI 

A ·~AO!D IIZI O(t t,O.l,1•• AMO A 

lfttlHT Of 1,0 •. 

I) lONt TAlL HOULI: 10 HOULCI 

,u sorl. 

I) AIII OIITRIIUTIMt· ,tli'f • 

., '!LTraro .... ~ .. COL&.ICTIIM CKANWIL 

5) WAIH WATU 01n1u1urnc1 NOUlll. 

f) tVP,OflTING R. C IIANI, 

f) ASIUTOI CIMUT ftALt'.t IOTTON 

0111 ALTtfUllTIVlLY lt.C ILAU 

Pl Pl NG DETAILS 

•> KYOftAUUCALLT 01-fltlTl:I ll.Ut= •tvr 
A) ,u.w W4T1ti. UCt.tT t80 •• Oil, 

ll)J WAIN WATVI INLCT ~eo •• OIA.• 

C)I mTCP.1:fi ltAttrt oon,t-,. t\~-.-t").A. 

~I n,-,ou: 'WATU 300 a111 Dia. , 

(}1 ftkA!" OUT\..£T 160•• ·°DIA, 

~ C'O'ttPltU::EO 

·~ lfit CUSHION 

Alil IWLl?f t~,.,.blll · 

OUTLU 80ll'II 'I),,-. 

8) FLOl.1 COHTn OLLl:it . 

I 0) o,IRATIOH TASLI: . 



Corrfd~r 

f ii crs Entrance 
--

k~;; 

Corrldoor .. 
' I •• I . . fitters Filter 1> entranc~ 

l -
-

II 

f ilter ; 
== 

Cortldoor &it rare~ 

Filler s :: 

Filter :. Filt ers 

I 

Corridoo r Entrorce . Corridoor 

' 

Fi!lers Filter:S 
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.~I o..)W\ ~ oy,:..<:11 o..)W\_, 'Ll:!.J_,is~_, ~_,_;~ wli>.11 c)J <->".J_,lS_,_;~I ua-4h 0:~ ,y\..Jl 
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o~i o_JS ~ ~ tfil.., '~ o..)'-4 ~-' '<.J::1-Cll.)_,lSJI ~ ~i u,aL,.:,..i 1.5i.., .)..)W\ (:"' .)_,lSJI Jc~.., 
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3/A 



- V
 i::: 

·~ 0 
::s:: 
u 
-



] ,::}' 

-~ 

-~ j 1 
l ,... ,, l 
,~

· 

<
 

- V
)
 



' 
I 

<
 

,-

>
 

0 

} 

_] 
~
 

<
 

- \
0

 



~/ ,._;~/J y_;-:.}/ o'-:1,. JL=/ ~ (..)"'-"/ 

\.4b., lA.JL.....i ~ ~ '--» ~ ~ uc o.J4c ~., (Ejector) u-il.. t_fa ~.;b uc &fall wlhj ~., 

~~ ~I r-j.;JI I~~ r-WI :U:.y,, o.)yj u~, (~~ JjL..JI wlslb t.JA?-4 0i) Jfo ~I_, ~_,.iy, o.)CW 

. t· b · .~-:1\ 1\ .hi......;,J\ 1 .. ;. t . -:I\ ~\ t _ - • .hi......o..l\ . _i\ .b .,b. 4...1.:..b 1tJl.J ~ ·- 1\ AjU, · 
U.::. ~~ IS, ~ (JJ-A-;! CS"' ~ Y J c.s- .r.-- . , IS .J ..r""' UA 

~ t_;.JI ~ r"~ c.S~I r-WI ~ r"~-' ·t_;.JI <.s1} jWI ~ ~ '.J_,1$.ll j~ u-iWI t_y..JI 

.~\..WI wlc y,J~ yli.JI .Jfa31 t..:.i\.c .» uh 

:.J~I 4-!~} o~i LJA oJJ.LiA el-,ji ~~.J 

~.1l.JI .J~I j~ + 

~., .bjl:JI ~ ~) o~I .Jfa31 t..:.ilil_,.bl ~ o_y;il.,i..i yS_>.!J ,o~I t..:.i\.cy,JI ~Ll:! ~., 

.o.J_,,..,L. ~1.J-! :Ul_,.bl\'~ 

jl.:..:i\ ·1 · - 11 '-l.6 ' ~ L.S .~Ll..o ~ '' \I ' i)I · -'I . q :WI -L \II w.ut l,...i:,,.J ' .)~ . - y . - . . J (:9-1 cs1=" cs"" ~ y <..s- ~ - · •• _., 

. ~I J&...,. 4:li I _):u ,:i......ol:.. wlbyhl 

.:Ul_,.b\11 ~ o~l.,i..i ySy ~.l.i..JI .Jfa3\ j~ ('\'-A) ~.J ~\ L>mJ 

Y r t C 

"' 
V 

I ---·-~-:,we • 
µ .)L........c (o) 

u y.dJI <Y\fo.o ( i ) 

~J.J¥ tfa (V) 

( y -A) ~.J JS.,.!. 

~..l.i..JIJ~lj~ 

7/A 

.Jfa31 :WI _,.bl ( , ) 

~.)A (") 

.Jfa31 J_p..) r~ (i) 

~ {j.) (£) 



1 • 

'­• 

-l !\ ] 
j 

J __ _ 

"
t f 

j !~
 

• 

-< 
- 0

0
 



<
 
- 0

\ 



_J -... 
OI 

0.5 

0.4 

E 
_-0.3 
"' :, 
:g 
~ 

.s 0.2 

.Q 

.c 
u 

0.1 

0 

Figure 

. 
! 
I 

i 
i 

0 

FLOW 
RECORDER 

0.1 

: Destr ction of i i : J ' 
; chlora ines and;Formation of free ch orine and 

·-··· ····•--j chlor -organic l presenc of chloro organic i 
' . ' l com unds i compou ds not destroyed 
~~_...~~~~~~~4-~~~~~-~ . 
' ' 

1 1-j-· --- •, >"'r-1--1 

0.2 0.3 

' ' ' ' l 

' . 
' 
' ' . . " I·• ----:--:· 

0.4 0.5 

' 
' ' ' . . . 
' 

0.6 

Chlorine added, mg/L 

·-·' :~Break' oint . 
' ' ' . 
' . 
' ' ' . 

