
การออกแบบระบบผลิตน้ําประปาการออกแบบระบบผลิตน้ําประปา

1. 1. ชื่อชื่อ  ::  พรศักดิ์พรศักดิ์    สมรไกรสรกิจสมรไกรสรกิจ

1.1. ระดับปริญญาตรีระดับปริญญาตรี  สาขาสาขา  วิทยาศาสตรสุขาภิบาลวิทยาศาสตรสุขาภิบาล  จากจาก  มหาวทิยาลัยมหิดลมหาวทิยาลัยมหิดล

2.2. ระดับปริญญาโทระดับปริญญาโท  สาขาสาขา  วิศวกรรมสิ่งแวดลอมวิศวกรรมสิ่งแวดลอม  จากจาก  มหาวิทยาลัยเกษตรศาสตรมหาวิทยาลัยเกษตรศาสตร  

- การศึกษา :

- การฝกอบรมตางประเทศ 

1. Training course Yokohama Training Program in 2001Yokohama Training Program in 2001 in Japan

2. ตําแหนง : นกัวิทยาศาสตร 6

3. สถานที่ทํางาน : ฝายควบคุมคุณภาพน้าํ

การประปานครหลวง



Conventional Surface Water TreatmentConventional Surface Water Treatment
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Typical layout of a water treatment plant

Flocculation and its applications in water treatment



Raw water pump station
Clarifier

Raw water canal Community

Static     

Mixer
Filter

Treated water pump station

Filtration Cycle Back washing 

Post -chlorination

Polymer (seasonally added )

LimeAlum
• ถังตกตะกอน ประเภท Solid Contact Tank
 แบบหมุนเวียนสลัดจ(Sludge Recirculation)



Raw water pump station

Raw water canal Community

Filter

Treated water pump station

Filtration Cycle Back washing 

Post -chlorination

Polymer (seasonally added )

LimeAlum
• ถังตกตะกอน ประเภท Pulsator Tank
 แบบแบบมีชั้นสลัดจ(Sludge Blanket)



Coagulation Coagulation 

V
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μ
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Rapid MixRapid Mix

Equations for DesignEquations for Design

Camp and Stein FormulaCamp and Stein Formula

wherewhere

V
μ

= velocity gradient, 1/s (G = 700 to 1,000 per sec)= velocity gradient, 1/s (G = 700 to 1,000 per sec)

= power imparted to the water, N= power imparted to the water, N--m/sm/s or wattor watt

= volume of the basin, m= volume of the basin, m33

= absolute viscosity of the fluid, N= absolute viscosity of the fluid, N--s/ms/m22



Villegas and LettermanVillegas and Letterman

C
xTGopt

5
8.2 1044

=

optGwherewhere
= velocity gradient, sec= velocity gradient, sec--11

T = Mixing Time, sec= Mixing Time, sec

C = Optimum dose (Alum, = Optimum dose (Alum, PAClPACl etc.)etc.)



Coagulation Coagulation 
Rapid MixRapid Mix

1. Mechanical Mixers1. Mechanical Mixers

Type of MixersType of Mixers

-- impellerimpeller
-- propellerpropeller

GuidelineGuideline
Contact time, secContact time, sec

Velocity Gradient, secVelocity Gradient, sec--11

2020 3030 4040 > 40> 40

1,0001,000 900900 790790 700700



Mechanical Mixer Design Mechanical Mixer Design 
ValuesValues

Contact TimeContact Time
(s)(s)

RMS G ValueRMS G Value
(s(s--11))

GTGT

2020 10001000 2 x 102 x 1044

3030 900900 3 x 103 x 1044

4040 790790 3 x 103 x 1044

> 40> 40 700700 3 x 103 x 1044

Most Common in Larger PlantsMost Common in Larger Plants





-- ImpellerImpeller

Power imparted to the waterPower imparted to the water

nTP π2=

n
T

wherewhere

= impeller speed, revolutions per second (= impeller speed, revolutions per second (rpsrps))

= impeller shaft torque, N= impeller shaft torque, N--mm



-- Impeller & propellerImpeller & propeller

53dnNP pρ=

pN
wherewhere

= power number of the impeller = power number of the impeller 

ρ = mass density of fluid, kg/m= mass density of fluid, kg/m33

d = impeller diameter, m= impeller diameter, m

n = impeller speed, revolutions per second (= impeller speed, revolutions per second (rpsrps))

