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Addendum for Microsoft Windows/Spinnaker PLUS Version 2.0
Summary

HyperVentilate - the software guidance system created for vapor extraction applications is now
available for IBM-compatible computers. In general, this new version (v2.0) appears and
functions like the original Apple Macintosh HyperCard version. Due to differences in the
computer platform and operating environment, however, there are some minor modifications.
This addendum 1o the original users manual identifies those modifications.

HyperVentilate v2.0is a product of collaboration between Shell Oil Company and U.S. EPA, and
is still under evaluation. Should you encounter problems that you think are “bugs”, please write
to the author identifying the problem:.

Modifications

. software platform

The original Hyperventilate program was developed and operated under the Apple
Macintosh HyperCard software environment, and initially there were no plans todevelop
an IBM-compatible version. Due to popular demand; however, the author relented and
used the least painful method of adaption to the new platform. This was accomplished
through the use of Spinnaker PLUS, a HyperCard-like program that can utilize pre-v2.0
HyperCard stacks and functions on both Macintosh and IBM-compatible platforms. The
Microsoft Windows/Spinnaker PLUS version requires the user to have both Microsoft
Windows and a “run-time” version of Spinnaker PLUS (Windows 3.0 version). Infor-
mation on Spinnaker PLUS can be obtained from:

Spinnaker Software
201 Broadway
Cambridge, MA 02139
(617) 494-1200

. stack names
As listed on p4, of the original users manual, HyperVentilate for the Apple Macintosh
consists of eight files. The Spinnaker PLUS version contains only seven files. The names

are:
HyperCard Version N Spinnaker PLUS Version N
Soil Venting Stack SVS. sta

Soil Venting Help Stack SVHS.sta

System Design SD.sta

Air Permeability Test APT.sta

Aquifer Characterization AQ.sta

Compound List Update CLU.sta

HypeVent HYPEVENT exe

1711 none
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. installation
all files must be copied into the PLUS directory on your hard disk.

. starting HyperVentilate v2.0b
To start HyperVentilate v2.0b, open the Windows “File Manager”, navigate to within the
PLUS directory, then open (double-click on) the file SVS.sta.

. printing cards
You may experience difficulties with some of the “Print” buttons in the program. Read
your PLUS manual to overcome these difficulties.

. appearance of cards
Generally, the cards appear as they are printed in the manual. Due to platform differences,
however, some text will appear different. This problem is unavoidable with Windows-
based systems, as different users will have their computers configured with different
screen fonts.

. tab keys
Some cards utilize spreadsheets. In the HyperCard version the “tab” key is used to
navigate through these tables. Inthe PLUS version the “tab key is not active and you must
use the “arrow”” keys.

. speed
Due to platform differences, the PLUS version does not operate as smoothly, or quickly,
as the HyperCard version. The user will notice that with time the execution speed of the
program will slow; therefore, it is recommended that you periodically exit from Windows
and restart the system.

On some machines, when HyperVentilate accesses the external compiled code
HYPEVENT EXE after clicking on the “Generate Predictions” button on card 16 of the
SVS.sta stack, there will be a long pause (as long as a few minutes) as PLUS Windows,
and HYPER VENT.EXE fight over available memory. Typically card 17 will eventually
be displayed with a shaded rectangle along a portion of its lower base while this battle is
occurring. Be patient and wait for the screen to blank out and display the message “HANG
ON...” indicating that HYPEVENT.EXE is running. If you have limited memory
(<4MG), or too many applications open, this message will not be displayed, and you will
be returned to card 17 as if the program had run. The user needs to be aware that this may
occur.

Addendum 2
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Software Installation Procedure

A discussion on how to load both Spinnaker PLUS and HyperVentilate

» Loading Spinnaker PLUS

* Creating the Spinnaker PLUS Icon and Opening Spinnaker PLUS

* Loading HyperVentilate

+ Installing Spinnaker PLUS “Run-Time” Version with HyperVentilate

These directions presume that the user has a working knowledge of Microsoft Windows. The
operation of Spinnaker PLUS, and therefore the IBM-compatible version of HyperVentilate
requires Microsoft Windows Version 3.0 or higher. If you are using a version of Hyper Ventilate
with a “run time” version of Spinnaker PLUS, skip to the “Loading HyperVentilate™ instructions.
Loading Spinnaker PLUS

The Spinnaker PLUS package contains three 3.5-inch and three 5.25-inch diskettes from which
to install the program. Use these steps to install the program:

1. Enter Windows.

2, Double-click on the “Main” window icon (if this window is not already open).

3. Double-click on the “‘File Manager” icon; this will display the “Directory Tree” window.
4, Insert Disk 1 into the appropriate drive (A or B).

S. Inthe upper left comer of the “Directory Tree” window you will see symbols representing
the drives on your system. Click on the drive (A or B) where you just inserted Disk 1.

6. A listing of the files on Disk 1 will appear; double click on the file “plssetup.exe”.

7. A window called “Spinnaker PLUS Setup” will appear. Change the path of the installation
from “C:\PLUS” to“CAWINDOWS\PLUS” (Note: “Cis a standard drive specification;
you should use the letter that designates where Windows is installed on your system).
Click on “Continue.” The program will start copying files from Disk 1. Follow the rest
of the instructions and prompts on the screen.

8. When the installation has been completed, exit the “File Manager” and exit Windows.
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Creating the Spinnaker PLUS Icon and Opening Spinnaker PLUS

1.

3a.

3b.

3c.

10.

1.

12.

Re-enter Windows. (Note: exiting and re-entering Windows is a step recommended by
the manufacturer of Spinnaker PLUS).

Close all windows so that the “‘Program Manager” window is the only one displayed on
your screen.

At the bottom of the window, there will be program icons displayed for “Main,”
“Accessories,” and others. Is there a program icon named “Windows Applications?” If
yes, double-click on it and go to Step 4. If no, continue with Steps 3a-c to create one.

Click on “File” and drag down to “New.” A window called “New Program Object” will
appear.

Check to make sure “Program Group” is selected; click on “OK.” A window called
“Program Group Properties” will appear.

The cursor will be located at the description field. Type in the words “Windows
Applications” and click on “OK.” An empty window will appear called “Windows
Applications.”

With this window open, click on “‘File” and drag down to“New.” A window called “New
Program Object” will appear.

Check to make sure “Program Item” is selected; click on “OK.” A window called
“Program Item Properties” will appear.

Click on “Browse.” A window called “Browse” will appear.
Under “Directories,” double-click on “plus.”

Under “File Name,” double<click on the “plus.exe” file. This will bring you back to the
“Program Item Properties” window.

Click on “Change Icon,” click on the icon for “Plus,” and click on “OK.”
You will now be back at the “Program Item Properties™ window. Click on “OK.”

You will now be back to the “Windows Applications” window displaying your “Plus”
icon.

Double-click on the “Plus” icon to run Spinnaker PLUS.

Addendum 4
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Loading HyperVentilate

The HyperVentilate package contains one 3.5-inch diskette from which to install the program.
The program can be installed fromeither the DOS prompt or from within Windows. The following
procedures are used for both types of installations (Note: For these installation procedures, the
3.5-inch drive from which you will be installing the program is assumed to be the B drive).
DOS Installation

1. Insert the HyperVentilate disk into the appropriate drive.

2. From the C\> prompt in DOS, type “COPY B:\*.* CAWINDOWS\PLUS".
Windows Installation

1. Follows Steps 1-5 of the “Loading Spinnaker Plus.”

2. Click on the B:\folder icon so that it is highlighted and/or a dotted line appears around it.
3. Click on*File” and drag down to the “Copy”’ command. The“Copy” window will appear.

4. The curser will be located at the “To” path. Type in “CAWINDOWS\PLUS"; click on
!(OK"’

5. When the installation is complete, exit from the “File Manager.”

Opening Hyper Ventilate

1. Enter Windows.

2. Double-click on the “Windows Applications™ icon (if this window is not already open).
3. Double-click on the “Plus” icon.

4, Close the “Home” window.

5. Click on “File” and drag down to “Open.” The window “Open Stack” will appear.

6. Either double-click on the “SVS.STA”" file or click on “SVS.STA” and then click on
“Open.” The user is now in HyperVentilate.
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Installing Spinnaker PLUS “Run-Time” Version with Hyper Ventilate

1. Create a subdirectory on the hard disk for HyperVentilate and Spinnaker PLUS “Run
Time.” For example, from the C:\> prompt, type “MD WINDOWS\PLUS".

2. Copy all the files from both the Spinnaker PLUS “Run Time” diskette and the
HyperVentilate diskette to the subdirectory. For example, from the C:\> prompt, type
“COPY B:** CAWINDOWS\PLUS".

3. Follow directions in “‘Creating the Spinnaker PLUS Icon and Opening Spinnaker PLUS”
with the following exception: substitute “plusrt.exe” for “‘plus.exe” in Step 8.

4 Follow directions for “Opening HyperVentilate” to run the program.

Addendum 6
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Disclaimer

The HyperVentilate software package was completed under a Federal Technology Transfer Act
Cooperative Research and Development Agreement between EPA and Shell Oil Company,
signed in 1990.

EPA is facilitating the distribution of HyperVentilate becaunse the Agency has found the software
and manual to be helpful tools, especially in teaching users about in situ soil venting and in guiding
them through a structured thought process to evaluate the applicability of soil venting at a
particular site. EPA’s Office of Underground Storage Tanks advocates the use of innovative
cleanup technologies, and in situ soil venting is recognized as an effective remediation altemative
for many underground storage tank sites.

HyperVentilate is based on the document titled, “A Practical Approach to the Design, Operation,
and Monitoring of Soil Venting Systems” by P. C. Johnson, C. C. Stanley, M. W. Kemblowski,
J. D. Colthart, and D. L. Byers, published 1990 by Shell Oil Company. The program asks a series
of questions and forms a “decision tree” in an attempt to identify the limitations of in situ soil
venting for soils contaminated with gasoline, solvents or other relatively volatile compounds.

EPA and Shell Oil Company make no warranties, either express or implied, regarding the
HyperVentilate computer software package, its merchantability, or its fitness for any particular
purpose. EPA and Shell Oil Company do not warrant that this software will be error free or
operate without interruption. EPA and Shell Oil Company do encourage testing of this product.

EPAwill notprovideinstallation services or technical supportin connectionwith the HyperVentilate
computer software package. Neither will EPA provide testing, updating or debugging services
in connection with the enclosed computer software package.

The HyperVentilate computer software package and this manual are not copyrighted.
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Disclaimer

Skell Oil Co. makes no warranties, either express or implied, regarding the
enclosed computer software package, its merchantability, or its fitness for
any particular purpose. Shell Oil Co. does not warrant that this software
will be error free or operate without interruption. The exclusion of implied
warranties is not permitted by some states. The above exclusion may not
apply to you. This warranty provides you with specific legal rights. There -
may be other rights that you may have which vary from state to state.

Apple is a registered trademark of Apple Computer, Inc.
Macintosh and HyperCard are trademarks of Apple Computer, Inc.

£77.1l is a product of Absoft Corp

Comments/Suggestions?
Comments and/or suggestions about the usefulness of this program can be mailed to:

Paul C. Johnson
Shell Development
Westhollow Research Center
P.O. Box 1380
Room EC-649
Houston, TX 77251-1380

Please do not call the author and/or Shell with guestions about the use or
interpretation of results from this program.
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Foreword

HyperVentilate is a software guidance system for vapor extraction (soil venting)
applications. Initial development of this program occured under the Apple Macintosh
HyperCard environment, due to its programming simplicity, ability to incorporate text and
graphics, and interfacing with other Macintosh programs (such as FORTRAN codes, etc.).
The objective was to create a user-friendly software package that could be both educational
for the novice environmental professional, and functional for more experienced users.

HyperVentilate will not completely design your vapor extraction system, tell you exactly
how many days it should be operated, or predict the future. It will guide you through a
structured thought process to: (a) identify and characterize required site-specific data, (b)
decide if soil venting is appropriate at your site, (c) evaluate air permeability test results, (d)
calculate the minimum number of vapor extraction wells, and (e) quantify how results at
your site might differ from the ideal case.

HyperVentilate is based on the article "A Practical Approach to the Design, Operation,
and Monitoring of Soil Venting Systems" by P. C. Johnson, C. C. Stanley, M. W.
Kemblowski, J. D. Colthart, and D. L. Byers [Ground Water Monitoring Review, Spring
1990, p.159 - 178]. The software performs all necessary calculations and contains "help
cards” that define the equations used, perform unit conversions, and provide
supplementary information on related topics. In addition, a 62-compound user-updatable
library (to a maximum of 400 compounds) is also included.

HyperVentilate version 1.01 for the Apple Macintosh requires an Apple Macintosh
(Plus, SE, SE/30, II, IIX, or portable) computer equipped with at least | MB RAM (2 MB
preferred) and the Apple HyperCard Software Program (v.2.0 or greater)

This manual is not intended to be a primer on soil venting (although the software is) and it
is assumed that the user is familiar with the use of an Apple Macintosh personal computer.
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I. Introduction

In situ vapor extraction, or soil venting is recognized as an attractive remediation alternative
for "permeable” soils contaminated with "volatile” compounds. As Figure 1 illustrates,
vapors are removed from extraction wells, thereby creating a vacuum and vapor flow
through the subsurface. Until the residual contamination is depleted, contaminants will
volatilize and be swept by the vapor flow to extraction wells. While its use has been
demonstrated at service stations, Superfund sites, and manufacturing locations (see Hutzler
et al. [1988] for case study reviews), vapor extraction systems are currently designed more
by intuition than logic. In fact, many systems are installed at sites where the technology is
not appropriate.

