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ABSTRACT

A pilot scale pretilter was usea tc study tae’

!
performance ot horizontal fiow prefiiter using coconut fiber.

as tiiter medium. Three aitferent lengtns or 250 mm diaweter:

PVC pipe 2.0 m, 3.0 m and 4.0 m were used as friltration

unit. Coconut fiper was scaked, Cillised ana used asS 4 rilter .

medium. The density of coconut tiber was UH1l.6 kgscum after ..

compaction.

Two experimeptdl ruus were conaucted witan a filtration
rate ot 1.25 cum/squa-n and V.0 cus/squ—u. Turbidity ,color
and total COllIOorms werCe @easured duraangd the tilter
operation. The +tuLpilaitcy, color and total codlirora removald
efficiencies were about o07.3% — 89.6%, 41.2% — D5L3.2% and
Hb.d% — 92.5%, respectively. The CLlltel CUNS WeLY SNOCLT due
to exhaustion ot coconut tiber.

Horizoptald prerlster usinu cocounut faiber can pe used
successtully s rouuning fiiter 1t coconut <fiper availaple

in iocal market 1n Llcw cost.

-1i1-






I INTRODUCTION ;

Water is a prime npeed for auman be1ngs and animals.
Hater supply ais a craiticai tactor an pubiic twealth :
protection and economlc agevelopwent 1n most parcts of thae
world, particuldarly in the developing countries. NWater 1is
also a key element iun the growth of any community, rural or
urban. Water is abunaant 1in the world, but only a small
percentage of water source 1s potable and suitable tor human
consuuwption. Most or the sources are polluted Doy several
means and they Snould pe treated 1in one way or otner pefore
consumption.

Surtace stream water 1S a source of supply tor aany
developing countries bBut Strean water contain high
concentration of turoidity wnaich 1s mostly ciay and
suspended silts apd 1S 1ess organiaic 10 nature. The water
treatment processes oare atfected Dy the level ana varidation
of suspended soilds 1o the raw water . Several treatament

methods nave opeen developec to treat turbid waters. The
most etfective process t0o Tewsove turbidity 1is tae
conventaonal Rapid Sand Filtration process in which
chemicals are used to coayuiate fine particies 1rollowed by
settling of the coagulatea parcticles, and then sand
filtration. DBut '~ 1n developing coudtlles @mOStT of the

popuiation are from viiiages and their levels ot income and
literacy are guite iow. 1In rurai areas , tne Rapia Sand
Pititer has proveu to be unsulitapdie because of
financial, technologyical and administrative redsons. Rurail
areas rarely have yuaiified technlclians to oOperate a
copventional coagulated Hapid Sana Fiiter eiftectively.

Slow sand tilters using iocal materials as ifiiter media
are considerea to pe an attractive alternative for proaucing
potaple Wwater 1na ruial communities. The avallability ot
land, laovour, local wmaterials and tne fact that no chewicals
are rfequired and a.lsSo tavourabie climatoiogical counditions
in rural commubities wake the use o0 siow sana filters
inexpensive tor treating surtace water. Slow Sana talter
can handie as much as 10U - 40U myg/i ot turcrblidlty ror a rfew
days but best Tresuits are obtained when the average
turpidity 1s 1V wmg/l cr less.

In tropical TC<eglONS surtace water contain hiyn amount
of silt ana ciay, wnicn can easily birock the tilter ana caldl
tor wore frequent cieaniny . hHowever, a slow sand tilter can
be maintained in goca working conaition 1o Spite or tae
exessive turbidlty which causes rapia cloyging of fiiter
surtace.for this purpose pretreatment techniques can bpe
used. The norlizontai Li0OwWw pPreflitratloll tecnnigque nas peen
found very effective 11 naualiny turbid waterLs. The @ain
advantages or horizontali tlow prefistration 1s that wnen raw
water flows through it, & cowbipnation of filtrataion and
gravity settling TaKes places. Lorizontal rtlow
prefiitration pertormdance usiny coarse Jravel filter media
has been weil stuaied. but there are only a few studies
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using the cuconut fiper as tilter wmedila. The m@main
consideration in tnis study 1is to 1nvestigate tae
effectiveness of horizontai flow preriltration tube model (
closed channel ) using coconut tiper as pretreatument unit

1.7 PUBPOSE OF STUDY

In previous works, crushed stone was used as the filter
media and filtering unit was an open channel horizontal
prefiiter followed by slow sand fiiter. The study ot
horizontal fiow prefilters in tne tupe wodel usiny Single
media (crushed stone ) and dual medla ( crusned stone with
coconut husx fiber ) was dovne by VvICdian ( 1984 ). In chis
study, horizontai tlow preriiters 1n tne same tube wmodel and
usi1ng single umedia coconut fiber 1s conducted. The @main
purpose of this stuay 1S to conduct the toiloviny
investigations.

1. Assess the perrormance of the norizontal flow
prefailitration 1in tube moded USliyg coOconut fiber as
filter medium 1n terss ol turpidity, color and
bacterial reduction unaer a rixed density oz
coconut ftiber dna varying filitration rates.

2. To compare the results of this stuay with tne
results ‘of VICHIAN ( 1y44 ) obtained by using
single talter @wecalua crushed stone and duali media
crusnea stone witp coconut husk tiber.

1.2 SCUPE QF STUDY

The layout of the eXxXperliment was as Lo1lOows;

1. The 1ntluent was collectea Trow the canal ogear the
laboratory of Envirounmental Engilneering Division
ana ° the eifluents vwere cosdected trom tnree
different Lengtn tube model horizontatl prefilters
for the deteraination ot turbidity, color ana
cor1torm oryanism removai eifficliencles,

2. The effluepnts were receivead rrom the HPF tupe at
ditferent rdtes ot tiltiration (1.45 cum/sgm-h IOT
first rum anad 1.0 cum/squ—-h LOor second run) .

3. The density of coconut tiper was chosen to be 81.b
kgs/cuim anda the wolsture content of the tiber was 16
percent.






Il LITELHATURE HEVIEW

The process 1n wWnich the water 1§ seperaved rrom
suspendead ana cofluiaal impurities by passingy 1t through a
porous substance 1s calied 1ztiltration. 1n the tiitration
process the number or bacteria are wmaterially reduced auna
chemical 4 physicadi characteristics ol water are changed.
Usually puritication takes pldce during the passdge tarough
the filtering meald and the tredtea water 1s discnarged. Tne
fiiltering megia, ¥hicn 1S a porous sSubstance can be usea oI
any material such as pea yravei, crushed stone, burnt rice
husk, coconut riber etc.

2.1. ALCHANISY OF_ FLLTRALTION

The mechanisa of water tiitravion 1S a cowsplicacea
process whicn 1nveives many uirlferent physical actions. ALl
or tnese process have not been still rulity under stoou.
FPiltration is accomplispned by pasSsing rCaw water throuyn a
bed of 1filtering wedild, usuyally sand . During 1ts passage
the particulate impurities are proudgst i1ntc contact with tne
surface of filtering meqla and neiu 1n poslition there . Thus
the concentration of particulate 1apuraities of the fiiteraing
liquid changes gradudaliy as i1t moves tnrough the bea.

HAZEN ( 19U4) derined each pore 10 a sand filter as a
Sedlmentation basin . detweel the dgrains hdve pores or open
spaces, totaliipg soue dJut 0i the total volume of the ped.
Water passinyg ovel’ 4 yldin surface is suaaenly siowed down
each time 1t enters OnhLe OI theSe pokesg, ana as & result
mi1llions of wminute sSedimentation basins 4are formed 1n wonica
the spailest particles Scttie onto the nearest sand grain
before passiug 1it.

