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PREFACE 
This report was prepared by Michael D. Ross, Project Engineer. and Richard A 

lowman, Principal Investigator, both of Trans-A laska Engineering. Seward, 
Alaska, and Robert S. Sletten. Environmental Engineer, Civil Engineering Re
search Branch, Experimental Engineering Division, U.S. Army Cold Regions Re
sea rch and Engineering l aboratory. 

The project was conducted under DA Project 4A762730A T42, Design, Con
struction and Operations Technology for Cold Regions, Task D(041. Cold Regions 
Design and Construction, Work Unit 16, Warer Supply in Cold Regions. 

The report was technically reviewed by C J. Martel and S C. Reed of CRREl, 
and by W. Persich of Col l itis. Ryder and Watkins. Inc. of Tacoma, Washington . 
We appreCiate their comments. We also thank V Gehrke of Soldotna, Alaska, for 
permission to construct the pilot plant on his property and for hiS generous dona
lion of tools and experience during pilot plant construction 

The contents of this report are not to be used for advertiSing or promotional 
purposes. Citation of brand names does not constitute an official endorsement or 
approval of the use of such commercial products 
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DIRECT FILTRATION OF 
STREAMBORNE GLACIAL SILT 

Michael D. Ross, Richard A. Lowman 
and Robert S. Sletten 

INTRODUCTION 

Rapid population growlh In Alaska, parllcula r
lyon thc Kl'nal Dt'nrnsula , IS placing rncn'asingly 
hl'avy dt'mands on t'xis ting walt'( sourCt'S. Rt'
Ct'nt studil's ind icatt' that prt;'st'ntly uSl'd ground· 
wah'r sourct's may not bt' suffrc it'nt to nH'~'t t'x
Pt'ctt'd dt;'mands, and that su rfact' Wall;'f may 
havt' to bl:' uSt'd. Industrial activity rn tht' North 
Kenai-Soldotna-Kenai area , for e)lamp le. may 
exceed the groundwater aquifer capacity withrn 
five years (Trans-Alaska Englneering/URS 1979). 
Surface water, particu larly south of the Alaska 
RanKe, represents a significant water resource in 
Alaska Many of the streams and rive rs in this 
area of Alaska. however, are fed by glaciers and 
would require treatment prior to domesti c use to 
remove the glacial si lt , whi ch imparts the char
acterrstic milky or steel gray color to the water 
OependinK on the time of year, glacial silt con· 
centrallons can range from 1 10 over 150 mg/l. 
Alt hough the treatability of non·glacial streams 
can be readily established, little was known 
about the treatab ility 01 glaCial !>t reams ThiS 
siudy w.H condu cted to det e rmine the treatabili· 
ty of a !:Iacier-fed stream by direct filtrat ion for 
the producllon of potab le water 

Gla cial character istics 
MO'l1 o f lh" data col l"ch'd on glacil'rs in AliI~ 

ka has bl'I'n in (I'nlral Ala\ka, south of th,' A l iJs~ 

ka RanKe (Guymon 1974) Glaciers cover about 

17,000 SqUill!' milt,s of Alaska and prl'dOlninalt' 
,n thl' w..-t and cool coasta l mountain rangl's, 
Fint' rock s ilt (ulacial flour) is found In laYl'rs in 
tilt' lowt-'r parr of most glaciers Thl' apPdrt'nl 
sourCl' of rock sill is Iht' glacit'r bt'd, with ro(' k 
bt'ing I,Ifound to fmt' par llclt's and transporh'd 
by fnt' ltrng and fn't'ZlnK cyclt's at Ih,' bt·d/sladl'r 
Int~'rfact'. Tlw laYl'rs of Iwa vy silt conn'ntral lon 
(usually a ft'w Ct' ntimt'h'rs thick) va ry a KH'at 
dl'at in ict' concl'ntration, from 10 to 65% by vol
uml' (Boulton 1970) 

Glacit'rs usually incrt'ast' in si;w durrnK tht' 
wlnlt'r and dt'CH'aw dunng tht, 1111'It wason AI>
r>roximatl' ly 95% of thl' tolal silt load from a gla
cit'r will occur durrnK tht' summl'r months. ai
though 5t'd,mt'nt ddivl'ry ralt>s arl' t'xtrt'mt'ly 
variabll' from I<I:lacil'r 10 Klacil'r and vt'(J:r to Yt'at 
(Cuymon 1974) This variability is reasonable, 
consldt'flng Ihl' mt-'chanism of Silt formation and 
Iht· Vilnatlon In Sl'asonal pattl'rns thai can occur 

Two charaell'mtics of glacil:'rs appt'ar to bt' 
significant wlwn consldt'rrng uSing glac it'r-fl'd 
strt'ams fOf watt·r SUpp lrl'S: Iht' highly variablt' 
St'd,m!;'nt rt'l t'aSt' and Iht' wl'lI-dl'flllt·d mt-'It St'a
son If a glacial sl rt'am is sl'lt-'ctt-'d as a walt'r 
sourCt', atlt-mpts should bl' madl' to t'slab lish 
thl' limits 01 vdrlability of St'dinlt'nt rt' lt'aSt, bt>
fOrt 'd trpatml'nt proct'~S IS 5t'it'c tt'd If thl' UPpl'f 

limit for St'drnwnt n,ll·aSt · ca nnot bt, l's tablisllt'd, 
th\'n IreatnH'nl ~heuld includp I)revislons for 
wil~onally hl'avy silt n 'movaL This i~ a COnS,'fY(I
tIV\' apPlOac..h to ~t'I\'1 tln~ a prou'v. and may no t 



h., "t'<'.·~~ilry II Ihl' uPrwr.llmil fOf s .. dlm,'nl n '-
1.'a'I' could bt' r .'a~onJb ly t,~t<lb"~t\t'd Or If rh" 
St'lt 'ch'd pr(l(I'~~ t.i1 1l b" provl'n lO lI 'mov.' ula" 
(' i.l l sill und.'f contllllOIlS actually t'nCoun lt'rt'fJ 
..It J glvl'n SIlt ' , Bl'C<HI ~t, Iht, "wit ~t' tl~o n IS wI'1i 
dt,fint'd and a tmo~1 all of ,hi' ~Iaclat ~ I tl 1'1 n'-
1"t1wd durrng tht' m.,lt WtI!oon, Ihl ~ tS an Opll
mum 11m.' 10 tt'SI a rron's~ a t pitOI scal,' to dp
h.'rmmt' wht'lh", II I ~ (llpablt, of ,,'rnovlnK gla
c ial silt This approach shou ld account for lilt' 
known ~ trt'alU quality <.Ind tl\l' c.ha rtl ctl' ristiCS of 
Ihl' PtOCl'SS 10 bl' "'st...d Tht' 'l'suhs of rhl' h'S I

