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Chapter 3 
PRELIMINARY AND PRIMARY 
TREATMENTS 

The preliminary treatments are necessary to subtract from the raw sewage 
coarse solid materials (floating or suspended), oily substances, debris and 
siliceous sands, which could damage the pipes and valves, pumps and other 
equipment, overburden sections of the cleaning treatment significantly 
reduced efficiency. 
These are mainly physical treatments and exceptionally electrochemical, called: 
• Coarse screening; 
• Fine screening; 
• Grit removal; 
• De-Oiling; 
• Chemical conditioning (if any) using flocculants (for suspended solids). 
The collected materials are typically compacted in order to reduce transport 
costs, and disposed in waste dump. 
In many plants the entrance to the sewer is placed at a lower level than that of 
wastewater treatment, so they require an initial lift. Many manufacturers 
recommend that you place the initial lift stations downstream of the 
preliminary treatment in order to limit wear and damage to mechanical 
equipment by coarse solids contained in wastewater.
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3.1 SCREENING 
 
The size and/or the choice of grids to be taken in a system is mainly based on 
operating parameters, in part already outlined above: 
• minimum and maximum flow rate;  
• minimum and maximum level of water;  
• grid spacing chosen;  
• number of necessary grid;  
• amount of grid;  
• optional upstream and downstream treatment;  
• methods of disposal of the grating.  
 
So, knowing the maximum flow rate (Qmax) and minimum (Qmin) of 
wastewater, through the screening phase and considering the operating 
conditions: 

vmin = 0.5 m/s 
vmax = 1.2 m/s 

 
Since Q = H·Bu·v  where v =H·Bu/Q and imposing: vmin < v < vmax, the total 
operative area (H·Bu) of the grid is: 

 
Qmax/vmax < H·Bu < Qmed/vmin 

where: 
Q = wastewater flow [m³/h] 
H = wastewater level in the channel of screening [m] 
Bu = width of the channel screening [m] 

The number of bars that make up the grid and its effective width is calculated 
using the following relations: 

Nbars = (Bu·100/s) – 1 
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Beff = (Nbars·s + (Nbars + 1)·b) / 100 
where: 

Beff = effective width of the channel screening [m] 
s = bar thickness [cm] 
b = opening between bars [cm] 

 
The depth analysis of operational performance of the screening phase can be 
obtained from the identification of the operative area of the same. 
In fact, a smooth operation of the screening must meet the criterion of 
minimum and maximum speed of the influx capacity, previously examined, 
but also the criterion of the maximum allowable pressure drop (Hall = H1-H2) 
upstream-downstream of the grid. 
The flow resistance of the grid have a pattern of the type shown in the figure: 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3.1 – Correlation between loss of load, speed and light between the bars of a grid  
 
 
The equation at the bottom of the chart above is: 

∆H [cm]  = senθ ⋅ v2 ⋅ (2,99977+72.64308 ⋅ exp(-L/5.6148)) 
 

where: 



Chapter 3 – Preliminary and Primary Treatments 

-  COPYRIGHT ® ANOVA 1999-2010, all rights reserved 
 

3-4

L = opening between bars [mm] 
v = speed of wastewater [m/s] 
θ = angle of rack 

 
Or it can be considered an expression of type: 
 

∆H [m] = C⋅ (s/b)4/3 ⋅ (v2/2g) ⋅ senθ 
where: 

C = form factor = 1.9⋅100 
s = bars thickness [mm] 
b = opening between bars [mm] 
v = speed of wastewater [m/s] 
θ = angle of rack 
g = 9.81 gravitational constant [m/s2]  
 

Tracing on the floor [∆H-v] the curve of the parabola ∆H = K·v², 
corresponding to the lines for vmin (0.5 m/s) and vmax (1.2 m/s) are identified 
respectively ∆Hmin and ∆Hmax on the parable with reference to a new and clean 
grid: 

∆Hmin = Ko·v²min = 0.25·Ko 
∆Hmax = Ko·v²max= 1.44·Ko 

 
The triangular-like area that is between the parable, the speed min-max 
and ∆Hmin/max is the set of points where the grid operates in regular 
conditions. 
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Fig. 3.2 – Operative area of regular screening 

 
Performance evaluation can be obtained through a grid indicator defined as 
follows: 
IPGR=(∆H-∆Hmin)/(∆Hmax-∆Hmin)=(K·Q²/H²·B2

u-0.25Ko)/(1.44Ko-0.25Ko) 
 
Setting  K/Ko ≡ C/Co = δ  fouling factor of the grid 
We have: 
 

IPGR = δ ·[0.84·(Qmed/3600)²/H²·B2
u] - 0.21 

 
where: 

Qmed = wastewater flow [m³/h] 
H = wastewater level in the channel of screening [m] 
Bu = width of channel of screening [m] 
δ = fouling factor 

 

It appears that the regular grid is operated under conditions when δ =1 and IPGR is 
between the values [0 ÷ 1]. 
 

Screening 
Dirty grid 
 Clean grid 

 

Operative Area 
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Regarding IPGR we can be defined as a stable operation of the grid those for 
which small variations in the speed of the wastewater, means that the 
operating point is in critical conditions and by placing a condition that the 
speed of passage is intermediate between the minimum and maximum 
allowable, ie: 

v/vmin = vmax/v 
 

we have:  v² = vmin·vmax = 0.5·1.2 = 0.6 
so:  vstb = 0.77 [m/s]  (i.e. Qstb= 0.77·H·Bu) 
replacing:  vstb= Qstb/H·Bu  in IPGR and assuming δ = 1 (clean grid) 
we have: (IPGR)ott = 0.294 (with 30% of interval 0÷1)  
 
Regarding the fouling of the grid, whereas δ = ∆H/∆Ho (at the same speed of 
the wastewater) we have that can be calculated δ by measuring the new ∆H 
(dirty grid) which has a fixed flow rate (compared to that obtained clean grid). 
For example, the limit value of δ so we have that the stable speed (0.77 m / s) 
has already reached the maximum allowable pressure drop (1.44·Ko), is 
obtained by considering ∆H(vstb) = ∆Hmax we have 0.77²·K/1.44·Ko =1 so in 
this case is: 
 

