
Flocculation Example Calculations 
Flocculation Basins 

Hydraulic Retention Time Equation 

𝑡 =
𝑉

𝑄

where 

𝑡 = 𝑡ℎ𝑒𝑜𝑟𝑒𝑡𝑖𝑐𝑎𝑙 𝑑𝑒𝑡𝑒𝑛𝑡𝑖𝑜𝑛 𝑡𝑖𝑚𝑒, 𝑚𝑖𝑛 

𝑉 = 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 5 to 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 

fD 0.025 - 

Hydraulic Diameter 9.9 ft 

Velocity 0.67 ft/s 

Gravity 32.2 ft/s2 

Flow Rate, Q 79.3 ft3/s 

Minor Loss 0.0207 ft 

Paddle Flocculator Loss 0.25 ft 

25 𝑚𝑖𝑛 =
𝑉

4757
𝑓𝑡3

𝑚𝑖𝑛

Solve for V 



𝑽 = 𝟏𝟏𝟖𝟗𝟐𝟒 𝒇𝒕𝟑 

Volume per Flocculation Basin: 

𝑇𝑜𝑡𝑎𝑙 𝑉𝑜𝑙𝑢𝑚𝑒

# 𝑜𝑓 𝐹𝑙𝑜𝑐𝑐𝑢𝑙𝑎𝑡𝑖𝑜𝑛 𝐵𝑎𝑠𝑖𝑛𝑠
=

118924 𝑓𝑡3

4
= 𝟐𝟗𝟕𝟑𝟏 𝒇𝒕𝟑  

Area per Basin:  

𝑉𝑜𝑙𝑢𝑚𝑒 𝑝𝑒𝑟 𝐵𝑎𝑠𝑖𝑛

𝐷𝑒𝑝𝑡ℎ 𝑝𝑒𝑟 𝐵𝑎𝑠𝑖𝑛
=

29731  𝑓𝑡3

7 𝑓𝑡
= 𝟒𝟐𝟒𝟕 𝒇𝒕𝟐 

Length per Basin:  

 𝐴𝑟𝑒𝑎 𝑝𝑒𝑟 𝐵𝑎𝑠𝑖𝑛

𝑊𝑖𝑑𝑡ℎ 𝑝𝑒𝑟 𝐵𝑎𝑠𝑖𝑛
=

4247  𝑓𝑡3

17 𝑓𝑡
= 𝟐𝟓𝟎 𝒇𝒕 

 

L/W Ratio:  

𝐿𝑒𝑛𝑔𝑡ℎ

𝑊𝑖𝑑𝑡ℎ
=

250 𝑓𝑡

17 𝑓𝑡
= 𝟏𝟓 

Flow Rate per Basin:  

𝐹𝑙𝑜𝑤 𝑅𝑎𝑡𝑒

# 𝑜𝑓 𝐹𝑙𝑜𝑐𝑐𝑢𝑙𝑎𝑡𝑖𝑜𝑛 𝐵𝑎𝑠𝑖𝑛𝑠
=

4757 
𝑓𝑡3

𝑚𝑖𝑛
4

= 𝟏𝟏𝟖𝟗 𝒇𝒕𝟑/𝒎𝒊𝒏 

Compartment Volume per Basin:  

𝑉𝑜𝑙𝑢𝑚𝑒 𝑝𝑒𝑟 𝐵𝑎𝑠𝑖𝑛

3 𝐶𝑜𝑚𝑝𝑎𝑟𝑡𝑚𝑒𝑛𝑡𝑠
=

29731 𝑓𝑡3

3
= 𝟗𝟗𝟏𝟎 𝒇𝒕𝟑 

Head Loss Calculations per Basin:   

ℎ𝑓 = 𝑓𝐷

𝐿

𝐷

𝑉2

2𝑔
 

where:  

ℎ𝑓, 𝑓𝑡 = ℎ𝑒𝑎𝑑𝑙𝑜𝑠𝑠 

𝑓𝐷 = 𝐷𝑎𝑟𝑐𝑦′𝑠𝑓𝑟𝑖𝑐𝑡𝑖𝑜𝑛 𝑓𝑎𝑐𝑡𝑜𝑟 

𝐿 = 𝐿𝑒𝑛𝑔𝑡ℎ, 𝑓𝑡 

-- 1 



𝐷 = 𝐻𝑦𝑑𝑟𝑎𝑢𝑙𝑖𝑐 𝑑𝑖𝑎𝑚𝑒𝑡𝑒𝑟, 𝑓𝑡 

𝑉 = 𝑉𝑒𝑙𝑜𝑐𝑖𝑡𝑦, 𝑓𝑡2/𝑠 

𝑔 = 𝐺𝑟𝑎𝑣𝑖𝑡𝑦, 𝑓𝑡/𝑠2 

 

