
การออกแบบระบบผลิตน้ําประปาการออกแบบระบบผลิตน้ําประปา

1. 1. ชื่อชื่อ  ::  พรศักดิ์พรศักดิ์    สมรไกรสรกิจสมรไกรสรกิจ

1.1. ระดับปริญญาตรีระดับปริญญาตรี  สาขาสาขา  วิทยาศาสตรสุขาภิบาลวิทยาศาสตรสุขาภิบาล  จากจาก  มหาวทิยาลัยมหิดลมหาวทิยาลัยมหิดล

2.2. ระดับปริญญาโทระดับปริญญาโท  สาขาสาขา  วิศวกรรมสิ่งแวดลอมวิศวกรรมสิ่งแวดลอม  จากจาก  มหาวิทยาลัยเกษตรศาสตรมหาวิทยาลัยเกษตรศาสตร  

- การศึกษา :

- การฝกอบรมตางประเทศ 

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

2. ตําแหนง : นกัวิทยาศาสตร 6

3. สถานที่ทํางาน : ฝายควบคุมคุณภาพน้าํ

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 )
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• 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)
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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







ถังตกตะกอน (Clarifier Tank)
ประเภทของถังตกตะกอน แบงออกเปน 3 ประเภทคือ

1. ถังตกตะกอนแบบธรรมดา (Conventional Sedimentation Tank)

ลักษณะถังเปนบอขนาดใหญ สามารถแบงออกได 2 แบบ คือ

• แบบไหลในแนวระดับ (Horizontal Flow)

• แบบไหลในแนวดิ่ง (vertical Flow)





2. ถังตกตะกอนแบบทอ (Tube Settler) ติดตั้งทอขนาดเล็กใสลงใน

ถังเพื่อใหมีระยะเวลาการตกตะกอนนานขึ้น

• แบบทอลาดชั้นสูง (Inclined Tube Settler)
ติดตั้งทอทํามุมประมาณ 45-60 องศากับแนวระดับ

• แบบทอลาดชันต่ํา (Horizontal Tube settler) 
ติดตั้งทอทํามุมประมาณ 5 องศากับแนวระดับ





3. ถังตกตะกอนแบบใชชั้นตะกอน (Solid Contact Tank) 

หมายถึงถังตกตะกอนที่มีกระบวนการโคแอกกูเลชันและการ

ตกตะกอนรวมอยูภายในถังเดียวกันจึงมีขอดีคอืสามารถลด

ขนาดของระบบลงได

แบงออกได 2 ชนิดคือ

1. แบบหมุนเวียนสลัดจ(Sludge Recirculation)

2. แบบมีชั้นสลัดจ(Sludge Blanket)



• ถังตกตะกอน ประเภท Solid Contact Tank

• ถังตกตะกอน ประเภท Pulsator Tank

การประปานครหลวงใชประเภทที่ 3

 แบบหมุนเวียนสลัดจ(Sludge Recirculation)

 แบบมีชั้นสลัดจ(Sludge Blanket)



































ถังกรอง (Filter Tank)
ประเภทของถังกรอง แบงตามสภาพการไหลผานเครื่องกรองดังนี้

1. แบบแรงโนมถวง (Gravity Filter)

- เครื่องกรองชา (Slow Sand Filter)

2. แบบใชความดัน (Pressure Filter)

- เครื่องกรองเร็ว (Rapid Sand Filter)

- เครื่องกรองลางกลับอัตโนมัติ (Self Back Washing)

- แบบตั้ง (Vertical Pressure Filter)

- แบบนอน (Horizontal Pressure Filter)



Design of FiltrationDesign of Filtration
1. Type, Size and Number of Filters

Type of Filters

1.1 Filter Classified by Filtration Rate

1.1.1 Slow Sand Filter – velocity 0.1 – 0.3 m3/m2.hr

Biological Layer เรียกวา Schmutdecke ≈ 5 – 10 cm. 
1.1.2 Rapid Sand Filter – velocity 5 – 20  m3/m2.hr