"A Practical Approach to the Design, Operation, and Monitoring of In Situ Soil Venting
Systems” [Johnson et al. 1990a - see Appendix G] is a first attempt at creating a logical
thought process for soil venting applications. The article, which is based on earlier results
of Thornton and Wootan [1982], Marley and Hoag [1984], Johnson et al. [1990], and
discussions with several of these authors, describes a series of calculations for determining:
(a) if soil venting is appropriate at a given site, (b) limitations of soil venting, and (c)
system design parameters, such as minimum number of extraction wells and potential
operating conditions.

HyperVentilate is a software guidance system based on the Johnson et al. [1990a]
article. The software performs all necessary calculations and contains "help cards” that
define the equations used, perform unit conversions, and provide supplementary
information on related topics. In addition, a 62-compound updatable chemical library (to a
maximum of 400 compounds) is included.

Initial development of this program occured under the Apple Macintosh HyperCard
environment, due to its programming simplicity, ability to incorporate text and graphics,
and interfacing with other Macintosh programs (such as FORTRAN codes, etc.). The
objective was to create a user-friendly software package that could be both educational for
the novice environmental professional, and a functional tool for more experienced users.
The OASIS [1990] system created at Rice University for groundwater contamination
problems is another excellent example of the use of HyperCard as a technology transfer
tool.

This document is a users manual for HyperVentilate. It contains sections describing the
installation and operation of the software. During the development of HyperVentilate,
the goal was to create a guidance system that could be used with little or no instruction.
Experienced Apple Macintosh users, therefore, can load and explore the capabilities of this
program after glancing at the "Loading HyperVentilate Software" section. Those users that
are less comfortable about exploring software without a manual are encouraged to read
through it once, and work through the sample problem. It is intentionally brief, and a
beginner should be able to navigate through the system in less than a couple hours. It is
assumed that the user has some previous Macintosh experience. If not, consult a
Macintosh users manual for a quick tutorial.
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Figure 1. Schematic of a typical vapor extraction operation.
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IL. Definition of Some Terms Appearing in this Manual

button - an object on a "card" that causes some action to be performed when
"clicked" on

cand - an individual screen that you view on your monitor

click - refers to the pressing and releasing of the button on your mouse

drag - refers to holding down the mouse button while moving the mouse

field - atext entry location on a "card”

HyperCard - a programming environment created by Apple Computer, Inc.

mouse - the device used to move the cursor within your monitor

select - refers to "dragging" the cursor across a "field"

stack - a group, or file, of "cards"

111. Software/Hardware Requirements

Apple Macintosh HyperVentilate version 1.01 requires an Apple Macintosh (or
equivalent) computer equipped with at least 1 MB RAM (2 MB preferable), a hard disk,
and the Apple HyperCard Software Program (v 2.0). Check to make sure that your
system software is compatible with your version of HyperCard.

IV. Loading HyperVentilate Software

HyperVentilate is supplied on an 800 kB double-sided, double density 3.5" diskette.
Follow the instructions listed below to insure proper operation of the software.

1) Insert the HyperVentilate disk into your computer's floppy drive. The
Hyper Ventilate disk should contain the files:

- "Soil Venting Stack"

- "Soil Venting Help Stack”
- "System Design”

- "Air Permeability Test"

- "Aquifer Characterization”
- "Compound List Update”
- "HypeVent"

- "f77.11"

2) Copy these files onto your hard disk. They must be copied into the folder
that contains the "HyperCard" program, or else the software will not
operate properly.

3 Eject the HyperVentilate disk
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V. Using HyperVentilate

The authors of HyperVentilate intend it to be an application that requires little pre-
training for the user. It is mouse-driven and instructions are included on each card, so
please take the time to read them when you first use HyperVentilate.

This section of the users manual is divided into three subsections. Start-up instructions are
given in the first, basic features of the cards are described in the second, and a sample
exercise is presented in the third. For reference, copies of all cards, as well as more details
on each are given in Appendices A through F.

V.1. Starting HyperVentilate

1)

2)

3)

4)

5)

Those users with color monitors should use the "Control Panel” (pull down the
"®" menu and select "Control Panel”, then click on the "Monitors" icon) to set their
monitors to black and white, and two shades of grey.

To avoid unnecessary "card-flipping", set the "Text Arrows" option in your
"Home" stack "User Preferences” card to on. You can get to this card from within
any HyperCard application by selecting "Home" under the "Go” menu. This will
take you to the first card in the "Home" stack. At this point click on the left-
pointing arrow and the "User Preferences” card will appear on your screen. Then
click on the square to the left of "Text Arrows” until an "X" appears in the square.

HyperVentilate is started by double-clicking on the "Soil Venting Stack" file icon
from the Finder (or Desktop), or by choosing "Open" under the "File" menu (Note
that using a more advanced version of HyperCard than the one under which this
system was developed (v 2.0) may require you to first "convert” each of the seven
HyperCard stacks contained in HyperVentilate).

Your monitor should display the card shown in Figure 2. Note that there are a
number of buttons on this card; there are two at the lower left corner, and then each
file folder tab is also a button (some cards may contain less obvious "hidden"
buttons; try clicking on the authors name on the title card for example). Clicking on
any of these will take you to another card. For example, clicking on the "About
This Stack” button will take you to the card shown in Figure 3, which gives a brief
description about the use of buttons and fields. Read this card well.

Explore for a few minutes. Try to see where various buttons will take you, ory
entering numbers in fields, or play with calculations. Again, just remember to read
instructions given on the cards.

b
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V.2. General Features of Cards

Figures 4 and S are examples of cards from the “Soil Venting Stack" stack and "System
Design" stack. There are a few general features of these cards that users should
understand:

a)

b)

c)

d)

Each card (with the exception of the first card of the "Soil Venting Stack" stack) has
been numbered for easy reference with the printouts given in Appendices A through
F. In the "Soil Venting Stack" these numbers appear in the bottom center of each
card (i.e. number "3" in Figure 4). In other stacks these numbers appear at either
the top or bottom comers of the card (i.e. “SD1" in Figure 5).

Arrow buttons are included at the bottom of some cards. Clicking on right-pointing
arrow will advance you to the next card in the stack; clicking on the left-pointing
arrow will take you in the opposite direction.

The identifying card numbers in the "Soil Venting Stack" stack are also fields into
which text can be typed. You can skip to other parts of the "Soil Venting Stack”
stack by selecting this field, typing in the card number of your destination (within
the "Soil Venting Stack"), and then hitting the "return” key.

Many cards have a house button in the lower left corner. Clicking on this button
will take you to the first card of the "Soil Venting Stack” stack, which is the card
displayed at start-up (see Figure 2).

In-Situ Soil Venting System Design Process

You can click on any dlock in this disgram © get more information about that payticulsr sep, Or you
can begin at the swrt of the process by clicking on either the "Leak or Spill Discovered” box, o the
right-directed arTow ot the botom of thie cand .

(Letx or Spill Discownd)

Y

Preliminary Sitwe

Air Pexrmeebility

Investigation — Test Sysem Design

" v Site

Screen Treatment Ground water System Opentio T

Alwrnatives Pump Test & Monivring

Sysem

Shue-Off

b (- R —

«E»

Figure 4. Card 3 of the "Soil Venting Stack" stack.

v
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Figure 5. Card SD1 of the "System Design" stack.

V.3. Sample Problem Exercise

In the following a sample problem is executed in excruciating detail. Those not wishing to
work along with the example are encouraged to utilize Appendices A through F as
references for more details on the less obvious functions of some cards.

This "Sample Problem Exercise" is divided into to four subsections that address: navigating
through HyperVentilate (§V.3.1), screening sites to see if soil venting is an appropriate
technology (§V.3.2), interpreting air permeability test data (§V.3.3), and guidance for
designing soil venting systems (§V.3.4).

V.3.1 Navigating Through HyperVentilate

Step1:  Location: The "Desktop" or Finder.
Action:  Start-up HyperVentilate by double-clicking on the "Soil Venting
Stack" icon, or click once on this icon and then choose "Open” from
the "File" menu.
Result:  HyperVentilate will start-up and display the title card (Figure 2).

Step2:  Location: Title Card of the "Soil Venting Stack” stack.
Action:  Click on the "About This Stack" button.
Result:  You are now at card H1 of the "Soil Venting Help Stack” stack
(Figure 3).

R S .
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Step 3:

Step 4:

Step 5:

Step 6:

Location:

Action:

Result:

Location:

Action:
Result:

Location:

Action:
Result:

Location:

Action:
Result:

Card H1 of the "Soil Venting Help Stack" stack.

Play with the buttons and scrolling field. Practice entering a number
in the field in front of "inches". Place the cursor in the box. It will
change from a hand to an "I-bar" as it enters the field. Hold down
the mouse button and drag the I-bar across the entry, which will
become hilited. Now type in another number, or hit the delete key.
Practice until you feel comfortable selecting text and entering
numbers. Then click on the "Click for Calculation" button. When
you are done practicing, click on the “Return” button.

Return to the title card of the "Soil Venting Stack” (Figure 2).

Tide Card of the “Soil Venting Stack" stack.

Click on the "Economics” file folder tab.

You are now at card 27 of the "Soil Venting Stack” stack. Take a
quick glance at this card, which is displayed in Figure 6.

Card 27 of the "Soil Venting Stack" stack.
Click on the "House" button in the lower left corner.
You are back at the title card (Figure 2).

Title card of the "Soil Venting Stack” stack.
Click on the "Go to First Card" button.
You are now at card 1 of the "Soil Venting Stack” stack (Figure 7).

Economics. .. @ *Click" on any item below (%&

hold button down) to see costs

For typical service station sites, |U
clean-up costs can range from ||
$100K - $250K for the venting
operation alone, depending on

the complexity of the site, clean

up time, permitting
requirements, and the type of

associated with that item.

vapor treatment system used.

The two major costs are
generally associated vith the
vapor treatment umt and

Figure 6. Card 27 of the "Soil Venting Stack"” stack.

\4
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This HyperCard Stack was created to help guide environmental scientists
through the thought process necessary to decide if and how soil venting might
be applied to remediate a given site. The organization and logic of this stack
follows the paper:

A Practical Approach to the Design, Operation,
and Monitoring of In-Situ Soil Venting Systems®

by:
P. C. Johason, C. C. 3nunley, M. W. Kembdlowski, J. D. Colthart, & D. L. Byers

published in Ground Water Monitoring Review, Spring 1990, p. 159-178

If at this point you 40 30t feel comfoxtable with the use of the butwons, please
click oace on "?7" for more info on the mechanics of this stack. ..

Figure 7. Card 1 of the "Soil Venting Stack" stack.

Step7:  Location: Card 1 of the "Soil Venting Stack” stack.
Action:  Click on the right-pointing arrow.
Result:  You are now at Card 2 of the "Soil Venting Stack" stack (Figure 8).

Step8:  Location: Card 2 of the "Soil Venting Stack” stack.

Action:  Read the text, and click on the "down" and "up" arrows on the
displayed text field under “About Soil Venting..." to make the
field scroll. Then click on the left-pointing arrow at the card bottom.

Result: You are now back at card 1 of the "Soil Venting Stack” (Figure 7).

Step9:  Location: Card 1 of the "Soil Venting Stack"” stack.
Action:  Click on the right pointing arrow.
Result:  You are again at card 2 of the "Soil Venting Stack” stack (Figure 8).
By now you should feel comfortable using the left- and right-
pointing arrows to travel through the stack.

Step 10: Location: Card 2 of the "Soil Venting Stack” stack.

Action:  Click on the "?" button in the lower right corner of the card. This
button indicates that there is a "Help" card containing additional
information.

Result:  You are now at card H2 of the "Soil Venting Help Stack” stack
(Figure 9). Scroll through the list of references, then click on the
"Return” button to return to card 2 of the "Soil Venting Stack” stack.

At this point you should feel comfortable navigating around in HyperVentilate.

10
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Aboat Soisl Ventiny ...

Soil Venting (a.k.a. “in-situ soil
venting”, "vacuum extraction”, &
*in-situ vapor extraction”) is

rapidly becoming one of the most  [ifi
practiced soil remadiation processes

for permaable soils contaminated

vith relatively volatile
hydrocarbons.

The underlying phenomena that
influence the success of any soil
venting operation are easily
understood. By applying a vacuum [l
e il N

A bl e

Figure 8. Card 2 of the "Soil Venting Stack” stack.

Help: About Soil Venting

More information about soil venting can be found in the following articles:

M. C. Muleyand G. E. Hoag, Induced Soil Venting for the RecoveryfReswration of Gesoline
Hydrocarbons in the Vedose Zone, NWWAJAPI Conference on Petoleum Hydrocarbons and
Onganic Chemicals in Ground weer, Houson, TX, 1984,

P.C. Johnson, M. W. Kemblowski, and J. D. Colthert, Practical Screening Models for Soil
Venting Applications, NWWAJAPI Conference on Petrvlsum Hydrocarbons end Organic Chemicals
in Grouwndwaer, Houson, TX, 1988,

N. J. Hugler, B. E. Murphy, and J. 8. Glerke, Sme of Technology Review: Soil Vapor Extaction g
Sysems, U.S.B.P.A, CR-814319-01-1, 1988. il

D.J. Wilson, A. N. Clazke, and J. H. Clarke, Soil Clean-up by in-situ Aeration. {. Mathematical
Modelling, Sep. Science Tech. , 23:991-1037, 1988.