Ing wdr Indlcal!' If Ihl' prou'Ss can bt· U~I'tI (o r 
watt'r ('onta inin!!: glaCial sill 

W~ler tr ea tmen t 
1 ht' objt'ctivt' of munIcipal wah'f trt-alml' nl IS 

10 provldt, a potabl ... supply, that IS_ ont' Iha t IS 
c.ilt'mlCdlly a nd baC lt'rtol0l!,(itdJiy saft' for human 
consumption Trl'all'd walt' r must a l ~o b" .ws
tlll't tCCl lly aCCt'l)tabll' - frt'I' from aPPMt'flt turbl
dil y_ co lor . .lnd obwcl lonab lt, tas h 'S and odOrs 
Commo" sourn's for munlclpClI ~Uppltl'~ a rt' 
wI'lIs, I"kt's, ri vt' rs and rl'wrvoirs W,'II suppllt,S 
normdll y yu,· ld cool, unconlamtnah,d walt't Ihat 
tS of untform (lU(llily ,Ind IS t',Hlly l"On'sSl'd for 
municipal USt' Surf aCt' W.lh'f is muc;h mort' Vil n 

.Jbh> tn quailly and t~ 'iublt'C I to poilu, Io n, both 
man-mad t> and natural 

Th" pomary prOCI'~S tn )utf<1Cl' w,)!t'r In'<1 I
Ilwnl 1\ , ht'm lca l clartficatlon by coa~ul illlon < 
~t'd lm,'nl.a',()n ,lI1d 01lr<1110n f.ti Vt' I 'Upplll'~ nOl
mally ft'QUlrt' I'Jl.tt'm tVt' Ift'atm,'nt facilltt", with 
grt'al Olw rall On(l1 fI""lolllt y to hand I., th., d ay- Io
day VartdllOm. in raw watl'r qUdlity, As ,l lu s
tfalt'd In FlgUIl' 1 _ O \lt" w.l ll'r ITl'atml'nt "Ianh
u ~u<llly (OOSl" (1f ptt ',pd lllwlUat ion baSin), chl'
nltca t coagul')l lon baSins. wit ling tanks and fil 
INS I h., p tt rll..lfy !.OU((."S of wash' from th., wa
lt'r trt"Uflwnt prOCt'~~ <It,' sludgl' fr o m th" st'I 

tltng I4lnks .1 nd wit~h wah'r fro m bolckw.l~h t n!( 
tht' fllh'(\ 

Dlrt'C! filtration has been defined as " .l tredt 
ment ~y.5tem tholt . ~ not preceded by sed'Olpntd 
lion" (Culp 1 ( 77). The advantagE' of removlI1 g all 

1 

Iht> parlie uldh'~ dtrl'(_tly on 1111' flile" tn~I I , tld (If 
rcm ovtnu pat! of th(:m by ~(,d,mt 'nta!l(}n i~ a ( a
pilal .;osl ~avlllgs o f 2()- ~O% for trl-'<;I'"1I 'nt 
works <Ind all operation ~av,"g~ of 1O- ]{)% fin 
c hem tc .. '!s (lou",don 1978). An OlddlltOnal .1dvCln· 
tage is that less dud~e is produced than with a 
sedimenlation/fillratton sys te m. The disadvan
tages of direc t fill ratlon are shotte r filter runs 
and practical raw water QU<1ltty iJm,t s that rt'
slu c t the application of the proces!>. An effec i of 
reduced filter runs LS an IIl c reased requirement 
Ie" backwashlng, the cost of this IS usually not 
SIgnlflC'"tlf,t when compared to the ~tlv,"gs lO ca
pllal cos t, but the .lbility to operate nltcr~ be
comes difficult With sho rt flhef runs (Cu lp 1977) 

MATE RIALS AND MET HODS 

hper imenta l design 
To lest the feasibi lity of uSl nK a direc t filtr a

tlon WCller treatment plant fo r produc.ing pota 
ble water from a glacier-fed stream a pilot plant 
wa s constructed on the Kenai Rive r in Soldotna , 
Alaska (Fig 2) The pilot pla nl was const ructed 
to duplica te on a sma ll sca le the major unit pro
cesses In a full-scale treal ment plant (Fig. 1), with 
these exceptions 1} the presedimentalLon basin 
show n In Figure 1 was replaced by a hydrocy
done, a device that uses centnfugal force to se
pa ra te coa rse sattel s from liquid, and 2) there 
were no proviSions fo r sett ling tank s or Ihc add.
tion of activated cMbon, chlOrine and flu o rim' 
A sche matic of the pilot plant IS presented in Fig
ure 3 The pilo t plant operated between 10 June 
and 19 August 1980, WIth data obta ined fOf 38 
fIlter fltn.5 . A filter run IS defined hpre as the timL' 

from t he sta rt of filtr ation until thE' break thr ouw,h 
of wi\tt't conta ining greater than 1 0 Nesseler 
r urbidlty Unl! (N TU) No a tt empt was made to 
modlfv the natural water chara ctetlstic.s of the 
Kenai RIver during the pe riod the pilol p lant 
ope rated, si nce the Intent o f the study was to de
termine if pOI able water cou ld be produced dur
Ing the tIme the s tream was ca rrying il glacia l silt 

Chlor/ .. o 
'lid Fli/O.;do 



load loadinx on the f,IlNS varIed from 2 10 7 C; 

Ka l/mln.ft l , and water was sa mpl ed as II enlered 
Ihe planl. after It passed through the hydrocy
clone. and as II left Ihf> plant The filtered wale. 
was returned 10 the fiver and the filiNS wert> 
backwashed WIth local well water The plio. 

plant faCIl,ties wcre housed In a wood frame 
sheller sheeted WIth Iramlucent flbe rxlass (Fig 
4) The pilot planl deslxn criteria are summar
Ilcd In Table ' . and a detaIled description of 
plant faCIlit Ies and operations follows 

I '~ure 2. LOCutIon of tllf' pi/at pl./nt 

Ri ... , 

Suppl, 

CoOOUlo"' IIfMI/I( 

01'* c" .... leols 

Ropl4 
... h I FlocculOlOr 

II/>Iure I ,chf>matIC 01 dlff~C I ',llla/ioll PIIOI p/anl 

',/.!,m' -J I'liol /1/,111 / h/lllcJIII~ 



T.lblt'1. OtoSign cri terg for the pilot pl .. nt. 

