Convensional Wastewater Treatment

- Grit removal
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< grit

fgrit/
See definitions in:
All Geology Rock
noun

1. small loose particles of stone or sand
Small loose patrticles of / —

stone or sand

pebbles stones shingle

2. courage and resolve; strength of character

Ccourage
verb

1. spread grit and often salt on (an icy road)

2. grate.
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 What Is grit?
Inert dense material, such as sand, broken glass,
metal fragments, silt, and pebbles, is called grit.

 What Is the problem with grit?

If these materials are not removed from the
wastewater, they abrade pumps and other
mechanical devices, causing undue wear.

In addition, they have a tendency to settle In
corners and bends, reducing flow capacity and,
ultimately, clogging pipes and channels.
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http:fapesnature. homestead. com'chapter1? html
L ]
Grit Chamber Barscroan o :

The objective of the Grit Chamber is to remove inorganics, and some lar%ler
organics e.g. pebbles, sand, silt, egg shells, glass, metal fragments, bone chips,
seeds, coffee and tea gmunds

Why we remove Grits?

- Grits are abrasive in nature and will cause wear on pumps

- Grit deposits in pipes, sumps and clarifiers can absorb grease and solidify.
- They are non-biodegradable and occupy valuable space in the digester

What are the sources of Grits-

- The major contributor is infiltration and depends on the type, age and
condition of sewerage systems

- Industrial waste
- Domestic garbage grinders
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Figure: Typical Privary Treatment system (Peavy)

Veolocity Control Section of Grit Channel

* Typical design criteria Opsrng o

Weir plate

Thec_)retical
 Type | settling (discrete particles) g j"‘””
* Particle diameter = 0.2 mm Practical — /
« Particle specific gravity = 2.65 ‘ "
« Horizontal flow velocity = 0.3 m/s
Proportioning Weir Parabolic Channel Section
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Types of Grit Removal basins

Aerated grit chambers

Vortex-type (paddle or jet-induced vortex) grit removal systems
Detritus tanks (short-term sedimentation basins)

Horizontal flow grit chambers (velocity-controlled channel)
Hydrocyclones (cyclonic inertial separation)
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Aerated grit chambers

WATER SURFACE

Helical liquid
g - k“_’_,.- lq

GRIT HOPPER AND COLLECTOR MECHANISM TI'E]'B ) of
grit particles

NOTE:

Aerated grit chambers often have agitation air systemns in the
grit hopper to prevent compaction of grit when grit removal is
intermittent.

Image source: Crites and Tchobanoglous, 1998
Adapted from

Image source: EPA: Wastewater Technology Fact Sheet - Screening and Grit Removal
https://images.slideplayer.com/19/5731767/slides/slide_5.jpg
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Vortex type grit chambers

el i __—Drive unit
5\
Qutlet " . —
nle
T e - ,..--"‘FF..’
3
& ' Drive torque tube
K \'\mé ' Rotating turbine
, E:. ' - controls velocity
e BE ~F- inside the chamber
= (' iz Grit movement pattern
Inlet - g along outer edge of unit
: 7 Airiift pum
Outlet -e— ‘} pump
o [~ Air scour header
= . - F
Plan Section

Image Source:

https://luomustansiriyah.edu.ig/media/lectures/5/5_2018_ 10 11!10_33 33_PM.pdf
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Vortex type grit chambers

Flow deflector

Degritted outflow
- Discharge orifice

|- Aerated discharge
adds oxygen

Inflow

- Grit movement pattern

Vortex wall

Underflow controller

MNonrestrictive vortex flow
controller concentrates all grit
in less than 5% of inflow

Grit underflow

Grit outflow

Image Source:
https://luomustansiriyah.edu.ig/media/lectures/5/5_2018_10_11!10_33 33_PM.pdf
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Detritus tanks
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SECTION
I'16. 1.—Detritus Tank.

Design for detritus (grit) tank, circa 1910. J. T. Brown, W. H. Maxwell, editors, "Sewage Disposal,” The Encyclopaedia of Municipal and Sanitary Engineering (New York: D.
Van Nostrand Company, 1910), p. 399.
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Image Source: http://lwww.sewerhistory.org/photosgraphics/sewage-treatment/




Horizontal flow grit chambers

Proportional flow weir

—— D ff?dil Image source: https://slideplayer.com/slide/3819742
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Hydrocyclones

https://en.wikipedia.org/wiki/Hydrocyclone
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Mathematical Problems:
Example 5-1 (Peavy p 222-223)

A grit chamber is designed to remove particles with a diameter of 0.2 mm, specific gravity 2.65. Settling velocity for these particles has been
found to range from 0.016 to 0.022 m/s, depending on their shape factor. A flow-through velocity of 0.3 m/s will be maintained by a proportioning
weir. Determine the channel dimensions for a maximum wastewater flow of 10,000 m?/d.

