lecbore 1. - Elbahon

Frlhrahah 5. an. avxc.t,cwt" *&chua!o\?y {‘T:f ot@anwa warkr

sand ﬂﬂd_ﬂ!ﬂ@_\fﬂl_ Billers. used 0 Tndla . vo v e wn vt
. ___@?5___1-@-_{{‘1'__&1 oo BC
o _Rm-ms__dug cina.unc{s_ nexd 4o lo!:zi +o B
= sy s AR, m%u«fa«.l__.ﬁlk&'&p_u___.._.__.._._.__ R —
. _ Ftench bcgam CDmM-EYCLQLILuH‘S Alyahon
s _ _argund 1790 _ern smelM seale

l:-.l&o.hom Gor vaunicipal sopply ayskewms
. began (n_Englawd aud Scotlaud

® 0 amed ds0

N trs4 modwﬂ slow S%vxd -p_lH'\:a:L'tmd [
B W _syskw i London w1829
o goapd Alhabon began w US w e80s
________ ;rsf mumapm‘ pfan,-{ -wr-H‘.-Cc:o.ﬁu_La,-hoﬂ _,-_
S . ond Altrahdn lﬂ_Sp_mvw_[_':C___ NS
o R o 8B
Surfoce Watkr Treatment Roule 1989 -
N e regulahon l‘“ﬂqus_-ﬂ_ng widespyead.
£ £ _Fl[‘h’a.h_ﬁn_ 4hvuucw,‘:-_0’~.:_{' HISE- e s




Campanson ﬁcn‘“ -ﬁl&r n*:e.d(a_ m}‘f:r suspeiode;i'___s_edjmj _______ ~

F_.tl‘i"_('_‘.l" medtc‘-\ e s L
i s min  AeeOigl:  sosde W e, o TS 1 ¢ 1 5 e T e T e
s s Aj.lmd_t'g_______ o TSI BN QU TN v vy v oy ppsss

e Fesopa = — e S it st ——— e am— —— e =i e pee g o

In unn@:nﬂ meJ:lI.UW‘- of sphencal P&Y‘{'idﬂS

. _of dameter d, o _parhcle of diameler o0.5d

il pass_thro’

_peres._. . .. . .

oo %ad . B, Eolk £ 5217 L I
_Cryp-tospondtu_ .oJ:ac.y‘sffs I - S
Bactero s s G M e waw SRR —_5_ e g
Virvses . . . . o.006-.001
- Floc. po.r-l:ctes - .. 100 -2000 -
g B Vietble pavhicle waZDEO\crsmn)__ SEPES T ARAD T, ;
. Giarde B A2 pm
Eﬁgincere_cf Glier media_ ofrain. par-hc.u_s
no smaller than 320 o 80 um 5 owE A
) o o de;lendlb;_\ﬁ on meda type .




Types of granular media

Slow sand filbers: _  oldeel form . of fliers

- fine sand oaded atd low rates  0.06-0.2 -3—

fr_ea-affgc_n; by__pby;JC_G\J__E‘J'I’_;m\ﬂj and
~_biologtcal ._d.egmiait_an_,_ o

s e T e R SR PRy S Y b X o
schmufzdecke
— — e e P fe et o

schwmolzdecke 1. 5 2. - e sand “[a-s, fe
-

layer of orqavic_ . ___ SR g -
H z 2 row
materiel and microbilota 5?._80 o B s ".1 (FO'
';'p-uppov# an!T

clean by sc,mp‘m_s top_layer _every few
weebks_or months

stmple operahon | o chemucals

veed .r.’oref?' Q—m.....mg_ut_cj_pgizﬁ_ﬁgfa_p[at_ﬂ{& -
50 slow aand systevns oot of
50,000 woler systems n U.S,
Usually vsed for small systems
wheve sumple ope_rq:f'\_am 'S
sdvantageous

Row water bur btcln-f\f must be < 50 NTU
{vswally <10 in prachie )
_MTu" .: hephe{dmcj‘.’f(‘ﬁ h;rl:gu.ah}y unct -

Lakes 1-20 NTO
 Ruvevs 10 - >»4000 HNTU

[Eeail.m-re.::I for Avished waler = 0.2 NTO s o om s
Most systems strive for = <O.4 NTQ (non def.‘:et‘-ltﬁ_-bfe-) :




