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Aeration System Analysis Program

An Environmental Technologies Design Option Tool™

ASAP provides design engineers with the capability to evaluate and design counter
current packed tower, bubble, and surface air stripping processes for the removal of
volatile organic compounds (VOCs) from water.

ASAP Features:

e Practical and Easy to Use Air Stripping
Models for VOC Removal

e Extensive Vendor Tower Packing
Database

o Design and Rating Mode Options

o Henry’s Law Database and Parameter
Estimation Methods

e Physical and Chemical Properties
Database Including Compounds From
U.S. EPA’s Title 111 Consolidated
Chemical List

ASAP Applications:

e Municipal Water Treatment
e Municipal Wastewater Treatment

e Environmental Remediation

e Pollution Prevention Assessment

e Educational Resource

Full-Scale Air Stripping Towers operating
in Wausau, WI, designed using the
packed tower model (Hand, et al., 1986).



ASAP Capabilities

Air stripping is widely used for removing
volatile organic compounds (VOCs) from aqueous
solution. Carefully controlled pilot plant studies are
usually used in the design of air stripping processes.
However, these studies can be expensive and time
consuming if they are not properly planned.

The use of a mathematical model is a
complimentary approach to laboratory and pilot plant
experimentation since it can simulate the dynamic
behavior of the air stripping process and can select the
optimum process design.

The mathematical models contained in ASAP can

be used to:

o Assess the Preliminary Design and Feasibility
of Using Air Stripping Processes

e Plan Pilot Plant Studies and Interpret Their
Results

e Provide Process Design when Site Specific
Model Parameters are Available

ASAP Models
ASAP contains mass transfer models that can
be used to evaluate and design air stripping processes.
The models include:
e Packed Tower Aeration Model
e Bubble (diffused) Aeration Model
e Surface Aeration Model

M Aeration System Analysis Program

Main Menu

Packed Tower Aeration

Enter Design Mode |

Enter Rating Mode |

Bubble Aeration

Enter Design Mode I

Enter Rating Mode |

Surface Aeration

Enter Design Mode |

Enter Rating Mode |

Exit

Sample ASAP Model Option Window

ASAP - Physical and Chemical Properties
Database

Air stripping design calculations require many
chemical properties such as molecular weight, normal
boiling point, molar volume at the normal boiling
point, liquid density, Henry’s law constants, liquid and
gas diffusion coefficients, and aqueous solubility.
Consequently, ASAP is linked to a program called
Software to Estimate Physical Properties (StEPP).
StEPP provides these properties at the specified
temperature. ~ StEPP contains the physical and
chemical properties for over 600 compounds, many of
which are covered on U.S. EPA’s list of priority
pollutants.

ASAP — Packed Tower Model
The packed tower aeration model is designed
to predict the performance of a counter-current packed
tower air stripper (Kavanaugh and Trussell, 1980;
Ball, et al., 1984, Hand, et al., 1986). The packed
tower model assumes:
e Steady state plug-flow conditions prevail in the
air and water streams.
e The influent air stream contains no VOCs.
e Henry’s law described equilibrium between the
air and water phases.
¢ Reduce the number of compounds to be specified
in mass transfer model calculations.

Packed Tower Software Features

The packed tower model software calculations
can be performed in the design or rating modes. In the
desigh mode, the user can specifies required removal
efficiencies and packed tower is sized in order to meet
the treatment objectives of all components. ASAP
reports the optimum design for the limiting component
and predicts the effluent concentrations of the other
components.

In the rating mode, the performance of an
existing packed tower can be evaluated by varying the
operating parameters and observing whether the
desired removal efficiencies are met. Other convenient
software features include database of commercially

ASAP 2



available packing materials and mass transfer
estimation techniques.

