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MASS BALANCE
4TSt ¢ 3 g8

10 MI/d Product Water (tla sla L) a9 JSI 531 Gy gala Vo)
10 mg/l Suspended Solids (Allle Al 3 ga il U< af jida Y )

2 mg/l as Al** Coagulant (Bt Bales i) L) it (<t af jita )
1% Adsorption Washwater  (Adsorption J) 4xded Jus sla 24 1)
3% RGF Washwater — (daedl dnilad) cilad o dda yal Jud sla 94 W)
3% Clarifier Sludge (AR5 G 3A bl oY)
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COAGULATION - DESCRIPTION, FUNCTION,
OPTIONS
AN Ales @l Lk g ddid g ¢« Ciuag

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

Cdlaal) g ALild) Ag guzand) ) gal) Y A g adl duliall 3 gal) 4y I R0 (2 g2l

Scientific Mechanisms are 1R Agalad) AT
= Charge Neutralisation (Jall) ddaly

= Entrapment (Banaall)

= Adsorption O)

Achieved Practically by Rapid Mixing with a Chemical Coagulant
5_sidall 3alal) 4Ll pa 5ol Jaldl) Ao g Lilas AT

= Metal Salts, Al 3%, Fe 3* cations (&all <l < gf a gaial¥) Gl 4i5)
= Cationic Polymer (M) A gal) & saad 5l
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COAGULATION -
DESIGN PARAMETERS

JM‘MM‘J“JQ

Dose (and optimum pH) Identified Using Jar Tests
Jar Tests J) Aol g2 a3 (Asulial) pH dsdaalald) Ala 4ad) de o)

Mixing within 20 Seconds, G = 800 - 1000s™

(G =800 -1000s-1) 4= ¥+ A& aly Jaldl)
G= Velocity Gradient= 4s yudl asd)
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COAGULATION - KOPs & ISSUES
AR Abent L) Sl il Jal g

Control of Coagulation Chemistry (Uaaill 4 gheasst) Llanl) o 3 dasudl)

Raw Water Variability () slal) &) puriia)
= Coagulant Demand (BA5al) Balall 4, gllaal) dzast)
= pH & Alkalinity (Al g duaalall)

Coagulant Aids & Flocculent Aids (Jsill g i) dlead saclucal) Ja) gall)
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FLOCCULATION - DESCRIPTION, FUNCTION,

OPTIONS
JSill dalae <l jLd g Al gl) ¢ Ciuag
INIVE (0aAl)

= agglomerate destabilised solids ~ (dubuall ALl 4y ) Eiu)

= grow flocs to a size which is settleable, floatable or filterable
g Al g) 8 ghall s AT A8 (4 6% (O (S aa ) JiS)) gai m

REQUIRE: (lalkaial)
m Gentle movement of solids relative to each other
oaryd) Lpanyd A dlial) 3 gall Lol 4S A m

= Contact between solids (dalall 3 gal) Cp (ulaill)
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VERTICAL PADDLE FLOCCULATORS
A gand) cla Jall g3 KAL)

10 minutes 10 minutes

Gate - Type
Paddle

Flocculated

Water Out
(GJ&\ }LAS\)

Coagulated
Water In
(Ja1 slall)

ﬁ q
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VERTICAL PADDLE FLOCCULATORS
d0a gand) cila Jlal) 93 cMiCal)

Alternatives (JH1aalh)

= Marine turbine or pitched blade turbine
daailal) Gl 1) 93 Cp il o) oaal) G sl m

m HORIZONTAL PADDLE FLOCCULATORS
4881 el Slall g3 IS m
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HYDRAULIC FLOCCULATORS
S g ) Sl

Baffled channels (3Jaladl &l sidll)
Pipes (R
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“IN - PROCESS” FLOCCULATION
Jusil) Alas b dallaal)

Contact flocculation (S8 ddas pa ulaill)

Upflow floc blanket clarifiers (st Gl i cibdial)

Solids recirculation clarifier —(dudwall 3 gall aleal) LA @) cilbiall)
Direct filtration (il i )
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FLOCCULATION - DESIGN PARAMETERS

Sl ddes 8 avaall) Jal oo
Temperature dependant (BN A da o adiny)

10 to 20 minutes retention time (20 in cold)
Bkl al¥) A ARB Y 4 (99 ABBY (Y0 ) O ol S LASLY) (e

Gentle Agitation, Described by G Value (Velocity Gradient): G
values : 10 to 100s?

