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Using Crashed Bricks as Top Layer in Gravity
Multimedia Filtration

Dr. Faez Alkathili ¢ & Dr. Monther Alalousi °

Absiract-  This  research aims to eliminate the top
sedimentation CAKE in gravity filtration for water purification in
almost all water treatment plants due of blocking of large
turbidity particles on top of first filter layer, it is strongly
recommended to use a coarse materials that is lighter in
density from sand , and can be float above the sand layer
during the filtration circle back washing , our goal idea is to
used crashed bricks due to its huge availability ,cheep ,high
porosity &, less specific weight ,bricks well washed and
crashed mechanically then sieved to perform the required
size, lab tests was made using waters supplied from city main
network mixed with controlled percentage of kaolin as
turbidity. Chemical are used to coagulate suspended materials
before the filtration stage, chemical used include alum with
some catalyst, such as poly electrolytes.

An integrated 550 m high filtration unit was
constructed in the laboratory, it included four main units: an
axial flocculating unit, a filtration unit , injection unit for
pumping coagulants and clay materials, and a backwashing
unit, a piezometric board is also included to give reading at
each 10cm of filter height . Water is supplied to the system
through a constant head tank by gravity action. filtration is
done through two mediums ,a crushed brick layer2 to 5mm
sizes(30to40)cm deep and a quartz sand layer 0-.60to
0.75mm (30to40)cm deep.

The lab experimental test, using drinkable water
supply, with addition of kaolin (fine mud used as turbidity) to
increase turbidity & find the best combination of variables,
loading, to highest water yield together with highest efficiency,
experiments were run to find the effect of filtration rate, type &
depth of filtration materials, effect of coagulating material &
catalyst in addition to flocculation time and velocity gradient.
Results of above showed that:-

1. Suggested crashed brick should be washed perfectly to
clean away any salts that might be within the brick
materials, then sieved to have homogenous particles.

2. Al tests indicate the possibility of using crashed bricks as
top layer in gravity multimedia filtration with very positive
results,

3. Increasing efficiency through proper control of mixing,
turbidity, filtration rate and velocity gradient.

4. Experimental filtration gives V.good Results for filter
working cycle” filtration cycle increased to at least twice
double quantities of water production & best quality.

5. Labs tests shows a positive results on removing about
10%-15% TDS from influent water.

6. It is recommended to use polymer with alum for
coagulation for better Results.

7. Filtration efficiency increased to up to 98% at laboratory
Tests. When using the proposed crashed brick as first
layer.

Author a: e-mail: faiz_alkathily@hotmail.com

8. It is important to check Coagulant potential value for
better Results.

9. Crashed bricks have to be replaced with new layer after
approximate 60 cleaning cycle.

10. Tests also indicate that there will be presented an
intermediate layer between cashed brick and the top sand
layer “ this layer will be a mixed of proposed crashed
brick with top fine sand “ the tests also indicate that this
layer will be about 10 cm in thickness:.

11. All gravity filters have its own standard coefficient which is
called filtration coefficient “lumda”. during those
experimental test we tried also to calculate the values of
this coefficients” which ranged from 1 to 0.66 “

12. The new investigations are, when the filter depth is shorter
than 0.4 m, no significant efficiency is observed. For filter
depth ranging from 0.4 -0.8 m, a significant increase is
observed in the filter efficiency.

13. The filtration Rate slowly affect the removal efficiency
when filtration Rate < 4 m%/m?/h.

14. The removal efficiency reaches up to 80 %. When filtration
rate is 4 m¥/m?hr >filiration Rate < 12 m¥/m?/hr.

15. With more increase in filtration Rate, the
efficiency comes down to less than 40%.

16. Only crashed brick is used in this study, it is highly
recommended to check the possibility of crashed stone,
crashed concrete, and even palm tree leaf.

Keywords: drinking water purification, filtration, water,

crashed brick, sand, kaolin, turbidity.
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I. PURPOSE

he purposes: compliance with treatment technique
Tregulatory requirements; targeting impurities; and

producing a longer filtration cycle and better water
purification. When source water is generally within the
turbidity range of 1 to 5 NTU, it may be a candidate for
water treatment gravity filtration.

[I. INTRODUCTION

Water  purification is the removal of
contaminants from untreated water to produce drinking
water that is pure enough for the most critical of its
intended uses, wusually for human consumption.
Substances that are removed during the process of
drinking water treatment include suspended solids,
bacteria, algae, viruses, fungi, minerals such as iron,
manganese and sulfur, and other chemical pollutants
such as fertilizers.

Measures taken to ensure water quality not only
relate to the treatment of the water, but to its
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conveyance and distribution after treatment as well. It is
therefore  common practice to have residual
disinfectants in the treated water in order to Kill any
bacteriological contamination during distribution.

