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tc-~kype u n i , t .  Ihese prc3bl.e;ns wc?l-.e cr1r-rec::.(let:1. I'here was a:l.sr!r::: 
a p r ~ . t : a . t y p ~  ~:):Lan?: cons.l.:r.ct(:;:,M at Barrarr:3pr-)lj.s tl.lat a].?-. ,2 t..! e:.:-.- . . , 
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a l . 5 ~ )  cor-r'et::.tec.j arlcl t h e  re5;u.lt.s yj.ver1 i n  ic.1-1~; b-.epc,b-.t a r e  tor-.... 

rc3~1:. . fur- a :sea:l. iz.Ilat r:loes r iot  al. low a i r  :leaC::age. 
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Ihe cons.krt.lc.!:,iol--I prc:~bl.ems; w i t h  t h e  seal. 1.ed to t,/-ie cJec::i.sj.c;n 
t:.!:, abandi..?~-1 t h e  .~j.pl-li:in k!acC::wa~ih .fc;r- 1:he .fi.:I:l.:el-.. :It was; r-ea-.- 
~cimcrl ttia.t: i f :  qc.tal.%ty corlt:.r.ol. i n  t.he cc:)ristv..c.tc::~1.:.i~313 0.l: t h i i s  
ap1:)ari3,t1..!~; t.ra:ii a pr-l)b:l.fifil *;or +j.r..ms; 1r. i  C:t-tr-:i.'tj.k:,a, be t te r -  1-e--- 
scil t.;., cat.d.1 (:! I-,GI:: be e;.:pec.ted i n r.r..li-'al areas. '('tie reader  j . 5  

...,. re.fer.r.ec:l -ka :;er::ti.wn 4.,,.::,.1. .Far.. +\..lr-.ther clj.ii:,~::~-tssj.~~l 0.f ' t t 1 i . k ;  

j31F~3h 1 prn " 

-l"he sir:)hon bacl.::wash f i ] . t e r  ~/.rh:icl-j c:!per.ates :in an essenl:j.a].:l.y 
c:urirs!:.ar'-~t r a t e  moc:le w a s  s-ep:l.acecl w i t h  a pc.tiTl(::) ba!:l.::washecj de--, 
c:].ir1il-lg 1-,3,t:e . f i l t e r - .  1.k. :i.z; we]. 1 es.tab].:iskier:.l ti.1a.t e.f:$::i.l..!el-lt 
.f r- c, ,,n if\ d~;7c:Li~?:i,ng r-a.ke . f i I . ter .  :i.s of I:)e.t.te~- yual.i,lzy t h a r ~  e f - -  
$1 \.Lent ,f:rorn a c:e~ns.[:an.t: ~-.a'te 4: i :l tsr - .  K i  c:htpr Ha.; we:[ 1 aw3r.e 
. I-. I-, .I: a;:: .L .i: ! r u m  - .. h1.s pr-evj.rrc.crj rl?.;.rper-ience wj:tR ,F:iltr-aZzi.c!n 

SAI\JF::'F::'fiF -.- (nade .tt?:i.s clesiqn d e c ~ ~ i a ~ l m  "l"1.i~ s l i g h t l y  n;are 
compl.ei.: ~?per-a.k:ion o,t: a n:anualI.): bacl.:washe!:J clecl.j.ni.ng ~- .a te  
-I:j.ltel-'was r.lo't a pr..(3b].~.[n . far we:l.]:..-t~-air1ed c>per-a.i:.or-:; :i.n 
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(41-1 ecar~ocnic: !s.l.:c.tdy was made cornpar:iny t h e  r,as;t!; t.l.-,e s112i.\ar-i 
bacl.::wash f i l t e v  w i  t h  t h e  c:usts caf tl-.le )JL!.~~c:, bat kwasl.lr.c[ f i 1 . ter 
a 1-1 !"I 'k. 1.7 ti? r" E? W i3 % % i t i:. I? e c !::in om i r:: van .!I. a g I;? a f :  t h e f (3 I-. m $:? v. !:: r::) fl\- 
pared t c : i  tl..]~ latter., "li-lp . C - 1  I c.rrrler' r'eq~til-.c?s e:.:.tt-a i ~ e a d  3.t. t h e  
1:) eg 1'7 rl :i. n g of: .I:. 1-1 e F:) 1. an 'k w I-1 :i r 1.1 r @!:I r..! i r. ec:. a c (311 :id:. ail .t t:: tsr1 5c.rmp .t j. or-, 
(:J.F ene r -yy  al-.lJ ~:?assib:l.y la rger .  pr.rmp. l h e  %a.k.i:~.r.. req~ri,t-.es, ~ f :  

K!2c!.r-ie9 all ar::lcl:i~i:.:i.ona:L ~:,!-tml::l anid inc:3r-e c,l3era.!:.o1 at.(:e~~.t.::iaii,, 

As ~-lo.tecl at:?c!ve, water. : t t h e  sma:l.l. cr!:,mrnl.rnj.tjl leve l .  
war; a ~:fr-:ici'..i.l:y w:i.l:tl SAflE_IZ'{AI::i when %Ili.s pr.u,jec.t w a s  ini.'t:i.a'b.ecl. 
.. . l ' h e s e  r:::otr~fnr..rr!i..k.i.es; hacl rlc:: trea.tecl water s!..rpp%y. Id~~.'-er... =. L. w a s  
ilbi:ai.ned +r-c:lm iridivj.dt,.~,:~% s~.rr-.face w e l l ~ ;  c!r. s~rr--far_e wa.ker-:j, 
C:jl:,ser.va,tj.on (::i.f: c?:.::i.;.tin(~ we:lls i n  v i l l a r r ~ e s  r~j.tl-1c:~~kt 1::jipecl Ma.-.. 

ter -  sr..tl:,ply genera l . ly  s t t c~~ec l  thetn t o  be b:.-!cl.:'.et b!ell:j  !:.Plat 
were e:l.evat:.ecl, c::averec:l ancl c2.f gc::od (::c,i-i:.;t~r..tc:tj.~n. '1-he cover.5 
w e  r- e I::) 1:: .k u rl j, !-\ 1;:) :!. e:. 1:: e l"hrr-e was n!)t c~ne hanclpi.tmp s e e n .  
'rhe:;e c:!r. w:Lnd d r i v e n  pu;nps a r e  ncjt r..rser:j 1r.l g::'ar.ar; a. A .few 
(:)i..rtI-;!:)L!r:;!?s ~.";:l@~:liC?C:i"tl? C U ~ " ~ ~ ~ ' ~ Y . . L I ( : : ~ ~ ! Z . C ~ I - I  WPI'E ~ : ! 5 C 3  C ~ ~ ' : ) S E P - % ' @ ~  1 T . I  
t." ><.. # I t  .... >e ~<3lTlfl~l-trli.t1 E ? 5 , ,  