(G values : 10 to 100s7) 4ad o Talaic) o gl gugs

= G?=P/uV, where,

P = power input (N.m/s) (Adaal 3 a8l
V = volume of mixer (m3) (masall )

u = viscosity of water (kg.m/s2) (sladl 42 43))
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FLOCCULATION - KOPs & ISSUES
(S8 Abent Apalual) Sl eilii g Jal go)

Short — Circuiting (p® - 9l (1))
= Use Multiple Units in Series AMP2/3 - 2 Chambers in Series
sl o ddgy e lan g Bae Jlaxinid m
= Hydraulic Flocculators For Good Plug Flow
Al g s S m

Localised High Velocities = Shear (Adle 4338 0 A ju)
Localised Low Velocities = Settlement (4ikl 4138 » 4e )
Control (3 shksadl)

= Manual variable speed gearbox (gsx & wd) ssia (ug S (G giia)
= Problem with Hydraulic (Sl g gl Adsiall)

Particularly with High Turndown Ratio

BECHTEL WATER
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DESIGN EXAMPLE (el (L)

FOR MASS BALANCE ABOVE  (A&ludl Jal_sall ALigl) ¢y 3) 5i)
m Sketch the Flocculation Process with Dimensions
Aay) e Juisil) Adas Jabia o) m
= Calculate Theoretical Power Input
L Al PREYRYY 5l Glua m
= Estimate Actual Power Input (Mechanical)
(LSS ) A8at) A13)al) 5 ja8l) dad ZUitin) m
= Estimate Headloss (Hydraulic)
(LS g S LS Y B C)aadl) Ao Zliliu m
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CLARIFICATION-DESCRIPTION, FUNCTION, OPTIONS
W L) g Lgtdulh g clglua g — AR5 Agles

AlIM: Reduce the Solids Load (Where Necessary) to Filters
SO ) AdA Al Aulal) 3 gal) Jaa e Juli 2 Al

Mechanisms (lail))
= Gravity Settlement (Al o) 5 Ganen 5il))
= Flotation (i shail))
= Filtration (=4 Al)
Principle Types of Clarifier (wLiiadl 158 Jual)
= Sedimentation Tank (S i) G2l gal)
= Lamella Plates or Tubes (A8 1) iy o) g il

= Upflow Floc Blanket Clarifier (gstall ¢kl cid cidia))

= Solids Recirculation Clarifier (dalall ) gall slaal) LN <i)d ciliiall)
= Dissolved Air Flotation (DAF) (stall (2 el ¢ ggd) Jlaaiady Ciy ghail))
= Coarse Filtration () e A)

BECHTEL WATER
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HORIZONTAL SEDIMENTATION TANK

Ao G i) Cils) A

Simple (Biza )
Requires Up-Front Flocculator Up-front £ s ¢ Jise J) zliag

Moderate Supernatant Quality = Jixall g gil) G il
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LAMELLA CLARIFIER
4 1) mildial) <) Ciliall

- w o

Low Footprint (A8 daliwe)
Increased Mechanical Cost (Sl al) ddlS)) LB 300 ))

Requires Up-Front Flocculator (Up-Front g ¢r JiSa ) zliag)

Moderate Supernatant Quality Jaizall £ ¢il) ha gl )
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Lamella Clarifier
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UPFLOW FLOC BLANKET CLARIFIER
Upflow floc blanket g (il