World Health Organization (WHO) guidelines
are generally followed throughout the world for drinking
water quality requirements. In addition to the WHO
guidelines, each country or territory or water supply
body can have their own guidelines in order for
consumers to have access to safe drinking water.

Algae are common and normal inhabitants of
surface waters and are encountered in every water
supply that is exposed to sunlight. Algae typically range
in size from 5 to 100 microns.

Many microorganisms commonly found in
source waters do not pose health risk to humans, As
Filters represent the key unit process for particles
removal in all surface water treatment. Optimization
used prior to the filtration process will control loading
rates while allowing the system to achieve maximum
filtration rates. Using crashed brick as first layer in
addition to the other filter media such as fine quartzite
sand and gravel, may be considered as one of several
treatment processes that can be applied in combination
with others to produce potable water. Low turbidity (<20
NTU) and algae count in the order of 106 units/liter
among other factors,

[11. HisTory oF THE GRAVITY WATER FILTER

1835... London, England.  Queen Victoria
recognized the increasing health dangers of the drinking
water supply. Cholera and typhoid epidemics were
commonplace.

She requested John Doulton (of later to become
Royal Doulton), to produce a water filter with his ceramic
making capabilities.  Using various earth and clay
materials, he created the first gravity water filter
stoneware, Doulton water filters. With her satisfaction in
the filter, Queen Victoria bestowed upon Doulton the
right to apply the Royal Crest to each of his units.

1862...John Doulton’s son, Henry Doulton
introduced the Doulton Manganour (new, efficient
purifying medium which could be readily renewed),
carbon water filter. With Louis Pasteur's new findings
about bacteria in this same period, a more advanced
understanding of bacteria made it possible for the
creation of a porous ceramic which could filter out tiny
organisms. Gravity fed water filtration! And the
Berkey...? We're getting there...

1901... King Edward VIl knighted Henry Doulton
and honored his company use to the word ROYAL in
reference to its products. Hence the name “Royal
Berkey”, one of the larger gravity water filter units
available today. Doulton’s water filters gained popularity
and wide spread use by hospitals, laboratories and
residential water filtration throughout the world as far
away as Africa and the Middle east.

© 2016 Global Journals Inc. (US)

Throughout the decades, the Doulton company
modified the ceramic filters by adding small, pure silver
particles (anti-microbial), which made the filter elements
self-sterilizing and they registered the trade name
“British Berkefeld”. Once these improvements were
made, the gravity filters became popular with, and
trusted by relief organizations such as UNICEF, the
Peace Corps, Red Cross and used in over 140 countries
throughout the world.

1998...Through a distribution partnership with
British Berkefeld, the US based company, “New
Millennium Concepts”, began distributing their products
locally. NML pushed the envelope of the product and
created the “Black Berkey” purification element. Black
Berkey purification elements are more powerful than any
other gravity filter element currently available. They were
tested with 10,000 times the amount of pathogens
required for standard protocol and removed 100% of the
pathogens (tested under an electron microscope),
setting a new standard in water purification.

IV. PROCESSES FOR DRINKING WATER
TREATMENT

A combination selected from the following
processes is used for municipal drinking water treatment
worldwide:

e Pre-chlorination - for algae control and arresting any
biological growth

e Aeration - along with pre-chlorination for removal of
dissolved iron and manganese

e Coagulation - for flocculation

e (Coagulant aids, also known as polyelectrolyte - to
improve coagulation and for thicker floc formation

e Sedimentation - for solids separation, that is,
removal of suspended solids trapped in the floc

e filtration - removing particles from water

e Desalination - Process of removing salt from the
water

o Disinfection - for killing bacteria.
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Traditional water Treatment pant Flow Diagram - Using Rapid Gravity Filters

Technologies for potable water treatment are
well developed, and generalized designs are available
that are used by many water utilities (public or private).
In addition, a number of private companies provide
patented technological solutions. Automation of water
and waste-water treatment is common in the developed
world. Capital costs, operating costs available quality
monitoring technologies, locally available skills typically
dictate the level of automation adopted

V. EFFECT OF FILTER DEPTH ON THE
REMOVAL EFFICIENCY
It is well known that, the filter depth has a direct
relation with the filter efficiency, i.e., increasing the filter
depth will increase the filter efficiency. Effect of filter
depth on the removal efficiency.
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The new investigations are, when the filter depth
is shorter than 0.4 m, no significant efficiency is
observed. For filter depth ranging from 0.4 -0.8 m, a
significant increase is observed in the filter efficiency.
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1 Concentration of turbidity removed
through filter media

VI. EFFECT OF FILTRATION RATE ON THE
REMOVAL EFFICIENCY

1t - The filtration Rate slowly affect the removal
efficiency when filtration Rate < 4 m®¥/m?/h.

2" — The removal efficiency reaches up to 80 %. When
filtration rate is 4 m®¥/m?/hr >filtration Rate < 12 m3*m?¥
hr,

3 - With more increase in filtration Rate, the removal
efficiency comes down to less than 40%.
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EFFECT OF MEDIA PARTICLE S1ZE ON
REMOVAL EFFICIENCY

VII.