0.7 0.8 

Cl.> 
Cl.> ,,:: 

tO 
:, 

-0 ·.;; 
~ ..... ... -v-•-· 

0.9 

"' s 
.0 
E 
0 
u 

1.0 

Generalized curve obtained during breakpoint chlorination. 

- - -- - - - - - - - - - - I 

I 

IT] 

OlLORINC 

WATER 

CHLORINE 
SOLUTION 

I -----1 
-- I 

I 

I 

CH LORIN ATOR 

CONTACT TANK 

INLET ., t~ J I DIFFUSER 

RESIDUAL 
CONTROL 
MONl10R 

---,- OUT LCT 

FLOW DIAGRAM FOR CHLORINATION CONTROL 



Rate valve-----

Supply indicator-

Metering tube 

Chlorinator 

Vacuum line---- Vent 

2:!." 
4 

ejector unit Y strainer 

at "- - - . Hose adaptor 

CHLORINE 
IMOS_f'HEJU_<: RATE VALVE 

CYLINDER VALVE PRESSURE 

~J ... ~ \ \ ~ 
~~\~y I 

VACUUM LINE 

R£0ULATIHG 

DIAPHRAM 

CHLDRHE CYLINDER 

GAS CH LORINATOR FLOW DIAGRAM. 



t 
l 

f' 
\.

e_
. 

,t'
 

{ 
t 

t. 
~· 

1-
.c

-
\ 

to
 

~
 

~
 

~
 

1 
f 

-·
 

5:-
,t:

 
\ 

~
 

Ci.
.. 

~
 

.c
-

to
 

~
 

---
:;-

C, 
~
 

-·
 

~
 

. 

~ 
~. 

~ 
r 

t.
 
t 

,t
 

•(
 

-
~
 

'f. 
Yi"

' 
~
 

,t:
 

e: 
~\

 
. 

~
 

\ .
 

fi 
~ 

~
 

[ 
~ 

t 
t 

v-
~ 

·[ 
~ 

i 
·[

 
c, 

~ 
C

> 
~
 
~
 

t>
 
~
 

f 
-

·v
 

Ci.
.. 

\r 
rr 

.c-
-

( 
-

to
 

r 
r 

1 
~
 

. 
~-

t 
"I

!-
, 

• 
-c 

S
I 

· 
r-1

· 
E

 t 
·.

c 
·.

, 
r 

~
 

~ 
~
 

i. 
EI 

1 
L

.
 

\ 
-

-
\ 

\ 
' 

-
E

 
to

 
..

 
~
 

.•
 

'e,
 
t 

-
-

• 
C

" 
• 

. 
C

> 
\ 

~
 

-
~· 

c, 
r-1

 
c, 

f 
· 

·ii:
. 

.0
 

·r 
..:-.

 
,t

 
[,

 
',; 

,c
 

'-
~ 

-
t;t

 
IA

 
r 

'i_
 

t=;
 

~ 
( 

't. 
'[

 
E

 ·_: 
f 

t 
't 

. 
't. 

.° 
E

 
'f 

·t 
~ 

{ 
'fu 

1;
 

i 
v--

"' 
"· 

f. 
~ 

_:: 
"· 

[ 
r .

 . 
~
 

-
c.

. 
-

[, 
~
 

. 
ti 

f 
<r

 
. 

\:..
 

·f: 
_: 

~·
 

f 
Q

'. 
~ 

E
 

V
 

·t 
.' 

-
L

. 
..

=
; 

[,
 

l 
:f 

t 
Q'

. 
~ 

t 
~• 

t 
b? 

• v 
( 

Ci.
,, 

<e.
 

,t
 

't 
p' 

t•
 

-
£ 

',; 
f. 

\;,
1 

\ 
• 

t 
-

c 
f.' 

E
 

-
"-

\ 
\ 

t>
 

e:·
 

\ 
C

> 
h 

to
 

C>
 

t 
g 

·f 
~ 

', 
·. 

~
-

'L
 

[ 
_'. 

f 
.c

 
-
f
 

i: 
f 

{,
 

t' 
• 

f; 
(;. 

't 
C

. 
C

 
-

't=-
r 

[ 
[• I

i'. 
'h 

1 
• 

~
 

' 
,t

' 
-

__
 ,. 

; 
~
 
~
 

' 
' 

· 
' 

· 
L

• 
L

 
~
 

. 
-;,

-
-c 

. 
C

 t
 

~ 
1 

1· 
~
 

to
 

C
· 

-r 
\ 

. 
·~ 

r <
e. 

.c
 

'f
 

: 
·r 

I 
t 

r '
t 

1 
r 

:t· 
r. 

~ 
l l

} 
~ 
1 

~ 
1, 

~-
}·

 t 
't

 
t 

~: 
.. 't
 

.c
 

.c
 

-
f 

-!
 

l 
<;;

:._
 

C
 

• 
. 

C
· 

-
l 

£.
 

-
'e

, 
t 

t'
 

t'
 

l 
-· 

. 
_:_.

 -
-· 

-
( 

( 
[, 

c.
. 

-
t 

t 
1, 

~ 
:f 

1 
i 

t 1
 :f

 
r 

t 
:f 

l 
· : 

·t, 
f 

f. 
r 

t. 
r 

l 
--<

 
_,

. 
r 

1I
 

>
 

<
 

~ 
·o

 
~ 

~ 
'.-c

 
~ 

r 
\ 

~ 
'.-c

 
~ 

t 
r· 

l 



-~ J -



1 l -~ J, 
.. 1 J. 

.:'I 

1 1 

'JIO
A

,IU
ij 

'I llltl4
 

Jllll.ll)U
lJ 

ltlO
l H

 
.___ _

_
 -
-
-

·u
o

ii,·,s 
6

u
1

d
iu

n
c, 

p
u

y
 JjO

A
JIU

ij 
, 

IU
tld

 
1u11111uJ1 

"~,,:-, ~
 ,n• 

~
("

 1ri•
. 

x,aax~ 1-0 
S

fo
,6

~
 

-"'J, 
'3 

1,1
01 H

 

u
o

r,r1
s 6u1

~111n41 
p

u
y

 ,1
o

iJ1
 U

ij 

• 
1

n
1

4
 1~ 11111

'.'JL
 

"~
I,:, ~
 IM

' 

..,,..,.,. " IT
'i ' 

'~
jd

d
h

~
 JO

 S
)Jnor

-
1

 

I C
 

1 
·, 



--! l 
j, 

-~ ' 
·-

-~ 
j 

-
-

j-
~
 

~ 

~
 

-~ 

,J· 
<\,... 