Cr/ftr/Q 

M~.in,um flow Ule 
Rlpid mi"ing delenlion period (2.0 Ill/minI 

2.0111/mln 
30. 

FlocculltiOfl 
Number of units 
Dtm,rnlons 
FI~ ptrlod (2.0 pl/min) 

Flltrltion 
Number of units 
rilunlon r"e 
Fllltr medi~ depth 
Auillble hud 
B~kwuh ute 

Cheminl dO",e rattl 
Alum 
Lime 
ClU8ullnt lid (polydectrolyte) 
Filter "id (polyelectrolyte) 

] 

16X IS x 121n. 
15 min 

2 
2.8111/mln·ft' 
30 In. 
100 In, 
26IJI/mln·rt' 

5· 20 mill 
5·10 mill 
0.25-0.50 mall 
0.10 mill 

, lJ:ure 0;:. Imake pipinJ: liJrrowl for "'/0/ p/.1II1 "hl¥(, /I comf"~ iJ!>hor(' 

Pi lo t plant inl.ke 
The pilot plant dn'w water through an inlakt, 

approxlmall'ly 5 fet't from Iht' oulSldt' t'dgl' of a 
largt' bt'nd in tht, Kt'nal RiVt'r (Fig 51. Tht, Intakt· 
was approxlmatt·ly 4 IOcht's abo..,t' the (IVt'r bt'd, 
which (onslslt'd of hard grawL DUring tht, 
(ourSt' of !t'sIIOA Iht' §ubnH'r~wnct' of Iht' intakto 

4 

varlt'd from 2.5 105 ft·t·' Tht' flvt'r vl·loClly past 
Ihl' IOtakt' was approximately 2 hIs 

Hydrocyclo ne 
A Krl'bs lnglnt't'rlOg Modd W2U Dt>sandt'r 

was uSt'd as tht' pilot plant hydrocvcloOl' (Fig b) 
11 Opt'ratt'd al an 8 4· lb/in 1 twadJoss, with a flow 



I il-lure 6. H ydrocyc/one 1m/alia/loll. 
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Iltr' hyrJ"" yl Iflnt, 

I 

of approxirnah'ly 12 ~ili/min (Fig, 7l- Th,,' hvdro
cydont, was manuallv purgt.'d of accumulalt'C1 
sand t'Vt'rv 2-4 hours 

Chcmi Cili I addition system 
Tht, pilot plant chl'mlcal addition syslt-m con

slstt."d of chl'mical ft,t'd solullons pumpt'd via 
cht'mical nWh-ring pumps (pfI'cIs ion Control 
Products Modt'll1311) from plastic stora~w con
talnt'rs 10 th", rapid mixmK Unl' and tht- flocc ula
tor basins (FiK 8) Thl- dt'sign of thl' rapid mIXing 
unit was baSt-d on a dt'lt'nlion tlmt- of 30 St'

eonds at a mdximum flow through tht- floecula
lor of 2.0 gill /mIn Tht' unit was (onstructt'd adJa· 
Ct'nl to tht' flocculalor and consiSh'd of an un
baffl~'d n 'c tanKular compaflmt'nl 4.38 incht's 
squart' ilnd 12 Incht>s dt't'p. With a volumt' of 0,1 J 
ft I All plumbing In tht., pilot "Idnt was con
structt-d of PVC pipt' 

DurinK most of thl..' s tudy, rapId mixlnK was 
providt'd by a 1f40-hor5t.'poWt'r motor spinning a 
1.S-mcht·s-diaml'll'r, 3·bladt' propt'llt'r at 1500 
rpm ThiS combmatlon produCt-d an l'shmalt·d 
mixing t'nt.'rgy gradit'nt (G) of 260 s ' . As tht' 
study progrt'sst'd, It bl'camp nl-Ct-ssary to add a 
watt'r cooling coil to Iht- motor to allow it to 
opNatt' continuously Two additional bladt,s 
Wt'rl' latl'r mountt,d on tht· propt'lIt-r shaft. onl' 
directly abovl' and ant' bt' low thp raw watl'r in
It't, to prov ldt' upward and downward thrust 
ThIS arrangt'ml'nt providt'd Vt'ry turbu lt'nt mut-
109, with G t'stlmatt'd at 1000 s ' 

Flocculatio n system 
Tht." tapNt'd flocculalion unit was a cleat acry

lic chambt'r, st'paratt'd by bafflt-s into a thrt'l '
compartmt' nt flocculator (Fig 9) Tht' d imt'n
Slons of tht· compartnwnl5 (16 )( 15 x 12 mcht's) 
Wt'ft' chOSt'n to allow it flow of 2,0 gallmln al a 
dt'lention tim~' of 5 mlnutt's Pl" compartml'nl. 

A variablt.'-spt'ed motor a nd padd lt' asSt'mb lv 
was instal It,d for l'ach comparlmt'nt, allowing 
tht' mixing t-nl'tgy to dlfft'f In t'ach comparl· 
ml' nL Tht- t'nlranCl' and ('xi t PIPl'S on this uni t 
and SUbSt'qUl'nt prOCt'SS units Wt'h' sin-d to t'n
surt' an aVt-ragt' vdocilv of It'ss than 1 fils to 
minim iZt' floc sht'ar . 

Flat-bladed paddles were used for floccu la
tion, with the firsl two compartments having two 
se15 of paddles each and the third haVing one 
Each rectangula r paddle measured 2.0 x 8.0 inch
es. The padd les had surface a reas approximate ly 
equa l to 20% of the cross-sec tional area of the 
water surface in the flocculating compartments 
The third compartment had only one set of pad-



a. Meterm~ pump ... on hl!nch abOliC ~toraJ.:<-· con 
tame' .... 

b 

11. lurbulence m f.1pul mi)(m~ unit 



.I. Iloccul.IIor moullled on In'd/mcn! build;llg b Mh(ln~ m%,~. rheo",I"" and pu//cy~ 

t 
c C/o",e.up of 1I0cculJ/or }howlI1/< pufl('~' .lIItlp.u/(JII·", 

I '~ure 'J Ilou .. u/dflon )y",/cm 

7 



dies because of the low degree of mixing energy 
deSired In that compartment 

Fillr .. tion system 
Ttl{' two gravltv filter columns were obtained 

from Nt'plunp Microfloc . Inc Each column con
slsled of JO Inches of filler media tn a 4.5-Inch
I d dCrVIIl: ptpe (fig 10) Table 2 shows the tvpe" 
and depths of the media A constant hydraulic 
head of approxlmtltelv 8_0 feel was maintained 
by an OVPlhCold feE."d manifold Excess flows 
were dralnE'd via an overflow pipe 

rllter flow rales were individually controlled 
With effluent pressure regul,ltors; the flows were 
measured with rolamelers. The pressure differ
enllal (head loss) across the filter media was 
measu red WIth it differential pressure gauge. Fil
ler '1PpIiCallon rales varied from 1 0 to approxi
mately 9 gallmtn.ft f . 