STEIN { 1940 )sucgestea that the water passes 1n a
faminar flow that 1s constantiy chnapylng direcuion as 1t
leaves one graip and BDeetsS the pext. At each change of
direction gravity amd centritugal forces act upon evelry
particle carried by the water .

O'MELLIA & STOA ( 1967 ) describea that tne particle
Temoval at the rilte pore 1s given by twWO aechanism

d. Transport mecndnlsy - move a particlie 1m a fiiter pore so
that 1t comes very close to the ritter grain.
b. Attachment__mecnanisi - cause the particle to adhere to

the grain surface.

A TRANSPORT MECHANISH

HUISAAN & WOUD ( 1970 } reported that the transport
mechanlsm 11 whlich the partlcles are brought 1nto contact
consists of;

i. straining or screeniny.






ii1. Dirfusion.

iii.Inertial ana centrifuyal torcess.
iv. sedimentation.

V. Interception.

Larve particles are interceptea and retainea to pass!
through the 1nterstices petween tne sand grain by Screening
precess. This 1s the wmost obvious process . Tnis is not!
possible in a prefiltrativun usiny crushed stone as coarse.
media . But the gelateneous layer, which is formed byf
adheriny smaller particle, absorp tne impurities when passes,
over it.

birrusion 1s cdausea bY brownian wotion due to thermal
eneryy ot water particies acts 1ndependently of the,
tiltration rate.

Sedimentation removes partlcies sSuspended Ratter tiner
as the pore openiny 1o exactly the sSame way as 1o an
Ordinary settiing tdnk.

Interception wWhere theé particies colitact surrace ot
sand 1n a sand tiiter is aue to mass attraction .

B.ATTACHMENT NECHANIOSH

The attacnwent wmechanism constitutes of  ttnrfee hain
forces that hoia paxtic;es in place once they nave mwmade
contact witia the rilter grain.

i. Liectrostatic uttracrtiovn.
11. Van—-der waail's torces.
iii1. Adherence.

1. Blectrostatic _artruction - The attraction between
opposite electricali charges 1S 1nversely proportional
to the square oI the adistance Detweena taem. Clean
guartz sana has 4 neddtive charge owiny to the nature
Oor 1ts crystalalline sStructure and is aple to attract
positively chargea particles at first sucn as crystals
of carbonates, tlocculi ot iron ana cations of iron &
mapganese, but 1t repelils negatively charged particles.:
During the riping process positively charged particles
accumulates on the surtace ol tne filter grains and
occurs oversaturation, thenm such gd4rains 1s able to
refove nedatliveldy Cchargea colloiqal 1mpurities OL .
organic origin, Jlnciudlng bacteria.

ii. Y¥ap Der Waais_torce - When the particle has bpeen made

. contact with sand grain, particie wiil be holia to the

coptact surtace, since the daistalce between centres of
masses 1s very aucn smallier.

iii. Adherence - During the raping period, particles of
organlic oragin ' wilil pe arrested or deposited on the
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surtace. These depusits pecowe tne breeding ground of
microoryanisss, wnich produce a silmy materCidl Kpown as
zoogloea. The 2oogloeu formsS a StlcKky dgelatinous filnm
on the surface ot tne SCHAUTZDECKE to which particles
from raw water tena to adhere.

2.2. PACTORS_AFPECTING Tdl_ rFILIHATE QUALITY.

The qualiity ot tiltered water oObtalned by slow
fi1itration system depends upon tne foilowiny factors.
4. Baw water characteristics
b. Piltering materiais
c. Thickuess ot filter bed
d. Filtration ratce

. EFFECT OF KAK wATsK QUALITY ON FILTHATE QUALITY

Filterca water «gquaiity itluctuates 1in accoraance with
the chanyges 1in rLaWw water quality . 510w sand failters are
capable of coplﬂg Wwith turpiraities of T0U=-4Vu my/L fax a tew
days, a figure of 50 mgysi 15 the wmaximum that should pe
perzittea Ior longyer periods, ana the best purification
occurs Wwnen the ‘averaye turoidity 1s 10 ag/L or Jless.
Horizontal r.ow coarse wedida fiiter can reducea 60-70% ot
the suspended s0l11d & vuUa 0f tne colirorm oryahisw tfrom the
Caw water which contain turbidity 5Su-150nTU.

SIVAKUnAR ( 1Y70) stated that tne removal eificiency ot
hign turpidity anptluent ( 150 J1U ) was 8% and ztfor low
turbidity ( 35 ) was 7Z% 1in tne horizoutaa fiow Illter using
CcrLushed sitoune as lilter media.

Low ( 1973 ) and Fad ( 1974 ) 1p there studies with two
stage filter concauded that tne hardness adlralinaty,
conductavity and chloride removal were negiigiple. Siuw sand
filtration 1o upsuitablie for treatang rTaw watex with low
dissolvea oXxygyen content or niya potential oxyyen demand.
Due to low dassolived oxygen in fiilter beda apaerobic
condition prevail & etfluent quality deteriorates.

B. BEFFECT_UF_FILTERING 4ATERIALS UN_FILTRATE QUALITY

The effiluent quality will pe pecter as tne filter 1is
puilt up of fimer sized materials .

BEIPLE (195Y ) studied the efrectiveness of filter
coarse media tor the verticad rlow tiltration . de conciuded
that tne tidter etficiency 1n terms ot turbidity removal
increased as the wedia size aecreased .

SEVILLA (1977 ) shoWwed that the burnt rice husk 1s the
most effective local materiai in vterws ot turbidity removadl
comparing with pea gravei, raw rice ana coconut nusk fiber .

THANH ana PESCOL (1Y76) conducted Series ot experciments
using ceconut fiber as a rouyhing tilter and buraot rice husk
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as a polishing fitter and reported that coconut riber

througn 1its tiprous conliigurdtion exhibited rTemarkable
potential 1n retaimiuyg lapurities 1in water and also
absorbing turpidity "“shock loaaino' to produce a relatively

consistent effluent satistactory tor subsequent polishang
treatwent. They founa that at a raw water turpidity level ot
about 100 JTU and taltration rate or U.5 cum/sgqm-h, the
averade turpbidity 1n tne ettluent ot the coconut fiper
filter was apout 45 JTU, snowing an overali turbidity
removal of ¥5 percent.

LOW (1973) conciuded that to use coconut husk Iiber as
roughing fiiter medium 1S very etfective . 1t cawu trape some
of turbidity Irom raw vater and passed the partially treated
effiluent. This partiaily treated etfluent easily can pare
the secondary «rilter ana produce the gooa dualilty potable
water.

FAN (1974) reported that tfiliter performance using
wvashed and —reused coconut fiper as rovughing £fiiter mediumd
Welfe simllar to tauat ot rresn coconut fiper. He also
concluded tpat water quality mpet recommended WHO Standards
tor drinking water 1D terws of turbidaty, color, teste apd
odor.

KERRIGAN ane rOLRUWSKL ( 1905 ) tound that the plastic
pretilter media o1 two layer tafiter ped wWith sapa removes a
portion of suspended solid trom tne filter influent without
creating hiyn headioss .

The porosity or <tne tiiter media 1s anotner factor
wnich aftect the turbidity rewroval . The larger porosicy
will giminishea etticiency ot removal.

C. EFFECT UF THICKNESS vr rlLTLK brD ON £ILTRATE
QUALITY

The quality of tiitered water 1s a tunction ot both
medla size and depth.