F:':i.pecl wateu. w i t h  indj,~v,icl~.(a:l hc!~-rse connec'l::i(:~i15 w a s  'kt::! t;e ';;;L[F:I.-.- 
p.f .- ... pl :;eel. I : :  1 . 1, I: I -  1 .  ... I;.-. y c : . 7 . ,  ,,.,% ,r.. o.f .kI.ie wa.ter,:'.ll;ar!i.(la.!si.on 

rleeds ar\r::l cl@s:ires; 0-1: tl-le :I.g(:al irlhat:~i.tar;.t:; ~ & l - . e  tsl.:en. .'f'i.ic? 
clue?.;.kic!l-i o.F pr-c,vi.l-lirlg yar.c:l tap.-; ccr even :~;tancll:,i.pe._; kc3 r-eclr-rce 
l..r a t e t-. t::: cr n ri; t.c cn p .t: j, a n , :: c :  . I r I w a r; t P IIV a t e r l r .  a d  i.r c t i CJ n w a 5 1-1 0 t 
1 -  r .  Sewer-:; were r.lt:3.k plarrriecj -f:!:,u. :i.n . t h e  j.rn{nc>c!j.-- 
a t  e ,f: l.t .!a r..r r e . 
"l"here was c:!err!arlci for.. l::)j.l::)ec?: wa. ter-  arl(::l p e o p l e  &!t-.e genel--a:[ly 
i;:. e:; 1 i=? +:, a .f .f ~2 r- cf :i, t a A HE: /:::'A c:) 1:) .k a 1 r-{ d e s t j. m a t  e s; .k. h a ,k 2 i'l, .-.. :3 (i, 
t:~erc::en.(:. of t:t\a hrl~!-.;el-rc:)l d s  r aic-eas w i t h  p i  ped w a t ~ r .  
:~uI~c)I.Y i~~ i~ : i .1 . i> t : ) : le  were rtcj.t hc!ol.::ec:l l..!.p. SAI\IF'F:'AR - ~:;rt:~vi.cfe?; .tt-le 
w.ct.ter n;e.h:er al-\d h(::~t.j.r;e cc~.nne(:::'t..~rl; it_ 1:; C . C ~  .t!..l@ h~:)~1.r:;et.l(31~'1:1 
: r : 1 d 1 r - L p I. I :  i. I- t I-l;:!l..iseh ;:J I. d 5; a r  e 1-1 at. I-) ae i  1.:: eel !..r p 
1:) e c a I-( 5; c:+ t 1-1 y a y e 5 a t j. ~5 -f :i. E! d kg j. 't i1 t t.l e :i 1- w 1 1. 5 !..I p 1:) 1. y 5 r. 't:. 1') Q y 
a r e  t..!r\i;:.t:,].e .to a.$.ford $.ii"\NI_:F';(-iR'z> tarj..1C.f: 01- bc,tl-.\. s N E F:' A 1::: 
.tl-io\..r(~tli::. tt.ie f c ! r m ~ > r  reas!::jn wa!::; ti..~e rno~;'t  c:c!rilm(:>r.l rea?:.on f ~ r -  

i'fi/\I F' 1::' A I:" 2- 
.. . 

:Larl:t:: c1.i: a i-\oa!::~!p. ,.., . I ?.l!:,es n u t  have r:l i. .P .f :L c~. ..r :L .ti. e~s  cc11. 
letting bj.:i.ls :i.r! rc.rrfi:l. c:,r !..rrban area!s. I:r'i,i:ejv-ma.tj.o~-~ an wa.telp. 

I := .f:c.?r SAl\IE[::'fiR . j , s  ccjnti;Ij.r.)ecj :i.n t h e  bc:~ol::.-,. ar1r:f I+;~E;.~EI/J~.( . :E?~ .hi::,r..i.f:.L,- 
~ , ~ t  n ~ : ~ ~ l i t i ~ - . ~  ' . i "ar . i . far jau - .  Tile c~.rt-t-erit, tar.:i:f.fs ,f!:::ir- wa.ter arli::l 

sewerage a r e  gj.v@ri i r i  " ' labie 1.. !'Joke .l::(..~a.!: t l - \e re  :I;.:; a ni:i.r,\iiric.m 
chart.;= - for. e2r-h c a t e g ~ r - y  r-.egfil-.clle.rs 03 (::lcrantit5j ~ 4 :  water. . .  

-,.. 
C: u rl53 I-s in 5 !:I 1 he c:u.!-.r-ent (:3f:.f: i ..c;al ' e;.;change r a t e  ?:?.';.';"' 
[::ir.?jy.eiy<~~- ti:, . t . R e  !J.$i. d g l  1 3 ~ .  

. - 1he pu-iinar-y c;elec:.tsii:!ri cr-:i.ter-ion + o r  I.u;::ati.ng t h e  pebb:Le L::eti 
c.:on't:.aini.rlg water- t.r.eatfl\ent f?larl't.; w a r ;  the qt..ral.i.ty si: t..!..\e raw 



I"w~?r;?:,~-..~cj.gh.t plar.l.ts %i. :sted :i.n 'Tab:Le 2 ha\/e t:je~.n c:oris{~r.~~,!:::.(;c:+,:i 
sirlc- :1.382...-9:?;. '1"l-1 er-e ay 5: 1 (.) p 1. ;slli:.. :> 1 :i. r:j.k: r-:lcj j. ri 1 e ..:j ...,. (:: (1~- -- 
~c P 1-1 t I, y (.! I-) c:l @ t-. i: on st:. ir. C.I c: t i Q r l  ,, 'The l(,cal-j.~r~.)~:; I ~ . $  e , . : i~ i t i r l g  and 
,f: i.!. kl...~r e j : ~  :L an t  .i av e g i veil a n  1:' :i. g . : T".le c ocnrn~..~rl j. .t :i. e y j  \..r:;(-Ia :L :L y 
have 9i;p~Ilatj.i::)ns : I range o-C: 1 ,OCto  5,(>(.ii.),, F . 7 1 ~  h t e I-. 

ad p r- ov j. (::I ed ar:l t: :i. c e 01-1 t w (1 sCj d :i. t :i. nr.1 a 1, p 1 ;:t~-l.l: ':i (::m i?;k r ?.I!:_ ,t e d  i c..) 
.the n~r.t:t.;el~-r.) s t .a te  u-1: L:eara 2nd 3 or- 4 ~:,1arl.tsi r:c:jr.lrr.i,trc!c.tec.j i r !  
.k.t-ic? ;lso!.dti.;(~l-.ri st<g,i:p c3-f: :ijar.)ta [:fa.tar-:iiia. 