Blanket gives Good Straining B dplualt aad cuSIY)
Excellent Supernatant Quality Jliaall £ o) Cra il I

Blanket Provides High C for Flocculation
Juisil) Alanl Aol Ao C b g3 caSidU)

Flow Variations Cause Problems  JSléa quaad ol ) dsas 8 il

Strong Sunlight Causes Thermal Currents
4 oA G LS o Ag g1 uadl) da)
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SOLIDS CONTACT CLARIFIER
Solid Contact £ Akl

Integral Flocculation dadlia JSl) diles
Particularly Good for Softening Omlil) dglas B Jaa Jlad
Very Poor with Weak Floc Adpal) Jicl) Alls A Jlad 2

Gaithersburg’s Favourite
Complicated Civils and Hydraulics — 8a8xa il g jaugdl g Aal) gLl

Moderate Supernatant Quality Jizall £ ¢il) ya gl )
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DISSOLVED AIR FLOTATION
slall & Cldal) o) ggd) A gy iy glail

Low Footprint (ALl dalowa)

Good for Light, Weak Floc (Al g 48l Jicl) Alla 8 Jlad)
Good for High Algae Loads (LSl el Jaal) s 8 3a)
Requires Up-Front Flocculator (Up-Front g (s JiSa zliad)
Good Supernatant Quality (L) £ sl Cra gl 1)

BECHTEL WATER



COARSE FILTRATION
. :ctx‘ G&Jﬂ‘

- w o

Low Footprint (A2 dalewa)
Poor Supernatant Quality () £ ol e il i)
Roughing Filter (Ca i)

= Complex Construction (Mra £y

= Integral Flocculation (Aaaia J4S5 Llas)
Adsorption Clarifier (JRaall Alal))

= Proprietary Design (USF)  (Jaall araaill)
= Requires Additional Flocculation (&bl Juiss ddas ) zliay)
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CLARIFICATION -DESIGN PARAMETERS
M\ ZQM M\ JAUG

Loading Rate

Sludge Solids

Jaaadl) Jara Concentration (%0)
(m*/ m?h) (Yo) Llual) ) 38
Simple Sedimentation 1-3 0.5 upwards
Lamella Sedimentation 5-15 0.5 upwards
Floc Blanket 1-4 0.1-0.5
Solids Recirc 1-4 0.1-0.5
DAF (Dissolved Air Flotation) 8-12 05-2
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CLARIFICATION - KOPs & ISSUES
ATy Alent pula) Jandill) geiliig Jal o

Flow Distribution (sLall G &)
Sludge Removal (O A) )
Coagulation Chemistry is Critical
(Ras it HA8T Al (b Aibiasl) cblolil)
Turndown

BECHTEL WATER ~ yﬂ



FILTRATION - DESCRIPTION, FUNCTION, OPTIONS
W L) g Lghdald g clghia g — gadi il Alas
Solids Removal (Galall 3 gall 431 31)

= Entrapment, Surface Adhesion - Depth Filtration
i Al Gae — Akl alaily) (Bavas) m

Biological Support (2 shldl as Al
= Slow sand & BAC (e Ja ) cilads ya)
Catalytic Bed (3 Shaall A3 b))

= Manganese Oxidation (Jxidial) s gf)
Rapid Gravity or Pressure Filters (faall g day yudl Apilad) clad )

Slow Sand Filters (Ahadd) Ja ) cilaldi ya)
Carbon Adsorbers (G5 &) iaw)

MF/UF Membranes (Entrapment Only)
(@M\ die ) da) g e Al
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FILTRATION - DESIGN PARAMETERS - SLOW SAND
gl Jal) il yal aranail) Jal g

