Flocculation Example Calculations
Flocculation Basins

Hydraulic Retention Time Equation

where
t = theoretical detention time, min
¥ = volume of fluid in reactor, ft3

Q = flow rate into reactor, ft3/min

Design Criteria Units
Detention Time 25 Minutes
Depth >1 Meter
L/W Ratio 5to 20 N/A
Given/Assumed Values Units
Flow Rate, Q 4757 ft3/min
# of Flocculation Basins 4 Basins
Depth per Basin 7 feet
Width 17 ft
fo 0.025 -
Hydraulic Diameter 9.9 ft
Velocity 0.67 ft/s
Gravity 32.2 ft/s?
Flow Rate, Q 79.3 ft3/s
Minor Loss 0.0207 ft
Paddle Flocculator Loss 0.25 ft

25min = %

4757%

Solve for ¥




¥ = 118924 ft3

Volume per Flocculation Basin:

Total Volume 118924 ft3 29731 3
# of Flocculation Basins 4 B !

Area per Basin:

Volume per Basin 29731 ft3 5

= = 4247 ft

Depth per Basin 7ft

Length per Basin:
Area per Basin 4247 ft3
- = 250 ft

Width per Basin 17 ft

L/W Ratio:
Length 250 ft 1=
Width ~— 17 ft
Flow Rate per Basin:
£3
Flow Rate _ 4757 It

M _ 1189 ft3 /min

# of Flocculation Basins 4
Compartment Volume per Basin:

Volume per Basin _ 29731 ft?
3 Compartments 3

=9910 ft3

Head Loss Calculations per Basin:

LV?

he = fDBE

where:
hf, ft = headloss
fp = Darcy'sfriction factor

L = Length, ft



D = Hydraulic diameter, ft
V = Velocity, ft?/s

g = Gravity, ft/s*

250 ft) (0.67 f%)z

hy = (0.025) (9_9 -

32.2LL
S
Solve for hy
h; = 0.0043 ft

Total Head Loss:

hs + minor loss + paddle flocculator = total headloss

0.0043 ft + 0.0207 ft + 0.25 ft = 0.3 ft
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Coagulation Example Calculations

In-Line Mechanical Mixer

Hydraulic Retention Time Equation

where
t = theoretical detention time, s
¥ = volume of fluid in reactor,m?

Q = flow rate into reactor,m3/s

Velocity Gradient Equation:

where

1
()"

G = Global RMS velocity gradient,s™!

P = Power of mixing input to vessel, W

U = dynamic viscosity of water,Pa - s

¥ = Volume of liquid, m3

Design Criteria Units
Global RMS Velocity Gradient, G 3,000-5,000 st
Detention Time 0.5 st
Head Loss 1.0-3.0 ft
Given Values Units
Dynamic Viscosity of Water, u 8.9E-4 Pa*s
Flow Rate, Q 50,000,000 gall/d
Radius of Pipe 1.75 ft
Specific Weight of Water, y 62.4 Ib/ft3
Flow Rate (Q) Conversion
gall 0.134ft®> 1d 1hr  1min ft3
50,000,000 d gall X 24 hrs  60min " 60sec 775 s




Hydraulic Detention Time Calculation:

) ¥
s=——
3
775 1L
s
Solve for ¥
¥ =155 ft3
Volume (M} Conversion:
155 3 x 20283 2g s
/ 1fes . 2m
Velocity Gradient Calculation:
) p /s
4,000s™ = ( >
S (8.9 % 10-* Pa-s) X (4.39 m3)

Solve for P
P =62,501.1 Watts
Pipe Length for Coagulation Calculation:
Equation for Volume of Cylinder
V =nr?h
where
r = radius, ft
h = height, ft
155 ft3 = m x (1.75 ft)  x h
Solve for h

height = 16.1 ft



Headloss Calculation:

Power Conversion:

t—1b
Lkw | 73756 fT — 460983 L.
1000 W 1 kW B '

62501.1 Watts X

Hydraulic Power Equation:

b = P
77y
where
hs = Headloss, ft
_ i ot b
Yy = specific weig T3
t—1b
P = Power,f
460983 [L= 1P
hy = Ibf ) ft3
(624 20) (775 12)
Solve for hy



Plate Settler Calculations:

Equation 1: Total Plate Settler Surface Area

52
Vo

Where:

A; = Total Surface Area of all Plate Settlers (m?)

Q = Flow Rate (MGD, m3/day, m3/s)

V, = Overflow Velocity (m3/d «m?)