F:'revj.okrs clesigns f 'c j r  :;mall c::(:jmrnc.(rtit:ies irlcl~.t!:jed ;I!. vi.ariet): 0.f 

c:!~n.i::i,qura!lj.onc; u?;l-!.al.I.y .j.ric:orpc:)rairing .f::Loi...i-rttat.'.. .... .. r. . . - i, ~ ~ r i  5 e d  i rr)er!..-. 
ta..t.io~-~, .f:i%.t--i-atinri and clisj.nf:ec:f-ion; sonic. c!f .t.tiese were sc )  
c_omp:lj.ca.l-eci ( 2 s  !za r-ec'l~lir"~.? mure .than r:,rie ol:)er-atr::!r- as c:ippa:;r-.d 
hc! Jess than  c)ne (:)pel-.ator r e q u i r e d  i:n upera te  t h e  dec;:i.gr~ 
p r c.j f-1 o 5; e d a :; + h 2 r. e !.1; L! 1 *t. ,i: .t 1.7 e :s @ t LI, c j  :i. <+? .; . '1- 1.1 @ e a 1.' 1 y (:I e 5; j. n 7:; 
w e r - e  f :u l lowed t:)): a s.tanclard baf:-fl.ecl hyclral.tlic.: f::i.ucc~!l.a.k:.ar., 
[:!I.ain :%ecl:imeri.ta.tj.c:!~-1, c:on~;tan?:. 11-ate r-ap:i.d .f:ili:.ei- aricl dj,s.j.~-I-- 

-I:ectiarl z;ys'terrr, 

-lhel-.e wa?:; a des ign,  c[e~.2~e].ope~:l by  l::;ich.ter, -ktiai:. war3 si:,ar-~r::lavd 
iinrn~cij.a.l:el.y pr-e!::eding t h e  pel.1t3l.e hec:l ?rni:t. TI-)e rigr?:if::i.c:an.k 
f:ea.t~!res a-f: t R : / .  ~i des i  g1.1 Her-@ a con t i g~ouc- i  c:c i r i f  i gc.(ri-tt.i. or') o-i: a 
c:: en t r a :I. :I. v :I, as: at e !:I rn E (1: PI GI. ri :i. !:: a. 1, .f :I. (:>c:: t:: !-I ;I. a ?: !::)I*- 3 LI. r- r- n :.A r~ <:I F? (:I 1:) y .t c; I.-! r- 
:I. amp]. 1. a ~: iedi mel-ita.ti c)n t,a.l;i n.; and $cjur- d e? :: I. . r . !I c  Y a t  e -': 1 .' 1 ' i, .-.. 
2: 2 r- "1- h e crl-i i. t:. i r; cn on s t i-. t i<:  t e d c:l .iC c r n n c r - ~ t e  a n d  .I:he c:i.)mrnon 
w a l l . %  :+igni-l:j.!_ant:].y ll..eb(..\i.:e t h e  amoi.(n.t of caric:vetp ar;!:j r::an.- 
. r . : . j. c r 7 3 .  I:- . . l I.- e !:i u :i. ;.- ec:l . "1- h e c: o rs .l- !I; o f .I:. l.i j. !s 1-1 r i  i. t w e  r- t.2 
a t:l g L! t A (::I 1:) e I-' (:: e a . I  0 .{: t h €2 r. c) 5.11 5 o ,f t I-) e c on :r. e n .k i. o ri a :I. i-! 1-1 i. t ,, 

The .i:l.ocl:rila.kar i s  a ,t.aperec:l .f l.acr:!..~l a+ i  o n  !.rr)i t w:i. tl-i a vari.-.. 
a1::)l.e :;peecl m%:.:irig r;)ntor- anr:l ~:;adcJl.es t h a t  may be :I.ocat.e!::l a t  
d j , ~ . ~  I I e r e n t  .. 1 - I F ~ C J ~ ! . ~ S .  [)e'ter\i:.ion i r l  t h e  ..i:].o!::c:~!:l,ai::ot-, :I..; 2ij 
mirlc~.tes. T h e  -f:il.l..~>r.; - - ar.,e dec::].:i.rl.ir\g r a t e  al-)!:l 't1-i~ oi!tpi.rir. +r.a;ri 
4.1 h r- ,:? ..e .$ :j 1, t ,-- 3 I ,.. !:- :I. ' 5 1-1 s e ::j .k C) k! 63. C: C:: izia P; h on e . 1"l-i EE. 1.2 a c I.:: w a ::;I-i 1 s c: !::)n 
.t r- o 1. 1, @ !:j 1:) .r/ r;; a 1-1 L.; a :I. 1 .r/ c) p (*! r. a .l:. p 4 \/,a ,d p 2; c:) p 2 P.. a .t e ci t:, y n r.) e 11 a ~1 d 1 e . 
.. . 1' 1 )  E+ .. ." - .- 'A 1,. . (3 f i: 1-1 j. 5 I..( I") i. .t:. i .::i 1 i::) ..... 1. 2 I.". / a y I"; i. q - h e y ,: T' 1-1 i i. 
't: h e rr) i r! :i. fn cnm f: l a w r a .t e r' e cl L.I i r ed t:. 1:) a 1 :l o w  c:) 1-1 e 4: i l t e t-. t c:! I.:, e 
I:;ac:L:wa~;l.iecl b y  o.tt?er- fi:Lt:er-!%. A mini.rriur!i c3.t :'ow- .E:i :l.ter-53 Y L ? ~  
1-1 e e (::I e cl ,I:. r3 a 1 1. 1::) w o r i  e 4 j. l ,t e r t;. r::) I;:) e b a c: I.:: w a !s 1-1 e c! t i  y t t) e o t:. ti e r, s . 
6\11 pl.ai..).ksi a r e  c:lezi.gr?ed .i:or a $:i.c;w c;f 150 l../cap/day arid 
avev.age c ~ . f  5 p e r . ~ o n s  per. ll(:~(:)C::l~p. Act~- \a l  ~ : o ~ s ~ ~ ~ l p . ~ i o r i  i l-! t h e  
r-r-iva]. ar(sa:+ :i..r; 1i.n i:tie r-allgE.! 3i::j I.-,~'cap,s'~a.y,. 'l"tlar-e 1.g; cl;nly 
a 1::) c! I...( t a :I, i:j p e r- c:: en t %-/ a r j. a$:. :i on j. ri c r l  ,-. 3urr!f:!?::ion t:lir-'c!!.rghni.!:t 'tl.ie 

..,, year. . !..~2~.1~~!c?cieritz3.y {:I-ie~ie r i !  r operated +:I:J;... o n l y  a 
.+ .- .... Jr i c,n ,..,.f 

C :  . ... 2 cl ay !..I s?.! 2 11. y .f r. c) fii 5 c:) 1. 2 1.2 0 l . t  r. i i  a ~1 a*;.. j :i ;..i 



!::+ma 1. ;I e r cr r:~ en i-ri~.! 1-1 i. .k :i. e s . 1 "  I -  . 5 1.ir.l .j. t j. 5 I-' e 4 e r- l..' c i:j .t:. ?;l, 3 F:; .t e c: i:; ri 
c:: I?. e t. e !..!n :i. t l a t r. r- o rr . 
Al. l  r-oerlponrt.rll:.ci; .f:c,~-. t i-1 i !i; I:, ! an t a r. e crl 3. rl !.~:f a c: t:. [..! r e <:I i. ri E{r 6:). z I. :I. - .  

e r ; i. CJ r . 5; ; c: G 1 : I -  4 ; I-) aweypr- , b ' ~  (.I I:? j. c 1-1 4:. €?P. 1-7 r- l zse~ l  .t e!::( 
t1"ii.c; dez;%gn a!:. a !::onf:iar-erlt::c;? .... +or.. Sc:j\..r.Ih fi(fiep..:i.carl:; i t  wa!;; r.e..... 