HUDSON ( 1958 ) reported tnat tne greater the filter
depth tne better tne efifluent quality for tne same flow
rate. When thne tnickness o1 the tfilter bed 1s iuncreased tne
efticiencies or the sedimentation and adsorption inside the
filter pores are l1acreased wnlcn glves Dpetter removal of
turbidaty.

LOW ( 1973 )showed thnat tae series tiltration systenm
using 80 cm or Coconut raiper (Cf) as roughning fiirter and 60
cm of Burnt kice Husk (BiH) as polishing filter proauced
better turbidity ana codlitorm removal than dual wedia
filters wade or 2V cm ot overlylny 40U cw BkH and bU cm CF
compacting over 2U cm 4RH after ripening period .

But THANH ana PESCUD ( 1Y76 ) conciuded from economical
point ot view that uuval meida filter system consisting of
burnt rice nusk and sana, seenas Bost appedling aud has the
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greatest potential for treataent or tropical surrace wvaters

in rural areas.

SIVAKUMAR ( 1Y76 )conciudea tnat tne most sigmnificant

factor affecting tne turpidity reduction 1n a borizontal
tlow coarse media filter 1s the length or the fiiter amedia.
But depth 1s not so important as the Lenyth.

TAHUMIHABRJA ( 1Yl ) concliuded same as SIVAKUMAR that
for an i1ncrease 1n lengtan there was a correspondiang increase
in tiltered water yuallity .

D. EEPECT OF PILTRATIUN SaTE Oy FILTEE QUALITY

BUDSON Jr. ( 1Y5p ) reportea thet higher the filtration’

rate tne shorter the rilter run and the worse tne water
gualiity will be duriny tne critical period.

CLEASBY and BAUdAN (1Y02) reported tnat at higher
tiltration rate, tne eftiuent 9quallity gradually declined
during the filter run.

SEGALL ana OKON ( 1Yub ) concludea that the etffect or

filtration rate on tiitrate quality were also a function or

media yrain size and pPOLOsSiTY.

JAKSIRINONTYT { 1¥72 ) conductea two staygye ftiltrataion |

Studles usiny coconut tiper as primary rilter medium and

burnt rice husk @8s secondary @mealum. She concluaed that.

filtrate gquality was the Dest at tue ftiiltration rate or 71.25
cum ,/ sqa-h at constant deptn ot tiltter bea.
SIVAKOMAR ( 1976 ) conductea experiasent dna couacludea

that the optimum tiow 1ate in terms ol average removal

efticiency was 1Iound to pbe U.34 cum /squ-n at low turbiaity
{ 35 JTU ) ana V.1¥y cua/sys—n. a nijzh turbidity level ( 150
JTU0 ) in horizontal 1i0W coarse meala tilter.

2.3. HORIZONTAL PREFLLT SA'LLUN

Horizontal tlow preridltration 1s turpidity pretreatment

tecbnique. In tnis tecnnique compination of tiitration and

gravity settiing taxkes place at the same taime which
invariabliy reduces tuwe concentration ot suspended solids.

The design ot a horizointdl tiow prefilter tollows the:

Cectangular sSediledtatlion pasin with inlet,outlet and
tiltration/sedimentation zvnes. In flitration zone ot the

coarse media tlitelL Varlious diayel OFf Jraded grdvel 1s packed

in the sequence Jl coarse-tine-coarse.fach layer ot gravel
is separated Dy strong wire uwesn for tne saxe oL ease to
Cleall and malntenalce.

SCHMIDT (1¥72) mentionea the yse ot norizontal flow
pretiltration 1in #kest GeCmanhy 1n connection with bank
tiltration aud the operatliou period was submitted to a
thorough cleaning every 4-5 year siygniticant removal of
turbidity ana bpacteria.






MUTTUCUMARA ( 1970 ) tound tnat the intiuent turpidity,
the depth of media,tne length or media and tne Llow rate

were ractors atrecting the turcidity removal 1o horizontal

prefilter.

THANA and QUANO ( 1977 ) tound that in norizontal flow

coarse wedia filter aaturation perioa of a few week are

quite suitabie to remove suspendea solid b0O-70% using Taw

water about 150 NTU.

The uiversity of Dur Es'saiam Tapnzania ( 1482 )
reported tne coupiing or horizontal prefiliters to slow sand
filters 1n three pllot plants that the tilter ruas could be
prolonged remarkably by A Lactor Of 6.

THANH (1Y81) Sudgestea a criteria Tto select
pretreatment ot surtace water for siow sand tftilter as in
table 2-1.

THANH ( 1981 ) and LDAs ES SALAN { 1¥y8Z ) suggested tae
following design criteria ot horizontal pretilter.

£ ]
| criteraa i THANU | DAR FS SALal
o —+ s
fi1ltration rate | |
| cum/sqa—hn. | Vad—=1T.0 (0.5) | 0.5-u4.0 { 2.0 )
|]filter depth (m) ] U. -1.5 {(1.9) | 1.0-1.5
|filter length (m) | 4. u=1u.0 {S.V) | 4.0-12.V
|filter area (sq.m) | 1U.u 100 .U ] -
jfalter widtn (m) | - | 0=
lgravel arranye-— | |
| ment | coarse-flpne—-carse | coarse-trine
|satety gravet | |
| layer ( m ) | - j 0.10.2
[ i A

Specificaticn or tailter bed

THANHM'S suguestion:

T T i | L
|Hedia size range | kfrective size (mm) | Uniformity ]
— + t -
| y-20 | 15.7 ] 1.4 |
| 4-12 | b.d I 1.5 l
i 3-9 | 4.5 i 1.7 l
| 2.5-8 [ J.5 i 1.5 |
| 2.5-6 i 3.4 ] 1.3 |
| 3-9 ] J.u i 1.7 |
! 10-25 | 15.7 I 1.4 |
[ . 1 A 4
Note:- The filter Den should be arranged in

coarse—-fine-coarse maunerL SO that the last coarse ifraction
will act as a gravel support zone.

b v e e e e e e e e S o o)






Table 2-1 A check list for the selection of a Pretreatment Method

Raw Yealer Sourcs @ Surface Water

No -
I Yes - ————— | Not nciuded in thi checehint,
Turbwdny < 1 NTU Yes
L ooli MPN < 1U7TUU mi i Dinrioutwn without H:llm:nLJ
No
Slow filiration without pre-
Turbduy < 10 NTU Y= ueatment [sal=ty =hloriration
R £.col MPN 10-1000/100 mi preleraoie).
No Slow hiltrauion wnh pre-
T Ye:

1reatmant [“reugming filiration™
uling OONUT Lidel or Darse
gravel or plain seoimzntauan).

1
l Turbidny 20-100 NTiJ

Slow filirat on with pre-
Y=3 .
I {} =
Tusbiony up 10 150 NTU 1] treatment (horizontal flow coarze
materal pre fdiratond,
No Siow liliration wah pre-
I ueatment {nerage ol water 10
1 remove suspe=nd=d Taner by
i Turowany > 1000 HTU = =n=ss o
ey —J natural seihiemen. and biologinl
proceiset],
Source : Ahfcer N.C.Thanh (1231)






DAR_ES SALAH®S suagestion_:

r Ll R L
| | size (mm) | length (m) {
d + ~ i
|Fi1rst, coarse traction | lo—32 | 4.5-6.u i
jMiddle, Medium fraction | g—-16 | 3.0-0.0 |
|Last, tine fraction ] y-4d ] 1.5-2.0 |
L _— 'y S 1

It should be mentioned that the tirst gravel fraction
stores a high fraction of suspenaed solids than others, so
the design Llengtn ot thlis zone @must proviae greater than
that of finer traction 1in order to provide l1arge silt

storage volume.