ℎ𝑓 = (0.025) (
250 𝑓𝑡

9.9 𝑓𝑡
) (

(0.67
𝑓𝑡2

𝑠 )2

32.2
𝑓𝑡
𝑠2

) 

Solve for hf 

ℎ𝑓 = 𝟎. 𝟎𝟎𝟒𝟑 𝒇𝒕 

Total Head Loss: 

ℎ𝑓 + 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 

𝑡 =
𝑉

𝑄
 

where 

𝑡 = 𝑡ℎ𝑒𝑜𝑟𝑒𝑡𝑖𝑐𝑎𝑙 𝑑𝑒𝑡𝑒𝑛𝑡𝑖𝑜𝑛 𝑡𝑖𝑚𝑒, 𝑠 

𝑉 = 𝑣𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑓𝑙𝑢𝑖𝑑 𝑖𝑛 𝑟𝑒𝑎𝑐𝑡𝑜𝑟, 𝑚3 

𝑄 = 𝑓𝑙𝑜𝑤 𝑟𝑎𝑡𝑒 𝑖𝑛𝑡𝑜 𝑟𝑒𝑎𝑐𝑡𝑜𝑟, 𝑚3/𝑠 

 

Velocity Gradient Equation:  

𝐺 = (
𝑃

𝜇𝑉
)

1
2⁄

 

where  

𝐺 = 𝐺𝑙𝑜𝑏𝑎𝑙 𝑅𝑀𝑆 𝑣𝑒𝑙𝑜𝑐𝑖𝑡𝑦 𝑔𝑟𝑎𝑑𝑖𝑒𝑛𝑡, 𝑠−1 

𝑃 = 𝑃𝑜𝑤𝑒𝑟 𝑜𝑓 𝑚𝑖𝑥𝑖𝑛𝑔 𝑖𝑛𝑝𝑢𝑡 𝑡𝑜 𝑣𝑒𝑠𝑠𝑒𝑙, 𝑊 

𝜇 = 𝑑𝑦𝑛𝑎𝑚𝑖𝑐 𝑣𝑖𝑠𝑐𝑜𝑠𝑖𝑡𝑦 𝑜𝑓 𝑤𝑎𝑡𝑒𝑟, 𝑃𝑎 ∙ 𝑠 

𝑉 = 𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑙𝑖𝑞𝑢𝑖𝑑, 𝑚3  

Design Criteria  Units 

Global RMS Velocity Gradient, G 3,000-5,000 s-1 

Detention Time 0.5 s-1 
Head Loss 1.0-3.0 ft 

Given Values   Units 

Dynamic Viscosity of Water,  𝜇 8.9E-4 Pa*s 

Flow Rate, Q 50,000,000 gall/d 

Radius of Pipe 1.75 ft 
Specific Weight of Water, γ 62.4 lb/ft3 

 

Flow Rate (Q) Conversion 

50,000,000 
𝑔𝑎𝑙𝑙

𝑑
×

0.134 𝑓𝑡3

𝑔𝑎𝑙𝑙
×

1 𝑑

24 ℎ𝑟𝑠
×

1 ℎ𝑟

60 𝑚𝑖𝑛
×

1 𝑚𝑖𝑛

60 𝑠𝑒𝑐
= 77.5 

𝑓𝑡3

𝑠
 



Hydraulic Detention Time Calculation: 

2 𝑠 =
𝑉

77.5 
𝑓𝑡3

𝑠

 

Solve for V 

𝑽 = 𝟏𝟓𝟓 𝒇𝒕𝟑  

Volume (V) Conversion:  

155 𝑓𝑡3 ×
0.0283 𝑚3

1 𝑓𝑡3
= 4.39 𝑚3  

 

Velocity Gradient Calculation: 

4,000 𝑠−1 = (
𝑃

(8.9 × 10−4 𝑃𝑎 ∙ 𝑠) × (4.39 𝑚3)
)

1
2⁄

 

