Lectove & - Sedimentation and flocculahon

Lecture ramines ti -I:mvapowé (amci Spccnc(cMI?l +he downward

soHllhﬁ) of pavhcles v water. It further looks at floceolaton
as a process fo enhance setling
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treatment ) but pav-l’lc(«cs ave also flm?or—l’o‘vx-@ v o
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Key parameter is sefiling velocity - dedtermines how
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Determune %cHlmg voloc'('h// Vs, $for sphevical par*\’c(z

based on Lree balance :
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w - weight of parhicle
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see chart of Cp vs. Re on page 4

| pmoree for dhavt: geynolds, TD. and P A Richards, 1446.
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Figure by MIT OCW.

Adapted from: Reynolds, T. D., and P. A. Richards. Unit Operations and Processes in Environmental

Engineering. 2nd ed. Boston, MA: PWS Publishing Company, 1996.
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Zones of a rectangular, horizontal, continuous-flow sedimentation basin.
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Reduced tank depth does not increase removal ratio.
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Tray in tank provides added floor area & increases solids removal

Figure by MIT OCW.

Adapted from: Camp, T. R. "Studies of Sedimentation Basin Design." Sewage and Industrial Wastes
25, no. 1 (1953): 1-12.
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EFFECT OF PARTICLE AGGLOMERATION ON SETTLING

Settling Zone

Figure by MIT OCW.

Adapted from: Camp, T. R. "Studies of Sedimentation Basin Design." Sewage and Industrial Wastes
25, no. 1 (1953): 1-12.

EFFECT OF TURBULENT DIFFUSION ON SETTLING

Figure by MIT OCW.

Adapted from: Camp, T. R. "Studies of Sedimentation Basin Design." Sewage and Industrial Wastes
25, no. 1 (1953): 1-12.
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Apparatus For Quiescent Settling Analyses

<«—— Siphon
y
1 -
h2 ‘«<—— Cock
Portion for
Y 2 - concentration test

O

Constant Temperature water bath

4 .
< Sample of
suspension
4 5 1
=X Sludge

Figure by MIT OCW. Adapted from Camp, T. R., 1946. Sedimentation and the
design of settling tanks. Transactions ASCE. Vol. 111, Pg. 895-936.



Chris Johnson
Text Box
Figure by MIT OCW.  Adapted from Camp, T. R., 1946. Sedimentation and the design of settling tanks. Transactions ASCE. Vol. 111,  Pg. 895-936. 


Sampling Ports
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— ,{; 150 mm

DEPTH —— >

Isopercent Removal Curves
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Ahy
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] ] ]
7
t) ty ty ty ts
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Figure by MIT OCW.

Adapted from: G. Tchobanoglous, F. L. Burton, and H. D. Stensel. Wastewater Engineering:
Treatment and Reuse. 4th ed. Metcalf & Eddy Inc., New York, NY: McGraw-Hill, 2003, p. 369.
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Called compression seftling or Type IV saHlmg

Type IV_setlling (s called compressiom sc:H(Mj

Wadey gds gclrucz:LCA aut of Slucléz

See

summary of types of sefing m figure on pg 14




~3000

Water displaced from pores as
particles settle and compress ?

2 900 o?O?
. oo ogo °§°°°° %) Particles compact

as settling proceeds
Qo

Type 4 Compression settling

(5 Y o
o o . ebog 0% @
%D ~1000 |— ?Ti goo %d’ %o° o Large number of
o ? particles from blanket
2 7 7 y ? 9 that overtakes other
§ e $ T 3 T particles
-
3 Py S A
£ \ A \4
@) Type 3 Hindered or zone settling _
(]
S ~200
;% Particles settling without influencing Differential Flow

other particles Paths T

P9l ?? s
3?9? T 2

Flocculant particles

Type 1 Discrete particle settling Type 2 Flocculant Settling

Discrete Particle Morphology Flocculant

Relationship between settling type, concentration, and flocculent nature of particles.

Figure by MIT OCW.

Adapted from: MWH, J. C. Crittenden, R. R. Trussell, D. W. Hand, K. J. Howe, and G. Tchobanoglous.
Water Treatment: Principles and Design. 2nd ed. Hoboken, NJ: John Wiley & Sons, 2005, p. 781.




