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Bernoulli and the Law of Hydrodynamic
Pressure

Faraday and the Law of Electromagnetic
Induction

A Clausius and the Second Law of
uUniverse > Thermodynamics

. 2 Einstein and the Theory of Special

Monod and the Equation for Bacterial
Growth




Monod’s equation iIs

H = growth rate
M = maximum growth rate

S = concentration of limiting nutrient
K. = “half-velocity” constant



Growth rate {p)

Hﬂ'l

Substrate concentration (5)




4 Not derived from first principles
4 Fit curves to resulis of batch experiments

4 Equation analogous to one for saturation of
hemoglobin

4 Also similar to Michaelis-Menten equation
for enzyme kinetics




Herbert and coworkers

¢ Developed equations for concentrations of effluent
product and of bacteria

¢ First used the term “washout”
¢ Explained reasons for deviations from theory

¢ Lack of complete mixing

¢ Endogenous respiration—added decay term to
equations




After Lawrence and McCarty, we end
up with these two equations

¢ Equation to determine SRT

F = mass of BOD removed/time
M = volume times concentration




Solids produced are either:

Related fo growth:

Related to removal of substrate:




Equations for Mass Balance

Solids in + Solids produced = Solids leaving
Related fo growth:

QXi 5 (,U — b) AY = QeXe i QWXW

Related to removal of substrate:

QXi T+ Y(Sl - S)Q — QeXe - QWXW




Rearranging the two equations:

(,U - b) AV = QeXe T QWXW = P

Y(Sl - S)Q = bXV — QeXe = QWXW =i ||?




Define mean cell residence time

(or solids retention time or sludge age)
as biomass under aeration divided by
biomass leaving system.




Combine equations




Introduce F/M Ratio

¢ Define I (food) as rate of substrate removal:

& Define M as mass in aeration tank




To determine effluent substrate
concentration, look at based on substrate.

iz;z—b

0.

4 and its equivalent:

4. g g

max o
9 & K A + S

4 Rearrange, and solve for S fo obtain:




To determine biomass in aeration tank,
look at this equation




To determine biomass in aeration tank,
look at this equation




Plots of equations
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M = biomass
under aeration

P = biomass
produced

S = effluent
substrate



When does washout occur?

¢ At washout, effluent concentration is the same
as Influent and is much higher than K,

¢ In equation

¢ K. Is neglected
¢ Equation becomes




Application of safety factor to effluent
concenfration

SRT

Safety factor

ign

Effluent concentration
Des

N

Target concentration

SRT
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Other uses of Monod-type kinetics (l)
Effect of dissolved-oxygen concenfration
for aerobic systems
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Other uses of Monod-type kinetics (ll)
Effect of dissolved-oxygen
concentration for anoxic systems
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Other uses of Monod-type kinetics (V)
Examining inhibition
¢ Haldane/Andrews

¢ Competitive

¢ Noncompetitive




Derivation of:
1 Y,SRT

F/M  1+b,,SRT



Qur, Snoae, Xeff

Rate of substrate utilization:

a t\ Vak\-k_’ Sno,p > —> NO3Nc
:i%\ YoueX =Sno,AE
Xeff
_ Hn _Q(5,-9)
r-s.u =—X BH —
A Vo < > WAS

Qr, Snoae, Xr 1

Mg = 2y Xgy =01 Xgn =Yl =D 1 X gy s 2

Making a microorganism mass balance for a completely mixed flow reactor
with recycle:




At steady-state, and for X;,=0, substituting r, from Eq 2 in Eq3;

Qu Xgn + Qe X _ Iy

Y L 8 Dl 1 oo s s e e 4
VTXBH " XBH "
1 I
o =Y e D 1 e s s s e s
SRT " Xg

Substituting r, from Eql;

Q(S,-S), Y,SRT
Xow === T QR
. +b, ; SRT

1\__ V:Xg Y, SRT
F/M\ Q(S,—S) 1+b, SRT

From definiton of SRT;

\%
P :vTX :YHQ(SO_S)
“T SRT  (L+by,,SRT)




Dependence of Syospnesr ON
Internal Recirculation (IR)



Derivation of Dependence of Snosnetf on Internal Recirculation (IR)

TN,, =TKN, + NO,;N,
Assume NOsN;, =0
TKN nitrogen to be oxidized = (TN, = TKN ) = X ;v was = @+ R+ IR)(Sy0 e —Snop)

Qir, Snojae, Xeff

NN\
—p <
™\ Vhi\-k_’ Sno,b > > NO3Ngf
» n
\\\ Voxic, X =SNO AE
_,\\x\ :
N
Xeff
< » WAS

