Chapter 1 £ & ¥+
1-1 4 i & 8

It is characterized in terms of its physical, chemical, and biological
composition.
F LR isEe

Basis Application Unit
P
Volume of solution <100
Percent by volume Total volume of solution %(by vol)
Percent by mass .M assof solution x100 %(by
Combined mass of solute + solvent mass)
milligrams mg
Mass per unit Liter of solution x L
volume Grams 9
Cubic meter of solution m’
. Milligrams
Mass ratio 10° milligrams ppm
CEEF
Molarity Molesof SO|l-Jte mol
Liter of solution L
. Molesof solute mol
Molality 1000 grams solvent K_g
Normality M iIIieguivaIents o_f solute meq
Liter of solution L
12 £ A &

1.7 ¢ 4 (electroneutrality)
D cations = Y anions ; F L+ 2 F B {fe=IE+ 2§ £ e
molecular weight, g

Y4
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cations - » anions
Percent difference =100 x ( Z Z J

Equivalent weight, % -

> cations + Y anions
Example 2-1.
KT GARYPIE BRI PRI AP EEET S TVREIFRY
Cation Conc., mg/L Anion Conc., mg/L
ca™ 82.2 HCOs 220.0
Mg** 17.9 SO~ 98.3
Na" 46.4 CI 78.0




K" 15.5 NOs 25.6
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The activity of an ion is defined as follow.
=7 [Ci]
a; - activity of ith ion, mol/L
y  activity coefficient for theith ion

C, = concentration of ith ion in solution, mol/L
F
« - [CI'BI' _ [ac[les ] _ [reCllyoDf
[AF[B]  [aafles]  [7aAT[reBT
EX e (i S E
Guntelberg approximation(if & &+ 5 £ <0.1 M) :
0.5(z, )1

log ¥ = 1— where Z. : charge on ith ionic species, | = ionic strength

+1
AT K2 G E
| = %Z c.z’
where C; : concentration of theith species, mole/L  Z; : valence number of theith species
| =2.5%x10° x TDS
where TDS: total dissolved solids, mg/L
5.5 %R A
CaCO, <> Ca* +CO,” , [Ca* ||co.” |=Ks, , 70 [Ca* b, - [COL* |= Ko

Example 2-2. T\I}l%\Zl }%}J\c‘ - %’r}i: |%T4ﬂ'_—3-7 S ag}tx g A Q?
O A Rl R 2 AR ARG ) RARSET mg/ll? e

CaCO; 2. Ksp at 25°C - 5x10°

1-3 # b4

1. Solids



¥ Imhoff e
2F cone Sample > Z# —= TS
\
Filter
(1.2 . m glass fiber)
Filter % % (103~105C ) Filtrate 7 % (103~105°C )
TSS TDS
Muffle oven Muffle oven
r (500+£50°C ) 1 —(500+50°C ) —

VSS FSS VDS FDS ]

I W

TVS

\/

TS
S:A AN TSS:AMIFELAME TDS: i B AME
VSS 1 45 R FIL RS FSS: ARRIEIE AR
VDS @ #5573 R FH S FDS 1 B3 R A
TVS | s4Ts AMe  TFS | AR TP AMS

Example 2-3.
RE AT R %407 5 KA 50 mL» K TS~TVS~TSS 2 TDS - ?f

Fr & 521533 g 105CH 5 #% 2 & 4 &£ 52.189 g » 550C 4
ZP¥r2AngdrE 5218639 mAE 1.5413 g 105C f46m i b 2 7 éﬂ’

& 155419550 CHpAt 2a 7+ £ 155199 -

2. kR
TempT > DOJ ; pd
TempT > Bt mpEde g1
Optimum temperatures for bacterial activity are in the range from 25 to
35C
3. Conductivity
electrical conductivity (EC) » % -+ H = % millisiemens per meter (mS/m)



£ micromhos per centimeter (x mho/cm) - 1 mS/m =10 y mho/cm
TDS(mg/L) = EC (zmho/cm) x (0.55 ~ 0.70)
| =1.6x10° x EC ( mho/cm)

4. Specific gravity

s, =Puw , P, - density of wastewater , p, : density of water

w
0o

5. pH
pH = -logio [H'] , pH + pOH = 14

6.4k &
d CO3z% ~HCO; ~ OH #7i% & » Calcium and magnesium bicarbonates are

most common. Alkalinity is expressed in terms of calcium carbonate,
mg/L as CaCOs.

7.% i 3= (Nitrogen)
L AN Nitrosomonas Nitrobacter
Org-N —> NH,* NO,

2
NH, + H*
TKN=Org-N + NHz-N

NO,

A\ 4

A\ 4

TN=TKN + NO,-N + NO3-N
8. a1t =
BF ¥ 5 SO
Bacteria
Organic matter —S0O,> —— S* +H,0 + CO,

S% +2H* —— H,S

9. Solubility of gases in water
The ideal gas law
PV=nRT, R:gas law constant, 0.082057 atm.L/mole.K

Example 2-4.% latm, OCp¥ > = - 3 2 g #*7itWfHFH+ L2~ 9 ppmy
2. H,S 18> 9EEF mg/lL?



10. Henry’s law for dissolved gases
F AR 2 T ok R

H _ : _— :
P, = —Xx, where P, : mole fraction of gas in air, mole gas/mole of air
T
atm (mole gas/mole air)
(mole gas/mole water)

H : Henry's law constant,

P, : total pressure,usually 1.0 atm
mole gas (n,,)

X, - mole fraction of gas in water, mole gas/mole water =
mole gas (n,) + mole water (n,, )

Example 2-5. What is the saturation of oxygen in water in contact with
dry air at 1 atm and 20°C? (H: 41100 atm)

11. Aggregate organic constituents
¥ALF WA B0 B 40~60% ~ gt -k it & 4 25~50% ~ ¢ *5 10%
BOD, COD, TOC, ThOD
(1)BODs
& it BOD ; CBOD
¥ it BOD ; NBOD
Oxidation
COHNS+ O, + bacteria - CO, + H,0O + NH, + other end products-+ energy
Synthesis
COHNS+ O, + bacteria +energy — C,H,NO, (new cell tissue)
Endogenous respiration
C,H,NO, +50, - 5CO, + NH, + 2H,0
This three oxygen demand is known as the ultimate carbonaceous or first - stage BOD,
and is usually denoted as UBOD

dL
% ¥4 4 f2# F > Phelps E:_le
L:j @388 * 5 £ mg/lL
t: EE‘?E‘& » X
Ky: 42§ tade, 271
L, =L, x gt
Y=L,-L, = Lo(l-lo-Klt) — Lo(l_e-klt) , K, (base10) :%

Y : BOD » mg/L
Lo : Ultimate BOD



[ i

UBOD=Lo

BOD=UBOD-BODt
Y=Lo-Lt

/'

Amount of organic

matter remaining \

Time, t

¥R R 40 20~30°C R > ky =k, 077 > 0=1.056

¥ B R A 4~20C P 0 6=1.135
Lm=Lo(1+0.02(T — 20))

oxygen consumed expressed in BOD units

Organic waste remaining and

Example 2-6. Determine the 1-day BOD and ultimate first-stage BOD for
a wastewater whose 5-day 20°C BOD is 200 mg/L. The reaction

constant k (base e) = 0.23 d™*. What would have been the 5-day BOD if
the test had been conducted at 25C ?
(2)TOC ~ COD

Example 2-7. $ it & % CsH,NO, 2 ™ % BOD/COD, BOD/TOC 2
TOC/COD i ? ¢ &+ BOD 2.4 § 4 # % 0.23 d'(base e) -



Chapter 2 Introduction to Process Analysis and Selection
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2-1 32 2_F & % (Reactor)

1. Types of reactors

(a) batch reactor (b) complete-mix reactor (c) plug-flow open reactor

(d) plug-flow closed reactor (e) complete-mix reactor in series (f)
packed-bed reactor (g) packed-bed upflow reactor (h) expended-bed

upflow reactor







2. Application of reactor
ErFRET T RAEFE 0 ¢ FKF ~ F &3] & (homogeneous or
heterogeneous) ~ ¥ g# 4 ~ @1 Z »c3F ~ §F FRE KR~ ivaiad
B A o

22 FRIgAH

1. The Mass-balance Principle
The mass-balance analysis is based on the principle that mass is
neither created nor destroyed, but the form of the mass can be altered.
(e.g., liquid to gas)
¥ R4 F it

Mixer
L
i T
Infow |  j---F--1 | Outflow
Q. C, i | | P Q,C
| |
=
| I
I VAR I
| LS__ZJ\I\
e )
System boundary Control volume
for mass balance boundary
for mass balance
Rate of accumulation Rate of flow of Rate of flow of Rate of generation
of reactant within = reactant into - reactantofthe +  of reactant within

the system boundary  tne system boundary ~ system boundary  the system boundary
Simplified
Accumulation = inflow - outflow + generation

Refer to above figure



Z—?V =QC,-QC+r.V, first - order reaction, r. =-kC

‘?j—(t:v =QC, -QC+ (-kC)V

dC/dt: ¥ =P/ F Ry kR %1 £, MLT?
Vit s, L
g LT
Coi F stk ,ML®
C:F gt himkR ML
.- FEF &, MLT?
ki 5 4 8, T