2.4, EXPLRIENCES OF_ HORIZONTAL FPLUW PREFILTHhATION

#1th tae ftinanciat help ot the 1DRC 1n Ottawa, Canada,
technical assistance of AIT*s Environmental Engineering
Division 1n Bangkok and the labour of +the Jedee-Thong
Villagers, a series filtration system ( slow sand filter
with horizontal tloW codarse media filter )was design and
constructed 1u 1Y77 . Water was drawn from the Chaopraya
river and passed througn a horizontai pretilter and three
chamwbers of slow sana filters.The average turpidity of rawv
vater was 24.6 JTU and horizontal pretiiter removed U48.8% ot
the total turpidaty 4nd 7bk total colirorm All the units are
covered witn simple roors .There 1s staill 00 Wwarning oxf
norizontal filter ciodJying and tne reseanaing wWork nas not
been required yet. This sSystea is stili operating 1n good
coadition .

Ban_Banglao_and_Ban_tnadindds

The PWhA UDdAerCtoOK a research project sponsored by WidoO
Internativnal Keference Center IOL commulllty watel supply on
the filela stuay of siow sand tiletration sgystem In Singhburi
anu Lobur:i Fkrovinces at Ban banglao ana Ban Thadindam by the
recoamendation of AI1, sSerles tiittration system d4dPF and SSF

wefe CODStructed to tredat the raw wWatel from i1rrigation

canal and =sprind respectivelry. The water qudlity and other
benaviours of tne pialt ~as stuulied py AILT duringy S months.
At that tiwme the prants perfourmaunce Were yood. After
nhandling the plants to viilaygers they were compietly idnored
the reomendation «nd suggestion or AIT apda plants DowWw are
not ¥orking weil.

2.0.APLICATION AND MOULFICATION UF LOTAL MATERIALS

S5ana and DroKen Sstone are the most popular filter meaia
1n horizontal pretilitration unit. put sand 1S hot availlable
in some places and preed Of surcn other locally available
material, whicn will be tit as tiliter uwedid.

SEVILIA ( 1971 ) showed that tne purnt rice aousk 1S tae
nost effectaive focal waterial avairlaple 1n Thilaud in terms
of turbidity removal compared with coconut fiper, raw rice
husx and pea dgravel.

* JAKSIKLINONT ( 1Y7¢ ) reported that coconut husk fiper
of depth 44U to bU cam used ds rouyning tilter meaius and
burnt rice husk ot qeptah 40 to b6U cm used as polisning
medium witn a L14tCatlon rate 0t 1.25 cuwm/sgm-—h would give
the must erfective turpidlty Lemoval.

1






Low ( 1973 ) from nis study ot two stage tiltration
conciudea that the ccconut fiber used as a rougning filter
medium can eftrectively minidmize turbiaity .

THAKH and FESCUL ( 1Y76 ) tound thnat the Dpehavior ot
coconut husk fiper filxer 1s Tremarkably consistent,
exhibiting considerable potential to obserb turbiaity "shock
loading "™ana produced an efttiuent relatively constant ana
satisfactory for subsequefit sS10ow Sand trtiltration. Uverall
turbidity CLemoval varies petween buU-70%.

PRANKEL (19Y7Y9) conciuded taat two stade filtration
using coconut faiber and purht rice husk as Irilteyr meaia can
not achieve results equal to slow sand tilzration,but
operates at 1V to 15 tame higher fittration rates than slow

sand filter, and incorpcrates signifaicant absorption
capacity for removing tasites anc color.

Coconut ftiber 1is a Sultable fiitter medaid tor
prefiltration tecnnigue, wuere sadd 1s not available.

Coconut fiber as a ifiiter media 1s weil stuaied in vertical
flow prefiltretion technigue. but 1t 1S5 not Well stuaied in
horizontal tlow prefiltration tecnnique. Here cocounut riber
locally avarlabie material Ior troplicats countries 1s sStudled
as a tiiter wedia in norizontai itiow tube mogel prefilters.






ITL. EYPERIMUNTAL INVESTIGATION

3.1. Source ot water

The cabnal nearby tne lapboratory or Enviroamental
Engineering Division of AIT, Banykok, Was used as a source
of raw water tor the experiment. This canal 1s connected to
a pond and recelves rain woter ana water from another pond .
surroundingy the campus. The raw water had 4 turbidity
ranging froa 23-95 NTUO. During crainy days turpidity
increased up to 12U NT0. The filter was rTun with an averaye
turpidity ot 79.3 NTUO. Baw water was drawn from canal to tne
experimental set up by uaweans of a pump.

3.2. Description of whe experipental unit

3.2.17. LhReserve and Constalt head tadk

An 011 barrel, 55 cm diawmeter and Y0 cuw nign aand orf a
capacity o ZUU liliters wds Usead a&asS a reserve tank tror
storing raw water puaped srom AIT cahal by & subwmersible
puap. Tnis tank had an overtiow pipe of 5.8 cCcm diameter at
10 cn beiow thne top ot tne tank. ALl detaiis are snown 1n
Fig 3.4

A constant head tdnk was ailso maae from 4au 01l barrel
but 1ts height was only S5U cw. L1t nad an overfluw pilpe of
3.8 Cc3 aiaBeter and thiree vutdet pipes 0of 1.27 cn diameter
each.Overtiow pipe did ovutlet pipes Wele connected at a
hei1ght o1 £5 cm and 5 ca respectively trok the pecttoa of the
tauk as shown 1L r1d 3J.c. potn reserve afla  CoLStdllt head
tanks were sSet on a steea stand ot 2.V m neigyht whicn 1is
shown a1n Fig. 4.1

3.2.2. dorizontal prerilier

The prefilters were wmade troa 25U ma aiaumecter of PVC
pipe. Three dittferent lemytas or prerilters were used , 2.0
m,3.0 m ana 4.0 m. The 1iniet and outiet of each prerilter
were connected by PVC pipes 1.¢7 cm diauweter and witn 1.27
cm gate valves. AT tne outlet of the prerilter, a wire amesn
was attachea waitn PVC pipe 250 mm 1in diameter to prevent tane
loss ot tirlter media. 'ne didyrala Oor norizontal pretiiters
is 1llustratea in Pig. 3.4 .

Eachn pretilter was l1alad hoflzontally on two Supports
made or wood.
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3.3 barameters ana metnods_ot laporatory investiagataon

The parameters considered were turbidity, color and
coiitorm concentrations. Turpidaity and color were exawmined
gdaily during the experimentdl phase and tne coliform
concentration was examined every other day. The aethods.
used are as follows: ‘

[ L 1
| Parapeters | Examination aethoas |
— } 2
| color | Visual comparison metnoa using Hellige |
| | agquatester. |
| turbidaty | Nepnelometric methoa - Nephelowmetric |
| | turpadaity units by using Nepheloaeter. [
| cotiform | dultiple tupe termentation technic- |
| organisa | Stanoara MPN test. |
L A i

2.0 Design ot the experiment

Raw water was drawn rrom the canal DYy means otfr 4 £ np
submersible pusp to the reserve tank, set on the steel stana
2.0 m aigh above the ground surtrace. This pump was
controlied autoflaticdily by water Level 1 the reserve tank.
For this purpose three dlltrerent Ltendths ol 1roan L[Od wWere
useac. Aoel the water Level goes aown betov the longest rod
the electric sSWilitcCh 1S turiiea oh ahd the pulp 1s started
automaricaliy ana the pump would stop when water Level
reacneda up to establish contact with the snort rod. Rater to
tne constaut nead tdlix Liowed by gravaity through a tlexibie
pipe of 1.9 cm in didameter. Water level 1n the counstant head
tank waS maintaanea py a 3.8 cm overrlow pipe. Three
flexiple rupber pipes of 1.Y cCn 11 alametel e€ach were
connected between the outliets ot tone coustant head tapk and
the 1nlets ot three horizuntal tlow pretftiliters.