Chotce  of wao«u(awirs

(s +\/ \ca,(Ly site somt-ﬁc anc
deder muned by

Jar tesds Wit dllevent addi Flves

Possthble addibives -

Auminum sulfoke  (alum) forms Al (oH), Flocs

fevrous sulfede

Eevric salfs eq fevrie chloede

Palx/wrs - wwunv praprietavy D’f‘adu('/‘-s

Chole dz.oe,wis on local cost gud L‘F‘FLCC{C\I

Some. metal calts wmay be m«eo_f'oe,ﬂswdv

availably ag m clus-f—rm,l b\/ D\faduc'l' ‘




Typ(c:cu( clee(ﬁhs

TR
Woter treotment (vH,p314) 7-4 hr
Wastewater (MAE)
Grit chambex (p %%> 01% - 1.5
Pr\W\(Mr\/ clar fecs q) %ﬁ%) Vo -2.5
Primary with AS reburn (p398)  15-2.5
cecondary clavihers (p 687) 2-%

(Ryu #18)

Recto ngolar +onks — vsuall

73/

overdlow rate

20-46 m'b/ m3-d

w O

20 - 50
24 - %2
b -28

hove chatn -drive scrapers

to bring slu ge 4o withdrowal

')‘foug\n wn +onk boHom

Tpically 3 m deep for water Hreatwrendt

see lustvorhon pg 2+

(from Reyroldsd Richard, pg 24—‘{)

Cirevlor fanks -

n€low at center, cutflow alon

permmeter welr or radial collechon

'i'rau‘shs ,

cireular rake arm Yo rake s\udgg
Yo cenker (water freatment) or

with suction pipes [was-‘-&\:\/akv)

See dlushothons, pg. 26-27

D@PHns Usc/odly 2 m or more



RECTANGULAR SETTLING TANK

Sludge hoppers Drive motor

Effluent troughs

| . Effluent
i ] -%_}

Skimmer
—— =g
Scraper board: Chains
i -&é B
fi [Ip<— Scum Seum <«— o= jl‘— Scum box

@ Plan

K Drive Skimmer

] —| \WALS !
Influent—y (] = e \| ) \ \IE;G Effluent
Sprockets Chains
Scraper board

0 il i

I Sludge hoppers
Sludge
Drawoff

Longitudinal Section

Figure by MIT OCW.

Adapted from: Reynolds, T. D., and P. A. Richards. Unit Operations and Processes in Environmental
Engineering. 2nd ed. Boston, MA: PWS Publishing Company, 1996, p. 249. ISBN: 0534948847.

éé%’ra( hydeavlé charackrishes i
Settling ok

Lese shovt circuk vlj

levg  narrew




Clarifier

Effluent pipe

—

Effluent |
channel

Corner
blade

Walk way —|

Wei
e Cage Blade

Sludge pocket

Chain

Corner blade

—— Blades

Rake arm

Baffle

===

Influent

e e N

channel

Influent pipe

Flash mixer
Chamber

:>Paddle

T

]

Stuffing box /ﬁﬁ%
N4

Sprocket [ L—Chain
Dry well Gear
motor
PLAN
Handrail
Diffuser Top of tank
Turntable
Water level S P >
Concrete pier Cage Rake arm \ /Q C\ /” \ / /‘ﬂ
———— > <~— Flow
>\ Baffle .
Sludge discharge pipe - . Influent pipe
Flocculator & square sedimentation tank for water clarification, illustrating ceoss-flowoperation.
Figure by MIT OCW.
Adapted from: Droste, R. L. Theory and Practice of Water and Wastewater Treatment.
Hoboken, NJ: John Wiley & Sons, 1997.
less expenswve s side walls can be shaved
Cieculay slu‘d%e collectors are raiaﬁve_%vcubta free
bt corner sweeps ave preblemahic
Move weir imﬂ{—l}n W covners leads 4o ncm—um(évm
MWH &IT

vodid How - Sf\/cigz wllecds W corneys




Effluent
N Flume
1

N |

N |

Collection Trough A

Scraper Arm

Rotation

Flocculation Skirt

=
0
| | Water level
| E i Collection trough
Effluent flume ! with submerged

orifaces

Settling zone Settling zone

Inlet port

Flocculator-clarifier provides mixing, flocculation, & sedimentation in a compartmented concentric circular tank.

Figure by MIT OCW.
Adapted from: Droste, R. L. Theory and Practice of Water and Wastewater Treatment. Hoboken, NJ: John Wiley & Sons, 1997.

Lower capitad cost Hhan re,cfmgvlav tank
Civeutar sluclgz sweep 1s relatively trouble free
MwWH &I



Drive motor

Sight well Return sludge ports
Skimmer
Slip tube
Riser tube
\/ Water level — =7
Influent weh / . =
= Suction pipes 3,
Influent port 2
. P 1 |l m| = AN §
! ey Q
N F 3
: m 2
- o N I = ——_=
= T r‘—r\ﬂ
l V Shaped scraper
Waste water influent

Return

SLUDGE OUTLET

Final clarifier designed for use with activated-sludge processes. Return sludge is withdrawn through suction (uptake) pipes located along the collector arm for rapid return
to the aeration tank. Sludge flowing from each pipe can be observed in the sight well.

Figure by MIT OCW.

Adapted from: Droste, R. L. Theory and Practice of Water and Wastewater Treatment.
Hoboken, NJ: John Wiley & Sons, 1997.