=0

Steady-State (long term) Simplification > C:j(t:
0=0C,-QC-r.V
e = 2(C-Cy)

2-3 Reactions, Reaction rates, and Reaction rate coefficients

1. The stoichiometry of reaction refers to the definition of the quantities of
chemical compounds involved in a reaction. The rate at which a
substance disappears or is formed in any given stoichiometric reaction is
defined as the rate of reaction.
¥ LS fAaJ?F ) & - homogeneous and heterogeneous
= 4p F RX 'ﬁ 'ﬁ"_{fn'fr’% Vi E R b4

Simple reactions: A — B; A+A —- C; aA+bB — C

Parallel reactions:A+B — C; A+B — D

Consecutive reactions: A+B — C; A+C — D

A-B;, A+B-C+D
BHFRE AFAN - IR, 0 bldodt 23 o kY FF FAP R
“Wﬁ&ﬁ’ﬁ%i’w%%ﬁﬁ&%
2. Rate of Reaction

dC
homogeneous: I'= ia
aA+bB—>cC+dD
1d[A] 1d[B] 1d[C] 1d[D]
‘adt bd cdt d dt

heterogeneous: r—~3N___moles
J " S dt (area)(time)

3. Reaction Order

10



aA+bB+:--—>pP+gQ+---
r =kC?AC"sC’---C"» =kC"a
n=a+b+---+p ,n:overall reaction order

4. Types of rate expressions
r = +k (zero- order) , independent of concentration of reatants

r = +kC (first - order) , proportioral to concentration of one of reatants
r=+k(C-Cy) (first-order)

r = +kC? (second - order) , proportioral to thesecond power of a single reactant
r=+kC,C,

r=+ kC (saturation or mixed - order)
K+C

fk o L
dc
=9k c-c =kt
C dt 0
=9 e S o
dt C,
= el
dt cc,
ic  kC c
=90 K ikn&eic,-c
© dt  k+C C, (Co-Cd
B ik R F urE =
d[C d[C
i ogt- -21) - og(- A=)
ro.=—=-kC", n= L L
dt l00[C, ]- og[C ]
Slope = -k Slope =k

¢ ﬁ\ In(CIC,)

t t

Slope =k Slope =-1/k
h / tIn(Cy/C) i'\
t (C,-Clt

Example 2-1. f# 358 F BB (TEH > EF 0T 5% > fbF RBIF= 2
F it % F

Concentration, Concentration,

Time, d [c], mole/L Time, d [c], mole/L
0 250 5 18
1 70 6 16

11



2 42 7 13
3 30 8 12
4 23

2-4 Modeling Treatment Process Kinetics

1. Batch reactor with reaction
oA fr%ﬁ'—_&l fgj‘;\i :

Accumulation = inflow - outflow + generation

((jj—CV QC,-QC+r.V, Flas ' F &, w=invQ=0,%F &5 IEF &,

‘jj—cv (-kC)V

c=c dC t=t
d__(k) I, o=k dt=k
C
C,

2. Complete-mix reactor with reaction

‘l—(t:v QC,-QC+1.V, %F ks bﬁf@,ﬂ‘]i—fVJrQC-(-kC)V:QCO

é’KﬁV,ig@ +(Q k)C O,ﬁ"*’ﬂ.L,_ FEF;I%’(/’?\—%%E_
C== Q C (1 e(k+QN)t)+C p-k+M)t
V (k+QN)

% & J& % steady - statep® (jj_C =

_ C0 _ CO
[+ k(VIQ)]  [1+kr]

3. Ideal plug-flow reactor with reaction

C . ;
ekt _gkviQ

Co

Example 2-2. A Complete-mix reactor is to be designed for a first-order
reaction, and the required conversion of A is 90%. If the rate constant, Kk,
is 0.35 hr ', what is the required residence time in hours ? How does

this compare to the time for the plug-flow reactor ?

12



2-5 Treatment Processes Involving Mass Transfer(fF £ @& i# &2 &5 )

to reduce the concentration of a given component in one stream and to
increase the concentration in another stream. . & 5g# 4 % &4 2k B #

B o
1. & & & ~ Jp 2 (Basic principle of mass transfer)

r=-D,—
0 X

rE o 2 g, MLET?
D, 1X™ w2 A+ FHig i, LT
C:5 4% @ﬁ%;};&;,mﬁ

X EEHL, L
A+ P4 8 D & stokes-Einstein’s #4c 2= 5 B
kT RT

- 6rnr, - 6znr, N
D: #4c % 8, m%/s
k : Boltzmann¥ #c,1.3805x107°J / K
T8 r,K=273.15+°C
R:#% % ¥ #,8.3145) / mole. K
n B AkiF tadc, N.s/m?
fo D BEAL S, m
N : Avogadro's number , 6.02 x 10%* molecules / g - mole
FF - S 0.01 pm z 3k (doim )t 20°C B AR s s 1.002x10°
N.s/m® > # i thdgc s
8.314 % (273.15+ 20)
T 6x3.14x(1.002x107%) x107 x (6.02x10%)

2. F-iRrE G
B 712 24 (the two-film theory)

=2.143x10® cm?/s

r= KG(PG 'Pi) = KL(Ci 'CL)
r=" g F

Ko = "8 @ %8

K, =ik %5 ok

13



Interface

Turbulent flow : P Trar{sfer Turbulent flow

N

I
I
I I
—:\I P |
I ' | Liquid phase
Gas phase G I\I (bulk)

I

(bulk) | C
|
I

Gas film
| |

PR A R ek RA B SRR Gl FOER G L
gi}%‘)i J~ff‘,,g’3‘3_[§‘)§i > 7T k|_ << kG > TF] pb

|
|
| |
I Liquid film |

|

= )

r=K.(Cs-C)
Coiff W I 6 2 % Gk &
;?%QKEF%F&/A%/.\/]Q#E7 EFﬁ‘]g‘EE ¥ Z\/ ,"rr—K (C C)
RN EF L T
A y v
r, = KLV(CS -C)=KalCs-C) , 2 * AZ o f# , Vi MH¥H,

K, a & volumetric mass transfer coefficien t

1\}3’; KLa :

r =9C kL ac, C)j-—ig——K@fdt
dt & (C -C,) 0
C C e-(K,_a)t
~C.-C,

Example 2-3. 2 & ke g3 10miprsfi > g £ 9]* o wH 35 5 1.5
Mo/l  RENZ G RF A HBAF - BxF F KES003mh: pFrif
<& f# 400 m* > F 3 m o kiR 200C (& o3 § 9.09 mg/L) o A3 F e F 3
8.5mg/L #rZ PR o

3. H-p G

(A). adsorption ~ adsorbent ~ adsorbate
oA € & 451 (L)its extremely large surface area to volume ratio (2)its
preferential affinity for certain constituents in the liquid phase

75Kk JT R * BovA| 0 Granular or powdered activated carbon (GAC or
PAC) » # its "3 % > ¥ * Freundlich isotherm

14



qe =£= KfCelln
m

q. =" % £, MM

K, = Freundlich ¥ #c

C, =T fiFpre i ok &, ML®

1/n = Freundlich intensity parameter

Example 2-4. Ag2 ;=8 4000md > 5 % £ 0.12 mg/L > £ #x 2 PAC g2
2 0.05 mg/L > # Freundlich adsorption isotherm % #ics % Ki=2.6 >
1/n=0.73 > £*r% PAC & &+ kg/d ?

(B). lon exchange
Reaction

RH"+Na" >R Na"+H"
2R'Na* +Ca** —» R, Ca*" +2Na*
Regeneration

R'Na" +HCl - R'H" + NaCl

R, Ca* +2NaCl — 2R"Na* + CaCl,

15



Chapter 3 Pretreatment—Physical Unit Operation

Off-line flow equalization

(used to dampen oeak flows)

Waste backwash
water storage

Waste backwash water

e Chlorine
Pri Biological ~ Secondary
rimary g i Efﬂuent

[}
[}
| settling process settling
[}
}

Grit
removal

Influent

Chlorine -

mixing Chlorine
contact
L i e e e T e basin

]
Screens and g
comminution :

|
]
]

Thickened biosolids

Y Legend
To solids and biosolids

Unit operations
processing facilities o P

7Unit processes

—— Wastewater flows
--- Recycle or solids streams

3-1 Screening

Effluent

o5 RILE R LR S P Pl AR T L
o

W BB RILARS 2 e F BT L
Classification of Screens

Screening
|
| | |
Coarse screens Microscreens Fine screen
6 to 150 mm <0.5um <6 mm
| |
| | \ ‘ |
Hand Mechanically Static Drum Ste
cleaned cleaned wedgeweir P
|
Chain- Reciprocating Catenary Continuous

driven rake belt

16



3-2 Flow Equalization

Flow equalization is a method used to overcome the operational
problems caused by flowrate variation, to improve the performance of the
downstream processes, and to reduce the size and cost of downsteam

treatment facilities.
1A Ee 2 g
(1) b 2 F B2

2_ shock loading # A& k& ™ % >

(2)#%"54#@87“'/”“}‘J‘?ﬁb&i?}/ﬂfz AR L ok ot
(3)4 it 24 P g2 ) ”LJ\’@/)E, ESTRINTIN IR I
(4)#%% R e 2
E}% ﬁ’r‘.l 7‘ /2_ gi‘!:'
(1>w LR GRS QT G LA
@) s vy (4= ﬂ‘# %%
3. 3N
(a) In-line equalization
Equalization _G__>_ F|0tW
> basin _U_ meter
Controlled-flow
(b) Off-line equalization Pumping station
Overflow .| Flow
structure A 7| meter
v
Equalization _G_
basin _Cj_,_

Volume requirements for the equalization basin

#45 pH & T

— — Average daily

flowrate y A Required

— Inflow mass diagram

7/ equalization volume / ,

4

Time of day

17



Example 3-1. For the flowrate data given in the following table, determine
the in-line storage volume required to equalize the flowrate.