Raw water enteCea the norizontal pretilters tarouyga the
opening of the 1.27 m diameter gate vaives and tiltration

rate ctr 1.45 cua/sga-n tor tne tirst run and 1.V cua/sqm—h
for the secoild rumn was Gdibhtalded Dy the 1.27 cu aiameter
outlet gate vaives, Ettluents from prefiiters were

connected to the siow supna tilters througya 1.27 cu diameter
PVC pipes. Layout or tne series ol tiltration is sSoown 1n
Pigure 3.5 .

Cocuonut TIrlper was used as @ 1illter media 11 the
horizoatal prefiiters. before usiny the coconut Iiber was
soaked 1n water tor 3 days and rainsed 3 to 4 times to reuove
organlic coior originating 1in tne tiber structure. Arter
that it was ariea 1n the sun Jlight. About 81.6 kg/cun of
coconut tiber, which contalned 1b% moisture, was packea in
the tube model horizontal tiliter.

There were two experamental runs. The 1irst run haa
three series of tiltration ot tne same system and second run
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two seriles of filtration atter packing witn pew tilter
media. The 1ongy horizontal pretftiltration umKlit was not
included 1n second run expelfilwent. The tiitration system 1s
shown 1n Fig 3.5. buration of eacn run was apout tnree weeks
starting trowm tne last week 0r Hay 1984 to second weexk ol
July 198u.

1n tne tirst run the turpidity ot the canal water was
low ranging trom 23-40 NTU. Theretore, the turpidlity oi this
raw water was madqe Uup to a range higber than 50 NTU by
automaticaily feediny tne pixing soiution of soil. Hut 1n
tnhe second run turbidity OI rCdW cCcanal Watel WwasS higpner than
50 NTU due to frequent raintalil and +the horizontal tlow
pretillters were run wltu the natural Taw water.

The fteediny solution O Soll was preparea by mixing
1.13 xg of soal in 23uU iiter of caupal water and was ailowed '
to sediment one hour in the HU0 liter capacity tiber giass
contalferC. Atter one hour the Supernatant was transtegrred to
another tiber glass contaiper where alir buboles from an air
supplier were supptilicu continuously 1n order to create
turbuience 1in tne tank .lue turpiality or the sclution was
arouna TUvyU NTU . This soiution was tead by automatic reedecr
dt the Trate ot 155 miya1n to the pipe which transported
water from the reserLve talk to the counstaunt head talkkK.

3.5 Operatio

In each run the experimentation wWas congucted
continuously tor a period ol 22 days. The filter —run was
ended when tne water yualily was tound to be deterioratlng.

Atter the first ruu tne tilter media was removed and
fresh coconut tiber «as usSed.

In the tirst run soll soiution was prepared daily and
was fed as aescribed apove.
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IV EFRESLNTATIUN AND DISCUSSION OF RESULTS

Two experimental runs of three difterent iengths of
Horizontal Pretftiitration unlts were counducted froa the last
week o0t May to the secona week o1 July. The rirst rCun
consisted of three paraileir Horizontai Prefiltration units
witn lengtns ot 2 m (dEF1), 3 (HPFZ2) and 4 m (HPF3)
respectivety. But 1n the second run only the first two HeF1
and HPFZ were used after the cnanging tilter medium

Results from each eXperimental ruan are preselited 1l
graphical torm. Discussious dare aiso supported by data 1n
the appendices of thls report.

4.1 Perfomance of Horizontul Fiow_ Prefilter
at the tiltration rate or 1.25 cum/scmn-—n

Turbigaty removal

Pig 4.1 spows tne variatious ot turpidlity in the raw
water and tie effluent ol the horizontai pretilters. Raw
water turbidity varicd Irom 49U NTU to 100 NTOD. The weah
value ot tubidity 1n TaWw wdtel was 7z NTU ana turpidity an
the etriuent trom tne HPF1, BFF. and HFF3 were 1U.7 NTO, Y
NTUO and 7.5 NTU respectively. Averade removal of turbpidacy
py dHPF1, HPFZ ana oPP34 were b5x% , dos and 69.6%
respectively.

FProm the record of Z. day coptinuous operation as shown
1h Appeudix al, dand 10 tne graepns 11 cdal be seen that tae
turbiaity removal Dy horizontal pretiiter was Telatively
independent Ot the raw water turpidity.

After 2-3 days or operation, rewmovai of turpiadiry frou
all three horizontal prefliters wWas relatively constant
during 17 days of operation. Atter 17 days, tne qualaty ot
filirate started to getericrate.The ftilter was rTun 22 days.

Turbiaity remwoval aisoily tne faiilter depth (length) 1s
shown in Fig 4.4, Pig 4.3 and Figy 4.4. Tne fairst 33 cm ot
filter ped of HPP1 could rewove averdge ©5.5 percent of
turbidity duraing 11 agays. The fiiter bed was ciogyged after
11 days and shows hicner turpidities than the influent
turbidity. The tirst saupling aepth 50 cm ana ob cm of tae
APr2 and HPFJ3 were ciogded respectively after 17 and 1Y days
of operation. The average turpidity removal ot zrarst 50 cu
deptn ot tne HPFZ2 ana first bo cm aepth (lengih) of thne HPFJI
vere 78.2% and 77.4% respectively.
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Color removal

Table B1 in Appendix B 1s shown the variation of color
in the raw water and the etfluents ot horizontal pretilters.
The variation ot color rangea trom 50 to 70 coloxr units.The
average color 1n raw water was 61 units. Duriny the first
few days the erfluents of tue horizontal prefiiter contalined
more color than the raw water. This happenea because the
coconut fiber gave oif 1ts residuais color as Water passed
through 1it. Atter 4-3 days or ftilter rctun all color of
coconut fiber 1s removed and 1t starts tiltering and
removing the color of the vater passiny through it. The
color rewmoval efficiency or aorizontdi prerilters increased
day by day up to 15 aays ut operation. It 1s shown in Fig
4.5. The dverage removal of coior by HeF1, HPF2 and HEF3
were 47%, 4d4o.B8%apa 53.s% respectively. Maximum rTemoval by
HPr1i1, HEFZ2 and HEF3 wele acnleved 1in 14 aays ot operation
and were 75i%, 834 ana ¥ 3% respectively.

Coiiform_remgval

Measurement Ot colitorm ib raw water and tiltered water
was done every otaer day. The procedure for determination
was lultiple-tube Fermentation tecnblgque. Fig 4.0 and
Appedix C1 shows tne variation of coliform in the raw water
anda the effluents of the nacrizontali pretilters. The maximum
numper of coiriform 1n the raw water after the contirm test
was to be founa Y.,000 4PN/10U wlThe average number ot
coliform in rawWw WatelL alLd 14 eftiuents ot GFf1, HEFZ ana
HPF3 were 243v90, 2200, - 1930 ana 1495 MEN/T00 ml
Cespectively. The efticiency or removal by horizontad
pretilters were in tane rairye ot 73..% to Y8.1%. The average
removal .of colatorm py HPF1, HPPF2 and HEFF3 were 88.13 &%,
89.1 % and 92.5 percent ' rTespectively. The resudits of the
first 4 days were hot considered tor determining the maximum
and the average number of coliroras ana tor determining the
eftficiencies pecause the mazimuld number or colitorw/100 =1t
was unkoowii. Fig U4.o and aata or Appendix C Tuble C1 show
that the number oI colirorm removea by the horizontal
" prefilters was dependant on the nuaber ot colitorm present
in the raw water.

