
BECHTEL WATER 

PROCESS ENGINEERING 

TRAINING SEMINARS  

 ِسبظشح رذس٠ج١خ فٟ

  ػ١ٍّبد اٌّؼبٌدخ إٌٙذع١خ

 

WATER TREATMENT 

 ِؼبٌدخ ١ِبٖ اٌششة



BECHTEL WATER 

INTRODUCTION - AIMS AND CONTENT 

اٌغشض ٚاٌّسز٠ٛبد -اٌّمذِخ  

 ٌزٛف١ش اٌص١غخ اٌذاٌخ ٌؼٛاًِ اٌزص١ُّ ٌؼ١ٍّبد ِؼبٌدخ ِلائّخ –اٌغشض 

 اٌّسز٠ٛبد(Contents)  

 سعُ اٌمٛاٌتBlock Diagram) )   ٚرٛظ١ر ٚرٛاصْ اٌىزٍخMass Balance 

Development)) 

 رفبص١ً خش٠بْ ػ١ٍّبد اٌّؼبٌدخ((Process Block Details 

 Purpose  (اٌغشض)  

Options (  الاخز١بساد)   

Diagrams/pictures (   اٌشعِٛبد ٚاٌصٛس)   

Design Parameters (  ػٛاًِ اٌزص١ُّ)  

Key Operating Parameters & Issues (ًػٛاًِ ٚٔزبئح اٌزشغ١ )  
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OUTLINE PFD 
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MASS BALANCE 

 رٛاصْ اٌىزٍخ

10 Ml/d Product Water (             ١ٍِْٛ ٌزشٌىً ٠َٛ أزبج ِبء صبفٟ 10)   

10 mg/l Suspended Solids (           ٍِغشاَ ٌىً ٌزش ِٛاد صٍجخ ػبٌمخ 10)  

2 mg/l as Al3+ Coagulant (          ٍِغشاَ ٌىً ٌزش اظبفخ اٌشت وّبدح ِخثشح 2)  

1% Adsorption Washwater       (Adsorption ِبء غغً ٌؼ١ٍّخ% 1)   اي   

3% RGF Washwater (      ِبء غغً ٌّشزٍخ ِششسبد اٌدبرث١خ اٌغش٠ؼخ% 3)  

3% Clarifier Sludge (                             اغ١بْ خضاْ اٌزٕم١خ% 3)    
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COAGULATION - DESCRIPTION, FUNCTION, 

OPTIONS 

ٚظ١فخ ٚخ١بساد ػ١ٍّخ اٌزخث١ش, ٚصف   

 Aim is to Destabilise Colloidal Solids and to “Capture” Soluble 
Organics and Metals 

ْاٌغشض لاعزمشاس٠خ اٌّٛاد اٌصٍجخ اٌغش٠ٚخ لاعش اٌّٛاد اٌؼع٠ٛخ اٌزائجخ ٚاٌّؼبد 
 

 Scientific Mechanisms are :              اٌزم١ٕخ اٌؼ١ٍّخ ٟ٘  

 Charge Neutralisation (              شسٕخ اٌزؼبدي)  

 Entrapment (                                اٌّص١ذح)  

 Adsorption (                                  الاِزضاص)  

   

 Achieved Practically by Rapid Mixing with a Chemical Coagulant 

رزُ ػ١ٍّب ثٛاعطخ اٌخٍػ اٌجطٟء ِغ اظبفخ اٌّبدح اٌّخثشح 

 

 Metal Salts, Al 3+, Fe 3+ cations (   وجش٠زبد الا١ٌَّٕٛ اٚ وجش٠زبد اٌسذ٠ذ)    

 Cationic Polymer (                         اٌج١ٌّٛشاد اٌّٛخجخ اٌشسٕخ)  
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COAGULATION -  

DESIGN PARAMETERS 

 ػٛاًِ اٌزص١ُّ ٌؼ١ٍّخ اٌزخث١ش

 Dose (and optimum pH) Identified Using Jar Tests 

 اٌدشػخ( ل١ّخ داٌخ اٌسبِع١خpH إٌّبعجخ ) رسذد ثٛاعطخ ايJar Tests 

 

Mixing within 20 Seconds, G = 800 - 1000s-1 

 ثب١ٔخ     20اٌخٍػ ٠زُ خلاي(G = 800 - 1000s-1) 

     =G= Velocity Gradientأسذاس اٌغشػخ               
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COAGULATION - KOPs & ISSUES 

 ػٛاًِ ٚٔزبئح  اٌزشغ١ً الاعبع١خ ٌؼ١ٍّخ اٌزخث١ش 

Control of Coagulation Chemistry (  اٌغ١طشح ػٍٝ اٌؼ١ٍّخ اٌى١ّ١ب٠ٚخ ٌٍزخث١ش)   