= Fine Sand 0.1 to 0.3 mm [(0.1-0.3 mm) asli Jay ]
= Low Filtration Rates 1 - 5 m3/ m? DAY
(1-5m3/ m2DAY) J zadi il) Jira m
= Manual Cleaning After Sand Removal
Ei Al Ales 22y (5 gy AT
= Schmutzdecke

m Large Land Areas required  (buxS o2 dalua I zliay)
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FILTRATION -DESIGN PARAMETERS — RGF
dag pad) dadlal) QMJAMJAUS

m Coarse Sand 0.5 - 3.0mm [(0.5-3.0mm) a Jay]

= High Filtration Rates A i il Jare
Conventionally (i) 5to6 m3/ m?2h
Now (Al <ty 6to12md/ m2h
Future ((lsdiall) 10 to 30 m3/ m2 h?!
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FILTRATION - DESIGN PARAMETERS ~ACKWASH
ACKWASH o 3o asaal Jal o

Rapid Gravity (il &y 7l )
= Cleaning in Situ (P25 ulaid)
Backwash (rasSad) Juad) dales)
— Water only (sLally Jadd)

— Separate Air / Water (sletdaiia ¢l g2)
— Combined Air / Water (slet+d jida &) ga)
Automated (LSaila g3 of Jads )
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FILTRATION - DESIGN PARAMETERS —~ACKWASH
ACKWASH clai ja araal Jal oo

RGF Backwash (A ed) Andlal) cilad ol usal) Jual))
= Air Rates : 20-40m3/ m?h
Separate Air / Water (sletdaiia ¢l g2)
40 - 80 m3/ m?h
Combined Air / Water (slet+d jfidia ¢l s2)
= Water Rates : 10-30m3/m?h
Depends on I\/Iedia size & Type and whether combined Air / watel
Aliadia o) AS fdia A J& slall g ¢l 5gd) s Ales £ gig gl ana o sl
= Wastewater Produced Jaxiwal slall il od: 1 - 3% of throughput
= Solids Content 4l ey giaall:  0.01 - 0.05% (100 - 500mg / 1)

BECHTEL WATER
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FILTRATION - KOPs & ISSUES
s ) Alaad Apeilal) Juaeill) guilis g Jal g

Slow Start & Stop/ Flow Surges (Esaia Ol ya/ i g diday 4)y)
Ripening & Breakthrough (B AN g 7 saill)

= Filter to Waste (Fariusall slall gudi 5 dsles)

= Delayed/Slow Start (Aiay 4y Ao

= Turbidity Monitoring/ Particle Counting
Gl all (and/ 5 gSall 48) 4o m

Backwashing & Media Loss (Jae gl ())A88 g (uuSal) Jukdl)
Dry Bedding (Awa ) cdudad)
Control Mechanism (Al) 3 ol

= Constant Flow/ Constant Level (<yi gl ) /el ol a)
= Constant Flow/ Rising Head (ELEY) A Baly) /el ol ja)
= Declining Rate (Jiall A (alissf)

BECHTEL WATER
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DISINFECTION - DESCRIPTION, FUNCTION, PTIONS
W L) g Lgidadd g lghun g — el ) Aplas

AIM: Kill Pathogens (a1l J38 5 a alh)
Common Disinfectants (Slaxia) adlial) ajiail) )

= Chlorine (MOST COMMON) (g ASYY) sl

= Chloramine U518 O A giaa S pa 1(pal slSY)
= Chlorine Dioxide (Lsisd) Lus g)

= Ozone (C939Y)

= Ultraviolet Irridation (aaudisl) (3 68 Aad))

Limited Effect Against Cryptosporidium
Cryptosporidium 4asi 5l 4,3 gasa

BECHTEL WATER
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DISINFICTION -DESIGN PARAMETERS
asinil)) Aglaad aracatl) Jal g

¢ : Concentration of Active Disinfectant
Allad afer dlant Canalial) S sl
T : Contact Time (with Active Disinfectant) (Jiad asiai! (ulail) ()
cT Required Depends Upon : (s i cT)
= Number and Type of Organisms Present
5393 gall 4y ygaal) CillilSl) £ gl g 2 m