1.1.3 High - Rate Filter – velocity > 20  m3/m2.hr

Small installation in industry



1.2 Filter Classified by Driving Force

1.2.1 Gravity Filter

1.2.2 Pressure Filter

1.3 Filter Classified by Direction of Flow

1.3.1 Down Flow

1.3.2 Up Flow

Size

Practically < 100 m2



Number of Filter

For Large Plants minimum 4 Filter
For Small Plants minimum 2 Filter

2. Filtration rate and Terminal Headloss

2.1 Selected by analyzing filter size
2.2 Operating Head

For gravity filter available headloss < 3 m
For pressure filter > 3 m

2.3 Filter Run
2.4 Effluent quality requirements



3. Filter Flow Control Scheme

Basic type of Filter rate control

3.1 Constant rate filtration

3.1.1 Effluent controlled constant rate filter
3.1.2 Influent controlled constant rate filter

3.2 Declinig rate filtration

3.2.1 Influent controlled Decling rate filter
3.2.2 Effluent controlled Decling rate filter

3.3 Constant Pressure filtration



4. Media Depth, Size and material

- Pilot Plant Studies
-Existing data from filtration facilities

treating similar waters



Size of each Filter

1. Ordinary Gravity  Filters

Width of a filter cell 10 – 20 ft (16 ft average)
(3 – 6 m)

Length to width ratio 2 : 1 to 4 : 1 (3 : 1 average)

Area of a filter cell 250 – 1,000 ft2 (600 ft2 average)
(25 – 100 m2)

Depth of the filter cell 12 – 20 ft (17 ft average)
(3.2 – 6 m)



Size of each Filter

2. Self - Backwash  Filters (Gravity  Filter)

Width of a filter cell 10 – 20 ft (16 ft average)
(3 – 6 m)

Length to width ratio 2 : 1 to 4 : 1

Area of a filter cell 250 – 800 ft2 (25 – 80 m2)

Depth of the filter cell 18 – 25 ft (22 ft average)
(5.5 – 7.5 m)



Size of each Filter

3. Automatic Backwash  Filters (Harding Type)

Width of a filter cell Standard 16 ft (5 m)

Length of a filter Up to approximately 120 ft (37 m)

(0.25 – 1.2 m)

Depth of the filter cell 7– 11 ft (2.1 – 3.3 m)

Width of each cell 8 – 25 in (0.2 – 0.64 m)

Depth of the filter bed 11 – 48 in (16 in standard)



Size of each Filter

4. Pressure Filter

Diameter of a filter cell 4 - 20 ft (10 ft average)

Length of a filter cell 8 – 15 ft (20 ft average)

Depth of the filter bed 2 – 3 ft (0.6 – 0.9 m)

(1.2  – 6  m)

Note
Both horizontal and vertical cells are available. However, the 
vertical cells are more common for large sized units because they 
are cleaned to a greater extent during filter washing. The multicell
(four-cell) horizontal units have the following advantages: a self –
backwash system, space-saving features, and cost effectivess
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Filter Bed 

L 
de

> 1,000 For ordinary mono sand 
and dual media beds

1. 

L 
de

> 1,250 2. For tri media (coal, sand, 
and garnet) and coarse 
monomedium beds

L 
de

> 1,250 – 1,5003. For very coarse 
monomedium beds  
(2 mm > de > 1.5 mm.)

Where 
L = depth of the filter bed in mm.

de = effective size of the filter media. = d10



Types of Filtration MediaTypes of Filtration Media

Silica SandSilica Sand
Anthracite CoalAnthracite Coal
GarnetGarnet
Diatomaceous EarthDiatomaceous Earth
Activated CarbonActivated Carbon







Filter MediumFilter Medium Type of FilterType of Filter Medium Design CriteriaMedium Design Criteria

Fine sandFine sand Slow sand filterSlow sand filter 0.13 0.13 –– 0.42 0.42 
m/h (filtration rate)m/h (filtration rate)