Print References

Figure 9. Card H2 of the "Soil Venting Help Stack" stack.

\4
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V.3.2 Sample Problem Exercise - Is Venting Appropriate?

In §V.3.2. you will work through an example problem to illustrate how one might decide if
venting is appropriate at any given site. For the purpose of this example we will use the
example site inforrnation given in Figure 10.

North South
QO wam
o= 0.8 wha 0.31
10 ==y = XD L P
= 002 - 512 = 0.3 e 044
Fine to
20 s = 0.0 Coal'se Sam whe 5.4 e 8.2 = 0.17
E
§ J-o-o =hs 8577 whm 214 - 8.8
:5: 30 d  — e (2 -% —————— e 34lr = = a3 e o e cmnfe(0.63
E e 0.0 Sllty&CIay e 653 i 967 o’ 1.5
& w0 -+ 17 Clayey Silt ot 3267 3 o = 086
£ —— L ol MMER M AEEE 2 - o e 1237 — —— ‘ngg — — —- -_23 -
s X2 23831 -+ 16
R . whw 23167 32
50 e ;1 731  Fineto 1319 +=32- !
Medium Sand
1.7
50w whm 9.5 '
HB-17 HB-10 HB-5 HB-3
Static Ground
Water Table
SCALE (f8)
L [ ] [ ]
10 20

Contamination Type: Weathered Gasoline

Figure 10. Sample site data (Johnson et al. {1990a]). Total petroleum hydrocarbons
(TPH) [mg/kg] values are noted for each boring.
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Using your newly developed navigational skills and the right pointing arrow located at the
bottom of each card, slowly step your way through the stack until you reach card 7 of the
"Soil Venting Stack” stack (Figure 11). Take your time to read the text and "Help" cards
assoctated with each card along the way.

Step1:  Location: Card 7 of the "Soil Venting Stack” stack.
Acton:  Read this card. It explains the process that you will use to decide if
venting is appropriate. Then advance to card 8 of the "Soil Venting
Stack” stack.
Result:  You are now at card 8 of the "Soil Venting Help Stack" stack
(Figure 12).

Step2:  Location: Card 8 of the "Soil Venting Help Stack" stack.
Action:  Read the instructions on this card. Take the time to read the
information on the two "Help" cards: "Info about Calculation” and
"About Soils (& Unit Conversions)".

Now we will evaluate the efficacy of applying in situ soil venting to
the lower soil zone (45 - 50 ft below ground surface) in Figure 10,
which is composed of fine to medium sands. It also is the zone of
highest hydrocarbon residual levels (>20000 mg/kg TPH in some
areas).

Is Venting Appropriate?

Flowraw
Read This B’Wi@n

At this point we vill proceed through a Maximum Vapor
simple thought process to decide if soil - Concentration
venting is a feasible alternative. As +
mentioned earlier, the three majn factors that Maximum Removal

. . Rute
govern the success of a venting operation are:

- vapor flovrate Acceptable 7
- vapor concentrations §

- subsurface stratigraphy (or the location of i
contamninants relative to the vapor Hor RS e
flowpath) i Calculations

y

Figure 11. Card 7 of the "Soil Venting Stack" stack.
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tnation. 1) Choose Sofl Type, ot
Flowrate Estimation: Optional- Enter your gwn permeability values (darcy)

: 2) Enter Well Radfus (in)
O Medium Sand 3) Enwr Radius of Influence (f9 & Inwrval Thickness®
® Fine Sand 4) Optional - Enter your own well vacuum (406” = max)
O sit ty Sand 5) Click tution © calculaw Predicwd Flowrue Ranges |
O Clayey Silts Predicted Flowrate Ranges

O Input Your Ovn Permeability Rangs Veam phies

Permeability Range (darcy) (ml’ o (single wel)
— 10 ] Som 332

Well Radius 2 Jin 10 (}....0.66
Radius of Influemce [ 40 _Jft 2001130

Interval Thickness®* [ 66 Ift Zg ..2.54
3.71
( —>Calculats Flovrate Ranges<— ) 1201 683
¥ thickaass of scrvanad interval,
. m:)h 2004 {Wwhichaver is :;alhr) E] m 10.07
o) 0=

Figure 12. Card 8 of the "Soil Venting Stack” stack.

Step3:  Location: Card 8 of the "Soil Venting Stack" stack.
Action:  Choose the "Fine Sand" soil type, and enter:

well radius = 2in

radius of influence = 40 ft
interval thickness = 6.6 ft

user input vacuum = 200 in HO

into the appropriate fields, then click on the
"-->Calculate Flowrate Ranges<--" button.

Result:  The flowrate ranges are calculated and displayed. Your screen
should now look like Figure 12. The calculated values are estimates
of the flowrate to a single vertical well (and are only valid estimates
when your conditions are consistent with the assumptions built into
the calculation - see Johnson et al. [1990a, b] for more details).

Step4:  Location: Card 8 of the "Soil Venting Stack” stack.
Action:  Click on the right pointing arrow to advance to card 9. Read the
information on this card, then advance to card 10
Result:  You are now at card 10 of the "Soil Venting Stack” stack (see Figure
13).

Step5:  Location: Card 10 of the "Soil Venting Stack™ stack.
Action:  Assume that the soil temperature at our sample site is 182 C. Enter
this value in the appropriate field, then hit the "return” key. This
action clears all values from the other fields.

14
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Vapor Concentration Estimation - Calculation

(1) Type in Temperature (*C) (hit <return>)

Click to Enter Composition of Contaminant (O Enter Distribution
or QO "Fresh” Gasoline
Choose one of the Default Distritutions ® "Weathered" Gasoline

(3) Click to View Distributions, (optional) ( Viev Distributions )

(4) Click to Perform Calculations @ Perform Calculations

Sum of Mass Fractions 1.00000
Results: Cale. Vapor Pressure 0.05734 atm
Calc. Vapor Concentration 203.94878

@ How Do I Measure a Distribution? JEER N1 0 3 About Calculation

_Print Caxd

Figure 13. Card 10 of the "Soil Venting Stack" stack.

Help: Compound List il

| View Only Mode | Vapor

Molecular Pressure (atm)
# Compound Nams A :
propane . 8.04673
isobutane ) 2.75865
a-butane . 1.97431
trans-2-butene . 1.84196
cis-2-butene 56.1 1.67019
3-methyl- 1-butene 70.1 0.88399
isopentane . 72.2 0.73146
1-pentene . 70.1 0.64989
2-methyl-1-butene . 70.1 0.62093
2-methyl-1, 3-butadiens . 68.1 0.60914
[05%628 ] = Sum of Mass Frections

(should be wl)

0 00 NI N D W N e

How Do [ Messure a Distribution? JRll Return @ Yapor Cone. Estimation Card

Figure 14. Card H16 of the "Soil Venting Help Stack" stack.

v
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Step 6:

Step 7:

Step 8:

Step 9:

Result:

Location:

Action:

Result:

Location:

Action:
Result:

Location:

Action:

Result:

Location:

Action:

At this site the residual hydrocarbon is a "weathered" gasoline, so
choose this selection from the three composition options listed. The
"Fresh” and "Weathered” gasoline selections correspond to pre-
programmed compositions that are useful for estimation purposes.
If you knew the composition of your residual, then you could enter
it by selecting the "Enter Distribution” option. Click on the “View
Distributions" button to take a look at the compound library and the
pre-specified composition of "weathered" gasoline.

You are now at card H16 of the "Soil Venting Help Stack” stack
(see Figure 14).

Card H16 of the "Soil Venting Help Stack" stack.

View the library and pre-specified composition. If you are
interested, explore some of the help cards. Then click on the

"Return to Vapor Conc. Estimation Card" button to return to card 10
of the "Soil Venting Stack” stack.

You are now at card 10 of the "Soil Venting Stack” stack (Figure
13).

Card 10 of the "Soil Venting Stack" stack.

Click on the "Perform Calculations" button.

HyperVentilate calculates the maximum possible vapor
concentration corresponding to the specified composition and
temperature. The results are displayed in Card 10 of the "Soil
Venting Stack” stack, which should now look like Figure 13.

Card 10 of the "Soil Venting Stack" stack.

Using the right-pointing arrow button, advance to card 11 of the
“Soil Venting Stack" stack. Take the time to read the text, then click
on the "Calculate Estimates” button

You are at card 12 of the "Soil Venting Stack” stack. The calculated
flowrates and maximum possible removal rates are displayed along
with an updated list of the input parameters that you have entered.
Your screen should look like Figure 15, if you have chosen the
"Ib/d" units.

Card 12 of the "Soil Venting Stack” stack.

Click on the right-pointing arrow button. You are now at card 13 of
the "Soil Venting Stack” stack. Read the text, then enter:

estimated spill mass = 4000 kg

desired remediation time =180d

Now click on the "-->Press to Get Rates<--" button
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Maximum Removal 'geflzpmm (c)
o)

Rate Eztimates Soil Permesbility Range (darcy) [T
Well Radius (in) 2
select your unit preference below Redius of Inglence (17) 40

Contwminant Type |__¥eathered Gasoline
® {ib/d] Permeable Zone Thickness (ft) 6.6

O “(g/d] IP,,- Well PFlovrate Estimaes Max. Removal Rae l!sn'macs'

Not: Vacuum [SCFM] [1bid)
ow: (in H,0) (single well) (single well)

These are “maximum » 0.33 332 62

removal rates®, and should 10 0.66 6.99 124
only be used a3 scyeening 20 1.30 13.02 251
estimates o dewrmine if 40 2.54 25.38 517
venting is even feasible ata 60 3.71 37.09 799
givensie. Continueonto || 190 || 6 83 68.27 1778

the nextcard 1 sssess if 200 10 07 100.66 3636

these rawes are acceptable. ..
Print Card

Figure 15. Card 12 of the "Soil Venting Stack" stack.

Iz Sorl Venting Appropriate? Enter _ ® kg
At this powmt, you compare e 0] (L) Estimated Spill Mass|__ 4000] i35

maximum possible removal rate @ Enter Desired
vith your desired removal rate. {ili Remediation Time days

@ ( ->Press © get Raws<-- )

If the maximum removal rate
does not exceed your desired
removal rate, then soi! venting
is not likely to meet your needs,
and you should consider another
treatment technology, or make
your needs more realistic.

Single Vertical Well Results

Destred Removal Rate: 22 272 [keid]

Gauge Vacuwn (in H20): 200 (inH20]
Min Flowra®e @ 200 in H20 10.07]| (scPrM)
Max Plownate @ 200 inHzo | 100.66| (scPM)
Max. Est. Remove] Rate:

In the next cards, ve will refine [ii#| (lover estimat) - per well _ 164.892 | xgna)
the removal rate estimates, in  [{3]|(upper estimate) - per well 1C47.108 ) (kg/)
43 13

Figure 16. Card 13 of the "Soil Venting Stack" stack.
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Step 10:

Step 11:

Result:

Location:
Action:

Result:

Location:
Action:

Result:

Your screen should now look like Figure 16. Note that your desired
removal rate (=22 kg/d) is less than the estimated maximum removal
rates for a single vertical well (=165 to 1650 kg/d). At this point in
the screening exercise, therefore, soil venting still appears to be a
viable option.

Card 13 of the "Soil Venting Stack” stack.

Click on the right-pointing arrow button to advance to card 14 of the
"Soil Venting Stack” stack. Read the text, then advance to card 15
of the "Soil Venting Stack” by clicking on the right-pointing arrow
button. Again, take the time to read the text, then advance to card 16
of the "Soil Venting Stack" stack. The focus of these cards is the
prediction of vapor concentrations and removal rates as they change
with time due to composition changes. It is important to try to
understand the concepts introduced in these cards.

You are at card 16 of the "Soil Venting Stack" stack (see Figure 17).

Card 16 of the "Soil Venting Stack™ stack.

This card is used to finalize your input data prior to calculating vapor
concentration and residual soil contamination composition changes
with time. Read the instructions in the order that they are numbered.
Note that the summary table in the upper right corner of the card
contains all the parameter values that you have input thus far. The
instructions describe how to change these values, but at this point
we will retain the displayed values. Because it is difficult to present
the behavior of each compound in 2 mixture composed of an
arbitrary number of compounds, the output is simplified by
reporting the behavior in terms of "boiling point" ranges. This
simply represents a summation of all compounds whose boiling
points fall between pre-specified values. Presented in this fashion,
the model results can be interpreted much more quickly. Click on
the "tell me more about BP ranges..." button, read the help card,
then return to card 16 of the "Soil Venting Stack" stack. Click on
the "-->Set Default BP Ranges<--" button. Your screen should now
look like Figure 17. Click on the "Generate Predictions” button

The message "Sit Back and Relax..." will appear on your screen,
followed by a screen on which the following appears:

"Copyright © Absoft Corp 1988

Copyright © Shell Oil Co 1990

HANG ON ----- YOU WILL BE RETURNED TO HYPERCARD...

# OF COMPOUNDS IN LIBRARY = 62"

Then card 17 of the "Soil Venting Stack" stack will appear.

18
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Model Predictions

To Be xght is o sunmary of the
datw you have input If you wish ©
change any of te info, ten cliick
on the parameter nama, and redo
the calculations on the cand you will
be taken . Press the dlinking
'Retumn’ buton w come back

Tempersture {°C) 8 ! X
Sofl Type

Sofl Permeability Range (dercy) 1 v|[_ 10
Well Radius (in) Fi

Radius of Influence ({9 40

Contaminant Type Weathere a30

Permeable Zore Thickness (10

(3 (= Set Default BP Ranges <— )

boiling pointranges. Type in
your own ranges, or choose

J;}.

the default values.