Solve for P 

𝑷 = 𝟔𝟐, 𝟓𝟎𝟏. 𝟏 𝑾𝒂𝒕𝒕𝒔 

Pipe Length for Coagulation Calculation:  

Equation for Volume of Cylinder 

𝑉 = 𝜋𝑟2ℎ 

where 

𝑟 = 𝑟𝑎𝑑𝑖𝑢𝑠, 𝑓𝑡 

ℎ = ℎ𝑒𝑖𝑔ℎ𝑡, 𝑓𝑡 

155 𝑓𝑡3 =  𝜋 × (1.75 𝑓𝑡)2 × ℎ 

Solve for h 

𝒉𝒆𝒊𝒈𝒉𝒕 = 𝟏𝟔. 𝟏 𝒇𝒕 

 

 

 

 



Headloss Calculation:  

Power Conversion:  

62501. 1 𝑊𝑎𝑡𝑡𝑠 ×
1 𝑘𝑊

1000 𝑊
×

737.56 
𝑓𝑡 − 𝑙𝑏

𝑠
1 𝑘𝑊

= 46098.3 
𝑓𝑡 − 𝑙𝑏

𝑠
  

 

Hydraulic Power Equation:  

ℎ𝑓 =
𝑃

γ𝑄
 

where 

ℎ𝑓 = 𝐻𝑒𝑎𝑑𝑙𝑜𝑠𝑠, 𝑓𝑡 

γ = specific weight,
𝑙𝑏

𝑓𝑡3
 

𝑃 = 𝑃𝑜𝑤𝑒𝑟,
𝑓𝑡 − 𝑙𝑏

𝑠
 

ℎ𝑓 =  
46098.3 

𝑓𝑡 − 𝑙𝑏
𝑠  

(62.4 
𝑙𝑏𝑓
𝑓𝑡3) (77.5 

𝑓𝑡3

𝑠
)

 

Solve for hf  

𝒉𝒇 = 𝟏𝟎 𝒇𝒕 -



Plate Se(ler Calcula-ons:   

Equation 1: Total Plate Settler Surface Area 

𝐴! =
𝑄
𝑉"

 

Where:  

As = Total Surface Area of all Plate Se3lers (m2) 

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

Vo = Overflow Velocity (m3/d • m2) 

 

Equation 2: Surface Area of Tank 

𝐴#$%& =
𝐴!
𝑛  

Where:  

ATank = Surface Area of Tank (m2/tank) 

As = Total Surface Area of all Plate Se3lers (m2) 

n = # of tanks (tanks)  

 

Equation 3: Length of Settler 

𝐿'())*(+ =
𝐴#$%&
𝑊  

Where:  

LSe,ler = Length of Se3ler (m)  

ATank = Surface Area of Tank (m2/tank) 

W = Width (m)  

 

 

 

 



 

Equation 4: Length of Basin 

𝐿,$!-% = 𝐿'())*(+ ×
1
0.75 

Where:  

LBasin = Length of Basin (m)  

LSe,ler = Length of Se3ler (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 

𝐴.//+"$01 = 𝑊 × 𝑆𝑊𝐷 

Where:  

AApproach = Area of Approach (m2) 

W = Width (m)  

SWD = Side Water Depth (m)  

 

 

 

 

 

 

---



Equation 8: Velocity of Approach 

𝑉. =
𝑄

𝑛 × 𝐴.//+"$01
 

Where:  

VA = Approach Velocity (m/s)  

Q = Flow Rate (m3/s)  

n = # of tanks  

AApproach = Area of Approach (m2)  

 

Equation 9: Velocity in Settler 

𝑉20 =	
𝑄

𝐴 × 𝑠𝑖𝑛𝜃 

Where:  

Vfc = Velocity in Settler (m/s)  

A = Area per tank (m2) 

q = Plate Angle (°) 

Equation 10: Reynold's Multiplier 

𝑅3 =	
𝐷3
4  

Where:  

RH = Reynold’s Multiplier (m)  

DH = Plate Settler Diameter (mm)  

 

 

 

 

 

 



Equation 11: Reynold's Equation 

𝑅( =
𝑉20 × 𝑅3

𝜈  

Where:  

Re = Reynold’s Number (unitless)  

Vfc = Velocity in Settler (m/s)  

RH = Reynold’s Multiplier (m) 

n = Viscosity (Pa • s)  

