Chap 5 Wastewater treatment & Disposal

Table 5-1 Important waste contaminants
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* pathogen
i) chlorination

Cl, + H.O — HOClI + H
i1) hypochlorination

Ca(OCl), — Ca~ + 20CI

* Nitrogen

1) suspended-growth nitrification & denitrification

ii) Fixed-film

iii) Ammonia stripping

iv) Ion exchange

v ) breakpoint chlorination
NH; + HOCI — NH:Cl + HyO (monochloroamine)
NHCl + HOCI — NHCl; + HxO (dichloroamine)

* Phosphorus
1) metal-salt addition
i1) Lime

iii) biological-chemical phosphorus removal
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@ chemical treatment
i) 10Ca™® + 6PO,” + 20H —  Ca(POss(OH),
i) AI® + HPOS™ < AIPO, + nH
i) Fe” + H,PO," < FePO, + nH



plug—flow reactions
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* ©=0. (no recycle of activated sludge)
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SVI (sudge volume index):--30min 4 %] 2] sludge % 773 H
Vs

svr=-SM2%)d0° (SV=—1£) [nt/gl

mixed liquor suspended solid
Ve 1 3083 A 74E sludge volume [ml]
V : sample volume [m¢]
MLSS [mg/ ¢ 1]

i) SVI= MLSS9| charactristics®} concentrationel] whe} ¥ ghc}
ii) Y& reporter volumed Hln E7}%
ex) A8 HAHA ¢ MLSS 1000mg/ ¢ — SVI = 1000
= 23] A7AEA & MLSS 10,000mg/ ¢ — SVI = 100
iii) Unit
SVI= %Sg[ 10(£mg I 10(£)m£ ]

= [mt/g]
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operation conditions of kasumigaura kohoku sewage treatment plant

Sep. 1987
reaction reaction reaction .
Unit
tank No. 1 tank No. 2 tank No. 3
Inf. flow 10380 10380 10380 m’/day - tank
Temp 237 23.7 23.7 T
KRT 9.2 9.2 9.2 h
MLSS 2470 2085 2480 mg/ ¢
BOD-MLSS
. 0.054 0.064 0.054 kg/kg - day
loading
SRT 195 13.7 22.8 day
2.7 2.5 2.5 mg/ ¢
SVI 118 208 142 ml/g
VSS/SS 67.6 73.9 69.8
Al 2.0 - 2.0 mg/ ¢
Water Quality (Sep 1987)
unit : mg/ ¢ (except pH)
primary secondary secondary secondary final
eff. eff. No. 1 eff. No. 2 eff. No. 3 eff.
pH 7.2 6.9 7.1 7.0 7.0
BOD 52 <1 1.1 2.9 <1
CODwin 41 7.3 8.1 79 7.3
SS 32 1.0 1.2 2.7 <1
Alkalinity 176 73 98 91 88
T-N 22.4 - - - 9.2
NH3-N 14.9 0.6 04 05 0.6
NOsz; -N 11.6 6.8 6.1 8.2
T-P 2.72 - - - 0.10
PO, -P 1.35 0.40 0.03 0.03 0.15




* sewage treatment plant

Q primary Q final Qe
settling tank e "l settling tank
1 V, X, S
raw sludge
recycle sludge :/vaste sludge
Qw, Xw

V @ volume [m']
X : biomass concentration [kg/m’]

S : soluble food concentration [kg/m’]

i) HRT (hydraulic retention time) = [ Ar]

Q<

i1) SRT (sludge retention time)

MCRT (mean cell residence time)

VX
QX

iii) MLSS (mixed liquor suspended solid) = X

[Ar]

S
iv) BOD loading rate = L{g@) [kg/m’ - day]