Effective size : 0.25 Effective size : 0.25 –– 0.35 0.35 
mm.mm.
Uniformity coefficient : 2 Uniformity coefficient : 2 –– 33
Depth : 1.0 Depth : 1.0 –– 1.2 m1.2 m
S.G. S.G. >> 2.632.63

Medium sandMedium sand Rapid sand filtersRapid sand filters 5 5 –– 10 m/h 10 m/h 
(filtration rate)(filtration rate)

Effective size : 0.45 Effective size : 0.45 –– 0.65 0.65 
mm.mm.
Uniformity coefficient : 1.4 Uniformity coefficient : 1.4 ––
1.71.7
Depth : 0.6 Depth : 0.6 –– 0.75 m0.75 m
S.G. S.G. >> 2.632.63

Coarse sandCoarse sand High High –– rate filtersrate filters 10 10 –– 30 m/hr 30 m/hr 
(filtration rate)(filtration rate)

Effective size : 0.8 Effective size : 0.8 –– 2.0 2.0 
mm.mm.
Uniformity coefficient : 1.4 Uniformity coefficient : 1.4 ––
2.02.0
Depth : 0.8 Depth : 0.8 –– 2.0 m2.0 m
S.G. S.G. >> 2.632.63



Filter MediumFilter Medium Type of FilterType of Filter Medium Design CriteriaMedium Design Criteria

Multimedia Multimedia 
coal sand coal sand 
dual or coaldual or coal--
sandsand--garnet garnet 
trimediatrimedia

High rate filters High rate filters 10 10 –– 25 m/h 25 m/h 
(filtration rate)(filtration rate)

SandSand
Effective size : 0.8 Effective size : 0.8 –– 2.0 mm.2.0 mm.
Uniformity coefficient : 1.4 Uniformity coefficient : 1.4 ––
1.71.7
Depth : 0.3  mDepth : 0.3  m
Anthracite coalAnthracite coal
Effective size : 0.9 Effective size : 0.9 –– 1.4 mm.1.4 mm.
Uniformity coefficient : 1.4 Uniformity coefficient : 1.4 ––
1.71.7
Depth : 0.45 mDepth : 0.45 m
S.G. S.G. >> 1.5 to 1.61.5 to 1.6
GarnetGarnet
Effective size : 0.25 Effective size : 0.25 –– 0.3 mm.0.3 mm.
Uniformity coefficient : 1.2 Uniformity coefficient : 1.2 ––
1.51.5
Depth : 0.0075 mDepth : 0.0075 m
S.G. S.G. >> 4.0 4.0 –– 4.14.1



Filter MediumFilter Medium Type of FilterType of Filter Medium Design CriteriaMedium Design Criteria

Granular Granular 
activated activated 
carbon (GAC)carbon (GAC)

Removal of organic Removal of organic 
contaminants 7.5 contaminants 7.5 –– 15 m/hr 15 m/hr 
(filtration rate)(filtration rate)
Contact time : 15 Contact time : 15 –– 30 min30 min

Effective size : 0.5 Effective size : 0.5 –– 1.0 1.0 
mm.mm.
Uniformity coefficient : 1.5 Uniformity coefficient : 1.5 ––
2.5 2.5 
Depth : 1.8 Depth : 1.8 –– 3.6  m3.6  m
S.G. S.G. >> 1.35 1.35 –– 1.371.37

Proprietary Proprietary 
type mediatype media

Variety of types, including Variety of types, including 
green sand and synthetic green sand and synthetic 
mediamedia

Depends on the purposeDepends on the purpose



Headloss Across the Filter

Total Headloss Across Each Filter

1. Ordinary gravity filters 9 – 15 ft (average 12 ft)

(2.7 – 4.5 m.)

2. Pressure  filters 50 – 100 ft (average 75 ft)
(15 – 30 m.)

3. Automatic backwash filters 2 – 3 ft (0.6 – 0.9 m.)



Net Headloss Available for  Filtration

Headloss Across the Filter

1. Ordinary gravity filters 6 – 12 ft (9 ft average)

(1.8 – 3.6 m.)