 

Equation 12: Froude's Number Equation 

𝐹4 =
𝑉205

𝑔 × 𝑅3
 

Where:  

FR = Froude’s Number (unitless)  

Vfc = Velocity in Settler (m/s)  

g = gravity (m/s2)  

RH = Reynold’s Multiplier (m) 

 

Equation 13: Launder Width 

𝐿𝑊 = 3	𝐿𝑎𝑢𝑛𝑑𝑒𝑟	 ×
2	𝑠𝑖𝑑𝑒𝑠
𝐿𝑎𝑢𝑛𝑑𝑒𝑟	 × 𝐿'())*(+  

Where:  

LW = Launder Width (m)  

LSe,ler = Length of Se3ler (m)  

 

 

 

 



Equation 14: Loading Rate 

𝑊𝐿 =	
𝑄

𝑛 × 𝐴!
 

Where:  

WL = Loading Rate (m3/d • m2) 

Q = Flow Rate (m3/s)  

n = # of tanks  

As = Total Surface Area of all Plate Se3lers (m2) 

 

Equation 15: Number of Orifices per Tank 

𝑂𝑟𝑖𝑓𝑖𝑐𝑒𝑠 = 	
𝐿𝑊
𝐷6

 

Where: 

LW = Launder Width (m)  

Do = Diameter of Orifices (m)  

Equation 16: Flow Rate 

𝑄#$%& =	
𝑄
𝑛  

Where:  

QTank = Flow Rate per Tank (m3/s)  

Q = Total Flow Rate (m3/s) 

n = # of Tanks  

Equation 17: Flow Rate per Orifice 

𝑄6+-2-0(	 =	
𝑄#$%&
𝑁  

Where:  

QOrifices = Flow Rate per Orifice (m3/s)  

QTank = Flow Rate per Tank (m3/s) 

N = # of Orifices   



Equation 18: Area per Orifice 

𝐴 = 	
𝜋	𝐷5

4  

Where:  

A = Area per Orifice (m2)  

D = Diameter of Orifice (m)  

 

Equation 19: Headloss  

ℎ = 	
1
2𝑔 ×

𝑄6+-2-0(
𝐾 × 𝐴  

Where:  

h = Headloss (m)  

g = Gravity (m/s2)  

QOrifices = Flow Rate per Orifice (m3/s)  

K = CoeRicient (unitless)  

A = Area per Orifice (m2)  

 

Equation 20: Minor Loss 

𝑀𝑖𝑛𝑜𝑟	𝐿𝑜𝑠𝑠 = 𝐾
𝜈5

2𝑔 

Where:  

K = CoeRicient (unitless)  

n = Viscosity (Pa • s)  

g = Gravity (m/s2)  
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ATank = 1,811 ft2/tank 
LSettler = 110 ft 
LBasin = 147 ft  

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

Headloss = 2.50 in 
Minor Headloss = 0.84 in  
Total Headloss = 3.34 in 

 



~ 
~ -

t 
I 

I 

' 
I µ{ I ,v\o l"e"\ l fl"': I _'rd Cq Ir u I c. 1-/ cY7 f" I 

. 
~ A •' 

. 
. ½:f-- 'r ~· I 

f ~- \ 17 \ . , I ' /\ • ✓ 

- Wf\l "l 

- (] .. f\cw.-cv-\-L e,(L iO'-'Yl. _ ... 1=-,~ f 

- A- ;:: $' -./ J.orr c ~ w\Ot'~ C I ~ ~ 
I Of( - -~ ..-1 t en i . 

-: J\ ~ :- f- .,.., -,,s t"'-l. ~w-rcn c.. orr.ss ...r t. I r P1+ 
- f)-. AA ,::: --lvV\A""' .'c. ,,,• c. ee'!. ,I.. '> ,. .J ~u . ~ 

, - (L_ I 
• -~- - ✓,~.J -. le,.-. I- e e (Fr· , c-•'C.. YI ./- • 

-
I • 

- o~- ' 6 2 .p, ~ 1~ ' I , 
-

· 'e·P , FE: µc. ~.-o.\ 1 lJ-5 •"'·'- ' 
- ... I 

~- 5 - I ..-Ge ,.,, i 
- ! 