δlim = 1.44/0.59 = 2.44 
 
 
Cleaning cycle of the Grid  
In general, to optimize the cleaning cycle of the grid, you must maintain a δwash ≈ 1 
÷ 1.5, so calculated Ko (grid clean) you must regularly check that, for a fixed 
speed (or range) reference to Qstb example, shows that: 
 

∆H < δwash·Ko·v²stb = 0.885·Ko 
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Eg. Ko = 0.06, we have that for v = 0.77 m/s it results that the upstream-
downstream gradient grid ∆H > 0,053 m (5.3 cm), so it is necessary to activate 
the cleaning cycle. 
The estimated daily load of grid produced by screening section is derived from the 
following relationship: 

FRSU [Kg/d] = γGR⋅qRSU⋅24⋅Qmed/1000 
 

qRSU [l/1000m³] = 471.5166·e(-0.85281⋅b) 

 
where: 

Qmed = average flow of wastewater in entrance[m³/h] 
γGR = average specific gravity of wastewater equal to 0.6 [Kg/dm³] 
qRSU = amount of grid that can be harvested expressed as 

[l/1000m³] of wastewater treated 
b = opening between bars [cm]. 
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3.2 GRIT REMOVAL AND DE-OILING 
 
In wastewater treatment plants, the sand carried by sewage could lead to 
serious operational problems for the high abrasive power, and because their 
accumulation in sections of sludge treatment, would lead to frequent 
maintenance. 
A well-sized grit removal is able to achieve a good efficiency (up to 90%) 
removing sand larger than 0.2 [mm]. 
Under the direction of flow can be divided into the grit removal: 
• Longitudinal grit removal (channel); 
• Tangential grit removal. 
 
Longitudinal Grit Removal 
The channel grit removal are generally characterized by descending down a 
section (see Figure 3.3) and are labeled on the downstream of a venturi-type 
device in order to maintain a speed within the channel current of 0.3 [m / s] 
that allows the sedimentation of particles larger than 0.2 [mm]. 
 
 
 
 
 
Fig. 3.3 – Longitudinal grit removal (by: “La depur azione delle acque di fognatura”, F. Durante – Ed. Hoepli) 

 
These types of grit removal are usually made up of two channels running 
alternately to allow maintenance and removal of the sand collection. 
For sizing, we consider a grit removal of length "L", in which the height of 
the wastewater is "H" and there are: "vt" the current velocity in the channel 
"vc" the falling speed of the particle, all so schematized: 
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Fig. 3.4 – Sizing of a longitudinal grit removal (b y: “La depurazione delle acque di fognatura”, F. 
Durante – Ed. Hoepli) 

 
So, for separating the sand from the wastewater, it must be that the time spent 
by the particle to traverse longitudinally the channel must be equal to the 
settling time, since the triangles ACD, and AFE similar, we can write: 

vt/vc = L/H  and so  L = (vt/vc) · H 
Having previously said that for the sedimentation of particles larger than 0.2 
[mm] the current velocity in the channel must be 0.3 [m / s], in this situation 
for spheres of quartz at 10 °C it will have a fall speed vc = 0.02 [m / s]. 
So, we have: 

L = (0.3/0.02) · H = 15 · H 
The obtained value is greater than about 50%, obtaining the following relation 
between the height of the wastewater "H" and the length of the grit 
removal "L": 

L = (20÷25) · H 
Also, we have: 

H [m] = Qmax/(vt · B) 
where: 

Qmax [m³/h] = maximum wastewater flow rate; 
Β [m]= average width of the channel (fixed). 
 

For the area of the grit removal (Ads), we have: 
Ads [m2] = B · L 

Finally, for the volume of the grit removal (Vds), we have:  

vt A B 

C D 
L 

F E H 
vc 
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Vds [m3] = Ads · H 
Once we know the values of the length (L) and width (B) of the channel, the 
volume of the area where the sand is collected, is calculated as: 

Volume of sand collection area [m3] = B · L· h 
where: 

h = height of sand collection area (0.25 [m]). 
Tangential grit removal 
The tangential grit removal have a truncated cone, and in them the flow is put 
in tangentially, wanting to use centrifugal force to facilitate the deposition of 
the sands towards the walls of the tank. 
With this type of grit removal is able to separate particles of about 0.2 [mm] 
with a residence time of the liquid to be treated about 30-60 seconds. 
The separated sand is collected in a central well from which are extracted by 
means of an air-lift pump type. 
 
 
 
 
 
 
 
 
 

 
Fig. 3.5 – Tangential grit removal (by: Ecoplants)  

 
To prevent the occurrence of septic conditions, the sands are collected 
separately with air and subjected to washing with water. 
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For the size of the grit removal was used in Tables 3.16 and 3.17 P. 72 of  “La 
depurazione delle acque di fognatura” F. Durante - Ed Hoepli. 
In these tables, depending on the maximum input, it is shown the values of 
the diameter of the tank (Dtg [m]), the minimum flow rate of air required 
for the extraction of sand (Qair [Nm3 / h]), the total height of the grit 
removal (H [m]), the volume of the grit removal (Vds) and the retention 
time(TR [min]). 
Knowing the diameter, we calculate the area occupied by the grit removal 
(Ads): 

Ads [m2]= 0.25 · C · Dtg 
The removal efficiency of the sand is: η removing sand = 65 ÷ 100% depending on the 
size of sand and grit removal area. 
It is obvious: (↑ Ads and ↑ φsand) ⇒ (↑ η removing sand). 
The quantities of sand that can be collected during the grit removal are highly 
variable and can be estimated on average around 75 [l/1000m ³] of wastewater 
treated, so if you consider an average specific gravity of wastewater equal to  
γGR = 2 [kg / dm ³], the wastewater flow Q [m³ / h], we obtain the estimate of a 
daily load of sand produced by sand separation section: 
 

FGR [Kg/d] = 75⋅ γGR⋅24⋅Q/1000 ≈ 3.6⋅Q  
 
where Q [m³/h] is the influent wastewater flow rate. 
 