= % “Kill” Required (4 silaall asdatl) dyusl)
Typical Chlorine cT Values (CT J 4l saill daill)

NWW 5 to 20 (mg/l).min as HOCI
WHO 15 (mg/l).min as Cl, at pH < 8.0

SDWA Advisor CD Rom - Tables for Giardia vs. pH, Cl,
and Temp - T,
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DISINFICTION - KOPs & ISSUES
(asde ) Alaad dpila) Jaalil) il g Jal go)

Contact time: Allow for Short - Circuiting
b ) o)y ey 3 ulail) i g
= Baffling Required in Contact Tanks — (wbaill cilil & 3 4 gthaall ) sal
Concentration: Need to Understand Chlorine Chemistry : S
= Dissolution In Water : Cl, + H,O0 & HOCI + HCI
HOCI = Hypochlorous Acid - Active Disinfectant
= Dissociation of HOCI : HOCI & H +O0ClI"
OCIl = Hypochlorite ion
m Le Chatelier’s Principle :
Lowering pH Shifts Equilibrium to Left
Sheal) () 03058l Al ) e Jead pH Aagd Juli
Raising pH Shifts Equilibrium to Right
Spaal) (A GOl a3l o Jaad pH dagd 534
Summary : Disinfection is More Effective at Low pH
JB) dpdaalad) )3 dagd () oS0 Ladie JiS) Allad abetl) dulas s ASDIAY

BECHTEL WATER
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DISINFICTION - KOPs & ISSUES
(i) Asland Lpa) Sl il g Jal o)

Disinfection By-Products (DBPs) 5 i) Adau) g3 aiail)
= Trihalomethanes (THMs) o) (e gl
= Haloaceticacids (HAAS) KT DU, T
= Other Halo Organics S AY) Ay gas gled) 3 gall
= Bromate Cua gl

Residual Provision (siiall Aol
= Protection & Detection —aisl) g dlasl)

Residual Control el e b )

Taste & Odour Aai) ) g aakall

BECHTEL WATER



DESIGN EXAMPLE
M\ atia

For Mass Balance Above (Baleal) ALY 4 5 g3t
m Sketch the RGF Process with Dimensions
2o el A3l g ) Aglaad balalf an )l m
= Calculate Backwash Volume by the Following
;M\waﬂ\duﬂte;a%\ O
Obage aad) A
Wash-rate & Time  Jwadl gy Jara
Media Volume & No. of Rinses «iladdl &) pa 33c g o 1l ana
= For each Backwash Volume, b 4 JSI (uSal) Jual) aa

Calculate Dirty Washwater Suspended Solids
Judd) dlas b Alanional) Aidas pal) olpall B Adllad) dlal) 3) gal) AaS il

BECHTEL WATER




SLUDGE HANDLING & TREATMENT-DESCRIPTION,

FUNCTION, OPTIONS
W L8] g Ll g Ledaa g -ulal) dadlas dules
Maximise Resources/ Minimise of Disposal Costs
z bl AGIS (ra JulES / 3 ) gal) (e Ao sl
Clarify Returned Water / Consolidate Sludge Solids
daadal) dball ludaY) / A e dilad) slall
Backwash Water (Sad) Juad) olsa)

= Collect & Recycle (Baaall g draaiall)
= Thicken & Polish Supernatant (&, 48y cpaiil)

Clarifier Sludge (Adeail) i ga (lbal)
= Gravity Thicken (WRc Type Thickener)  (Auially cpaiil)
= Lagoon (Haal) 3 ad))

Thickened Sludge  (daiall Gk
Plate Press - Centrifuge - Drying Bed
Ciadal) ) al — (g 3 al) Akl — (LS JSE o ddaa) )

BECHTEL WATER
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SLUDGE HANDLING & TREATMENT -
DESIGN PARAMETERS - THICKENER