 

Raw Water Variability (                     ِزغ١ش اد اٌّبء اٌخبَ)   

 Coagulant Demand (                     اٌى١ّخ اٌّطٍٛثخ ٌٍّبدح اٌّخثشح)    

 pH & Alkalinity (                           اٌسبِع١خ ٚ اٌمبػذ٠خ)  

 

Coagulant Aids & Flocculent Aids ( اٌؼٛاًِ اٌّغبػذح ٌؼ١ٍّخ اٌزخث١ش ٚاٌزىز١ً)  
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FLOCCULATION - DESCRIPTION, FUNCTION, 

OPTIONS 

اٌٛظ١فخ ٚخ١بساد ػ١ٍّخ اٌزىز١ً, ٚصف   

 AIM: (                                                                اٌغشض)  

 agglomerate destabilised solids (اعزمشاس٠خ اٌىزٍخ اٌصٍجخ      )  

 

  grow flocs to a size which is settleable, floatable or filterable 

ٌٍطٛفبْ اٚ اٌزشش١ر, ّٔٛ اٌىزً اٌٝ زدُ ٠ّىٓ اْ ٠ىْٛ لبثً ٌٍزشع١ت 

 

 REQUIRE: (              اٌّزطٍجبد)   

 Gentle movement of solids relative to each other 

زشوخ ٘بدئخ ٌٍّٛاد اٌصٍجخ ٔغجخ  ٌجؼعٙب اٌجؼط 

 

 Contact between solids (           اٌزّبط ث١ٓ اٌّٛاد اٌصٍجخ)  
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VERTICAL PADDLE FLOCCULATORS 

 اٌّىزلاد  رٚ اٌّبصخبد اٌؼّٛد٠خ 

Coagulated 

Water In 

(الماء الداخل)  

Flocculated 

Water Out 

(الماء الخارج)  

Gate - Type 

Paddle 

10 minutes 10 minutes 

W-ID13-1/98 



BECHTEL WATER 

VERTICAL PADDLE FLOCCULATORS 

  اٌّىزلاد  رٚ اٌّبصخبد اٌؼّٛد٠خ 

Alternatives (                  اٌجذائً)  

 

 Marine turbine or pitched blade turbine 

اٌزٛسث١ٓ اٌجسشٞ اٚ اٌزٛسث١ٓ رٚ اٌش٠ش اٌٍّزسّخ 

 

 HORIZONTAL PADDLE FLOCCULATORS 

 اٌّىزلاد رٚ اٌّبصخبد الافم١خ 
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HYDRAULIC FLOCCULATORS 

 اٌّىزلاد ا١ٌٙذس١ٌٚى١خ

Baffled channels (    اٌمٕٛاد اٌسبخضح)  

Pipes (                       الأبث١ت)  
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“IN - PROCESS” FLOCCULATION 

اٌّؼبٌدخ فٟ ػ١ٍّخ اٌزىز١ً   

Contact flocculation (                 اٌزّبط ِغ ػ١ٍّخ اٌزىز١ً)   

Upflow floc blanket clarifiers (  إٌّم١بد راد اٌدش٠بْ اٌؼٍٛٞ)  

Solids recirculation clarifier (    إٌّم١بد راد الأزشبس اٌّؼبد ٌٍّٛاد اٌصٍجخ)  

Direct filtration (                         اٌزشش١ر اٌّجبشش)  
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FLOCCULATION - DESIGN PARAMETERS 

 ػٛاًِ اٌزص١ُّ فٟ ػ١ٍّخ اٌزىز١ً

Temperature dependant (         ٠ؼزّذ ػٍٝ دسخخ اٌسشاسح)  

10 to 20 minutes retention time (20 in cold) 

 ٓدل١مخ فٟ الا٠بَ اٌجبسدح 20دل١مخ ٠ٚىْٛ ( 20-10)صِٓ الاعزجمبء ٠زشاٚذ ث١ 

Gentle Agitation, Described by G Value (Velocity Gradient): G 

values : 10 to 100s-1 

اػزّبداً ػٍٝ ل١ّخ , ر١١ٙح ٘بدٜء(G values : 10 to 100s-1) 

 

 G2 = P/V, where,   

P = power input (N.m/s)                 (الداخلة القدرة) 

V = volume of mixer (m3)               (المكسر حجم)

  = viscosity of water (kg.m/s2)     (الماء لزوجة)
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FLOCCULATION - KOPs & ISSUES 

(ػٛاًِ ٚٔزبئح اٌزشغ١ً الاعبع١خ ٌؼ١ٍّخ اٌزىز١ً)  

Short – Circuiting                                ( لص١ش -صِٓ اٌزذ٠ٚش)  