.J, 
;. J ~ 

.. 
;J· 

1 
' 

I 
~
 

J. 

, 

~
 

•-:-, 
~
 

1 ' 
'"l. 

1 
J
j 

-
·, 

er 

:tJ 
~
 

I 
~
 

~
 

,_ 

1 
-

] 
..-.. 
E

 
"
)
 

2 
~· 

<\,... 
V

J 
>

. 

l 
.f 

en 
~
 

Q
) 

~
 

Q
) 

..... 
0 

l 
~
 

E-< 
J 

'-
"
 

v 

~ 
,J 

·~
 

J 
~-

"
)
 

~
 

J 
'"L

 
YA 

-~ 
J 

,
r
 

-
-

,r
 

,.J' 
~
 J 

V
 

I 
·!j, 

--
J: 

'\ 
-

0 
v 

' 
~. 

-~ 
"
)
 

J ;~
 

]· 
u

J
 

' 
1. 

-~ 
-~ 

' 
,J J 

'"
)
 

~
 

"
I 

"
)
 
~
 

-~ 
~ 

u
J 

'! 
"
"
)
 

~
 ~
 

.~· 
~
 

l 
·o

-i 
~
 

v 
1 

., 
-

"
)
 

.. ~· 
~
 



~I ._;~f.1 y~I o/,f.. JI.=/~ /.)"'-NI 

J_;hll ~) .fa-: b1b;,I\ <.s-9 y_,L)'I I~ J t:'.J ,o~I c,1j_;il ,~)I t.JLlJI tY' ~ .):l.JI t)~I 

Jb~ ~yj ~J ~l..a)'4 l'ofo (Dead Ends ~) ~ Y,i:, wy\+i ..)~_,l Yl..w...ol J§i .\JI YJ b1b;',JI 

.b.:JI <.s-9 y,,S w..,.h ~ ..,i , :i...iy...all.., c_)l....o 'jl ~ o~I .b _,.b.;.. Js,s ~I..:.. <.s-9 o~I tY' c)la y:J.l o fo 

.o~I w~1.., <.S.;ll <.s-9 rt.hill I~ rl~I ~.., ,~)I 

c.5,;-.Jl.lll hJh;,)\ (~ 

~)\ .6.,b)I wy\+i ~Jj t-4 ,c.5~\ b1b;',I\ fl.1ul i...>:l.Jkt (Circle System) o)bll b1b;;I\ fa-: 

Jfu flj:,. ) o_)I..) ci!fi:il ,~.illl Jbl..W4 ~ t}-~ <.s-9 ~)\ .b.:JI yy ~ 4-ihWI ..,i ~.wl J..? 

) r9.) ~I <.s-9 w; c,1jJJI .b _,.b.;.. wl ) ......... ~ ~ 11m.., '~~\ t) ~I <.s-9 ~.) .b _,.b. 4.1a t .fo 

wli' .·.11 .a.fu - \...JI l.1ull · l.1illl I~ ·l:i...J ,.d....iii)I -:.Ll..i..JI -~'I 4...iili <i l.1illl I~ ~ (t-'\ -~ . ~ r uc- r .J _.., - - <><" .., c.S ..)"-' - <.s- r _.., 
tY' ~.iull I~ ,4.ihW\ uc- I~ .;-u,S c.5i ~ YWI tY' :i..ih.i.... c.5l c)l..._p,. ~ ~] ~l..a)'4 ,~\ Y,i:, 

.o~l tY' fi 

~I hJh;,t\ ( [ 

.b. tY' w~I tY' t__,.i\1 I~ ufo.J ,~\ 0.wl <.s-9 (Gridiron System) ~I b1b;;I\ fl~\ ~ 

' ' · ' (4...i ·ti) · i 4-..ww ~ .b · L I\ ~l...o ;ll.J , I · ~ '- 4-ihWI ~ ~.wl.J ..6.:....i ' 'b '-'~ ,Y c.5..?- , , .J . ~ IS, , . f' ..?-- , i..s- .J , . , , ~.J C..SY 

.b . L.: 1 •• : .. .ii...:i · l '- .hi , . l .< . . , • . , Le. i . ~l.......JI .lJ ., Yl I~ 4-..ww)I y I . •11 Y""""' ~ (j i..s- .., _)lA .Y":1-" UC- ~.) LJ:!-l .JY" c.S c.E , y i..s- , , l.....) y.i-, 

W.p. 4..S_y,,...11 Wb 04,JI ~ w; ,c).!Al~I tY' :i..ih.i..a c..si i)J o~I J~.., t_,.i\1 I~ ~.J ,c,1j_;ill ~.) 

. .b.:JI , . _q ~\ ~ \..ii.b . C 1li > • i 11 d. - . , 
~ <.s- .J · · ~ · ~ c.S ..?-- IS, -. 04 Y'-3 

LJ.J..) o4J4 ..)\.l.a)'I LJ~ 1_):..i ~\...JI 0_;hll (.J-" J.,a.sl fa 4-,ii YJ ,~ts:i\l ~\.c. wjlS u)3 ,~fall 0~3 

. 0:!_y,,...11 4-.a 3 t.i.. i)J 41.\.....o 'j 4 .b~I c,1Jy W)l... ul..c......o .J , t Lhiil ..,i u.9 y 

c.5 ..,>-..bill ~, ( .l 

' . 
.b..,_h;JI cfa W.p. ,<.5.)bll rl.1.ill ~ L..1..1:u (Radial System) 0 µ1 h1b;;J\ rl..1:u .Jl+icl ~ 

1 •• 1\ ~\ ~I -:.Lt.WI ·,<I . j oli..JI wUI · · II oli..JI 4..li:i:i i · · ~ · oW Ual..:.. 4-..ww)I ~. O"" J-' .)A <.s- , _p,. IS, , , .J ~ 0" , , , 