4.2 Performance ot Horizontal Flow Prefilter

at _the filrration rate ot_1.0 cumyssqm—h

For the second run new coconut riber was prepared (soaked
and dried). Compaction ot the nev medium was carried out to
give the same densaty as tnat of the old medium The
filtration rate was decreased up to 1.0 cun/sga-hk.

-
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During the peraicd of the seconc rumn 1t was observed
that the turbidity ot <the AIT candali 1ncreased ( propaply
because of treguent rainiall )ana theretore feeaing of the
clay solution { to 1ncrease turoidity artificially ) Was
stopped.

Turpbidity removal

Fig 4.7 shows tne vdriation ot tne turpidity 1n raw
water and the etrfluents oI horizontal prerilters.During the
period ot 2. days the turovliuity ol raw water ranged from 57
NTU to 120 NTO. The dveraye turbidity 1in the intluent ana
efflaents vl HPFF1 ana nvFz were db.3, 28.1 ana 24.9Y NTO,
respectivelry.The turpidity ot the effriuent of HFFZ was less
than that or HPF1 1n ail cases.The etriclency of removal
ranged from 56.Z% to 8l.um.Maximua removal was achievea at
21 days of operation. The average removal of turbidity by
HPP1 and lPFe wele CesPectlively o7.3 percent ana 71.4
percent.

The turpidity removai alond the rilter depth (lenyth)
1s shown 1n Fig 4.8 ana Figy 4.Y . Tne rirst J3 ca o filter
beda of HfF¥1 remrovea 1n  an  avelage Or d4.Z percent ot
turpidity during 15 days. Altter 15 days the rirst 33 co
fiiter bed wasS ClLuguea and the eIIfucut from tTals section
snowed hlghel turpidity than the 1hriuent tarbidiaity. That is
true ,because the retalned particies come out from sampling
point wihen samplesS Wele Coutlected for turpidity mesurement.
The first sampling ac<ptn (lengtn) at 55 cw of the HPF2 was
clogged atter 18 days.lhe dverace removal of turoadity at 50
cn aepta (length) or fiiter meaius duriryg the 18 days of
operation was 4d47.1 percent.Tne turpidity rewovvea after
passing the TCemalnlly depth of Iilter medlia wds apout
another Z2d.3% .

VICHIAN (1Y84) conciuded atter a study ot horizontadt
pretilter witn duai tilter meadlia o0f coconut fiper and
crushed stones toat toe ftirst bu cm compacted coconut fiber
could remove approxisate.y U5 percent ot turpbidity.In has
experismentad study tne inriuent turbidaity ranged rrom 50 to
95 NTU.

In a previous sStudy carried out by ‘fHANH and PESCUDE
(1976) raw water turpadaity varried trowm «5-40 JTU during 108
days ot continucus operaticn, the weal value ot turbidity 1n
the effliuent Irow verticai coconut fiber pretilter was about
12 JTU, denoting b3 pe=rcentage removal etriciency.

Color removad

In the first run tne dveCLage COLOC 1D Law water was 61
units. Due to frequent ra1sn canal water contained more
organlic depris,leaves etc.






Turbidity NTU

NTU

Turbldity

100

90

80

70

60

50

40

30

20

dpm n — & i
¥

120

110

100

90

80

70

60

50 +

w 4

3o 7

200 &

10 +

+
L

1 3 5 7 3 11 13 Is 17 13 21

Days

Fig 6.7 a Effluenta of HPFL

T

3 5 7, 9 11 13 15 17 19 21
Days
Fig 4.7 b Effluents of HPF2

Fig 4.7 Turbidity of Raw water and Effluents of HPFs






U

Tucbidity

NTU

Turbldity

Turbldley N1U

- 30 -

10 4

0 - ‘ —

0 0.3} 0.66 1.0 1.3) 1.66 2.0

Filter depth [ m.]

Effluents of 22 29 day

10

o .33 0,66 1.0 1.33 1.66 2.0

Fllter depth ( m.)

th
Effluencs of 14 dey

90 T
80 4
70 4+
60 +
50 <
40 +
10 +

0 <

10 ¢+

o + — "
0 0.50 1.0 1.50 2.0 .50 3.0
Filter depth ([ m.)

Effluents of 1 ot day

Fig 4.8 Turbidity in different depth of HPF1






Tucbldlty NTU

Tuchldiey NTU

Tucbidlty NTU

1) — 4 " P 4

0 0.30 1.0 1.50 2.0 2.50 3.0
Fillter depth ( m.)

Effluents of 22 Y day

90

801

60 1

50 1

40 %

30

20 ¢

10

0 + —t —t + —

0 0.50 1.0 1.50 2.0 2,50 3.0
Ftlter depth ( m.)

Effluesats of 14 day

%9 T
s |
70 4
50 -4
s0 +
w ¢
30

ﬁ
20 T

+

10

0 — + + - + {
0 0.50 1.0 1.50 2.0 2.50 3.0
Filter depth ( m.)

Effluents of 1t day

Fig 4.9 Turbidity in different depth of HPF2






-32-

As all these oOrganic debris decomposed and raw water color
increased. Fig 4.10 apd Table-H2 shows the aay to day
variation ot color 1in raw water and erfluents oi horizontal
prefilters. The raw water color rangea rrom 80 to 140
unit,and eftluents ot O PF1 ana HFFZ trom 50 to 120 unit.

Prom the Pig #4.10 it can be seen tnat durinyg tne first
5 days of fitter uvperdation efriuents oxr HPF contained higher
coior unit than infiuent. As mentioned above that before
using as fiirter wmediua coconut fiber was soaxked for 3 days
and wasned to remove the coior trom fibers. But i1t is
insutficient and the residual cotior trom the coconut fiber
comes out 1n etrtivenits. So the tirst 5 days tne color of
effiuents from horizontal prefrllters was greater than that
ot the ruw water. ‘

Etficiency i1ncreased yrauuaily ‘rom tne Y-tn aay to 22
days. The mean value Ot colol’ unit i1h rav water was 103.6
and ip eifluents or HyF1 and HPFZ were respectaivelry 73.5 apd
63.5 . Efticiency of —removal by HPF1 and HPFZ Were
respectivesy 41.2 petcent and 4b.3 percent.

Colitorm removal

The Col11l0rn concentrations in raw water and effluents
of hirizontal prefiiters were measured every otner day. The
variation of coii1tiora CONCeLtration in raw water ana
effluents of pretilters are shown an Fiyg 4.117 ana in Table
C2. From fig 4.117 &pa Table CZ 1t can pe seen that the:
coizforma concentratior 1n errluents ot HPF1 ana HBEFZ2 are
higher tnan 11 the raw wWateL. 1t can be explained that the
tilter awedium o©L couCcomAt taibel wAS codtamihdated dJduring
handiing. Aiter ¥ days oOr operation, hcrizontai prefilters
started to remove coiifore trom tne raw water. '

Cotitorm concentration in raw water ranged trom £000 to
24000 MEN/100O @ml. The mean vaiue of total collrform 1in raw
water ana etfluents of HPF1 and HPFZ were respectively 85140,
2000 apa 177U #NP/1UU  a@l. The etficiency ot removal by
horizontal pretilters ranged trow 61.2 percent to Y8.b
percent. The average value or couliitorm removal by HPF1 and
HPFZ Wwere Bo.3% to 8Hb.8% respectively. Atter 12 days to tne
end of operatlon CcolLlfor®w CemOovai by horizontal pretilters
were above YQ percent.