Equation 2: Surface Area of Tank

As

Arank = n
Where:
Arank = Surface Area of Tank (m?/tank)

As = Total Surface Area of all Plate Settlers (m?)

n = # of tanks (tanks)

Equation 3: Length of Settler

ATank

LSettler - w

Where:
Lsetier = Length of Settler (m)
Annk = Surface Area of Tank (m?/tank)

W = Width (m)



Equation 4: Length of Basin

Lpasin = Lsettier X m
Where:
Lgasin = Length of Basin (m)

Lsetier = Length of Settler (m)

Equation 5: Side Water Depth
SWD = Settler Depth + Launder Depth + Sludge Zone
Where:

SWD = Side Water Depth (m)

Equation 6: Total Tank Depth

Total Tank Depth = SWD + Freeboard

Equation 7: Area of Approach

Appproacn =W X SWD
Where:
Anpproach = Area of Approach (m?)
W = Width (m)

SWD = Side Water Depth (m)



Equation 8: Velocity of Approach

Q

n X AApproach

Va

Where:

Va = Approach Velocity (m/s)
Q = Flow Rate (m?/s)

n = # of tanks

Anpproach = Area of Approach (m?)

Equation 9: Velocity in Settler

e = T 5
Where:

V¢ = Velocity in Settler (m/s)

A = Area per tank (m?)

0 = Plate Angle (°)

Equation 10: Reynold's Multiplier

Where:
Ru= Reynold’s Multiplier (m)

Du = Plate Settler Diameter (mm)



Equation 11: Reynold's Equation
_ Vee X Ry
e =T
Where:
Re = Reynold’s Number (unitless)
V¢ = Velocity in Settler (m/s)
Ru= Reynold’s Multiplier (m)

v =Viscosity (Pa«s)

Equation 12: Froude's Number Equation

Vi’
FR =
g X Ry

Where:

Fr = Froude’s Number (unitless)
V¢ = Velocity in Settler (m/s)

g = gravity (m/s?)

Ru= Reynold’s Multiplier (m)

Equation 13: Launder Width

2 sides
LW = 3 Launder X W X LSettler

Where:
LW = Launder Width (m)

Lsetier = Length of Settler (m)



Equation 14: Loading Rate

Q

n X Ag

Where:

WL = Loading Rate (m*/d «m?)
Q = Flow Rate (m?3/s)

n = # of tanks

As = Total Surface Area of all Plate Settlers (m?)

Equation 15: Number of Orifices per Tank

Orifices = Lw
rifices = D—O

Where:
LW = Launder Width (m)

D, = Diameter of Orifices (m)

Equation 16: Flow Rate

Q

QTank - n

Where:
Qrank = Flow Rate per Tank (m?®/s)

Q = Total Flow Rate (m3/s)

n = # of Tanks
Equation 17: Flow Rate per Orifice
_ QTank
QOrifice - N
Where:

Qorifices = Flow Rate per Orifice (m?/s)
Qrank = Flow Rate per Tank (m®/s)

N = # of Orifices



Equation 18: Area per Orifice

7 D?
4

Where:
A = Area per Orifice (m?)

D = Diameter of Orifice (m)

Equation 19: Headloss

_ 1 QOrifice

29 KxA
Where:

h = Headloss (m)

g = Gravity (m/s?)

Qoririces = Flow Rate per Orifice (m®/s)

K = Coefficient (unitless)

A = Area per Orifice (m?)

Equation 20: Minor Loss
. vz
Minor Loss = K—
29
Where:
K = Coefficient (unitless)

v =Viscosity (Pa.s)

g = Gravity (m/s?)
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Arank = 1,811 ft?/tank
Lsettier=110 ft
LBasin= 147 ft

Total Tank Depth = 18 ft
# of Tanks = 6 tanks
Total Area = 3312ft2

Headloss =2.50in
Minor Headloss =0.84 in
Total Headloss =3.34 in
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GAC Example Calculations
Granular Activated Carbon Filter Beds

Hydraulic Retention Time Equation

- ¥
Q
where
t = theoretical detention time, s
¥ = volume of fluid in reactor,m?
Q = flow rate into reactor,m3/s
Design Criteria Units
Empty Bed Contact Time, EBCT | 30 min
Flow Rate 4757 ft3/min
Given/Assumed Values Units
Hydraulic Loading Rate 29.52 ft/hr
# of Filter Beds 7 (1 offline) -
Width 20 ft
Hydraulic Detention Time Calculation:
30min = ———
3
4747 L

min
Solve for ¥

Carbon Bed Volume = 142708 ft3

Area Calculation:

Flow Rate (Q), 4757 ft3/min 60 min 5
- - = X = 9669 ft
Hydraulic Loading Rate ft/hr 1 hr
Depth Calculation:
Carbon Bed Volume,V 142708 ft3
= =14.76 ft

Area 9669 ft?