 
Evaluation of Operative Performance 
The base parameter for the evaluation of a longitudinal grit removal is the 
Surface Load, for the grit removal. For the longitudinal grit removal, we have: 

Cisg [m³/h⋅m²] = Qmed/Ads   = Qmed/(B · L) 
For the tangential grit removal, we have: 
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Cisg [m³/h⋅m²] = Qmed/Ads   = Qmed/(0.25 · C · Dtg) 
Since in the case of longitudinal grit removal the value of B to be introduced 
at the design stage is set by the designer, in evaluating the operational 
performance of the grit removal should consider what the value entered is the 
hydraulic load surface deviate from optimal conditions table. 
So, we determine the Cisg-theoret obtained at the optimal value of B. The 
theoretical value of B is obtained by interpolating the data for grit removal of 
various sizes in Tables 3.7 - 3.9 page. 58 et seq. of  "La depurazione delle 
acque di fognatura" F. Durante - Ed Hoepli: 

y = 0,0034x + 0,1495
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Fig. 3.6 – Determination of theoretical B for longi tudinal grit removal (by: “La depurazione delle acq ue di 

fognatura”, F. Durante – Ed. Hoepli) 

 
In the case of tangential grit removal, we proceed in same way to determine 
the theoretical value of Dtg, using the table 3.16 at page 72 of "La depurazione 
delle acque di fognatura", F. Durante - Ed Hoepli. 
The index of performance of the grit removal will be defined as follows: 

IPgr = 0.5 · (Cisg /(Cisg-theoret) 
 

Functionality range [0 ÷ 1], with 0.5 optimal value. 
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3.3 FLOW EQUALIZATION POLLUTANTS 
 

Equalization is a process whose main goal is to compensate for daily 
variations in the flow of wastewater in entrance to the treatment plant. This is 
important, because it allows to limit the hydraulic overload to the various 
sections making up the plant, we can not only reduce the size of the works, 
but also have a easier management of the process, which the wastewater is 
subjected. 
The equalization of flow pollutants is accomplished using tanks where the 
water level varies, according to the performance of the flow in entrance with 
an increase of the wastewater contained in them, during periods when the 
influent flow rate is greater than average of design, and a reduction in the level 
when it is lower. 
The presence of these tanks allows to obtain as second goal, but not least, a 
more uniform concentration of target pollutants. 
The equalization tanks are generally located downstream of grit removal and 
screening and primary clarifier before. 
Regarding the sizing, the volume of the tank consists of: 

VEQ = VC + VM 
where: 

Vc = volume of compensation; 
Vm = minimum volume required for continuous operation of the 

installation of aeration-mixing (the tanks are mixed to 
prevent sedimentation of suspended and ventilated 
substances to prevent septic conditions). 
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If you know the hydrograph of 
the flow in entrance, the 
volume of compensation of the 
equalization tank is calculated 
by determining the cumulative 
volume trends over time 
(usually 24 hours). 
If you want the installation is 
operated at constant flow, it 
must be equal to the slope of 
the straight line joining the 2 
extremes (continuous line). 
Since the straight line represents the volume of water released from the tank 
as a function of time, in order that tank does not empty, this line must always 
be under the hydrograph. So, we will translate the line parallel to itself toward 
the bottom hydrograph until you find the last point of tangency (dashed line). 
The maximum vertical distance between the two line is the amount of 
compensation of the equalization tank. 
To calculate the volume of compensation, we consider the equation of 
continuity of flow: 

dV/dt = qi –qu 
where: 

qi [m3/h] = flow in entrance; 
qu [m3/h] = flow in output; 
V [m3] = volume of wastewater in basin. 
 

Discretizing with respect to time we have: 
∆Vj/∆t = (qi,j –qu,j) 

so:   Vj = Vj-1 + (qi,j –qu,j) · ∆t 
 

where: 

 

Fig.  3.7 -  Hydrograph to calculate the diagram of  a flow 
equalization basin. 
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∆Vj [m3] = variation of volume in j-th time interval; 
qi,j [m3/h] = average flow in entrance in j-th time interval; 
qu,j [m3/h] = average flow in output in j-th time interval; 
∆t [h] = time interval (generally 1h). 

 

Going to plot, the sum of ∆Vj evaluated during the typical day, you get a 
curve which has a minimum and a maximum. The sum of the absolute value 
of the minimum negative and maximum positive value is the amount of 
compensation.  
In practice, in an urban waste, the volume of compensation, ie, the maximum 
vertical distance between two straight lines of a hydrograph, can be 
determined from the data drawn from a hydrograph and identifying variations 
in flow and concentration of BOD5 during the typical day (Table 3.1): 
 

Period 
Average flow 
in the period 

[m3/h] 
Average 

concentration of 
BOD in the 

period [mg/l] 
24 – 01 990.0 150 
01 – 02 795.6 115 
02 – 03 590.4 75 
03 – 04 468.0 50 
04 – 05 378.0 45 
05 – 06 356.4 60 
06 – 07 428.4 90 
07 – 08 734.4 130 
08 – 09 1274.4 175 
09 – 10 1479.6 200 
10 – 11 1530.0 215 
11 – 12 1548.0 220 
12 – 13 1530.0 220 
13 – 14 1458.0 210 
14 – 15 1386.0 200 
15 – 16 1263.6 190 
16 – 17 1173.6 180 
17 – 18 1173.6 170 
18 – 19 1180.8 175 
19 – 20 1314.0 210 
20 – 21 1436.4 280 
21 – 22 1436.4 305 
22 – 23 1364.4 245 
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23 – 24 1242.0 180 
Average 1105.5 170 
Tab. 3.1 - Design data for sizing the equalization tanks.  

 

You can immediately determine the average daily flow rate:  
Qmed-24 [m³/h] =Σ Qi /24 

where: 
Qi = flow in entrance in the period in exam (1 h). 