(i-'\) ~ Jbl..WI ul_.>.bl i)J 4-.aj)lll c,1j_;ill .b_,b.:.. ~ tfa ~ ,04,JI Ual.:...11 .b..,_h;JI ) ~.wl 

~ ,4...J ·.< · ·'I -:. '-\.WI · 1. - · · ' 4-.Jl.lJ ' IW\ ~I LI · _-:1\ J.a.a..i 1. lc~l.J :i.iJ · LI\ o~ 'G...:j ,J-' .Y"-' <><" 0" ~.J_JJ , . ts=' IS .J ~ . ~ . ,..>=' .) .J 

.o ... q · ~I 4-.Jili <i l.1illl 1~ ~ ,1 ···~I i ~WI ~ (j - c..s- f' f' _.., '+.P c..s-

~ , ~\...JI L»'ll.1illl tY' r\J:.j tY' _;si 0.H ~ ul ~ ~.l.4 c..s "1 o 4,,11 Jij.., c,1Jy r\J:.j ul-s , La.,.=.., 

• ·\ · -- 11 • ·- -;I\ i ~.wl kb:t (S~ ~.., - -

.J..,a.WI ~\ f'~ ~I u.wl <.s-9 y~I o4,. c,1JJJ w~ ~ w\..)Llj (z-'\ ) ~.J J$,...tll ~Y-.J 

5/0.. 
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Non return 
v~Tve 

nsion joint 
l 

Fcedin~e 
steel pipe 

e line Sluice 
V4l\'C 

Pressure Relive 
V,lve 

Over Flow 

I 

\ \ 
Ji 
i 

Sluice v,lve 

E;tp,nsion ioint 

Ovc r flow ,nd w,s h 
out let pipe steel ,,so mm 

:,, ,.~._J,t:~ 

To W4Stc. 

PIPE CONNECTION AND VALVES FOR ELEVTED 
TANK. 



HTO AL 

Water h-at~nt 

Plar.t And High I·· Litt Pump 

HTO l 

EtEVETEO 
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~I w.;-)IJ y~I .L.,i.. JL,.,:./ ~ t.>"*'f 

4.l.ui• u oll ~~\ e l_,.il 

~PY oj.Jlb w\+Jb) (Displacement Pumps) ~\S ~la w4J,b t....i u3w1 ~I-~~~ 

. (Centrifugal Pumps) 

=~~ a~ J.w c.5~ ~ 

(Suction ~ L.. .Y'.J ~I y_,....i,,J A..fo.ill ol:,JI ".J~ <.s9 04-JI y_,....i.o ~ c.iftll ·f..SJ~ .bi....all I~ 

ol:,JI ~ jil ~ts ufa. ,J u-1c ~I L. _y,.., (hd) ol:,JI ~ <.s9 o~I jJ ~I _,ll ~I ~l \!~ ( Head . 
: uc o .J~ .bi....all I~ (1 fa r o uc ~ 'J ..,) Jjl..1 . .JI <.s9 t9I )I ~U:JI c)) 

·lY.1_,b ~) ..,~ Jy.,, t laj_JI fa ' f 

.~j.i..JI __»...il_,..JI ~b .bi....all jy\.c <.s9 ~WI .Jti...1 o 

J : : -'I _, u.......11 1.. ·.'111 ~I .:i \.c ti..,t 1 • YA' IS"" Y.! C.S- (' ..Y'-' .JA .) ,I 

.(ifa ~ uc ~'Jul~..,) t~I fa '\' 0 

~l u-1) w4,J.bll ~ c.)o ol:,JI y,.,, A::,/•i cljjill ~ <.s9 (hf) ~1£h.'JI <.s9 ~WI ~1 ~lb c)) u~ 

:01 <.S1 (hm) c1jJill ~ <.s9 ~-.,.iwll ~1_,i.11 ~l AJ.L:.o'J4 ~.w1 <.s9 ulS... 

('-") H = Hs + h<t + hm + hr 

.(fa) w4,J.bll A..b... ~~<.Sill i)Sll ~I 

. ( fa) w4,J.bll y _,,...1A.., o .J~I <.s9 o 4-JI y _,....i.o ~ c.iftll 

. i fa '\' o o)lcl .fi~ L.S LS .J~.J ~.wl <.s9 (} y ~{ <.s9 y,.,,I _,..JI ~ <.s9 r-j)LII .bi....all j ylc 

.(fa) ~j_;JI ~ ~ ~lS:b.'J\ cs9 .isl..ill 

• ( - ) • -'·11 ~ , :i...i ·WI ~I -~11 ..).lA C,i.J .:t'"' • <.s-" .JJ yu 

:~ 

H 

hs 

Hd 

Hr 

Hm 

• < • ,\.S.i..J\ · l.....dl.i o , ,. A wli.Jhll ;, .~ · .<-: ~~ CS":' - <.) • ~ • .r u..,.... .J 

("-'' ) P= WH 
75 

• .< . :1.S..i.J1 -~u wu.Jhll o .i ~., u . . ..r 

. fly,,. ~4 9wll ~ t-'9 yJI i,. WI tjjS 

. _;.J4 i)Sll .hi...all 

2/" 

.. ,L.lp,, 

p 

w 

H 



~I <-i~!_, y~J .t,w c)L.&.I ~ V"'-'f 

o.;~I u-9 o~I ":I~~ ~~I ~-"4 

Jsi ~ w-9.b.. t5Jli:J ,r._;4,tll c.s9 b\+JI y~ l>"' Jsl y~ ~ w4J,hll 0~ ()i Wb 0,.,..,,-, ... all 0-o 

) r._;.,.....WI ~\..:t "'\~I yy-i:; ~ .l9 Js"YI ~I I~ t) ~J ,~\ r..J.,.....Lo c.s9 t5_,-;,,JI .hi....:.11 l>"' 

~ O.).,.....w, c.s9 ~ .)9 "''~' L)A c!9W ~,_;; ~l t5J~ t.- '~ 04,.oll 'c.s9 ~\~\ wljWI .k:.~ . 
uy.41ll <Y~I o.*i.J wLoLa.....o.14 ~ ~ -l.JJJ 0i ~ ,~lsy.dJ c.s9 ~.J w4J,hll fa c.s9 41~1 