. .. 
.j e c it e d . "I" F; &: r- e a s c:; r; .f (:I r. I-' e , j e c i:. i (3 r.1 w 3 5 i: bl e I. a c; 1.:: r.1 -j: a.yr .a J. al::; :i I. --. 
j, t, Y L? .l: t 1.i e 4: l o !:: r 1-1 1 a t o y m (2 .t 1:) I-. i ri o t h e I-- t3 c> [J .k: i-1 A m  e r. j. r:: a 1.1 c:: r~ (,.[ 1-i ..-.. 
.!: I... .i e ti:; . 1-. a b E? l I eci E; 1 :i i:l t. E:, r:3 6 t h j. 3 I..( r-I i. t 3, 1-1 (:I 0 4:. 11 ~2 r- \-I,I-~ j. i: ::, ~ 3 ,  rlcl 
rs I. '!:. e s i 5; :i. t e ci I L r 1 r g I I I, c:: r1.j [..I 1 ,t c?. .l.i (:: y I..) a %Y. e t j  e e n c.! [:, nl i t: 4: e 
w:i.tl-1 tl1j.r; r-epnr-i:. 

- .  ]:t 3.cjr.eed b y  Richter... .[:ha.k t he  !sj,~:)hor.i ba(:l::wa:;h .n.j.].i::,pr;. :i.:i; 
: r ! . I a. I y : I  r i r . .  .t r3 o.k h ev- 4: I. I. t elr- s 1.7 a r  .t i. c1.t I. ar  1 *j i. rl .!:.he 
y l ~ r a l .  ar..c.la<::. .... "rhe poc:i~;i h i  l i ty nd: I'lavi.rlcj t h e  p r i m i  ny si.phon 
5;; (.:A - ? .. I. , 1l.11) :i :::: ?I :I. E:, SITI i3 11. 1, c: C; en 1:) (:ll.l 2 F'I t:, p r.- e 4: a b l." j. cc i:$.t. EE? c1 i. I-; , i::: r.i 7- i. t i 1:) a 

.. . 
-?or e:.:am[:)le, by a re~:rr.r'tat?le . f j . ~ c n  w i 2.:. h c: a r. e .E. 1.l .I. rq L( ct 1. i. f: 
q::~:.in.lT.r..(>:L ~ila:j ' 2 "  ;.,.,p:l.oi-.cd by  .the co~lr~i~,,~l:tarlt. H.i.ci-iter rio.terl . t h a t  
$:.he -f:i.:l.-Ler s.!:.j.J.:l. h a d  b e  c.:tjvpr-e!:I anti s~.a:!er.l fin rsj..te 
( .f: j. ' 3  I,,!. , e ::j 2 r- e i n .t, 1-1 e r. e 1:) y .t 5; u 13 :i .!:, j i:: (:3 11: l', F? i> a r.1 <:,I .!: h c..:; c j  e ?i i g 1 1  

ijiVawj. rig r':!~r- i:kle A r a ~ c ! a r - i a  ~:>:Larlt i .s sut:!rni.t.te(:i as a ::,up!-- 
!: 1. emer;tal c:!oc:i..!rneri11.i . "[' 13 j. ::; a 1 so 1,:; v- eve 1.7 t rs ,.; i. @ w i. 1-1 9 .tr 1-1 K;: iC :i. :L i: e t- 
wI"iic-, i 5 a d i  :...- .z~).~ . I % , . .  ~ I - I  t age. It w a s  (::~~.t,rl.(-.e~-.ecl . that  ..i:il.ter.' 
tJi-,, ..,I., r:a!.;:l.rl I:?e left open arid e:.:!zenclecl iil Iie!:.gh.t: ,kc3 acl i iewe t h e  

.:iame bacL::t.rasi-lj.rlg i::yc:l.e ~seric!cl. " l h i s  J l.-eqc!ire nlc!r.e 
t>a(r:I.::wa?;l-~ wa'!:.er- t h a n  I::?:ic:::l7~tev."s ~ J e s i y r i  arlc:j !->r7!y a srna:l.l. cas t  
~~r.la]..t:,j:. T h i s  opi:.ic:irl w a s  ;.;r>.t (:::(:jrlr-.;j.[jt.red t:!y F:<i(:l-.lter. 



Beizweer~ t h e  t i . m c  whi:.:ri the pi.:l.r:)t aricl pl-o-tc3type :;.t.trciii..?; - ~ J E I - ~  

pel'-.$ r3rrn~d, R i c h t ~ 2 r  w a s  i~lc!ved dr..oni t he  cle:;j. gri dj, \;i si clr i  .LC:) , t h e  
-1" 1 ,  .i: .' c l  e -4 e I r:, p m e  1-1 I:. d :i. :; :i. s .j. o r.1 ,, l.el.cl desi.gri._; wer-e made by otl-~er- 

[:lersolinel w i t h  some !:::ori~;\.!ltat.i.r3ri f :~ - .~e?)  R i c l - t e t - .  t2l.1.t .the c-erij,g:i 
en q i n ee r- .::. w e  I-. e r.. e 1. :-J. r t a s.1 t: t r j  r:l&? :: j. [J r l  ,$ 1. cjc:. c: I-\ 1. 61, I:: <:j r- :; k; 1 1: 1-1 .[: bl jL :; 
I) i (;J h !::if a G \J a 1 L.( e . E a 1. \..! e 5 n p a r 3 (::I 5; arl(:l (3.1" va%!.!eci ~2.j: 

<::> ("1 (-1 <;,, ,... ,..,,,-. r.. c:,, .:: ", ,.. . , ,... . i i  t.o a de.ten.l::i.c;n t:ic;ie cn+ 5 cn:i.ri, w~;-!;.-e de-. 
*. " 

c:: .... j, g 1-j p d . I h fi? Q t t 1 e d e .I: f 1 I.! p r.1 .t c:~ !.I, a 1  i .(r y : I 1 p . 5 f: t1 r.. IZ! e 
~3 1 an 1:. c; ar- e i. 1-1 (:l i r: a'l-eci or.) F " i  g . 4 . :I: .I:. j. s c3b ser-yed .t:.l7 3.t !3~..::, t 3. 

. . pi: f I !.re r-I I::. q i-1.3 :I. i .I.: y i .J n t a n; g r_:! (2 cl a 5 f:) c 3 5  5 1. I:, .L e 1j4 i t l; ~:i ;. c, p c;.? ;-. '1" 
% , -, s C, Me!; ; h i:?w@;.cr' , I ,  i . y i 3 C j  u:i. t:,e ac c ep .t at.3 l e :i !..ti (rl e;nr::!rl ..,, 
!i; t r a .t ez; .t e f: 3. e :.: j. t:) i 11, i .I:. ): r:! .f: 'L h e g:! e b b 1. p 1:) e d il: 1  csc c L.\ :I. a t  l.~ r.1 . l ib-. 

v a r y i n g  (:?per-at:i.ng r.irndj.t.ic3t-1s. "Il-le ::+antl ~fil:ter- i c : ,  a b l e  .ta 
. . hand le  . ~ ; e . t . t l ~ c !  water o.f: ' t h i s  ti.rrb:idi.t:j; br..r.l:. w a 1 . f .  Iia:;~ t c !  tie 

t3acl.::wac_I-i~:~:I fiic>r-e c>,f:,terl. 

