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Types of slpdgg,:

Promoary s(u

groy , greasy., oc!orous slocey

mc!uécs t% +ank skimmings (scum)
salids cone. v 4 - 67,
VSS v 6O to 80 %

Waoete ochivated :,ludm - _active microbial praass
Cﬁuoﬂédfv e\uéqz) _ clarlc brown sospenston

inoffensive at Fursi’ con mpccl(v

7 become odoveus |
solids _cone w 6.5-15% ‘
VSS «~ 70 40 80 %0

eolde conc -~ 4 -59%
, V8S w45 -T0%%
Ahaer’;blmlly drgﬁskc‘ e!ucb}z, - dark beown,  Hhek slorry

Trcckhnq fltey %[uéﬁg. gmdav 4o waske @V@Lﬂiﬁz—f"ﬂ_ﬂ_’
Lhumus) _ {

emells hlte garden sail
V&S v 20-60%  (vsa is

conaumed oy d.léLQ‘I‘LO’n)

colids cone. 2 4o 429

robte 19 —  dovrle brown -

more difficult 4o pracess

than _anaerobically dtgzskd
sludge due 4o Flocculent

nature

calide cone v 4 -7%90

Q_w__ﬁwmumggmﬁa&;{_ﬂ@%g_—_@wﬁmy of wet mud

. +o G(nquy colid

solids cone 45 40 40 %, resp.

N B:osc.}hds - ?romgqe,d solids sutable for benefical vse

4
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Estumahon of %ohciwori B

W'.:rt W + W

sp 5§

W = ol day solids [Mm/T]
Wee = Y privadyy solids LMIT]
Wee = Yaw secmdak:} solds [Mmf7]

'WSFt {'66'&

ar
W

frachon of suspemded solids rewouved
n primary seHhing
£ v 0.4 40 0,0 - __use 0.5 for demeshe wastowater

, suspended solids conc. tn wastewader [M[2]
o= flow rate (13/T]

W
A
1]

3

K- BoD- @

K = Frochon of nfluent BOD +had beromaes
exce§s  bromags

K = 0% 40 0.5 (for 8/M = 0.0% t0 0.5 kqBOD )

_ _ KSMLVSS*J
. (see Fig 12.1 in \/%H) |

. %ludgg, processing typically entauls muthple sleps:

Influent— 3] th?‘ry J Aerahdn — SC:CW\AA_W L—a Eofluens
aag\m oty
l___'_____-__.____d
—
Retitn activalbed af
S wasle sludae
¥ =
- ,H/;\‘l - Thiclke '
Clding e ieieinin
e tanks/ 3

- , L; Sludge digestion ——a{ Pewortering ]!‘—’ Disposal

o Note: thickewiing may also occur afier bleudiag
pramary and secondary e(ud_‘a{a.
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Theory o{ 50(1&5 5epcxra.+\on (a?pltés jo Sec.wuda\rs_/ clavibher
and_sldae aravidy tHuckener)
g v 7 R v

hcis are dfbcult o S&Parak, ‘o
wastewatcr for mul-hoLe re0sons o
Mwﬁ_hcid;m_ﬁ[p_c._ﬂruobre.

Water s adaorbed onto parhicles

Water 18 contamed within individual cells

Prmary qlud%.o, has La.‘(g&jf parhcles and s easley
to sc,paxodrc

Brologueal sludae has fine collacdal paur:hcf.as) biclogica
m«i-tna( -Huuf' % mos'ﬂv Wa{-w flocs with
en*fvaoloe,d wotey  — d(-(‘-ﬁcu('f' -l-o se.mwcxle

SeH(mq baSWl at g-l-ca.d.y state
6] Co\léhciow)
r——)

“@‘*‘Qv—#v colids nicrfoce T clmvf:ca,%oh Zove

S 1 J

\ % UAD"L bloviket } Hrr(o'i.ewmg wone
B y
B Q,  (recycle)

Basin 16 idealized as COVLSIS'(’ng of hao zZowes

____clanfication zone — _ndcvidual po\r'ﬁ.c,(es seHle

% faom wau;kwakr IT‘,I?‘ i amd

S | tna )

Thickenfng zone - Abrupt Inwease n solids
concentrabion - Zone and

Compression S&H(W{S (Type > 1 4—)
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In dariheaton zone, solids_ave not in contact
Hatelbenin L olid contac:
ee(-ﬁmq requires compression of sohcls and
moahnﬁ m'('monad wa-(-c,r‘

With zome seHlng  setling vate 15 presumed 4o be a
Func/hén of _concentrahon only

Settling rafe s dekrmxy\.té by olaum o glucLaL
of conc ¢ n a amduar('zd cvhwj.ev avnd
-Hmma e vode at wmcu Hro hamds solids
M(‘f‘r-‘%ce Falls