. .hi....:.11.J 

b~ c.s9.J o.JLHll c.s9 04,.JI y~ l>"' Jsl y~ c.s9 w\+Jbll ~.J 4-# .J~ ~\ Jl_p..\l\ ~ ~~ u\ \ll 
:~\II r.\.cly, 1.:-1-?-:! :Uh.II 

.~i Li ~ ufo 01 .1.:-1-?-:! ~I r. .J.,.....t..o • , 

O.).,.....WI ~l ~y,u-JI wljWI F- JW:..\I ~i.) w~ ~ <.S~ \ll 1..;-1-?-:! ~' O.).,.....Lo ·" 

.w4b,.WI o~ c.s9 

~H ... ..JI c.s9 ~ laS Hs ~ uc, o.JLHll c.s9 04-JI y~ uc, ~\ y~ tu::i) .l:~ \Ii . i 

: 4-fa'JI 

(r'-" ) Hs = Ha - (Hv + V h + Hr+ Hm) 

.. 
• L...U:,. 

.o.J4-:JI Y~.J ~\ y~ ~ J.)11 Hs 

.(fa, ,,ii) ji.J41.5_,-;,,.ll .hi...a.ll .lyk Ha 

. ji.J4 "'WI .J~ ~ .l _,...le Hv 

.ji.J4 r..J.lia ~I r..J.,.....Lo c.s9 (Velocity Head) o\+JI ~y,, ~lb vh 

.(Friction Head) ji.J4 rts'.u.\11 ~ .l9WI Hr 

. (Secondary Losses) ji.J4 4:1_,.i\.jJ\ .l!I _,ill Hm 

,.Jti....l :U.... tP ~J: \Ii~~ .Jti....i ~W tP (Hs) t})\ .lylc .l:J: \ll ~1_,ll l>"' .u~ l~.J 

~~ ~~\ c;_,ill 

: c.:.i4Jhll ~? \+al~I ~ o .J9 l>"' fai ~~ 

.JJ:.lll c.:.i~L..i . ) 

.~4_;a.SJI wlS~I . 'l' 

3/" 



~ I , ... i_>-11., y~I o(,&.. ~I~ c.J"'I 

foi ~1.1\ u~ 01 Wb J...a.i.:i .ul 'i} ,~4~1 wlS_p...JI .JA _;,..ob.ll w!.,JI c.s! 'il..w....1 <.5_,ill 01\ _;si_, 

~ .)Luc.YI <.fi.c,i .J..u.a.4 04 ~4fil ..>VJI ~1 L.. I~) ~ ,wl.S~I 01\ 'o.Jb'J ~4~ .J..u.a.4 04 

.wlS~I 'o)J'j ~till ~I 

~4hl 4.Sy,,...o 'ohfi J..>.!-ll4 o).)} 'oh_, Ll.l':i - lSPI oy..JI w41,= ~ ~ .b4h:II ~ c,.)4j .ui ~ 

. Jlk:.i c.r ~h ~ 04,.JI ~ ~ ~ u, _y ~ 04 .lStu ~ 11\ JS - .JVill t lbiil .llc ~ 

:A..fJ'll ~.bt...J4 (M.H.P.) ~~I 0~4 ~~I lS.J! yb ~ .ul ~ 

(£ - " ) M.H.P.= Q+H 
75xE xE I 2 

. ~till c.s! yll4 u y.dill 

.(~..>+~I.Shi) ~I~)\ Jyib 

.%V • - %i • = ~I 'o.)_.?. 'o~IJS 

%C\ . - %A. = ~~I 'o.)..?. o~liS 

:~ 

Q 

H 

E1 

E2 

w~I [.J~ .J J.i,IJ.4 ~ LJ,U,:1~ 1 

:~'ii 6..Jli ~ 1c· .:1 ·- ·l 1.....1.:>..J wli..Jbll ~ i -<-·.11 - ~ . . ~ JY u . . , . , c.s-~ 

:I <1lfau ~ I uc ~I ~_jj .llc ~ I _,I ~I 'i>.)_,...,L.. J;;..l.a ~ ~ .. HJ (Foot Valve) rl.......o . \ 

.4-.u~ i> I_ I.~ •~ .l.l ~ • ' I\ • ~ - .>" ~ ~ . ~ 15, ~ -

~w1 ~J ,oy..JI Y-'"" ~ µ1 .u.o <faiyJI_, ~I J:.,.lA ~ ~J:U (Sluic Valve) ~ rl.......o . Y 

-~) .llc ~ I UC 

Y-'"" ~ .u.o l>°yJI_, oy!.4-,, ~I ~fa~ ~.Y-J (Non-return Valve) t».J r.)C. rL.......a .r 
~ Jh I~ 'Li ·-<1\ lull ~ -~ i>W J..aJI . ~, ~ - .llc .. ( ... ol.:..:il . j oWI c.s- J is -~ .J - Y . , . UC . Y c.s-- . c.s- , 

.~~\ 

.l.ic ~I UC ~w, ~-' 04,...ll ~ c.s! µ, 'U4 l>°yJI_, ijyll rl.u..::JI ~ ~.Y-J ~ rl.......a • t 

lSI c~l ~) 1~l j.;,-=JI ~ ~ Y=H .ut ~ ..ill~ 04., t..?.)1 ~ rL.......a c)L....a} .,i ~ l 
-0.1.):. lSI uc ~I ~ ) oy..JI J..,di :I ..ill~_, - t..?.)I f'.)C. rl.......a) ~I 04 

w~ I ~ ~ '->"'4ill o~i 

.~ ~ c.s! .)WI wy.dill_, .bi....all o~l.fo A..fJYI i>Jr.,,.)11 ~ ~ c.s1c yS.):! ul ~ 

4/" 



~I u~/.J y_;,;)/ .~ JL,.&.f ~ <..J'L'-'f 

.Flow Meter u y.dill t>"4s j~ . , 

.Suction head gauge ~I ..bi.....:::. t>"4s j~ . " 