The filters wPle cleaned by backwashing and 
,urf;u:.t' washing the media No provisions for air 
SCOOling were prOVided and thiS was not al
tempted The backwash flowed from a nearby 
well dt 29 gal/min ThIS rate expanded the bed 
by SO% The backwash water volumes were cal
culated bv measur ing the backwash flow rail' 
With the media fluldlled and measunng the lime 
required to produce a visuallv clean backwash 
wa~te 

Pilol pl .. nl operoiltions 
The pllOI was opera led continuously and was 

Inspected every 2-4 hours Before each filter fun 
the chemicals were prepared and the filters were 
backwashed The flow to the filters began 30 mi
nUles after the chemical additions wele cali
brau'd and the flocculalor speeds stabi li zed . 
The fllSl10 ~allons mto the filters were dratned 
Without paSS tnK them through the media . The fil 
ter effluent 5<1mpiIOg was started 1-2 hours after 
the filters were put on line The filters were not 
precoated With filter aids 

(o,lxulillnt chemical prep,I,,Itions 
lime. a lum. and polymer solutions were pre-

pared at Ihe site T~ reagents were weIghed to 
the nearest 0 1 gram on an Ohaus triple beam 
balance and were diluted with well water A me-
chamcal ml).cr was used 10 ensure that the re· 
aKents were completely dissolved The polymer 
solutions were mlllt>d fo r sharI Intervals (less 
than 3D minutes) to aVOid any pos~lbi"tv of mo
lecular ShC'df The IUlle and atum solu tions were 
constd ntlV!lulied lhe chemical feed conct'nHa
tlon~ r.\tlKl.'d frol11 2') to 5000 mgll 

• 

TOibie 2. Fittet' mediOi in Neptune Mtcronoc filters •. 

D~Ih [ff",/I'r slu Unf(OI'mity Ntp/llnt 

"'('dill (In.) (mmJ c(Hffkknt o;ptclr/clltion 

Co,,, 17 1.0-1.1 1.7 MS4 

S.nd • 0.42-4.SS 1.8 MS6 

G"rnel • 0.18-<1.24 2.D MS21 

-Tht ", lu.1 medl.ln In~ ''''0 columns difjtlfd will:hU~ frum 
ont .nOlher 

"Jo:tH(' /0 1',/01 P/,1n1 fille, CQ/(lmn~ 

1 ht' Initial cht'mteill doSt's wl'rt' t'oC;!lmalt'd 
from lar tt's l dala on gl.lClill walt'r" (AltlSk.l DI)

Incl. Corps of lngtnt't'r~ ,lnd MUOlCIpalitv of AIl
chortlgt' 1,)79) Tht' 1M 11,,1 I' tilt' mo,1 Wldt'''' 
uSt'd ml,thod 10 dt'h'"nllW co.l~u l""t dOlo'l~I' 
and flm:culatlon aids 10 wat ... , Ire.llm ... nt 1 hl' Il'q 
attempts to ~tlnulat(' IhE' full·~Cdl(' co,ll.\ul.lllon
flocculation proce~s uSE'd III phV5IC.\I-cht'llllCdl 
waiN rr(>illmt'nl pl,1nl" 



rtw jar test consists o f a wrll"S of samp!,' con
tlllnnS, Iht' conll' nlS of which can bt' ml),t,d bv 
indi ... idual mt'c hanu: ,llly OPt'rdtt'd agil.l tors I hl' 
watl' r 10 bl! tr t'all'd i!. plac.' t'd In tht' c:ont.lln~' r ~, 
Md tht' Ireal m",n l cht 'mica!s art' addt'd whitt, thl' 
ronl t'n lS art' bl'lnS stlm'd The conh'nlS elh' 
sllUt,d rapidly for ilbout Ont' minull' tQ l' nHlr\' 
complt'h' dtspt"rSlon, Iht·" tht' st irling rait' i~ dl" 
ctl'ast'd Floccu lation IS allowt"d to conti nUl' fo r 
01 ...... ndb!l' Pl'flOO Tht' SlIrting IS Iht"n stoppt'd. 
tlw floc IS a ilowt'd 10 st'u l", for a sl'll'cI",d liml', 
and thl' rt'sul ts art.' ,In.l lYll.'d for a ... arlely of pel
ramt'l t·rs . DOSe fillt'S of Ihl' addt'd c ht'mica ls art' 
~ystl'ma l ical lv var ll:d to find tht:' comblMllon 
thilt ghll's tht, bl 's l h.'suI L~ 

flow m~asur~me nt 

1 he flows throuwh tht, PIIOI planl Wl'/\' dl'll'f
mlnl'd bv a va n t'ty of mt'thods. Thl' raw water 
fJow through the hydrocyctone was dl'll' rm inl'd 
bv ITI l'asuring it:; hl,.ld loss wll h a mt' rcury mano
m",ll'r Figurl' 7 is Ihl~ manufactur"'r 's hl'ad losS
capacity cu rVl' 

Tht-' Uow in to tht, em-mical systt'm WclS mt'd ' 

!>u rl!d by a Fisher Portl" rotam~'tt' r Bt.'cJusl! ai
w.w fnoq ul'nliy plul!UWd II"w rotamt'tl'r. a bypass 
hnl! was IOslalil' d to "lIow tht' rOlam"(I" 10 b .. 
cli'a n ... d without InuHrup ting th~ procl'S' flow 

l ht' c ht'm ica l so lution flows wert' nWJ5urt·d 
with a graduated cy lind .. r ilnd stopwatch at thl' 
pO'"t wI-nor!! tlw solutions pn ll!fl,d thl' flash mix
t: r Th~ iiltt" dflut-nl flows Wt'rt' indiv idua ll y 
m~asurt.-d bv rota ml'it'r!> and fillt'r backwa~h 
"Ut'~ wt'rt' mt'asurl'd usmg a buckt,t a nd s top
watch wht'n thl' rnt'dlil 'Nt'fl' fully t')( palldt'd 
Thl'~l' How rah'\ wI'rt' tak",n as a'Jt'ra~w va lui's 
for Ih ...... ntire ba ckwa~h and slIrfact' wash CVell'S 

Sampling 
Tht, pi lot plant dt'slgn (Fig. )) allowt'd thl' fol . 

lowlnt; 10 bt' samplt'd 1) thl' faw walt'f. 2) thl! hy. 
dro<yclont' t'H!ul'n l (Ihl,.' c hl'mical sysll'm Inl h .. · 
" nt ), 3) lhl' hvdrocycio nt' s ludgt" and 4) tht· ,' fflu · 
.'1'11 from bUlh ftlt t·rs In add it ion, coupllnl(s 
cou ld bt' opt'm'd and ~ ampl!'~ withdrawn al " I· 
mOS I any pain I in Ihi.' proc"ss. 

