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WasteWater Engineering Biological Treatment

Why biological treatment ¢
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Types of biological actions:
1- Aerobic action (Oxidation):
2o Jeles 5 oW1 (3 Sl oY o Ol s (3 835l 3 Uﬁ&wu\kuw@ in 3
«»twww oy o) 3 21 Ay 51
@@Jﬁu\i\\wﬁ%ﬁmwyw%u ol 5‘%{@))& Jeled) Mo‘@"ﬁy
ade Ll o) (Al ta’cﬂ\) Sl oy
organic matter + 0, (aerobic bacteria)

— stable matter | +C0, + H,0 + new cells

2- Anaerobic action
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organic matter(aerobic bacteria)
— stable matter { +CH, T +H,S T +NH; T +H,0 + new cells

BOD & COD
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Biological Oxygen Demand(BOD):
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Chemical Oxygen Demand(COD):
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Types of Biological treatment:

1- Treatment methods:

W gkl ol Jesdy Al ol (2 AV el e o dirglad) Ll e 5

1- Trickling filters bl sl
2- Activated sludge tanks Ao zdl) sl 2
3- Extended aeration tanks dslal) &) o s|

s gkl sl t\jJ\ ey A3 s
2- Sedimentation:

1- Final Sedimentation tanks Sl il ols!

2- Oxidation or Stabilization ponds 5SS O\ st
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Trickling Filters
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Biological Action on filter media:
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Types of Trickling Filters:
1- Low rate type called Standard Rate Trickling Filter (S.R.T.F)
2- High rate type called High Rate Trickling Filter (H.R.T.F)
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1- Standard Rate Trickling Filter (S.R.T.F)
Consists of :
1- Dosing chamber:
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2- S.R.T.F
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3- Final Sedimentation Tank
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Note:

3 L iz o 2o BODRgyy  goed ddlall dlad 3sls (25 &y piadll slsdll e 5875 o (5558 2l oloo
"\S\ J“{Jd\ Aeind bl BODprimary tretment éU\ Jf,ijj\ jS.’.j ( % 30 g_;\j>) ‘\:’\-\»J\/\ 4\;-\41.\ J\;«\
BODginar &3 3 Cfuﬁ ) ddlao s 4.3\,.1:{5\ ad-ladl)

BODRaw - BODprimary tretment - BODfinal

BODyrimary tretment = (100 —30) % BODgqy, = 0.7 BODgg,, (if not given)

Combined ef ficency
Efficency through biological treatment

BOD.,,,; — BOD¢;
E = primary tretment final x 100

BODprimary tretment

Over all efficency

Efficency through all treatment
. BODgaw — BODfinal

BODgq

x 100
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Rotating arms

Dosing tank

SN e Flltermedm(GraveI)
Air feeding pipell b s
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Under draing system

Rotating arms

RN
/ Rotation directiion

Trickling filter Details
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Design Data:
for S.R.T.F:

. . 100
* Combined ef ficiency = CE = TT00085 JEE T
L allowable organic load = 70: 200 gm BOD /m3 media/day

* Total Organic Load =T.0.L = Qq x BODprimary tr. gm/day

T.0.L T
*+ volume of media tank = — (m?) = n.Z.<p2. d
* Hydraulic Load = .S?_jl = (1:3) m3/m?/d

n>2 & @ <35m & d=2:3m
Examplel

for AW.W.T.P of daily flow 20,000 m3 with raw BOD = 500 ppm
and final BOD = 50 ppm Design S.R.T.F units

.Qn]nh'nn

Assume primary treatment ef ficiency = 30 %
BODprimary tretment — (100 - 30) % BODpgg4y = 0.7 BODpgy,

= .7x500 = 350 ppm

CE — BODprimary tretment BODfinal x 100 = M x 100 = 85.71 9%,
BODprimary tretment 350
100

CE =85.71 - L =140 gm BOD /m3 media/day

© 140.0085+2.75L

T.0.L = Qg x BODprimary tr. = 20,000 x 350 = 7x10° gm/day
. T.OL _7x10° 3
volume of media tank = T e 50,000 m

Assume d=3 m - S.A=16667 m?

s
Assume @ =35m - n.Z.g02=16,667 - n=18

Check
Q4 20,000

S.A 18.7. 352

Hydraulic Load = = 1.15< 3 safe
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High Rate Trickling Filter
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Recirculation Ratio (R):
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R=&=O.75:4.5
d
Recirculation factor (F) :
~ 1+4+R
~ (1+0.1R)2
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WasteWater Engineering Biological Treatment

Design Data:
for H.R.T.F:

* Combined ef ficiency = CE = 109

1+0.0085 /2.75%

L allowable organic load = 400: 2000 gm BOD /m3 media/day
* Total Organic Load
T.0.L= Qgux BODprimary tr.t QrX BODfinal