.Delivery Head gauge j_;hl\ ..bi.....:::. 0"4s j~ . r 

j~I 1~., ,..::.i4-Jbll ~ i)$.11 uy.dill_, .:1_;.hll .6...a ~ j~ 12m ~J ~l.-.:a'/4 ~Y- <J ~ \..,S . 
• <211.:i ~~)I.lie ~J t..P.-Jl wb4:JI o~ ~ (4-cY. J~) ~~ tj.JJ ~ ~ 
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~I wy.,:JIJ y~I •9" JL.,c./ ~ I.)"'-"/ 

4.,IJjjl ~I~ ~ .h:iJi ul3I ~JJ~I ~~ ~~I 

,wy.a'.ill ~~.fa~\ wt.DWI 4-u,\.J..:i ,yy!J\ o\+a tjJY w~ ~J.J~\ ~\ JlAci JL..&,...Y fY:! 
.l:?-YJ .yW\ u4y.,, :t?[>i ~I~ .l!l.ill J.lll...a_, +4-Jl j.al.:JI tlhill :i..:..b _,i) o.J_,.....WI _;b.9_, ,:i.cy.JI_, 

:c.)i L. ~i 0.a ,~I wl~\!c.clt ~ ~.fa WJ.J~ wY..:ih..r. o.le 

w ~I J..bh..r. - , 

~)\ .l!l~I yk wY..:ih..r. -'I' 

u~I ~..1\.t..Q 

wy.a'.ill ~-' ,o.J_,.....WI ~ :i..:..b_, o~I u4y.,, A.c_y.,i 0.a JS~ 4DWI ~t.JI u~I ~.:it-. ..:i~ 

: .iJij y _,1.h.J\ 

(' -'") 

(wt r) 

(w/r) 

Q=AxV 

.iJij 1.-1 .IL .I\ .,~.,. 0 ,1\ w . _-:I\ 
-~ (S, ~ 

:i 1.,1.,. ail\ o~I u4y.,, :i.c y,, 

L ~ 
2 

= o .J_,.....WI thLl :i..f,WI :i..:..L......J\ 

Cr) o~4 Oy ~ 0 .JY"WI ufo L..uc (Si 

(r) 0.JY"LJ.J ~\.ill _>bill 

:~ 

Q 

V 

A 

D 

~..:ih.J\ o~ rl..:i::.::i....~ ~ lA.fi~ ~\..JI dJ.,uc,YI <.)A 4+~0,0'111 :i.cy.J\3 u4J0ta'11\ u~I ~~_, 

.J4hl i1: '--»""1_.,...11 ~I d..Sy!J\ wu'-H ~J t_P.-)lu .lAfa ~tw......1.., O.J_,.....WI ~ :i..:..b yk 

.o .JY"LJJ ~~\ _>bill ~ 0.M fa .fi.l y _Ji 

~)\ J!\_,al\ '":I~ ~'JJ\.t..Q 

J-o4'J - ujlA 4.\.)\.- 04-JI -»""I_,..., ~ ~ b~ WJ_;~I w'l/.)L..J\ o~ .foi <JA 

c)c J-o4'..,-ujlA ~.:it-. ~.., .(Colbrook&White) W:/1..,.., ~..,yl.,S ~.:it-. dll~_, (Hazen - Williams) 

:~'11 

V = 0.849 C R o.63 S o.54 

And 

('1'-, '1') Q =AV= 0.849 C A R o.63 S o.54 

:up. 

s;," 
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(w/r) 

(w( I") 

~_;,.JI 

w~I 

V 

Q 

_y, ~ ,4-J ~I .:il_,.JI_, ~1_,.JI tY ~ ~-' ((j-a4l_, - uj4J) ~I.S.-:i.:...:/1 J,ah.,, C 

(i-H) 1"9.J J_,~4 ~Y' 

D 
= ~ -'.J~I J,a~I R -

4 
-

2.D2 = (\) ~L.....JI A 
4 

(I") o .J_,.....WI _;h9 D 

; = ~ -'.J~\ .h:JI J;... uc- ~-' ..'l!l.ill J.A4 S 

(I") .b......:::JI c.) ~)I ..'l!l.ill hr 

(I") o .J_,.....WI J_,b L 

tY ~~_, -(~4 ~) 4-J~I ~ w~ ~} 4-J.:it....JI o.lAI 4fa. (j.c,4]_, - ujlA) i"l9 ..'l!_, I~ 

c.s-9.Jh ~ .hi...all ..'l!1,g...9 ,A..cyJl...9 ,µ1 ~ w~I :i.h.....lY. ~ ,~ ~w1 w~...9 ,~_,b_, 'Y-'-"l_,.JI 

•0.J_,.....WI 

6/' '( 
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' .. • ( y __,.bll u,a o .)_,....Li) r 

:y,j ~h £ 
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:4..iL.y,..14 ~ ) 4..iL. ~ 0 
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~.llt...a wl.l.S. - I 

' " . ~wl.l.S. - y 

,ro 
1.5 jS yJI J _;hll ~fa. ~ ~ -~ 

,ro *(.bl.h.J4 ~) ~~ r'_,b~ i 

"'. ~~h V 

' £ • ~G i.l .. ~l::.. · uLli • . . .Ji-" • . . .) • A 

,£ .-,r. (9 j.i.JI w)L.o .,U cs'"°WI ~ t_,.ill I~ r"~I) c.>-='l..a.J ~ 
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Practical Hydraulics, by Andrew L. Simon, 1976 :~1 
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~/ ._;y.,:J/J y~I ~~ '1/..=I ~ u,w,f 

l1!LS..J\ .>.!····ii..~\ ~fa 

ui J~_, . .bi....all .l .JAC ~ .lSWI ~ w ~I ~ ~ JS ~ ~ 0ts I~) 0tus~ uii .J_,.....WI 01 J~ 

~ ~~I w~ y_,l.......a ijy.di ~ 'o.Jy.,,WI c.:u\S \~} ,_»uil_,.J\ UA ~~ ~ ~~ 'o.J_,.....WI 

. .bi....all .l .JAC ~ .lSWI 

ylb ~b ~) ,A..\~ 4h ~ ~ w~ c)l ~)I w~\ J.iyu ~b ~ ~.):JI o~ ~.., 

~~) O.J_,.....L.. Jl-¥w,y 11m.., ,o.l;l.l;,- .b_,b. :i.!L...:oJ.., ~YI o.)l;j ..,t ,o.l;l.l;,- ~u.J ~.J .b_,b. .lA 