MOSI lampll' tdP) W"fl' dllowt,d to run frl,t-I V 
for \t'vl'fa l m ..... ul .. ~ b.,fot(· ~amph's Wt'rl' lakt'n 
Howl'vl' r, Ihl' hi~hlV t.oIlCt·nt rat t,d hydro("vc lol'll' 
~Iucl~w ~amp"'" w.., .. collt 'Ch,d immt,dlah·lv 
wht'n 1111' ~aml)h ' Id(J wa~ opt'nl'd , Sln( I ' Ilw 
\l udUI ' wou ld haVl' rdpidlv washl'd oul Wit h Jargt' 
Qua n'I' I,·~ of walt'r A larw·r hVdrocyc lont· wit h 
",dt' tIUtlh' \fllich f\'h'ntion l.ould b" ulwftlh'd 
wu hnu t IhJ~ "l.ou nn~ 3nll would \ 1111 ()rodUl.l· 
",'-ry c um,"ntr"" ,d \Iud~. " 

RESULTS AND DISCUSSION 

K~nal Ri ... e, w,)I~, qUollily 
Oat ... Wl' rt' obta int·d frOnl tht, U,S Cl'ologlca l 

SurVt'y for l ilt' Kt%'1J Rlvt'r 1'tI Sold o lna Pfovi. 
ijonit l ditla (ng 111 mdtC,Jl l' tlhlt th", d,sch<HSI's 
du ring pilot plant tt'S I Il'l~ W"U' hl~ht"r than Ihl' 
lo.Vt'jll month ly aVt'ra~w As Will bl' st't'n lah'r in 
this report, the treatabilit y and qualitv of the riV
er waler declined al flow II'Icreased "is possible 
that overa ll water quality was worse than usual 
dU llng pilot plant testing. 

Chemica l data for Ihe Kenaj River at Soldotna 
are shown In Table 3 Average val ues for a ll para· 
meters excepl iron indicate tha i the Kenai River 
should be an excell ent source for domestic wa
ter supp lv The average va lue fOr Iron is slightly 
In ~lIctSS of the OrinkmK Waler Crt terion of OJ 
mgll . and some acllo n would have to be laken 
to ensure iron concentrations of less than 03 
mg/L 

TabJ\, J mdi Cd lt's Iha l ,hI' aVNagt:' suspl'nd,'d 
solid s conCt'nlratlo n Is 15 m~l Du ring tht' pilot 
plant study thto ml!asurt>d su~pt'ndt"d sohds aVl'r
dKt'd 28 mgll , Wit h it tHgh va lU!: of 48 mg/l (Fig 
12) This high value is probably ass.oclatt"d wHh 
tht' htghl'r-than-normal disc hargt- of t he riw, a nd 
gl'n lo' ra ll v lowl'r walt>r quality nwn tlont'd l'arllt" 

No background data on turbidity wt'rlo' a ... ai l· 
ablt.', but ml'aSU fl'd lurbidity va lut'S dunng It'll' 

pilol plant s tudy rangt'd from 18 to 32 NTU, with 
an awragt' va lUI' o f 2S NTlJ (Fig 13). As ca n b\., 
Sl'l'n bv compallng Figurt'.5 12 and 11. turbidily 
a nd suspt·ndt'd solids valul'S do nOI corrt'iatl' 
wt' li 1urbidlly 1$ particularly Important 10 Ihis 
study, s inct' Iht' Objl'C llvt' wa~ to dt'mon$tralt' 
Ihat dln'C I (titra ti on can product' wa h 'r co nta,"
ing Jt'ss Ihan 1 NTU turbldll V 

Evalualion of pilot planl lesllng 
Tht' Objt'C IIVt' of thiS It'Sl ing was to dt'lt'rmlnl' 

Iht' ft'8Slbllity of uSing dlrt'c.t filtration to rt'moVt' 
gJacial .)ilt from natural riwr wall" Tht' mal or 
crlh'r,on uSt'd to evalUd!t, Ih" l1i1ol pla'1l pl,rfor
ma nn' WdS thl' production of woltl'r containing 
It<ss than 1 NTU turbidltv $l'vl'ral o lht' r param
l'!t' rs WI'rl' also l'valuall,d 

Table 4 summatll~s the pilot plant filt er run 
data for those filter runs considered sucees5fu!, 
t.e for which waler conta ining less than 1 NTU 
of turbidi ty was produced. The initial chemi ca l 
doses Well" es timated from lar test data on gla· 
c ial wit lflrS (A laska District, Corps of Engineers 
and MuniCipa lit y o f Anchorage 1979) It ca n be 
seen Iha l rdw water turb,ditles ,anged from 20 to 
27 NTU and that leveral c:;odgU"'n~ <md combrn-
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F,gure 11 . Daily discharge of the Kenai River at Soldotna. rhe 198() data are only far the 
period of pilot plant testing. 

Table 3. U.s. Geological Survey chemical dau (or the Kenili River ilt Soldotna·, 

Rtporttd Numbtr of '""doni 
Amlmtttrf ~ (Jnfl'y~J A~f09! dtvltltlon Mflxlmum MinImum 

Speclfk 
cOflduclance ("mhos) .0 70.5 9.28 " 51 

pH 44 1./6 0.41 B.' '.1 

Alblinlly caCO. ., 26.2 1.' " lS 

Nltrale N ., 0.2] 0.28 1.20 0.0 

Fluoride F .. 0.08 0.1 2 0.1 0.0 

5111" SKI, .. ••• 1.4 B.' 1.2 

Dissolved ... ~. " 42.1 S.S H ,0 

I~" F. .. '" '" 1040 10 

Suspended 
ted1menU 97 lS 19.8 lSI 

Hardnrss caCO. ., 29.8 '.2 ,. 21 

~clum caCO. 44 9.82 1.1 1l ••• 
MaAnt1lum M, 44 1.24 0.49 2.' 0.2 

Chloride CI " 1.1 1.ll 1.' 0 

Sulf;ltr SO, ., S.B 1.) 7.' 1.' 