' . . 
-

It- 15 (At. ) r- A ~ .r , ... 
- ~r"' P. -,' / 

. \, 

, 

' -

\C P .A -:: /... 7 ' 
9, oi; t.. -< 

J , A-9 - - &£ . z \ 
.. , ;/ :;r- I 

- ,. ·- ' Y ►> ~, :J 

~fJ 
, . \ , 
I- . ...-..~ 

I ~,~ ·r I --- ?- ,_ - •O I 
I• 

(),... 
,; 

V ~ 
\ .., . I / t - f- -c__ ' 

A\ -r. .. :'., -- •',.' "·' ,, ::;··.,> "'< - ~ I 
5o <. c.: 1-- i-

I 
I 
I 

Ii r: . 
..,,,. I ~- I 

• .. i'~".; :. ~ i , ' ., ' -- ,,/ / -
' . I . - ' .... , 't. '-{ ' ~ . - . :: ! -r: 

'1 2 \,\ --Z, sz. .. "l. 1 . s ~r t -
' 

0 - ~ °' J? i 

I --L 

< .. 

Scanned with 

Ci CamScanner· 

https://v3.camscanner.com/user/download


GAC Example Calculations 

Granular Activated Carbon Filter Beds 

 

Hydraulic Retention Time Equation 

𝑡 =
𝑉

𝑄
 

where 

𝑡 = 𝑡ℎ𝑒𝑜𝑟𝑒𝑡𝑖𝑐𝑎𝑙 𝑑𝑒𝑡𝑒𝑛𝑡𝑖𝑜𝑛 𝑡𝑖𝑚𝑒, 𝑠 

𝑉 = 𝑣𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑓𝑙𝑢𝑖𝑑 𝑖𝑛 𝑟𝑒𝑎𝑐𝑡𝑜𝑟, 𝑚3 

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: 

30 𝑚𝑖𝑛 =
𝑉

4747 
𝑓𝑡3

𝑚𝑖𝑛

 

Solve for V 

𝑪𝒂𝒓𝒃𝒐𝒏 𝑩𝒆𝒅 𝑽𝒐𝒍𝒖𝒎𝒆 = 𝟏𝟒𝟐𝟕𝟎𝟖 𝒇𝒕𝟑  

 

Area Calculation:  

 

𝐹𝑙𝑜𝑤 𝑅𝑎𝑡𝑒 (𝑄),

𝐻𝑦𝑑𝑟𝑎𝑢𝑙𝑖𝑐 𝐿𝑜𝑎𝑑𝑖𝑛𝑔 𝑅𝑎𝑡𝑒 
=

4757 𝑓𝑡3/𝑚𝑖𝑛

𝑓𝑡/ℎ𝑟
×

60 𝑚𝑖𝑛

1 ℎ𝑟
= 𝟗𝟔𝟔𝟗 𝒇𝒕𝟐 

 

Depth Calculation:  

 

𝐶𝑎𝑟𝑏𝑜𝑛 𝐵𝑒𝑑 𝑉𝑜𝑙𝑢𝑚𝑒, 𝑉

𝐴𝑟𝑒𝑎
=  

142708 𝑓𝑡3

9669 𝑓𝑡2
= 𝟏𝟒. 𝟕𝟔 𝒇𝒕 

 



Area per Filter Calculation:  

𝐴𝑟𝑒𝑎 𝑜𝑓 𝐹𝑖𝑙𝑡𝑒𝑟

# 𝑜𝑓 𝐹𝑖𝑙𝑡𝑒𝑟𝑠
=  

9669 𝑓𝑡2

6
= 𝟏𝟔𝟏𝟏. 𝟑 𝒇𝒕𝟐 

 

Length per Filter Calculation:  

 

𝐴𝑟𝑒𝑎 𝑝𝑒𝑟 𝐹𝑖𝑙𝑡𝑒𝑟

𝑊𝑖𝑑𝑡ℎ 𝑝𝑒𝑟 𝐹𝑖𝑙𝑡𝑒𝑟
=  

1611.3 𝑓𝑡2

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 mJ/cm2 

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:  

189250000 
𝐿

𝑑𝑎𝑦
×

3 𝑚𝑔

𝐿
= 567750000 

𝑚𝑔

𝑑𝑎𝑦
 

 

567750000 
 𝑚𝑔

𝑑𝑎𝑦
×

0.000002205 𝑙𝑏

1 𝑚𝑔
= 𝟏𝟐𝟓𝟏. 𝟗

𝒍𝒃

𝒅𝒂𝒚
 

Contact Time:  