01 ~ ,=i1ly;.1 ~ts.JI 'o..J_,.....WI o~ 0~ LJc .oh\_, 'o.J_,.....~ c)l_,il\ _,i <.S)_,il\ c)c. :U....O:W\ _»uil_,.JI UA 

~b UA JS ~ ~ts.JI 'o.J_,.....WI J_,b_, p y~ c.J"-U'1 c);! 4s ~_yu_, .~I_, y,i:- lk.._;Y ) ~_,b 

• <.S j1 jill c)c. :U....O:WI _»uil _,.JI_, c)\ jill c)c. :U....O:WI _»uil _,.JI 

~ljll\ ~ ~I ..J:!,WII_JAJI :'/Ji 

, 4,.1o JS ~ .JW\ w y.dill 4_,1.......a , c)I _,ill c)c. ~\ -»"'I _,.JI ~ ~ .JWI , ~ jiWI w ~I 0fa. 

~~ 0 ill_, ,~ c)SII .lSWI 0 _,t....:il ~ ~ ~ .b~I ~ .lSl~I 0i .J\+icl'I ~ h)'\ ~ 

c)\:'i.ly_, ,.lii.11 J~.., ~y.J\ .)~J ~ w4b,l.JI l,)AJ .;_)ts.JI _;bill~.)~ .)WI w~I 4+a~.., 
: 01 U"\.. • .J c)c. tlll~ _, , (i- t - , t) ~y LJHA .JA Lo.5: ~ts.JI o .J_,.....WI J_,b .)~J 

(o-, ") 

(i-, ") 

(?) 

Q=Ql = Q2=Q3= 

H = HI + H2 + H3 + ............. . 

:~ 

(w/'c") w~I J~ Q 

.bi....al\ ~ .lii.11 )~ H 

1.5j\jll\ ~ ~\ ~l~I :~~ 

.h:.. ~ ~ 0 .)WI wl.s y-,:,:;ll t ~ <.S .J~ c)S'I w y-,:,:;ll 4. ~.JL:i.., .1u.....:o.l\ ~ .lSlill ufa. ,A..lb.l\ 0~ ~ 

::i../J\ u\l.ll., .. .JI U"Li c)c. yl.u..:J\ ~.., .(y-t-<\) ~Y LJHA .JA Lo.5: ,oh c)c. 

(v- ,r) 

(A- H) 

Q=QI + Q2+Q3+ .. ........... . 

H = Hl = H2 = H3 = 

~\&.I.bill ~fa -Y 

:4-;ltill JI->"")'\~ ,~-lA o4-c ~~~\~(Method of Sections) w\.clbil\ ~.>6 <'~ 

~.b. y )h.JI 01.S...J\ .l.)c. ~:w..l ~\ oy uS :i..9 ..?-A J\ Y-J , 01.S...JI .).)c. c.s9 ~ wh _, o.) __p.,. ..JA ~~\ - ' 

.y~lo~ 

1 o;," 



~I w~!_, yy.!}/ ol:f. ~/ ~ U"'-'f 

.c"'_;JI 0.a ~~1 1~ ~I w.ii..al.., ,~.l.o.11 c).:... ~1.J-4C- (.:11.ll.ol) c"'Y t.:ih.., 0.:1-"""_,... ~.l.o.11 - r 

. I. •.c. • ' .:I\ , .h..l Llu:i -I 4.ii.l.JI - i ~~ Y-.J . i' , 

LJA C-'lfa. ~I ~ ..i9lill J.:1.,u, ul " ~.J ~ lh.J~ ~.J.J ujlA r1w1 ~.):JI oi.\ tfo' ~.) 

o4-JI u4y.,, o4,:il ~ 4.:1_,...c tl...bill ufa. 01J ,4-fJ'w/r"' , o . - , • 04 4.cy.,i !LSJ'~ t.... ~.., ,%,-, 
. JS.l ~ .LI\ oi.\ wl .L.! I. w . . ." .. -:11 ~ 'I .;...~,, ~ . oW :us~, .b .L.: II 0-" . ,.Y"""' ~ cs": - tJ-"I yu J t::j.JY" . c.s-'. c_- 0-" - ..,......... 

.o)lci 1 · · ·11 Ll...JI 4...i.iilll I ~I • .. -:11..:J\ ~ .) , .J IS .J U;/-" 

wl.S...JI .,~ ~ .):!i:i l.!i..9~ '--16. ~ :'J..9i 

ufa. ~ ,<.s1}11 ~I ~J.)~I ~I wl_,.b. tfIJ! .&J_,~ lA..)lb!1.., WI..! ~I ufo ,~WI 0~ c) 

: <.s1~lS yl....:JI 

.)WI wy..dill .&j~ ~ ~I L)AJ (% ,,i) ~~I c.1-JI 4J (_}.afo.J lA._;hs WJ~ O.)_,...,WI -, 

-~ 
~I wj\.S w JL.:i I ~}9 ,~_,lb.JI wl! y..dill C"" u.Jli:J ~ , 4.c _,bi.JI ...»'-"I _,.JI ~ ~I wl! y..dill F- - t 

O.)_,...,L.. ~~ Laj ~mJ ,~I (.)-0:!~ LJA ~ fa.i ~_,lb.JI wl!y..dill wj\.S \jJ Lai .~ts 0.:1.P.'_,.JI 

_,i +4-JI <.s1J 4,1..:.. c) ~! ~ ~I t)~I h1 c) ~_;) J..&JI wy..dill ~ o.:l;l~ LSy,..i 

.~l!y..dill ~ ~I (.)-0:!p ~ fa.i o.:l;l~ LSP~ ~..i9 ".JY-"L.. JI~~ 

~.wl [.J~ wlJAl-11 ..11-UAI 4.16 ~ :~Ci 

.J\.+u:.YI ~ ~'y\ C"" ,lA..Jlb!l .:l;l~ c"'fll ~u... ~ ~~J tlb! 1=..i <.s1J .&J~)'~ wl_,.b...11 ~ & 

c~ C'""_;JI 1~ f'J)UI wy..dill 0ts .,i ~ '~" •• uc- ~ Y ~~ c"'Y LS1 Jy,,. ~ fa ~i ui 