T h e :i. ri $5; t a I. I. at. :i. o i-; ::: o r:; .t.. 5 i:3 .i: t h e (::: c, r7 t:: r e .t e a r7 cl me 't a l cr (::I in p a c:: 't 
!.rni.Ln; a r e  I .  : "1-able 4. II (;) '.r I\.I II t-. ... -1: ... ,,.. !5 t c !  a g~i/e~-~?rnenl:::rlI: 
" p a 1:) ~2 r- rf(:! n (52 y " (:: (2 t. .f i (4 c!. r- e .i: (13 I;.. t 1-1 e 1 t e (n 5; i. r.1 .t h j. 5; ;I r.1 1:. h e .f' c; :I. --. 
l o w i  ~"lq tat:!Ie. Re~.rgh:l. y t h e  c o s t s  04: t h e  rnetal. compai::t d e z i  g n  
ayE? q.(::)-...!z(::i p~"yc:~(..;t c3.f .tbl(.z r ~ c ; . l : c ;  a$ a i.:cnr7\/r?n.l<~or.ra:!. .tl-.eal:rneni: 
f : i l a n t .  []per-at:illg ~ c : l e ; t z : ,  =are apl:>r.a:.::i.m~l:.~:~y 5;arIlF. f:~;)!... ' the 
r; us, ' "" ,, c.- ~"i t i r2 r i  a :L , c (3 1-1 c: r e 4:. e a r i  i l  nl r t a l c a iii l:3 a r: .!: 1:; l an ' 1  s ,, 'f'ab1.e 5 
~::irovide:; in-f:c~u..mat.ior; uri c:o~-i!iii.trt..rc:tion r:j:):7:\.I:.!.::.i ~ . f  ~).thel-. CC~~TIPC~..... 
nen.t.; (2.::: ~ ~ . k , ~ z r -  a ~ ; d  was.teci~a+er- ~ y s ' t c m s .  

:(;(.I .(:act, 4 a+ t h e  rne+;:.a:l, r_:oinpac:.k plan+::,:; t h a t  have t:!eerl .in--- 
.t .., ', , ., - :, r. .l J KC.[ t.lave l l ac l  t h e  inecl:i. a remc!v(zd ancl a r e  apei.-atec:i $5 a 

:re: :L \.,t.cj g t j  :I. i~i.1 1:: e.!:;. .f: 1. oc c:: [J, at rjlJ- w h  j, c t i  . . . inor- e s!.)p 1-1 :i 51:. :i c: at eij 
~:]r~)rl:ess. 'I" 17 i 5 j. 5; n .L a 1::) 1- ax t) 1. e rn f: c.1 t-. [::I e 1.. at (3 r. j. r.1 f::, dr-ar.ja ., f:;e-.- 
!::au!:-e .tl.7e.y l-ravp all. .tai.::en a :[.2i.) flour C C ) \ . J T . S ~  ii.n(:j ~ I ; . . E ?  +;;7mj.:l,iar- 
w :i .t h a vat- % e .t y, of: mo cj i .f: I. r a t: j. on s t o t 1-1 e r..! 1-1 j. .t r:j p e I- at: i i:3 I-i 5; . 
-. 

1'1-1 t? d 1 CI C: c:: I..( :L a.t !:x an r:l L anie 1. I. a c ied  l. tnen I-. ad: i. on I.-> a :iii 1-1 a r e  s h ac 1.:: er:l ; 
.tt.il-.rc; a l l .  .the ? s l u d g e  I-.ernoved rrlust 5t:e~:a i:.hr-ougIl t h e  pel::)b:!e bed 
.$ 1, C: 1: {.I. I. (3. .t (::; t- >, I: .t. i .I r.. e i:: (:J m m ~3 r i  d e trl % h a Z:. t: h e .f l r:i c i::: ~ . r  11. i?. I: r:, Y- -- s e c l  :i. ..... 

,,~a~leci arlce a day f a r .  51.~.cdge remaval. a!"lc:l mentati.c!n ~tr1i.t L:re clr--- ' . .  
l.~es't (2~.r.::'!:)r',i;rar1cre I .  t r  (:la:-.\tl.ts i:f t t 7 i : n  opera.l-.i.ix-i i.:: 
riorma:I.:I.y  el--::or-niecl 24: t11j.s .f:r'e!q~...ienc:y. 1::' - 4: or-manc:e ?$ti I. I. 
I.. 2 n7 a 1. r.1 :s .:=;a .!: j. 2; .I: 2 (1: . I  (3 r- y a 1-1 4: 1.1 9 r e a r e n (:;.I:. m a  ii .,;; c j  i f .f :i c: L.1 1. ?:. j. e ._; r 3 

~::;!zr.ted w i t h  respec t  to i:;:lc:)ggi.rrg c!,f: ti-ie f l occ i ! l a t c r r .  Rj,c:titer 
;.e!-:ornrne:lcI1~'; .tha?:. 1:he .Plr~ct::r..tl.atr:).,r- anc.:l sec!i.rner;.ta.ti.o~-t t3a::ii.r.i I:ie 
~:~l.ac:ec:l i.n a I.rtr~l-izor.ltaI i:_c1r.1-1:j.gr..rratior-\ t o  eIj.miria1r.e s I . ~ ~ c j g e  



genet-a.tred fir) i:l..le :;e!J.j.mei-\.ka.t:ior-j t?a:ji.rl .f:l-r:,m i.;avi.~-;g .(:.I; C! 3 

!zhrc!c!gl'l t h e  i: larr:culatar- wh ich  e:.<acerbates t h e  cl.c~qgj.rrg pa..... 
t erik 1 a1. . 
'rt., PIP -. -, 15% . i::tr\e irnpc!r.tar.\.l: e:.<cept.ic;rl .(:.!:.I t h e  abr2.4~. r::)pei-.a.tirrq 

e:.: p c : ! r  i enr:: e has zil"l o w n  , that  .!-.tie (2 :le bl.3 I. e 1:; e (:.I .f :l. c:)c c r..t 1. at tz;r- :I: ari n ot. 
,tc?:l.erate w 2 . t ~ ~ -  +.tlat i:arl.[:airis s i l t  o r  sar.ld. (::j].aggirrg wj .1 .1  
r:l e.1: i r i  j. .I:. e I y 15 e a 13 r- !::)b I .  ecn ari c l  i-. h e m e  c l  i a tni-c.:~ t b e r. erno.~~~?!::l t r : ~  
c1,eai.i .the .I:Sr.1~:r::~!Ia.tar.. F:"l,ari.k!g t h a t  e:.:per-j.en(:e t h i 5  pi-'r~t:!lem 
a r e  a l l .  1oc:atec:l 1.n t h e  wezt.er-ri par ' t  c7.f $.he sta!le wll:i!::l-l w a s  
.tot) g r e a t  cj-l: 3 di.;.t:ar.lr::e t!:, cnal.::e a \/.isit:. .fea:;ible. 