 Use Multiple Units in Series AMP2/3 - 2 Chambers in Series 

ٌٟاعزؼّبي ػذح ٚزذاد ِشثٛغخ ػٍٝ اٌزٛا 

 Hydraulic Flocculators For Good Plug Flow 

 ِىزلاد ١٘ذس١ٌٚى١خ 

Localised High Velocities = Shear (           عشػخ ِشوض٠خ ػب١ٌخ)  

Localised Low Velocities = Settlement (عشػخ ِشوض٠خ ٚاغئخ  )  

Control (                اٌغ١طشح)  

 Manual variable speed gearbox (   صٕذٚق رشٚط ِزغ١ش اٌغشع ٠ذٚٞ)  

 Problem with Hydraulic (               اٌّشىٍخ ا١ٌٙذس١ٌٚى١خ)  

 Particularly with High Turndown Ratio 
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DESIGN EXAMPLE (        ِثبي رص١ّّٟ)  

FOR MASS BALANCE ABOVE (        ٌزٛاصْ اٌىزٍخ ٌٍّشازً اٌغبثمخ)   

 Sketch the Flocculation Process with Dimensions 

سعُ ِخطػ ػ١ٍّخ اٌزىز١ً ِغ الاثؼبد 

 Calculate Theoretical Power Input 

زغبة اٌمذسح اٌذاخٍخ ٔظش٠ب 

 Estimate Actual Power Input (Mechanical) 

 (١ِىب١ٔى١ب)اعزٕزبج ل١ّخ اٌمذسح اٌذاخٍخ اٌسم١م١خ 

 Estimate Headloss (Hydraulic) 

 (١٘ذس١ٌٚى١ب)اعزٕزبج ل١ّخ اٌفمذاْ فٟ الاسرفبع 
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CLARIFICATION-DESCRIPTION, FUNCTION, OPTIONS 

ٚظ١فزٙب ٚاخز١بس٘ب, ٚصفٙب –ػ١ٍّخ اٌزٕم١خ   

 AIM: Reduce the Solids Load (Where Necessary) to Filters 

رم١ًٍ ِٓ زًّ اٌّٛاد اٌصٍجخ اٌذاخٍخ اٌٝ اٌفلارش: اٌغشض 

 Mechanisms (           اٌزم١ٕبد)  

 Gravity Settlement (                  اٌزشع١ت ثٛاعطخ اٌدبرث١خ)  

 Flotation (                                    اٌزط٠ٛف)  

 Filtration (                                   اٌزشش١ر)  

 Principle Types of Clarifier (          اصً أٛاع إٌّم١بد)  

 Sedimentation Tank (                 ازٛاض اٌزشع١ت)  

 Lamella Plates or Tubes (          اٌصفب ئر اٚ الأبث١ت اٌشل١مخ)  

 Upflow Floc Blanket Clarifier (  إٌّم١بد راد اٌدش٠بْ اٌؼٍٛٞ)  

 Solids Recirculation Clarifier (  إٌّم١بد راد الأزشبس اٌّؼبد ٌٍّٛاد اٌصٍجخ)  

 Dissolved Air Flotation (DAF) ( اٌزط٠ٛف ثبعزؼّبي اٌٙٛاء اٌّزاة فٟ اٌّبء)  

 Coarse Filtration (                       اٌزشش١ر اٌخشٓ)  
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HORIZONTAL SEDIMENTATION TANK 

 خضأبد اٌزشع١ت الافم١خ

Simple (          غ١ش ِؼمذح)  

 

Requires Up-Front Flocculator        Up-front ٠سزبج اي ِىزً ِٓ ٔٛع 

 

Moderate Supernatant Quality        اٌشاشر ِٓ إٌٛع اٌّؼزذي 

 



BECHTEL WATER 

LAMELLA CLARIFIER 

 إٌّم١بد راد اٌصفبئر اٌشل١مخ

Low Footprint (                               ِغبزخ ل١ٍٍخ)  

 

 Increased Mechanical Cost (           ص٠بدح فٟ اٌىٍفخ ا١ٌّىب١ٔى١خ)  

 

Requires Up-Front Flocculator     )Up-Front ( رسزبج اٌٝ ِىزً ِٓ ٔٛع  

 

Moderate Supernatant Quality          اٌشاشر ِٓ إٌٛع اٌّؼزذي        
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Lamella Clarifier 
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UPFLOW FLOC BLANKET CLARIFIER 

Upflow floc blanket  إٌّمٟ ٔٛع 

Blanket gives Good Straining                   اٌجلأىذ رؼطٟ رصف١خ خ١ذح 

 

Excellent Supernatant Quality                  اٌشاشر ِٓ إٌٛع اٌّّزبص 

 

Blanket Provides High C for Flocculation 

 اٌجلأىذ رٛفشC اٌم١ّخ ٌؼ١ٍّخ اٌزىز١ً ػب ٌٟ 

 