Power imparted to the waterPower imparted to the water





2. Static Mixer2. Static Mixer















-- GtGt = 350 = 350 –– 1,5001,500

= 1,000 = 1,000 –– 1,500 1,500 
(Kawamura)(Kawamura)

= 350 = 350 –– 1,7001,700

Design CriteriaDesign Criteria

-- Detention time = 1 Detention time = 1 –– 3 sec3 sec

-- G valueG value = 500 = 500 –– 700 s700 s--11

= = 11 –– 5 sec5 sec

= 500 = 500 –– 1,000 s1,000 s--11





Static mixer DesignStatic mixer Design

2 element2 element
Static mixer length = 1.5 x d x element Static mixer length = 1.5 x d x element –– 0.5d0.5d

3 element3 element
Static mixer length = 1.5 x d x element Static mixer length = 1.5 x d x element –– dd

4 element4 element
Static mixer length = 1.5 x d x element Static mixer length = 1.5 x d x element –– 1.5d1.5d



5 element5 element
Static mixer length = 1.5 x d x element Static mixer length = 1.5 x d x element –– 2d2d

6 element6 element
Static mixer length = 1.5 x d x element Static mixer length = 1.5 x d x element –– 2.5d2.5d

7 element7 element
Static mixer length = 1.5 x d x element Static mixer length = 1.5 x d x element –– 3d3d

8 element8 element
Static mixer length = 1.5 x d x element Static mixer length = 1.5 x d x element –– 3.5d3.5d
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Check Head loss across Static Mixer from PWA Graph



HEADLOSS ACROSS MIXER (PWA)



Equations for DesignEquations for Design

xt
HxgG
ν
Δ

=

G
wherewhere

= velocity gradient, 1/s= velocity gradient, 1/s

HΔ = Head loss across static mixer, m= Head loss across static mixer, m

g = acceleration due to gravity, m/s= acceleration due to gravity, m/s22

ν = = kinematickinematic viscosity , mviscosity , m22/s/s

t = time across static mixer, sec= time across static mixer, sec



Equations for DesignEquations for Design

1.The Minimum Number of Element1.The Minimum Number of Element

μ
ρ sLp

e

VD
R =

eR
wherewhere

= Reynolds number= Reynolds number

pD = pipe diameter. (m)= pipe diameter. (m)
Lρ = mass density of water. (kg/m= mass density of water. (kg/m33))

sV = water velocity. (m/s)= water velocity. (m/s)
μ = absolute viscosity of water. (kg/= absolute viscosity of water. (kg/m.sm.s))



The Minimum Number of ElementThe Minimum Number of Element







2.Head Loss in Static Mixer2.Head Loss in Static Mixer

Darcy Darcy –– WeisbachWeisbach EquationEquation

g
v

D
Lfh f 2

2

=

fh
wherewhere

= total head loss across static mixer. (m)= total head loss across static mixer. (m)

f = coefficient of friction (Darcy = coefficient of friction (Darcy –– WeisbschWeisbsch))
L = length of static mixer. (m)= length of static mixer. (m)

D = diameter of pipe. (m)= diameter of pipe. (m)
v = velocity in the pipe. (m/s)= velocity in the pipe. (m/s)
g = acceleration due to gravity. 9.81 m/s= acceleration due to gravity. 9.81 m/s22



For smooth pipe Reynolds number would give the For smooth pipe Reynolds number would give the 
following relationships between f and Rfollowing relationships between f and Ree

6420.0 1010)(048.0 <<= −
ee RRf

4335.0 10103)(193.0 <<= −
ee RxRf



hgQP Δ= ρ
wherewhere

P = power imparted to the water, = power imparted to the water, ft.lbft.lb/sec/sec

Q = pumping rate ft= pumping rate ft33/s/s

ρ = mass density of fluid, 62.4 lb/ft= mass density of fluid, 62.4 lb/ft33

h = pressure drop, ft= pressure drop, ft

V
PG
μ

=

G = velocity gradient, 1/s= velocity gradient, 1/s

μ = absolute viscosity of the fluid, lb.s/ft= absolute viscosity of the fluid, lb.s/ft22

V = volume of the basin, ft= volume of the basin, ft33
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wherewhere

hΔ = pressure drop, ft= pressure drop, ft

s = specific gravity = 1= specific gravity = 1
M = viscosity, cps= viscosity, cps