1/l *1 me more sbout BP ranges...

&) Boiling PointRange £1.1..-50_1 1 28 1 C
The model returns output that [  |Boiling Point Range #2| 28 [to| 80 | C
allovs you © detemmine Boiling Point Range #31 80 1t} 111 1 C
resid ual amounts of | Boiling Point Range #4| 111..1%1 144 | C
compounds falling vitin 5 Boiling Point Range #5] 144 | tj 250 | C

@ (Generote PredictionsJ

16

Figure 17. Card 16 of the "Soil Venting Stack"” stack.

@ ( --> Import Data<-- )

Saturated Yapor
Concentration at time=0

PIRST PRESS THE IMPORT
DATA BUTTON!

These are the resulty for tha
contaminant type that you have

Min Yalume o Remove

>90% of Initial Residual

Temperature (°C).
Contamninant Type:

Print Card

0.2053E8+03 | {mglL]

[L-eixig-
residual]

18 I

Weathered Gasoline |

QUM(D)
L-air
g-residual

BP #2 BP 43
Residual
(98 wl)

Residual
(96 vul]

BP %4 BP #5
Residual | Residual
[% wul] | [ vul]

.00
.24
.57
.98

11.6S0
9.263
6.755
4512
2.632
1.222
.385
.068

24.010
23.982
23.474
22.403
20.771
18.503
15.556
12.053

22.140 41.510
23.000 43.632
23.820 45.950
24577 48.509
25.248 51.350
25.766 54.509
26.031 58.028
25.919

Launch Excel

afi»

Figure 18. Card 17 of the "Soil Venting Stack" stack.
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Step 12:  Location:

Step 13:

Action;
Result:

Location:
Action:

Result:

Card 17 of the "Soil Venting Stack" stack.

Read the instructions, then click on the "-->Import Data<--" button.
Your screen should look like Figure 18. The table in the lower part
of the card lists model predictions: vapor concentration and residual
soil concentration (expressed as a percentage of their initial values),
as well as the composition of the residual (expressed as a percentage
of the total for each boiling point range) as a function of the amount
of air drawn through the contaminated soil. Note that as the volume
of air drawn through the soil increases, the vapor concentration and
residual soil levels decrease, and the composition of the residual
becomes richer in the less volatile compounds (BP Range #5). In
the upper right comer of the card are displayed the saturated, or
initial, vapor concentration and the minimum amount of air that must
be drawn through the soil per gram of initial contaminant to achieve
at least a 90% reduction in the initial residual level. This value is
used in future calculations as a design parameter.

Card 17 of the "Soil Venting Stack” stack.

Click on the right-pointing arrow to advance to card 18 of the "Soil
Venting Stack” stack.

You are at card 18 of the "Soil Venting Stack" stack, which should
resemble Figure 19. Read the text. A summary of your input
parameters appears on the right side of this card. At the bottom
appears two calculated values representing the range of the minimum
number of wells required to achieve a 90% reduction in the initial
residual level in the desired remediation time. These values
correspond to idealized conditions, however, they can be used to
gauge the efficacy of soil venting at your site. For example, in this
case the minimum number of wells ranges between 0.7 - 7, which is
not an unreasonable number for a site the size of a service station. If
the range had been 100 - 1000, then it might be wise to consider
other remediation options.

It is important to recognize that model predictions are intended to
serve as guidelines, and are limited in their ability to describe
behavior that might be observed at any given site. One should use
all the information available, in addition to idealized model
predictions to make rational decisions about the applicability of soil
venting.

20
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Step 14: Location: Card 18 of the "Soil Venting Stack" stack.
Action:  Click on the right-pointing arrow button to advance to card 19.
Result:  You are now at card 19 of the "Soil Venting Stack” stack. This card
lists several phenomena that can cause one to achieve less than ideal
removal rates. Take the time to explore each of these options, then
return to card 19 of the "Soil Venting Stack” stack.

Is Venting Appropriate?

This is a complete summary (&
of tha data and results. Temperature [*C): [ 18
Based upon these numbers, a P Conuminant Type: {_Weathered Gasoline

“minimum number of wells” :V"::lm‘m [in): [_Pine s:
has been.calculawd' vhich Bst. Radius of Influence [ft): 40
should give you some Permeable Zone Thickness [ft]: 6.6
indication of how Flowne per Well (120" Vac) [SCFM] | 6.83
appropriate venting is for Flowrae per Well (120" Yoc) [SCFM] 68.27
your application. Note that Min. Vol. of Air {Lig-residual): 128 48

this is the number of wells if Eytimated Spill Mass: 4000
circumstances are ideal, Desired Remediation Time (days): 180

Lt Al 1

Minim $ of Wells
Com J<  Buet  <[C5s_]

on Your Input Parameters

Figure 19. Card 18 of the "Soil Venting Stack" stack.
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Freld Tests

Figure 20. Card 20 of the "Soil Venting Stack" stack.
V.3.3 Sample Problem Exercise - Field Permeability Test.

Note: It is recommended that you always plot and visually inspect your data prior
to attempting to fit it to any theory.

In this example, we use HyperVentilate to analyze air permeability test data from the site
pictured in Figure 10. We will focus on results from the lower fine to medium sand zone
(45 - 50 ft below ground surface). Advance to card 20 (Figure 20) of the "Soil Venting
Stack” stack to begin.

Step1:  Location: Card 20 of the "Soil Venting Stack" stack.
Action:  Using the right-pointing arrow, advance to card 21 of the "Soil
Venting Stack” stack. Read the text, then click on the "Air
Permeability Test"” button.
Result:  You are at card AP1 of the "Air Permeability Test" stack.

Step2:  Location: Card AP1 of the "Air Permeability Test" stack
Action:  Read the instructions, then click on the "Show Me Set-up” button.
Take a look at the figure, then click the "Return” button to return to
card AP] of the "Air Permeability Test" stack. Now click on the
“Test Instructions” button.
Result:  You are at card AP3 of the "Air Permeability Test" stack.

Step3:  Location: Card AP3 of the "Air Permeability Test" stack.
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Action:

Result:

Step4:  Location:

Action:

Result:

Step5:  Location:

Action:

Result:

Read the text, look at the sample data (click on the "show me sample
data” button) then enter the following values for this example:

soil layer thickness =6.6ft
estimated radius of influence =50 ft
air permeability test flowrate =15 CFM

Click on the "-->Calculate<--" button to estimate how long the air
permeability test should be conducted.
Your results should match those displayed below in Figure 21.

Card AP3 of the "Air Permeability Test" stack.

Click on the "Return” button to return to card AP1 of the "Air
Permeability Test" stack. Then click on the "Data Analysis" button.
You are now at card APS5 of the "Air Permeability Test" stack.

Card APS of the "Air Permeability Test" stack.

Read the text, then step through cards AP6 and AP7, until you reach
card AP8 of the "Air Permeability Test" stack.

You are now at card AP8 of the "Air Permeability Test" stack.

Air Permeability Test - Instructions

1)

2)

Install vapor extraction well(s) in this
zone(s). Existing monitoring wells

may be used, vhen the screen interval |
extends only into the zone to be treated. [
Note the extraction well radius and
borehole size. Insure that the well is ((=>Calculate <~ )
not “connected” to other soil zones
through the borshoele (use cement/grout |
to seal annular borehole region).

Identify soil zones to be treated (_shov me sample data )

Pore Yolume Estimation:

Enter:

1) Soil Leyer Thickness [ft]:

2) Estimawd Radius of Influence [ft]:
3) Air Perm. Test Flovnte {CFM]:

Pore Yolume: 15543
Time w BExtract a Pore Yolume:|0.72

Figure 21. Card AP3 of the "Air Permeability Test" stack.
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Step6:  Location: Card APS8 of the "Air Permeability Test" stack.
Action:  Read the text, click the "clear" buttons to clear any entries from
columns, then enter the following data:

r=353ft r=324ft
Time Gauge Vacuum Time Gauge Vacuum
[min] [in Hy0] [min] [in HoO]
9 0.1 4 1.2
11 0.2 7 3.0
15 0.2 9 4.3
23 0.4 12 5.5
30 0.7 16 6.9
40 1.3 24 9.9
100 2.8 30 11
39 13
52 16
77 20
99 21
110 23
121 24,5
141 25.5
flowrate =15 SCFM
screened interval thickness =6.6 ft

While entering the data it is convenient to place the curser in the time
column, type in the time value, then use the "tab" key to advance to
the vacuum reading column. Enter the corresponding vacuum
value, then hit the "tab key again. As you see, this advances the
curser to the time column again. Now click the "-->Calculate<--"
button.

Result:  Your results should match those displayed in Figure 22. Soil
permeability values have been calculated by fitting the field data to
the theoretical model described in cards APS - AP7 of the "Air
Permeability Test" stack.

Step7:  Location: Card APS of the "Air Permeability Test" stack.

Action: Review the results, then click on the "Explanation & Statistics"
button. This advances you to card AP9 of the "Air Permeability
Test" stack, which lists correlation coefficients for the data fitting
process. These values give an indication of how well the model
describes the behavior observed in the field. Values approaching
unity indicate a good fit. Your results should match those given in
Figure 23.
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Air Permeability Test - Data Analysis (cont.)
® Enerrdial _, [ 53 Juy r={3z4 |t = jero

diswmrces of

monitoring poinys (MW (in H20) (min) (in H20) (min) (in H20)
9 0.1 ][4 e
Enter measured ..y 11 0.2 .
times and gauge 1S 0.
varuums 23
(3) Ener (optonal: 30 :
40 1.
8 flovrae 10| 2.
s Jscrmy
b) screened interval
tickness
Les Ja CaesD CD
x=[18.69489]darcy (A) k= [2.858452]darcy (A) k= darcy (A)
("’c“‘“‘““] x=19.298663|darcy (B) k= [7.767599]dercy (B) k= dercy (B)

Explanation & suﬁsﬁcsl APS8

Redl Retwn JEL4

Figure 22. Card AP8 of the "Air Permeability Test" stack.

Air Permeability Test - Data Analysis (cont.)

On the previous Card (AP8), the deta you input were fit % the approximae expression given on Card
AP6. It wes snalyzed using both methods described on card AP?, if you input values for the
extraction well flowrate (Q) and the stratum thickness (m). Below each column of data, the two
calculaed permeability values are denoted by:

darcy(A) - refers  calculation method | (see Card AP7)
darcy(B) - refers 1o calculation method 2 (see Card AP7)

During the regression analyses, the daw expressed as Correlation Coef.
J| pairs of points (In(y, P'y are fitw aline. The ®

"correlation coefficient”, 1, is a measure of how well deta set #1 |0.941158
{the data conform w the theoretical curve. As1-->1, the

dam points all fall on the theoretical curve. At the right dawm set 82

are given the correlation coefficiant values for the three

data sets. Por more info on the mesning of 1, consult dam set $3

any intoducory Statistics book.

Figure 23. Card AP9 of the "Air Permeability Test" stack.
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System Design

Torilha Iinging Owtyon
&

Hydroearbon Caztian

Figure 24. Card 22 of the "Soil Venting Stack" stack.

V.3.4 Sample Problem Exercise - System Design

In this example we illustrate the use of IIyperVentilate for system design guidance. Asin
§V.3.2 and §V.3.3, we use the sample site presented in Figure 10. At this site gasoline
was detected in three distinct soil strata: a fine to coarse zone located 10 - 30 ft below
ground surface (BGS), a silty clay/clayey silt zone located 30 to 42 ft BGS, and a fine to
medium sand zone that extends from 42 ft BGS to the deepest soil boring (60 ft BGS).
Groundwater is detected in monitoring wells at about 50 ft BGS.

Advance to card 22 of the "Soil Venting Stack™ stack to begin (Figure 24).

Step1:  Location: Card 22 of the "Soil Venting Stack" stack.
Action:  Use the right-pointing arrow to advance to card 23 of the "Soil
Venting Stack" stack. Read the text, then advance to card 24 of the
"Soil Venting Stack” stack.
Result:  Card 24 of the "Soil Venting Stack” stack, which appears in Figure
25, should be disptayed.

Step2:  Location: Card 24 of the "Soil Venting Stack" stack.
Action:  Read the text, explore using some of the options. You will find that
the options: "Well Location"”, "Well Construction”, "Surface Seals",
"Groundwater Pumping System", and "Vapor Treatment" provide
some useful guidance information on aspects and components of a
soil venting system. Return to card 24.
Result:  Card 24 of the "Soil Venting Stack"” stack should be displayed.
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System Design. ..

At the right is a list of the components
of a venting system design. Click on
each to conduct the indicated phase of
the design process

Remember: Itis notour inention © provide a
generic recipe for vacuum extraction system
design; inswed we suggest he following as s
structured thought process. As you shall see,
even in & structured thovght process, intuition
and experience play imporantroles. There is
no substitue for & good fundamentl
undersanding of vapor fow processes,
tansport phenomena, sad ground water flow!

O Number of Extraction Wells
O Waell Location

QO Well Construction

O Surface Seals

O Groundwater Pumping System

O Vapor Treatment

Figure 25. Card 24 of the "Soil Venting Stack™ stack.

Number of Venting Wells...

The procedure for estimating % required 1)

process used previously © deternmine if
venting is appropriate ata given stwe.