Flow Variations Cause Problems        ًاٌزغ١ش فٟ و١ّخ اٌدش٠بْ رغجت ِشبو  

 

Strong Sunlight Causes Thermal Currents 

اشؼخ اٌشّظ اٌم٠ٛخ رغجت ر١بساد زشاس٠خ 
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SOLIDS CONTACT CLARIFIER 

Solid Contact  إٌّمٟ ٔٛع 

 Integral Flocculation                                   ػ١ٍّخ اٌزىز١ً ِزّّخ  

 

Particularly Good for Softening          ٓفؼبي خذا  فٟ ػ١ٍّخ اٌز١١ٍ 

 

Very Poor with Weak Floc غ١ش فؼبي فٟ زبٌخ  اٌىزً اٌعؼ١فخ                   

 

Gaithersburg’s Favourite 

Complicated Civils and Hydraulics       اٌجٕبء اٌّذٟٔ ٚا١ٌٙذس١ٌٚبد ِؼمذح 

 

Moderate Supernatant Quality                اٌشاشر ِٓ إٌٛع اٌّؼزذي  
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DISSOLVED AIR FLOTATION 

 اٌزط٠ٛف ثٛاعطخ اٌٙٛاء اٌّزاة فٟ اٌّبء

Low Footprint                               (ِغبزخ ل١ٍٍخ)  

Good for Light, Weak Floc (         فؼبي فٟ زبٌخ اٌىزً اٌخف١فخ ٚاٌعؼ١فخ)  

Good for High Algae Loads (        خ١ذح فٟ زبٌخ اٌسًّ اٌؼبٌٟ ٌٍجىزش٠ب)  

Requires Up-Front Flocculator   (Up-Front     (رسزبج ِىزً ِٓ ٔٛع     

Good Supernatant Quality اٌشاشر ِٓ إٌٛع اٌد١ذ         ) ) 
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COARSE FILTRATION 

 اٌزشش١ر اٌخشٓ

Low Footprint (                            ِغبزخ ل١ٍٍخ)  

Poor Supernatant Quality (         اٌشاشر ِٓ إٌٛع اٌعؼ١ف)  

Roughing Filter (                          فٍزش خشٓ)  

 Complex Construction (         ثٕبء ِؼمذ)  

 Integral Flocculation (            ػ١ٍّخ رىز١ً ِزّّخ)  

Adsorption Clarifier (                  إٌّمٟ اٌّّزض)  

 Proprietary Design (USF) (     اٌزص١ُّ اٌّغدً)  

 Requires Additional Flocculation (  ٠سزبج اٌٝ ػ١ٍّخ رىز١ً اظبف١خ)  
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CLARIFICATION -DESIGN PARAMETERS 

 ػٛاًِ اٌزص١ُّ ٌؼ١ٍّخ اٌزٕم١خ 

Loading Rate 

 ِؼذي اٌزس١ًّ

(m3 / m2h) 

Simple Sedimentation 

Lamella Sedimentation 

Floc Blanket 

Solids Recirc 

DAF (Dissolved Air Flotation) 

1 - 3 

5 - 15 

1 - 4 

1 - 4 

8 - 12 

Sludge Solids 

Concentration (%) 

)%(رشو١ض الاغ١بْ اٌصٍجخ   

0.5 upwards 

0.5 upwards 

0.1 - 0.5 

0.1 - 0.5 

0.5 - 2 
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CLARIFICATION -  KOPs & ISSUES 

 ػٛاًِ ٚٔزبئح اٌزشغ١ً الاعبع١خ ٌؼ١ٍّخ اٌزٕم١خ

Flow Distribution (        رٛص٠غ خش٠بْ اٌّبء)  

Sludge Removal (           اصاٌخ الاغ١بْ)  

Coagulation Chemistry is Critical 

(اٌزفبػلاد اٌى١ّ١بئ١خ فٟ ػ١ٍّخ اٌزخث١ش رؼزجش زشخخ) 

Turndown 

W-ID12-1/98 
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FILTRATION - DESCRIPTION, FUNCTION, OPTIONS 

ٚظ١فزٙب ٚاخز١بس٘ب, ٚصفٙب –ػ١ٍّخ اٌزشش١ر    

Solids Removal (                      اصاٌخ اٌّٛاد اٌصٍجخ)  

 Entrapment, Surface Adhesion - Depth Filtration 

ػّك اٌزشش١ر –الاٌزسبَ اٌغطسٟ , اٌّص١ذح 

Biological Support (              اٌذػُ اٌجب٠ٍٛخٟ)  

 Slow sand & BAC (         ِششسبد اٌشًِ اٌجط١ئخ)    

Catalytic Bed (                      اٌطجمخ اٌّسفضح)  

 Manganese Oxidation (    اٚوغ١ذ إٌّغ١ٕض)  