 

10 
𝑚𝑔 ∙ 𝑚𝑖𝑛

𝐿

3 
𝑚𝑔
𝐿

= 𝟑. 𝟑𝟑 𝒎𝒊𝒏 

Volume:  

𝐹𝑙𝑜𝑤 𝑟𝑎𝑡𝑒 (𝑄)

𝐶𝑜𝑛𝑡𝑎𝑐𝑡 𝑡𝑖𝑚𝑒
=  

4757 𝑓𝑡3/𝑚𝑖𝑛

3.33 𝑚𝑖𝑛
= 𝟏𝟓𝟖𝟓𝟔 𝒇𝒕𝟑 

 

UV 

Volume Calculation:  

 

𝐹𝑙𝑜𝑤 𝑟𝑎𝑡𝑒 (𝑄)

𝐶𝑜𝑛𝑡𝑎𝑐𝑡 𝑇𝑖𝑚𝑒
=  

79. 3 𝑓𝑡3/𝑠 

10 𝑠
= 𝟕𝟗𝟐. 𝟖𝟐 𝒇𝒕𝟑 

 

Area Calculation:  

𝐹𝑙𝑜𝑤 𝑟𝑎𝑡𝑒 (𝑄)

𝑉𝑒𝑙𝑜𝑐𝑖𝑡𝑦
=  

79.3 𝑓𝑡3/𝑠 

0.5 𝑓𝑡/𝑠
= 𝟏𝟓𝟖. 𝟓𝟔 𝒇𝒕𝟐 



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



MGD cfs GPM Froud Number (Unitless): FD

Desired Flow to Produce 30 MGD of Potable Water: 40.00 61.94 27777.78 Velocity at Pump Inlet (ft/s): n n (ft/s) = 3.89

Flow per Pump (Q): 10.00 15.49 6944.44 Flow (GPM): Q2 D (ft) = 2.25
Flow (cfs): Q1 g (ft/s^2) = 32.20

Rejection Rate for Microfiltration and RO: 0.25
Number of Active Pumps: 4.00

y1, Minimum Approach Length (ft): 11.25 D, Suction Bell OD (in): 27.00
y2, Floor Clearance (ft): 1.13 D, Suction Bell OD (ft): 2.25 Q2 (GPM) =  6944.44

B, Back Wall to Pump Centerline (ft): 1.69 Number of Minutes in a Day: 1440.00 D (ft) = 2.25

y3, Length Between Divider Walls for Pump Bays (ft): 5.00
Conversion Factor for GPM to cfs: 0.00223

S, Minimum Submergence Required (ft): 4.62 p, Pi: 3.14
FD: 0.46 x, Divider Wall Thickness Assumption (ft): 0.25

n, Velocity (ft/s): 3.89 g, Acceleration Due to Gravity (ft/s2): 32.20
(3) S Related to Froude's No. : 4.62 D (ft) = 2.25

FD: 0.46

Legend Color (1) Equation for Froude No. (FD): FD= V/(g*D)0.5

Key Values
(2) S, (USCS Units) Equation for Recommended Minimum 

Submergence: S = (D + 0.574*Q)/(D1.5)

(3) Recommended Relationship between S and FD: S/D = 1.0 + 2.3*FD D (ft) = 2.25

(4) B, Length between Pump Centerline and Backwall (ft): B = 0.75*D

(5) y1, Minimum Approach Length before break (ft): y1 = 5*D
(6) y2, Floor Clearance (ft): y2 =0.5*D

(7) y3, Length Between Divider Walls for Pump Bays (ft): y3 =2*D+x D (ft) = 2.25

(8) n, Velocity (ft/s): v = Q1/A

D (ft) = 2.25

D (ft) = 2.25
x (ft) = 0.25

Q1 (cfs) = 15.49
A (ft2) = 3.98

p, Pi: 3.14

Equation

Equation

Calculation

Example Calculations
Given Values:

Given Values:

Given Values:

Given Values:

Given Values:

Given Values:

Given Values:

Given Values:

Equation

Calculation

Calculation

Equation

Calculation

Calculation

Equation

Equation

Calculation

Equation

Calculation

Equation

Calculation

Sump Dimensions

Sump Design Equations: 

