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CHAPTER III

THEORETICAI, CONSIDERATIONS

Vastewater Reclamation and Reuse

Wastewater reclamation is the advanced treatment of
wastewater using advanced methods and processes that will remove
contaminants so much so that it may be reused satisfactorily. It
is aimed to relieve the problems of provision of new sources of
supply to meet the ever increasing demands of water due to growing
population and at the same time/to minimize environmental pollution
which is aggravating urban communities, To determine the feasibility
of wastewater reclamatioﬁ, it'is necessary to decide its intended
uses whether for agricultural irrigation, industry or municipality.
The treatment processes needed and relafive costs as well as the
quality and quantity of other source must also be considered.

Reuse of reclaimed wastewater is subject to many factors
additional to purely technical oné of meeting public health
standards. The consumer must be fully informed oi the source,
understand the need«to:reclaiﬁ and find'such reclamation and
reuse acceptable, Without such social acceptance, the program can
never be successful. The introduction of reclaimed wastewater
should be done step-wisely starting from "low level® uses, such
as recreational lake supply for swimhing pleasure, boating, sport
fishing and municipal street cleaming, with the ultimate target

to gain social acceptance as a potable supply.

As far as industry is concerned, reclamation and reuse
of its effluent is not uncommon but is most often confined to
within factory recy¢ling. On agricultural side, reuse of wastewater
is unintentional. Some part of water diverted for irrigation
returns to the stream and is available for subsequent reuse by

downstream irrigators. Such practice has led to the accumulation
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of dissolved salts in the soil which can be hazardous if they are

transported in the drainage water to the main streams,

Anotheriform of reuse is the return of treated wastewater
to ground water aquifers, either by percolation or well injection,

where depletion or salt water intrusion has occurred.

Wastewater Reclamation by Filtration

t. Introduction

F4ltration is the progess of separation of suspended or
colloidal impurities from liquids; in which the liquid passes
through network of wires, threads o} fibers, or some kinds of
porous membrane, such ;S'Voven fabrie or filter paper, of through
porous beds of granular materials like send. During the passage
of the liquid, the solids are arrested mechanically, either
directly hy the medium/itself:bf indirectly by solids already
held or matted on the mediuﬁ.a

The history of “filtration can be dated back to as early
as 1804, when the PiTst 50 = called "slow sand filter" was used
successfully (SKEAT and DANGERFIRLD, 1969) . Afterwards, more
deveiopment had been done on slow sand filters, but due to
scarvity of land and drastic growth of popula%ion "ropid sand®

fil@ration became more popular in early twentieth century.

A slow sand filter is usually rectangular in shape
having the depth of 2,5 to 4 m, built below the finished ground
level in an area of about some hundred square meters. The sand
of effective size of 0,15 to 0.35 mm with uniformity coefficient
of 1.5 is suitable for efficient filtration with rates ranging
from less than 0.1 to about 0;4 m3/m2/hr. Some thickness of sand
is placed on gravel size of 8.53 to 19.05 mm (g to % in) having
depth of about 30.48 cm (12in.) (HUISMAN, 1970; FAIR, GEYER, and
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OKUK, 19683 and AZIZ, 1971)

Slow sand filters can handlec as much as 100 - 200 mg/l
of turbidity for a few days but best results are obtained when
the average turbidity is 10 mg/l or less (as silica). Under ideal
conditions, they can reducec total bacterial counts by 99.9 to
99.99% and E. coli by 99 to 99.9%. Viruses rcduction is effective
when lower filtration rates are used. According to FAIR, ot al
(1968), general features and design paramcters of slow — sand

filters are given in Tablc 2.

Slow sand filtration is more advantageous to developing
countrics since land and low = skilled labour rcquirement are not
the problem. Slow sand filters can be built of local materials,
hence the construction cogts are low and the operation and
maintenance arc simples Safety and reliability of the filters
can be secured without/any requircments of complicated mechanical
electrical and electronical ‘equipment that arc indispensable in

rapid sand filters.