Packed Tower Aeration - Design Mode (untitled.des)

Fils Units Pows Fesuts Help

Dperating Conditions: Flows and Loadings:
Pressure [[IEZXL | [Pa = Water Flow Rate [1262 | [mss =]
o I < || Min A to Wate: Ratia PFE7 fvolsvel )

pley Phy vai Mulil of ¥/ :
Display Physical Properties of Air and Water ‘ alicleljieling -]
Air to Water Ratio [ volivol. |
Packing:
R Air Flow Riate

Type | [Tr-Packs_No2 ]

e
Air Loading Rate l:l kg/n?-s j
‘Water Loading Rate l:l kg/n?-s j
Mass Transfer Parameters:
Onda KLa | 1/ =]
KLa Safety Factor -1
‘ Tower P

Tower Area | |

Tower Diameter
Tower Height
Tower Yolume

Select Packing Type

Design Contaminant:

Tetrachloroethene <

Add | Delete | Edit Properties

Dptimize with All Contaminants

Concentration Resulls

23(=|3
[

Sample Packed Tower Design Mode Calculation Screen

Contaminant Properties - Packed Tower Aeration B

| Tetrachloroethene ﬂ|

Specify Contaminant Properties:

Name:

Tetrachloroethene |

Molecular Weight |1 58e+02 mg/mmol j

Henry's Constant [-1]
Molar Yolume (0116 m*/kmol j
Mormal Boiling Point |3 940e+02 K j
Liquid Diffusivity [5.952e-10 |lmess =]
Gas Diffusivity [7211e06  |[mezs =]

; Influent Conc. |1 500e+02 noglL j
- Treatment Obj. [5.000 wo/l 7|

Sample Contaminant Property Screen

Yiew Concentration Results for All Contaminants <]
Concentration Results
CH ' Cinf Cto D %R Ceff AZR
1 150 5.00 96.7 5.00 96.7
2 600 1.00 98.3 0.295 99.5
3 200 5.00 975 139 93.0
4 30.0 5.00 83.3 6.06 798
5 80.0 5.00 93.8 11.6 855
1] 850 .00 91.8 0616 99.3
Contaminant Gloszamy: Gloszary:
CN LC i Mame Label Description
i h CN I - Humb
yinyl chlorid, Cinf (
tce Cto T reat t Obiective [uafll
tholb =R g
kol Ceft I
1 1-di h B | lAchi d Percent B |

Sample Packed Tower Performance Results

Select Packing B

Databaze

Original Database Packing Properties:

Tri-Packs_No.2 |

Super_Intalox_Saddles_Mo.2 d
Super_Intalox_Saddles_Mo 3
Pall_Rings_2 _in.
Pall_Rings_3.5_in_
Tri-Packs_MNo.1/2

Tri-Packs No.1
Mor-Pac_5/8_in._Packing
Hor-Pac_1_in._Packing
Hor-Pac_1.5_in__Packing

Name [Tri-Packs No.2

Nominal Size [m] 0889
Packing Factor [-]

Sp. Surf. Area (m?/m?)
Crit. Surf. Tension [M/m)

===
MEE
Slle

=

0330

Hor-Pac_2_in._Packing
Hovalox_Saddles_1_in.
Movalox_Saddles 1.5 in.
Movalox_Saddles 2_in.
Movalox_Saddles 3_in.
Flexiring_2_in_
r'!‘e;gg'gﬁg'g—m' i Select Current Packing Properties |
IMHPAC_Mo.5

LANPAC_2.3 in. — cC 1 |
LANPAC_3.5 _in. =l ance

Material |P|as[ic

Source |,j aeger

Sample Window of Tower Packing Database

Packed Tower Kinetic Parameter Estimation
Technigues

The overall mass transfer coefficient, K.a, can
be entered or ASAP can provide a value through the
use of the Onda, et al. (1968) correlation. A factor of
safety option for the K_a is provided in the software.

Mazs Transfer Properties E

Mass Transfer Parameterz [Onda Correlation]:

Reynold's Humber [-]
Froude Number [-] .0297
Weber Number [-] |0.252
Packing Wetted Surf. Area [m?/m?]