Rapid Gravity or Pressure Filters (  ِششسبد اٌدبرث١خ اٌغش٠ؼخ اٚ اٌعػ)  

Slow Sand Filters (ِششسبد اٌشًِ اٌجط١ئخ               )  

Carbon Adsorbers (              ِّزضاد اٌىبسثْٛ)  

MF/UF Membranes (Entrapment Only) 

 (اٌزشش١ر ثٛاعطخ الاغش١خ اٌشؼش٠خ)                  

W-ID11-1/98 
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FILTRATION - DESIGN PARAMETERS - SLOW SAND 

 ػٛاًِ اٌزص١ُّ ٌّششسبد اٌشًِ اٌجطٟء 

 Fine Sand 0.1 to 0.3 mm               [)0.1 - 0.3 mm )سًِ ٔبػُ   ] 

 Low Filtration Rates 1 - 5 m3 / m2 DAY 

 ًِؼذي اٌزشش١ر ل١ٍ(5 - 1 m3 / m2 DAY) 

 Manual Cleaning After Sand Removal 

رٕظ١ف ٠ذٚٞ ثؼذ ػ١ٍّخ اٌزشش١ر 

 Schmutzdecke 

 

 Large Land Areas required (        ٠سزبج اٌٝ ِغبزخ اسض وج١شح)  
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FILTRATION -DESIGN PARAMETERS – RGF 

 ػٛاًِ رص١ُّ ِششسبد اٌدبرث١خ اٌغش٠ؼخ

 Coarse Sand 0.5 - 3.0mm               [)0.5 - 3.0mm)  ٓسًِ خش] 

 

 High Filtration Rates                              ٌِٟؼذي اٌزشش١ر ػب    

Conventionally (  اٌزم١ٍذٞ)             5 to 6 m3 / m2 h 

Now       (ٌٟاٌٛلذ اٌسب                   ) 6 to 12 m3 / m2 h 

 Future    (ٍٟاٌّغزمج   )         10 to 30 m3 / m2 h?! 
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FILTRATION - DESIGN PARAMETERS –ACKWASH 

 ACKWASHػٛاًِ رص١ُّ ِششسبد  

Rapid Gravity (                               رشش١ر  عش٠غ ثبٌدبرث١خ)       

 Cleaning in Situ (                       رٕظ١ف ِٛلؼٟ)  

Backwash (                            ػ١ٍّخ اٌغغً اٌؼىغٟ)  

– Water only (                    فمػ ثبٌّبء)  

– Separate Air / Water (   ِبء+٘ٛاء ِٕفصً)  

– Combined Air / Water ( ِبء+٘ٛاء ِشزشن)  

Automated                          ( ً ً أٚرِٛبر١ى١ب  ) ٠شُغِّ
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RGF Backwash (        اٌغغً اٌؼىغٟ ٌّششسبد اٌدبرث١خ اٌغش٠ؼخ)  

 Air Rates   :     20 - 40 m3 / m2 h   

                   Separate Air / Water (ًِبء+٘ٛاء ِٕفص )  

        :    40 - 80 m3 / m2 h   

                   Combined Air / Water (ِبء+٘ٛاء ِشزشن )  

 Water Rates :    10 - 30 m3 / m2 h   

 Depends on Media size & Type and whether combined Air / water 

 رؼزّذ ػٍٝ زدُ اٌٛعػ ٚٔٛع ػ١ٍّخ ظخ اٌٙٛاء ٚاٌّبء ً٘ ٟ٘ ِشزشوخ اَ ِٕفصٍخ

 Wastewater Produced ًّ3 - 1   :ٔٛارح اٌّبء اٌّغزؼ% of throughput 

 Solids Content  0.05 - 0.01   :اٌّسز٠ٛبد اٌصٍجخ% (500 - 100mg / l) 
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FILTRATION - DESIGN PARAMETERS –ACKWASH 

 ACKWASHعوامل تصميم مرشحات  
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FILTRATION - KOPs & ISSUES 

ػٛاًِ ٚٔزبئح اٌزشغ١ً الاعبع١خ ٌؼ١ٍّخ اٌزشش١ر   

Slow Start & Stop/ Flow Surges (         خش٠بْ ِزّٛج/رٛلف -ثذا٠خ ثط١ئخ)  

Ripening & Breakthrough (                  إٌعٛذ ٚالاخزشاق)  

 Filter to Waste (                                ػ١ٍّخ رشش١ر ٌٍّبء اٌّغزؼًّ)  

 Delayed/Slow Start (                         ثذا٠خ ثط١ئخ/رأخ١ش )  

 Turbidity Monitoring/ Particle Counting 

 فسص اٌدض٠ئبد/ِشالجخ اٌؼىٛسح 

Backwashing & Media Loss (               اٌغغً اٌؼىغٟ ٚ فمذاْ اٌٛعػ)  