4.3 Comparicon of BResults

Figure 4.1 and 4.7 ana Appenaix A show tne variation ot
turbidity in raw water ana eftiuents ot HPF 1in tne rLirst run
& the second run.ln a raw water turbidity 40-100 NTU the
average removal of turpidity ain the tairst run by HPF1, HPFZ
and HPF3 were respectively 85 %, b8 % and BY.0 % .
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But the efticiencies ot reboval 1n the second rLun were
low compared to tne rirst run and were equal to 7.3 4 and
717.4 % bpy HPF1 ana HPFsz respectively. The &raw water
turbidity 1in second «rTun rangea tftrom 57-120 NTO. The
filtration rate in tne second run was lower than that of the
first, so taneoreticaily the efficiency of removal should
have bpeen high 1in the second run. but in practice, the
efriciencies decreased.

Probably the tirst —reason 1s that the second run
contained more fine coilovidal particies in the raw water
because there was intermittent raintalli during tne second
run. The horizontal pretalter with a filter medium coconut
faiber works as a roughing fiiter and theretore can ot
retain fine coiloidal particies and thus nigh turpidities 1in
the ettliuent resuit.

The other reasou 1S thdt the niygyn turbidity removal
efficiencies 1n tne tirst cup way have Deen caused priaarily
by the sedimentation process. As aiready mentiopnea apove
the natural rav water turpiaity ain the first run was arcound
24 NTU and wnich was subsequently i1ncreased by feeding clay
#miied soiution. The artiricially 1aOcreaseu turoldity in the
first run, containihg a&alnly 1horygyanic particles, may have
had a tendency to settlie down raster compared to thae natural
nigher turbidity ot tne secoud run. A laporatory test was
done to examine this pehavior. The results are shown below.

Turbiulty medasurment (NTU)

§ ¥ ]
i | |
b— 4 i
| § T 1 4 L ¥ &
| Haw water type |keginninyg]| 1 h | 2 h | 3 b |
| — ] i L 1 i
] ¥ ¥ R} 1} L]
I Clay mixed I I ] i |
| Raw water | L5 | 53 | 4o | 43 i
L | L L ' '
I 1 T 1 ] L)
| Natural [ | I i |
| kRaw water ) 65 | 58 | 54 | 52 I
— 1 4 A 3 J

From the above table 1t cali be seen that the rate or
sedimentation 11 the clay #1Xea raw water 1s higher than in
the natural raw water

It can aiso De meutioned tnat tne turcbidity in raw
water 1s higher during taoe secohd run.

The raw water cCoior 1N Secuha Tun was hiyher than that
of first run aue to decousposition ot ovrganlc depris gatpered
py rain. The removas efficiency was Littie higher 1n the
tirst run.

.The cosiform concentration 1n raw Water was low 1n thne
second run. In rainy season the colitorm concentration in
tne raw water 1S aiways louwer thnan 1in the dry season due to
the ditution effect of rain. In the first run the colitoram
concentration 1n raw water ranged rrom 1400 to 95000 #PN/100
ml and effluent was achieved minimum colirorm concentration
of 13U MPN/TUU ml. The average removadi in the tirst run by






HPF¥1, HPFZ and HPF3 were bk %, 89 X ana 92.5 % respectively.
But in the secona run the mean removal value by HPF1 and
HPFZ were respectively do.3 % ana 8b.8 % . in the second
run tae concentratiun otr coiiform 1in raw water randed
4300-24000 MPN,/TUU  mdk Fiy 4.6 and 4.17 snow that the
coiiform concentration in tne effiuent ot HPF wuepena upon:
the concentration of colitfora present 1n the raw water.

VICYIAN (1Y84) reported that the average percentage ot
turbidity rTemovali were 49.7 %, 5.7 % ana 57.1 %
respectively from the sauwe tube model horizontal prefilters
HPF1, HPFP2 and HPFJ3 using crushed stones as tilter mediunm,
ana 63.2 %X, 07.9 % ana 70.Y % respectively using duat failter
media ot coconut fiper and crusmned stones.The erficiencies
of turblaity removal usiung tiiter m@medlium Crushed stones and
filter media coconut Iiber wlth crusaed stones compared with
coconut tiper filter mediua are low. The values are shown 1n
table peiow.

I L T —
| Type | kesults or v1Culfail (1Yb4) | Besults oif tals sctudy |
| ot | using filiter medid | using filter aedium |
k { T + Y 4
| HPF ] crushned | crusned stones | coconut|fiber |
| | stones | + coconut tiper| 1-st Run | 2-nd Run I
t 1 : 4 1 ] ]
[ ] il L] 1 [ L]
| HPF1 | 4y.7 | 03.2 } 85 | ©7.3 |
t } —t t + —
{ BPP2 | S4.7 | b7.Y [ gy | Tl.4 |
i 1 i L A i
4 . L) L 1 4 8
| HPF3 | 57.1 | 70.9 | 89 .6 | - |
L i A A A d

It can pe seen tfrow tnese experiments that tae turbidity removal
efficiencies decrease respectively from singie medium coconuat
fiber to dual media, crushed stones and coconut fipber to single
medium crusused sStole. But 1t shouid also be mentioned that the
length of the tilter TUD 1S 1n the reverse order, due to
exhdaustion or coconut tiber.

HoWwever, using coconut 1lber as a Whedium 14 the horizohntal
prefilter, the high turcid watel can be erfectively pretreated to
produce eftiuents whicn are sultable tor suvsequent treatment.






-37-

VvV  CONCLUSION

Turbidity removal 1u tube model norizontali flow prefiiters,
usipny coconut fiber tftiiter medium, . @& Taw water turbidity
40-120 NTO were apout o7.3% - 89.0 %.

Color removal etficieucy or tne tube aodel horizontal flow

prefilters, using coconut fiper filter medium, 1a a raw water

color 50-1740 units were apout 41.2% - 53.2% .
The efficiency ot tne totai colitorm rewoval by these
pretilters, tron toe raw water containing colitorm

concentration 1400-95000 MEN/TU0 uwl, were apout b6.3% — Y9YZ.5%

The ©packiny of coconut tiper 1ntwo the horizontal flow

pretilter tupes 1s @more dittricudt than that ot in open
channel.
In terus of turbiuity, coior and colitorm reaovar among the
three tube model norizoutal preriiters ot lendtas Z.o a,3.0 @
apa 4.0 m ,the last one (4.0 a lenyth ) perfurmed better than
the others.

The turblaity removal oy tuoe moder norizontal prelilters

using coconut fiber ri1iter medluwm <efe higher than that or
using filter aedium crusaned stones and aqual media coconut
tiper with crushed StoGes. But the filter rum lengths were
short due to eXhaustion ot the cocvnut tiber.
Horizontal prefilter with coconut rfaiber filter medium can be
used as an etfective pretreatment technique 10 teruws Ol
turpidity removal vit wot so eitective 1n  CoOLOr 4and colitorm
renoval.






V1l RECOMMENDATION FOR FUTURE AUKK

1. Purtner investigation on different density (ditferent
compaction) of coconut fiper 1s recommended to find out the
nost effective density tor removal turbidity, color,coliforus
and other pardmeters.