"rqY'pical i:thyit;ic:al./c:herni.cal. oper-at inq !.la.ta t:r-otn va~-.ir:~t-!!s j-?S;3..n.kc., 
ar'e ir~c:I!..tder:J w i t h  , t h i s  r-epc~r-t. Bac.ter..j. 0% o g i  r:a]. [data a re  
9 :i. v en 01 .7  t. I-\ e (:: r:m p L!. 1; c:? r,. [:I r- i. r~ ,k. c;:-!. !:. !s !3!.!.h m i t. .(: E? cl w j. t:. 1-1 ,t: I-) . !; r-epori:. 
Data !::)F-I .tc:!tal cc:rl.i.f:orm cc?!..!nt arrd t o t a l  c h l a r i n e  r.esi.cl~i.al i : c ? r  
:ii;&mpl.es -f:rr.:!rn r-e~:;j.d~.?[i.t:i.aL tak::eri 1 : : ) ~  SUI2FCI.1MA . .- aricj SANE12,fil:I, 
~'e.;l:iect i \/el. y a r e  r ~ i  veri. I- ,  , seer7 tt1a.t ~ 1 1 ~ ~ k j p l ~ : s  .to.tal 
r::hlori~-je r-esi.dc.tal.!:; arlc:l .k.otal. col:i.d:c3r-tn cour.l.t..; a r e  lower ai-lcl 
h i  ghel- , re<:;pec:{:..i ve l  y tl-lan those  measured b y  Sfqp.,lEI:"AF";. "l-t.\i 
bias e;r 1.3 I. ai. rieci by F:loclr- :-l;arnp 1. i. n g  t@cl.rn i. que.; and pr-nced\dr-esr; I:? y 
!ii.;iJI?Et.i!vIA'.; c.\riqc.\c.!.Ii$ied ~:,er~ionnel.  .SAIiIEi:FL"AI::? is n o w  .t.raini.r ig 
SlJR£:I-jpl,q - ,-:- JE?I -:,c;n17~:/. . "rI..ler..e ~ G I . : ;  oppor.i:ufii.'[r\/ ~ ~ ~ - . : j . f y  c)I'.. 
clj,s;c~\ss .!:,l..irse dj,screpar;cie!; w i t t . 1  CiLJHEkIpIfi ~::)er-sarlnel . 

~1 ,, 5 f: ' ~7ar-:1.oc!.rl:tu.;-.a:L a n d  kieal.!-.h A:;pectei of: .I:l.le I:mpr-!:,vecl Wat:er 
5 t - t ~ ~  :L :i e% 

"lhf?ye (..lave k )  I :  .(-'or ma1 sc.2~ i ocu l  ,b,ul*,a r;\.ir'.veys c!r- st\-!d:i e!; 
r-eial:.ed ' t c s  t h e  ins.lzal:la.ti.c:l17 cw- i.mpac..t (:,f +:i-l~? walreu .tr-eatmenir .., . 
p1arl .k~ on .[:I~E! l!:)~a:I. ~:ac~~mclr~i t i  5s. (:?I verl .the dernaric:l .:'or c: l  ean 
piper j  w a t e r -  and the  lacl.:: o.f compl.a:irltr=;, SAl\J[.L::rllfiR .f:ee:I.?; .k,l..lat 
.i:,f\e berle-f: i .ts are Y ~ ( 3 ~ ! ~ .  ,: t h e r e  w a s  pr-r~pet-'ty 
valt-te appr-~?c:iatir:)ri wi.l:l-1 t h e  :irlstal.:!a.i-.ion o.f -t.l-le kr-eai:menIr 
w r ? r  b::;. AS 50 t h e r e  was one j o b  c rea ted  j. n each r::csrnmu;-I j. .t y f o r  
4::he i:,:lan.t: over-akcsu. 

L..j.C::@w:i+:i~? t h e r e  have been rl(:j rnou.bidi.ti/ and ntor-.ta:lj:t~ .:;t\-tcJi.e:;; 
j.1-I .t.he?i;e !:ornm!.!t.~ities e:iCI.ler- t>e.fc~re o r  af:!:.er- tthe i.1-15t:a%:l.a.tic1r1 
: t ; + p 1. an .t s . SAI\IE:F:'AF? cloe~> rnnt erigaqe i n  t k ~ ~ c .  ... .., e .. s .t u d j. e 9 

and was c.tnawar-e oC any groc.\p 4:;ha.t w ! ~ L . I : L ~  a T tl-~ern. 
.. .. 1u.t-.bi.di.ty and c l - l l a r ine  r -es id l - . ta l~  of .Icl-~e f : j .nisl ied s:~ater- j.rlcli-.- 
[:ate ~da.!:el.'. !.r:i:th a I ~ j w  rj.:::;I.:: I.iarl::)(2r-j.r?g pa.i:lioger.iz;. l]i;?.;-.;-t,l~+a 
w a s  .!khaught .to t h e  rnc!s.t ;:::umrnori wal:eiP.bcir-n@ dj.s;ease. 'l"iaiizi; 
d isease it a l . ~ ~ : ,  cornmor;:l.y .transirnitked .th~-'cst.~gl.l i:Ioot- lr,y9:i.afiic 
l:>~:-ac.l: j, r-:eFi. 



F:;'ichter- doe.; rr!::,.t $ee l  tbrat t h e  pebble  berj -I::[rrccu%at:or j.5:; 2 

r- i tn a r y c: Pi c; i i: e i :  3 t i  1"' I-\ r- a 1. (3. r- e a 2 't h (2 !.t g I-) (2 1:) e r. a .t j. 1-1 9 E_' :.; ...- 
F:,e;":ierrce l.;i,tti i t: has been good e;.:cept whe1-l s i . l t  is pr.ec:.- ...I r:! I") t. 
:i.n t h e  raw b~a.i:.er-. 7-1-r i !'~3 i :; a 1.1 r- o b 1 e in r e ad i. 1. y c::: h ec I.:: E? d .F !:I r . 

pt-.j,(nary r-eaii;uri 1 .  ac ... I:: o d  ei-rthusi awn c!ver t h e  pebtr:l. e bed 
.i' I. oc ccr :I. 4.t (:3r- j. 5; .t 1-1 e cleve l op men t nd: a r;c r- eel-r .6: :I. oc: cr r..t 1. a t  ::sr wI1 i. ch 
f:c!nsist-; 3.1: a ser.ie!:; o.1: screerls ~.,ll.iicq (Ian /-lave . ja r j ,ah le  
,.- . .L z E'S a The z;cr.eenrs can be c:on.;t~.uc_t:ec:j ver.'y :i.~-re:.:per.\s:i?/e:Ly 
c:!u.t- 0.1: a d!-tr.ab% e $1 her- ,:i;!-~.ci'r as n y l  wr;; c:t.;..;tral mariu-factc.tre 
ancl tr-anspor'l: o.f them j. 5; ttier-edcw-e rir?!:, a p r c~b  1 em. Moz;.!: o.6 
t h e  e:.:per-irnerl%:al. ~ar l . : :  (2r.1  PI^ screen 4:loccc.rlatcjr .i,~i ci::,mple.ted 
and m c n e  ~::,:ia~-r'lz:; I-Iave been cul-rls'tr-r..rc:%.nd w i t h  .!:;hem i.rr!%tal. Iccl. 

fieseat-.r/-i 0y.i .the pebl.,le t:~ecl f locccr].at.or cor.r.t.j.,nc!es t o  bc. !:::ar....- 
r-:i.ec:J gui: a.1: t i . 1 ~  ~.inj.ver-i~j.dade F'edt.zr-a:t cje ':'. ,..,ar~ - .  ta Caizar- i. na by 
Nacw :i c i o ESer;a ,, kJI~ere t.lec:.tr-iccity j.s 3. r~:ir-atilern, t h e  ~:!et)b:l.e 
I:! ed .6: 3. oc c c.!. 1 a t  r'; r" w r.1 t.~ l d b e a :; i at:; l e !:I 1:; t :i. on . 
(:::E-rESB, i-kre +:;.hake wa . te~  cof~rpany 04: Sam F:'-. c ~ ~ t . i . ~ ,  ' hacl d:l.fr?c! cc!ri..-. 