Solution:
Formulae we have:

Q=AV
C_glp—p,)d
° 18u

Lo_g(s-1)d
S 18v

H|I A
Q,V
=3 Daffodi W
B Ty
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Data given:

d=0.2 mm
S=265
v_=0.016 ~ 0.022 m/s

V=0.3m/s
Q = 10000 m3/d

Solution:

l.Let, H=15W
A=WH=15W?

Q=AV

1
10000 m*/dX ———
- Q _ 10000 m’/d _ " 86400 s/d
\% 0.3 m/s 0.3 m/s
_ 10000 m’ds _ )
T 86400 X 03 d sm 386 m
_|A _ 0386 _
W_JLS_Jlﬁ = 0.507m
H=1.5x0.507 =0.761 m
2. Assume, V_=0.02 m/s
%:I{:Q%hn:%S
\% 0.2 m/s

S

3.Length,L=Vt,=0.3m/sx38s=11.4m

Ans.L=11.4m,W=0.507 m,H=0.761 m



Mathematical Problems:

Example 5-2 (Davis p 366-367)

Will a grit particle with a radius of 0.10 mm and a specific gravity of 2.65 be collected in a horizontal grit chamber that is 13.5 m in length if the
average grit-chamber flow is 0.15 m?¥/s, the width of the chamber is 0.56 m, and the horizontal velocity is 0.25 m/s? The wastewater temperature

is 22°C.
Solution:

Formulae we have:

Q=AV
L _9l—p,)d
° 18u

2
, —9(s-1)d
’ 18v
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Data given:
d=0.20 mm
S=2.65
L=13.5m
W =0.56m
H="
Q=0.15mds
V=0.25m/s
V, =7

- T=22°

X =X Y=Y

Solution: =
X1 =Xy Yi— )
1.For, T=22°C,v=0959x10°m%s _ _ (. _ ) X=X
[from water property table] D T X x
, v, = 1.003 + (1.003 — 0.893)3(2) = ég
v =9 (S—-1)d =0.959
* 18 v
2
9.81(2.65 — 1) |22
1000
= — = 0.0375 m/s
18<0.959X%10
3
2. A= -01omTs _ g4 02
V. 0.25m/s
AZWXHzH:A—:M:LWm
W 0.56
3. Maximum time needed to settle (from surface to bottom)
_ 1.07 m — 985 ¢
0.0375 m/s
4. Time required to travel the whole length (L =13.5m)
t'= 13om _ 54 s >28.5s, the particle settles
0.25 m/s

Ans. Yes, the particles will be collected in grit chamber.



Necessary Data |/ Table
Physical properties of Water (S| units)

Temperatur
e
°C

10
15
20
25
30
40
50
60
70
80
90
100

Dattodil
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Specific
weight

Y
kN/m?3

9.805
9.807
9.804
9.798
9.789
9.777
9.764
9.730
9.689
9.642
9.589
9.530
9.466
9.399

Density

Y
kg/m?3

999.8
1000.0
999.7
999.1
998.2
997.0
995.7
992.2
988.0
983.2
977.8
971.8
965.3
958.4

Modulus of

elasticity
E/10°
KN/m?
1.98
2.05
2.1
2.15
2.17
2.22
2.25
2.28
2.29
2.28
2.25
2.2
2.14
2.07

Dynamic

Viscosity

b x103
N-s/m?2
1.781
1.518
1.307
1.139
1.002
0.890
0.798
0.653
0.547
0.466
0.404
0.354
0.315
0.282

Kinematic
Viscosity

v x 10°
m?/s
1.785
1.519
1.306
1.139
1.003
0.893
0.800
0.658
0.553
0.474
0.413
0.364
0.326
0.294

Surfgce
tension
o
N/m
0.0765
0.0749
0.0742
0.0735
0.0728
0.072
0.0712
0.0696
0.0679
0.0662
0.0644
0.0626
0.0608
0.0589

Vapor
pressure
P

kN/\;n2
0.61
0.87
1.23
1.70
2.34
3.17
4.24
7.38
12.33
19.92
31.16
47.34
70.10
101.33



Some web references for further study

https://www.aboutcivil.org/grit-chambers-types
https://en.wikipedia.org/wiki/Hydrocyclone

Use search engines like
https://duckduckgo.com/

Or
Google
, . This presentation is created using
l}gfﬁgﬂ[ LibreOffice Impress
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