(2) S = 𝐷 +
଴.ହ଻ସ×ொమ

஽భ.ఱ

S = 2.25 + 
0.574 × 6944.44

2.25ଵ.ହ

S = 4.62 𝑓𝑡

1 𝐹஽ =
𝑉

(𝑔 × 𝐷)଴.ହ

𝐹஽ =
3.89

(32.2 × 2.25)଴.ହ

𝐹஽ = 0.46

3  𝑆 = 𝐷 × (1.0 + 2.3 × 𝐹஽)

𝑆 = 2.25 × 1.0 + 2.3 × 0.46
𝑆 = 4.62

4  𝐵 = 0.75 × 𝐷

4  𝐵 = 0.75 × 2.25
𝐵 = 1.69

5 𝑦ଵ = 5 × 𝐷

5 𝑦ଵ = 5 × 2.25
𝑦ଵ= 11.25

7  𝑦ଷ = 2 × 2.25 + 0.25
 𝑦ଷ= 5.00

6 𝑦ଶ = 0.5 × 2.25
𝑦ଶ = 1.13

8  𝑣 =
𝑄ଵ

(𝜋 × 2.25ଶ) ÷ 4
𝑣 = 3.89

6 𝑦ଶ = 0.5 × 𝐷

7  𝑦ଷ = 2 × 𝐷 + 𝑥

8  𝑣 =
𝑄ଵ

(𝐴)

I I 

I 
I I 

() 

() 
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() 

() 

() 

() ( ) 

() 
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Q, Flow (MGD) Q, Flow (GPM) Q, Flow (cfs) hf, Friction Headloss 48 inch PVC (ft): S (ft/ft): Static Headloss (ft): Minor Headloss (ft) TDH (ft) Velocity (ft/s):

Static Headloss (ft): 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

Elev. Gain from Pump Station to Headworks (ft) 43.00 37.20 25833.33 57.61 10.57 0.001068 58.00 5.00 73.57 4.58
Lower Water Level Depth in Sump (ft): 15.00 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  Headloss (ft)

Bar Screen 0.008

Wedge-Wire Screen 0.003 Q, Flow (MGD) Q, Flow (GPM) Q, Flow (cfs) hf, Friction Headloss 42 inch PVC (ft): S (ft/ft): Static Headloss (ft): Minor Headloss (ft) TDH (ft) Velocity (ft/s):
Coagulation w/ PAC 2.00 0.00 0.00 0.00 0.00 0.000000 58.00 0.00 58.00 0.00

Flocculation 0.30 15.00 10416.67 23.23 3.77 0.000381 58.00 5.00 66.77 2.41
Plate Settlers 1.53 30.00 20833.33 46.46 13.60 0.001374 58.00 5.00 76.60 4.83

Microfiltration 22.50 37.20 25833.33 57.61 20.26 0.002047 58.00 5.00 83.26 5.99
Reverse Osmosis 34.80 40.00 27777.78 61.94 23.18 0.002341 58.00 5.00 86.18 6.44

GAC 9.04 50.00 34722.22 77.43 35.04 0.003539 58.00 5.00 98.04 8.05
AOP

Connecting Basins/Pipes 3.00 Q, Flow (MGD) Q, Flow (GPM) Q, Flow (cfs) hf, 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 34722.22 77.43 74.23 0.007498 58.00 5.00 137.23 10.95

Minor Headloss Nominal Value (C) from FE Handbook 
10-5 0.04

hf = [(4.73*L)/(C1.852*D4.87)]*Q1
1.852

p, Pi 3.14
Number of Minutes in a Day 1440.00 S = (hf)/L

Conversion Factor for GPM to cfs 0.00223
Water Rejection Rate: 0.25 V=Q/A

Acceleration due to Gravity (ft/s^2) 32.17
Friction Headloss (ft): hf

Flow (unit varies): Q
Diameter of Pipe (ft): D

Hydraulic Radius (ft): RH L (ft) = 9900.00
Velocity (ft/sec): V C = 140.00

Cross-sectional Area of Flow (ft2): A D (ft) = 4.00
Flow (cfs): Q1 Q (cfs) = 61.94

NPSHa (ft): 35.6

NPSHr (ft): 24 L (ft) = 9900.00
Atmospheric Pressure (ft): 33 hf (ft) = 12.10
Submergence Height of Pump intake(ft): 5
Vapor Pressure @ 86 degree F (ft): 1.4
Intake Friction (ft): 1
NPSHa > NPSHr? Yes