The Media particle size strongly affects the filter
efficiency.

1% - High effect of grain size on the performance of
direct filtration. Removal efficiency comes down to
insignificant value at using particle of size >5mm.

2P - Particle size of 0.1-2 mm is recommended. At
some cases of pre-treatment work, particle size greater
than 3 mm may be of use.

Lol o C c, 0 _@ G
|
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l Deposit inside filter media with reference to time and depth
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VIII. EFFeCT OF ALUM DOSE CONCENTRATION
ON THE REMOVAL EFFICIENCY

Several factors may Govern the optimum dose
of alum such as, size of Turbidity particles, turbidity
level, and the G potential of Coagulation, surface
loading, etc. many studies shows the effect of coagulant
dosage on the performance of direct filtration, some
stated that, there exist an optimum dose at which the
filter produces high effluent efficiency.

IX. FILTRATION MECHANISM

Filtration depends mainly on kind of particles,
and the filter media. In addition to Rate of filtration,
Dosage and type of coagulants Used In general One or
more of below factors affect the filtration:-

ATMOSPHRIC-PRESSURE

L, H LIMIT

]

1% - deposit mechanism, as the particles bigger than the
size of media porosity will be settled over the media,
also the suspended solid take a specifies path depend
mainly on porosity but even though some of the
particles pass through the media, as there are some
factors affecting the mechanism such as direct
distortion, Brownian movement or van der wave forces,
2" — fixation mechanism, which is the sedimentation of
particles over the filter Surface as part of slow filtration
flow, or vibration of particles because of different
electrical charges ,or van der waals forces.

39 — detachment mechanism, as part of above forces
and particles being catch either over the surface /or in
side media porosity, the filtration rate may increase, and
the flow may change from laminar flow to Turbulent, so
particles may separated again and move deep or even
pass through the filter media, this can be solved using
stronger polymers, and variable filtration flow,

To solve above we can do either

© 2016 Global Journals Inc. (US)

terminal headloss

Haadloss
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filtration qualitv limit

Filter Ef[luent Quality

__________________ ]
Lo .|
Volumeof Water Filtered perUnil Area of Bed
Ref.22
1t — increase particles size inside the media be

injecting polymers inside the filter.

2" — reduce particle size inside the passing solution by
pumping water from down to up.

3"~ Reduce filtration rate. Inside each layer. Which can
be done using radial filtration?

X. THEORETICAL ANALYSIS OF FILTRATION

As deep filter media used to inshore removal of
collides, then continues increase in head losses till the
filter reach its blocked stage. And then Back wash
should be done.

Espenmental tasfs.

coeftof permeability K

specific depnsit, o

Fall in Rate Coeff.K with specific depasit in constant rate filtration

XI. LABORATORY TESTS PERFORMED

An integrated 5,50 m high Direct filtration unit
was constructed in the laboratory, it included four main
units: an axial flocculating unit, a filtration unit , injection
unit for pumping coagulants and clay materials, and a
backwashing unit, a piezometric board is also included
tot give reading at each 10cm of filter height . Water is
supplied to the system through a constant head tank by
gravity action. filtration is done through two mediums ,a
coarse media layer with 2 to 5mm sizes (30to40)cm
deep, and a quartz sand layer 0-.60to 0.75mm
(30to40)cm deep.

The first stage included the laboratory
procedure, using the constructed filtration system,
Baghdad water supply was used, with the addition of



kaolin (fine mud used as turbidity)to increase turbidity to
find the best combination of variables, loading, to
highest water vyield together with highest efficiency,
experiments were run to find the effect of filtration rate,

AR 1
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type &and depth of filtration materials, effect of
coagulating material and added catalyst in addition to
the control of flocculation time and velocity gradient.
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a) Filtration Unit

As this study is very important, and to get best
results, a complete filtration unit is constructed at the
lab. Filter depth is according to real gravity filters with
surface area of 0.0246m2, and filtration rate up to 750
I/h . a serious of tests was made with different filtration
media and depth to achieve the best results.