As fllustwied at O right, we vill estimaw
minimum vapor flow required, determine
the sresl extent of influence, sad then i
fecror in any sie-specific mittions. This i

aumber of extracton wells,

the folloving cards--->

number of extraction wells is stmilar v the .

Maximum Removal
Raw

single vertcal vell flowraes, calcula® the Fi

Minimum Yolume
Requirernent

information then deermines the necessary il

Ste-Spectfic
____Limiwtons |

Just procesd 1 follow the swps dicatwd on Jiiyi

Area of Influence

Figure 26. Card SD1 of the "System Design"” stack.
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Step3:  Location: Card 24 of the "Soil Venting Stack” stack.
Action:  Select "Number of Extraction Wells" from the list of options.
Result:  Card SD1 of the "System Design" stack should be displayed, as
pictured in Figure 26. '

Step4:  Location: Card SD1 of the "System Design” stack.
Action:  Read the text, then use the right-pointing arrow to advance to card
SD2.
Result:  Card SD2 of the "System Design" stack should be displayed.

Step5:  Location: Card SD2 of the "System Design" stack.
Action: Read the instructions on the card, enter the following values into the
table, then click on the "Update" button:

Soil Zone
Parameter Medium Sand Clayey Silt Fine Sand
subsurface interval (ft BGS) 10-30 30-43 43 - 50
description of contaminant gasoline gasoline gasoline
radial extent of contamination (ft) 20 20 20
interval thickness (ft) 20 13 7
average contaminant concentration 100 1000 10000

Result:  Card SD2 should now resemble Figure 27.

Step6:  Location: Card SD2 of the "System Design" stack.
Action:  Use the right-pointing arrow to advance to card SD3 of the "System
Design” stack.
Result:  Card SD3 of the "System Design" stack should be displayed.

Step7:  Location: Card SD3 of the "System Design” stack.
Action:  Read the text. Note that "clicking” on many of the table headings
will take you to "help” cards. Take a few minutes to explore the
use of these, then enter the following information:

Soil Zone
Parameter Medium Sand Clayey Silt Fine Sand
permeability (darcy) 10 - 100 0.01 - 0.1 1-10
design vacuum (in H0) 40 40 40
Well Construction:
Radius of Influence (ft) 40 40 40
Extraction Well Radius (in) 2 2 2
Extraction Well Screen Thickness (ft) 10 5 5
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Design Input Parameters...
(soil stratigraphy & contminant chamceristics) Seloct the Ll mass

unity that you prefer
Please ener the required information for esch distinct soil
layer, click on the *Updae” button, and then proceed ©
the nextcard ({.e. click on right wrow at botwom). Contaminant
Distribution
interval | avemge
Rhickaess| ¢ons.

Depth BGS* ndivs

[f] (&) in]__| [mefkg]

L /) 20 20 100
i) 13 1000
20 2]....10000

jag =0 Jon KA LA 1 N e

* Beow Growad Bwilace

Figure 27. Card SD2 of the "System Design" stack.

Design Input Parameters... [Now: - click on any uble heading ©] O Mrtia Suad

get more info O Fia i
Please enwr the required information for - use b key © move O sivy suat

sach distinct soil layer, and then proceed Yetween cells ]
e nextoand. QO Clywy 8iks

Extuaction Well
Constracton Critcal

wl screan | radius of Voh@e of
rdivs  [thickpass| influence Alre*
[darcy| (in H20)| [in) r (1] L)

10 100 L) 2 10 40

0,01 3 9 2 5 40

. A F 1 10 4 5 ] 40

N Desgn
Description of Permeadility* | Vacuwn
Soil Unit

LA ... 0.0 0.

* Eater or choosa [rom list ot to) right ** nirimum volums of vapor rquind to ackisve remedistion

Figure 28. Card SD3 of the "System Design" stack.
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Step 8:

Step 9:

Result:

Locaton:
Action:

Result:

Location:
Action:

Result:

The "Critical Volume of Air” is calculated by the same procedure
used previously in §V.3.2 (steps 10 -13). To initiate this
calculation, "click"” on the "Critical Volume of Air**" heading.

Card SDS of the "System Design"” stack appears on your screen
(Figure 29).

Card SDS5 of the "System Design" stack.

Read the text carefully. The focus of this card is the prediction of
vapor concentrations and removal rates as they change with time due
to composition changes. It is important to try to understand the
concepts introduced in this card. For more information, read the
reference article contained in the appendix. Click on the "Do a
Calculation” button to advance to card SD6 of the "System Design”
stack (Figure 30).

Card SD6 of the "System Design" stack appears on your screen.

Card SD6 of the "System Design" stack.

This card is used to finalize your input data prior to calculating vapor
concentration and residual soil contamination composition changes
with time. Read the instructions in the order that they are numbered,
then enter “18" for the temperature and select "weathered gasoline”
from the three composition options. Because it is difficult to present
the behavior of each compound in a mixture composed of an
arbitrary number of compounds, the output is simplified by
reporting the behavior in terms of "boiling point" ranges. This
simply represents a summation of all compounds whose boiling
points fall between pre-specified values. Presented in this fashion,
the model results can be interpreted much more quickly. Click on
the "tell me more about BP ranges..." button, read the help card,
then return to card SD6 of the “System Design" stack. Click on the
"-->Set Default BP Ranges<--" button. Your screen should now
look like Figure 30. Click on the "Generate Predictions” button

The message "Sit Back and Relax...” will appear on your screen,
followed by a screen on which the following appears:

"Copyright © Absoft Corp 1988

Copyright ©® Shell Oil Co 1990

HANG ON ----- YOU WILL BE RETURNED TO HYPERCARD...

# OF COMPOUNDS IN LIBRARY = 62"

Then card SD7 of the "System Design"” stack will appear as shown
in Figure 31.
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Critical Volume Calculation...

typically observed in venting

QCIQC (t=0)
!

operations.

The results are ploted in this vay ©
emphasize that the degree of
remediation that can be achizved by
venting depends mainly on the
volums of vapor extracted divided
by the initial mass of residual
hydrocarbon. For the example
pictured at the right, epproximately
100 liters of sir must be wvithdrmwn

.01

.001

Weathered Gesoline $

T=20°C

1096 moisture content |
C(t=0) = 222 mgMt

.0001 —— . — ~— 0
from the subswface in order © it . . o
remove abowt 9096 of a single gram | 0 100 200 300
QUm(t=0) (Vg)
Return to Design I Do a Calculation

Figure 29. Card SDS of the "System Design" stack.

Clritiecal Voluore
Predictions. ..

@  Temperature (*C)

the right, and then specify the {choose one)
composition of your contaminant.
If you are unsure about this, click
on the "About Composition..."

Conteminant
Simply enter the tmperature at @ Compositon

Q Enter Distribution
Q “Fresh" Gasoline
@ “Weathered" Gasoline

( View Distributions )

button located at the lower right ® ((—> Set Defaunt BF Ranges <— )
Boiling Point Range #1.|.-30. | ] 28 1 C
The model returns output that [ | Boiling Point Range #2| 28 [l 80 | C
allows you v determine  Boiling Point Range #3| 80 [tof 111 | C
residual amounts of Boiling Point Range #4111 1 w] 144 1 C
compourds falling within 5 Boiling Point Range #5| 149 | to] 250 | C

boiling point ranges. Type in

your o'wn ranges, or choose
te default velues.

@ (Genarate Predictions]

Figure 30. Card SD6 of the "System Design" stack.
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Step 10:

Step 11:

Step 12:

Step 13:

Step 14:

Location:

Action:
Result:

Location;

Action:
Result:

Location:

Action:

Result:

Location:

Action:

Result:

Location:

Action:

Result:

Card SD7 of the "System Design" stack.

Read the instructions, then click on the "-->Import Data<--" button.
Your screen should look like Figure 31. The table in the lower part
of the card lists model predictions: vapor concentration and residual
soil concentration (expressed as a percentage of their initial values),
as well as the composition of the residual (expressed as a percentage
of the total for each boiling point range) as a function of the amount
of air drawn through the contaminated soil. Note that as the volume
of air drawn through the soil increases, the vapor concentration and
residual soil levels decrease, and the composition of the residual
becomes richer in the less volatile compounds (BP Range #5). In
the upper right corner of the card are displayed the saturated, or
initial, vapor concentration and the minimum amount of air that must
be drawn through the soil per gram of initial contaminant to achieve
at least a 90% reduction in the initial residual level. This value is
used in future calculations as a design parameter.

Card SD7 of the "System Design" stack.

Click on the "Return to System Design” button

A dialog box will appear asking: "Transfer Critical Volume Value?".
Click on the "Yes" button. You will now be prompted by another
dialog box asking: "What soil unit # is this value for?". Enter "1"
into the appropriate place then click on the "OK" button. You will
now be transferred back to card SD3 of the "System Design" stack.
Note that the value "128.48" has been entered into the "Critical
Volume of Air**" column for the medium sand soil unit.

Card SD3 of the "System Design” stack.

Enter "128" into the "Critical Volume of Air**" column for the
clayey silt and fine sand soil units. For this example problem enter
"100" for the efficiency in all three soil units

Card SD3 should now resemble Figure 28.

Card SD3 of the "System Design" stack.

Click on the right-pointing arrow at the bottom of the page to
advance to Card SD4 of the "System Design” stack.

Card SD4 of the "System Design" stack should appear on your
screen.

Card SD4 of the "System Design" stack.

Assume that you wish to remediate this site in 180 days. Enter
“180" in the "Time for Clean-up" column for each soil unit. Click
on the "Update” button.

HyperVentilate calculates a range of flowrates to a single vertical
well, then uses this value and other input parameters to determine
the minimum number of wells required based on two approaches.

N
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To read about these, click on the "Number of Wells" column
heading. Your card SD4 should resemble Figure 32.

It is important to recognize that model predictions are intended to
serve as guidelines, and are limited in their ability to describe
behavior that might be observed at any given site. One should use
all the information available, in addition to idealized model
predictions to make rational decisions about the applicability of soil
venting.

You can read about the effect of venting at this site in the article:
"Soil Venting at a California Site: Field Data Reconciled with
Theory", by P. C. Johnson, C. C. Stanley, D. L. Byers, D. A.
Benson, and M. A. Acton, in Hydrocarbon Contaminated Soils and
Groundwater: Analysis, Fate, Environmental Health Effects, and
Remediation Volume 1, P. T. Kostecki and E. J. Calabrese, editors,
Lewis Publishers, p.253 - 281, 1991.
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@ (== import Data <~ )

FIRST PRESS THE IMPORT
DATA BUTTON!

Thess are the results for the
conwmminant type that you have

Saturated Vapor

Caoncentration at time=0

Min Yolume %0 Remove
>90% of Iaitial Residual

Ternperature (*CY):
Contaminant Type:

0.2053E+03 | [mglL)

[L-aidg-
rasidual]

128.48

]

Weathered Gasoline |

QUM(0}
L-air/
g-residual

Vapor Residual
Conc. Level
{98 Inital] | [#6 Initial)

BP¥2
Resid ual
[96 vl)

BP#]
Resid ual
{96 wial)

BP#4
Residual
(96 wl]

BP#5

Residual
[96 vnl}

.00
.24
5?7
.98

100.000 { 100.000
75.062 95.000
58.631 90.022
48.078 85.034
39.390 80.034
31.941 75.035
25916 | 70.035
21.150 65.037

11.650
9.263
6.7S5
4512
2.632
1.222

.385
068

24.010
23.982
23.474
22.403
20.771
18.503
15.556
12.053

22.140
23.000
23.820
24.577
25.248
25.766
26.031
29919

41.510
43.632
45.950
48.509
$1.350
54.509
$6.028

) Launch Excel

Figure 31. Card SD7 of the "System Design" stack.

Design Input Parameters. ..

Please ent®r (1) the desired time period for

remediation, (2) the design gavge vecuum, and

then (3) click the “updaw*” buton.

® ®

Return to System Desig

Print Card

Notw: - click on any mble heading © get more info
- use tab key v move between cells

@ (Upiee )

Minimum Number of Wells

Description of
Soil Unit

Time for | Design
Clean-up | Vacuum
{days} |{in H20)

Flowme per Yapor
Extraction Well

[SCFM]

Basal on
Ara

Based on Critical
Volume™*

180

0

38.4

384.4

9.2

Q.9

Q.0

190

O

0.0

0.2

0.2

64.3

643,0

180

20

1.9

19.2

0.2

39

4.6

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA.

NA

NA

NA

NA

HNA.

NA

NA

NA

N&

HA

NA)

NA - 3ot enough input dats

"= minimum volume of vapor requind te schiave mm ediatien

Figure 32. Card SD4 of the "System Design" stack.
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Appendix A: "Soil Venting Stack’ stack cards.




Soit Venting (aX.e. “in-situsod
venting”, “vacuum extraction’, &
*in-sity vapor extraction”) is
ragadly becoming ooe of the most
for parmeable soils contaminaied
with ralstively volatile
hydrocarbons.

The \mderlying phenomsns that
influsnce the success of any soil
vanting oparstion are sesily
understood, By applying a wcumn

Lok or Spill Discoveesd. ..

In the following cards we will asnare

Malﬂwnﬂhmw, B

Now we vill step through a logical
thought procass 1o dacide if soil veoling
is approprisia ot this site. The previous
card displays the flowchart thet is the
busis for the thought process. Clicking
within acy procass box will take you
it section of the stack denling with

With any contaminaied site, one should
explore the fessibility of all treatzosnt
‘m Afer compiling e list of
aleroatives, selection criteria

{oost, speed, parmitting problems) should
jbe established, and then the firal
choice(s) made.