2. Pressure  filters 25 – 50 ft (7.5 – 15 m.)

3. Automatic backwash filters 0.5 – 1.0 ft (0.15 – 0.3 m.)



Filtration TypeFiltration Type Pressure DropPressure Drop
(Bar)(Bar)

Head LossHead Loss
(m. of water)(m. of water)

Pressure FiltrationPressure Filtration 0.2 0.2 –– 0.34 0.34 2.1 2.1 –– 3.53.5

Gravity FiltrationGravity Filtration 0.18 0.18 –– 0.240.24 1.8 1.8 –– 2.52.5

Self Self -- Backwash  Filters Backwash  Filters 
(Gravity  Filter)(Gravity  Filter)

0.12 0.12 –– 0.150.15 1.2 1.2 –– 1.51.5

Granular activated Granular activated 
carboncarbon

0.21 0.21 –– 0.340.34 2.1 2.1 –– 3.53.5

Pressure Drop and Head Loss



Filter Washing

Backwash Rate

1. Ordinary rapid sand  filters 0.6 – 0.74 m/min

2. Ordinary dual media bed 
(trimedia included)

0.74 – 0.9 m/min

3. Ordinary GAC bed 0.5 – 0.65 m/min

Surface wash Rate

1. Fixed nozzle type – flow rate 0.12 – 0.16 m/min
– pressure 8 – 12 psi



Surface wash Rate

2. Rotating Arm type – flow rate 0.02 – 0.03 m/min
– pressure 70 – 100 psi(single arm)

3. Rotating Arm type – flow rate
(dual arms)

0.05 – 0.06 m/min
– pressure 80 – 100 psi

Air – Scour Backwash

1. Air Scour stage for ordinary beds 0.08 – 0.16 m/min

2. Air Scour stage for coarse deep beds 0.3 – 0.4 m/min

3. Rinse stage for ordinary beds 0.4 – 0.5 m/min

4. Rinse stage for coarse deep beds 0.65 – 1.0 m/min



(เกิดฟองอากาศอุดตันบริเวณชองวางของเม็ดทราย)

(เกิดการรวมตัวเปนกอนของเม็ดทรายคลายลูกบอล)

(เกิดความผิดพลาดในการควบคมุอัตราการไหล)

(เกิดการอุดตนับริเวณทอรับน้ําสะอาดใตถังกรอง)

(เลือกขนาดของสารกรองผดิพลาด)

(ฟล็อคมีความแข็งแรง)

(อัตราการกรองสูงกวาที่ออกแบบไว)

(เกิดความผิดพลาดในการควบคมุอัตราการไหล)

(ชั้นกรองรับภาระมากเกนิไปแลวไมลางทําความสะอาด)

(เกิดการรวมตัวเปนกอนของเม็ดทรายคลายลูกบอล)

(เกิดฟองอากาศอุดตันบริเวณชองวางของเม็ดทราย)

(เลือกขนาดและความสูงของสารกรองผิดพลาด)

(ชั้นสารกรองลดลง)

(ฟล็อคมีขนาดเล็กเนื่องจากระบบการเติมสารเคมผีิดพลาดทําใหลอดผานชั้นกรอง)



Equations for DesignEquations for Design
1. The surface area of filter media per unit of filter plan area1. The surface area of filter media per unit of filter plan area

d
Lfa

φ
)1(6 −

=∑

a∑

wherewhere

= surface area of filter media per unit of filter plan area, m= surface area of filter media per unit of filter plan area, m22

d = average diameter of filter media grain, mm= average diameter of filter media grain, mm

φ = measure of sphericity (0.7, 0.8= measure of sphericity (0.7, 0.8--1)1)

f = porosity of bed (sand = 0.45)= porosity of bed (sand = 0.45)
L = filter depth, m= filter depth, m

For ordinary high For ordinary high –– rate filters,rate filters, f = 0.45, f = 0.45, ∅∅ = 0.8  and L/d = 950 = 0.8  and L/d = 950 
(all approximate)(all approximate)