M\-M\&\ﬁ-&%‘i\@m$&m

WRc Type Continuous Gravity Thickeners (5_aiuall 4nilal) cilidlia)
m Typical Hydraulic load (235!t Sl goagd) Jaadl) =1.5 m3/m?2 h

= Typical Solids load (Galall 3 gal) Jan) = 4 kg/m2 h
= Typical Supernatant Solids (235l clal) il )= 10-20mg/I
= Typical Sludge Solids (Alall Glaby) =4-6 %

BECHTEL WATER ' !@



SLUDGE HANDLING & TREATMENT-KOPs & ISSUES
dacduy) Sl Ll g Jal ge — GlulaY) dallaa g dlalaa

Polymer Addition () sl 5ol AdLial)
Solids Concentration Control (dslall 3 gl 38 5 Ao 3 )
= Segregate Waste Streams  (Jeadl g (38280 cililia Juab)
= Or at Least, Segregate Polymer Dosing (< sed sl 4 o Jucd)

Crypto Recycle  (dudiall 3 gall 3alct)

Algal Growth/ By-products from Lagoons
Lagoons JI ¢x sl gl / (g Sl gall

BECHTEL WATER ' ,@



CARBON ADSORPTION -

DESCRIPTION, FUNCTION, OPTIONS
JLEAY) (Aduds gl ccia gl ga ST ) Fial

Removes Organics by Adsorption (315! ddacd g3 4y glaal) 3) gall 43) )
Carbon is Activated by Heating (Cpdadl) Adand) g &) 9o 0Sl) Jadily)
Fractures Carbon to Create a Microporous Structure
A gaall ) gall AN B8 Ly (BIAT (g S]] S
Large Surface Area (S Lahu daluw)
Either Regenerate or Dispose of When Saturated
2ia gy Ladis dda (alddl) aly gl sasaad Al ) Lal
Granular Activated Carbon (GAC) ) adidall ¢ g )
Used In Rapid Gravity Filters — 4a ) 4pdlal) 8 8 Saxticy
or Post - Filtration Adsorbers g il ddas < Jiaa — 5 yilia
Powdered Activated Carbon (PAC) hiia) ¢ g sl (5 saia
Dosed as Slurry CrbaS Al oy

Removed in Clarifier and Filters (s il s 48l ddes 3 J)5)

BECHTEL WATER
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CARBON ADSORPTION - DESIGN PARAMETERS
M\ Jalgs - gl ) il

GAC - Empty Bed Contact Time (EBCT)
Qﬁ)&\&dﬁje& Ale uladl) g ) -M‘M\ g sl
= EBCT from 5 minutes (Taste and Odour) (&l g askall) (3ilda o

20 minutes (Pesticides) (< aal)) 4280 ¥
PAC - Dose (mg/l) PAC Jlds
5 mg/l to 100 mg/I (5-100) mg/litter

Depends on Organic & Concentration
S g g gudand) ) gl o daia
— Algal Toxins & Some Pesticides High
4 68l) Culansall Glany g daledd) calladal)
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CARBON ADSORPTION - DESIGN PARAMETERS
Tola) S} il Jal g6 - (3 ga SN ) il

GAC (u.mﬂ\ BERAN| ume‘)
= Requires Backwash (Sl Juddl das ) zLiaYY)
= Regeneration Frequency - Duty & EBCT
Sl Al sga g ade die (ulaill (e g Al ol — yaail) Ales ) ST
= Reduce Regeneration Frequency with Ozone
G359Y) Jlaxiad pa ) s3l) Ales LIES
= Fines can Protect Bacteria from Disinfection
asail) (pa by S and ) ¢Sy Aiaaal) Glald) 380 m

PAC bidall ¢ g Sl G sauia
Wasteful gladall g Calil) cra S ) 354

= Useful for Seasonal Problems — 4sam gall JSLéal) 3 1da

BECHTEL WATER
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