Dry Bedding (                                         ردف١ف الاسظ١خ)  

Control Mechanism (                            اٌغ١طشح اٌزم١ٕخ)  

 Constant Flow/ Constant Level (    اسرفبع ثبثذ/ خش٠بْ ثبثذ)  

 Constant Flow/ Rising Head (         ص٠بدح فٟ الاسرفبع/ خش٠بْ ثبثذ)   

 Declining Rate (                                أخفبض فٟ اٌّؼذي)  
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DISINFECTION - DESCRIPTION, FUNCTION, PTIONS 

ٚظ١فزٙب ٚاخز١بس٘ب, ٚصفٙب –ػ١ٍّخ اٌزشش١ر    

AIM: Kill Pathogens (                            لزً اٌدشاث١ُ: اٌغشض)  

Common Disinfectants (                         اٌزؼم١ُ اٌشبئغ الاعزؼّبي)   

 Chlorine (MOST COMMON) (        الاوثش ش١ٛػب)اٌىٍٛس    

 Chloramine ٍٛ ػٍٝ ١ٔزشٚخ١ٓ ٚوٍٛس                   : اٌىٍٛسا١ِٓ ِشوّت ِسز  

 Chlorine Dioxide (                       اٚوغ١ذ اٌىٍٛس)  

 Ozone (                                         الاٚصْٚ)  

 Ultraviolet Irridation (              الاشؼخ فٛق اٌجٕفغد١خ)  

Limited Effect Against Cryptosporidium 

 ِسذٚد٠خ اٌزأث١ش ٔز١دخCryptosporidium 
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 c  : Concentration of Active Disinfectant 

اٌزشو١ض إٌّبعت ٌؼ١ٍّخ رؼم١ُ فؼبٌخ 

T  : Contact Time (with Active Disinfectant) (  صِٓ اٌزّبط ٌزؼم١ُ فؼبي)  

 cT Required Depends Upon : (                            ٠ؼزّذ ػٍٝ    cT) 

 Number and Type of Organisms Present 

ػذد ٚٔٛع اٌىبئٕبد اٌّدٙش٠خ اٌّٛخٛدح 

 % “Kill” Required (               ٔغجخ اٌزؼم١ُ اٌّطٍٛثخ)    

Typical Chlorine cT Values                             (cT اٌم١ّخ إٌّٛرخ١خ ي) 

NWW 5 to 20 (mg/l).min as HOCl 

WHO 15 (mg/l).min as Cl2, at pH < 8.0 

 SDWA Advisor CD Rom - Tables for Giardia vs. pH, Cl2, 

and Temp - T10 

DISINFICTION -DESIGN PARAMETERS 

رؼم١ُعوامل التصميم لعملية ال  



BECHTEL WATER 

 Contact time:  Allow for Short - Circuiting  

     ٠غّر ثزذاٚس لص١ش: ٚلذ اٌزّبط 

 Baffling Required in Contact Tanks      اٌسٛاخض اٌّطٍٛثخ فٟ خضأبد اٌزّبط 

 Concentration: Need to Understand Chlorine Chemistry :   اٌزشو١ض         

 Dissolution In Water : Cl2 + H2O  HOCl + HCl 

 HOCl = Hypochlorous Acid - Active Disinfectant 

 Dissociation of HOCl :  HOCl      H 
+
 + OCl 

-
 

 OCl 
-
  = Hypochlorite ion 

 Le Chatelier’s Principle : 

  Lowering pH Shifts Equilibrium to Left  

 رم١ًٍ ل١ّخpH رؼًّ ػٍٝ اصازخ اٌزٛاصْ اٌٝ ا١ٌغبس 

  Raising pH Shifts Equilibrium to Right  

 ص٠بدح ل١ّخpH ٓرؼًّ ػٍٝ اصازخ اٌزٛاصْ اٌٝ ا١ّ١ٌ 

Summary : Disinfection is More Effective at Low pH  

 ػ١ٍّخ اٌزؼم١ُ فؼبٌخ اوثش ػٕذِب رىْٛ ل١ّخ داٌخ اٌسبِع١خ الً: اٌخلاصخ     
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DISINFICTION  - KOPs & ISSUES 

(ػم١ُعوامل ونتائج التشغيل الاساسية لعملية الت)  
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Disinfection By-Products (DBPs) اٌزؼم١ُ ثٛاعطخ إٌٛارح                     