Q

Manufacturer of the static mixer unitManufacturer of the static mixer unit

= flow rate, = flow rate, gpmgpm

D = pipe diameter, in= pipe diameter, in

N = number of mixing elements= number of mixing elements



4.4

007.0
D

QxNh =Δ

wherewhere

hΔ = pressure drop, = pressure drop, psipsi (1 (1 psipsi = 70 cm)= 70 cm)

Q

Manufacturer of the static mixer unitManufacturer of the static mixer unit

= flow rate, = flow rate, gpmgpm

D = pipe diameter, in= pipe diameter, in

N = number of mixing elements= number of mixing elements















3. Hydraulic Mixing3. Hydraulic Mixing

-- Hydraulic jumpHydraulic jump

resident time = 2 secresident time = 2 sec

Velocity Gradient = 800 secVelocity Gradient = 800 sec--11

Head loss = 0.3 Head loss = 0.3 –– 0.4 m0.4 m

GuidelineGuideline
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Power imparted to the waterPower imparted to the water

-- Hydraulic jumpHydraulic jump

HgQP Δ= ρ
wherewhere

ρ = mass density of fluid, kg/m= mass density of fluid, kg/m33

g

Q

HΔ

= acceleration due to gravity, m/s= acceleration due to gravity, m/s22

= flow rate,  m= flow rate,  m33/s/s

= Head loss, m= Head loss, m



)( HΔHead loss for Hydraulic jumpHead loss for Hydraulic jump
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YY11 and Yand Y22 mean Critical depth mean Critical depth ((ความลึกวกิฤตความลึกวกิฤต))
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Q = flow rate,  m= flow rate,  m33/s/s

b = width of Hydraulic jump, (m)= width of Hydraulic jump, (m)

⎥⎦
⎤

⎢⎣
⎡ −+= 181

2
1 2

1
1

2
rF

Y
Y



1

1
1 gY

vFr =

1rF = = FreundlicnFreundlicn NumberNumber

1v = velocity at point 1, (= velocity at point 1, (m/sm/s))

Critical state flowCritical state flow FFrr =  1=  1
SubcriticalSubcritical state flowstate flow FFrr <  1<  1

Supercritical state flowSupercritical state flow FFrr >  1>  1



-- WeirWeir

2
5

38.1 whQ =

resident time = 2 resident time = 2 -- 5  sec5  sec

Head loss = 0.3 Head loss = 0.3 –– 0.6 m0.6 m

GuidelineGuideline

Equations for DesignEquations for Design

Grant  FormulaGrant  Formula

1. 901. 90oo VV--notch weirnotch weir

2. 602. 60oo VV--notch weirnotch weir 2
5

78.0 whQ =



3. Rectangular3. Rectangular weirweir 2
3

84.1 wBhQ =

4. Trapezoidal weir4. Trapezoidal weir 2
3

86.1 wBhQ =

Q
wherewhere

= flow discharge, m= flow discharge, m33/s/s

wh = head  on weir, m= head  on weir, m

B = Length of weir, m= Length of weir, m



5. Outlet Arrangement5. Outlet Arrangement

sHv
QL 2.0

=

Q

wherewhere
= flow rate, m= flow rate, m33/d/d

H = depth of tank, m= depth of tank, m

sv = settling velocity, = settling velocity, m/dm/d

L = Combined weir length, m = Combined weir length, m 









4. Diffusers and injection device4. Diffusers and injection device

Mixing time = 1 secMixing time = 1 sec

GuidelineGuideline

Velocity Gradient = 750 Velocity Gradient = 750 –– 1,000 sec1,000 sec--11

Velocity at injection nozzles = 6 Velocity at injection nozzles = 6 --7.6 7.6 m/sm/s





InIn--Line BlendersLine Blenders

•• T < 30 sT < 30 s
•• G = 3,000 to 5,000 sG = 3,000 to 5,000 s--11

•• GT = 9 x 10GT = 9 x 1033 to 1.5 x 10to 1.5 x 1055



Injection MixerInjection Mixer
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Data needed for designData needed for design

1. Raw water analysis ~ best & worst quality1. Raw water analysis ~ best & worst quality

2. Maximum and minimum flow rate2. Maximum and minimum flow rate

3. Typical Jar test result3. Typical Jar test result



FlocculationFlocculation
1. paddle type mechanical 1. paddle type mechanical flocculatorsflocculators