Lig. Phasze M. T. Resistance [sec)
Gaz Phaze M. T. Resistance [sec]

Total Mass Transfer Resistance [sec]

Lig. Phaze M. T. Coefficient [m/zec] _FOE-D4
Gasz Phaze M. T. Coefficient [m/zec] .33E-D3

= | ™ e | = =1 = | = e S e
Sl |=f (S| |3 S
waf [ maf [ maf | | ~

Dverall M. T. Coeff. = Onda KLa [1/3] 023

Packed Tower Kinetic Parameter Window

ASAP 3



ASAP — Bubble Aeration Model
The bubble aeration model is designed to
predict the performance of a diffused aeration system
(Munz and Roberts, 1982; Roberts, et al., 1984; and
Hokanson, 1996). The model equations incorporate
the following assumptions:
¢ Single or multiple tanks in series.
o Completely mixed liquid phase.
e Plug Flow in the gas-phase.
e Henry’s law described equilibrium between the
air and water phases.
e The inlet VOC gas concentration is zero in all the
tanks.

Bubble Aeration Software Features

Bubble aeration model calculations can be
performed for waters containing single or multiple
volatile compounds in both the design and rating
modes for single and multiple tanks in series. The
design mode enables determination of the tank sizes
for a specified treatment objective. The rating mode
provides determination of the treatment objective
for a specified design or existing tank system.

Bubble Aeration - Design Mode [untitled. bub) (=T
Fl= Units Power Resuls Help

[ Operating Conditions: ~—— Flow P,

Pressure [[IEPLAIT Pa =l Water Flow Rate [6.572e-02 mis ~|
Temperature C =||| Min. A To Waler Ratio [6.45 [ vol.#vol. ]

Air to Water Ratio [10.8 [ vol./vol. )

Display Physical Properties of Water

Air Flow Rate [0 708 |m’fs j
[ Dxzpgen [reference compound]: -

Tank Parameters
KLa Method: [User Input | i o vt s [

Liquid Diffusivity |2.067e-09 Retention Time (1 Tank) |0-212 hr
KLa e =] Retention Time (All Tanks) [0635 he

Ol I I I

- - Volume (1 Tank) [50.059 m
[ Design Contaminant: Volume (All Tanks) [1.502¢+02 ©
[xylene (mixed) = Stanton Number
Add | Delete | EditPopeties || [ Concentration Results: |
[ d [xylene (mixed)
Influent Conc. [5.400e+03 |[ug/ = Cito Tank 1 [6.400c+03 [y |
Treatment Obi. [5.400e+02 Yito All Tanks [0.000e+00 |[ugnt =]
Desired % Removal (&3]
View Effluent C. i from All Tanks
Ce from Last Tank [5.400c+02
Concentration Results feittared) ¥ (enweed [N [E3]

Sample Output Screen for a Bubble
Aeration Design Mode Calculation

Bubble Aeration Kinetic Parameter
Estimation Techniques

Mass transfer coefficients for bubble
aeration can be determined directly from laboratory
or pilot plant experiments or estimated based on the
mass transfer coefficient of a reference compound.

ASAP provides a mass transfer correlation
developed by Munz and Roberts (1989) which uses
oxygen as a reference compound. The mass transfer
coefficient for oxygen is estimated from clean water
oxygen transfer test data (Brown and Baillod, 1982;
and Baillod, et al., 1986).