Qa X BODprimary tr. + (RxQp) x BODfinai

x+ Hydraulic Load = SQ_il = (10:30) m3/m?/d
. T.0.L e
* volume of media tank = — (m?) = n.Z.<p2. d

n=2 & ¢ <35m & d=09:15m

Comparison between S.R.T.F and H.R.T.F

Character SR.T.F H.R.T.F
Hydraulic load (m’/m®/d) 1:3 10 : 30
Organic Load (gm/m’ media/d) 70 : 200 400 : 2000
Depth (m) 2:3 09:1.5
Recirculation none R=0.75: 4.5
Power requirements none 2:10 HP / 1000 m?
Operation simple Need some skill
Dosing 4 571l Sl > Intermittent CLM continuous
Flies &\ 2| many few

Page 10
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for final sedimentation tank:
Loz 3 ) pliy A3l AL (3 Sl sl lis Jie ey ol 2 Gl sl ol
ol ddlas
Design Data:
Q = Qq if after S.R.T.F
Q=0Q4+0Qr=0Qs+R.Q; =(1+R)Qq4 if after H.R.T.F
* D.T=15:25hr
*  S.L.R =30:40 m3/m?/d
x  H.LW <200 m3/m//d
* v, <03 m/min
* n=2 & <35m & d=2:4m

Example 2

for AW.W.T.P of daily flow 30,000 m3 with raw BOD = 300 ppm
and over all ef ficiency = 85 % with organic load = 1000 gm/m3/d
Design H.R.T.F units

Solution

Assume primary treatment ef ficiency = 30 %
BODprimary tretment — (100 - 30) % BODRaW = 0.7 BODRaW

=.7x 300 = 210 ppm

BODRaW - BODfinal

0 [l Cl = 100

ver all ef ficiency BODnr X

300 — BODy;
85 = B S 100 - BODjipg = 45 gm/m3/d
CE = BODprimary tretment — BODfinal x 100 = 210 — 45 x 100 = 78.57 %
BODprimary tretment 210
100 L
CE = =7857 —» —==3744,L=1000->F = 2.67

L F
1+ 0.0085 [2.75 T

Page 1 1
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o 1+R
~ (1+0.1R)?
.0267 R> —0.466R+1.67=0 — R =05.04

=267 > .0267R?>+ (2.67x02—1R+267—-1=0

T.0.L =0Qq -BODprimary tr. T R.Qq -BODfinal
= 30,000 x 210 + 5.04 x 30,000 x 45 = 13.104 x 10° gm/day

T.0.L _ 13.104x10°
L 1000
Assume d=15 m - S.A=8736 m?

= 13,104 m3

volume of media tank =

T
Assume @ =35m - n.Z.<p2=16,667 - n=10

n=10 - ¢ =334m
Check

Q¢+ Qr (1+5.04)x30,000

S.A 10.%.33.42

Hydraulic Load = = 20.7 < 30 safe

Page 12
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Example

forAW.W.T.Pof 4 H.R.T.F each of diam.= 40 m and 1.5 m in depth
find max. capacity of the plant if :
BOD,,, = 300 ppm BODfinq = 60 ppm
Primary Treatment ef ficiency = 30 %
max.organic load on filter = 120 ppm
max. hydarulic load = 30 m3/m?/d

.Qn]nh'nn

1 — Getting Q from organic load
BODp; = 0.7 BOD,,, = 0.7 x 300 = 210 ppm
BOD;,, = BOD,,
Qq X BODpy + Q- x BODf = (Qq + Q) x max. L
Qg x 210 4+ Q, x 50 = (Q4 + Q,) x 120
90 @, = 60 Q, —>R=Z—Z=1.5
1+R 1+1.5

F= (1+0.1R)?2 - (1+.15)2 = 1.89

BOD,imar — BOD, 210 - 60
p y tretment final x 100 =

BODprimary tretment 210

CE =

x100 =71.43%

100 L
CE = =7143 - P 805.2,F =189 - L =1521.8
1+ 0.0085 /2.75 %
, T.0.L
volume of media tank = —7

T
T.0OL=VxL=4x 2 x 40% x 1.5 x 1521.8 = 11474101 gm/d

T.0.L = Qd -BODprimary tr. + R. Qd 'BODfiTLal = Qd x 210+ 1.5x Qd x60
11474101 = Q4 x 300 - Q, = 38247 m3/d
2 — Getting Q from hydraulic load