3)()(
2
1 vACP D ΣΣ= ρ

wherewhere

ρ = mass density of fluid, kg/m= mass density of fluid, kg/m33

A = area of paddles, m= area of paddles, m22

v = velocity of the paddle relative to the water, = velocity of the paddle relative to the water, m/sm/s

DC = coefficient of drag= coefficient of drag

P = Power requirement for mixing , Watt  (= Power requirement for mixing , Watt  (N.m/sN.m/s))





v = velocity of the paddle relative to the water, = velocity of the paddle relative to the water, m/sm/s

paddlevv 75.0=

rnvpaddle π2=

n = the rotation speed of paddle (= the rotation speed of paddle (rpsrps))



Design CriteriaDesign Criteria

1.Velocity Gradient 30 to 80 sec1.Velocity Gradient 30 to 80 sec--11

1x101x1044 <    <    GtGt <  1x10<  1x105    5    (Kawamura)(Kawamura)

2x102x1044 <    <    GtGt <  2x10<  2x105    5    (Camp)(Camp)

2. Detention Time = 30 2. Detention Time = 30 –– 60 min60 min



2. Baffled type  2. Baffled type  flocculatorsflocculators

[ ][ ]{ } 3
12/)()44.1(/)2( QHLGftn += ρμ

For Horizontal unitsFor Horizontal units

For Vertical unitsFor Vertical units

[ ][ ]{ } 3
12/)()44.1(/)2( QWLGftn += ρμ



wherewhere

ρ = mass density of fluid, kg/m= mass density of fluid, kg/m33

n = number of baffles in the basin= number of baffles in the basin

H = depth of water in the basin (m)= depth of water in the basin (m)

L = length of the basin (m)= length of the basin (m)

G = velocity gradient (s= velocity gradient (s--11))

Q = flow rate (m= flow rate (m33/s)/s)

t = time of flocculation= time of flocculation (s)(s)
μ = dynamic viscosity (kg/= dynamic viscosity (kg/m.sm.s))
f = coefficient of friction of the baffles= coefficient of friction of the baffles

W = width of the basin (m)= width of the basin (m)



Guideline Guideline 

1.Water velocity generally varies from 0.1 to 0.3  m/s1.Water velocity generally varies from 0.1 to 0.3  m/s

2.Detention time varies from 15 to 30 min2.Detention time varies from 15 to 30 min

3.Velocity gradients  vary between  10 to 100 s3.Velocity gradients  vary between  10 to 100 s--11

For Horizontal units & Vertical unitsFor Horizontal units & Vertical units

4. Distance between baffle > 0.45 m4. Distance between baffle > 0.45 m

5. Head loss = 0.035 5. Head loss = 0.035 –– 0.04 m0.04 m
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wherewhere
HΔ = Head loss, m= Head loss, m

n = number of baffle= number of baffle

1v = velocity in channel, = velocity in channel, m/sm/s

2v = velocity in slot, = velocity in slot, m/sm/s

g = acceleration due to gravity, 9.8 m/s= acceleration due to gravity, 9.8 m/s22



HgQP Δ= ρ

V
PG
μ

=

Design CriteriaDesign Criteria

1x101x1044 <    <    GtGt <  1x10<  1x105    5    (Kawamura)(Kawamura)

2x102x1044 <    <    GtGt <  2x10<  2x105    5    (Camp)(Camp)
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FlocculationFlocculation

Choose between sufficient energy Choose between sufficient energy 
and shearing the and shearing the flocfloc



Range of RMS G ValuesRange of RMS G Values

•• G = 10 to 75 sG = 10 to 75 s--11

•• Most Common Range of G = 30 to 60 sMost Common Range of G = 30 to 60 s--11

•• Single Value of G = 50 sSingle Value of G = 50 s--11

•• Time of Flocculation is also important !!!!!!Time of Flocculation is also important !!!!!!
•• Theoretically as G increases Time of Flocculation would Theoretically as G increases Time of Flocculation would 

decrease. However the limit of G = 75 sdecrease. However the limit of G = 75 s--11

•• Flocculation Time is limited by basin size. Flocculation Flocculation Time is limited by basin size. Flocculation 
Times less than 10 minutes should be avoided.Times less than 10 minutes should be avoided.