In this case, the volume of wastewater entering the equalization tank is 26532 
m3 in 24 hours, so 
Qmed-24 [m³/h] = 26532/24 = 1105.5; 
this is the flow coming out of the equalization basin. 
The next step is to calculate, for each period, the total volume of incoming 
and outgoing, and the aggregate difference. 
Example - Period 1 (hour 24-01). 
TOTAL Incoming volume [m3] = Q1 [m3] · 1 [h] 
TOTAL Outgoing volume [m3] = Qmed-24  [m3] · 1 [h] 
Aggregate difference [m3] = TOTAL incoming volume – TOTAL 
outgoing volume 
Period 2 (hour 01-02). 
TOTAL Incoming volume [m3] = Q1 [m3] · 1 [h] + Q2 [m3] · 1 [h] 
TOTAL Outgoing volume [m3] = Qmed-24  [m3] · 2 [h] 
Aggregate difference [m3] = TOTAL incoming volume – TOTAL 
outgoing volume 
- - - - - - - - - - - - - - - - 
Period 24 (hour 23-24). 
TOTAL Incoming volume [m3] = ΣQi [m3] · 1 [h]  
TOTAL Outgoing volume [m3] = Qmed-24  [m3] · 24 [h] 
Aggregate difference [m3] = TOTAL incoming volume – TOTAL 
outgoing volume 
 
 
In the examined example, in the period 02-03: 
incoming volume = 590.4 m3. 



Chapter 3 – Preliminary and Primary Treatments 

-  COPYRIGHT ® ANOVA 1999-2010, all rights reserved 
 

3-17

The total incoming volume calculated from initial period 24 – 01 is: 
total incoming volume = 990 m3 + 795.6 m3 + 590.4 m3 = 2376 m3; 
total outgoing volume = 1105.5 m3 * 3 = 3316.5 m3.  
The aggregate difference calculated in the initial period 24 – 01 to the period 
02 – 03 is:  
2376 m3 – 3316.5 m3 = - 940.5 m3. 
With this procedure, we define the following table 3.2: 
 
 

Period 
Incoming 
volume in 
the period 

[m3] 

Outgoing 
volume in the 
period [m3] 

TOTAL 
incoming 

volume [m3] 
TOTAL 
outgoing 

volume [m3] 
Aggregate 

difference [m3] 

24 – 01 990 1105.5 990.0 1105.5 -115.5 
01 – 02 795.6 1105.5 1785.6 2211.0 -425.4 
02 – 03 590.4 1105.5 2376.0 3316.5 -940.5 
03 – 04 468.0 1105.5 2844.0 4422.0 -1578.0 
04 – 05 378.0 1105.5 3222.0 5527.5 -2305.5 
05 – 06 356.4 1105.5 3578.4 6633.0 -3054.6 
06 – 07 428.4 1105.5 4006.8 7738.5 -3731.7 
07 – 08 734.4 1105.5 4741.2 8844.0 -4102.8 
08 – 09 1274.4 1105.5 6015.6 9949.5 -3933.9 
09 – 10 1479.6 1105.5 7495.2 11055.0 -3559.8 
10 – 11 1530.0 1105.5 9025.2 12160.5 -3135.3 
11 – 12 1548.0 1105.5 10573.2 13266.0 -2692.8 
12 – 13 1530.0 1105.5 12103.2 14371.5 -2268.3 
13 – 14 1458.0 1105.5 13561.2 15477.0 -1915.8 
14 – 15 1386.0 1105.5 14947.2 16582.5 -1635.3 
15 – 16 1263.6 1105.5 16210.8 17688.0 -1477.2 
16 – 17 1173.6 1105.5 17384.4 18793.5 -1409.1 
17 – 18 1173.6 1105.5 18558.0 19899.0 -1341.0 
18 – 19 1180.8 1105.5 19738.8 21004.5 -1265.7 
19 – 20 1314.0 1105.5 21052.8 22110.0 -1057.2 
20 – 21 1436.4 1105.5 22489.2 23215.5 -726.3 
21 – 22 1436.4 1105.5 23925.6 24321.0 -395.4 
22 – 23 1364.4 1105.5 25290.0 25426.5 -136.5 
23 – 24 1242.0 1105.5 26532.0 26532.0 0.0 
Total 26532.0 26532.0    

Tab. 3.2 - Determination of the amount of compensat ion the equalization tank. 
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The amount of compensation of the equalization tank is given by: 
 
 
 
 
In the examined case, we have: 

Vc’ = abs(- 4102.8)+ 0 = 4102.8 m3 
The value obtained for safety, should be increased by 15%: 

Vc = Vc’ · 1.15 ~ 4720 m3 
So considering a minimum volume Vm = 30m3, we obtain: 

Vbe = Vc + Vm = 4720 + 30 = 4750 m3 
 
The detention time in the equalization tank will be: 

tdet [h] = Vc / (Qmax - Qmed-24) 
 

To determine the effect produced by the equalization tank on the 
concentration of BOD, since in the example the equalization tank is empty at 
8 am, we start from the period 08 to 09. In the first step we calculate the 
volume of wastewater in the tank at the end of each period (Vv): 

Vv [m3] = Vvp + Vin - Vout 
where: 

Vv = volume of wastewater present in the equalization tank at the 
end of each period; 

Vvp = volume of wastewater present in the equalization tank at the 
end of previous period; 

Vin = volume of wastewater in entrance in the equalization tank in 
the examined period; 

Vout = volume of wastewater in output from the equalization tank 
in the examined period. 

 

amount of 
compensation of the 
equalization tank 

=
absolute value of 
smallest negative 
difference 

value of smallest 
positive difference + 



Chapter 3 – Preliminary and Primary Treatments 

-  COPYRIGHT ® ANOVA 1999-2010, all rights reserved 
 

3-19

So, in the period 08 – 09: 
Vv = 0 + 1274.4 m3 – 1105.5 m3 = 168.9 m3 

For the period 09 – 10 we have: 
Vv = 168.9 m3 + 1479.64 – 1105.5 = 543.0 m3 

 
At the same we proceed for all other periods, obtaining the values given in 
Table 3.3.   
 