Koke< slud%e o suchon plpés
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carlier analysis of discrete Poﬂ:ccte cseH((ma slhows +hat
o ohallow tankt would be move effictent” i sething

pavt cles

Pot usuall\/, socinmzmjra,"'ignvl tanks ave about 2 m
decp o move — Wlf'\/'-7

Answers : to toke aévaw—@ag,a of €loc formahon
shallow +anks can be more wé\l\/
dlsw\al-cd by turbulence

need S ponce bo accomulate q(ud%,n.

A shalow" depth design s the mclined plade separotor -
see ustrahon Py 29
(from Droste Py %Ob)

Amd\/s((s of reackors showed a Ions re,c-(-anﬂulqr ‘ank
15 pettey than o areuwlar 4ank - =0 wl’\\/ So Mmany
circlar tanks ?

Answers : less expemsive construchon
s(uiﬁa collechown 1S tasier



LAMELLA CLARIFIER

Y

Figure by MIT OCW.

Adapted from: Binnie, C., M. Kimber, and G. Smethurst. Basic Water Treatment. 3rd ed.
Cambridge, UK: Royal Society of Chemistry, 2002.
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M IXihg

M"xt\ng couUuses Paw’nc(fs o collide 6o +hey can c,‘kot‘

together deﬁu(m) ond form gud gvow,«c(ocs

Maxmg for coajuia/%o{/) T VlﬁGY‘OUS — couses lols of
collistons *+o gel parheles to coslesce

Mixwng for flocculahon (s gentle: Shrowg enough 4o
cavse collsions  but nal co shong +o break up

iay%c fLlocs

Mixing waker 4 wostewoler Wealvant s hrbulent

Torbulence goes “f\rcmsk +urbulence cascade :

| Stiveing cglablishes lavge - scale mohom (eddwes)

¢
i

C_}t’ 3 ’ AV\L$O+’(OPL¢ ‘ " Tnerhadl - Viscous
_ turbulence Subrange sularangz,,,,
= e
VT E e
Y L D00 dlvl
o Dissipahov
Big edds Hranspodt o viscostty

mammenJm +0
smallev eddugs

SUMMQT\/,, b\/ L.F. Richardson

[

B wherls have WHle wharls
Which fed on thewr veloctdy
Litle whorle have smaller wharle
And S0 0n o viscostdy

Rale of eneray dissipahon dictales velouty 3mcicem* = C"’)
In frn, nomber of collisiovs 15 propovhonad 4o
ve,(o¢(‘§y Sro»d,ch\'P
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”COYE%VLACVM{:\U\A eleynent sube.chr{o sleon fovee T

*
which causes veloetdy 8rouiu€M+
,\/+A\/
F = Ty AXAY = éi AX &
orce = X)’ \/ /LA d-E Y
/L I by definihon of
force per uontd area Newronwan £lud

M = d\/vmw\(c Vtscos(Jty of weter [E‘f]

m’)-

[\l

Power Force ¥ \/C‘O(‘LI l?y

Fowevr per unit volume 1=

' vV dv
e [paheey] [ T
~ s by 2 — e ey st

av 2 2
= /V‘( a= = mG
o > |
o, G( - _;___ CO\mP'S“'Q\Y\
SN

G =  Rool-mean-squave \/e(cchy 3raé(ém4 caused
by m\;m'v\a !;i/sj!

P =  Power of mixing input to reactor [N;sin}

£
iY

Volume of vessel Emz:!‘



Number of parhicle collistons s proporhonal +o 6T,
T = hydvaulic residevice Hime
— Des&gq/\ PQYOY?\C‘!LV‘S ~£6r W\{Klnj < & \and Tg

Jar kests determine optimum G and Tp for
Spechqc coagufa\/\’?s n specthc water or wostewadter

Different  *Hypes of mikers mpart eneray in diffeyent

ways | power s capbuved by diffevemt empiricad
or semi-empirical formulas. (sce text)

Rodhod - Llow m\xe‘rs .

Flat —]
padd les

Axioh= Clon mixers

i
r,ﬂ‘"““""‘"""‘"""‘-ma..._‘...q_. :

Some mf\pelie\fs cavse vovhoes whicl can bveg¥.
up floc

Boffles are sometimes Vo\»::‘ic}éd 1a j_qv,\tg o rcduc,e e
vorhices ond votohonal FLlow
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Example of poww,,,e.a\ua,'!ﬂém: R
. mddle floccolators  (pg. 24)

P= Cophpp Va.
2

d\fo\g..,vcoe,{z Lor poddle

areo of paddle projected "
_dwechor_ of movement
Je demsﬂf\/ of waoder

Ve,\ocd-\/ o«ppo.dcﬂe relochve o woden |
~ 7o to 80% of poddle epeed

Cp = A2 kLY for Iemg{'htwtcu’h oacr,k’l Yo 20

Other mixing devices
Chemcal mJec-'EG;n nto  cenler of QO\NUAS p;pe,
(pumped Flash rmxmg)

Stathe mixers  (in-line vevus n pipe v couse mnlwg)

,Ba@é(u;\ﬁ V\h Fl—amk ”

Preomahe agitators (bubblers)