2. Number of Filter2. Number of Filter

5.02.1 QN =

N

wherewhere

= total number of filter= total number of filter

Q = maximum plant flow rate, = maximum plant flow rate, mgdmgd



Empirical formula for troughEmpirical formula for trough
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wherewhere
= total flow rate of discharge (m= total flow rate of discharge (m33/s)/s)Q

B = inside width of the trough (m)= inside width of the trough (m)

boardfree = minimum = 0.05 m= minimum = 0.05 m
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Head loss in FilterHead loss in Filter

1. Head loss in Clean Filter1. Head loss in Clean Filter

2. Head loss in Clogged filter2. Head loss in Clogged filter
3. Miscellaneous Head losses3. Miscellaneous Head losses

-- Piping SystemsPiping Systems
-- Gravel BedsGravel Beds
-- UnderdrainUnderdrain SystemSystem
-- WashwaterWashwater Collection LaundersCollection Launders



Head loss in Piping SystemsHead loss in Piping Systems
Calculated from Darcy Calculated from Darcy –– WeisbachWeisbach or Hazen or Hazen –– WilliamsWilliams

1. Darcy 1. Darcy -- WeisbachWeisbach

g
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= SI unitSI unit

2. Hazen 2. Hazen -- WilliamsWilliams
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54.063.085.0 SCRv =

54.063.0355.0 SCDv =

54.063.2278.0 SCDQ =

wherewhere

= total friction head loss in suction or discharge pipes, m= total friction head loss in suction or discharge pipes, mfh

v = Velocity in the pipe, = Velocity in the pipe, m/sm/s

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



f = coefficient of friction= coefficient of friction

C = coefficient of roughness= coefficient of roughness

D = diameter of the pipe, m= diameter of the pipe, m

L = Length of pipe, m= Length of pipe, m

S = slope of energy grade line, (= slope of energy grade line, (hhff / L)/ L)

R = hydraulic radius, m (ft)= hydraulic radius, m (ft)
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Head loss through clean filter bedsHead loss through clean filter beds
1. Carmen 1. Carmen -- KozenyKozeny

g
v

d
L

e
efhL

2

3

1
⎟
⎠
⎞

⎜
⎝
⎛ −

=
φ

2. Fair 2. Fair -- HatchHatch
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3. Rose3. Rose
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5. Friction factor5. Friction factor

75.1)1(150 +
−

=
RN
ef

6. Reynolds number6. Reynolds number

μ
ρ vdN w

R =

7. Coefficient of drag7. Coefficient of drag

34.0324
++=

RR
d NN

C



wherewhere

C = coefficient of compactness (600 = coefficient of compactness (600 –– 1,200)1,200)

dC = coefficient of drag= coefficient of drag

d = media grain diameter, m= media grain diameter, m

10d = media effective size, mm= media effective size, mm

e = porosity ratio (usually 0.4 to 0.5)= porosity ratio (usually 0.4 to 0.5)
f = friction factor= friction factor
g = acceleration due to gravity (9.81 m= acceleration due to gravity (9.81 m22/s)/s)

Lh = head loss, m= head loss, m

k = filtration constant= filtration constant

L = media depth, m= media depth, m

RN = Reynolds number= Reynolds number



S = Shape factor (6.0 = Shape factor (6.0 –– 8.5)8.5)

T = temperature, = temperature, ooFF

v = filtration velocity, = filtration velocity, m/sm/s

μ = absolute viscosity, N= absolute viscosity, N--s/ms/m22 (kg/(kg/m.sm.s))

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

wρ = density of water, kg/m= density of water, kg/m33

φ = particle shape factor (usually 0.85 to 1.0)= particle shape factor (usually 0.85 to 1.0)



Head loss through the Head loss through the underdrainunderdrain
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Filter Cleaning or BackwashingFilter Cleaning or Backwashing

To ensure proper operation of the filter, the design engineer muTo ensure proper operation of the filter, the design engineer must considerst consider

1. the settling velocity of the media1. the settling velocity of the media

2. the backwash flow rate2. the backwash flow rate

3. the head loss during backwash3. the head loss during backwash

4. the duration of the backwash cycle4. the duration of the backwash cycle

5. the quality of water required to backwash each filter5. the quality of water required to backwash each filter