 

Periodo Incoming 
volume [m3] 

Volume of the 
equalization tank at 
the end of the period 

(Vv) [m3] 

Average 
concentration 
of BOD in the 
period [m/l] 

Concentration of BOD 
in the equalization tank 
in the period [mg/l] 

08 – 09 1274.4 168.9 175 175.0 
09 – 10 1479.6 543.0 200 197.4 
10 – 11 1530.0 967.5 215 210.4 
11 – 12 1548.0 1410.0 220 216.3 
12 – 13 1530.0 1834.5 220 218.2 
13 – 14 1458.0 2187.0 210 214.6 
14 – 15 1386.0 2467.5 200 208.9 
15 – 16 1263.6 2625.6 190 202.5 
16 – 17 1173.6 2693.7 180 195.5 
17 – 18 1173.6 2761.8 170 187.8 
18 – 19 1180.8 2837.1 175 184.0 
19 – 20 1314.0 3045.6 210 192.2 
20 – 21 1436.4 3376.5 280 220.3 
21 – 22 1436.4 3707.4 305 245.6 
22 – 23 1364.4 3966.3 245 245.4 
23 – 24 1242.0 4102.8 180 229.8 
24 – 01 990 3987.3 150 214.3 
01 – 02 795.6 3677.4 115 197.8 
02 – 03 590.4 3162.3 75 180.8 
03 – 04 468.0 2524.8 50 163.9 
04 – 05 378.0 1797.3 45 148.4 
05 – 06 356.4 1048.2 60 133.8 
06 – 07 428.4 371.1 90 121.1 
07 – 08 734.4 0.0 130 127.0 
Average    193.0 

Tab. 3.3 - Determination of the average concentrati on of BOD in the equalization tank  

The last column of Table 3.3, relative to the concentration of BOD present in 
the equalization tank during the period, is obtained using the following 
expression for which it was considered that the mixing in the tank is full: 
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BODp [mg/l] = (Vin · BODin + Vvp · BODvp) / (Vin + Vvp) 
where: 

BODp = average concentration of BOD in the equalization tank, at 
the end of each period; 

Vvp = volume of wastewater present in the equalization tank at the 
end of previous period; 

BODvp = average concentration of BOD in the equalization tank, 
in the previous period; 

Vin = volume of wastewater in entrance in the equalization tank in 
the examined period; 

BODin = average concentration of BOD in the examined period. 
For example for the period 08 – 09 we have: 
BOD08-09 [mg/l] = ( 1274.4 · 175 + 0 · 0) /(175 + 0) = 175 [mg/l]; 
For the period 09 – 10 we have: 
BOD09-10[mg/l]=(1479.6·200+168.9·175)/(1479.6+168.9)=197.4 [mg/l]. 
We notice the effect of equalization in offsetting changes in flow and 
concentration of pollutants. In fact, during the day the flow rate can vary 
between a minimum of 356.4 m3 and a maximum of 1530.0 m3, and out of 
the equalization tank it will have a constant flow of 1105.5 m 3, as regards the 
concentration of BOD that is more uniform since, compared with a minimum 
of 45 [mg/l] and a maximum of 305 [mg/l], which are recorded in the absence 
of equalization, it has a concentration ranging from 121.1 [mg/l] and 245.6 
[mg/l] with an average of about 193 [mg / l]. 
With the availability of similar data for other pollutants (TKN, NH4 +, 
Phosphorus, MBAS, oils and fats) in the same way you can assess their 
average concentration in the wastewater effluent from the equalization 
tank. 
If you do not know the hydrograph, it is considered that the volume of 
compensation depends on the average flow influent. In this case you can use 
an empirical method applies particularly to urban wastewater. 

Vc [m3] = α · (Qmed-24 [m3/h] / 3600 [s/h]) · 86400 
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where: 
 0.4698 · Qmed-24

-0.1673   se  Qmed-24 < 655.2 m3/h 
α =        

0.2372 · Qmed-24
-0.0607   se  Qmed-24 > 655.2 m3/h 

 
86400 = number of seconds in a day. 
 
 
 
 
 

3.4 RAIN BASIN 
 
The purpose of the tanks is to collect rain water from precipitation and 
accumulate on the ground slowly to the treatment plant. 
The volume of rain basin is determined: 

Vrb [m3] = Qrain · tec 
where: 

Qrain = [m3/h] maximum rain flow; 
tec = duration of the critical event in hours. 
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3.5  PRIMARY CLARIFIER 
 

To ensure that the solid particles can settle to the bottom effectively, you 
must make sure that: 

- there is a sufficient retention time of wastewater in the tank;  
- hydraulic loading surface does not exceed certain limits.  

We thus define the operating and sizing parameters of the primary clarifier 
basins: 

 
Retention Time:   TR [h] = Vsp/Q    [2÷3 h] 

where: 
Vsp [m³]: volume of sedimentation  
Q [m³/h]: wastewater flow 

 
A minimum optimal TR is generally assumed (under sizing) of approximately 2 
hours, checking that, on a rainy day (if the sewer is unitary) they will not fall below 
30-40 minutes. 
Sometimes they are deliberately adopted less conservative sizing, especially 
when the waters are coming septic, and so it's better to minimize the time 
spent in the wastewater tank. In this case, the sedimentation acts as the 
elimination of coarse particles and especially of fibrous substances (which can 
lead to substantial problems in the secondary phase). 
 
Hydraulic Loading Surface:  Ci-sp [m/h] = Q/Asp   [1.8 ÷ 5.0 m/h] 

where: 
Asp [m²]: clarifier area 

 
If the sedimentation of rain water are also accepted from a mixed sewer, the 
maximum surface must not exceed the following values: 
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• 2.5 m/h, if the secondary clarifier are also allowed sludge particularly light, 
e.g. from the secondary clarifier of activated sludge plant;  

• 5 m/h, in the case where there are only primary sludge.  
 