Soil Venting is most likely 1o be
axcessful whan soils are ssody and the
contamirant is volatile.

Ghopﬁccnwm

"Soil Venting Stack” Cards

This HyperCard Stack wus crested 10 help guide environmenta! scientists
through the thouglt process Decessary  dacids if and bow soil venting might
be applied 10 remediste & given site. The orgenization and logic of this stack
follows the papar-

“A Practical Approach 1o the Detiga, Oparation,

amd Monitoring of In-Sita Soil Venting Sysuams”

.

P.C. Johassa, C. C. Sunley, M. W. Lemblswiki, J. D. Codthgrt, & D. L. Byers

published in Ground Water Monitoring Reviaw, Spring 1994, p. 156-178

I a2 s point ypu o not foel comfartbls wvith e we of s butons, plsase
clizk ouen on "T" Sor mose Inde on the mechanics of Ghis suck .

In-Situ Soil Venting System Design Process
You can click an ey hock i this dingam © gt BOR indormation abowl et paricelss sy, Ox Y03

w-umuu-—-vm OR eithey e “Loak or Sydl Discowesmd® Yoz, or 6
Hgndinced anow of e Sommm of s cesl

Iﬂﬂﬂ

I""""""'l

Whenever & 20il contaminstion probie is detected [£N
or Aapected, a sits investigetion is condurted o
characterize and delinsete the 2008 of soil and
groundwaier cootamination [n general, the site
charecrization is conducied in tvo stages. The
Ergeory responss and sbeletnsnd phese essasses
the inunadisty impect on potsatial aamen wnd
mnvironmantsl receplors, and is conducwed in a
relstively short poriod of time (days). A detailed
site characwrization then follows. 1ts purposs, like
e energency response and shaterand phase, is to
e eorviromnantal impect assccieted with gresant

Ia Venting Appropriate?
Ml'l‘ﬁs

Al ths poant we will procesd through a
simple thought process o dacide if soil
weoting is 3 foasible alrnative. As
mentionsd eeriier, the thres mmin factors that
govarn the succoss of a venting operation are:

A1




“Soil Venting Stack" Cards A2

Flowraie Estimmtion: v C jom Estisation:
Q Madium Sund
@ Fine Sand The mazirusn achisveble rernovel
O Silty Send - §  {rate occurs vhenever the vapors
OClayey Sils '::"*" Flowrate Rangus nmwdu? t:”‘ ;'m'.w
O Inpat Your Owa Permesbility Range SCFM) “"“"! '.m“A
Parmasebility Range ::l:n'; (,‘-,,..., contaminant/soil patrix
CI Jw (T H 233 Jw
Wall Radina 7 Jin it} 066 Jio
Radiw of Inflwence [ 401N 204 L30 Jw
Indervel Thicknam* 88 I . 40| 2;: ©
3 |
{{ —>Caiculate Flovrats Rengus<— ) 52 613 |0
©ihiskaass of sweemad imered, o E]' ﬁ] 1007 v

Vapor Coaceatratioa Estimation - Calculation Removal Rate Estimates
The menmuam achigvahls
removal rake ocCUrs Whenever
the vapors removed by venting
we “ssbursted” or in
aquilibrium with the

Type in Ti it avturn> 20
(1) Type in Temperatars (°C) (hi ) [ 20 ] Maxi Maxi Esti .
Ramoval - Vapor x  Vapor

Click to Ensar C. iticn of Contarmnerd istibution
omposi O Enter Distri Rate Concentration  Flowrate

or QO “Fresh” Gasoline
Chocee one of the Defsult Distributions @ "Weathered™ Gasoline
Weo calcalsie his “maximce” wmovel me © deemmine

. L , - o e i, oven wnder € bast cond N (Ssteamed vepors &
(3) tick w Yww Distributions, {optional) View Distritaions The * Rete® s simply 25 ot chvngee ‘v, vaAMRg Coa mowt
] . . the product of ihe flovrale you neods.
g_)cm»mﬂcm O Parform Caiculations imas the vapor g . . -
. on & YER low U gemne vainse, .
Sum of Mass Fract md@mm«cw
R ts Caic. V 8 & 10 will be used W genaraie
esul - Vapor Premure am [removel ruse estimates.
Calc. Vapor Concentration mgn

P o el €|

I—
Muximomm Romoval Ty ()

Is Soil Yenting Approprinte? .., Sty

R Ertis . 3ol Typs . .
b i (g e ° At this pours, you coropere the D Estimaed Spitt Mass{__4680] 5
salect youy unit pufemace bakow Radinw of inOwrace (19 navirewn possible renoval rate ® Enter Desired
Tym i i i [ 130) days
®lw/a) Permmobls Zow Thickasss (19 with your dasired removel rve. Remediation Time [39)
Oleg/al P, Wi  Fovawlnmess  Max. Removel e Zrveuns @
Now: SHD P oo (,.‘",',",{n If the mexiragn retoovel rale
[ doss not eacead your desired Single Vertical Wall Results
Thas at “marimem 2 033 6 (v removal raie, then 30il venti
wnceel mae®, ad showd | |10 {066 12 Jje 'tnoth'hlyl'ou-tmm, Dustmd Ramovel Rab: i potl
”*—.-:M.GT _Zﬂ_ﬂn _117‘352— 2 : 317 and you should considar enother rm".‘o(mm 28 ‘lbmm:
vamtng s rven sutb ws |60 371 0 o trestmunt tachinlogy, or make Mt Flovme § 200 2 H2O . jecTM|
Ca sie. Continne 0a © 633 178 o ﬂl_ﬁmm, -
e 3ax1cunl © agvass ¥ % to 4. 892 | xen}
[T T L1007 ¢ 31 In the next cards, we will refine 7. 108 M}

lat

Is Soil Veating Appropriate? - Refised Estimates

The precading astimaies are o
weful culy e & “first cut”, md L] {Pictured st the right sre the Qc:?cu.o)
imumrmn recults of sampie model s
still 2 polentially fessible Vegan Come. predictions, for a weathered

-or-
Typicaily during soil venting The wertical axis reprasants
hn-n,n:‘:w Famovel Ran sither pormalized
concentration snd renovel rais concentrations [C(tVC(t=0)L
(dependancs on tims resssmbles or normalized removal retes
the plot on the right [QC(LYQC(t=0)), while the
(vhen the wtal vapor flowraie Tows (4) horizontal axis represants the

is relatiwly constant). e a 100 200
U - QUmt-0) (Vg)




*Soil Venting Stack™ Cards

O 2 imperiBatac ) Sumated Veour et}
Ly
S N X et

Is Veating Appropriste?

This i a complete sumevary 1O

of tha dats and results. | Tomgemam ['C}: manly svuforms 1 ow ot of 4 “sadbor.

Based anbers Contaminent : Thas so Gee prassl clasuns of siamiions tat

'-‘i:;:tdvﬂkf Soll Type: o Wil canee venting mmovel mts © be loos G

P y Wl Batine o pmiced fr o ioslcam. BubofGomen  —= -—

has bown colcuiied, viich Sl S L T e e DT

should give you soms Pezmeshle Zowe Thickats {11} X Opemsion, i Moniraing of In Sim Soll Veming

indication of how Fowns par Wl (120° o) [S0PM) X Sysame®. Youcen s mow shout wch by ( Dilwtion Effacts )
Fowne p Wl (120° Yer) [SCTM) clicking on e butons © $e right.
Min. Vol of Al fLig-medwit X - Caad 1 )
Rovtatnd SpM Mo Inaddjion, when contminenis e Doaied clowe ©
Desimd Samadinsion Time Jiaye) pomd vesr, 88 offectof G vecwamn of e (Lo Permmenility Leess )

3 S Bl bral can significanly Imgact & vessing

ywem's puctocmmce. To iacs ohom e, cick -
08 &0 "Owund Wine Upveling® besion. (__Growmt Waler Upwalling )

Fiold Tosts

Prior % the design of an in situ soil
venting systemn, it is desirable v
obiain more refined estimetes of the
urssturaied zone permeshility,
polential vapor flowraies, and
contaminanl vapor concantrations. In
addition, if & groundvaler pumping
sywtan might be instatled, then
ayuifer characteristics st also be
dotermined.

( Air Parmesbility Tet )

Click on the butions o the right 1o : —
learn about thess tasts, or 10 analyas (CAquifer Charsctarization )
dafa that you bave atready collected.  [5]

System Desiga. ..

Teor s sPem design pmoees, you should - g

« gim phas (showing sshouwiecs wilides, Smks, suriace SUNCWRS, 47.)




*Soil Venting Stack™ Cards

System Desiga. ..

At e right is a list of the componsnts
of & venting systen design  Click on

O Number of Extraction Wells

wach ¥ condurct the indicated phase of O Well Location
the desi
O Wall Construction
Samenber: it 5 20¢ 0w intaation © pOvide
wwetic Jecipe for vareus XWCOR SWSE O Surface Seals
design; nsued wo sugpen @ fallowing a0 a.
swwcemnd fowght procass. As you shall me, oG : P ing Syt

O Vapor Trestmant

System Shaor Dowa. ..

i Target soii claan-up leweis zre

oftan set it-by site basis
on asi
' [arovewe]
and are based on the estimeded ]
potantial impart that sy it~
residual may have on air
O Camnulative Amount Ramovad

quality, groundweler quality, or
othar beslth standards. They
may also be related 1o safety
considerstions (explosive
limits).

Q Extraction Well Yapor Conceatration
O Extractioa Well Vapor Composition
QO Soil Gas Data

O Soil Boring Data

Ganerally, confirmation soil

Acknowledgemeanls. ..

System Moaitoring...

The performancs of & soil verking | Dats and Time
systeen st be monitored in order

o susure efficient operation, and O Vagor Flow Rates
0 bolp determine when 0 thzt off |O Pressure/Vacuum Readings

the sysiaro. O Vapor Concentrations & Compositions

At ¢ minimm, the iwms listed 1o {O Temparature
the right should be mearursd. O Water Takls Lovel

13:::1::’ one o gt O Soil Gas Concantration & Composition

"Click” on any item below (&
hold bution down) to see cosls

Economics. .. &

For typical service station sites, [N
Closr-up Sosts can renge from [
$100K - $250K for the venting
operstion sions, depending on
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Appendix B: "Soil Venting Help Stack” stack cards.




Help: Stack Information

Bnmluve&eusphudnnd: !-’nldlmymummfmmn,wuuymybe
card. Clicking on any button will { a place for you to input pumbers.
pedommnmm.wdls:

Go Howe to fint Scroliing Field:
card in Venting Swack Qlick an arrows © mowe
Go © next card 2t up ar dows

E@@E

Go © Help card Boxed Datn Field:

. When 1-bomm

:‘:‘ﬂl“" ﬁ:wm Enwe Number in Bos

Pocfirm  Caicalas oz ® wss e curmor. Thea —
(Gizlisic) Perform s Caicalaion | you may eoiee dam. Click Tor calcuistion

A uson will then asally
] -
W)nn;n;ou.clﬂmsm ‘==‘ perform "

———da3d contimeter

Help: In-Situ Soil Venting System Design Process

This is the decision process that one must follow 10:

(TP Y

1) decide if soil

ing is app at a given site

&
2) design an cffective soil venting system

Rt is an abridged version of Figure 2 in "A Practical Approach to the Design,
Operation, & Monitoring of In-Situ Soil Venting Systems”, by P. C. Johnson,
C. C. Stanley, M. W. Kemblowski, J. D. Colthart, and D. L. Byers.

Help: Thermal De

Precess Description

In a thermal desorption treament
soils comaminated with
volnn!dmn-vouuk organics are
heated, and the volatilized
contaminams are stripped with air, F
steam, or combustion products
{bumer fluc gases) 1 reixtively

ption

incinerstion (200-500°C vearsus
1000-1200°C). The desorbed
jorganic contaminanis are

Process Dascription
Composting is s above-ground $oil
| managament iechmique in which
amended s0il, containing organic
wastes, is placed in large piles snd
seraiesl The aeration enhsnces
microbial degradasion by providing
oxygen to the soil/waste. With
time, the decomposed wasie is

the process produces & stabilized,
ensiched, hnmlukemuul

deiarin ebrmiinambound,

"Soil Venting Help Stack™ Cards

Help: About Soil Venting

Miows infermetion about eeil vemting com e foxnd in the following aracies:

M. C. Madey and O. EMMHV“"H“MM“‘MM
Hydvrovarbons in the Vadose Zans, NWWA/APT Confe on F Hyd
Ocpamc O 4 , Houstom, TX, 1984,

P. C. Johmaon, M. W. Xembloweki, snd J. D. C‘IMM:AIMM!MS«)
Veuting Appt NWWA/AFLG o fe Hy md Orgame Ch
a&o.lmlv Housow, TX, 1968,

N.J. Hatsler, B. E. Murpby, and 1. S. Gierke, Sue of Techsology
Symems, USEP A, CRS14319:01-1, 1989.