1. the settling velocity of the media1. the settling velocity of the media

-- Calculated from NewtonCalculated from Newton’’s Laws Law
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-- Calculated from Strokes LawCalculated from Strokes Law
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wherewhere

sv = settling velocity, = settling velocity, m/sm/s

pd = particle diameter, m= particle diameter, m

g = acceleration due to gravity = 9.81 m/s= acceleration due to gravity = 9.81 m/s22

dC = drag coefficient, dependent on Reynolds number = drag coefficient, dependent on Reynolds number 

R
d N

C 24
= (Laminar rang, N(Laminar rang, NRR < 1)< 1)

34.0324
++=

RR
d NN

C (Transition rang, 1 < N(Transition rang, 1 < NRR < 10< 1044))

gS = specific gravity of the particle = specific gravity of the particle 

sρ = density of solids, kg/m= density of solids, kg/m33

Lρ = density of water, kg/m= density of water, kg/m33

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

RN = Reynolds number = Reynolds number 
μ
ρ sLp

R

vd
N =



Calculate the size of the media grains with different specific gCalculate the size of the media grains with different specific gravityravity
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wherewhere

2d = effective size of the media with a specific gravity of S= effective size of the media with a specific gravity of Sg2g2, mm, mm

1d = effective size of the media with a specific gravity of S= effective size of the media with a specific gravity of Sg1g1, mm, mm



2. Backwash flow rate2. Backwash flow rate

6010dvs = (sand)(sand)

607.4 dvs = (anthracite)(anthracite)

wherewhere

sv = terminal settling velocity of the media, m/min= terminal settling velocity of the media, m/min

60d = size of the standard sieve opening that will pass 60 percent= size of the standard sieve opening that will pass 60 percent
by weight of the media (mm)by weight of the media (mm)

tcoefficienuniformityxdd 1060 =



Backwash rates equal approximate 10 percent of the media Backwash rates equal approximate 10 percent of the media 
terminal settling velocitiesterminal settling velocities

60dUb = (sand)(sand)

(anthracite)(anthracite)6047.0 dUb =

bU

wherewhere

= backwash rate, m/min= backwash rate, m/min



3. Head loss during backwash3. Head loss during backwash

hhLL =  Volume of media grains x (density of media grains =  Volume of media grains x (density of media grains –– density of water)density of water)

oror

)1)(1( −−= gL SeLh

wherewhere

Lh = head loss  through the media bed during backwash, m= head loss  through the media bed during backwash, m

e = porosity of the clean stratified bed at rest (not fluidized) = porosity of the clean stratified bed at rest (not fluidized) 

L = depth of stratified bed at rest, m = depth of stratified bed at rest, m 

gS = specific gravity of the media = specific gravity of the media 



4. Surface wash4. Surface wash
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wherewhere

swG = velocity gradient give by water= velocity gradient give by water--jetjet--type surface wash, stype surface wash, s--11

sv = surface backwash rate, = surface backwash rate, m/sm/s

hΔ = head applied to the media by surface wash system, m= head applied to the media by surface wash system, m

α = coefficient 0.25 for surface wash, 0.5 for dual= coefficient 0.25 for surface wash, 0.5 for dual--arm surfacearm surface
washwash

eL = depth of expanded bed, m= depth of expanded bed, m

μ = absolute viscosity of water, N= absolute viscosity of water, N--s/ms/m22 (or kg/(or kg/m.sm.s))

wρ = density of water, kg/m= density of water, kg/m33



5. 5. WashwaterWashwater Collection Collection 

ππ
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wherewhere

sv' = settling velocity of the = settling velocity of the flocfloc, , m/sm/s

bU = backwash rise including surface wash rate, m= backwash rise including surface wash rate, m33/m/m22.s.s

S = center to center spacing of the troughs, m= center to center spacing of the troughs, m

D = distance between top of the fluidized bed and water = distance between top of the fluidized bed and water 
surface, msurface, m



