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I Rapid sand filtration
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Rapid sand filtration

Al or Fe floc 10 um

Bacillus 2 um

Pore diameter 62 pm

Asterionella 30 um

Clay particle 20 um

diameter=400 um




Chemical transformations

4'Fe?* + O, + 8'HCO; > 4'Fe(OH); | + 8'H;0*
2'Mn?* + 0, + 6'H,0 > 2'MnO, | + 4'H;0*
Results in clogging of the filter

1 mg Fe?* uses 0.14 mg/I O,
1 mg Mn?* uses 0.29 mg/Il O,



Biological transformations

2'NH,* + 3:0, + 2'H,0 > 2'NO, + 4°H,0*
2'NO, + O, > 2'NO;

Nitrosomonas and nitrobacter
1 mg NH,* uses 3.55 mg/I O,

Biodegradable organic matter

CH,0 + O, -> CO, + H,0 Bacteria production:
- nitrosomonas 0.15 g bacteria/ g ammonia
- nitrobacter 0.06 g bacteria/ g nitrite
CH, + 2:0, -> 2'H,0 + CO, - methane 0.10 g bacteria/ g methane
1 mg/l CH, uses 4 mg/I O,



Design filtration proces

Define the filtration velocity

Total surface area required for filtration

Filter bed height

Grain size filtering material



Filter column

A: Supernatant water
Large grains

B: Filter bed

C: Filter bottom

L =1m

H =15m

Sroalligrairk.0 — 1.6 mm
v =5m/h




Filtration

suspended solid content ¢ (g/m3)
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Filter resistance

Filter resistance H (m)
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Lindquist diagram
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Filtration velocity

Filter bed height

Grain size

Economic factors




I Filtration theory - Kinetics
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Filtration theory - Kinetics

_ ﬁ = A-cC A=A -(pi) Lerk-Maroudas
Ay (n-p,)

alv=0/pld- reduction in volume of pores

c = concentration suspended solids
y = depth of filterbed

A = filtration coefficient [s]

o = deposits in pores [g/m?]

p = porosity [-]

n = maximum filling of ‘oores (O<n<1)

p4 = density of accumulated materials [kg/m3]



I Filtraﬁon theory - Kinetics
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Filtration theory — mass balance

materials [g/m?3]



Carman-Kozeny equation

H = bed resistance [m]
H, = clean bed resistance [m]






Backwash

Pe

no expansion

High backwash
velocity, expansion




BaCkwaSh I High backwash

no expansion

:velocity, expansion
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Backwash
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Backwash
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Backwash

Expansion
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Coefficient of uniformity

Small grains

Large grains
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Coefficient of uniformity
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Sieve opening (mm)
10 d
u = =
20 d60
In which:

40 U = uniformity coefficient
100 d 10 = size of sieves that let pass
200 10% of the sand mixture (mm)
Pan d 60 = size of sieves that let pass

60% of the sand mixture (mm)




Filter bottom Backwash gutter

Filter bottom




Filter bottom Backwash gutter

Filter bottom
 Support filter bed




Filter bottom

Backwash gutter

Filter bottom
 Support filter bed

* Drain filter water
without losing material



ial can be lost

Nozzle in the bottom breaks
ter

Filtering ma

Filter trouble
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Double layered filtration

resistance [m]

t=2-At




I Pressured filtration




Continous filtration

Wash Filtrate
water



Dry filtration

raw water

air

When
* High ammonia concentration

Advantages

* Supplement O, concentration
* High water velocity

* Stripping of CH,, H,S and CO,



Slow sand filtration




Slow sand filtration










Slow sand filtration
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Biological transformations

2'NH,* + 3:0, + 2'H,0 > 2'NO, + 4°H,0*
2'NO, + O, > 2'NO;

Nitrosomonas and nitrobacter
1 mg NH,* uses 3.55 mg/I O,

Biodegradable organic matter

CH,0 + O, -> CO, + H,0 Bacteria production:
- nitrosomonas 0.15 g bacteria/ g ammonia
- nitrobacter 0.06 g bacteria/ g nitrite
CH, + 2:0, -> 2'H,0 + CO, - methane 0.10 g bacteria/ g methane
1 mg/l CH, uses 4 mg/I O,




Filtration theory - Kinetics

_ ﬁ = A-cC A=A -(pi) Lerk-Maroudas
Ay (n-p,)

alv=0/pld- reduction in volume of pores

Ao
c = concentration suspended solids
y = depth of filterbed
A = filtration coefficient [s]
o = deposits in pores [g/m?3] Actz‘;rlk"w”m”das
p = porosity [-]
n = maximum filling of ‘oores (0<n<1) > O,
p4 = density of accumulated materials [kg/m3]



Filtration theory - Kinetics
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H = foul bed resistance [m] H and c depend on:
H, = clean bed resistance [m] design parameters: v, d, p,, L
influent composition: c_, pg, N, T



Backwash




Filter trouble

e Nozzle in the bottom breaks

* Filtering material can be lost



Continous filtration

Wash Filtrate
water



Double layered filtration | '™
E
-
£ t=0
g t=2-At




Slow sand filtration




Low backwash I High backwash

BaCkwash velocity, no expansion : velocity, expansion
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Low backwash I High backwash
velocity, no expansion | velocity, expansion
Backwash |
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Backwash 12 _ g  Ps-Pw . Pe3 g
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H = bed resistance [m]
H, = clean bed resistance [m]
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