Time Average flowrate during Time Average flowrate during
period  time period, m®/s period  time period, m°/s
M-1 0.275 N-1 0.425

1-2 0.22 1-2 0.405

2-3 0.165 2-3 0.385

3-4 0.13 3-4 0.35

4-5 0.105 4-5 0.325

5-6 0.1 5-6 0.325

6-7 0.12 6-7 0.33

7-8 0.205 7-8 0.365

8-9 0.355 8-9 0.4

9-10 0.41 9-10 0.4

10-11 0.425 10-11 0.38

11-N 0.43 11-M 0.345

5. Mixing and Air requirements
poen
to prevent deposition of solids
to prevent the wastewater from becoming septic and odorous
to maintain aerobic conditions, air should be supplied at a rate of 0.01 to
0.015 m*/m®min

3-3 Mixing and Flocculation

fgmL b KR Q)RS E R 2R QT G EREL R E @
AAMRFrRFARLEOG)F T 2 5 o X I HKIT 5o - ;
continuous rapid mixing = ;* » ¥ — % continuous > ;¢ o —*ﬁ ERE 3 TR
L %‘j;é“%fé?l];‘;’]z BT OAMBRHAELE S G 31(‘_409]\ TEE S IR TR &5 1
B R sk e BER G R AR RERE .,,&rpgfr,b N 5.

R -

1. Flocculation in wastewater treatment
(1)Flocculation is a transfer step that brings about the collisions between
the destabilized particles needed to form larger particles that can be
removed readily by settling or filtration.

()1 & ¥ @ (13 &7 4 agZpF 2 BOD 2 & afied 4 (20 sk
(3)# & & s # it (4) 17 5 ik 2+ A&JIZ o Flocculation 4 & f75 5%
microflocculation 2 macroflocculation -

18



(3) Microflocculation (also known as perikinetic flocculation) is term used
to refer to the aggregation of particles brought about by the random
thermal motion of liquid molecules. Microflocculation is significant for
particles that are in the size range from 0.001 to about 1 pm.
Macroflocculation (also known as orthokinetic flocculation) is the term
used to refer to the aggregation of particles greater than 1 or 2 ym.

Microflocculation (a) Microflocculation (b)
Brownian .
) Velocity Differential
motion . .
gradient settling
T=0 ° e ———
o 4 — X
/@ ?

"y = g

2. Energy dissipation in mixing and flocculation
1943 Camp and Stein

P
G — (_)1/2
Vu

G=average velocity gradient, T*, sec™
P =power requirement, W (N-m/sec)
V=flocculator volume, m?

1 =dynamic viscosity, N-s/m?

rragrgngmr(laviQ ey s
V[P 1[pv

Gr=— |—=— |[—
QVuV Q\ u
Table.
Process Range of values
Detention time G value, s*
Mixing 5-30s 500 - 1500
Flocculation 30 - 60 min 50-100

Example 3-2. 44t %4 2800 m® > G @& 100/s » -k & 15(x=1.139 x 107
N.s/m? Pz Wi g f ez £ 2

19



Types of Mixers used for rapid mixing in wastewater treatment

in-line static mixer in-line static mixer with orifice

in-line mixer in-line static mixer with internal
mixer

high-speed induction mixer pressurized water jet mixer with
reactor tube

20



Typical impeller used for mixing in wastewater treatment facilities

3. Types of Mixers used for flocculation in wastewater treatment
(@)i & A 5% ¢ 3£ = 44 : static mixers, paddle mixers, turbine and propeller
mixers.

31



(b)Power in a mechanical paddle system can be related to the drag force
on the paddles as follows.
F = CDAZ,UVpZ

CoApv,’
2
where F, = drag force, N

C, = coefficient of drag paddle moving perpendicular to fluid

P=Fyv, =

A = cross - sectional area of paddle, m?

p = mass density of fluid, kg/m*®

v, = relative velocity of paddle with respect tothe fluid, m/s,
usually assumed to be 0.6 t0 0.75 times the paddle - tip speed

P = power requirement, W (kg.m?/s%)

Example 3-3. Determine the theoretical power requirement and the
paddle area required to achieve a G value of 50/s in a tank with a volume
of 3000 m®. Assume that the water temperature is 15°C, 0.6 m/s, and the

32



relative velocity of the paddle v, is 0.75 v.

4. Types of mixers used for continuous mixing in wastewater treatment
Frod PRSI BT AT SRR ERREF
Pneumatic mixing

h+10.33
P =KOQ.In
. = KQ,In( 10.33 )

P. =air presureat thepoint of discharge, kN/m? K = constant;1.689

Q, = air flow rate at atmosp heric pressure,m®/min
h =air pressureat the point of discharge expressed in meters of water, m

3-4 Gravity Separation Theory

Sedimentation is the term applied to the separation of suspended
particles that are heavier than water, by gravitational settling. The
terms sedimentation and settling are used interchangeably. A
sedimentation basin may also be referred to as a sedimentation tank,
clarifier, settling basin, or settling tank. On the basis of the
concentration and the tendency of particles to interact, four types of
gravitational settling can occur: (1) discrete particle, (2) flocculent, (3)
hindered (also called zone), and (4) compression.

1. Particle settling theory
¥ 3k “fégﬁ}%/ﬁ Newton and Stokes CilkiZ#% » T4 R & 4 27 B4 (&
drag)z. B % o
The gravitational force:
Fe=(Pp—Pw)9Vp
Where Fg: gravitational force, MLT? (kg.m/s?)
pp: density of particle, ML (kg/m®)
pw: density of water, ML (kg/m®)
g: acceleration due to gravity, LT (9.81 m/s?)
V,: Volume of particle, L (m°)
The frictional drag force:
F - CdApqup2
2
where F, : frictional drag force, MLT? (kg.m/s *)
C, : drag coefficient (unitless)

A, :cross - sectional or projected area of particlesin direction of flow, L? (m?)
v, : particlesettling velocity, LT™ (m/s)

Equating the gravitational force to the frictional drag force for spherical
particles yields Newton’s law:

33



4g Pp = Pw 4g

where v, : terminal velocity of particle, LT™ (m/s)
d, :diameter of particle, L (m)
sg, : specific gravity of the particle
$#n G (Cy)irinimm £ > % Reynolds number 2. &l o i § 7 4 =
B % & : laminar (Ng<1), transitional (Ng=1 to 2000), and turbulent

(N&>2000)
_ 0,4, P _ b,
R . y

T ez BTk
24 3

=—+
Ne  JNg

49 Py~ Pw 49
7o J3Cd¢( E J3Cd¢(g" 1

where ¢ :shapefacyor
1.0 for spheres; 2.0 for sand grains
up toand greater than 20 for fractal floc.
% Laminar region pF ; Stokes’ law
L _p -pu)dy” (59, -1)d,”
PO 18 u 18v
1 - dynamic viscosity, MTL? (N.s/m?)

+0.34

v - kinematic viscosity, L*T™ (m?/s)
4+ Turbulent region p

Pp =~ Pw
Vpy = \/3.33g( d

)d, ~,/3.33(sg, -1)d,

w

Example 3-4. Determine the terminal settling velocity for a sand particle
with an average diameter of 0.5 mm, a shape factor of 0.85, and a
specific gravity of 2.65, settling in water at 20°C. At this temperature, the

kinematic viscosity value is 1.003x10°® m?/s.
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3-5 Grit removal

Removal of grit from wastewater may be accomplished in grit
chambers, or by the centrifugal separation of solids. Grit chambers are
designed to remove grit, consisting of sand, gravel, cinders, or other
heavy solid material that have subsiding velocity or specific gravities
substantially greater than those of the organic putrescible solids in
wastewater. Grit chambers are provided to (1) protect moving
mechanical equipment from abrasion and accompanying abnormal
wear; (2) reduce formation heavy deposits in pipelines, channels, and
conduits; and (3) reduce the frequency of digester cleaning caused by
excessive accumulations of grit.