6. Calculate the porosity of the expanded bed 6. Calculate the porosity of the expanded bed 
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wherewhere

ebe = porosity of the expanded bed= porosity of the expanded bed

sv = media settling velocity, = media settling velocity, m/sm/s

bU = backwash rise including surface wash rate, m= backwash rise including surface wash rate, m33/m/m22.s.s



7. Calculate expanded bed depth 7. Calculate expanded bed depth 
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wherewhere

fbL = expanded bed depth, m= expanded bed depth, m

L = bed depth at rest, m= bed depth at rest, m

ebe = porosity of the expanded bed= porosity of the expanded bed

e = porosity of the clean stratified bed at rest (not fluidized) = porosity of the clean stratified bed at rest (not fluidized) 



Rapid sand filterRapid sand filter
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InterfiltInterfilt®® SKSK

Pretreatment

Biology

Sedimentation

Filtration

sewage

effluent

Application examples: Filtration of the effluent of Amper water treatment 
plant (135.000 eq. inhabitants)

Perpetuum mobile: Self-cleaning gravity filters









InterfiltInterfilt®® SK SK -- SS

Coagulation

Flocculation

Sedimentation

Filtration

Raw water

Disinfection

Clear water tank



Flash Mix

Slow Mix

Sedimentation

น้ําผานไปถังกรอง



VerticalVertical Pressure sand filterPressure sand filter



HorizontalHorizontal Pressure sand filterPressure sand filter



ขอไดเปรยีบเสียเปรียบของขอไดเปรยีบเสียเปรียบของ  Slow sand filterSlow sand filter

ขอไดเปรยีบขอไดเปรยีบ

1.1.  การออกแบบและกอสรางไมยุงยากการออกแบบและกอสรางไมยุงยาก

2.2.  ไมตองใชทักษะมากในการควบคุมระบบไมตองใชทักษะมากในการควบคุมระบบ

3.3.  ถามีวัสดุกรองที่หาไดในทองถิ่นจะชวยใหคาถามีวัสดุกรองที่หาไดในทองถิ่นจะชวยใหคา

กอสรางต่ํากอสรางต่ํา

4.4.  สิ้นเปลืองคาสารเคมีนอยกวาระบบสิ้นเปลืองคาสารเคมีนอยกวาระบบ  Rapid Rapid 
sand filtersand filter



ขอไดเปรยีบขอไดเปรยีบ((ตอตอ))

5.5.  ตะกอนที่เกิดขึ้นมีปริมาณนอยกวาและไมยุงยากตอตะกอนที่เกิดขึ้นมีปริมาณนอยกวาและไมยุงยากตอ

การกาํจัดการกาํจัด

6.6.  สิ้นเปลืองพลังงานเดินเครื่องนอยกวาระบบสิ้นเปลืองพลังงานเดินเครื่องนอยกวาระบบ

Rapid sand filterRapid sand filter
7.7.  มีอุปกรณควบคุมเครือ่งนอยกวาและเรยีบงายกวามีอุปกรณควบคุมเครือ่งนอยกวาและเรยีบงายกวา

ระบบระบบ  Rapid sand filterRapid sand filter
8.8. HeadlossHeadloss  ในถังจะนอยกวาระบบในถังจะนอยกวาระบบ  RapidRapid

sand filtersand filter



ขอเสียเปรียบขอเสียเปรียบ

1.1.  ใชพื้นที่มากกวาระบบใชพื้นที่มากกวาระบบ  Rapid sand filterRapid sand filter
ทีอ่ัตราการกรองเทากันทีอ่ัตราการกรองเทากัน  

2.2.  ใชปรมิาณสารกรองมากกวาใชปรมิาณสารกรองมากกวา  
3.3.  ถามีความขุนเพิ่มขึ้นโดยทันทีจะทําใหกลไกการถามีความขุนเพิ่มขึ้นโดยทันทีจะทําใหกลไกการ

กรองน้ําเสียไปกรองน้ําเสียไป  
4.4.  การนําทรายกรองมาลางนอกถังตองหยุดระบบกรองการนําทรายกรองมาลางนอกถังตองหยุดระบบกรอง