Alla experimental test are perfumed using
constant rate filtration as the water level will stay
constant throughout test time, which in another words
the filtration rate will be variable all the time depending
on the deposit of turbidity within filter media voids,

| Flocculator system used at the lab.test

Constant head water tank

b) Additional apartments used with the lab. Tests
Turbidity reader in FTU “DRALANGE-LTD,5”
Magnetic mixer “Magnetic stirer KAMAG RET, TYPE

RET, 620 W”

Turbidity injection pump “STA-PERLSTIC PUMP,

LABSCO."
Mixer type LASCO Germany

PH Reader “LAVIBONDA, 2000”

Conductivity & Temperature reader “PHILIPS, PW 9525”
Digital balance “SARTORIUS, TYPE 1501”
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Air compressor “KHOSLA, INDIA 2.2 KW, 400 R.P.M”

c) Materials used in the test

See table No.1

1. Corse sand type 1 & 2, effective diameter 0.75
millimeters and homogenous factor of 2,66.

percent

sieve analysis
£r R e ¢ g

2. Coarse crashed brick, effective diameter
millimeters and homogenous factor of 1,45.

«————}——hydromeler analysis .
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3. Fine crashed brick, effective diameter 2,90
millimeters and homogenous factor of 1,37.
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4. Homogenous gravel, Coarse crashed

effective diameter 8 - 10 millimeters.

| —— hydrometer omalysis.
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d) Jartest flocculation, and clearly indicates that 15 milligram /
Jar test was done to define the best quantities litters is the optimum.
of coagulant to be injected each time all water test done Second group of test was performed fixing alum
at the past years indicates that the maximum turbidity — dose as 15.0 milligram / letters, and variable speed from
not exceed 320.0 milligram per letters (p.p.m) equal to 20 to 500 rpm for 20 minutes.
FTU=21.5 (FORMAZIN TUBIDITY UNIT ).
Alum was injected at the rates 5,10,15,20,25
milligram/litters,  attached  diagram  shows the

Relation between FTU and PPM for tap water jar test No.1

for tap water test #7

concentraficn
of turbidity

R ¢ a4 4 1w ® @ omom

ERN Time in Minutes

Also number of test was performed to find best  turbidity “C” from time to time to calculate the filter
velocity and best time of mixing. results as per attached  efficiency,

fig.
*» EFEZ2ISFTU
e) Depth of crashed brick to be used
To establish the best depth of crashed brick hessinem *1 \ TN R
Type-1,physical property for the used media are shown N -
. s
in the table below :- \ )
\\anmg/L \
specihicaignS o[> = T £ [, 0 L “ 05 o A
SEg|=E| @ a'c.r. =] = E?g UEmgA \
CEE S BagD Dy [ D g “ .
Imaterial. ™ gig%g ,_% g-? Bo {950 |Os0 %E = ?gﬁ A
sand typ. 1 0205)1775 30.799)25651 0,60| 058 |065 §0.,70 | 0,60 11656 065 |11206| e
[sand typ. 7 |05 [1563[375062,511 |0.75 | 090 |18 [2.00]0,75 12.6666180 {2.00 o i
im@@y 2471{4 50 (430 |700 800 |4,50 J1777 |7,00 |i563
jer.brick typ.2[ 4155 [1,145 52.7032AZWL290 3.003,50 [4,00 [ 2901379 [350 ‘Lﬁﬁﬁ o - - -
i 21131 [0.553] 531 [e0. 567576 | e e

TABLE NOC! J-

Pezometric Head with respect ta Depth for diferent times

Number of experimental test was performed by
fixing filtration rate at 220 | /hr. and influent turbidity
“Co” equal to Av=21.5 F.T.U which equal 230 milligram
/ litter (p.p.m), alum dose 15.0 milligram / litter (p.p.m)
and depth of sand media 30 ,40 cm, calculating effluent

Figures bellow indicates the relation between
filter efficiency with respect to different crashed brick
depth together with 20 & 40cm sand media,

0 1
» % =78.18 +0.35 (Depth cm.) " Sand 30cm , filtration 220 I/hr. Efflount = 21.5 F.T.U
5 40cm Sand type-2 , filtration 220 I/hr , 21.5 5

% % =71.89 +0.45 (dEPTH CM.)
»

c.0.c=0.88

- »
- C.0.c=093 w [
» £
w w |
= w
t 0

»
Efficancy of Efficency of g

filtration' 1% filtration (%)
w w |
"
“
"
w
a
w
w e
T e S . W B o oW oW oW ow o m om W A
M DA N cm. of crashed brick used together
em. layer of crashed brickused with 30cm sand Type.2
figure shows the relation between cm. of crashed Fig. show the relation between filtration
brick & efficiency of filtration efficcency & Deoth of sand 30cm.
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USING CRASHED BRICKS AS TOP LAYER IN GRAVITY MULTIMEDIA FILTRATION

Results show clearly that the efficiency of
filtration increased up to crashed brick layer of 40 cm,
then the efficiency droped. According to this information
the sand layer is fixed to be 40 cm and the crashed

Depth of filter Bed in

Pezometric head verse depth of filter bed fo difrent T

XII. EXPERIMENTAL TEST AT LAB

A number of experimental test perfumed at lab.
Using drinking water from city main mixed with
controlled kaolin as turbidity, tests divided in groups
where all variables are fixed and only one character is
changed to study the results. About 20 full lab. Tests are
chosen from 68 tests for this study as final results.