3-6 Primary sedimentation
mﬁ&ﬂi%ﬁﬁﬁéﬁ”m%WW#iw&#?’u%%%&WW#

R MEA T AEVAMNA 0 XIS FEFAS L 0 RS
1.Design consideration and performance
a.i& % pF ¥ (detention time)
- ﬂmﬂum By R s 1.5~25h % > 0.5~1 h>#-i# SS 2 Mf i AL
hORR MPE s FPRILFLIER o mERE M FI R BT
ﬁﬁ’m%$m1Mﬂ$ArimCﬁsﬁwﬁ%’@?ﬁﬁ 1p ¥ B

1.38 i 1"5 °
T=X= LxWxH
Q Q

T : detention time Q : flowrate V : volume
L:length W : width H: depth
b.% & § i & (Surface Ioadlng rates)
~ % overflow rate » % % % cubic meters per square meter of suface
areaperday - %7 ¥ =% m¥m%d > - %@ L 30~50 m¥m?.d -
C. Scour velocity
ST AR R AT R TR B o
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Camp (1936)
. {Sk(s-l)gdrz
f
V,, : horizontal velocity that will just producescour, m/s
k : constant (0.04 ~ 0.06)
s : specific gravity of particles
g : acceleration due to gravity,9.81m/s?
d : diameter of particles,m
f : Darcy - Weisbach friction factor (0.02 ~ 0.03)
d.BOD and TSS removal
A7t ¥ BOD 2 TSS 2z 2 “ﬁ?‘x;’ kBT ERZHEERM B Hk
B L A
t

Ta+bt
R : expected removal efficiency

t : nominal detention time T

a, b : empirical constants;For BOD,a = 0.018,b =0.02; For TSS, a = 0.0075, b = 0.014
Example 3-5. -k g2 £ 20000 CMD » = # ;i & 50000 CMD - 3% 34
ATEE ot Ak e fEF A 40mimid HIEA M B T 6 mo kR
#2100 gme ¥ > £4 BOD £ TSS 4 't 5 > {= scour velocity

3-7 Flotation

Flotation is a unit operation used to separate solid or liquid particles
from a liquid phase. Separation is brought about by introducing fine
gas (usually air) bubbles into the liquid phase. The bubbles attach to
the particulate matter, and the buoyant force of the combined particle
and gas bubbles is great enough to cause the particle to rise the
surface. Once the particles have been floated to the surface, they can
be collected by a skimming operation. # * *:f& 54 H 2 K,ért friksg2 +
sk & @ FE3 38 dissolved-air flotation(DAF) ~ dispersed-air flotation






Chapter 4 Pretreatment—Chemical unit processes

4-1 Role of chemical unit processes in wastewater treatment

The principal chemical unit processes used for wastewater treatment
include (1)chemical coagulation, (2)chemical precipitation, (3)chemical
disinfection, (4)chemical oxidation, (5)advanced oxidation processes,
(6)ion exchange, and (7)chemical neutralization, scale control, and
stabilization.

1. Fundamentals of chemical coagulation

Colloidal particles found in wastewater typically have a net negative
surface charge. The size of colloids (about 0.01 to 1 um) is such that
the attractive forces between particles are considerably less than the
repelling forces of the electrical charge. Under these stable conditions,
Brownian motion (i.e., random movement) keeps the particles in
suspension. Brownian motion is brought about by the constant thermal
bombardment of the colloidal particles by relatively small water
molecules that surround them. Coagulation is the process of
destabilizing colloidal particles so that particle growth can occur as a
result of particle collisions.

In general, a coagulant is the chemical that is added to destabilize the
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colloidal particles in wastewater so that floc formation can result. A
flocculent is a chemical, typically organic, added to enhance the
flocculation process. Typical coagulants and flocculents include natural
and synthetic organic polymer, metal salts such as alum or ferric
sulfate, and prehydrolized metal salts such as ployaluminum chloride
(PACI) and polyiron chloride (PICI)

2.7 s

(1)charge neutralization
B+ A RT BT i a 79 el RMBWEA G (T
»T'% X 4p & & = o Coodination compounds

— _ 3+ ~ 24
Hz0 OH H,0
2 2 OH
\Me/ - \ / +
H,0 \ OH, H,0 Me OH, + H
Hz0 OH, H,0 OH,

(2)polymer bridge formation
polymer(iL ¥ % anionic and nonionic)# &3¥ % = % =4t o }‘g polymer £
hé ik ﬂh{;’? o~ 2g 7]5% iT* o

(3)charge neutrallzatlon and polymer bridge formation
A L EEE ST AN LAk LA MRS AL K

Particle with

Particle in Wastewater adsorbed polymer

OO-—>§?Q@M é%?)

Ad b h Floc particle formed by
sorptlo'n roug t particle bridges
about rapid mixing

3. Chemical reaction in wastewater precipitation application

48 3 (Alum)
3Ca(HCO,) + Al (SO,), 18H,0 <> 2AI(OH), 4+ 3CaSO, + 6CO, +18H,0
3x100 (as CaCO,) 666.5 2x78 3x136 6x44 18x18
1mg/L 3(100 gmole) — 0.45 mg/L

666.5 g/mole

Example 4-1.¢ %= -k ;=& 1000 m®/d>TSS 4 £ 220 mg/L- 4 A& 136 mg/L
as CaCOs = 4=/ # TSS 4 % 5 60% - 4v » Fifit4F(4r £ © 40 kg/1000 m°)



%é’TSS—iK,ért$¢;t$;;85%0‘.]!;3{;;;,17@@?;;%@
% (Ca0)7 & £ %~ kg/1000 mio xR L= Rt £ 4
TR EFF 2L M E m/d 9

P

.03

4-2 Chemical precipitation for removal of heavy metals and
dissolved inorganic substances

_i%,};é i£%7—» X, :}—"—IL%‘fﬁU"ﬁ,‘é“mIJﬁVAIT Ei A LI E %
FoH P Ut B E kY o iR g2 OH ~S¥ - COs% % 4 o
k#8462 & £ ¢ 3£ arsenic~barium-~cadmium-~copper~mercury- nickel ~
selenium ~ % zinc % » & K,érti,%ziﬂ’ 5 ;ﬁ lime £ caustic 2 el - B it pH

o R FL g HEF G BB RR A Ed g

o) e

Disinfectant Half reaction PKsp
Cadmium hydroxide  Cd(OH); — Cd** + 20H 13.93
Zinc hydroxide Zn(OH), — Cd*" + 20H 16.7
Copper hydroxide Cu(OH), — Cu“" + 20H 19.66

100

10

01

0.01

Concentration of metal, mg/L

0.001 f

0.0001

4-3 Chemical oxidation

Chemical oxidation in wastewater treatment typically involves the use of
oxidizing agents such as ozone (0O3), hydrogen peroxide (H.0,),
permanganate (MnO, ), chloride dioxide (CIO,), chlorine (Cl,) or (HOCI),
and oxygen (O,), to bring about change in the chemical composition of a
compound or a group of compounds. Advanced oxidation process (AOPS)
in which the free hydroxyl radical (HO®) is used as a strong oxidant to
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destroy specific organic constituents and compounds that can not be
oxidized by conventional oxidants such as ozone and chlorine.

1. Fundamental of chemical oxidation
(1). Oxidation-reduction reaction
* % redox reaction - In oxidation-reduction reactions both electrons

are changed as are the oxidation states of the constituents involved in
the reaction. For example, consider the following reaction:

Cu* +Zn«<Cu+2Zn*
In the above reaction copper change from a +2 to zero oxidation state
and the zinc changes from a zero to a +2 state, oxidation-reduction
reactions can be separated into two half reaction. The two half
reactions are as follows:

Zn-2e” < Zn*" (oxidation)
Cu® +2e” <> Cu (reduction)
(2). Half-reaction potentials
Zn+2e <« Zn*" E° =-0.763 volt

Cu®" +2e” <> CuE° =0.34 volt
E°: standard potential

(3). Reaction potentials
FE R ET L RGP - B BLTEF > WA LS BT

E° reaction = E°reduction = E ° oxidation

E°reaction = E°cu?r,cu - E°zn?, zn

E °reaction =0.34-(-0.763) = +1.103 volts
GFRRELIEATF REERF LE L CU+ZnT o CU +2Zn s

E° reaction = E° n*, zn - E° Cu?*,Cu —( -0. 763) 0.34 =-1.103 volts
BERBILTZEE > A7 FBENED v

Example 4-2. Determine whether hydrogen sulfide (H,S) cab be oxidized
with hydrogen peroxide (H.O,). The pertinent half reactions are as
follows

H,S<>S+2H" +2¢" E°=0.14

H,O, +2H" +2e" «»2H,0 E°=+1.776

(4). Equilibrium constants for redox equations



F1* Nernst = f23¢ » 7 K7 L {7y #
InK = N F E°reduction * log K = N F E°reduction
RT 2.303RT
K : equilibriu m constant
n : number of electrons exchanged in the overall reaction
F : Faraday's constant = 96485 coulomb/g. eq
R : universal gas constant = 8.3144 J/mole. k
T : temperature, K (273.15 + °C)
4, at 25°C
log K = n (96485) E° cauction _n E° reduction
(2.303) (8.3144) (273.15+ 25) 0.0592
Example 4-3. #7355 *BRF B2 THEFEREL P ?
Cu” +Zn<Cu+Zn™
H,S+H,0, <S+2H,0
(5). /& * —chemical oxidation of nonbiodegradable organic compounds

Dosage, kg/kg destroyed
range typical

Chemical Use

BOD reduction
Secondary effluent 1.0~3.0 2.0
COD reduction
Secondary effluent  3.0~8.0 6.0

chlorine

ozone

Chapter 5 Fundamentals of biological treatment
5-1 Overview of biological wastewater treatment

1. Objectives of biological treatment
4 P ¥z p o e 45 (Dtransform (i.e., oxidize) dissolved and
particulate biodegradable constituents into acceptable end products,
(2)capture and incorporate suspend and nonsettleable colloidal solids
into a biological floc or biofilm, (3)transform or remove nutrients, such
as nitrogen and phosphorous, and (4)in some cases, remove specific
trace organic constituents and compounds.