• Recorded llnee 1952 for;llt plumetrrsu:upl ,,-upended sedimenU, which were recorded 
from 1961. 

t UnilS 'or all pJrameters except sPecific conducl;lnce Ind pH Ire milL. 

10 
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flRure 11 'iu5pended solids. concen /(ol 
'IOns dUring Ihf' prior plant study 

allons 01 coagulants at vanous doses were used 
Filter loadings from 25 to 75 gal/min.h l were 
successfully tried , with production and back· 
wash requirements varying considerably be
tween ruos. The raw water temperature vaned 
betw~n 8.S0C and 14.9°C. 

There was a period between 2 and 21 July dur
ing which no successful filter runs were accom
plished . Runs tried during this period. along with 
preliminary runs, are summamed in Table 5. Ta· 
bles 4 and 5 show that raw water turbidity was 
only slightly hi ",her for the unsuccessful runs 
(which averaged 2S 9 ± ) 67 NTU) than for those 
considered successful (which averaged 23.4 ± 
224 NTU) and that the same coagulants and 
combinations of coagulants at various dose~ 
were used . The filter loading was either 2.5 or S 
gal/mln.h l except for one run where 8 .4 
gal/min. tt l was ,ried . The raw water temperature 
was lower overa ll for the unsuccessful runs, 
va rying between 8.5° and 11 .2°C. Because the 
breakthrough of water containing greater than 1 
NTU of turbidity occurred Within a half hour of 
statting a fil ter run, no production or backwash 
data were collected and Ihe run was conSidered 
unsuccessful. 

Data collected during pilot plant testing indi
cate that conditions for ~uccessful and unsuc
cessful runs were quite Similar, with a slight rise 
in turbidity being the on ly apparent change 
However, near the end of the initial runs In late 
June. the Soldotna area had a period of above
average rainfall. Discharge data (Fig 11) confirm 
thdt hlgher-than-average discharge occurred dur
Ing prlot plant test 109, especially at the begin
ning of July. Suspended solids values were also 
higher than average during this period (Fig. 12) 
Apparently, the Kenai River carries a conSistent 

11 

• I I 1 I 
• • •• 3 -~ • :!: •• 

'f 20 r--- . 

• 
••• • • ••• •• 

• ~ 

f--

I 
0'0 I J" 

1 I 

IIRllfe IJ. rutb,d./ v durmg Ihe pilot plant 
\tudy. 

load of glacial silt, which IS eaSily removed 
However, high runoff amount5 add more Silt, 
which is conSiderabl y more difficult to remove. 
This indicates that although turbidity is a proper 
parameter to Indicate success or failure of it fil
ter run. it is cl poor indicator of the " treatilbihty" 
of the water The ability to flocculate and treat 
Kenai River water changed much more than the 
slight increase in turbidity Indi cates 

Performance o f pilot pl .. nl elements 

HVdrocyclone 
The hydrocyclone was lIery successful In re

moving the larger sediment particles (Table 6). 
The underflow consisted primarily of sa nd. aver
aging 390,000 mg/l suspended solids, which con
centrated to 63% solids bv sedimentation 

Surprisingly. the hydrocyclone removed a 
larger quantity of total solids tha n suspended so
lids (Trans-Alaska EngineerlOgJURS Co. 1979}(Ta
bles 6 and 7) This indicates remov,,1 of some m· 
terable residue {Table 81. which is that mate rial 
capable of passing Whalman GF/C Filter Paper 
(with an effective retention of 1 2 ,.,m). This unex· 
pected result appears to be correlated with the 
" treatability" of the raw water, which 10 turn 
may reflect the IOcreased proportion of smoll 
collodial particles ev ident 10 Runs 14-17. 

Chem.cal doses 
Three primary coagu lant systems were found 

to be effectIve dutlng pilot plant testing: alum. 
alum and lime, and Magnlfioc 515( . lime clnd 
cllum combtned and alum alone were effeCltvf" 
10 promot ing flocculallon. rega rd less of rclW W.l
ter quality. Magn/floc 5 ISC was not 

Alum doses from 5 to 20 mg/l ~ere USE"d . • 1 10-
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hble 5. Summary of unsuccessful pilot plant filter runs. 
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TlIble6, Suspended solids rrmovlll by the hydrocyclone, 

Ul'drocyclOM 
Ruw tWt~ rfflurnt 
JjJ$ptmkd JjJJlHndrd Su!J!.rndrd wilds ,rmolll'd 

Run no. IOIIds (""tU JOIItJJ ("'fIl) ("'fl l) (M) 

11 ). ,. , 2. 
" .. ,. 

" 28 .. 32 " 
, 18 

IS ,. II , 25 

" 25 " 
, 

" 17 27 IS 
,. •• 

18 27 18 , 
" " " IS 8 3S 

A'te~~ " 21 8 28 

Tmlc 7, Total solids removal by the hydroc::yclone, 

Uydrocyc/Of'l' 
RflW tWt~ r((fwnt 

,.'"' ,."" Totol solids rrmo~d 
Run no. wild. (mIl L) JoUth (mIl L) (m'l l) (M) 

11 3S 
') " 72 " " .. , .. .. l8 " IS " " " 32 

" " " 
,. 3S 

17 " " IS " 18 7. ,. 14 20 

" " S8 8 " 
AY~~ 8S ,. " 

,. 

TableS. Filtffilble solids remonl by the hydrocydone. 

IIl'droqdtNW 
RflW wattr t((flNnt 
f llrrrvblt nltrrvblr Fllterab/r n:sklu, removed 

Run no. 1IOI1dJ (TfIL) rrsld", (mgJl) (m9lL) (,,) 

" l7 17 • • 
" 7S ., 

" .. 
IS 72 ., 2S 3S 

" 71 ., 28 " 17 54 •• , , 
II ., 

" 
, 11 

" 
., 

" • • 
A~r;qe " " 14 2. 