Coagulants used in the tests is Alum with
dosing rates of 15.0 milligram / litter ,in groups 1,3,5 ,
and alum with Polly electrolytes dosing rage 0.1 to 0.01
milligram / letter in groups 2,4,6 .

Filtration rates wused in lab. Tests are
125,220,327.3,514.3 letter / hr. “equal to 2.6, 6.25 9. 43,
14.82 m3 /h respectively “

Filtration media multiple media filters are used,
crashed brick and sands are as described previously.
Tests results are shown in bellow figures:-

© 2016 Global Journals Inc. (US)

brick layer type-1 is fixed to be 40 cm during the
following experimental tests

o ®
Depth of filter Bed in cm,

Efflunt concentration verse depth of filter
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Variable filtration Rate
Coagulant: Alum 15.0 mg |
Sand: Iype 2
Depth of Filtration Vedra: 40cmi
coerecate laver : 10 cni

SPECIFICATION, TEST NO. L1 [TEST NO.2 [TEST MO, T [TEST NO.4
FILTER Tv[F DUAL MED.| DUAL mMED.| DUAL MER.| DUAL MED.
SAND TYP. MO, Z NO. 2 ND L2 NO.2
BAND DEFTH IN CM. 40cm. 4%cm. Acm. 40cm.
CRASHED BRICK TYF. NO, L MO. 1 NO. 1 NO.1
BRICE DEFTH [N CH. 40cm, arcm. Jidcm. Jcm.
GRAVIL DEFTH IN CH. L2cm, Lem. Lidem, Lidcm.
FILTERATIN RATE. F27.3ILSHR] LZEL/HR S514.3L/HF Z20LAHR
IMEILUNT TURBIDITY. 2?2 FTU 23 FTu Z1.8FTU 2.7 FTU
23&.7MG/L] 2472060 274, lmg/l| 246.7mg /1
EFFLOUNT TUSIDITY. 1.2LFTU L.O714FTU 4. 535FTU L.B75 FTU
1F.0mgsl
EFFICIENCY (YD 74, 57 9. R4y TA. 57 1.74%
WATER TERMFRETURE. 15.6 £ 16.46 C 168 © 14,4
=1R 7.4 i 7.4 FH 7.4 EH 7.4 FH
COABULANT . TYF. artH AL L+ ALLim ALLM
COAGILAMT DOSEtmasl) 1S.0mgrsl | 15.0mg /L LS.qufl 1S5.0ma/l
VELOSITY GRADENT (G} (P, 5241 {25.%77) {166,587 {Z2.873)
TIHE FOR . BACK WASH. 29 HE 49.1 HF 17.54 HR~ | 483.2 HI?
TIME FOR TO7AL HEAD 18.48 HR 3% HR R < 5 Zé.1 HR
LNSSES =00 cm.
TOTHL WATER FPROD. Y077 L A537.5 L | @&3.1 L | 1021738.350
TOTAL WATER FROD.TIt| S7&0 L TRI7.S L | 4442, 3 L | B070.3 L
T.H.L=80 cm.
T.H.L VERSUS TIME {372 (37 (X7 (37D
SEE FIG NO.
WATER LEVEL VERSLIS (34} (34} (24 {(36)
TIME(SEE F15 ND.?
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Fixed filtration Rate
Coagulant: Alums.0mg/I
+Polyelectrolyte 0.1mg/l

Sand: Type 2
Depth of Filtration Media: 40cm
Aggregate layer : 10 cm

VYERS8US T.H.LISEE FIG
ND. }

SPECITICATLOMN. {TEST NO. S [TEST NO.& [TEST NO.7
FILTER TP DuAaL I'IED7 DUAL MED.|] DUAL HED.
SANE TVP. NO.Z MO, 2 NOL 2
SAND DEPTH IN Ch. S0cma 40ecm. 40em,
CRASHMED BRILCK TYP. NO. 1 NOL 1 MO, 1
ERICK DEFTH IN CH. 40Cm. Hem, 40cm,
GRAVIL DPEPTH IN CM, LCCm- 10¢m, {Ocm.
FILTERATIN RATE. 220 L/HR 20 L/HR ) 220 L/HR
- TMELUNT TUREBLID1TY. 8.12 FTL | 37.29 FTY 21.5 FTU
S57.5ng/1 | 432.5mg/ L 231.5mg/1
EFFLOUNT TUBIDITY. L.313FTU | L.257FTU | L.975FTU
- 13.0mgri
EFEICIENCY () AJ.83% ?5.425% ?1l.35TY
WATER TFMFRETURE. 1.4 C 14,8 C 13.x C
FH 7.4 PH 7.4 FH 7.4 FH
CORGULANT. TYF. ALUM+POL Y] ALUM+20 Y] ALUR=-FOLY
CORBULANT DDSEimg/1ld 5.0 ALUMH 5.0 aALUMH 5.0 ALUM+
0.1 POLY.) 0.1 FOLY.) 9.1 POLY.
VELDS{TY GEADENTLR) | (S0.814) | {99.5408)1] {49.720%)
TIME FOE BACK WASH. 43 HR lg. 4 HE 2B. % HR
TIiME FoR TOTAL HEAD | 22 HR 7.1 HR 1.7 &R
LDSSES =80 cm.
TOTAL WATER FROD. B&L2. S I920.8L | Sdgy. 4L
TOTAL WATER PAOD. TIL] 4242.5L 1927. 3L 2749, 4L
T.H.L®80 cm.
T.H.L YERSUS TIME {45) {45 (44
SEE FIG NO.
WATER LEVEL VYERSUS {44) aé) {14)
TIME(SEE FIG MO, )
WATER FRODUCTION (a9, taan (44}