2. Role of microorganisms in wastewater treatment
4 RILFE bR 1T 0 2R R A ok G BOD v it § 4
A oA P U FRRLE £ o kA $ 02 Oy  NHy ~ PO 5 4
ABWmOEFFIRAE K RIFECLIGEELEZS o H Y newcells £
% {“ 425 & 4 2. biomass -

<

3 microorganisms

v, (organic material) +v,0, +v,NH, +v,PO,” — v, (newcells) +v,CO, +v,H,O



3. Some useful definitions

Term

Definition

Metabolic function

Aerobic (oxic) processes

Anaerobic processes (k¥ #
fRZE S RE Y S Ry e
& ~ upflow anaerobic sludge
blanket)

Anoxic processes

Facultative processes

Combined
aerobic/anoxic/anerobic
processes

Treatment processes

Suspended-growth processes
(activated-sludge process,
1913 developed)

Attached-growth processes
(Trickling filters; Rotating
biological contactors;
packed-bed reactors)

Treatment functions

Biological nutrient removal

Nitrification

Denification

substrate

Biological treatment processes
that occur in the presence of
oxygen.

Biological treatment processes
that occur in the absence of
oxygen

SR IR I A A
5 ¥ # 2425 > This process is
also known as denitrification -
Biological treatment processes
in which the organisms can
function in the presence or
absence of molecular oxygen.

Wi CRFEZAGEREESL -

de o R A RURIL th e

o
B m

" -l
i"%
& 4
2
= Niud
~ R
'\Q'
=5
&

\4~ = %“T \4—

#‘3—7@
=2x 3 %’E
%*"(medlum)
"g“’*%ﬁi%ﬁo ﬁ;,f—?*ﬁ;é
fixed-film processes -

”#ﬁ%
c; ‘

L% F B 2 P RIEAR S
The two-step biological process
by which ammonia is first to
nitrite and then to nitrate.
#-nitrate B R 2§ 2 H s F Y

AYr2 2 PR ARR o
4 P IR iE A A T
REG S

iy




Mixed lipuor suspended solid
(MLSS)

Mixed lipuor volatile suspended
solid (MLVSS)

5-2 Composition of microorganisms

4P IR 2 f 4 0 hd mixed communities k2 & @ & > B & 2
P #z2 pe4 ¥ 0 ¢ 3% bacteria ~ protozoa ~ fungi ~ rotifers, and possibly
algae o F PF O P R B P TARS ILARR o M2 #?”fi%ﬂ'”

= B 1% 2 # (prokaryotes)¥s & 4% 24 # (Eukaryotes) - ﬂf S R ¢
%&ﬁi#’ﬂ%&i#*%gﬁi# R 2 5 % 7 80% kA~ & 20%3¢
o e? 0% 5 0 10% G g o K& F 5 CsH/ON
(Hoover and Porges, 1952) » 4r% & Bgaa~2% » » ¥ & * CgoHgrO23N1oP ©

2. Environmental Factors
PEMAP2 L83 32287+ F8REpH- % SR V- e lE LESE LI
AL T FEE T o
Temperature (°C) & pH : o
Type range Optimum ("C)& pH range
Psychrophilic 10~30 12~18
Mesophilic 20~50 25~40
Thermophilic 35~75 55~65
pH 4.0~9.0 6.5~7.5

5-3 Introduction to microbial metabolism

1 5 8FRm  H2FZT IR AR EBAFZTL L 3Twme 2
H ¢ 2 @&~ % 4 nitrogen ~ phosphorous ~ sulfur ~ potassium ~ calcium ~
and magnesium % - gR ¥ &3 a8 CO, JE ¥ - Organisms that use
organic carbon for the formation of new biomass are called heterotrophs,
while organisms that derive cell carbon from carbon dioxide are called
autotrophs. #REPFIREEFRRASR - F W 4Ea £ p F ks
BB PRERL I FIE 2 R F R wie g F Mo

2. AP BT TR E T RCEF VB VR BES - ;?EZ"L
K E REP-i B 2 et # 4L 5 phototrophs v it i B F Y F BERG B2
Me2 4% chemotrophs - Phototrophs # % £ ¢ 14 » 4 sulfur-reducing
bacteria > 7~ ¥ % g %’ 4 > - algae and photosynthetlc bacteria > F &
chemotrophs » # 4 £ % {4 (protozoa -~ fungi, and most bacteria)%* p ¥ |+
(nitrifying bacteria) - 7= ¥ » Chemoautotrophs obtain energy from the
oxidation of reduced inorganic compounds, such as ammonia, nitrite,
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ferrous iron, and sulfide. Chemoheterotrophs usually derive their energy
from the oxidation of organic compounds.
Nutrients

Nutrients Nutrients

Organic Sg;é?;?: Newcells co, — Synthesis New cells Organic Synthesis New cells
C ds -Bacteria- -Bacteria-
ompoun £ NH,* Compounds
— nergy CO, + H,0 4 Energy NO, or NOg - Energy CH, and H,0
0O, 0,

Aerobic, heterotrophic Aerobic, autotrophic Anaerobic, heterotrophic

N

3 MAFEPNE T BRSBTS By m TR
electron donor £ electron acceptor F 2_ + &> 7 + &% Jﬁ VoA R_wmre vh 2
& F % g poeE T * (endogenous) Z dm Fz o Organism that generate
energy by enzymy-mediated electron transport to an external electron
acceptor are said to have a respiratory metabolism. The use of an
internal electron acceptor is termed fermentative metabolism and is less
efficient energy-yielding process than respiration.:& 7% % it * 2. & ¥ |+

Bed o i EE (e 2 B A B0 R

4. wmpF| kR~ ¥ AP BRI/ IT I 2 AR

E
™

TP

Electron
Type of Common Carbon donor Electron
. . products
bacteria reaction name source (substrate acceptor
oxidized)
Aerobic Aerobic Organic Organic 0 COy ~
heterotrophic oxidation compounds compounds 2 H,O
NH3 ~ NOy
Nitrification CO; 0, NO2 -
, Fe(II) NO3’
Aerobic —
autotrophic Iron oxidation CO; 0O, Fe(1I)
Sufur oxidation  CO» H,S~S° O SO~
S,05*
Facultative Denitrification Organic Organic NO2 ~ NOs Cé) .
heterotrophic Anoxic reaction compounds compounds ¥ é
2
Acid Organic Organic Organic Volatile
fermentation compounds compounds compounds fatty
acids
VFAs
Anaerobic ( )
heterotrophic Iron reduction Organic Organic Fe(1) Fe(Il)
compounds compounds CO; ~
H,O

11



Sulfate Organic Organic S0, H,S

reduction compounds compounds CO, -
H,O
Methanogenesis Organic Volatile CO2 Methane
compounds fatty acids
(VFAS)

5-4 Microbial growth kinetics

1. 2 52y FIA T F2 e 2 Bk fgm B AFldpt v s

f22_ COD(biodegradable COD; bCOD) s UBOD » H ¥ it % i3 f&1+ ~ " 48
RAFRR T H RSP T o M2 22 4 3% (Binary fission) 144

;¢ 0 27 %7 - The time required for each division, which is termed the
generation time, can vary from days to less than 20 min. &4+ 3% 5 &
PoomA A £ e T R

(A) The lag phase. Upon addition of the biomass, the lag phase
represents the time required for the organisms to acclimate to their new
environment before significant cell division and biomass production occur.

During the lag phase enzyme induction may be occurring and/or the cells
may be acclimating to change in salinity, pH, or temperature.

(B) The exponential-growth phase. During the exponential-growth phase,
bacterial cells are multiplying at their maximum rate, as there is no
limitation due to substrate or nutrients. The biomass growth curve
increases exponentially during this period.