Find KLa. 02 from Clean Water Dxygen transfer Test Data

[ Data Available:

® SOTR vs. Qair Data Available

O SOTE vs. Qair Data Available

O No Data Available

[ Clean Water Oxygen Transfer Test Data Parameters:

SOTE (%) € (mo/L]

SOTR (kg 02/d) Apparent KLa,20 [1/5)

Air Flow (std. m?/hr] Phi (1/5]
Barometiic Pres. [Pa) True KLa.20 [1/s]
‘Water Depth (m] l:l Theta [-]
Water Volume () KLa02 at Op. T [1/5]

Bubble Aeration Clean Water
Oxygen Transfer Test Data

ASAP — Surface Aeration Model
The surface aeration model is designed to
predict the performance of a surface aeration system.
The surface aeration model equations that are
contained in the software incorporate the following
assumptions (Munz and Roberts, 1982; Roberts, et al.,
1984; and Hokanson, 1996):
e Single or multiple tanks in series.
o Completely mixed liquid phase.
e Gas-phase concentration in the tank(s) is equal to
zero.
e Henry’s law described equilibrium between the
air and water phases.
e The process is at steady state.

Surface Aeration Software Features

Surface aeration model calculations can be
performed for waters containing single or multiple
volatile compounds in both the design and rating
modes for single and multiple tanks in series. The
design mode enables determination of the tank sizes
for a specified treatment objective. The rating mode
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provides determination of the treatment objective
for a specified design or existing tank system.

Surface Aeration - Design Mode [untitled sur) = B
Fils Units Fesuts Help

Operating Conditions:

Water Flow Rate [0.0158
Pressure ([TEZEAN Pa
| Tank P,
Temperature [20.0
J Mo. of Tanks (series] |3

Display Physical Properties of Water Retention Time (1 Tank] [0.242 hr =

Power Input, PV [65.0 Wi Retention Time (All Tanks] [1.026 hr =]

" Dxygen [reference compound): — | Volume (1 Tank] [19.421 w ]

KLa Method: ‘thells & Dandliker Corr. jl Volume (All Tanks] |50.264 L |
Liquid Diffusivity [2 067e-09 méls ||| Concentration Results:

KLa 17s B Compound [trichloroethylene
" Design Contaminant: — | Cito Tank 1 [1.000e+03 IID/IL
= VYiew Effluent Concentrations from All Tanks |
tiichloroethylene =l
Add I Delete I Edit Properties | (B (it (st e

Achieved Z Removal (2]
Influent Conc. [1.000e+03 no/L j

_ | Power C. i

Treatment Obj. [100.000 _

5 o/l =l Aerator Motor Elflclency 80.0
Desited % Removal %)

578 kw -]
KLa _9_3739_0‘ _ Power Required per Tank _
Total Power Hequlled 4 734 kw
Concentration Results

The mass transfer coefficient for surface aeration can
be user input or estimated from the literature
correlation of Munz and Roberts (1989).

Other ASAP Options

e Choice of English or System International Units
of Expression

e Power Requirement Calculations

o Flexible Printing Options

Graphical User Interface

ETDOT is designed for the Microsoft
Windows environment with a graphical user interface
(GUI) to maximize user-friendliness. Making use of
the Microsoft Windows interface, with its built-in file
and hardware control features, frees the engineer from
concerns over printer drivers and other "machine"”
issues and allows more attention to the computational
algorithms. The GUI consists of a Microsoft Visual
Basic front-end shell that calls FORTRAN subroutines
to perform the calculations.

System Requirements

The minimum ETDOT system requirements
are as follows:
e English-language version of Microsoft Windows
95, Microsoft Windows 98, or Microsoft Windows
NT 4.0; in the case of Microsoft Windows NT 4.0,
Service Pack 3 or more recent is required

e 50 MB of hard disk space

e 32 MB of RAM is recommended

e A Pentium or more recent processor is
recommended

e A graphic VGA or more recent video display

e A mouse or other pointing device is recommended

Product Information
For additional information on product sales and
technical support contact:

David W. Hand, Ph.D.

National Center for Clean Industrial and
Treatment Technologies (CenCITT)

Michigan Technological University

1400 Townsend Drive

Houghton, M1 49931

Phone: (906) 487-2777
E-mail: dwhand@mtu.edu
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