-
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Third Group Test
Fixed filtration Rate
Coagulant: Alum 15.0mg/l Sand: Type 2

Depth of Filtration Media: 40cm

Aggregate layer: 10 cm

SPECIFICATION. TEST NU.B [TEST HO.9 [TEST NO.1q
FILTER TYF DUAL MED. DUAL M. DUAGL mED.
SAND TYP. Nq.'Z w32 NOL 2
SAMD DEPTH' IN CM. 40cm. &0cm. a0cm,
CRASHED. BRICK TYP. | Mo.1 NG X ne. 1
BRICK DEPTH IM CH. 4Qcm. 3Qcm. 4ch|.
SBRAVIL DEFTH IN CM.| 1dcm. toca, 10cm.
FILTERATIN RATE. 220 LAHR [ 226 LAHR ) 220 L/HR
INFLUNT TURBIDITY. { 9.1 Fry | 395 FYU | 21,87 Fru
70, 0hmg/ 1 442, %mg/l] 2750 Img /)
EFFLOUNT TUBIDEITY. LLAZSFTU | 1.48868FTU ] V. 74FTU
EFFLCIENCY (R] B1.56% es.77ay | 92, 004y
WATER TEHPRETURé- 1.4 C 14.2 € 17.6 C
EH 7.4 PH 7.4PH | 7.6 PH
COAGULANT. TYD, ALLYH ALUM ALUM
COAGULANT DOSE(mg/2Y 15.0mn/1 } 15.0mg /1 ) 15, omg /1
VELD-I‘."ITY GRADENT (G) | 151.2841H (55,043 | (52,4577
TIME FOR BALCK WasH, 28 HR 14 HWR & HR
TIME #OR TOTAL HEAD | 14 HR i HR 146 HR
LDSSES =0 rm.
TOTAL WATER FROD. S202.506L | 3340, 5L 205751
TOTAL WATER PROD. TIL) Ta42.44L | 2440.5C | 33230730
T-H.L=80 cn.
T.H.L VERSUS TIHE (54) ts) (=47
SEE FIG ND,
WATFR LEVEL VERSUS (833 {53} 1932
TIME{(SEE FIG NO.)
WATER PROPUCTIONM 52} (22) [oral
vﬁg.su;us T.H.L(SEE FIG
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Forth Group Test

Fixed filtration Rate

Coagulant: Alum 5.0mg/[ +
polyelectrolyte 0. 1mg/I

Sand: Type 2

Depth of Filtration Media: 40cm
Aggregate layer: 10 cm

SPFECIFICATION, TEST NO.LLTEST NO. LZTEST NO. LT
FILTER TYP DUAL MED.| DAL MED.| BUAL HED.
SAND TYF. NU. 2 NO. 2 NO. 2
SAND DEFPTH 1In CrH. 10cm. 40Cm. 40=m.
CRASHED BRICK TYP. NO. L NO. 1 NO, 1
BRICK DEFPTH IN CM. 40em. 40cm. 4dcm,
GRAVIL DEPTH IN CH. | 1ocm. 10em. 16em.
FILTERATIN RATE. 220 L/HR | 220 L/HR | 270 L/HR
INFLUNT TURBIDITY. 36.73 FTU  26.9 &TY | 1115 FTY:

427.3m3/ 1) 208,4ma L] 36.55m 1
EFFLGUNT TUBLGITY. L.02 FTU | 2.5 FTU | 1.25 FTU

ERFICIENCY (Y2 Q7. 22% qL.722» b )
WATER TEMPRETURE. LR S T 12.2 C ‘J,_g__f:

rH 7.2 PH 7.4 FH 7.4 FH
CoaBULANT. TYF. ALUM+POL hLLIH+F'|:IL‘1J ALUM+POLY

COAGULANT DOSE(mgsLl) S.9 ALUMY 5.0 ALUMY 5.6 allt+
Gl pOLY 0.0y FCLY] 0,01 POLY
VELDSITY, BRADENT (&} (L1.0I98)] (50.5386)| t4T.7902)

TIME FOR  Bock wastl & Hi 3& HR 22 MR
TIMZ FDOR TOTAL HEAD ) T.% LR 17 FR 12 R
LOSSE3 =30 =m.
TOTAL WATER FKCD. 1832.25L | 7924.8330 308BsL
TOTAL WATER FROD.TI1] 9584.BL 3744.533L 27860
T.HaL=BO =,

T.H.L VERSUS TIMmE (42) (&2) 521
SEE FIG NO.