S
v) BOD-MLSS loading rate % [kg - BOD/kg - MLSS - day]

only assation tank 0.3 - 0.5 kg - BOD/kg - MLSS - day
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Growth kinetics (Growth & Food Utilization)

stationary
‘—— Pt P4¢—Ppt—————
Lag Log-growth Endogeneous
. =expotentia
Biomass Biomass 5%
concentration
(X)
logx
Food
t >

<Biomass growth and food utilization>
1) log-growth phaseol A2 <] growth rate

ax _
da "
X = concentration of biomass [M/L’]
u = specific growth rate [0]

= growth rate constant

i1) Monad equation

0) aerobic condition

i) batch reaction

= S
= 0 K+s @
maximum specific growth rate
u o
K @ p=p2¢d e 714 5%
@ K << S p= p zero order
~ pn= Sp &
w2 — © K. >> S p=usS/K. (s°
o] 1st order)
Ks S (nutrient concentration)
* Michaelis—-Mentan eq
N dap _ S5
= ES — E+P dt = V" Vinax K+S

E+S

ot
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* batch system with excess nutrient

‘Accd#ﬂon

Phase Phase

decliming
growth
phase
expotential ‘ ‘ ‘
phase Endogenous
‘ phase
stationary
phas%




AT
BRE R

iii) endogeneous decay phase©l A2 A

Gy

endogeneous decay rate constant [© ']

from O®
net charge of biomass concentration
dX . _uS .
- g =pX—kX= KS+SX kX

growth  decay

* Nutrient Utilization
X . . ) ds e o
(biomass production rate)<2} ~di (food utilization rate)$}2e] A

anabolism (F3}2Hg) - M2 cell A

— food+
- enegy A4

cataboliosm (°]3}2F-&)

‘ b‘ k S

gy dS 1 dx
W ¢j¢

mass fraction of food converted to biomass (0 < Y < 1)
_,_ds__ 1 S
A

S




5-10 Suspended culture system
*Activated sludge process (CSTR)

. 2nd
primary effluent Qo+Qr clarifier Qo—Qw, Xe, S
Qo, So, Xo Vi X, S S, X
(reaction)
A
Qr, Xu Qw, S, Xu

i) biomass® mass balance at steady state (system = activated sludge A A|)

input + gen = output + consumption + Accumulation
kSX
Q0X0+ V(Koi_l_s_kdX)z(Qo_Qn)Xe_f'QWXW ”””” )
i1) food (organic substrate) mass balance at S-S
input + gen = output + consumption + Accumulation
QOSOZ{(QO_ QW)S+ QWS}+ V(+I‘S)
_ k,SX
Q,S,={(@,—Q,)S+Q,SH+ V'm ****** @

iii) Assumption
@ influent, effluent #72] biomass 5% A Xy = Xe = 0)
© reaction< ¥H-&7] Qo A4t doj}al complete mixing

kS
from @ Xo = Xe = 00| 2 =® K0§: qurka 777777 a’

kS Y
from @ K:—Sz QIOO((SO—S) ****** @’




from Q'Q’

QuX, _ &Y o o
v v (ST ®
”

- © ~hydraulic detention time for the reaction (based on influent flow)
0

H8-7 o 2| 2k . .
gg(u(?/va];jjqugﬂ%i)) =0, ~mean cell residence time (4R o2 O, > O)

, Y(S,—9)
@l fiAshE =2 g
HES-7] 2] X(MLSS : mixed-liquor suspended solid)
o(1+k06,.)

071 &4 MLSS % | &t} = 6] dd MLSS 1 gt}
61 std MLSS %% 13t}
X | 3t Sp=S (no treatment)

* Activated sludge process® AAWS

1) volumetric loading rate (=BOD Loading rate)

Vv, — ng _ SN influent®) BOD mass [keBOD/ 1 - dayl

H-8-7] - 51]
i1) F/M ratio (food/microorganism It)

S, — o) A7k -
=2 i 2 ilpde _AAg POD 4aS  [iwBOD/ks  biomass, day]

iii) mean cell residence time (8.)

eczQLW‘jﬁw [day ]