Hydraulic Load = 2489 = U150 _ 34, . = 603018 m3/d

SA 4x%x402

. max. capacity is min.of the two flows = Q, = 38247 m3/d

Page 13
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Activated sludge process
s &g PST Gla¥) il (25> da Aeration tank s &5 (o5 pidiies i ol oda (3 -
5 ians Slok Jgoesy &y gl 315l 50 SYN SUE 48 5 Eor (el 101 6) Dol sasd ol 40
LS blad donh Ly lgas 513,
by 2y Elsd) cawy e 4p i Final Sedimentation Tank (l: oy (o5 &5l (25 b -
Gl ) 915 3 Gl A pess by 8 s (P ageS
: Activated Sludge o & -
S e &l Sl sl s B g I o o il Jo il Lo e o S5 18
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Types of Aeration tanks:
1- Compressed air tanks
e Lo o 1l b B 3 gl eyt by e K s il ey e e
o ab ) air diffusers o gl oda oud . i)y 5085 SULE e Sl oa ol s 5 S,
sd)
2- Mechanical Aeration
n L s ol W ammazy ol 3 Ol Jasd ASGHGe 3k pased 2l W1 e sl Vi 3
sy St Sk sy &gl slill o (sl §ad1md LS o33 oS 51
Important definitions:
1- Attached growth system
o L e Loy edans Jo 8 s 3ok puaall Sl o) KN LS 58 4 G o) A lal) Al
Trickling filters Zlaljl) s Ll Jao oglall S
2- Suspended growth system

o Sl sloe Lade S 8mn 3k Gyl S5 g a1 LS 58 4 sl ) AL i o

Activated sludge system 2o L) ds-\) 87}\3
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3- Mixed liquor

waste water and active sludge oo b Lld| Jo 3l C\Lz.m
4- Mixed liquor suspended solid (MLSS):

hyao sy g M| 3 AW ALall sl o pm é.b.,m
5- Mixed liquor volatile suspended solids (MLVSS)

sludge (3 82575l S 250 sy slll 3 TS o m e
6- Food to microorganisms ratio
food ¢l3all (25 old) (3 A3 Lpzadl 3151 e Lo el (3 ol (gt pllad) 1)ns3 587 Je) e Jpanel
Aesdy &l 0Jn o3y microorganism  Zasl LIl ) L KN 2y Sl Vs e (sdanes bo o
b SN i)
food s (3 535251 &y guadll 3141 4.8 LS BOD isly -
) (3 53925kl L SN (ula§ MLVSS i MLSS Jsly -
MLVSS = 0.8 MLSS
f food
m_ microorganism

Design Data:
for Aeration tank :

D.T.=6:10 hr

Qtotal = Qa +Qr & 0 =0.2:0.50Q,
volume = Qtprq; X D.T.

=0.2:04 kg BOD /kg MLSS /d

3
Q LS X BODgfter primary sedimentation =
Organic load = d< d> ftvozpume(nyls)d etrled)
< 400:900 gmBOD/m3/d

3

m gm
Qad <7>x BODgfter primary sedimentation(ﬁ)

i
m volume(m3) x (MLSS )(fn_n;)

= 2:4 kgBOD/kg MLSS /d
MLSS = 1500 : 3000 ppm

Page 16
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Dimensions:

volume =n.b.l.d
n=>2 & d=3:6m & b=510m & [ < 50m

Quantity of diffused air:

Quir = 3:10 m3 air /m3 sewage
Qqir = (3:10) Qg4
Activated sludge efficiency:

BODprimary tretment — BODfinal

A.S efficiency = x 100 = 85:95%

BODprimary tretment

Example

for AW.W.T.P of daily flow 30,000 m3 with raw BOD = 300 ppm
and return sludge = 25% of sewage flow Design Aeration tanks
if organic load dosent exceed 540 gm/m3/d

.Qn]ann

Qtotar = 1.25 Q4, = 1.25 x 30,000 = 37,500 m3/d
Assume D.T.=8 hr

V= Qtotal X DT -

Check Organic load
OL _ QdXBODp_t
v

Assume P.S.T efficiency = 35%
~ BOD,, = (1—-0.35) x 300 = 195 ppm

30,000 x 195 _ 3
0.L = 2500 =468 gm/m°/d < 540

12500 =n.b.l.d
Assume d=5m, b=8m n=10 - [ =31.25m

37,5008 _ 12,500 m?
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Types of Activated Sludge Systems:
1- Conventional
Solude S0 Ladd) &y & S Dyl (o5 Jooe s sl - L) Jleal 4 A Szl Pl
55 Slols 1 kst 4l
2- Tappered Aeration:
6l 55y o Jostd L8 oS W1 &S ity 2 ot i oS 0 5,8 LS e pllad i 3
ol LS L, 581
3- Step feed aeration
Jsb e xS Nl (8 pllash Sk Wby goge e 6T (5 dupedl (o sl ol plladl Vi 3
oll dglall o) 45 i e el e o
4- Completely mixed aeration
A G e day lall u.ﬁ‘-‘fvjua);- ?»u\p&jw@@mwf
5- Extended Aeration
$Sgp el 63 1y bo 71 SLl camsill 2 (3 ESDN 50 Ll il 24 1 18 5s Lol 5l e
YY) i) o e Sl B lall oda 3
6- Contact Stabilization
Lyt 2y F 98y (o anik f Yl sl (o s Bas s o Joris Bl ol
S el o5t i £ ;»\
Qs o2 5 ey 211 3 L &kl e )
7- High rate aeration
sy Y g a3l S Al s ISy 1 51 el 3 sl (o B sl oy e B lall ol
Pl 3b oo 5l i Gl oda 39 10 o
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