Qgr, Snoae, Xr

(TKN, —TKN,, — X
IR =

orgN ,WAS) _ (1+ R)

SNo,AE - SNo,D



R — (TKN in —TKN eff XorgN ,WAS) . (1+ R)

SNo,AE o SNo,D

Assume optimized anoxic volume and Syo p=0

NO,

Nitrate to be denitrifed = Q(R+IR)*NO3N¢



Comparison of ATV 131 & M&E



Req'd DN,, =

SNO3,D

BOD,

ATV in a Nutshell

BOD
BOD, a0 = 2 %ooo

v

|F, =1.0727 |

Choose Vp/VT

i

SRT

= (SF)

3.4
@—Vo No)

(1.103)*57

N2

ER =

(SRT.F;)

(1+0.17F; SRT)

v

Y,

o

by = 0.75 + 0.60(SS, / BOD, ) — 0.102(ER)

Nz

-BO DLoad

I:’XT = YobSH

N

Calculate X from SVI

N
P, -SRT /X

N

v, =

OU_. =0.56 + 0.15(ER)

N\

OUR. =OU_ - BOD,__,

\

DN, — a(O?5)OURC(%)

v

SRT =3.4d @ 15°C
=555d @ 10°C
ensures sufficient nitrifies

>PXT calcs

Choose SVI=(50-200)
R=075t.=25h

/

DN,

= NDN = NN + (NO, N,
—WASN

N N = TKN oxidized

- NOSNeff )

\2

Let DNcap = DNpot

\Z

NO,N,, = (NN — DN ) + NO;N,

j X =070 21t
R Ty VT

R
X :XR[1+ Rj

DNpot calc’s

T

™ For SRT>10

WASN = 0.04 BODg
If SRT< 10
WASN = 0.05 BODg

>‘ DNec¢gp calc’s

a =1 for Simult DN —0.235

v\ 0
a= 2. 95[100 —Dj
V.



S & X Mass Balances in Pre-DN

Qirs Sno Ak, Xeff

AN
— ~
VN N Snop —> NO3N5
> anox
\\\ Vo X =
—P\\X\ =INO,AE
~
Xeff
< > WAS

QR) SNO,AE ’ X

r



A. Calculating Aerobic Sludge Age (SRT.)

Writing in terms of ASM Model Notations

A S So
= = —b
Ha = fn (KNH + S\ jLKo,n"'Soj ’

Hat = Ha20 (1-07)T_20

SRT, =
Haz ™ SF



A. Biological Sludge Production (Pxbio)

Effluent BOD Concentrations, S:

(1+b, ;SRT,)
S SRT, (tyr —by7)-1

bH,T = bH,20(1-04)T_20

Hur = Hy 2 (1.07)"*

S, —9S SRT, (S, =S NO
nybio _ QYH ( 0 ) + QYH .I:d bH ; ( 0 ) + QYA X
1+ bH TSRTa 1+ bH TSRTa (1+bATSRTa)
| U ' BN ’ J
Y Y Y
Py u Px-particulates Px.

formed from decay
of heterotrophs

NOy = Oxidized TKN = TKN;, - TKNggr— 0.12(Py 1io/Q)
N\ J \U J
Y Y

TKNoxid XorgN,WAS




A. Total Sludge Production (Pxrss)

P,
Py oss = OX—§;’+Q.nbVSS+Q(TSSO ~VSS,) <

MLVSS Py s

MLSS Py s

/ Choose Xt /

v

bpCOD
pCOD

nbVSS = (1— WSS
VSS, = 0.65TSS,

bpCOD=27%

pCOD = 40%

\4

a

(PX,TSS + PXJ’()J )

T

SRT,




Xr

= {

NO

5 NOsN

IR=—"% _(1+R)

SDNR,, = 0.19

gNO,N/d

gMLVSS

SDNR;=SDNR,(1.026)"*°



1 B vV MLVSS

(FIM),

Q(So —3)

biomass __

SRT

a

“1+b, .SRT,

MLVSS

Y, SRT,0(S, - S)

biomass va (1 + bH,T SRTa )




Q VM¥ Sno,o > NO3Nesr

i Voxic X
% ’ =Sno,AE
\

Xeff

A 4

WAS

Qg, Swno,ae , Xr

Total NOsN recirculated is denitrified.

Required NOsN removal = Q(R+IR).NO3N

Assume a retention time for anoxic tank, tg py

NO;N removed = V', *SNDR{*MLVSSyiomass

VT :vDN +va

*
SRT. = 21" Vr

X, TSS