. ~m 04 J!i ".J_,...,t.... <.s1J 

~I J.:,..b wlsy..dill µ <-?I wY.:1h....ll 

.J~YI ~ · 4.:,,. WI wl! · _-:11 t L.:i J~YI ~ 11 ~\.:Ill wl.9 · --.11 t - , 0-" . .) ~ ~ (SJ (.S"'. ~ ~ 

("1- , ") 

('· - '") 

I Q in - I Q out = Zero 

Q2 + Q 1 + Q5 - (Q6 + D) = 0 

Q 1 + Q2 + Q5 - Q6 = D 

.~ LSJ~ l»"-4 o4,.'.il ~ ~I ..i9IJ! t~ oyb JS,l -Y 

I hr = I K Q" = Zero 

11/' 'I' 
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~I t...J_)uJ]f.J y_,..;JI o(µ t.fw;.{ ~ {..),ILLlf 

~Ji ,y,,.,,lyJI 0-4 N .J :i.b..l.fu.ll y,t:. _)l_,.111 0-4 L _, u)L...a_,l\ 0-4 J ..)..)C 0-4 y,,.,,lyJI ~ ufo 

: ~till .'d. . .bh....11 

(" - , Y) N = (J - 1) + L 

~\ o~ J:J J . y,,.,,I yJI ..)~ 4.Jb ~ ~\ ..)..)C 0# ~ _,h....i y,t:. o .JY"la JS1 _w y..::ull ~ 0 ~ _, 

.u'i..)h..J\ 0-4 (J-l+L) ..,i u'i..)\.-1\ Ll4 N ..)..)C ~J e::lh.i 

.~ _»i:- y,hl! (L) u'i..)h..J\ L.i ,~ u'i..)b fa (J-1) u'i..)t.-.1\ 

.~ Jfa. u~I o~ J:.. cs9 Ji~\ rl~I tY:! ..ill~ y,,.,,lyJI 0-4 ub..o ~ 1.5_f=':J ~ 1.5i 0Y.., 

. ..ill~~ 'i~ (r-, Y) ~.J JS._.!J\ /..),QY-:/..9 

p 

D 

I 

D 
0 

:J~ 
Q = 4.45 cfs 

D= 12 

L =3000 -- --II~----_.:::.::~~~---;------==:::· '::r'1 ..... ~ Q = 1.1 J cfs• .. 71 • '\ 
no=JO 
\ 

1
~L=3500 0=6 

L= 1000 

= 

= 
= 

= 

3 

Pipe 

Diameter 

Length 

Node No* 

Pipe No 

~ 5 
D=l2 

(r-, Y). ~.; ~ 
L=I500 

0 

4..W.A o '\J • .':<I ,,._ - - I ~ Jl:i.4 jJ (.)A J- <.r- i.s ~ ~ .JA • 

K1 

K2 

K3 

~ 

Ks 

13/'" 

C= 120 
L = 1000 

Q = 3.34 cfs 

:~ 

(r- , Y) 4-.bb 0-4 K 

= 2.018 

= 5.722 

= 19.674 

= 4.847 . 

= 1.009 

J~, ,~ cs9 

4 = J w)l....o _,JI j..)C 



Qi + Q3 = 4.45 

-Q,+Q2+Q4 = -1. 11 

- Q4 + Q5 = -3.34 

(1) 

(2) 

(3) 

~I u~& y~/ ~~ JI,.,:./~ u-,! 

2 = L .Jil _,.lll .)~ 

J - I + L = 5 ~.,Lh.JI w':/ .lh...11 .)~ 

:J ~I .1.~ ~ wliy.dill w'hL...o 

: L .Jil _,.lll <.s9 ~I ~I w ;I jL...o 

4.c U\ y .J~ o 4,.JI <.s9 _, ( i - , Y) 4-b~ u-a _, 
2.018 Q, 1.

85 + 5.722 Q2 1.85 - 19.764 Q3 1.
85 

4.847 Q4 1.
85 - 1.009 Q5 1.&5 - 5.722 Q2 1.ss 

= 0 

= 0 

(4) 

(5) 

LJ'I.Jfi r.S J_Jlk. ~.;b -f 

JbJI_, A..l_,l.: .. .JI ~ ~ ~.., , , °' ii rb (Hardy Cross) rY.J.P c.S-l.JI.A r-lWI ~.):,.11 o~ tfol 
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.Q ~lfaYI w~I ~1 !:lq :i1,1...,,,,-, 

(' ,-, '1') Qn = Q+!J.q 
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• Curve A source : Babbitt, H . E .• "Sewerage and Sewage Treatment." 7th Ed., John \Viley & 
Sons, Inc .• New York .(1953). 

Curve A1 source: Babbitt, H. E •• and Baumann, E . R., "Sewerage and Sewage Treatment." 8th 
Ed., John Wiley & Sons, Inc., New York ( 1958) . 

Curve B source : Harman, W. G., "Forecasting Sewage at Toledo under Dry-Weather Conditions." 
Eng. New,-Rec. ao. 1233 (1918). 

Curve C source : Youngstown. Ohio, report. 
Curve D source: Maryland State Department of Health curve prepared in 1914. In "Handbook 

of Applied H ydraulics." 2nd Ed., McGraw-Hill Book Co., New York (1952). 
Curve E source: Gifft, H. M .... Estimating Variations in Domsetic Sewag-e Flows." Walertoorkl 

and Sewerage, 92, 175 (1945) . 
Curve F source: ":Manual of Military Construction ." Corps of Engineers, United States Army, 
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Curve G source: Fair. G. J,{., and Geyer. J. C .. "Water Supply and Waste-Water Disposal." lat 

Ed., John Wiley & Sons, Inc .• New York ( 1954). 
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in which P equals population in thousands. 

Ratio of extreme flows to average daily flow compiled {rom various 
sources. 
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Section through gas-mixed high-rate sludge digestion tanlc [from Walker Process 
Equipment Dii:is fon. Chicago Bridge & Iron Company]. 
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