14 

mg/l dose promoted flocculalton and p,ovld~d 
a filtrate with less than 1 0 NTU turbidity. but 
the filter runs were generally prematurely termi· 
nated by turbidity breakthrough. At a 13 j-mwl 
dose, maximum head loss was achieved at about 
the same time breakthrough occurred, IndlCat-
109 a nearly optimum dose, except when the fiver 
was carrying precipitation-induced runoff 

Increasing raw water turbidity requ ired in
creased alum doses (up to 20 mg/l at 30 NTU) 
and 5 mg/l of lime as Ca(OH), to provide an ac
ceptable quality hltrdte. Unfortunately, the raw 
water quality Improved before an optimum dose 
could be identified. The 20-mg/l alum and 5-
mgll doses with a 30-minute flocculator deten
tion time are known to work , although they are 
probably ellceSSlve. 

Magnifloc 515C dosed in the rapid mill cham
ber was used successfu lly at 10 mg/l during peri
ods of low turbidity This dose, with 0.25 mg/l of 
Maglllfloc 1849A as a flocculant, Yielded the 
highest filter production during this study Dur
Ing penods of high turbidity In both Jar and pilot 
scale tests, Maglllfloc 515C would not produce 
dn acceptable floc formation at doses up to 20 
mg/l and therefore would not be suitable for 
full -scale continUOUS use 

flocculation 
Tht' watt'r of Ihl' Kenai Rlvt'r t'xhlbitt'd widely 

varying flocculation tt'ndt'ncil'S dutlng test ing 
Dunng periods of low turbidity. the water floc
culatt."d rt:'adily at wry low mU(lng energit's IGT:; 
1.5,000,· Fig. 14). Several successful filter runs 
(Runs 2, 3, 5 and bJ used this low e nergy input. As 
the Kenai River quality changed during mid-July, 
flocculation reqUlrl'd consldt'rably mort' nm:ing 
l·nt'rgy. O n 21 I uly it was nt'ct'ssary to incrt'asl' 
CT to achil'vt' a flllt'rablt' floc This rt'qulrl,d that 
thl' flocculation time be increased from 15 to 30 
mlnutt'S. achll'v ... d bV halfing tht:' flocculator 
flow Continually chanHlng "Vl'r quality made It 
Impossible to dl'!t'rmlnt' If all 30 minutt's ICT ::: 
90,000) wt'rl' rl'qUlfl'd. howt'vt'r, this valut' is 
known to work . whilt' a 1S-minult' dett'ntlon 
IImt' IGT ::: 45.000} did not 

Watt'r from tht' Kt'nal RIVt'f bt'came t:'xtrl'mt'ly 
sensltlVt' 10 muong l'nt:'rgy dutlng periods of high
l'r turbidity lar tt'sting and plant opt'rallons 
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I.gure 14 Pint/oc format/on SUitable for d,rect l,flriH!On 

showl'd that mixing l'nt'rgy cha ngl's from CT _ 
29,500 10 C T :. 37,600 ca uSt'd cons,dl'ra bll! (lIf· 
ft'ft'nct's In tht' floc appt'dfanct' Howt'ver, suc
ct'ssful C T values and cht'm lca l dosagt's dl!tt'r
mint'd by jar tt'sl,"g dldn '! always work ,n tht' pl' 
lot plant Tht' pilot planl tht'n rt'qUirt'd mOrt' 
t'nt' rgy. tlmt' and alum than tht' lar tt'sls indl' 
cdtt'd 

Direct filtration 
The flltt'r run da!')' prl'sl'nlt>d 10 Tablt's 4 and 5 

IOdicatt' that dirt'cl filtration was capab ll' of pro
ducing wal!::'r conta ,mng It'ss than 1.0 NTU of tur
bidity fro m nalural surlact' walt'r ca rrYing gla
cial slit As previously indicated, higher·than
normal runoff caused some difficulty in achiev
ing favorable rt'su/ts In t'a rly lulv. but a fJrogram 
of jar !t'stmg Ylt'ldl>d cht'mlcal dost' and mo,mg 
t'nt'rgy information adt'quatl' to rt'suml' SUCCt'SS· 
ful fjit l' r runs Th,s pract,n' is s,milar to that uwd 
in full-scall' watt'r trl'atmt'nt plants, wht'ft, a con
tinu ous program of Jat tt'stln~ IS rl!qultl'd to opl!' 
miZt~ c hl'mica l add II ions . Also. Ihl' pilot plant 
tl'SlinW took plact' whl'n na tural rivt>r conditions 
wt'rl' It'ast s tabll! and wht'n tht, flvt'r was cd rryml!l 
largl' quantities of glaC ia l Silt DUring Iht' cold'-f 
months o f tht' Yl'ar, qua lit y dnd fl ow att' mu ch 
more stable (Fig. 11 , Table 3) Although treatabll· 
Ity and quality declined as flow Increased. direc t 
flltrat,on was st l/l poss,blt' for all conditions ,'n
counlt 'n 'd during h'sling. 

Param~t~rs oth~r than t'fflut'n t turbidity and 
prowct costs must bl' cons idl'r~d bt'fort' st'll'ct-
109 a filtration dt'sign Onto of tht' mort' signifi
ca nt paramt'tt'rs IS fl/tt'r productivity. 

Tablt' 4 Indicatt's that dlfft'rt'nt f illt'r appll ca· 
tion rates and coagulants produced widely vary
Ing producllvlty, run le ngths and backwash re
qUirements, This In turn It'd to considt'rab ll' va' 
ria tion in thl' total quantity of watl"r product'd 
by a glvt'n Stc't of conditions ovt'r a fixed tlmt' (48 
hours in this study) Ct'nt'rally. lowt't loading 
ral t's resultt'd In a hlghl'r nl'l productivlly Pt'r 
run. but not nt'ct'ssilri ly a grt'a ter filtt'r productl
lilly over 48 hours. SIOCt' tht' run tl mt' may bl' 
qUllt' long For IOSlanct'. Run J o n Filtt'r 2 on 27 
lunt' (Tablt> 4) had a loadi ng ralt' o f 2S gall 
mln·ft l" and rl"suitl'd In a nt't producllon aflt'f 
backwashln8 of 384b gallft' HOWt'Vt'f. Iht> fillt" 
run lime was 27 hours. rt'sulting in a 48-hour pro
duction o f 6809 ga l/ft l By contrast. Run 3 o n nl· 
tt>r 1 on tht> samt' da tto had tWICt' tht' loading ratl' 
(S ga l/mlnofll) and ylt'ldl>d a nl'l producllon of 
1950 gal/ft ' Tht' run It·ngth. howt'vt'(. W.1S o nly 7 
hou rs. ft.'sulting in iI 48-hour produ c tion of 
11 ,307 ga l/ftl 

Gt'nt' rally. hight'r 10ddmg .alt'~ ft''\ult m gn'at· 
l' r 48-hour produCI!Vlly HO\'it'Vt'f, no .1th'mpt 
was madt' to t'stabllsh an UPPl'( lim it for loading 
raIl'S or to dt'lt' rmlfll' dn opllmum ch,'nucdl dO'il' 
for high loadmg ralt's "nd fdh'r fHOOlU IIvlIv 



Physiul .lnd chemiul v.ri.lbles 
As stdted earlier. turbidity was the main crlter· 

Ion for determining if direct f,ltration IS feaslbt(.'. 
Several other water quality parameters ~efe 
monitored during the couts,," o( th ... studv to give 
further mdlcations of product water qualitv 
from a direct filtration treatment plant. 