P&SUHS are ploted as curve of solde £lux
vs. colide comc:

Solds flux =  Cv
(L= sohdg conc. ‘
V2 \/c(ocu"y of ntevfoce viocn‘l\l)

OV A
_— Selide /_\
Llox due // \ - Gravity Llog corve
to seling | / _

AN
/ S~
> ——
C At high C, settling < hmcier&c‘

: and P!usc 1S Smail
Maximum_where v i3 relatively onhundered
(and +hus high) aud ¢ s m(a:i'welv high
- A lowC, v i3 small since t 1s due o

?’VJO\ffLWLCVI‘I’ of Slnﬂl-& pavheles Cv « C
ﬁﬁ__ammgiud_d@vgg;ﬁw low C




In addihon +o_solids flux due to S&H’ll‘ha , Hheve

s alen o Flux due 4o siudae/ vvt'Hndrawaf ot

tank :ba-Hom

6Iud% witndvawal leads 4o dewnmword velocty

“U = ?..li
A
A = tonk surface area ft."] _
Qu = aludge withdrawal (“onderflow”) |B/T ]
1 = downward VG‘OCI‘I’Y due 1o s!uc&w w:—lf{adrawoul
[e/T]
Total solids Elux, & [M/LAT]
G = (v + Cu
&G j m Total flux J
LN
SO A L R T
/ g .
7
T !
C, C

Within dhickener C 15 a.uﬁ)allv dna.maivm

Aeom low £ above sludm. blanket 4o

Hmher C within S —

C wdl Hqua vary  along the t+otal £Flux curve

and & wnll be o _minimum, G.

) uulnﬁn
c=cC,
L4

This_(s_+the [imitivia flux _and & Hie maximum

Flux that can be mantained by clarifier -

-t B Sy
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thure. 8-26 Acomm M4 E CP&-’) shows

Extend - Hao horizontal live at G,

o the onderflow flux hne +o

\idpan’r[fy the corresponding value of Cy

At s&ac{yvsi—o&a (c;z+ Qu)Cip = QuCy = &GA

AZ area of tank

Define O = Q + Qu

assume_tank s operating (properly ) at G,

N Hhen A = QunCin %Lifcs minimom
,,,,, G, aurfnce area for
tank

. Note that @, 5o opcra—hﬁg parameter = 4o

,,,,, i hondle lorger  QuCyy  for given A, G, can be

J ;
raised by (ncreasing U and lower part of colds

Llox _cuvve (underé’,[ow) €lux

<

& Y ady G, 7

At some pot‘n{; dowin m tonk ¢ will have

increaSed ‘wm valve fom C;, to C

Maximum _floye Haraugh that level of Hoo
tank Ca.ssummg no change in Qu) 13 Gy

— Excess £luy will build P j' increading

~ -
- C, and moving elevahon of C, opwards

. Sludae blanked will +la[ckew (and overtop

g .
+ank 1F continved lOVLS MW3L>




Total flux

/]
l GV + Uy <——Underflow flux
'Q.SFL___ - -5 -"=-=- = 1 - - =-=-"T-"=-"=-"=-"="73 -”"~-""= === /(__ - = 7
= ! ! o
~ | U, | Limiting flux ey
= CiVi ' ! ClUp %
| | —
S | | >
= I I Q
/0] | | Il
—
1 .
Gravity flux F
GUy : : 7 VvV -
[ LVL
| |
| |
Cl CL Cu

Y

Solids Concentration, mg/L

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. 823.




cludge +hickenina -
: [ : ~

_ﬁ&m@xl_y_ +h‘¢okgw'm3 — see F;'ﬁnw, 2.0 From | N

Revinolds and Bichards on pPgd |

Mot _commaen Hmd:cnlna metrod o

E;cl;eiﬁ roke &(u%ﬁ, mmtl g_’..!P_C,LLD_A%L_Ld___—

nz(.easma wanM

A_ohua.bé slud?{g s Hhickened Rovn aboud 4% o 3% |

Pz.mqq’ secondary mixtuve from about 4% to 8%

Thickened s(udg& s witidrawn at botlom  clarifed

4ug>£rna.+o.n+ withd rawn at *ho? and retuyvned ‘

to the promavy Aar by -

Operahng critevion colds applied per unil bollom ayea
Prmary: 98 Kg/m*.day

-P_rimars’/ plug AST = 29 Kq/m dav/

Thickeners shovld vecover 40-95% of colids

Bottom sludge blanket o 1m deep - censures

cood sludge compachon (eguakes &, = 24 hrs )

Dissolved air flotnhon -  see Fig 13.10 & om \HH,, pq. o

Mﬁf__‘MQ'i' appi licoble to solids n buoyancy —

e.q. actiyatked ﬁ!udﬁg

 Ale s d ssolved info wastewater (vsall by only

6 fochon of Hao -Flcw\ unde r thh pressuwe

when wastewatey enters Hae tank, awv comaes

out_of _solohon, oflen with pachcles actig

A uelery

: - E - T - !
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Supernatant trough

Scraper—>

, :
: 6:@} a [ 3¢— Feed Sludge
X :

< &
e

Supernatant

<Rotation -

(A) PLAN

Figure by MIT OCW.