 Trihalomethanes (THMs)                       ٟا١ٌٍِٛٙثبْ اٌثلاث 

 Haloaceticacids (HAAs)                        ٘لاع١ز١غب٠ذ 

 Other Halo Organics                          ٜاٌّٛاد اٌٍٙٛ ػع٠ٛخ الاخش 

 Bromate                                              اٌجش١ِٚذ 

Residual Provision                               ٟالازز١بغٟ اٌّزجم 

 Protection & Detection                 اٌسّب٠خ ٚاٌىشف 

Residual Control                              ٟاٌغ١طشح ػٍٝ اٌّزجم 

Taste & Odour                                اٌطؼُ ٚاٌشائسخ 
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DISINFICTION  - KOPs & ISSUES 

(عوامل ونتائج التشغيل الاساسية لعملية التعقيم)  
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DESIGN EXAMPLE 

  اِثٍخ اٌزص١ُّ

For Mass Balance Above                                ٌزٛاصْ اٌىزٍخ اٌغبثك 

 Sketch the RGF Process with Dimensions 

اسعُ اٌّخطػ ٌؼ١ٍّخ اٌزشش١ر ثبٌدبرث١خ اٌغش٠غ 

 Calculate Backwash Volume by the Following 

ازغت زدُ اٌغغً اٌؼىغٟ ثٛاعطخ: 

%age                              ٔغجخ اٌؼّش 

Wash-rate & Time        ًِؼذي ٚٚلذ اٌغغ 

Media Volume & No. of Rinses   زدُ اٌٛعػ ٚػذد ِشاد اٌشطف 

 For each Backwash Volume,             زدُ اٌغغً اٌؼىغٟ ٌىً ِشح 

Calculate Dirty Washwater Suspended Solids 

ًازغت و١ّخ اٌّٛاد اٌصٍجخ اٌؼبٌمخ فٟ ا١ٌّبٖ اٌغ١ش ٔظ١فخ اٌّغزؼٍّخ فٟ ػ١ٍّخ اٌغغ 
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SLUDGE HANDLING & TREATMENT-DESCRIPTION, 

FUNCTION, OPTIONS 

ٚصفٙب ٚظ١فزٙب ٚاخز١بس٘ب -ػ١ٍّخ ِؼبٌدخ الاغ١بْ  

 Maximise Resources/ Minimise of Disposal Costs 

 رم١ًٍ ِٓ وٍفخ اٌطشذ/ اٌسذ الاػٍٝ ِٓ اٌّٛاسد 

 Clarify Returned Water / Consolidate Sludge Solids 

 الاغ١بْ اٌصٍجخ اٌّذِدخ/ اٌّبء اٌؼبئذ ِٓ اٌزٕم١خ 

 Backwash Water (                ١ِبٖ اٌغغً اٌؼىغٟ)   

 Collect & Recycle (          اٌّزدّؼخ ٚ اٌّؼبدح)  

 Thicken & Polish Supernatant (  اٌزثخ١ٓ ٚرٕم١خ اٌشاشر)  

 Clarifier Sludge (                اغ١بْ زٛض اٌزصف١خ)  

 Gravity Thicken (WRc Type Thickener) (     اٌزثخ١ٓ ثبٌدبرث١خ)  

 Lagoon (           اٌجس١شح اٌعسٍخ)  

 Thickened Sludge (     الاغ١بْ اٌّثخٕخ)  

 Plate Press - Centrifuge - Drying Bed 

 ازٛاض اٌزدف١ف  –اٌطشد اٌّشوضٞ  –( خؼٍٗ ػٍٝ شىً و١ه)اٌىجظ 
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SLUDGE HANDLING & TREATMENT -  

DESIGN PARAMETERS – THICKENER 

اٌزثخ١ٓ -ػٛاًِ اٌزص١ُّ  –ِؼبٍِخ ٚ ِؼبٌدخ الاغ١بْ   

WRc Type Continuous Gravity Thickeners (  ِثخٕبد اٌدبرث١خ اٌّغزّشح)  

 Typical Hydraulic load  (  =ٟاٌسًّ ا١ٌٙذس١ٌٚىٟ إٌّٛرخ) 1.5 m3/m2 h 

 Typical Solids load (             =زًّ اٌّٛاد اٌصٍجخ         )  4 kg/m2 h 

 Typical Supernatant Solids  (=ٟاٌشاشر اٌصٍت إٌّٛرخ) 10-20mg/l 

 Typical Sludge Solids (             =الاغ١بْ اٌصٍجخ           ) 4-6 % 
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SLUDGE HANDLING & TREATMENT-KOPs & ISSUES 

ػٛاًِ ٚٔزبئح اٌزشغ١ً الاعبع١خ  –ِؼبٍِخ ٚ ِؼبٌدخ الاغ١بْ   

Polymer Addition (                        اظبفخ اٌج١ٌّٛشاد)  

 

Solids Concentration Control (    اٌغ١طشح ػٍٝ رشو١ض اٌّٛاد اٌصٍجخ)  

 

 Segregate Waste Streams (      فصً ِخٍفبد اٌزذفك ٚاٌغغً)  