ทาํใหสิ้นเปลืองเวลามากทาํใหสิ้นเปลืองเวลามาก  



ขอเสียเปรียบขอเสียเปรียบ  ((ตอตอ))
5.5.  เกดิสาหรายในถังกรองไดงายถามแีสงแดดและเกดิสาหรายในถังกรองไดงายถามแีสงแดดและ

สารอาหารในน้ําดิบมากพอสารอาหารในน้ําดิบมากพอ  
6.6.  ตองใชเวลาปรบัสภาพการกรองในตอนเริ่มทําการตองใชเวลาปรบัสภาพการกรองในตอนเริ่มทําการ

กรองคอนขางนานกรองคอนขางนาน



ขอไดเปรยีบเสียเปรียบของขอไดเปรยีบเสียเปรียบของ  Rapid sand filterRapid sand filter

ขอไดเปรยีบขอไดเปรยีบ

1.1.  ใชพื้นที่นอยกวาใชพื้นที่นอยกวา  Slow sand filterSlow sand filter
2.2.  ไมตองอาศัยจุลชีพมาเปนกลไกในการกองจึงไมตองอาศัยจุลชีพมาเปนกลไกในการกองจึง

ไมตองเสียเวลาปรบัสภาพในตอนเริ่มตนไมตองเสียเวลาปรบัสภาพในตอนเริ่มตน

3.3.  การลงทุนในขั้นแรกจะต่ํากวาระบบการลงทุนในขั้นแรกจะต่ํากวาระบบ  SlowSlow
sand filtersand filter

4.4.  ใชปรมิาณสารกรองนอยกวาใชปรมิาณสารกรองนอยกวา  Slow sandSlow sand
filter filter 



ขอไดเปรยีบขอไดเปรยีบ((ตอตอ))

5.5.  การลางหนาทรายทําไดเร็วการลางหนาทรายทําไดเร็ว

6.6.  สามรถปรบัอัตราการกรองใหสอดคลองกับสามรถปรบัอัตราการกรองใหสอดคลองกับ

คณุภาพน้ําดิบไดงายคณุภาพน้ําดิบไดงาย

7.7.  กาํจัดสีไดดีกวากาํจัดสีไดดีกวา

8.8.  โอกาสที่จะมีสาหรายในถังกรองเปนไปไดยากโอกาสที่จะมีสาหรายในถังกรองเปนไปไดยาก



ขอเสียเปรียบขอเสียเปรียบ

1.1.  สิ้นเปลืองสารเคมีในการลดความขุนดวยการสิ้นเปลืองสารเคมีในการลดความขุนดวยการ

สรางแกนตะกอนสรางแกนตะกอน

2.2.  ตะกอนที่เกิดขึ้นในระบบจะมีปรมิาณมากและตะกอนที่เกิดขึ้นในระบบจะมีปรมิาณมากและ

กาํจัดไดยากกาํจัดไดยาก

3.3.  ผูควบคุมตองมีความรูและทกัษะในการควบคุมผูควบคุมตองมีความรูและทกัษะในการควบคุม

ถงัทรายกรองและระบบทั้งหมดถงัทรายกรองและระบบทั้งหมด

4.4.  ใชน้ําลางหนาทรายในปริมาณทีม่ากกวาระบบใชน้ําลางหนาทรายในปริมาณทีม่ากกวาระบบ  
Slow sand filterSlow sand filter



ขอเสียเปรียบขอเสียเปรียบ((ตอตอ))

5.5. HeadlossHeadloss  ในถังกรองจะมีคาสูงในถังกรองจะมีคาสูง



Chemical use in water treatment plantChemical use in water treatment plant



เงื่อนไขการเงื่อนไขการ  Operate Operate ระบบผลิตน้ําระบบผลิตน้ํา

1. น้ําออกจากถังตกตะกอน (Clarifier Tank)

- Turbidity 7 + 3  NTU

- pH                    6.5 – 8.5

- Alkalinity        > 50 mg/l