A further parameter of interest for a correct sizing of the phase of clarifier, is 
specific flow to the weir: 
 

Ps[m³/m·d]= 24·Q/Lsp    [(200÷400 m³/m·d) max] 

where: 
Lsp [m]: useful perimeter of the weir of the clarifier 

 
The s iz ing is  done by means t est ing in both the average  flow condit ions,  
both the peak flow, taking the larger. 
Finally, the reference values for the design and verification of operation of the 
primary clarifier are shown in the table below: 
 

Sizing parameter Normal Condit.  
Dry time  

Time Rain  

TR [h] ≈ 2 ≥ 0.5 

Ci-sp [m³/m² h] ≤ 1.8 ≤ 4.5 

Ps [m³/m d] ≤ 400  
Tab. 3.4 - Optimum design parameters of primary cla rifier  

 
With a sizing made on the basis of the above values, we can expect a removal 
efficiency of total suspended solids between 50 and 60% (80-95% settleable 
solids), with a consequent reduction of BOD5 ranging from 25 to 30%. 

ηsp = (SSTi- SSTu )/SSTi [0.5 ÷ 0.6] 
ηBOD = (BOD5i - BOD5u )/BOD5i [0.25 ÷ 0.30] 
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The results achieved in terms of removal efficiency of nutrients is 
significantly lower: difficult to go beyond a reduction of 10% nitrogen and 
15% phosphorus. 
 

ηN = (Ni - Nu )/Ni [≤ 0.1] 
ηP = (Pi - Pu )/Pi [≤ 0.15] 

 
Sedimentation is therefore a process of undoubted efficacy for the reduction 
of pollutants in the existing wastewater, although we can't even minimally to 
interfere on the colloidal and dissolved solids. 
The effluent is limpid (also known process of "clarification" that is often 
taken as synonymous with sedimentation). 
The microbial reduction is rather modest, order of 25÷50%, max 75%, e.g. 
reductions of 1 log unit.  
Even more reduced is that of the virus, which does not exceed an average of 
10÷20%.  
The simple clarifier is particularly effective in removing worm eggs and 
protozoan cysts, heavy settleable and easily. 
Limited is the removal of detergents as MBAS, order of 5÷10%; the highest 
is that of oils and fats (20÷30%). 
 
Evaluation of Operative Performance 
The comments previously made on the characteristics of the primary clarifier 
allow, for each type of primary clarifier in operation, subject to a flow rate 
Qmin/max and a corresponding hydraulic loading surface Cimin/max, to identify 
plane [TR,Ci] of the operative regular area. 
 

Ci [m/h] = Q/As 
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Fig. 3.8 – Operative regular area of a primary clar ifier 

 

It turns out that at high retention times, it can verify the occurrence of septic 
conditions in the clarifier: at low retention times, e.g. at high values of flow 
rate (TR ∝ 1/Q), there are problems with clarifier and, therefore, a reduction 
of removal of solids. 
The central rectangle represents the operative "regular" area of the clarifier, so 
it is possible to define an indicator function of the clarifier, with the 
following expression: 

IPsp = (Ci-sp - Ci-sp min) / (Ci-sp max – Ci-sp min) 
 
Operative regular range [0 ÷ 1], with 0.5 as the optimal value  

where:  
Ci-sp = Q/Asp; Ci-sp min = Qmin/Asp; Ci-sp max  = Qmax/Asp . 

Problems of sludge sedimentation 
Septic problems 

Time Rain  
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3.6  DISSOLVED AIR FLOTATION 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
The dissolved air flotation is considered a good solution for the separation of 
the waters, urban and industrial, suspended solids and sediments and for the 
separation of oily substances. The purification plants, that employ this 
principle, have several advantages over other types of traditional clarifiers that 
require much higher retention times and less flexibility with regard to 
excursions of flow and load input. Further, compared to traditional clarifier, it 
have higher yields for the removal of pollutants, yields that in some processes 
may even allow to take into account the integration of such phase as a section 
of emergency in case the plant does not come under load. This phase can be 
inserted in the primary treatment or downstream of a flocculation. 
The flotation is achieved by pressurizing a part of the treated water, in which 
is dissolved a certain amount of compressed air. The dissolution of air takes 
place according to the principle of the increased solubility of gases in high 
pressure conditions for the Henry's law [1]. This effect is also the sum of the 
mechanical action of the pump, that mechanically mixing the two phases, it 
encourages contact and then solubilization. So you get a current liquid 
saturated with air at high concentrations commonly called "white water". This 
mixture is fed in an area of the tank, where this, reset the conditions of 
atmospheric pressure, free air bubbles that include solids and drag them to the 
surface. The sludge is extracted simultaneously from an auger scrapes sludge, 

Influent in input 

Room 
pressurization 

Flotation 
tank 

effluent 

Effluent recirculation 

Float material 

Fig. 3.9 – Scheme of functionality of Dissolved Air  Flotation  
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placed on the movable bridge, while the clarified effluent is extracted from the 
bottom.  
DESIGN SECTION 
INPUT DATA 
For the sizing of the flotation step is necessary to enter in the algorithm with 
the following parameters: 
� Wastewater flow in entrance 
� Content of suspended solids in the influential 
� Height of the tank. 

 
Wastewater flow in entrance 
The volumetric flow rate expressed in [m3/h] affects the process because it 
depends on the contribution of suspended solids in input (as well as the 
concentration of TSS), also the hydraulic load insistent on the surface of the 
tank depends on flow rate. 
Content of suspended solids in the influential 
The content of suspended solids in input affects process parameters, because 
higher the load to bring down then greater the amount of air required. 
Height of the tank 
By fixing the value of the height of the tank, it is automatically fixed the value 
of the base of the tank, from which depend on the hydraulic load and the load 
of solids. Optimal values of water head are generally between 3 - 4 m. In fact, 
for values too low can't be guaranteed a contact time of air bubble/particle 
solid enough, while with too high values there is a risk that bubbles are 
aggregated to form too big bubbles to stick to solid particles. 
REGULATION PARAMETERS 
The flotation process is regulate by the following parameters: 
� Detention time 
� Air/solids ratio 
� Air pressure 



Chapter 3 – Preliminary and Primary Treatments 

-  COPYRIGHT ® ANOVA 1999-2010, all rights reserved 
 

3-28

Detention Time 
The detention time affects the value of the volume due to the tank, usually 
taken to be equal to 20-40 min [2] [3] [4]. Too low detention time decreases 
the likelihood that air bubbles and particles come together and then adhere to 
it, too long detention time requires excessive volumes. 
Air/solids ratio 
To maintain efficient phase is necessary to ensure sufficient air to adsorb to 
the surface of solids, for this it is fixed an air/solids ratio, that must be 
maintained during this process within the optimal range generally between 
0.01 and 0.3 kg air/kg solid [2] [3] [4]. 
Air pressure 
The air pressure that will be saturate the air/liquid, regulates, according to 
Henry's law, the concentration of air in the mixture. Generally in the 
pressurization room, it works with pressures of about 3-5 atm. 
 
