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A Study on Modeling and Simulation of Wastewater
Treatment Process Considering VOC Emissions

Seong, Kyoung Won - Chun, Sang Ki - Yi, Sung Chul
Department of Chemical Engineering, Hanyang University

Abstract

ASPEN PLUS, a steady-state simulator, was used in this study for predicting emissions of
VOCs and tracing the fate of all compounds in biodegradation processes. Mathematical models
for the processes such as volatilization, reaction and clarification were adopted from literatures.
Unlike most previous simulations that various pollutants were considered as a single
component, COD or BOD, four components of water, biomass, VOCs and COD were included
in this simulation. Sensitivity analysis of several physical parameters on the performance of the
WWTP was conducted. Model predictions of VOCs emissions agreed well with the plant data.
The simulator could provide design conditions for a future WWTP as well as
monitoring/control regimes to an existing WWTP.

Keywords : Water pollution, Wastewater, WWTP, VOC, ASPEN plus
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Table 1. A range of kinetic parameter values for domestic

sewage[10]

for Domestic Sewage

Kendog (Decay const.)[ 14day] 005 ~ 0.10
k.\ynlh [llda}’] 35~ 10
K, (Saturation Const.} T
[mg COD/L] 25~ 100
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Table2. Influent conditions of industrial wastewater
treatment plant
flow rate 300 gpm
Feed] COD conc. 3000 ppm
Methanol conc. 500 ppm
Acetic acid conc. 2500 ppm
Feed2 flow rate 900 gpm
Methanol conc. 50 ppm
DAF water/air flow rate 150 gpm

Table 4. Operating conditions of activated sludge basin

Feed2HTH= FeedlolM #7184 w27t &
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Table 3. Sizes of each basins

Length 9144 m
Equalization Basin 1 Width 41776 m
Depth 300 m
Length 121.58 m
Equalization Basin 2 Width 68.58 m
Depth 300m
Length 103.00 m
ASB(Activated Sludge Basin) Width 103.00 m
Depth 3.00m
. Diameter 27432 m
Clarifier Depth 300m

Number of surface aerators per basin (N,) 4
Turbulent fraction of surface area (f}) 025
Impeller speed (@) 30 revolutions/min
Diameter of aerator impellers (d) 271 em
Oxygen transfer rating (/) 5.00 Ib/hr/hp
Oxygen transfer correction factor (O,) 09

Power to aerators (P,) 1200 hp
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Fig. 2. ASPEN PLUS representation for simulation.
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Table 5. Kinetic parameters used in this study [7,8,9]

Methanol | Aceticacid | COD
Ky [1/day] 0.0 0.01 0.01
kcndug (Decay const.) 0.06 0.06 0.06
[1/day]
Koynin {1/day] 0.15 0.168 4
K, {Saturation const.) 90 1429 1998
[mg COD/L]
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Table 6. Comparison between simulation results and

measured WWTP values

(* Results from Witt 12}
(**) Data from process monitoring and control computers

Simulation Other Measured
Prediction Value| Simulation* Value**
MLVSS ) i N
(mg/L) 2,620 2600 2,700 - 2,800
Sludge Age ,
(days) 16.4 16 18
F/M Ratio 0.16 02 0.1
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operation

C*y Liquid concentration in equilibrium with the bulk
vapor concentration

C¥g Gas concentration in equilibrium with the bulk
liquid concentration

Ce Liquid concentration of a component

Co (as concentration of a component

G Influent concentration of a component

C, Eftluent concentration of a component

Dethrr Diftusivity of diethyl ether in water

Di sk Diffusivity of compound & in zr

Dy way Diffusivity of compound i in water

d Aerator diameter

de Effective diameter

3D Fetch-to-depth ratio

Fr Froude number

fr Fraction of surface area that is turbulent

2 Gravitational constant

H, Henry’s Law coefficient for compound i

Kg Mass transfer coefficient on a gas basis

Ky Mass transfer coefficient on a liquid basis

KLo Quiescent overall liguid mass transfer coefficient

Kir Turbuleat overall liquid mass wansfer coefficient

Kiw Weighted overall liquid mass transfer coefficient

K. Saturation constant

Kendog Biomass decay constant

ko Individual gas phase mass transfer coefficient

ke Individual quiescent gas phase mass transfer
coetficient

kot Individual turbulent gas phase mass transfer
coefficient

ki Individual Hquid phase mass transfer coefficient

KLy [ndividual quiescent liquid phuse mass transfer
coefficient

kit Individual turbulent liquid phase mass transfer

coefficient
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Kmaint Cell maintenance rate constant

Ksynin Maximum specific growth rate constant

MW iR Molecular weight of air

MW, Average molecular weight of the liquid

N : Number of acrators

Np : Power number

[6) : Oxygen transfer correction factor

P . Pressure of the system

Po : Vapor pressure of compound

Po . Power to aerators

Qi . Influent volumetric flow rate

Qs : Effluent volumetric flow rate

R : Universal gas constant

Re : Reynolds number

™ . Rate of desorption of a component

IR . Rate of reaction of a component

Scs . Schraidt number of a compound in gas phase

Ser. : Schraidt number of a compound in liquid phase

T : Absolute terperature

U » Surface wind velocity

L# . Friction velocity

\' : Volume

Xass Activated siudge basin effluent solids concentration

Xu . Solids underflow concentration

Y : Growth yield

Y. : Endogenous yield

G © Aerator oxygen transfer rating

b . Recycled MLVSS concentration to ASB MLVSS
concentration ratio

w . Aerator speed

n Kinematic viscosity of air

r . Liquid density

m . Liquid viscosity

i  Activity coefficient of compound i in the liquid
phase
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