Area per Filter Calculation:
Area of Filter _ 9669 ft?

= =1611.3 ft?
# of Filters 6 !

Length per Filter Calculation:

Area per Filter _ 1611.3 ft?
Width per Filter 20 ft

=81 ft
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AOP Example Calculations

Advanced Oxidation Process: UV/Ozone Basins

Ozone
Design Criteria Units
Flow Rate, Q 4757 ft3/min
Flow Rate, Q 79.3 ft3/s
Flow Rate, Q 189,250,000 L/day
Ozone Dose 3 mg/L
Contact Time 10 (mg*min)/L
UV Dose 300 ml/cm?
UV Contact Time 10 S
Velocity 0.5 ft/s
UV Depth 10 ft
UV Width 15.5 ft
UV Lamp Medium Pressure Lamp

Concentration of Ozone:

mg mg

L 3
189250000 —— X
day

= 567750000 ——
day

mg 0.000002205 lb lb
567750000 X =1251.9—
day 1mg day
Contact Time:
10 mg -me .
L
Volume:
Flow rate (Q) 4757 ft3/min
= = 15856 ft3
Contact time 3.33 min 201
uv
Volume Calculation:
Flow rate (Q)  79.3 ft3/s 4
Contact Time 10s = AR
Area Calculation:
Flow rate 79.3 ft3/s
@ _ o/s _ 158.56 ft>

Velocity 0.5 ft/s



CST-Aquastore GFS Tank with Dual Laminate FRP Lining

Area of Tanks (ft"2) 15000
# of Tanks 3
Max Volume of Tank (MGD) 2.5
Storage Time (hours) 12

Total Land Usage (acres) 1.033058



Example Calculations

MGD cfs GPM Froud Number (Unitless): Fp Equation Given Values:
Desired Flow to Produce 30 MGD of Potable Water: 40.00 61.94 27777.78 Velocity at Pump Inlet (ft/s): n (1¥Fp = ﬁ v (ft/s) = 3.89
7 ;
Flow per Pump (Q): 10.00 15.49 6944.44 Flow (GPM): Q2 Calculation D (ft) = 2.25
Flow (cfs): Ql Fom—389 g(ft/sh2)=  32.20
— —— D~ (322 x2.25)08
Rejection Rate for Microfiltration and RO: 0.25 p - o 46'
Sump Dimensions Number of Active Pumps: 4.00 b=
y1, Minimum Approach Length (ft): 11.25 D, Suction Bell OD (in): 27.00 Equa ion Given Values:
Y,, Floor Clearance (ft): 1.13 D, Suction Bell OD (ft): 2.25 (2)S=D + = le 2] Q2 (GPM) = 6944.44
B, Back Wall to Pump Centerline (ft): 1.69 Number of in a Day: 1440.00 Calculation D (ft) = 2.25
o 0.574 x 6944.44
, Length Between Divider Walls for Pump Bays (ft): 5.00 = —_———
e £ pEas iy Conversion Factor for GPM to cfs: 0.00223 §=225+ 2.2515
S, Minimum Submergence Required (ft): 4.62 =, Pi: 3.14 S=4.62ft
Fo: 0.46 x, Divider Wall Thickness Assumption (ft): 0.25
v, Velocity (ft/s): 3.89 g, Acceleration Due to Gravity (ft/s’): 32.20 Equation Given Values:
(3) S Related to Froude's No. : 4.62 {3¥S=Dx (1L.0+23x Fp) D (ft) = 2.25
Sump Design Equations: Calculation Fp: 0.46
§'=225x%{1.0 +2.3 x 0.46}
Legend Color (1) Equation for Froude No. (FD): Fo= V/(g*D)*® S=462
Key Values (2) S, (USCS Units) Equation for Recommended Minimum S=(D+ 0.574*Q)/(D1 5) Equation Given Values:
Submergence:
(3) Recommended Relationship between S and FD: S/D = 1.0 + 2.3*F; {4)B =0.75%D D (ft) = 2.25
(4) B, Length between Pump Centerline and Backwall (ft): B=0.75*D Calculation
(4} B =0.75x 2.25
(5) y1, Minimum Approach Length before break (ft): yl=5*D B =169
(6) y,, Floor Clearance (ft): y2 =0.5*D Equation Given Values:
. . {5)y; =5xD
(7) y3, Length Between Divider Walls for Pump Bays (ft): y3 =2*D+x D (ft) = 2.25
(8) v, Velocity (ft/s): v=Q1/A Calculation
{5)y, = 5% 2.25
y1=11.25
Equation Given Values:
{6}y, =05xD D (ft) = 2.25
Calculation
{63y, = 0.5 x 2.25
¥, =113
Equation Given Values:
3= 2D T x D (ft) = 2.25
Calculation x (ft) = 0.25
{7 y3=2 X [2.25) + 0.25
=5.00 .
%ﬁuation Given Values:
Q1 Q1 (cfs) = 15.49
BV =
@ (4) A (ft2) = 3.98
Calculation T, Pi: 3.14
Ql