OBTAINED DATA 
From input data and control parameters included in the calculation 
algorithms, we will get the following information: 
� volume and area of the tank 
� hydraulic load 
� solid load 
� flow recirculation "white water". 

Volume and area of the tank 
Knowing the incoming flow and assigning a detention time, you get the value 
of the tank volume: 
 

V[m3/h]=(Q+Qric)·tdet 
 
where: 
V = volume of the flocculation basin 
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Q = wastewater flow in entrance [m3/h] 
Qric= mixture recirculated of air/liquid [m3/h] 
tdet = detention time of the liquid volume in the tank [h] 
 
In the above expression appears Qric term, it is necessary to consider also the 
extent of "white water" in the recirculated air in the tank sizing. 
By assigning a height of water head in the tank, it can be derived, also the area. 
So, knowing the area of the tank, it verifies that the values of the hydraulic 
load and the solid load is within the eligible range for this phase.
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Hydraulic load 
The value of the hydraulic load should generally be between 2 and 6 m/h [2] 
[3] [4] and it is obtained by dividing the total flow in entrance with area of the 
tank: 

hydraulic load[m/h] = (Q + Qric)/Area 
 
Solid load 
The solid load is obtained by dividing the mass flow of solids in input with 
area of the tank and must be between 2 and 14 kg/m2 h [2] [3] [4]: 

solid load[Kg/m2 h] = Qsol/Area 
 

where the mass flow in entrance of solids is Qsol  [kg / h] and it is obtained by 
multiplying the flow of wastewater in input with the concentration of total 
suspended solids: 

Qsol = Q · SST/1000 
where: 
Q = flow in entrance [m3/h] 
SST = concentration of suspended solids [mg/l] 
 
It should be noted that in calculating the mass flow of solids, it has been 
considered only the rate made by the wastewater; in fact, since the 
recirculation came from the effluent (before being pressurized), we can 
neglect the solids content in this stream. 
 
Flow recirculation "white water" 
The flow rate of recycling depends on the amount of air necessary to ensure 
the air/solid ratio and on the concentration of air in white water (air/liquid): 

Qric[m3/h] = Qair/Cair 
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Chosen a value of the air/solids, it is possible to determine the value of the air 
flow necessary for the process: 

Qair[Kg/h] = (air/solids) · Qsol 
 
The concentration of air is obtained from the Henry's law. In fact, by Henry's 
law: 

p = H · x 
where: 
p = given air pressure [atm] 
x = solute moles/solution moles 
H = Henry's constant equal to 6,64·10-4 for air at 20 °C (values taken from 
"International Critical Tables" vol 3, p. 260, ed. Mac-Graw Hill)  
 
Knowing x and knowing molar weights of water and air, it is possible to 
obtain the relationship g solute/g solution, approximating the moles of solute 
to moles of water:  

(molesair · PMair)/(moleswater · PMwater) = gair/ gwater 
 
PMair; PMwater are respectively the molar weights of air and water. 
 
Multiplying the previous report for the specific weight of water, the 
concentration of saturated air in the mixture is obtained: 
 

gair/ gwater · 1000 [g/l] = gair/ lwater = Kgair/ m3
water 

 
The obtained value is multiplied for a yield of solubilization η, attributed to 
the pump which varies between 40 and 60%, but it can reach up to 100% due 
to mechanical mixing, which favors the solubilization [2].  

Cric [kg/m3] = (Kgair/ m3
water) · η 
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But, we must take into account that a part of the saturated air in the mixture 
will still be dissolved in water at atmospheric conditions (CATM), so the air, 
that actually will be released during the process, will be equal to the 
concentration reached in the pressurization of the air, subtracted to the air 
dissolved in atmospheric conditions, equal to: 

Catm = (Patm/ H) · (PMair/ PMwater) · 1000 [g/l] 
 
where Patm is the atmospheric pressure. 
 
So, we have: 

Cair= Cric - Catm 

 
Explaining the expressions just quoted, the flow recirculation can be 
expressed as follows: 
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where: 
Qric = flow recirculation in m3/h 
(air/solids) = air/solids ratio in Kg/Kg 
Q = wastewater flow in entrance in m3/h 
SST = concentration of suspended solids in entrance in mg/l 
P= given air pressure in the pressurization chamber in atm 
Patm = atmospheric pressure in atm 
H = Henry's constant for air equal to 6,64·10-4 at a temperature of 20 ° C  
η = efficiency of solubilization 
 
PROCESS INDICATOR 



Chapter 3 – Preliminary and Primary Treatments 

-  COPYRIGHT ® ANOVA 1999-2010, all rights reserved 
 

3-33

To get an indication of the overall efficiency of the process, it was chosen as a 
percentage indicator parameters, in which parameters that participate in the 
regulation of the process, were combined. From consideration made after, the 
study of the dependence of the process from the choice of control 
parameters, it has been estimated that the overall efficiency is represented by 
the following function: 

IP = f (solid load; Qric; Cair) 
From the knowledge of empirical data, it has been possible to characterize the 
curve: 

IP = (Cair· Qric/Solid load) /((Cair· Qric/Solid load)  + 2,12) 
 
 
PERFORMANCES OF REMOVAL 
The yields achieved by the reduction process are typically [4] [5]: 

COD 50-80% 
BOD 50-80% 
SST 70-95% 
Oil and fats 80-98% 
Surfactants 50-85% 
Ammonia 10-15% 