Q (cfs) = 61.94
A = 12.57

D (ft) = 4.00
Operating Point: p, Pi: 3.14

Final Calculation:
Assumption:

Color Legend

(2) Slope of Energy Gradeline Equation (ft/ft):

(1) Hazen-Williams Friction Head Loss Equation (ft) :

(3) Velocity Equation (fps):

Calculation

Example Calculations

Equation Given Values:

Calculation

Equation Given Values:

Equation Given Values:

Calculation

1 ℎ௙ = [
4.73 × 𝐿

𝐶ଵ.଼ହଶ × 𝐷ସ.଼଻ × 𝑄ଵ.଼ହଶ
]

2 𝑆 =
(ℎ௙)
𝐿

3 𝑉 =
𝑄

𝐴

1 ℎ௙ =
4.73 × 9900

140ଵ.଼ହଶ × 4ସ.଼଻ × 61.94ଵ.଼ହଶ

ℎ௙ = 12.1

2 𝑆 =
(ℎ௙)
𝐿

𝑆 = 0.0012222

3 𝑉 =
61.94

(𝜋 × 4ଶ) ÷ 4)
𝑉 = 4.93
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C ) 

I 

--------r- c) [c c ) ) l 

t===F===F===~======f= ===='iii===f=l3 ~=====j1 =======::=:cc\:======== 

I I ~C) ::======= 
. C)-



Segment Description Flow (MGD) Flow (CFS) Pipe Dia. (ft) L, Length (ft) Velocity inside stage (ft/s) Velocity Head (ft) Friction Loss hf  (Ō) Minor Loss hm  (Ō) Total Segment Headloss (ft)
Bar Screen 40.00 61.89 3.50 30.00 0.00 0.00 0.0701128 0.00 0.07

K1, Flush Entrance: 0.50 Wedge-Wire to Coagulation 40.00 61.89 3.50 30.00 0.00 0.00 0.0701128 0.00 0.07
K2, Pipe Exit: 1.00 Coagulation to Flocculation 40.00 61.89 3.50 30.00 6.43 0.64 0.0701128 0.96 1.03
Design Flow (MGD): Q1 Flocculation to Plate Settlers 40.00 61.89 3.50 20.00 0.00 0.00 0.0467418 0.00 0.05

g, acceleration due to gravity (ft/s2): 32.17 Plate Settlers to MF Sump 40.00 61.89 3.50 20.00 0.00 0.00 0.0467418 0.00 0.05

g, Specific Weight of Water (lb/ft3): 62.4
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 0.00 1011.10

Fluid Pressure (lb/ft2): P 2. Wedge-Wire Screen Open to Air 1011.02 1011.02 1011.10 0.07 0.01 - 1011.02
Elevation head (ft): z 3. PAC Coagulation Pressurized Pipe 1009.03 1008.39 1011.10 0.07 2.00 - 1009.03
p, Pi 3.14 4. Flocculation Basin Open to Air 1007.70 1007.70 1009.03 1.03 0.30 - 1007.70
d, Pipe Diameter between Processes (ft): 3.5 5. Plate Settlers Open to Air 1006.12 1006.12 1007.70 0.05 1.53 - 1006.12

6. Microfiltration Sump Open to Air 1005.07 1005.07 1006.12 0.05 - 1.00 1005.07

(1) Q2, Flow (cfs): Q2 = Q1*1.5472 

(2) V, Velocity (ft/s): V = (Q2)/ ((p*d2)/4)

(3) Vh, Velocity Head (ft): V2/(2*g)

(4) Hazen-Williams Friction Head Loss Equation (ft) : hf = [(4.73*L)/(C1.852*d4.87)]*Q2
1.852 Q1 (MGD) = 40.00

(5) hm, Minor Loss (ft): hm = (K1+K2)*Vh

(6) y4, Total Headloss (ft): y4 = hf + hm

Final Calculation: D (ft) = 3.50
Assumption: p, Pi = 3.14

Calculation

Equation Given Values:

K-Values

Equations:

Color Legend

Example Calculations

Equation Given Values:

1 𝑄ଶ = 𝑄ଵ × 1.5472

1 𝑄ଶ = 40.00 × 1.5472
𝑄ଶ = 61.89

2 𝑉 =
(𝑄ଶ)

(𝜋 × 𝐷)ଶ÷ 4
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