(C) The stationary phase. f¢& > 2 F & kR EFF FFE T wF?
L N2 L > MowmEr - o HRAFTEER -

(D) The death phase. A F i} 475% » mpF* 257+ o

12



I Exponential:

|
growth _,
r_ phase |
: |
: |
Lag ! | Stationary Death
<|5hase_>: r_ phase ae phase

|
Substrate :
Concentration :

Biomass

Time
Figure. Batch process biomass growth phases with changes In substrate and
biomass versus time

2. Rate of utilization of soluble substrates
— kXS
K +S
r,, : rate of substrateconcentration change due to utilization, g/m®.d
k : maximum specific substrateutilization rate, g substrate/g microorganisms.d

X : biomass (microorga nism) concentration, g/m®

S : growth - limiting substateconcentration in solution, g/m*
K, : half - velocity constant,

substrateconcentation at one - half the maximum specific substrateutilization, g/m*

3. Biomass yield:
T_% % the ratio of the amount of biomass produced to the amount of

substrate consumed. &) 4- > 4 ¥ £ % & & > biomass yield % 7 5 g
biomass/g organic substrate, 4+ % p % & i* ¥ J& > biomass yield ¥ % 7 5
g biomass/g NH4-N oxidized, #Z7%F |4 75 s p« (volatile fatty acids, VFAS) k&
¥ '3 325 J& > biomass yield % 7= = g biomass/g VFAs used.? ¢ 4+ ¥ & R
§ AP I d 3G A% 5 0 Fet - 4 biomass yield i ¥ &7 5 g
biomass/g BOD removed & g biomass/g COD removed -

i

g biomass produced
g substrateutilized (i.e., consumed)

Biomass yieldY =

13



y7i
—ky, k=£m
Hm v

M XS
Y (K, +95)

su

4. Measuring biomass growth

d 3t biomass =+ %A 5 G 5 H 0 Fle T A 0 R F A4 (VSS)
particulate COD (total COD minus soluble COD) - # F+v & - DNA -~ ATP
FREAFHER GRS VR FRAT O H P U VSSE TR o

5. Estimating biomass yield and oxygen requirements from stoichiometry
2 glucose (CgH1206) 5 & 1% 5 3P » @ fwre 2 1Y B ;812 CsH/OoN 5 4
vy & @2 BE glucose & & 5 lwmrg 2 KOS S
3C4H,,0, +80, +2NH, - 2C.H,0,N +8CO, +14H,0

3(180) 8(32) 2(17) 2(113)
Bk H ixlgglucose ¥ & =042 gime

Y = A(C:H,0,N) _ 2(113g/mole) =0.42 g cells/g glucose used

A(C,H,,0,) 3(180g/mole)

e ¥ % glucose ¥ * COD # 71 :

C.,H,,0, +60, -»6CO, +6H,0

(180) 6(32)

COD = A(O,) = 6 (32 gimole) =1.07 g O,/g glucose
A(C¢H,,0,) (180gmole)
P

v 0.42 g cells .9 glucose

=0.39 gcells/g COD used
gglucose 1.07gCOD
TR R

Oxygen consumed 8(32g90,/mole)

= =0.4490,/g COD used
Glucoseas COD  3(180 ¢ mole) (1.07 g COD/g glucose)
@ biomass 1p % 2= COD & % :
C,H,0,N +50, -»5CO, + NH, + 2H,0
(113) 5(32)
cop-—2(0:) __5@2gmole) _, 0,/g cells
A(C,H,O,N) (113g/mole)

6. Estimating biomass yield from bioenergetics
<3842 - FE A ¥ (biomass yield) # d F 2% F - oA B R Bk A RE o
Ty - ks ERIE2

72 2_ bioenergetics = ;* > ¥ £ ¥ biomass
yield -

CEF T MR TS Bheifgil o TR 2R 0 AT S
Gibbs free energy > AG®° (&% & ™ > pH=7.0>25C)- AG® % & ~ § & >

14



AGY 2387 I F o 223 34 & F o2 fhiF fi o i 190> £ 5 it
wEHImolew +2.35 t-:BRZ &2k Ko ?F}"@;‘*% it AGY L f &
* % release energy- x = exergonic reaction> % % & & ] = endergonic
reaction » % 7+ % ¢ p % & &(will not occur spontaneously) » 7 7 & st
oA ®EF BEFT

Example 5-1. Determine the free energy resulting from the oxidation of
hydrogen by molecular oxygen. ¢ 5% 5 g3 3 AG°® 4T

H* +e :%H2 AG® = 40.46 KJ/electron equivalent

1O2 +H" +¢e 1 H,O0 AG°=-78.14 KJ/electron equivalent

2 2
Z%ti%%“gr} frf it g F o MEPF i £ 0 93 40~80%; i & A
oo HAR R A o bldcdFF IV F Rod A EF i 2 BN E

Vi kERd 20CH 2 2 60C -

7. Rate of biomass with soluble substrates
Pt Fo 4 E g 3 u{é%ﬁ’«f?‘%mi‘g4c’x\?ﬁ'4#i‘,ﬁk (decay)”fki’ﬁ
B2 prd FA Tl ] o ARl

r,=-Yr, -k, X=Y KXS -k X
K,+S

S

r, - net biomass production, gvSS/m °d
Y :synthesisyield coefficien t, gvVSS/g bCOD
k, :endogenous decay coefficient,g VSS/g VSS.d
o ééﬁ"fX,ﬂ'J
r kS
'uzyg:YKs+S-kd
1 - specific biomass growth rate, g VSS/g VSS.d

Example 7-2. & &rigjn-k2 bCOD % 300 g/m*>VSS % 50 g/m®» i&jn-k
g 1000 m¥d > @ F Ot 2 ped ﬂﬁ» JE B 2000 g/m® > # 484 105 m®»
¢ bCOD % 159/m ERE & p 5d* ’zﬂf«‘%*;‘ﬁ‘cfé«&01d'%i
ok # 40 g/m® > A $ & X 0.4d P A I (A

5-5 Modeling suspended growth treatment processes

Ag B AE A TR S AT R s NIRRT R AT RER A
PEREER -SLARZ TS E -
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1. Biomass mass balance

System boundary

Clarifier
Influent o | Aeration tank — 4 Effluent
QS. X% [+ S, X, V (Q-Q,). X, S
Return activated sludge
Q, Xq S
v
Sludge
Q. X S
Accumulation = inflow - outflow + generation
dX
EV = QXo - [(Q - Qw)Xe - QWXR]+ rg\/
d X . pd E 2% 7 N 3 3
F-F Teth 2 4+ F & %1 & F,9vSS/m °.d

V:F st A%, me
Q:iim-king, md

X, ik 4 4 £, gvss/m ®
CBF Ak R, mild
LidEk A b F R, gVSSim ®

R WA PR E R, GVSSIM
poEd A S, gvSsimid

w

X X O

FiCRAFFEER ML VL L Y kG steady state(dX/dt=0) > 7]
(Q-QX, +Q Xg =rV @& Frr =-Yr, -K,X

(Q _Qw)xe +QWXR — _Yrs_u -k

V X X
¥ _% : solids retention time (SRT)
SRT = VX
(Q-Qu)X. +QuXg
Flg

16



1 r r - .
——=-Y M-k,  ad? )= £ 5 specific substrateutilization rate, U.
SRT x Koo ( X) H-=sp
7 9P

Ul QG -9)
X V X

Q:-kim&,md

S, 1i&in-k A H ik B, gBOD/m®

S:din-k 4 F ik &, gBOD/M®

’

—_

¥
1 kS
_— ’_' :Y -
srT M7 T ss
1 _ YKS .
SRT K, +S
K1+ (k,)SRT]

SRT(Yk-k,)-1

Kq

2. Substrate mass balance

Accumulation = inflow - outflow + generation

EV=QSO-QS+rSUV
dt
steady - state dS/dt =0

V., kXS \
S,-S=(—= =—
0 (Q)(kS+S) e

X_(SRT) Y (S, -9)
7 | 1+(k,)SRT

3. Design and operating parameters
(1) Food to microorganism ratio

F _ totalappliedsubstraterate ~ QS, _ S,
M total microbial biomass VX X
(2) Specific substrate utilization rate

1 = Y(E)£ -k, E : BOD removal efficiency , E,% = S - x100
SRT M” 100 S,

(3) Organic volumetric loading rate

17



QS,
bow = 00
V><1ooo%g
484 £ i7, kgBOD/m®.d
g J\BOD,;&E: gm?

(5) 73z
R=a'Y+b'Z

R:#%% & ; kg/d
a4 % 1kg BOD “ % § £ #i # fi ¥k, kgO,/kgBOD - (0.35~0.65)
bh:p et e w2 § B % ¥k, kgO./kgMLSS.d > (0.05~0.24)
Y:BOD # * £=Q%(BOD «: —BOD : +)x107 ; kgBOD/d
Z:R F i B =MLSSxVx107 kg
QUkE ; CMD ~ Vi R H &4, m
(6) 5~ &
X=(QxSS it /ixSS 2 % F x107)+ (axBOD it ;=xBOD 2 "% % xQx10° %)
— (bxMLSSxVx10-3)

X: 4 #1455 % £ 5 kg/d

a:4 % BOD 2 3 /% # 4 5 (0.5~0.8)
b:i+ ) p 7% i %(0.01~0.1 day™)
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5-6 Biological nitrification

1. Nitrification is the term used to describe the two-step biological
process in which ammonia (NH4'-N) is oxidized to nitrite (NO,-N) and
nitrite is oxidized to nitrate (NO3z-N).2 4=/ it &J2 » 3 & p & 43 (1) %%
AR BAGFFEREERE FHAFLAE (22 GF M A
-k %8 eutrophication » (3)# % k2 £ 1% -

Combined BOD
removal and nitrification

/ Clarifier

Influent OL—> ———> Effluent

Return activated sludge

Sludge
Bypass (optional)
: BOD removal : Nitrification
| Clarifier [ Clarifier
I I 473
| / | |
Influent ——rc’s oé: Ly 5 Effluent
Return activated sludge Return activated sludge
Sludge Sludge