GRAVITY-TYPE SLUDGE THICKENER

!I! " Weir

|
= Ilrﬁ'et Well " =

Supernatant
<]

Pickets :@ O <— Feed Sludge

W

—> Thickened Sludge

Elevation

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. 631.



Schematic Diagram of a Dissolved-Air Flotation System

B r’ Effluent
Sludge Discharge Flotation Tank
[#)
=
<
M 7~
3
<
o
Y 5
_j E
Influent > 2
<—— Pressure Reducer Air Pressurizing Pump
Air-Dissoltion l Y,

Y
Tank '_u

Figure by MIT OCW.

Adpated from: Viessman, W., Jr., and M. J. Hammer. Water Supply and Pollution Control. 7th ed.
Upper Saddle River, NJ: Pearson Education, Inc., 2005, p. 678.



Air bubbles abtached 4o solids float 4o surface.

where solide ave skimmed off (nto overflow

wely

DAE is simply grovity sellling m reverse -

sante mechanisns, +hsory dpply

Thickened solids ave 240 67 solds

Taahnology 15 ot rammwmd&d &y

primary eludag or »ivmiclma Glker umus —

4
3mw+v +hlclcemwm 1s__rouch move effot Ne

Tvmm loaAMq S0 ka/m -hy ( lower

aréea, r‘cautrLW\LV\‘l' -i*haun mravv}\l Huck;mrs)

W cba(vw\.ers addcd as F(o-’rov{'wn md$

Golde removel = 40 o 98% wilh ?OIywars

Centyifugal Hmacemvi_c} (e MSE F—ig 4-12, pq i12)

6lud3,e s cen&a&g&d to concentrade solds

High energy and mamkmamc.e costs , used

on(y wlnen space s luited

Cﬂ(d\\;ljt\ll beld Hmdcev&mg (see pg I‘.’J)

6|U&%,L s treated with pely mer -Florﬁulam*s/.

+hen mnveye,d o continuous poraus

be(f
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Schematic Diagram of a Centrifuge Used for Sludge Thickening

Thickened Solids
Discharge Port
A -
Differential Speed Rotating Conveyor/Scroll Rotating Bowl
Gear Box | i T
£ ¢ A\ — A
' | Main Drive
Centrate Discharge / x\/
Port (adjustable) T vV V VU ‘LAL_-W \ T
Y
Feed Ports Feed Solids
M Cover Y
CerIrate Thickened Solids

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. 1469.
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éranry_ belt J'hlckf’Ml.Vlj (cow't)

Key aspect 15 a\clch-ho-v\ of pol ymer " Floccula'l\cm

wwl |

[Ste qu 4.8 Ao Watir Environwaaat Fe,d@ra-hom

2003, Was{cWa&Or Treatment Plant Pasuaw)

Cahrmtc. ] ok Floccolahion of sol J,s
Freesng of waker, which drains -Hmm'ua\n POYOLS
be’

Nanes a.md aw&s dLervnlpul—c uaLcuz Qacvross

oo belt at Hag stork awd Heew ‘plows
r—&vrn {Jr and redishribute (b alav\j Hao woy

_Fuwally, solids colleck some ok Ha end of

_belf ound roll baﬂl:waurc' ncreas ing

velevhon e and mmma , re,(.aLs\ngi

add( ’Hom al  water

Solids 9"10(C—M6. 4o He bell ave 5CYaPa£c§

off ond Hag bel‘f’ sproy washed on 'Hr\L

underside

woash wa,kr' s callected and re-brnl—d

back +o treatwent

Zyp;cal M Zolids ch:‘..Cqﬁ)
Snrd Final
Prwmrv S\ud@e = 2-5 - . 8&-l2
Gewndar}/ 0.4-1.5 )

£0-50 Prumary - Second. 1-2.% b-%

RS ey 'ué}if%v*m{vﬁk;&m& b i B e oA S sl it G TAme S ton Tm e e e oo swrwn b msma o o L 2 s o e gt o oa - o




GRAVITY BELT THICKENER SCHEMATIC

Belt washwater

Flocculation well Adjustable ramp

<— Thickened solids
hopper

Polymer

Thickened solids pump
Variable orifice Belt filtrate

inline mixer & washwater

Solids —>©—>D<]—

Polymer injection ring

Figure by MIT OCW.

Adapted from: WEF. "Wastewater Treatment Plant Design. Water Environment Federation."
Alexandria, Virginia, 2003.