.. . 
du.c.i:.ed -;.t!ndir?r; an tl-re [:,erf:c:~r-ma~-lc:~z o.6: pebh1.e bed .t.lc3!:!::!.!:l.a,kcrr-s 
dl-!.ri rry t h e  past :  t w c !  year.';. f i f i  chter- t i  ad ~j r. o \,?, i c:l e ~1 Q e a i.'l v j. ,: e 
dr.rl-.:ing t h e  desigrr of t h e i r -  e:.:perim~:?ri.t.s~ 1:i.g" " 3. ' 5; a, 1::) I (13 ,I: i::, ,f 
sotne nf: t hej. I*. re5;ctl ts ,, E::' ...:.:.: 1 r. eme1.y k:i. yPr ~ c j .  ty yr.ad j.ents, 
~3igri1:f:ic:a1-rt-~Li/ I-righer. ttial-r R:i.ch~~:.er-'s op'tim~rrn ra~- lg@, had t:)een 
i .  i r iirnst: af: t h e  strcrc:li es arrd pw(3r- treatment re%!.i:l. Led .  
Ilafza ol-~tafinecl j . 1 1  tkre r-c~gic::l~-rn; -fr.ll..rrid tjy Hi.c::l-rter- .t:c:) I:;e optziriral. 
gerrf?ral, li/ prc:!ved tr:) p r o v i d e  .the t~~?sl : .  treatrnerrt. 

[";E: '1- 1.t; 5 g i, ?3 al.sc:, !:ond~.rc:.ti.ng r-esear-c:Pr on .f:Lu.c2r-i.de rernc:i~fal.. 

F:'li.rnr.icie:j gr:ci.tt- 1.n 5;omp wa.ter-5 i r l  f.lre skat:.e of Sac) I::jai.r:l[:j 3.t 
1. @ v e 1. .; r..r p .[:, C) ::.;c::) m (2 ,/ I-., MY,. Jc~rge  Raf:ael. AI.c::her-a, .tI-re 
engineer wflo cor\dc!cted t h e  pebb:le t ~ e d  Ql.nccul.atj.o~-r s.t:,uclj.e.:. 
i. 5; as.r;ot:si at.ecl ldi  t h  t h e  ,t: I. uor- i de res~:.ar-c:l-r . Fi m o r e  r-e?sj. 1. :i. en t  
f:olrrn o.f a c t i  -va.(r.ed al. c~.mj.na hais treerr d e c e l  opecl. M r .  A l  c::her..a 
k.~ a s r- e q I.-I. e !s -,'t e d .to j. n .f o r  m I: D I:?!:; a .f I-r :i. s w (:J P. I:: . 
I:?icl-jtpl-- . f ee l s  ' t t lat  t . 1 1  s low sand f : i j . t~? : ! r .  i.; i:.he m a ~ ; , t  r.ea:;ol-\.-. 
a b l e  c!p't:ion .fi:.~lr. .;mal.l ccarn(n~.l.rl:i:ti~~s, par".ti.(::cilar].y .k.i..;ose w:i.tI~ a 
popr..rlati.;:~~-r l e s s  khan i , i :K)O,,  WI-rer; .~L.!I-bj.di:tj.es al-.e brigl-r he 
:.i~,.\ug!+??.:.;,ts r.1.5i.rrg a harj.zc>n.k,al r-[::)~-~qh.i~-rg . f : i I f 'vr - -.. a ~fip~l;l:"~fi w.j, 

t : ! ~  .j. I-; i t :i. a t  i r t-,e:;ear-c t r  on r l::)r..rg t i  i rrg f: i 1 t et-.:= :I;. 1E.t I. s d i ,1: .f: i. crr.11 t 
.I:. 3.1.. g \.( e .t l.; i 92 12 i:n :I. 1-r .l:: !J i v e r i  .t 1-1 !:+ m t-t l .k i .-- e m o  .b*a1. r~ a p a b j. 1 1. 'l:: i. C? .s (2 .F 
a 5luli.l san(j f:j.:l.ter arrd .tl.'re i::oi'.lscr].tant adycjcated t:.l"ie sl.(::>w 
s-;.;ancl +:i.i.i:..er a.5 a fir.r;.t r:~ri~;:ider.ati.nri i n  I r i s  o w n  caw-ses. 





I.las\/e .!:l.?eil- p~:)i...i:::i.csr-l r3.f bqor.1.:: rjorle. Nc:, wa+.er- metr=.i-.r; ar-e 
suppl.'ied j.n t h e  sj/st:,ern:i. 

Rp.;rzal:..c:l.I f laz )beer1 pe,for..,ned j.n 180 r:am(;)!.(nj,t.:i.es:,; &<3 ge1-e 
e:[.j.(nir.;a.t(s?rl bpca~. ..trip .tt ley c:{icj r;c;.l:. :sa.!:.isfy al:t .t.lle F:.tiT.agy-a~-(\ r-p-. 

.. - 
clui ren\erii::~; ,, 1 1 - 1 ~  70 p e r c e n t  r::ornm!..!ni.t). wr.:i.'k:ten agr.eemei-it, i s  
{:.he lar-ger;.k cause a+ e:[i,m:Ir;ati.a~-i. IV.i.ne teariis compr_)t:;ad r:;,t: 
one @riq:i. neer- , arle t e c h n i c i a n  arlcl wrie ?ic!r.:fey j. nrt.rctrnei-it per.-- 
+ t r j r  mecl .t.. h e j. r i  i t i a l t e c h  ;I i !:: a l E;I.J.Y..:./~ y S a r  4: he :[ 8i::) r_ o rnmi.u-i i ?:. i. es 
i n  L1.5 rja,.,5. 

Y "1" tj e y p a r- e e g j, e e t- $5 , 4. d e !s i y rr t:? y a 1-r i-J .dl. 2 ..... 

c: our.\ .t an .i: s wor i.:: i n g or1 % 1-1 e r- erna i 1-1 i 1-1 g 1 2( :~  c !:jm;rrt-tn :i. t- j. ~ 2 %  

"1flgr.u i s  nl:j i:::oiili:)lemen,tar%j w(::~r..l.:: done a;') was%ewa.ter- c-ji:spi-.::.-:i. 
" .  .- ,,- . ..- ,.."") + j. (... [l;e s.!:ate ]lea].'tI-~ i3ecre't:ar-i3.t /-)as a pr..ogr-am .I:n . . . . - ... - 
1.. , . . c : ~ r ~ i - : : / ' l e a ~ ~ \ i n ~ j  .. p i t  sy.l;.tems; fwl-' wa~; ' ( rewi9 , t t . -~ .  ~'~.~,E~F~QS;I.I. cj&tdEF:'{hF+ 

: : t c.? p r ~ . . t  2 5% !% ,:J .fi d (.? v e 1. ~3 p j. l . 7 ~  .- 13 C-1 0 I:: :I. E t ~3 1.1 5 ;a 1-1 :I. 2 1: 1 (J I-; 6 n t j  

:in.tegi...a.lzed b;a.ter. and wa..;.:..l.-:a~.gat:.er s y s t e l ~ ) ~  1 : r : ) r . -  s!nal.l sv,i3.1age:<. 
A I ;  i:.' rnan!-\a:!.:s de~.~elapecj  by  I:'~-.c)-....Rur.al !-iave hti@n 
cii.tb(ni i:::t et:i ..!.i. t:.l-i t: h i s r- ee:l c!r- t . 