2. Investigatlion snould be conducted on open chnannel horizontal
flow prefilter in woogehd DOX WRL1CA 1S5 easy tToO construct and
practicable ftor real situation.

3. Investiygyation shoulda Le cdrried out 1n nataral raw water
conditionp wWwitn dirterent fiitration rate.

4. Medsuremeut ©0r dissuvived oXygen 1n ditferent length of
horizontal pretilter snould pe carried out to investigate the

biological activities aiong tne titter depth anae overall.
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APPEDIX A

LABORATOHY RECORDS OF_ TURBIDITY MEASUREMENT
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Table A2 — Turbidity of effluents ot

HBorizontal FPlow Prefilter
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Horaizontal Flow Prefilter 4 m Len

Table A4 - Turbaidity
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APPENDIX 8

LABORATORY RECOEKDS OF COLOR MEASUKREMENT







— BExperimental results of color measurements
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APPENDIX C

LABORATORY KECOBRDS OF TOTAL COLIFORM MPN TESTS:
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TABLE C1 - COLTFOKM _RECORDS

{Fi1ircst run)

. S L ]
| Sample | FPilter rumn days |
L i —4
L i) T LY Ll
| | 2 | 3 | 4 |
— + T } - —+ T ]
} |Presump |Contirm | Presump| Confirm| Presump| Confirm}
| | test | test | test | test | test | test |
i L — 1 1 I} i i (]
| 1 i L T | % L) L]
| Baw | | | | | | |
{ water | 1600 | 10 00 | >2400 | >Z2400 | >2400 | 2>2400 |
- [ )| 4 i i L 1
| ] N LY T L} 1} 1} 1] 3
|Effluent| | | | | [ |
jof HPP1 |>2u400 1>2u00 | 170 | 170 | 540 | 540 |
b t +— } t } - i
|Effluent| i | | ] | i
Joft HPF2 | 1600 j 160U | 350 ] 350 [ >2400 |} >2400 |
L 1 R | 1 1 ] I i
| ¥ v | v 1] 1§ 1)
|Etfiuent| | | | | | |
jof HPF3 ] 1600 | 160V | 35v | 350 | >2400 | >2400 |
L oY A A A A A . |
Continue...
r T ]
| Sample | Pilter rum days |
— } Y T 1
l { 5 | 7 | 9 l
k —+ — i v t T |
| |Presump |[Confirm |Presump |Contirm | Presump | Confirm |}
l i test | test 1 test | test | test |} test |
L 1 4 i 4 1 1 l
[ 4 Ry 1 X ] 1 1 ¥ »
| Raw | { | l | { ‘ |
|water { 35000 | 35000 | 54000 }11000 | 160000 | 92000 |
I i 1 J | 1 — L ]
[ | v ¥ L] R L ) L}
|Effluent| | { i | [ |
J]of HPF1 | 4900 I 49 uu 116000 [ 1400 | 9200 | 5400 {
: = + + : + i 4
jEffluent| | | | | l |
jof HPF2Z2 | 7900 } 7900 | 2200 | 490 | 2800 | 1700 {
L 1 — 1 L 1 i 1
| 1) I 1 ] 11 ) ]
[Effluent}] | | I | | |
lof HPP3 | 7900 | 7900 | 1700 { 460 | 2200 | 700 |
[ L A AL A L A i

N
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continue...

| SO R | L]
| Sample | Filter run days |
b $ — T i
| ] 11 ) 13 | 15 |
4 | L 1 /)
) L I 1 L ¥ 1 § LY ]
| |Presump | Confirm| Presump| Contirm| Presump| Confirm |
| | test | test | test | test | test | test |
L 1 1 1 2 e 'l ]
3 R L IR 11 1 L R ]
| Rav | | | | i | |
| water | 7000 | 7u0u 117000 | 1400 | 21000 | 2800 |
L i 1 L —t S L ]
L ) b L] ] L3 X L
JEffluent| | l | | l {
|lof HPF1 | 490 | 330 11300 | 330 | 430 | 430 |
- t + + s - : 4
|Effluent| | I | | | ‘ i
lof HPF2 | 790 | 490 | 170 i 130 | 750 l 750 |
[l I 1 L L —t '\ 1
L T L L} v RS 1 8
[Effluent] | | | | l |
lof HPF3 | 790 ] 49 | 220 | 140 | 150 ] 150 |
i i . A A A A L J
Continue ....
| L 1
| Sample | Filter run days |
— = ~ . 1
i | 17 | 19 | 21 |
{ 1 1 —i 1
| S Ly R 1] ) ] ) R
| jPresump | Confirm| Presump| Contirm| Presump| Confirmf{
i ! test | test | test | test | test |} test |}
k } i —t 4 + { )
| Raw I 1 | | | l |
| water | 21000 | 15000 | 9300 | 9300 | 46000 | 46000 |
L } i | 1 —1 4 . ]
| I L L} ] ¥ ] L] L
IEffluent| | | l | | |
fof HPF1 | 2100 | 1500 | 2300 | 93u | 4600 | 4600 |
— + : : : = : 4
|Effluent| | | ! l | |
lof HPF2 | 1500 | 1500 | 1500 } 930 | 2600 | 2400 |
k } s + t + t —i
JEffluent| | | | | i ‘ l
lof HPF3 | 2100 | Y30 | 1500 | 750 | 2400 | 930 }
L A A A ) A A r |

Note: The value shown above are all in Total Colaiform/100 ml.
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TABLE C2 - COLTFORM RECORDS
(Second run)

) L § ¥ | 4 R}
| Filter | Raw | Effluent of | Effluent of I
|run daysli nater | HPF1 l HPF2 |
| E— H l l I
1 1 ] T 1 L) LY 1 ] L
} |Presunp |(Conrirm | Ffresuwp| Conrirm| Presump| Conricmj
l | test | test | test | test | test | test |
e 41 1 1 1 1 I ! i
] L ) Ll ] B 1 i
| | 46000 | 4300 | T10000 | 110000 | 110000 | 15000 |
L ' 1 ) 1l L 4 i
| ] ) 11 11 1) Ry R
| 6 i 15000 ) z0 00 | 46000 | 2800 | 46000 | 9300 |
L . - 1 Y J 1 J i
[ ] 1] i ¥ 1 LY 14 L
} 8 | 21000 | 15000 | 9300 | 4300 t 15000 | 4300 |
| — - 1 L i -l 4 1
 J | § b ] 1 1 LB i 1
| 10 | 24000 | 24000 | 9300 | 9300 | 7500 | 7540 ]
| — . . A1 I 1 L L ]
] 1] ] i3 L] 1§ 1) L]
] 12 | 4300 | 4300 | 430 | 430 | 210 | 210 |
L 1 L L | 1 1 I}
L | v 1] ] ) 1] ]
| 14 | 4300 | 4300 | 750 430 | 1500 | 930 |
N - L I L 1 A i
| L) L] 1 ¥ ] L L
| 16 ! 11000 4o UU l 210 | 150 | 210 | 150 |
| Il 1 i 1 L A 1
] L 4 1§ ] ] T ] i j
| 18 | 11000 | 11000 | 40 | 460 | 1100 | 460 I
| i - [ 1 i i L 'y
] L T ¥ 1 ] 1 B
| 20 | 11000 | 11000 | u60 | 4o0Q | 150 | 150 i
b + +— : + 3 : g
| 22 { 11000 | 46 QU | 1100 | 460 | 1100 | 4060 |
— i . A L L. A L S

Note:-The value shown above are all in Total coliform/100 ml.
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