2. 2 frjed2 4 ' BOD 2 4 e iy 32 (7 AT 00 (8% od ol i Fpt 4 ik BOD
ZRE R AERGER S FI R AL IEY » F 3 RE 2 K4 2 H
BT REE oA FHEEF p I A& ¢ Nitrosomonas (ammonia—
nitrite) 2 Nitrobacter (nitrite—nitrate) # & 7 4 (Winogradsky > 1891 # 4 3
#) > # i & 3% Nitrosococcus - Nitrosospira... % 7 3 i 4 # ammonia

M
% it = nitrite » @ Nitrococcus - Nitrospira » it #- nitrite ¥ * = nitrate -
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Nitroso- bacteria :

2NH," +30,>52NO, +4H"+2H,0

Nitro- bacteria :

2NO, +0, > 2NO,

Total oxidation reaction :

NH,” +20, >NO, +2H" + H,0O
14 2x32

R Y

NH,” +2HCO, +20, -» NO, +2CO, + 3H,0
14 2x100as CaCO,

3. 8L F 1 ENZA57 5.0 m HorZ kR 5 7.14 50 - Z28m - 30
A ammonia ion #-i = 5w B o 4o 32 LT

4CO, +HCO, +NH," +H,0—>C.,H,0,N +50,
o T Ri ¥ iﬁ' AHER wme i F Ry F RS RS F 5H

NH," +1.8630, +0.098 CO, —> 0.0196 C.H,O,N +0.98 NO, + 0.0941H,0+1.98 H*

d PR F LA NE 4255 0,00% 7.07 sk B §FtE N4
0.16 # #Tim? o F]p* - dk A ~E A ~BOD kA& ~NEA ~ & 151t £ % - pH
23 ARFLpH T LR TS P F M 0.5mg/L
A a2 el o i £ pH B S 7.5~8.00 pH 143t 6.8 pF o 4 deal it iF

# "T»—1 LP#J

5-7 Biological denitrification

1. The biological reduction of nitrate to nitric oxide, nitrious oxide, and
nitrogen gas is termed denitrification. # $= % iv* % 4 $ % § (biological
nitrogen removal)z. —3R% 4 » 4 $ 5% § & 3= nitrification ¥ denitrification =
% o ke 2 "$ $ i+ » % 3 ammonia stripping, breakpoint chlorination,
ion exchange % & 3% » 4 fon § &t = 53 500t fgﬁ"—, SHR G EAS F
223 E o AR P AL RBERT > TV ELA LR T K
PFoo TR BIERESR o

2. Two modes of nitrate can occur in biological processes, and these are
termed assimilating and dissimilating nitrate reduction.
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Organic
nitrogen
(proteins; urea)

Bacterial decomposition
and hydrolysis

Y

Ammonia Organic nitrogen Organic nitrogen
nitrogen > (bacterial cells) > (net growth)
o, ——{ 1 |
o .". Lysis and autooxidation
Nitrification Nitrite

0, —) o
2 Denitrification

Nitrate —T_> Nitrogen gas (Ny)

Organic
carbon

3. @ &4 w32 R 42 > preanoxic denitrification £ postanoxic
denitrification - preanoxic denitrification » & ¥ EL%?AF’K‘F* Sk AR E e
1@ > i%d Ludzak-Ettinger #2. 5 ¢ 2 @ % (U.S. EPA, 1993) > ~ i MLE #%
Fooitinis k2 BOD (F2 3 K > @ % - 2453 2 pp it 34 2 5
Fa@iT 5 % - W osplivH ig%‘r » R FRE 2w iEr > pb 3 Ux e
5 A F sl 42 5 (substrate denitrification)

%= fiz A o 4L 5 postanoxic denitrification - § % — ) I pFig (7 BOD 4 %
NS I AR ?ﬁ?%ﬁE" porE IER (R BT ) F] R i
& 43t preanoxic denitrification - ¥ ¢t » § 7R 7 ‘v 4 metahanol ¢ acetate

" v

A = 'ﬁ ¥t R > 14 d o ﬁgkﬁdii °

Nitrate feed

. Aerobic/ Aerobic/
Infl PR i
nfluent T Anoxic nitrification Effluent IanuemT nitrification Anoxic Effluent

Return activated sludge Return activated sludge

Sludge Sludge
Preanoxic denitrification

(Substrate denitrification) Postanoxic denitrification

4. Stoichiometry of biological denitrification

2 pmp e GORA FIT nitrate 2 nitrite RS T FESF 0 BFF BA
Fa2p g tier > W pad g &35 T o A FA R nitrate
reductase enzyme - 3 & % + & # 1 nitrate > @ nitrate (7R R iTr > ux
S (E* s onitrate B R K BAcT & o7 -

NO, —>NO, —> NO—>N,0— N,
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2y e d oo A= 87+ & & f (electron donnor) » ¢ 45(1)ig ok ¢
4%ﬂ@waCODmxxm)(amnuxm4¢m 4 47 A jz2 COD » (3)% +
E%l\/}g? » G @ ﬁ%E\‘ ﬁ’x ° '1 C10H1903N £ =~ = 4 4‘7"—7 A ﬁﬁ# COD » E] gR/Fﬂ 3 ﬁ?_;

—
v 47 p .

C,oH,,0,N +10NO, —>5N, +10CO, +3H,0+ NH, +10 OH"

o g 2 fE L S RURPE

5CH,OH+6NO, —3N, +5C0, +7H,0+60H"
5CH,COOH+8NO, —4N, +10CO, +6H,0+80H"

d i F st Aosspl (% & R R (nitrate nitrogn reduced )1 g 2 N> ¢
ﬁ_i 3.57 g alkalinity (as CaCOg) > @ #7F *t4c £ » % 4o 3 fg ;42>
LB PF 5 2.8690,/gNO, -N > @ & B B PF 5 1.719g0,/g NO, -N
ip di(Barth et al., 1968) » % ¥ * ¥ F 49 BOD/gNO, - N reduced.
Foroxygen 0.250,+H"e —0.5H,0
0.25x 32

Fornitrate 0.2NO, +1.2H" +e"—>0.1N, +0.6 H,0

0.2x14

X
=N
>
1

o”ﬁ};ﬁ

For nitrite 0.33NO, +1.33H" +e"—>0.17N, +0.67H,0

0.33x14
e g el be gl § 0 0k kg TR ,Eﬁﬁ}}’\,)i‘lﬁ_éﬁfﬁ B - BV k4cT 05300

N
N

g bsCOD/gNO, -N =% Y, :net biomass yield, g VSS/g bsCOD,

5-8 Biological phosphorous removal

,@L‘ ,ﬁbg\ fL m# I’]_,. » BT A ,}L,axf,@* ﬁj‘ﬁ,’i\ 71\%‘& 'ﬁ'%‘ it e
M«i "$ FHYFEBABH2 CFRES 2w 1080 & Az AHFE A
%%m**’ﬁ%%‘%Mﬁ ﬁ%ﬁ§4@*‘%§o4%%&i$@
19 % R mcorportated into cell biomass » £ #-i5 i 7w '8 4 & o R R &

T BEfE & F(Phosphorous accumulating organisms, PAOS) & #4f fi% & 4~
(€ F e Eﬁﬁfr?z)i'» e EEG o PREERIE L AWF RS T 0 PAOS #&
ey 5ok ¢ RfREMEIEL R > T 0 Rk B (polyphosphate) A 3¢ #E 5 3t fm e
P E R 0 PAOS Bt 2 g7 B B T ARE PR 28 @ 3
B3 R TR TR 2 "f c Aot AT 0 F IR L B2 2Tk o IR AR

22



Bl4oT ormo - SRF W FF 05~1 [ P25k gl &5 # R F 2~40
I o

Anaerobic reactor: Aerobic tank:
PHB stored Internally, Biomass synthesis and
Poly P hydrolysis, decay, PHB utilization,
and P release and enhanced poly P Clarifier
uptake
Return activated sludge l
Sludge
I
. .
Anaerobic | Aerobic

I

_5 Orthophosphorous

3 /

e I

@ I

o

5 ! /

O I Soluble BOD
I
I
I

Time

2. 2 ¥ 2 2 BT

A}—E%zx&f&ﬁﬂﬂ > f ﬁii;%l%‘p‘,.., ~ é%ﬁ‘a@ F.‘;; ;}.-_Lr,}

W F BB F s 2mgll 1) 0 1 gk PAOS 2 i -
)

(3)pH : pH ™t 6.5 FF > PAOS /&% 1 » K3 5.0 Ff > % o

(@ﬁ%%?%ﬁ"r %4m@&ﬁ?’ﬂr‘ﬂm-ﬁﬁmg o

O)Rz Fk4 BFRRF I ARERF WHFEFE R 12 LI

()6 § Bk g 112 [Pt mF PAUERF RIS RY
TRk A BT

(7)F AR 2 3 44 37 A ¥ BUERF [ 5 2 PAOs 2 % S3ier
71t COD/P z_+ 8 \_}Fs' BrhiRE 43 r%ﬁ;\\—i"f \_}r-g o

@)Fr 4 B 1 WA (£ & HEEHR A SR Er o

7-10 Anaerobic fermentation and oxidation
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Chapter 6 Anaerobic biological treatment
6-1 ¥ mEps

l*%§4#&ﬁ“@nﬁii%&£ii%%él%%%\ﬁﬁéi@’
MEF WA R o RE A PR iRa B I 4o

Lo e

JRLEE Fed P L

Ak AE M %R kR

R R BK ;;gjﬁ*ii#@“’,uﬁb{m}\
- ?ﬁ At VR ’CH4 H2 J’E/ZJ: T’N =)
*}&4’;’ ¥ 13«“5-1‘ BRI };f@-ﬁ &

4
L
Ried § R AT F
2

B oA
SORE - R A
e

& i Tk

2. 17 & = # 8 33¥ R Biogas(2 /= # marsh gas > 7 ’*z) - Marsh gas is

methane, a product of anaerobic biological degradation of organic
materials.