Fillder performance measured by...;&‘ﬁufm_‘l‘ i'_urblal\'l'y }

_-. ;--_r‘-’:?';'iy_ -maa-:;uu,mx_wl'

Torbod: er M-Pcr o

Turbidimeter

Measure of relodive olanly of woder ,
- wduades e prewenct of dispersed. _f;ys'pwded solds

ke  etld clay al«jae pILC(O OYgan(Sms QYﬁahlc mater

Not a divecl yweasure of 7SS  but of intcrachon
betwezn Lght and '-Iu‘:'-pcu\dcc‘ parfieles in water

Turb[ét'('\/ WW.C\.SUY'CVMW’{ " Gca.H'Q’Cd |tfj"\‘i' detector

/q\ TranSMMocl It5h+
Lam p ﬁﬁ,.___;,. R 'Dz_{—achor |

Lens ] .;QMPLQ_

Botrle S . ' :
Compartson of -’—mHevaA an 'f-ra.mcth&a(_,th
done by ,,hc.pl‘!c(,omc-{‘cr, CQr N[bﬁ”"_‘ﬁ*‘_‘é")_. __

- ncphc,] - Fowm Greek wovd for c(ouiy

Turblclr}\/ re,Por{-c-d w NTU ,wc\;{aebwc{‘(é_h.er(c_luJy__u;\_l}s_,,_

(called ENU Fofma‘b;m hep[mfome,ht‘o onits
ovtside US)

Inds-hrumn*' 1‘5 ,CMlBVG‘EC‘ Wﬂ‘H’I Juspcnision s _o,[ Form,G\Ll‘m
polyme'r’




2apid Altvokon o S

N Much more common n U.S. Reploced slow
sond Alters n 2+h cevtury

Moceh thhcr loadl;"lﬁ rotes Hhan slow sand
Alteys. . =~ » 400 X typically 5-15 mihr

Media are COArSEv oY e uﬂl-%rm _t'_o(&nmuﬂ—_l.{;[c,)

Removal 15 nol by phy%lé‘&! strainung on
surface a9 primary mechantem

Concephually , copid fltrahon s ke
. sedunentahon | | -

_Particles need pre -treatwend with a
coagu\mm{ +o destabilize electrical

:..harrgjg
Destobilired particles adhere ‘m-ﬁrmm's,
i Alier mediom and are removed

Depth Altration = removal through c,mhré
depth of bed occurs  (bed depth 2-6 )

Torbidity of outflow chameras with 4+ime
Head loas n Rlker 1nereases with time os atevr
elogs and 3.:.*%- lowey H\Idra,uhé c,or"_lduc‘ll"lb"r"l\f



Tu?b:dt.'{"r

$

Ripering - Effective Aliering | ayegk

! {5-120 min
i

| ey
o A _/_ S

<O ANTO

- 't/ﬁ_\‘-\_

it T L SIS L S T S e o oo - wkms L

~ Heod loss ) -

e . Alfer rvn

T e i el 2 "__--F--ﬁ- — -
- - -

- e By oo s

CLesser of 4y oor £y ndicakes +me fo end the

At end of Alker ron, Alke s "backwashed”

- Strong flow sept
mabd;?..tng groums, .
megdivm

bcu:-& _-ng_‘ I _pgt_ot_-a%__medluliﬂ,
and _w_o:‘;la'mq solide off of




: 61_n_3|e e gt

dua.i _mea:hm

| Ropid Fliers moy be:

| See photo pg B
 {osvally sand). _

Cusu&?ly scwtd aund a,w“waci;ﬁg i _

S - o B ____An+_h_tmLJ}_¢_ hard coa‘)
peleswed @, . _waud, walbvacile. . 5_;;.”@ _
o L . ._Aimende _ﬂrmulau' achvoted ca.vboﬂ_ o
P o - o LNy e e mma . ]
_ Granvlar maa‘-.c; 41:\:3 -. '_‘-:_lé\{_c,dr__omc; ‘N’;k_‘;!f\;c:l I—o -----
. make 4o mere ondorm 5::mn_&l'z.€_ ch_'é‘{'_\:Lbuhoh B
- fsees dhork, n9) [ .
@  Meosored by Ombormily CocFRcent UC = S
A
_ EfRchive size S E6 d—m——— __.gr_mn_-ane diameder
ot which {070 of Hm: rm:dta. by wﬂ&h“' _ave Smaller
- Cl'ﬂo\r# an PS IC-' .fanh_owét_propgr_hzs -op _x‘rt;ch_o_.__ __ B __ o
N Other flkys:
Prassure Alkers - similar 4o mp:ld Q.(kr) bot in
.. __ . .tlosed vesse| wunder high pressure o
s e ....Pre.L:.OC.tJF.- Alters - d\drﬁ:@ma_;eo_u":’;. _.;:_cu:r”-u _’33""‘:&3 ;‘5 -
L _cake on o Alkr acrcen ox
S - perovs plate . B
. N o o _-.c;oﬂ'f’rn;US &cd G'{ d}{-vmaoacvs _
. eaytHa renews Aler surfuce, .
: _Prem;nwls__c«!o_‘gjm_g_ o




Please see Figure 11-4 in MWH, J. C. Crittenden, R. R. Trussell, D. W. Hand, K.
J. Howe, and G. Tchobanoglous, 2005. Water Treatment: Principles and Design,
Second Edition. John Wiley & Sons, Hoboken, New Jersey.



Size Distribution of Typical Naturally Occurring and Processed Filter Sand
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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. 881.
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Typical properties of filter media used in rapid filters*

PROPERTY UNIT GARNET LLMENITE SAND ANTHRACITE GAC
Effective Size, ES mm 02-04 02-04 04-0.8 0.8-2.0 0.8-2.0
Uniformity Coefficient
Ur(‘:l ormity LOSHICIEnL 1 ue 13-1.7 13-1.7 13-1.7 13-1.7 13-2.4
Density, pp omL | 3.6-42 45-50 2.65 14-18 13-17
P it Not
orosity, & % 45 - 58 Not available 40 - 43 47-52 available
Hardness Moh 6.5-7.5 5.6 7 2-3 Low

* = Not Available

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. 882.
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DEVELOPMENT OF NEGATIVE PRESSURE IN THE RAPID GRAVITY FILTER

Head Curve - No Flow

% WATER
[}
&
=
kS
2 MEDIA
.
(O]
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Depth Over Clean Sand with Time

which Negative

Pressure Occurs . Head Curves - as Filter

" Becomes Dirty

Head Curve -
Clean Filter

Y

—_ D

i Section through filter
Pressure at Bottom of Media (m of water)

Lines 1 to 5 represent the changes in pressure through the filter as the media becomes blinded.
Line 5 results in the development of negative pressures within the media.

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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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. 912.
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Comparison of Theoretical Model and Experimental Data
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Figure by MIT OCW.
Adapted from: Yao, K.-M., M. T. Habibian, and C. R. O'Melia. "Water and Waste Water Filtration: Concepts
and Applications." Environmental Science & Technology 5, no. 11 (November 1971): 1105-1112.
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Figure by MIT OCW.

Adapted from: O'Melia, C. R., and J. Y. Shin. Removal of particles using dual media filtration: modeling
and experimental studies." Water Science and Technology: Water Supply 1, no. 4, (2001): 73-79.
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Cross Section of a Granular- Media Gravity Filter

Wash Trough

Graded Gravel

Filter Media

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.




Source: JSIM, 2001. Database on Japanese Advanced Environmental Equipment, The Underdrain
System for Rapid Filter and GAC Adsorption Filter. Japan Society of Industrial Machinery
Manufacturers. http://nett21.gec.jp/JSIM_DATA/WATER/WATER_6/html/Doc_307.html. Accessed February 21, 2005.

Typical Pipe Lateral Underdrain Installation

‘Wash Trough

Waste Gullet

Source: F.B. Leopold Company, 2003. Filtration, The Process, Underdrain Types.
http://www.fbleopold.com/water/filtration/underdrain.htm. Accessed February 21, 2005.

Source: F.B. Leopold Company, 2003. Filtration, The Process, Underdrain Types.
Figures by MIT OCW http://www.fbleopold.com/water/filtration/underdrain.htm. Accessed February 21, 2005.
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