>.... I.,  "'% !' :I. r.1 I. m L.\ m i rl \;e 5 t rn E? 1-1 t , I I:) I::? C mi.:! .I-. a i r) e cl a h i g l.1 T. E t L . ( r  F.I .j: Y.. (2. r i l  
4: h i 1-3 I-. j e c t . h i  i.:-; nnt u.i-lrr.~~r~al cc rns ide r ing  t h e  c:o(n..-. 
~:,etency (:!+: .the st:.a.f:f 3.t SfiI\IE:F:'fi&, p a r - t i c ~ ! ] . ~  .the ~:,l-'ir;<::i.pal 
j, rl, <-,=- .k i (J ,.. .I- ,-,r ..., 

. - %!.... ,, U r n  !.:. Kic:I-li:fsrg ~h[ : : )  i.5 n r ~ e  Q+ t h e  f!:wemc::>!~t. 
water  .kreat,(nei-~t. er1giriee1-.s i~-I Ii;ol.c.t:I..~ ~~I(T~+:?Y. .~.CE~~ , CANF:'I::.~~R .. 
d 1-1. ri r:: 'c :i on ri; :i. n a si; t a t e t 11 at: 1 5 I-' e l at: .j. v (4: 1 *yl w c.2 1 I. c! e v FL. l o 1.3 e r3 an r i  
c(!.r.afity watet-. d e l j . v e r @ d  at: earl-i hut..tsehc~l.cl j.!;; demander:l. The 
wa.tt=?r- .tr-eat(ner-1.t p la l - l t s  clecs:i.grrer::l a:::. a i-.e,s~-.~.l.!r (34 tlii~; 8t.1 ... tdy 
t (:ro I.:: i r; t a ;i~.c: !I: a!..tr-I t cans t r a i. nt: s + r- r i alp. eas i 1-1 fir az i l or- 
many pl .aces i n  {:he war-l.cl .kc; ri~:?l.iver- a gcsrxl q u a l f i t y  water-. 
-l"hc: mare t h a r ~  40 p l a n t s  .ka I:,e u.lt.in1ate1.y .i.nsi-.al:I.ed wj. l : l  
p ra \~* i ! j e  i:.t-eated 1:3iped wa!zer t o  cc~lm(r;ctnit:ir;.s kha t  ~ir-evi.c~!..!sly 
r-el..j.ed r::!ri ~ : i i . i m a r i l y  si.trfar:::e b~.~.c:C::et I .  anc:l i.~.ntreair:ed 
s;i!.~-.Face water- 2;r-tf:il-.,:l.iech 

" I  h e pel:) b :I. E_. I:,i ecl f :  I, c:!c c t-t :I. a t  c!r has 1:) r. a v er) t o  be an i r.) n ova t i. ve 
~ a t ~ i - .  i:r-ea.tmerrt. r-3pera.ti.n1-; .for- I-1-1.r-al ar-eas. lili:t/-)i.r7 !-.he s:i:t!.i.-. . . a t i n n s  wh~1p.e i t  i z i  appral::lt-iate ir.0 c.Je5iigr.l i :nc~ 5 ; l . l . i  i n  t h e  t-.aw 
w a t ~ _ . r i ,  i.!: l7a.z per+nr-(ner:l wel:L ever; at ].!::jwer- G'T' \;slues .ti.-.>rl I C .  

t he  c!p.kj.mi![n whicf' l ( j~ f ' f la r . l s .~~<: i t .~~?~ i  :i.i::.r;-:; a b i l i t y  .ti..:) [:!er-+crlp(n aver.. a . . r-ailge a.f !:i?.r\di:(zj.!:)r;.r,. T,.i.c~qgirrg pr-!2I:)l.emc; have t- l r~t  [rieei-; a 
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WATER TREATMENT PLANTS WITH PEBBLE BED 

FLOCCULATORS I N  OPERATION: 

capacity 

B o a  V i s t a  da A p a r e c i d a  

C h o p i n z i n h o  

~ a r a m b e i  

I m b i t u v a  

M a n g u e i r i n h a  

N o v a  Pra ta  

Foz do C h o p i m  

R e n a s c e n ~ a  

~ a m i l s n d i a  

R e s e r v a  

~ r 6 s  B a r r a s  do paran2 

~ e r G  

T a p e j a r a  do O e s t e  

O r t i g u e i r a  

P a n e m a  

A l t o  P i q u i r i  

S ~ O  M a r c o s  

Sso D i n a s  

C a n d i d o  de A b r e u  

Araucsria 

L u n a r d e l l i  

N o v a  P r a t a  do I g u a C u  

~ G r o l a  do O e s t e  

R i o  A z u l  

V e r a  C r u z  do O e s t e  

S a l t o  S a m u e l  - " R o n d o n i a  

~ o r r a z h p o l i s  (SYPHON) 

Paraipaba -  ears 



WATER TREATMENT PLANTS WITH PEBBLE BED 

FLOCCULATORS 1N.CONSTRUCTION:  

capacity 

~ u r i i i v a  

SSo JoSo do ~ v a i  

Sso J O S ~  da B o a  V i s t a  

T i b a g i  

B o r r a z b p o l i s  

C a p i t 5 0  L e 6 n i d a s  M a r q u e s  

M a n d i r i t u b a  

J a r d i m  G u a r a i t u b a  

B a l s a  N o v a  

G e n e r a l  C a r n e i r o  





F I G . [ - F L O C U L A  D O R E S  D E  P E D R A S  
INFLUZNCIA DO_ N ~ M E R O  DE CAMP GT, - N A  FLOCULACAO 



PJSTO MEDIO DE RESEW AT0 RIOS 

' 

x Cz$ 9Th 
\ 

CAFAC I DADE ( L/S) 

,t 5 

3,O i 13 840,OO 1'. 075 
,6JO 191,520,OO 

10,O 356,44OJ0C1 
15,O 50~,000,  09 4,700 

3 C A P ~ ~ ~ I D A D E  (-M ) 

25 
50 
75 

100 

- CO?!CRTO TIP0 CEPIS 

CZ$ 

60,435,OO 
102,144,OO 
122,369 00 
164.923,OO 

OTN 

568 
960 

1,150 
1,550 



CUSTO MEDIO POR ITEM OU UNI WDE CONSTNTIVA 

- PERFURACAO DO POCO 

M"PP-F - CAPTAC&O EM POCO 

n4.d i d 4  LC 
- CAPTAGAO EM R I O  

- 

CZ$ I OTN 

- ADUTORA OU REDE EM PVC 

- 
- L I G A C ~ E S  P R E D I A I S  

-1  - 
C,-.cLii:C 1,- 

OTN 