2 Mechanigmsvof Fiﬁﬁrﬁtiqp

According [to HUISMAN and-WOODI(1974), the overall
removal process in slow sand filter is the combination of
mechanical straining, sedimentation, adsorption, .chemical and
biological activities. They described the physical process of

filtration in the following ways.

i) Mechanical Straining In this activity large suspended

matters removal takes place entirely at the surface of the filter and
is independent of the filtration rate., Its efficiency is developed

by the formation of a "schmutzdeck"™ at the surface layer of the filter
bed. However, bacterial and colloidal matters cannot be removed since

they arc too small for the pores among the grains to retain,



Table 2

General Features and Design

Parameters of Slow-Sand Filters
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Feature Considered

From FAIR, et al (1968)

1.

Rate of filtration

01 m/me/hr (26 in/hr)
as sccondary filter:

2
0.2 = 0.3 m”/m%/nr.

2. Size of Bed large, 2000 mzor more
3. Depth of bed ~ sand ge: 4 0.6 - 0.9 m
and gravel gravel : 30 - 60 cm
4. Effective sand size 0.3 mm
5. Uniformity 191 = 2.0
Coefficient
6. Gravel size 18 cm : 20 mm

Te5cm ¢ 8 mm
5.0 cm ¢ 2-3 mm

Te

Underdrains

(a) Split- title laterals
laid in coarse gravels
discharging to tile or

concrete main drain

(b) no fines concrete

floor
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Table 2 (Continued)
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Feature Considered

From FAIR, et_al (1968)

between cleaning

8, Head Loss
Initial 5 = 7.5 cm (.2 ft)
Final 60 = 90 cm ( 4 ft)
9. Length of run 2 weeks - 3 months

Avg = 2 months

10.

Penctration of

suspended mgtter

Surface layers

1.

Method of -‘cleaning

(2) Surface layer scraped

by hand, washed and

replaced

{b) Mechanical surface

washed
12, Costs = Initial
Capital High
Operating Low
Depreciation Low

13.

RBacterial removal

efficiency

as high as 99.9%

14.

Water Quality

Reduce tastes and odor,

reasonable amounts of

suspended and settleable

matter
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ii) Sedimentation Particulate suspended matters are
removed by precipitafion on the sides of the sand grains. Sedimen—
tation efficiency is a function of the ratio between surface
loading and the settling velocity of the suspended matters.
Particles with diameter of 4 microns are most vulnerable to the
process. Mowever, truly colloidal matters cannot be extracted in

this way.

iii) Adsorption Vhen suspended matters collide with
sand grains previously coated with gelatinous deposited bacteria
and colloidal matters, they adhere to the sand grains and thus
are removed, Physical attractid@<§gjween particles (Van der
Waals force) and electrogtatié attraction between opposite electric
charges (Coulomb forc i /fease the- adgorptlon efficiencv.

7 /'/ // o P
iv) Chemicai and Biolqglcal Activities On fllterlng,

not only suspended 1mﬁhr1t£ea—bﬁt also the bacteria present in the

raw water are 1dsorbg9 on/the.sand grains, Here the bacteria

consumed the organic depaslt ae f@od for their metabolism and

down to be consume@ﬁxriﬂﬁmnrtacterta‘at.greuter depth. In this
manner the organic Bﬁi:ds*ggg_gggradé/l§nd finally convented into
dissolved inorganic salts like water, carbon dioxide, nitrates,

phosphates, etc.

These bacterial activities are most pronounced in
the upper part of the filter bed and gradually decrease with depth
where food is limited. Thus, with each scraping off of filtering

medium a hig portion of bacteria are removed,

Unfortunately, chemical parameters on the filtration
process have not been firmly established until now. Several
hypotheses have shown d&sagreement among themselves and have becn
unable to predict filter performance (uTANLEY, 19553 CILEASBY and
BAUMANN, 1961; MACYRLE, 1961; and JORDAN, 1963).
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3. Factors Affecting the Filtrate Quality

i) Filtration Rate

Several investigators have reported that the higher
the filtration rate is, the worse the effluent quality will be.
At slow rate, not only can turbidity be effectively removed
but also can viruses be reduced (BAYLIS,1956; HUDSON, 19583
CLEASRY & BAUMANN, 1962; and HUISMAN, 1970). However, SECALL &
OKUN (1966) contradicted this report by stating that filtration
rate has less effect on the filtrate quality than do the grain