Soil Vapor £

D. J. Wilson, A. N, Clarke, and J. H Quarks, Soil Cean-up by st Acrazos. | Mathemancal
Sledalling, Sop. Scimcs Tech., 23:991-1037, 1988,

_Return )

Help: Preliminary Site Investigation

More inf
following articles:

about site &

API Publicauion 1628
*A Guide to the A
Releases”,

American Pegoleum |

and Remediation of Underground Pewroleum

1220 L. Suweet Northwest, Washinglon DC, 20003

Precess Description

1, e

ration, of the
degtruction of wastes, is & complete a
destruction technology that can be

used to treat soils contaminated with

a wide range of hazardous organic
wastes. Conaminated soils,

Clud.- of liquid wastes arc addd

m . ""‘ ud

chamber

(rotary kiln, fixed hearth, multiple
hearth, fluidized bed, liquid

Preacass Descripiion

"L-ndtlnnm. refm 0 the

pra of &p \g O ganic

over mn kreq of land, then relying
on nanirsl microbial action to
degrade the waste. It is a widely
scoepied and cost-effective practice
for the treatment of petroleum
hydrocarbons, chlorinsted
compounds, and pesticides. In this
process soil-amociated
microorganisms (baciaria and

B1



Process Description

Treatment of groundwater and soil [U
conamination below the waler table

sturated zone™) by in-sits
Ibiostimuiation involves the addition
of nutrients and/or O2 (usually as
H202 or liquid 02) to m aquifer in

microbes. The nutrients and
oxygen are addod above ground o

Process Description

“Solvent extraction” is the p

by which contaminants are ranoved
from soils or sludges by mixing
them with a solvent into which the
contaminants preferentially
partition. Which solvent is used for
any particular reatment is very
dependent upon the type of
contamninant present in the sodl.
The solvers should have a high
affinity for the contaminant(s) of

Note that k degoivs e "pormeskility” of & parous

wedia, whils K reprosens the “hydrasdic
oconductivity”. Tho two ere relasd by:

K:k&ﬂﬂ
#x0

where:
£ = wralmmtion $w '© gawAy 1900 cmis?]
Pxo = viscosity of wenr 0.01 gmrs)
Pra = density of wane [1.0 piem?)

When choasing prrmanii)ity veluw i is
hpu_nhqnultlk(wx)

"Soil Venting Help Stack" Cards

Help: In-Situ Biostimulation

10 107 102
-L 4 4
s 10 10t |10
" 2l [t |
. ET Lt [t ot
- w  Fw? }?
[ ]
28 L - 10? | 10?
> a
Y Fw' Lw* ot
T L 102 [t F1od
10t f10® |t
Lo Lot Lyp?

cturn to Flowrase Calculstion . H13

ity ox p

82

Help: Solidification / Stabilization

Process Description

Stabilization and solidification are
treatnent processes designed o
cither improve waste handling and
physical characteristics, decroase |
surface area across which poliutanis
can leach, or limit the solubility of
hazardous conmtituents. When
discussing this technology, the
following definitions are conunon:

Solidification

. ok

Help: Vapor Flowrate per Unit Well Thickness

mmnm-m.uy-- radial flow solus
good for vapar 1) Im

numubvﬂumm In pardculas, the greaien

wilk the s0il pormacability, which can vary by ssveml orders of

Q__kp [1-(Paw/Py)’]

=x=2Py

H B In(Ry /Ry
k = nnp-dﬂuyuunw(cnzm[m]
JTO ] mw-uofu-uno glan-s o 0.018 cp
P, = absche pessure al cxtraciion, well [y/cm-93) or [am]
;_- abeoints ambdices proswars = 101 3 10%pcme? o 1 amn
Ry = radive of vapor axipaction well {cm)
Ry = radive of influmce of vapar extraction well {em|
H = thickmam of well scoes mmrvel, o p bie p0i) 3000 (chouss mnaiices value)

® s vemical wolt. While
.Il.dm limiwd

u_IIy d
aver all 4

lew Only Mode Vapor

Mass Molecuinr Pressure
Compound Name

propane 0.00
isobutanc 0.00
n-butane

trans-2-butene
¢cis-2-butene
3-methyl-1-butenc
oponane
1-pentene
2-methyl-1-butene 1
2-methy]-] 3-butadiene A

0 00 3 O\ LA B P e

(=]

= Sem du-ll-ﬁuiu
{ahould be =1}




"Soil Venting Help Stack" Cards

Summary Card: Site Characterization Compound List Default Data

Boiling Vepow New Vapor

m' o Promum  PamR® e Fraction Data
(C) (Am)  (Amm)

W-ch m Q'mo

A complete site assessoent must determine the following:
# Coempennd Name

Propuss «.1 [ X}
b b 29,

Sebsurface Charscteristics Contaminant Delineation

o soil stratigraphy + exmene of foo-phase bydrocsbon ;
» charcwsistics of distinct ail layors + distribusion of coBamisent is, vados Jone ’ 580 241
(permentality catimases, s types) » distribuzion of contusisant in sstarsod 2000 4 $6.1
+ cxan of solable conmminent phases s |a 6.1
€
7
]
9

* compositon of coariRent 70.1
+ sl vaper concestrations (ophiomal) 7na
70.1

10 6.

# Compownd Name

1

2

3 To dowwmdine: ax spproxinams distr MEion, one must
4 malyw be xazors by gas chromatographic malyss.
5 |as2burns Prior 1o the malyms, chooss sboul 6 - 10 marker

6 {3-wethyl-] duens I compounds whose propevtics are well known. Ofsas
7 |isopentans g - : sories of straight chain alkanes (n-butane, n-penianc,
8 |1penene - - g 3 n-heizns, $1C.) is chosen. Thea (be ubkhown milture is
9 |z meany-1-duene ; malyzod, md the mreas of all poaks shuzing berwees the
10 | 2-methryi-t -butsdicte s : wunsion isses of wo knows peaks s svmmed wd
wosted as cas of the knowsn peain, es illusrand ca the

In this estimation of equilibrium

(saturated) vapor concentralions, |

we that the contaminant 5]

concentrations are greal enough

(>200 mg/xg TPH) that it is

distribuied between vapor, « 1ota) vapor conccawsacw (@)

sorbed, dissolved-in-soil- » nusibar of componmts
moisture, & freo-phases. In this [ = mole frczion of componont ¢

case, the equation at the right 2 vapor prosswre of camponent | (s}
appiies (lock for “Raoult’s Law* = malocular weight of compomnt i [mgAmaie)
& the "Tdeal Gas Law” in sny ] -Uiﬁmﬂ;@%‘l:‘-‘&
thermodyramics textbock for = sbeckuse wmperarars (K} = T(C) +
reforences). We do coerect for

- W ] NS Ne

» e
vapos flow t

Tep View
The figiire above depicis the case where some vapors "bypass” zones of
contamination, and therefore the vapors removed from the extraction well In Figure 65, vapor flows parslie] to, tut not twough, the zone of

represent 8 mixaure of the vapors obtained from both conlaminated and clesn contaminstion, and the significant mass transfer resistance is vapor phase

vapor flowpaths. One can roughly judge the amount of bypassing by the weli diffusion. This would be the case for a layer of liquid hydracarboa resting on 13
placement, screening, and contaminant distribution. Gwl}y.ob-:rved 87
xanoc sons.acemnahiv 10 . S0% of she ideal




"Soil Venting Help Stack” Cards B4

[_H2s |
Help: 6¢) Low Permeability Lenses

Help: 6¢) Low Permeability Lenses - Equations
R--u(R!-Rf)»‘/CL____ﬁEZC‘-‘ 6 1/2:‘5;:

: Derivations for these
equations as¢ given iny
Rex = carmamd mmoval rax (mgMd) Joh etal-"AP
§ = hickmxe of “dried-ow” rone (=} Approach 1o the Design,

R, = defines repon in which contemmation s presest (@] Operation and Monitorin,
Ry =defincs region in which contarynstion is presezt (&) £ In Site Soil Venti $
Cen vapor {mg/ed) of itu Soil Venting
D = effoctive soil vapor diffusion cocfficeat [m2d} Systems” . 1990,

Coea * initial momdual level of comtamemant i3 s {m3/kg]
Prag = ool bulk denmry fkg/03) These Equations are valid

T =tme(d] ;
for singlecomponent

Let'sDo a c-n:nmmn'_Rennn

In the situation depicied above, vapor flows pest, rather than through the

conuaminated soil zone, such as might be the case for a contaminated clay lens

surrounded by sandy soils. In this case vapor diffusion through the clay to the
por limits the removal rate (the removal rate actually becomes

The Fontran program HYPEVENT will report residusl levels of

falling berween user specified boiling point ranges. The default values have
been chosen so that residual levels of compounds with boiling points between
the followng compours are grouped together.

R = NQCe
1 = S (6D%wt) NINRIR ¥ acn - P2 YRT-RT

The equation above

* catumated reracval raie

estimates the removal = efficincy mlaive W0 matimuy removel et

nie from & layer of 'Gﬂﬂw:ﬂ vw:ﬂn:;a; coeffiaent (anl/s)
L =viscomtyof ur =183 104 gkcm-s
h.qmd ::;lm“by . :u_dpmuﬁliwwvw fiow jcm2)
single » based on a 3 = thickneas of screened insexval fczn]
Boundary Layer Theory & = tadive of mflucncs of venang well [cm)
approach 1o the il = venting well rudius |cm)]

oblem. It is not ¢ = abeoluld ambicpt preasurs » § 016 3 106 g/an a2
F" v applicabie 10 * sinaluk preasare o the ventng nl.l[;h—d)

mixnres, bocsuse it

Propane - Isopentane (-50 w0 28 C)
isopentanc - Benzene (28 10 80 C)
Benzene - Toluene (80 - 111 C)

Toluene - Xylenes (111 - 144 C)

Xylenes - Methylnapthalene (144 - 250 C)

Help: Low Permeability Lenses - Calculation

(1) Soll Type {choose one) Tost emer values into the 1) Process Variables: @ C .o T TR Y
© Modium Sand O Cayey Silw appropriste fields, then click on "‘" et e )
i the “calculate” button. 3 ] veneag s {1
O Silry Snd @ Flne Sand calcula T ] il it comammaind sxe (1 Time Reg:lv:l 5
O Input Yous Own Pameability Renge The *Relative Efficiency” is the (33 L0000 ] rosidusl conmminant level (mg/kg) (deys) (kg/d) (m)
1] 1o 03] 1darcys) matio of the predicted removal 2) Contaminant Properties: 3%%% ?ﬁ
(@) Process Variables: fate to the removal rate that se [B4.2920) contmmnant malocular wes ght g/ cic 495 84) 34
| tuckoems of screened merval {1 would be oblained if the extracted 53 CORIMRmART vapar promave [mm Hg) 12; 323 48
radsum of influssce of veoing well [ | VAPOTS Were saturated, or in g‘; I wmporars (C) 9; 70 -6.3‘
veouag well radsus |m) equilibrium with the liquid O usc valuoe aiready 10put from Card 10 e 963
eppiied vacwm &t well {in H20] Tust cuter valucs 1w the appropriate ficlds, then [ € o 4 7‘2'094 179
I, radial width of contammard 2ome Relative EMciency = m dick 00 the "Calcuisc™ b ] ;?;4 ;;;
& (= Cokuaie <) S68
Return H30

During venting, the pressure
within the radius of influence of | Generally, the DATE and TIME

the vapor extraction well is should be recorded along with any

! d. due W the applied that is mude. Given the
vacuum. This Iwcﬂ:‘ of the time scale for ch.uing-xeh_;wd
pressure affects the groundwater kS prooﬂls.. recording the time o the
nearest minute should be sufficient.

level in this zone, and an
“spwelling”, or loca] rise in the
water table will occur.

Sample devices are Rolex watches,
hour glasses, sun dials, and timers.

The iocal water table rise can be
a8 put as the gauge vacuum




Vapor flow rates from each
extracuon well and into any injection
wells should be monitored.

Sample measuring devices include
pitot tubes, orifsce pistes and
rotamciers. It is important to have
calibrated these devioes at the ficld
perating p and temp

The vapor concentration and

position from each
well should be analyzed periodicatly.
This data is muliplied by the
extraction well flowrate 1o alcuiate
the removal rate (i.e. [b/day), snd
cumuistive amount of con'aminant
removed.

By iiseif, vapor concentration data
does not give a complete picture of

*Soil Venting Help Stack™ Cards

Vapor Flow Rates...

85

Pressure/Vacuum Readings...

Pressures/Vacuums should be
measured st each extraction and
injection well. In addition, subsurface
pressure distributions (measured with
vadose zone instatlations) are usefu]
for determining the zone of influence

The soil and ambient \emperstures
can have a significant cifect on the
performance of s0il venting systems.
The soil 1emperature affects the
COTMAMINANL VEPOr CONCENLIations,
while the ambient lemperature

Water Table Level.&

{for contaminsied soils located near the water table

Whencver the cortaminaed Tone lies
near the groundwater table (within 3 |}
10 5 ft), it is impoctant to monitor the §‘;§
water wble Jevel 1o ensure that <
contaminated soils rermainy exposed to
vapar flow. Measuring the water

table level during venting is ot a
trivisl task because the monitoring

well must ramain scaled. Uncapping |
the well reicascs the vacuum and any |
cffect that it has on the water table
lovel.

REMOVED

is determined by inlcgrating the
measured removal rates (flowraie x
concentratiosy) with time. While
this value indicates how much
contaminant has been removed, it &
ususlly not very useful for
determining when Lo take
confirmation borings unless the
ociginal spill mass is known very
accurstely. In most cases that

ls whether or not condensation,
or even freezing will be significant.
For future reference, therefore, it is
useful to recond the ambient and soil
temperatures.