 
The efficiency of the process is greatly influenced by the addition of 
substances to modify the surface tensions that take place in the solid particles 
and bubbles. In fact, in adherence between solid and air bubble establishes a 
contact angle θ: higher the value of the contact angle, more stable is the 
contact area between bubble and particle. The value of θ is related to surface 
tension. 
The removal values are proportional to the indicator process IP. 
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FLOATED MATERIAL 
By the removal of SST, it can be back to the quantity of floated material to be 
disposed of. In fact, knowing mass flow of solids in entrance and the 
percentage of removal, it is possible to get the kg/h of floated material:  

Qsol in · %rem = [kg/h] floated material 
attributing this to a percentage of solids of 1,5%, it is obtained the volumetric 
flow: 

[kg/h] floated material /0,015 /1000 = [m3/h] floated material 
 
ENERGY CONSUMPTION 
The specific energy consumption per m3 of air is expressed by the following 
relation: 

ev [Wh/m3] = 28,21 · ln Pa/η 
η = performance of the motor 
Pa = absolute pressure [atm] to which you want to compress the air, 
so the power required will be equal to: 

W [W] = ev [Wh/m3] · Qair [m3/h] 
 
The volumetric flow rate of required air is typically equal to 0.4 m3 air/m3 of 
water [6]. 
 
References: 
[1] G. Bianucci, E. Ribaldone Bianucci “Il trattamento delle acque residue 
industriali ed agricole”, 1996, Hoepli. 
[2] Ross, Smith, Valentine “Rethinking dissolved air flotation design for 
industrial pretreatment ” Environmental Treatment systems, Inc., 2000 WEF 
and Purdue University Industrial Wastes Technical Conference. 
[3] www.rgf.com; products 
[4] www.biomassimpianti.it; products 
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3.7  LIFTING 
The qualifying conditions in design/testing of a lifting station, are: 
(a) total flow rate of the pumps, obtained by the sum of the capacity of each 

pump, greater than the maximum capacity of the wastewater in entrance: 
Qp ≥ Qmax; 

(b) time to fill up less than 30 minutes: 
tr = Vbasin/Qmin < 1800’’ to prevent rot; 

(c) number of starts/hour of pumps: Nstart < 12÷15;  
(d) velocity of the wastewater in the pressure line: vp = 0,5÷1,2 [m/s]. 

 
where: 

Qmax = maximum flow of wastewater to a load basin [l/s] 
Qmin = minimum flow of wastewater to a load basin [l/s] 
Qp = total flow rate raised [l/s]  
Vbasin = volume of load basin [l] 

 
As tr = Vbasin/Qr   e   ts = V/(Qs - Qr),  we have:  

tc = tr + ts 
 

where: 
Qr = flow of wastewater to a load basin [l/s] 
Qs ≡ Qp = flow of wastewater in output to a load basin [l/s]  
ts = load time [s] 
tc = minimum cycle time [s] determined by the maximum number 
of starts:  

 
tc ≥ 3600/Nstart 
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Calculation of the critical flow: QCR

R
 

Since at each start of the pump, heat is developed, it is necessary to ensure to 
windings, the necessary time to dispel. The flow of wastewater in entrance 
into the load basin, which causing the highest number of starts of the pumps 
is called "critical flow". 
 
Wanting to make, with the variable flow rate Qr, a constant value of cycle 
time, the volume will vary as a function of Qr in the following way: 
 

        V(Qr) = tc · Qr · (1 – Qr/Qs) (*) 
 

The maximum loading capacity of basin must take into account the budget of 
wastewater flow in entrance and in output, at the critical value of the input 
flow rate. In those conditions, the needed volume, to ensure regular operation 
of the system, is maximum, so the expression for the critical flow is achieved 
by resetting the first derivative of the equation (*): dV (Qr) / DQR = 0, so to 
bring about a relationship Qr_critic = Qs/2  which corresponds to (considering 
Qs≡Qp): 
 

VMAX = Qp · tc/4 
 

From this report, together with the condition imposed on the filling time (tr 
should not exceed 30') and the condition on the speed of the wastewater(vp 
between 0.5 and 1.2 m/s), respectively, the following relationships are derived: 

tc < 30 · 60 · 4 · Qmin/Qp 
33 · √Qp ≤ Θ ≤ 50 · √Qp 

where: 
Θ = diameter of the discharge pipe [mm] 
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Since Qp = Σ Qi, where Qi = i-th pump flow [l/s], for each pump, with flow 
rate Qi, will correspond to, placing himself in conservative conditions, a 
fraction of volume of the basin, equal to: 
 

Vi = Qi · tc/4 
where: 

Vi = volume fraction of the load basin between the proportion of 
attack of the pump (i-1)-th and the share of attack of the i-th pump 
[1]  

 
Once we know the scope of the individual pumps, with the following 
expression, it can be established the fraction of the basin due to each of them 
and therefore also the total capacity of the basin: 

 
Vbasin = Σ Vi 

 
Since Nstart depends on pump power (if power grows, you must perform a 
minimum number of starts/hour), knowing the mechanical characteristics of 
the pumps, with which to operate, you can set the frequency of the cycle: 
 

fc = 1 / tc ≤ Nstart / 3600 
 
So, knowing Nstart, we calculate tc, with which you can determine the volume 
corresponding to the pump "i". Consequently, calculated total volume of the 
basin, it is necessary to ensure that the stop time of wastewater in the tank is 
not too long (tc <30 '). 
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For example: 
Qmin = 1.48 l/s 
Qmax = 2.63 l/s 
Qpump  should be chosen so as to obtain a pressing speed between the [0.5 ÷ 
1.2] m/s in consideration of the diameter of the tubes:  
with Θ = 100 mm  e Qp = 5 l/s  we have vp = 0.63 m/s 
If Nstart = 2  (according to the power of the pump)  ⇒ fc = 2/3600  ⇒  
tc=1800’’ 
So  Vbasin = Qp ·  tc/4 = 5 · 1800 / 4 = 2250 l = 2.25 m3 

Finally, it is verified the interval time during which the filling is realized: 
tr = 2250 / 1.48 = 1520’’ ≈ 26’ < 30’  