3.
3.@&&iﬁﬁﬁﬁﬁ&@@ﬁ%ﬁ&ﬂ¢g,w#@iﬁﬁﬂﬁ@ag
WEEF AR AARY BREEAR 0 ¢ 32 BH Z > (DHydrolysis ;

(2)Fermentation (also known as acidogeneS|s) ; (3)Methanogenesis » 4
T Bl %7 - The first step for most fermentation processes, in which

particulate material is converted to soluble compounds that can then be
hydrolyzed further to simple monomers that are used by bacteria that
perform fermentation.
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Theoretical

stages
Lipids Polysaccharides Protein Nucleic acid
Hydrolysis l l l l
1 Fatty Monosaccharides ~ Amino Purines and Simple
acids l acids pyrimidines aromatics
|
A 4 * \ 4 )
Fermentation o : d l
(acidogenesis) ther fermentation products v
(e.g. propionate, butyrate, _
succinate, lactate, ethanol, etc.) Methanogenic substrate H,
CO,, formate, methanol,
> methylamines, acetate

L |

Methanogenesis

Methane + carbon dioxide

s = .5,'«? =it o BRiY AR R %E&Z&ﬁ’x SObE S~ P dREE ~ HOBE S PIEEERE S
R PR TRHB L F COEPRAY S AL T R
= 7 (methanogenic orgamsms);— #vP BA LS CHy 2 COy o

4%

28%

Higher
organic

Complex "\ 76%
Organics

0
20% » | Acetic acid

6-2 2 it 2
1 REFGAEY AL BRI MFLAREAFT* L RT %o

2. BB ETF]F

(1) Temperature

<ML RRE AR A YR R4 5 50~60°C 0 4 ¥R B 5 30~35T o
As temperature increases the rate of reaction generally increase. For
biological systems the rate increases are usually not as great as for
chemical reactions. Methane has been produced at temperatures down
to 10°C or lower, but for reasonable rates of methane production,

temperature should be maintained above 20°C.
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2) pH

'(I'rzepmost important process control parameter is pH. " =z 2 = & pH
LE'_,?68 BT 7T 24 o Fla P =2 @2 R@ FENERL SF TR
F AT, E}Jkﬁ T2 pH E- ed 3 ks ¥rA 4 5 P COpo e f A5
R UE A RS pH B % * 2 4&& ¢ 35 lime ~ sodium bicarbonate ¢
sodium carbonate -

(3) Mixing

Mixing is an important factor in pH control and maintenance of uniform
environmental condictions. Without adequate mixing, unfavorable
microenvironments can develop. Mixing distributes buffering agents
throughout the reactor and prevents local buildup of high concentrations
of intermediate metabolic products that can be inhibitory to
methanogens.

(4) Ammonia and sulfide control

B kR NHy ¥ RE BAsA2A € A 4 741 18% > NHz vt NH $#RE F3 21
J‘ o % KA PpH EHRB P NHz2Z )= (E g > % 5 g = k54 pr F) o
pigp ’-]‘4“ ﬁg_ﬁ‘x}l | 4e 2 ] o

¥ oebs k3 7 R sulfate (SO,%) 7 € B fgl‘/ﬁké‘? fRpz A2 - i 7] % sulfate
¢ R R 5 sulfide (S*) > B £ sulfide $ 7

% > & 252 iron sulfide itk o

(5) Nutrient requirements

Rt RET AT AT LR R My F e - e g 0 BHEER R
2. COD:N:P(E&+ )% 100:5: 1> fe4plbe AFHFAT > RE A ¥z
COD:N(£&)s 250:5-

(G)W%ﬁ,*ébt’ &g R

WARRE BREAER 0 "SRR 35 C L R MF LB TRE L 3~5 day > e
M‘ﬁgyi#ﬂ AR T T RME LA RTERYT LY 3~20 B2 % >
;i
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6-3 R¥ A F B
1. 2% - REEpEs g2 COD v g4 035L 27% (0C and 1
atm) > 4o B ARUATT o @ R RIRT o R FEREAER AL Z FMYT T
60~70%:" ‘=& 30~40%:CO, > H AL > € 2 Hy~HS ~NH3;~H,O &
F e

CH,+20,—-C0O,+2H,0

CH, :22.4 L/mole ;

20,:64 gmole ;

22.4/64 =0.35LCH,/g COD

RRE F R

CH,ONS, +(V-—-=- —+—-)H,0 —>
’ 4 2 4 2
vV w X 3y v w x 3y
—+t—+— +—)CH, +(z-—+—+—+-)CO, +yNH,; +zH,S
G st 4t ) Yt ) 2 TV ?

NH, + H,0+CO, - NH," + HCO,

Example 6-1. &% 45 0 & (T8 & 35C » ¢ vad@ i & 3000 CMD »
447~ fE2 COD kA 5 5000 g/m’e ¥4 # 7 & 32 COD % % &
95%: ¥ =ik A& % 0.04gVSS/g COD used > £ COD # & @ %z § %
g/d? # 7 : COD;;=COD¢tt + CODyss + CODyethane © ? *2 A % £+ m°/d
(35°C » 1 atm) ?

2. 1979 & B gt 4 i+ 7 = (Biochemical methane potential, BMP) 4y
LN Y ;‘?Jﬂ P Ad 4§ cBMP S4k&E R 35T 0 REKIRT R
30 B oF R ngiﬁw’}iiiﬂé BHWHEE - BMP it &85 < P g 4
IR e ,#‘ztk%‘r—i Kﬁ S e 2 B RN AeT

\f"b

Qn =Q (S-S )M=QEMS,,
where Q,, =is thequantity of methane per unit time
Q =isinfluent flow rate
S;o = is the total influent COD (suspended + soluble)
S;. =lis thetotaleffluent COD (suspended + soluble)
E =isan efficiency factor (ranging from0to1);06 ~ 0.9
M = is the volume of CH, produced per unit of COD removed
d 2 H B gL > F%2 Mg 43 BMP 2% & -
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3. ¥ MpEALS

(1) = 2 &/~ (Complete mix process)

’J< P RYERENHES R ER o By RT R4 & 15-30 % 2
T ARRL 3R ) T RIEE FALE 3 ]

LAY L S I A o) - r/f@“’ » R G rﬂﬁp: o — AR § J7 (Volumetric

organic loading)#; 4| & 1~5 kg COD/m3.d 2

(2) % 3 ¥ (Anaerobic contact process)
»waﬁﬁwm£?’fﬁ**%?%¢¢*%%#%?%@’ﬁﬁﬁ@
B rEominFRT o T LS T F R L 2R S *“Téc:&z:;»iffd :
B FF R A Be kS ﬂF—l‘ o & LM 4% f 4= (Volumetric organic loading)#y#1]
1~8 kg COD/m®.d 2. & » -k 4 i PR P 4% & 0.5~5 % o

(3) Anaerobic sequencing batch reactor

REMREEFARSY bF-FBEYEF - sRIZF e BHH > ¢ 7
L F B R o F R ) RS & fm%gﬁﬂ
R o F 195 o 5 aE# f jF(Volumetric organic loading)#r 4| & 1.2~2.4
kg COD/m3.d 2. & » -k 4 &g @ R a4F & 0.25~0.5 < -

(4)} 73V R% 5k & (Upflow sludge blanket reactor process, UASB)
1970 &= i~ gtdp > d j= @ Lettinga B Fx B # J %k - 2 {5 » McCarty B Fx
(Stanford University, early 1980s)#: Angenent (lowa State University, late
1990s)rE B 2 4 H s sz 3¢ o

UASB &k p F BB ERINAATE » w Find > SRRt 5 kg 228
B3Nt > UASB A B FP L KX L A HF L e AREKTLEIHEY
¢ 7z the influent distribution system-~the gas-solids separator-the effluent
withdrawal design - & .48 4 § J= (Volumetric organic loading)#y#] &
12~2o kg COD/m®.d 2. f¥(30~35°C) > 'k # i g PF A Pl id & 4~8 /| o
ik B 5w 2mihe
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Gas Gas
Clarifier

Influent Effluent Influent| _ | _
] ]—k--

Flocculator or degasifier

Sludge recycle

Sludge
(a) Complete mix (b) Anaerobic contact process
Gas <4 Gas Gas Gas
Effluent
—
Influent
—_—
Feed React Settle Decant

(c) Anaerobic sequencing batch reactor (ASBR)

—— Effluent
—

AN

Gas storage

(d) Anaerobic sludge blanket processes (UASB)

Effluent
—_—
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