size and porosity. ~\ J/%;ﬁ/
ii) Inf}uEEizthfadte

Nt

ﬂty4ﬁs reported to fluctuates with the
Bes flltratc is often produced when
the influent turbidity /i §>1Q,mg/l OR less., However, raw water

nfflu

demand can bring about

effluent quality may bé“ﬁhacbébtébIe foy.drlnklnr purposes

(|UTSMAY, 1970). 54
—

iii) Filter Media

HUDSON “(1958) (reported that the cfficiency of filter
media to remove turbidity is related to the squarc of the grain
size. Media of 0.5 mm diameter is twice as good at removing
turbidity as media of 0.7 mm size, and media of 0,35 mm size is
twice as good as 0,5 mm media. Poreosity is another important
factor governing the filtrate quality. Low porosity medium functions

better in removing suspended matters than the onc of higher porosity.

iv) Depth of Filter Bed

The thicker the filter bed is,; the better the

removal of suspended matters will be. Great thickness of the
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filter bed gives rise to effective sedimentation and adsorption.
With greater combined surface area of grains, a larger habitat is
offered to the microorganisms respomsible for the biological
degradation of organic solid matters. However, there is obviously
some optimum depth beyond which further improvement is insigni-

ficant,

v) Tilter — BedConditions

Bed conditions as regards degree of cleanness of
filter media after run, short n/plrcu;tln,, cracking of bed, mud

balls formation, air blndlng a di;//x affect the filtrate quality

significantly.

4. Factors ;fjgﬁf;gglthe Filter Run

HUDSON found/t a;fmggéé of same porosity and effective
size give almost id t'c#l {;1ter{run which varies as the 3.8th
power of the porosity /f theV?&1ter medium, indicating that the

,,,,,, r———

angular medium gives lon, Qrun than rounded one does. Me

also found that hlgb flltratlon rate hanpnde51r%b1e effects on
the filter run, Wheﬁﬁ\§E~EEE_EEiEEEE§S’Gf the filter bhed has
practically no effects on the length of the filter run (HUDSON,
1938 and 1958).

BAYLIS (1937 and 1956) reported that filter run varies
approximately as the 2,15th power of the diametcr of the effective
grain size. He also stated that clogging rate of the filter is
inversely proportional to approximately the 1.5th. power of the

filtration rate.

HUTISMAN (1969) stated that excessive turbidity clogs
the filter rapidlys; 10 mg/l or less turbidity gives best results,

5. Filtration Rate

To determine on optimum filtration rate, it is necessary
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to consider the quality of raw water, pretreatment facilities,sand
size, bed depth, head conditions and hydraulic conditions in the
filter piping. As filtration proceeds, the bed is ¢logged up and
fewer voids are left as a result. To maintain the same total flow,
the velocity of water passing through the bed must he increased.
Yhen this velocity gets too high, scdiments arc transported clear
through the bed. This can be remedied by supplving varying inflow

to the filter by direct pumping but can't expect to get good water,

CIEASBY and BAUMANN (1962) reported that total headloss
in filter bed is the sum of he?ﬁ ss in surface cake and headloss
in sand bed, Headloss wiigin”ga
compressible surfaceﬂég&ﬁii

1 &)ve§§§s:?xponentially with the
NN, : s
progress of run. The /f;ltrat;bn\rate can be identified

is linear, whereas in

as the lowest rate a j;t‘hé,headloé\sJ'evelopment curve becomes
Al

more or less linear 3 ﬁxigg“ﬁﬁat surface cake influence has

Pa £
ghe ntﬁg%g;ltratisn rate, the thimmer the

_ “&n
surface cake formation. NAR »

been minimized. The

6. Parameters . "¥>Uiié§§gedict Filter performance
v 8 e e, FRTIOTTRIRE

; — —)

BOUCTER ( stated that

involved in the performance of a filter, nacmely :

cre are six factors

1) Rate of dinflow

2) Length of run

3) Initial hydraulic resistance

4) Final hydraulic resistance

5) Effective area of filter

6) Influent characteristics with regard to suspended

‘'solids.,

He also worked out and introduced "filtrability index™ to

provide a scientific definition of filtrability and hence to predict

filter performance,
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He introduced the following expression :

logeH = nV + 1ogeHo
in which H = menV y headloss
| -V = volume of raw water
my, n = constants