OV =z

v=3.89




Q, Flow (MGD) | Q, Flow (GPM) | Q, Flow (cfs) | hy, Friction Headloss 48 inch PVC (ft): S (ft/ft): Static Headloss (ft): Minor Headloss (ft) TDH (ft) Velocity (ft/s):
1 Static Headloss (ft): I 58.00 | 0.00 0.00 0.00 0.00 0.000000 58.00 0.00 58.00 0.00
| Minor Headloss (ft): | 5.00 | 15.00 10416.67 23.23 1.97 0.000199 58.00 5.00 64.97 1.85
30.00 20833.33 46.46 7.10 0.000717 58.00 5.00 70.10 3.70
43.00 | 37.20 25833.33 57.61 10.57 0.001068 58.00 5.00 73.57 4.58
15.00 I 40.00 27777.78 61.94 12.10 0.001222 58.00 5.00 75.10 4.93
50.00 34722.22 77.43 18.29 0.001847 58.00 5.00 81.29 6.16
Treatment Step i Headloss (ft)
0.008
0.003 Q, Flow (MGD) Q, Flow (GPM) | Q, Flow (cfs) | hg Friction Headloss 42 inch PVC (ft): S (ft/ft): Static Headloss (ft): Minor Headloss (ft) TDH (ft) Velocity (ft/s):
2.00 0.00 0.00 0.00 0.00 0.000000 58.00 0.00 58.00 0.00
0.30 15.00 10416.67 23.23 3.77 0.000381 58.00 5.00 66.77 2.41
1.53 30.00 20833.33 46.46 13.60 0.001374 58.00 5.00 76.60 4.83
22.50 37.20 25833.33 57.61 20.26 0.002047 58.00 5.00 83.26 5.99
34.80 40.00 277717.78 61.94 23.18 0.002341 58.00 5.00 86.18 6.44
9.04 50.00 3472222 77.43 35.04 0.003539 58.00 5.00 98.04 8.05
Connecting Basins/Pipes 3.00 Q, Flow (MGD) | Q, Flow (GPM) | Q, Flow (cfs) | hy, Friction Headloss 36 inch PVC (ft): S (ft/ft): Static Headloss (ft): Minor Headloss (ft) TDH (ft) Velocity (ft/s):
0.00 0.00 0.00 0.00 0.000000 58.00 0.00 58.00 0.00
L, Pipe Length (ft): 9900.00 15.00 10416.67 23.23 7.98 0.000806 58.00 5.00 70.98 3.29
Hazen-Willams Constant PVC (C): 140.00 30.00 20833.33 46.46 28.82 0.002911 58.00 5.00 91.82 6.57
D, diameter of pipe (ft): 4.00 37.20 25833.33 57.61 42.92 0.004336 58.00 5.00 105.92 8.15
D, diameter of pipe (ft): 3.50 40.00 27777.78 61.94 49.10 0.004960 58.00 5.00 112.10 8.76
D, diameter of pipe (ft): 3.00 50.00 3472222 7743 74.23 0.007498 58.00 5.00 137.23 10.95
Minor Headloss Nominal Value (C) from FE Handbook
10-5 0.04
(1) Hazen-Williams Friction Head Loss Equation (ft) : | he=[(4.73*L)/(C**D*)'Q,
7, Pi 3.14
Number of Minutes in a Day 1440.00 (2) Slope of Energy Gradeline Equation (ft/ft): | S = (hy)/L
Conversion Factor for GPM to cfs 0.00223
Water Rejection Rate: 0.25 (3) Velocity Equation (fps): | V=Q/A
Acceleration due to Gravity (ft/s"2) 32.17
Friction Headloss (ft): hy
Flow (unit varies): Q Example Calculations
Diameter of Pipe (ft): D Equation Given Values:
Hydraulic Radius (ft): Ry Wy = [ (473 x L} ] L(ft)= 9900.00
Velocity (fi/sec): Vv T TS X DRy X Q1 C= 140.00
Cross-sectional Area of Flow (ft°): A " 73Ca|glglgéion D (ft) = 4.00
. X
Flow (cfs): Qi {13k = m Q(cfs) = 61.94
NPSHa (ft): 35.6 by = 2.Elquation Given Values:
NPSHr (f0): 24 (hy) L(ft) = 9900.00
Atmospheric Pressure (ft): 33 2)s = I hf (ft) = 12.10
Submergence Height of Pump intake(ft): 5 Calculation
Vapor Pressure @ 86 degree F (ft): 1.4 {2)S = Tf
Intake Friction (ft): 1 S =0.0012222
NPSHa > NPSHr? H Equation Given Values:
Q Q(cfs) = 61.94
GV=3 A= 12,57
Color Legend i Calculation D(ft) = 4.00
Operating Point: 61.94 m, Pi: 3.14
Final Calculation: :ﬁ V=
Assumption: V =493