 Or at Least, Segregate Polymer Dosing (  فصً خشػخ اٌج١ٌّٛشاد)  

Crypto Recycle (       اػبدح اٌّٛاد اٌّخف١خ)  

 

Algal Growth/ By-products from Lagoons 

 ٞٔبرح ثبٔٛٞ ِٓ اي / إٌّٛ اٌجىز١شLagoons 
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CARBON ADSORPTION -  

DESCRIPTION, FUNCTION, OPTIONS 

الاخز١بس, اٌٛظ١فخ, اٌٛصف-اِزضاص اٌىبسثْٛ  

 Removes Organics by Adsorption (      اصاٌخ اٌّٛاد اٌؼظ٠ٛخ ثٛاعطخ الاِزضاص)  

 Carbon is Activated by Heating (          ٠ٕشػ اٌىبسثْٛ ثٛاعطخ اٌزغخ١ٓ)  

 Fractures Carbon to Create a Microporous Structure 

وغش اٌىبسثْٛ ٌخٍك ثٕبء لبثً ٌٕفبر٠خ اٌّٛاد اٌّدٙش٠خ 

 Large Surface Area (       ِغبزخ عطس١خ وج١شح)  

 Either Regenerate or Dispose of When Saturated 

اِب اْ ٠زُ ردذ٠ذٖ اٚ ٠زُ اٌزخٍص ِٕٗ ػٕذِب ٠صجر ِشجغ 

 Granular Activated Carbon (GAC)            ٟاٌىبسثْٛ إٌّشػ اٌسج١ج 

 Used In Rapid Gravity Filters       ٠غزؼًّ فٟ فلارش اٌدبرث١خ اٌغش٠ؼخ 

  or Post - Filtration Adsorbers ِّزضاد ػ١ٍّخ اٌزشش١ر     –ِزأخشح    

Powdered Activated Carbon (PAC)         ِغسٛق اٌىبسثْٛ إٌّشػ 

Dosed as Slurry                               ٓ٠زُ زمٕٗ وط١ 

Removed in Clarifier and Filters (  ٠ضاي فٟ ػ١ٍّخ اٌزٕم١خ ٚاٌزشش١ر)  
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CARBON ADSORPTION - DESIGN PARAMETERS 

ػٛاًِ اٌزص١ُّ -اِزضاص اٌىبسثْٛ    

 GAC - Empty Bed Contact Time (EBCT)  

ٟصِٓ اٌزّبط  ػٕذ ػذَ ٚخٛد غجمخ اٌىبسثْٛ -اٌىبسثْٛ إٌّشػ اٌسج١ج 

 EBCT from 5 minutes (Taste and Odour) (       اٌطؼُ ٚاٌشائسخ)دلبئك  5   

20 minutes (Pesticides) (                               اٌّج١ذاد)دل١مخ  20  

PAC - Dose (mg/l)                                   PAC خشػخ اي 

  5 mg/l to 100 mg/l                               (5-100) mg/litter 

Depends on Organic & Concentration 

رؼزّذ ػٍٝ اٌّٛاد اٌؼع٠ٛخ ٚاٌزشو١ض 

– Algal Toxins & Some Pesticides High 

 اٌطسبٌت اٌغبِخ ٚ ثؼط اٌّج١ذاد اٌم٠ٛخ–
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GAC (                                 اٌىبسثْٛ إٌّشػ اٌسج١جٟ)  

 Requires Backwash (       الازز١بج اٌٝ ػ١ٍّخ اٌغغً اٌؼىغٟ)  

 Regeneration Frequency  -  Duty & EBCT 

 صِٓ اٌزّبط  ػٕذ ػذَ ٚخٛد غجمخ اٌىبسثْٛاٌٛظ١فخ ٚ  –رىشاس ػ١ٍّخ اٌزدذ٠ذ 

 Reduce Regeneration Frequency with Ozone 

ْٚرم١ًٍ ػ١ٍّخ اٌزىشاس ِغ اعزؼّبي الاٚص 

 Fines can Protect Bacteria from Disinfection 

 ُدل١ك اٌخبِبد اٌّؼذ١ٔخ ٠ّىٓ اْ رسّٟ اٌجىزش٠ب ِٓ اٌزؼم١ 

 PAC                      ِغسٛق اٌىبسثْٛ إٌّشػ 

Wasteful ؤَدٍّ إٌٝ وث١ش ِٓ اٌزٍف ٚاٌع١بع    ُِ                 

 Useful for Seasonal Problems      ِف١ذ فٟ اٌّشبوً اٌّٛع١ّخ 
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CARBON ADSORPTION - DESIGN PARAMETERS 

ػٛاًِ ٚٔزبئح اٌزشغ١ً الاعبع١خ  -اِزضاص اٌىبسثْٛ    