WATER LEVEL VERSUS (L1 {&1) (611
TIME(SEE FIG NO.)
WATER PRODUCTION (40} (40} (601
VERGIS T.H.L{SEE FI

NO. )
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Fifth Group Test
Fixed filtration Rate

Coagulant: Alum 15.0mg/l
Sand: mixed Type 1+2(1:1)

Depth of Filtration Media: 40cm
Aggregate layer: 10 cm

SPECIFICATION.

FEST NOD. 14

FEST NO. ISTEST ND. 14

FILTER TYP
SAND TYF. )
‘$AND DEPTH IN CM.
- CRASHED ﬁ&lﬁk TYP.;
. ““BRICK DEFTH IN Cit. :
| GRAVIL DEFTH IN CM.
FILTERATIN RATE.
INFLUNT TUREIDITY.
EFFLOUNT TURIDITY.
EFFICIENCY ()
WATER TEMFRETLURE.
FH
COABULANT. TYP.
COABULANT DUSE (mg/})
VELOSITY GRADEMT (D)
TIME FOR BACK WASH.

TIME FUR TOTAL WEAD
LDS3ES =80 c¢n.

TOTAL WATER FROD.

TATAL WATER FPROD.TIL]
T.HL=H] =m.

T.H.L YERSUS TIME
SEE FIG NO.

WATER LEVEL YERSUS
TIME(SEE FIG NO.)

WATER PRODUCTION
VERSUS T.H.L(SEE £1g
NO. ¥

pUAL MED,
NO, (1+2)
$lild
4Qcm.
ND.Z
30cm.
10ck.
220 L/BR
15.7858FTU
130.é4mg/ 1
1, 745ETU
87. 1974
11.1 C
7.4 FH
ALUM
1%5. Omg /1
(GL. 0859
HR

23 HR

PF33. 6L,

S54TB. 6L
{7Q)

145

(682

[ Nﬂ.z‘

DUAL ™ED.
NO, (1+2)

LY B & 7
4Q0ecm.
i i

30cﬁ."?
IQ:&. :i
220 L/BR
29.897FTU
338.9Smg /1
1.Z33FTU
?E.8A&Y .
16.5 C
7.0 PH
ALUM
15.0mg /1
(51.304862)
29 HR

20 HR

FIea. L

S047.3L

puAaL HED.
NO. (1 +2)
{1:1).
4Qcm.'
ND.2

30cm.

Rl T s

220 L/HR  °

B.B75FTU
&7.15mg/1
L.217FTU
&6.28¥
11.1 C
7.4 PH
ALUM
15.0mg/1
(S1.03%94)
43 HR

25.% HR

11780, 251

5629, 2501
[ dall

{6

(&8)
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Sixth Group Test
Fixed filtration Rate
Coagulant: Alum 5.0mg/l + Polyelectrolyte

0.01mg/l Sand: mixed Type 1+2(1:1)
Depth of Filtration Media: 40cm

Aggregate layer: 10 cm

SFECIFICATION. TEST NO. L7[fEST NG_lBFEST NO.19TEST h.20
FILTER TYP DUAL MED.| DUARL MED.| DUAL MED.| DUAL MED.
SAND TYF. HO- CL+2y | MO, (L+2) [ NO. (L+2) | NDO, (1+2)
1:1) t1211) (=1} f1:1)
SAND DEFTH IN CM, Acm, A0Cma fGcn. 4Qcm.
CRABHED BRICK TYF. ND,. 2 ND, 2 NO. 7 NOL.Z2
BRICK DEFTH INM CHM. 20cm. Tlcm. 30em. 30cm.
GRAvIL DEFTH 1M Cri. | LOcm. 10cm. 10ecm. 10em
FILTERATIN RATE. 220 LLAHR | 220 LAHR | 220 L/HR | 220 LsHR
INFLUNMT TLRBIDITY. 20.375FTU| 12.98FTU | 8.95FTU 37.8%FTU
280.4mg/ 1) 1202 3mg/ 1] 68.1mg/1 | 441.3mg /]
EFFLOUNT TUBIDI Y. L Z7SFTL | L. 237FTU | 0.755FTU | 1L.0417FTU
EFFICIENDY ) P4, 5% B4.482% 91.561' 97.257%
WATER TEMFRETURE. 1.4 © .8 L 1.2 C ii.a C
FH 7+% FH 7.4 PH 7.4 FH 7<8 FH
CORGULANT. TYF. ALLIM+=0LY| ALUM+FOLY| ALUM+FDOLY| ALUM+FOLY
COAGULAMNT LUSEGNg/1)] S0 ALUM| .o ALUMH S.0 sl U | 5.0 ALUM+
L.21 POLG Quul POL.G] O.01 POLL] 20l POL.,
VELOSITY GRALDEMT(G) (S0.70%94)| (20,7202 (S0.9%861) (50.8234)
TIRE FAR 'DACK WASH.| L7 MR 78 HR 105 HR 44 HR
TIRE FAR TATAL HEAD | 25 kA A HR 47 HR z HR
LOS3ES =£0 cm.
TOTAL WATER FROD. AF0L L790b.7L | 22672.7L | 3718.5L
TOTAL WATER FROD.TIiLl &4STL 8704, 7L 10352,6L | 985350
T.H.L=80 cm. .
T.H.L VERSUS TIME (78} 7en (78) (787
SEE FIG NO.
WATER LEVElL VERSUS (g tv7l (77 L
TIFE(SEE FLG NG. !
WATER PRODUCTION (70l (&) 17h2 {7a)