Segment Description Flow (MGD) Flow (CFS) Pipe Dia. (ft) L, Length (ft) Velocity inside stage (ft/s) Velocity Head (ft) Friction Loss hf (ft) Minor Loss hm (ft) | Total Segment Headloss (ft)
K-Values Bar Screen 40.00 61.89 3.50 30.00 0.00 0.00 0.0701128 0.00
Ky, Flush Entrance: 0.50 Wedge-Wire to Coagulation 40.00 61.89 3.50 30.00 0.00 0.00 0.0701128 0.00
K,, Pipe Exit: 1.00 Coagulation to Flocculation 40.00 61.89 3.50 30.00 6.43 0.64 0.0701128 0.96
Design Flow (MGD): Q, Flocculation to Plate Settlers 40.00 61.89 3.50 20.00 0.00 0.00 0.0467418 0.00
¢, acceleration due to gravity (ft/s?): 3217 Plate Settlers to MF Sump 40.00 61.89 3.50 20.00 0.00 0.00 0.0467418 0.00
. Specific Weight of Water (Ib/ft’): 624
Pipe Length between Processes (ft): L Process Step Physical Configuration EGL (ft) HGL (ft) Starting WSE (ft) Connecting Pipe Loss (ft) Process Equip. Loss (ft] Free-Fall Drop (ft Final Basin WSE (ft) |
Hazen-Willams Constant PVC (C): 140.00 1. Bar Screen Open to Air 1011.10 1011.10 1011.10
Fluid Pressure (Ib/fi%): P 2. Wedge-Wire Screen Open to Air 1011.02 1011.02 1011.10 0.07
Elevation head (ft): Z 3. PAC Coagulation Pressurized Pipe 1009.03 1008.39 1011.10 0.07
T, Pi 3.14 4. Flocculation Basin Open to Air 1007.70 1007.70 1009.03 1.03
d, Pipe Diameter between Processes (ft): 35 5. Plate Settlers Open to Air 1006.12 1006.12 1007.70 0.05
Equations: 6. Microfiltration Sump Open to Air 1005.07 1005.07 1006.12 0.05 1005.07
(1) Q,, Flow (cfs): Q, =Q;*1.5472
(2) V, Velocity (ft/s): V=(Q,)/ ((n*d)/4) Example Calculations
(3) Vi, Velocity Head (ft): V?/(2%g) Equation Given Values:
- — - I 524 487\ 17 =
(4) Hazen-Williams Friction Head Loss Equation (ft) : he=[(4.73*L)/(C7*d™)] Q, (130, = Q; X 1.5472 Q; (MGD) = 40.00
(5) hy, Minor Loss (ft): hon = (K+Ko)*V,
6) y., Total Headloss (ft): =hi+h,, Calculation
(6) va () Yoo {130, = 40.00 X 1.5472
Q,-6189
Color Legend Equation Given Values:
Final Calculation: _ @) D(ft)= 3.50
- 2V ==y
Assumption: (m X D)*+4 m, Pi= 3.14