A Dimensionless Design A Dimensionless Design 
Parameter (GT)Parameter (GT)

•• G = Root Mean Square Velocity GradientG = Root Mean Square Velocity Gradient
•• T = Flocculation Basin Detention TimeT = Flocculation Basin Detention Time
•• Range of GT Values = 10Range of GT Values = 1044 to 10to 1055

•• Engineers prefer dimensionless numbers.Engineers prefer dimensionless numbers.



Paddle Paddle FlocculatorFlocculator SchematicSchematic



Paddle Paddle FlocculatorFlocculator SchematicSchematic



Rotors and StatorsRotors and Stators



Baffled Baffled FlocculatorFlocculator



FlocculatorsFlocculators





Horizontal Paddle Horizontal Paddle FlocculatorFlocculator



FlocculatorFlocculator Paddle WheelPaddle Wheel



FlocculatorFlocculator Paddle WheelPaddle Wheel



Vertical Paddle Vertical Paddle FlocculatorFlocculator



Vertical Paddle Vertical Paddle FlocculatorFlocculator
WheelWheel



Coagulation/Coagulation/FloccuationFloccuation and and 
SedimentationSedimentation





H2O

Water Treatment

Settling Tank Design



H2O Ideal Settling Tank(1)
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H2O Ideal Settling Tank(2)
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H2O Ideal Settling Tank (3)

Consider a particle entering at water level.

Residence time
h

r v
Lt =

Horizontal velocity
HW
Qvh = Q

HWLtr =

Needs to fall a distance H in time ≤ tr

A
Q

WL
Q

HWL
QH

t
Hv

r
s ===≥

Q/A is the surface loading, or overflow rate

In theory, all particles with vs exceeding Q/A will be removed



H2O Design Considerations

• Generally used:
– Older and smaller installations
– Raw water with high solids
– Quick solution

• Main features
– Length 3 times width – stability of flow
– Surface loading up to 2.5 mh-1.
– Inlet and outlet design
– Sludge removal by mechanical means



H2O Typical parameters

• Discrete settling (Type 1)
– 2.5-3m deep
– 1.0-2.5 m/h overflow rate
– Horizontal flow < 36 m/h
– Weir overflow rate <14 m3/h per m of weir

• Flocculent suspension (Type 2)
– 3-4m deep
– 0.6-1.0 m/h overflow rate
– Horizontal flow < 9 m/h
– Weir overflow rate <6 m3/h per m of weir



H2O Residence Time

• Ideal tank
– Assumes plug flow

• Reality
– Short circuiting
– Disturbances
– Currents



H2O Overflow Weirs

• Need to prevent excessive velocities
• Light flocs

– 6 m3/h per meter of weir
• Discrete particles

– 14 m3/h per meter of weir



H2O Other Design Factors

• At least 2 tanks
– Cope with maintenance and breakdowns

• Width no more than 12m
– Sludge removal equipment

• Length
– 3-4 times width
– 10-20 times depth

• Sludge zone
– 0.5 m

• Slope – approx 1/100



H2O Other Types of Clarifiers

• Sludge blanket clarifiers
• Inclined plate and tube settlers
• Flotation



H2O Sludge Blanket Clarifier

Inflow
Encourage
flocculation

Sludge blanket

Sludge 
removal

Decanting channels



Type of ClarifierType of Clarifier Design CriteriaDesign Criteria

1. Rectangular basin
(Horizontal flow)

- Surface loading 0.83 – 2.5 m/h
- Water depth  3 – 5 m
- Detention time 1.5 – 3 h
- Width/Length > 1/5
- Weir loading  < 11 m3/h.m

2. Upflow type
(Radial- Upflow)

Circular or square in shape
- Surface loading  1.3 – 1.9 m/h
- Water depth  3 – 5 m
- Settling time 1 – 3 h
- Weir loading 7 m3/h.m



Type of ClarifierType of Clarifier Design CriteriaDesign Criteria

3. Reactor Clarifiers - Flocculation time : approx 20 
min
- Settling time  1 – 2 h
- Surface loading 2 – 3 m/h
- Upflow velocity < 50 mm/min
- Weir loading  7.3 – 15 m3/h.m

4. Sludge Blanket 
Clarifier

- Flocculation time : approx 20 min
- Settling time  1 – 2 h
- Surface loading 2 – 3 m/h
- Upflow velocity < 10 mm/min
- Weir loading  7.3 – 15 m3/h.m
- Slurry circulation rate : up to 3 – 5 
times the raw water inflow rate