When logeH is plotted against V to give a straight line,
the value of n is obtained and taken as "filtrability index" for
the water with respect to the filter, It is later on denoted by I

and may be written as,

1\1 :
/ ) J
where H_ is the lnlfjfg;;;;;/“

,.‘F,\_x : R

tra

Water with 1o

whereas high filtrabilit;

Te Alternativ

JW, ARF$TRONG’(1931) §uggeste¢ from filtration point of
view that it is de§5 ble to have a me( that will
i 1

i) prevent. any flocs from. passing through the filter,

ii) hold floecs as loosely as possible in order to
permit easy washing and prevent the formation of

mud deposits, and

iii) hold as large volume of flocs as possible without

clogging.

HEIPLE (1959) carried out a pilot plant study on filtra-
tion using % - % ine (0.635 = 1,27 cm) pea gravels, He found the
average turbidity removal efficiency was above 50% and occasionally

went up to 90%. The filtrate turbidity wes within 3 and 30 ppm and
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bacterial removal was at least 50%. The filtration rote was

maintained at 0.1 gom/f1° (0.26 m3/m2/hr).

Many researches have been done on the comparison between
sand and other materials as filter media. In cose of anthracite,
it is reported thet anthracite produces on effluent equal in
quality to that of sand but the former gives softer efflucnt
(BAILEY, 1937; and MUDSON, 1938). As far as shape is concerned,
angunlar anthracite particles are more efficient than angular sand
grains, but round sand performs bhetter than round anthracite
(MUDSON, 19385 and TURNTR, 124;}24/

= Z=
Filtration\Egiﬁ@icdﬁb?gsgjgggéa of sand and others have
also been studied. lg/c//// ‘@htﬁrébi¢@4 some thickness of top
layer of sand is rep&ﬁégS/f gq%ghrac;%b\o? 0,40 = 0,45 mm size and
1¢4 uniformity coeffici ‘?,;%gQE?rformag a "roughing filter® .

The result is satisfact .Yﬁ Eire,oitexcan withstand violent

N a3 O
cleaning action, and df§§§§§g£ﬁraci¢e staved in distinct layers
virtually unmixed. Iixo p' “very /fine particles there is no

large anthracite pwrtic%é%lbﬁyﬁdnrihgaf%;st few washings (BAILEY,

1937). As for coaIgég:tf;f;zizf;::;:zngﬁéd coal is substituted
for the top layer offiisan 5 siﬁn. The filter perfyms vary well,

with the coal layer-serving)asia roughinggfilter, thus relicving

the sand of mueh load,. This gives low.clofging rate of coarse
coal together with high filtering ability of the finer sand

below it,

Properties of Burnt Rice Husk

Burnt rice husk is composed mainly of silicon dioxide
(88.66%) and mognesium oxide (3.53%). It has a ccllular structure,
probably composed of crystalline silica. On compacting, the
particles temd to break down into very irregular shapes, but to

great extent the cells are retained. Its moisture content is 8%
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on dry weight basis, at 10500. Its specific gravity is approximately
2,29 and its density varies within 752  and 768 kg/m3(47 and 48
1b/ft3). The density increases when the material is recompacted
(WILIIAMS =2nd SOMPONG, 1971).

) Most of the rice husk is disposed of as waste, although
a small amount is used as fuel for thc mills. The raw rice husk is
casily burnt to produce an ash. According to FRANKEL (1974), its
heat content is about 600 BTU/lb\and the burnt rice husk ash consists
of about 90% silicon dioxide, 6 = 7 % oxides of mognesium, aluminum,
calcium and iron, and the remaining 3 - 4 % organic matters (mostly
carbon). The medium has a\\enyJ ;éﬁis rface area to volume ratio,

adsorption propertlegggfg;ia \? ngifff?d carbon, small pore size
—

and high permeability y low ébhc\gon, making the ash very

suitable as filter m

,‘ = 3 ( "\-\

From, the pr @rature revicew and thcoretlcal

considerations,it is evi ﬁ*the us¢ of burnt rlco husk as
‘ /§Af§
A
- w“ter for subsequent reuse is
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