Iron and m.anganese 
The raw water and f,her efflul'nls were ana· 

IYled for soluble Iron with a Bausch and lomb 
portable test kit and Mini 20 spectrophotomet~r 
lhe portabl ... tesl kit used the l ,lO-phenanthtC>
line method specifk:!d tn Standard Methods 
(APHA·AWWA·WPCF 1976) All raw water analv· 
ses were at or below the limit of detection to.2 
mgll) exccpt ont.'. All fihe r efflu+:nl.S Wf're at or 
bdow the limit of dl'h!'cllon. Tht.· drinking watl.'r 
~landard for Ifon is 0 3 mg/1. 

Raw water and filwr effluent sa mpl !;'s were al· 
so analyzed for ma nganese by uSing the partabl£, 
It'st kit and speclrophotomt'ter No detectablt.' 
quanllll~~ of mangancst.' wt're found The limit 
of detec tion fo r Ihl~ analysis was 1 m&fl. 

A/kill/MY 
T~ raw water and filter effluents were a na· 

Iyzed for alkahnlty by titrating Wllh 0 02 NH)SO. 
to a pH of 4 Ii All raw waler a lkallOltleS me.1S· 
ured 1S miUl or less, "II "' the blcdrbonate form 
1 hl~ IS verv close 10 Ih(' average va lue of 262 
mglL reporf~1 for Ih(' K~nal bv Ihe USGS (l dblt· 
3) l llll(' ,lnd alum additions dunn!; treaTment 
~ent'rallv had lillie {""'c t ('In Iht;' 111t('1 eff I U~I)' 

Calcium .lnrl magne'i;um hardness 
Several fitter effluent samples were analyzed 

for hardnen by EDT A t Itrat ion All sa mplc~ 

showed total hardnesses of either 30 or 31 mg/l. 
which conllrms the uses analYSIS (Table 3) that 
the Kenai River water is very soft 

CONCLUSIONS 

A direct filtration pilot plant was operated On 
Ihe Kenai River in Soldot na, Alaska. dUring the 
summer of 1980 The purpose of the project was 
to determine the feasibility of removing stream· 
borne glaCial Silt uSlOg the direct filtration pro
cess. A hydrocyc1one was used for pretreatment. 
1 he filter~ were multi-media (coal . sand, and gar
net). and alum , lime. and several polymers were 
investiHated as prima,'y coaguldnb dnd coagu· 
lant aids 
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Tile production of water con taming less than 
1 0 NTU of turbid ity was tile criterion by which 
the success or failure of a fiher run was mea
sured Also monitored were tota l and suspended 
solids. iron, manganese, alkalinity and hardness 

Turbidities ranged from 18 to 32 NTU In the 
raw water. Successful filter runs produced waler 
con taining It'ss than 1,0 NTU in timeS ranging 
from .. to .... hours Suspended soUds ranged 
from 21 to 48 mg/l In the raw water In the 
treated water, suspended solids were typica lly 
I ~ss than 10 mg/L Iron ranged from less than 0,2 
10 1.4 mill In the raw water. and was typically 
less than 0 2 mg/lll1 the treated water Alkalinity 
did not excet'd the uses average of 26 mg/l. FiI· 
ter application rates of between 2 and 7.5 
gill{min.ft l W(!fe successful 

The teosts of the direct filtration pilot plant on 
the Kenai River demonstrated that. 

1 Direct fjltration was successful In trealing 
water from the Kenai River at all water quality 
levels encou nte red durlnK the pilot plant tesllng 
(18-]2 NTU and 21 - 48 maJl suspended solids). 

2, Changes In the Quality of the Kenai River 
durtnH tile studv indicate that: 

a Successful filter runs were not always re
peatable 

b Turbldltv IS a poor Indicator of the treat· 
abi lity of Kenai River water. 

c The cha nge in treatability of the Kenai 
River may be I,"ked to rainfall intensity, 
which affects the amount of slit In the river 

d It wa5 alwavs pO$Slble to treat the wat~r 
... ncountt'rcd during this study by increasing 
the chemical dost' a nd flocculation tlmt', 
3 Hydrocyclones are cffecUvt- prt'lr ... atm~nl 

dt>vlces for ' t-movln g solids from slaclal wat~rs 
4 Filter app lica tio n rates of up to 7.5 gal{min. 

ftl are possible. with 48-hour productivity at a 
maximum at this value. 

S The amounl o f miXing t'nergy and floccula
lion time reqUired va ries widt'ly with the 
hangt's in water quality 

RECOMMENDATIONS 

Although tilt> feaSlbllltv of using a direct filtrj)· 
lion treatment plant was established during this 
studY. further testmg I ) reQuirl!'d bdore deSign-
109 a prototype. The obiectives of furtht'r t!!SlIng 
would Include 

, Determining the optimum chemica l coagu· 
lant dose to ensure effective floccu lation under 
varying water quality conditions. 



'I. I:stablishlng bt;'ttt'r productivity and back
wash rt;'quirt'ml'nts by sl udyin~ thl-' ...fft'CIS of 
loading ratt' and floccu latton tt'ndt'ncil'S. 

3 Establishi ng tht, uppl'r turbidity limil al 
which dirt;'ct filtration can suco'ssfu iJ y opt' ralt'. 

4 Dt'tt' rmi ning w hich constitut'nt o r combina
tion o f constitut'nts art' most rt'sponsiblt, for 
changt>s in tr t'atabillty. This information could 
prov(' uSt'ful in Calt'gort l ing otht'r glacial 
st rt;'am s with rt;'spt'CI to pOlt'nlial trl'atabiltty by 
dlrl'c t filt ration. 

5. Dt'tt' rmin ing effl-'ciS of low watt'r h'mpt'ra
tu rt;'S o n treatability 
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