VERGUS T.H.L{SEE FI{
NG, )

© 2016 Global Journals Inc

(US)

Global Journal of Researches in Engineering (E) Volume XVI Issue III Version I E Year 2016



Global Journal of Researches in Engineering (E) Volume XVI Issue III Version I E Year 2016

AT DTN

o
e
e
ma

* 3 owm B o® o4 W om onom

TOTR NERD LOBES T 1,

EIBLL 76 1-oRTFS PCEUCT I RS TOTA, HD L G855 -

oA RS LG I R

F10.40.0% 1-TaT, WAG LOSETS RS THE 0% OPURATION.

i

]
g

=
»
=
»
=
-
"
w
w

01 AL TTRR TGN 4, B 4 PR, 8, LA

T s 1 me B mS B WY«
LT TISEIDITYTL.

WSO By 1o(r IR UGS LT TEENGTTY.

: ™
: ml/ AL TERATIR-ALLPS 1, B LY, <0e Bl -5 TvP(1+33
XIII. RESULTS

Suggestion of the use of crashed brick, washed
perfectly to clean away all salts that might be within
the brick materials, and sieved to have homogenous
particles.

All tests indicate the possibility of using crashed
bricks as top layer in gravity multimedia filtration,
Increasing efficiency through proper control of
mixing, turbidity, filtration rate and velocity gradient.
Experimental filtration gives V.good Results for filter
working cycle” filtration cycle increased to at least
twice “, and quantities of water production& Quality.

© 2016 Global Journals Inc. (US)
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Labs tests shows a positive
TDS within the supplied water.
It is recommended to Use Polymer with Alum for
Coagulation for better Results.

Filtration efficiency up to 98% at laboratory Tests.
When using the proposed crashed brick as first
layer.

Minimum depth of sand media is calculated to be
20 cm.

It is important to check Coagulant potential value to
have better Results.

Crashed bricks have to be replaced with new layer
after approximate 60 cleaning cycle.

results on removing



11.

12.

13.

14,

15.

16.

17.

18.

Tests also indicate that there will be intermediate
layer between cashed brick and the top sand layer :
this layer will be a mixed of proposed crashed brick
with top fine sand , the tests also indicate that this
layer will be about 10 cm in thickness:.

Results of experimental tests indicate the efficiency
of filtration increased up to crashed brick layer of 40
cm, then the efficiency droped. According to this
information the sand layer is fixed to be 40 cm and
the crashed brick layer type-1 is fixed to be 40 cm
during the following experimental tests.

Specific coefficient “Segma “ value is calculated to
be “ranged from 0.015 to 0.135 ,see attached figure
The increase of deposit inside the filter media with
time will cause continues change in filter porosity;
below figures indicate these changes for different
type of filter media.

Coefficient of permeability increased in value when
head losses ratio decreases. Attached figure shows
this elation for different type of filter media.
Production of water with reference to deposit
parameters. This relation theoretically should be
linear, but experimental tests give parabolic elation
due to : at the beginning of filtration cycle the filter
media is clean and the deposit will be settled within
the porosity randomly ,with time the deposit will be
more regular, this unsymmetrical relation is due to
the value of “beta”

Relation between maximum water production can
be achieved theoretically compared with real water
production are shown below, maximum percentage
is 74% , from group test NO.1.

Results also indicates the advantages of using
valuable filtration rate compared with fixed rate
filtration “ filtration rages from 3.6 to 14.0 m3/m2/hr”.
All gravity filters have its own standard coefficient
which is called filtration coefficient “lumda”. during
those experimental test we tried also to calculate the
values of this coefficients” which ranged from 1 to
0.66

XIV. RECOMMENDATION
Only crashed brick is used in this study, it is

highly recommended to check the possibility of crashed
stone, crashed concrete, and even palm tree leaf.

2.

3.

4,
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