These should be measured
periodicsily st differen radial
distnices from the vapor extraction
well(s). Data from soil gas sampling
is valusble for three ressons:

(1) by compering extraction well
concenirations with soil gas
concentrations, it is possible 10
estimate the fraction of vapor that is
flowing through the contaminated
zone (i.e. the “cfficiency” of

EXTRACTION WELL VAPOR
CONCENTRATION

the vapar concentrations are good
indications of how effectively the
i is working, but
in vapor ion well
coacentralions are not strong
evidence that 30il concentrations

. &

be due to other phenomens such as £
water table level inareases, R

Vadose
Zone

Instailation (@




EXTRACTION WELL VAPOR
COMPOSITION

‘when combined with vapor
concentrations this data gives more
insight into the effectivencss of the
system. If the wtal vapor
concenration docresses without 8
change in composition, it is
probably due 10 increased moss
transfer registance (water table
upwelling, drying-out of low

bility zones, ec.), and is not [

results can often be misieading,

ition of the residual or its

since they reveal nothing sbout the :

b

"Soil Venting Help Stack™ Cards

Extraction Well Vapor Composition...

B&

Soil Gas Data...

SOI.. GAS DATA

this dsts is the most useful because
it yields information about the
residual composition and exters of
contamination.

Yapor concentrations can not, in
general, be used 1o determine the
residual leved, except in the limit of
very low residusl levels (when
Vapor concentrutions are
proportional 10 soil residual leveis).

Soil Gas Monitoring
installation Resulls
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Appendix C: "Air Permeability Test" stack cards.




*Air Permeability Stack" Cards

Air Permeability Tests...

The purpose of an air permeability test is
t0 obtauy site-specific data that will be
used in the fina) system design. Iiis s
way ta verify that venting is an
appropriaie reamediation technique for
your site.

( Shaw Me Set-Up J

{ Test Jnstructions ]

In particular, one typically trics to ges »
beger estimate of the soil permenbility of
each distinct seoil layar to be estod, and

» better estimate of contaminant vapor (
concentrations

Data Analysis

j}]
Idenlify soil zones 10 be treated

Air Permeability
Test Set-up

Vi
Aow

2)

Insall vapor exmraction well(s) in this
zone(s). Eximing monitoring weils
may be used, when the scroen interval
extends only into the zone 1o be
weated. Note the exraciion well
radius and bovrchole size. Insure that
the well is not "commected” to othar soil
yones through the borehole (use

[out o go 2t POreng N

.

& X373 (3. )

s EBAD {mib. m)
449 et B w]

y

»
Time (min)

Air Permeability Test - Data Analysis

The expected decrease in subsurface pressure (incroase in gauge vacuum) P is
predictod by: (sws johmesn ot al {1990} for derivacos)

P'(t.t) = L) . !l:-.- dx

Su Dot

Air Permeability Test - Data Analysis (cont.)

The parmeability, k, ¢an then be caiculated by one of two mothods:

@ The fire is applicable when both Q (flowrsie) snd m (well acreen iniecval) are
known accursiely. The calculsted slope A is used:

re OB
4Azm

@‘I‘huecondj, ch is used wh Q or m are not known with confldence.
In this case, both the slope, A, and intercept, B, aro usad:

Bep
x ”‘_q(nmug;]

Air Permeability Test - Data Analysis (cont.)

For (r¥ ¢ pM E Py, t) < 0.1, the governing eq can be approximated by the

exprosgion:
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‘This Equation prodicis tt s plot of P' -vs- in(l) should be s straight line with slope
A and y-imarcept B equal to:
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Air Permeability Test - Data Analysis (cont.)

Ou the previowm Cand (APS), fhe dess you axpat werm (it 1o the spprozimen expromsion gives on Card
APS. 1t wee whing hoth smthods deacyibed on card APY, if you itput vaiues for the.
teartion wall fiowrnts (Q) aad s surutum thicknoes (m). Beiow cach colsam of dam, the two

darey(A) - sufars © culculasion method 1 (see Qopd APY)
darcy(B) - efers w calculasion sethod 2 (90 Cand APT)

_‘ '-‘ - . Iy ‘.__ 3 - Comh:r:l Conf,
!.:n-l-‘ ’-:-ﬁn-ru“ P')::: ::-:::.u wll dom s 1 [0341153]
prlyscioprprihpbyenasmbiiti o o 12 (T657 )
e, Tovmor s on o g o 7 coams |
1 inmoductsry Stasissics beok.







- HyperVentilate Users Manual -

Appendix D: "Aquifer Characterization” stack cards.




*Aquifer Characterization® Stack Cards

Aquifer Characterization:

Aquifer Characterization:

These parametars (K and S) can be sstimmted using the resalts of 8 standerd transient
groundwatey pump tost with 2 constant pumping rats. The results are thn compered
sgaingt standand "“type curves® for spocific squifor situations (i.c. leaky, unconfined

Press the "References” tution below for more information on slug tests, bail tests,

Aquifer Characterization:
Since most venting systams are installed sbove “phreatic aquifers” {aquifers with
uncoafined upper wirfaces), U twe primary aquifer parameters needed for design

K « hydraulic conductivity
S = affective porosity {or specific yield)

Aquifer Characterization - References

J. Bear, “Hydraulics of Groundwater”, McGeaw-Hill, 1979, ISBN 0-07-004170-9,
P 463 - 490.

R. A. Froeze and J. A. Cherry, "Groundwaus™, Preatice-Hall, 1979, ISBN
0-13.365312-9, p. 339 - 352

D1
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"System Design* Stack Cards E1
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Predictions...
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Q "Fresh* Gasoline
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Help: Well Parameters

“Well Radive” - i goaeral will b» he redins of the well
bovehols, bocames e packing mamrial is
typically moms paresssbls than o il
formagon,

well, or e thick P
zame, whichover is smeller.

*Scroom Thickneas™ s the Jemgth of the slotnd inseval of the I ;
of the 4

s G radial disemcs awsy from the
antraction well, wheve the gauge proasure
measred ip e wil is spprimanly o
The predictions are not vary scasitive to tia
pacsmsetar, amd most soporied values Jie in the
magedd- 120

= o

Return to Design

Contaminant Composition [feer | |
.
Man Molecular Prvu:::c

Componnd Name Frocilea

prop 0.00 441
isobutane X 581
n-butane
tans-2-butene
cis-2-butene
3-methyl-1-butene
Y potene
2-methyl-1-butene

v D 00~ ON LA A D NI e

o

A LY X

o

'Wells should be screened only
through the zone of contamination, a
uniess the permeability 1o vapar

flow is s0 low that removal rates
'would be greater if flow were
induced in an adjacent soil layer.
Removal rate estimates for various

discussed elsewhere in this stack.
Based on prediciive equations, the
" is expocted W i by
15% when the extraction well

Help: Minimum Number of Wells

The *Minimum Nosmbor of Wells® is calculaind by B two mothod
o) Bamnd o Ares -

@ s spproech we catimerw the simisemn pursber of wells required
© provids sir low through the contaminusted zons as you beve
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Vaitical = ritical volume of vapor (L/g-maidual] £ = efficiency of e1enction proces

Mopall = wpill tmass [g-romidusl] AT = ame for dean-ap [d)

Determiining the exact composition of

complex mixtures

(such as gasoline) requires specialized

mnalytical techniques. For the purpose of
emimating the response 10 venting, however, B3
SN ApProximale composition can be used with FHJ
very good results.

To detamine an approximate distribution,
cne must anatyze the mixmure by gas
chromatogrephic analyses. Prior o the
mnalyses, choose about § - 10 marker

To be able 1o succesafully locate
extraction wells, pagsive wells,

and surface scals oone must have
good understanding of vapor flow B3
behavior. Wells locations should

through the contaminated zone,

while minimizing vepor fiow
through other zones.

If onc well is sufficient, it should B
almost always be placed in the g
geometric center of the I

Surface seals, such as ¢ "open” sail surfece

illustrates the effect that a surface vwﬂoupuhs
seal will have on vapor flow %‘\:':
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zones (<5 m) the surface seal will § —}
have a significant ceffect on the

vapor flow paths, and seals can be B

{mdded or removed w achieve the

| desired vapor flowpsth.  For
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Groundwater Pumping Systems Vapor Treatment Systems

CQurrently twre s fouwr main
trostrmant processes available:

YAPOR COMBUSTION UNITS
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properties of the base 62

reinsert them into the

gasaline case calculations (i.c. the "Fresh™ and "Weathered” gasolines). If you wish
1o change any of the properties of the added chemicals, first delete them, then
Compound

o Choome one of te follownng:
@ insert chemical
O deleie chemical

Input the paramesre wt e nght

{ume lowercase compound

e for ConmeRBCY)

o dxk on the buticn % e nght

, $ince these are needed for the two default

List Daia Base. Follow the direcuens delow:

(use only 30 characers o leas,
Chemical N.me:lNew(‘anz —
Molecular Weight [g/maie)
Vapor Pressure @28C [atm)
Boiling Poist @1 aim (C)

| N, Not A

wd!

P P

( Insert Compound J

“Compound List Update™ Stack Cards

Compound List Update

This card is provided as » utility to les you add, or delete compounds from the
Compound List Data Base that this program uses. You may not delae or change the
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"A Practical Approach to the Design, Operation, and
Monitoring of In Situ Soil Venting Systems"




Reprinted from the Spring 1990 Issue of
Ground Water Monitoring Review

A Practical Approach to the Design,
Operation, and Monitoring of In Situ
Soil-Venting Systems

by P.C. Johnson, C.C. Stanley, M.W. Kemblowski, D.L. Byers, and J.D. Colthart

Abstract

When operated properly, in situ soil venting or vapor extraction can be one of the most cost-effective remediation
processes for soils contaminated with gasoline, solvents, or other relatively,volatile compounds. The components of
soil-venting systems are typically off-the-shelf items, and the installation of wells and trenches can be done by
reputable environmental firms. However, the design. operation, and meonitoring of soil-venting systems are not
trivial. In fact, choosing whether or not venting should be applied at a given site is a difficult decision in itself. If
one decides to utilize venting, design criteria involving the number of wells, well spacing, well location, well construc-
tion, and vapor treatment systems must be addressed. A series of questions must be addressed to decide if venting
is appropriate at a given site and to design cost-effective in situ soil-venting systems. This series of steps and questions
forms a “decision tree” process. The development of this approach is an attempt to identify the limitations of in
situ soil venting, and subjects or behavior that are currently difficult to quantify and for which future study is needed.

Introduction

. When operated properly, in situ soil venting or vapor
extraction can be a cost-effective remediation process
for soils contaminated with gasoline, solvents, or other
relatively volatile compounds. A “basic” system, such
as the one shown in Figure 1, couples vapor extraction
(recovery) wells with blowers or vacuum pumps to
remove vapors from the vadose zone and thereby reduce
residual levels of soil contaminants. More complex sys-
tems incorporate trenches, air injection wells, passive
wells, and surface seals. Above-ground treatment sys-
tems condense, adsorb, or incinerate vapors; in some
cases vapors are simply emitted to the atmosphere
through diffuser stacks. In situ soil venting is an espe-
cially attractive treatment option because the soil is
treated in place, sophisticated equipment is not
required, and the cost is typically lower than other
options.

The basic phenomena governing the performance of
soil-venting systems are easily understood. By applying
a vacuum and removing vapors from extraction wells,
vapor flow through the unsaturated soil zone is induced.
Contaminants volatilize from the soil matrix and are
swept by the carrier gas flow (primarily air) to the extrac-
tion wells or trenches. Many complex processes occur
on the microscale, however, the three main factors that
control the performance of a venting operation are the
chemical composition of the contaminant, vapor flow
rates through the unsaturated zone, and the flow path
of carrier vapors relative to the location of the contamin-
ants.

The components of soil-venting systems are typically

off-the-shelf items, and the installation of welis and
trenches can be done by reputable environmental firms.
However, the design, operation, and monitoring of soil-
venting systems is not trivial. In fact, choosing whether
or not venting should be applied at a given site is a
difficult question in itself. If one decides to utilize vent-
ing, design criteria involving the number of wells, well
spacing, well location, well construction, and vapor
treatment systems must be addressed. It is the current
state-of-the-art that such questions are answered more
by experience than by rigorous logic. This is evidenced
by published soil venting “success stories” (se¢ Hutzler
et al. 1988 for a good review), which rarely include
insight into the design process.

In this paper, a series of questions are presented that
must be addressed to:

® Decide if venting is appropriate at a given site.

® Design cost-effective in situ soil-venting systems.
This series of steps and questions forms a “decision
tree” process. The development of this approach is an
attempt to identify the limitations of in situ soil venting,
and subjects or behavior that are currently difficult to
quantify and for which future study is needed.

The “Practical Approach”

Figure 2 presents a flow chart of the process dis-
cussed in this paper. Each step of the flow chart will be
discussed in detail, and where appropriate, examples
are given,

The Site Characterization

Whenever a soil contamination problem is detected
or suspected, a site investigation is conducted to charac-




terize and delineate the zone of soil and ground water
contamination. In general, the site characterization is
conducted in two stages. The emergency response and
abatement phase assesses the immediate impact on
potential human and environmental receptors, and is
conducted in a relatively short period of time (days). A
detailed site characterization then follows. Its purpose,
like the emergency response and abatement phase, is
to determine potential migration pathways and assess
the environmental impact associated with present condi-
tions and future migration of the contaminants. Often
the sequence of steps following initial response and
abatement is as follows:

¢ Background review: Involves assembling historicai
records, plot plans, engineering drawings (showing
utility lines), and interviewing site personnel. This
information is used to help identify the contaminant,
probable source of release, zone of contamination,
and potentially impacted areas (neighbors, drinking
water supplies, etc.).

#® Preliminary site screening: Preliminary screening
tools such as soil-gas surveys and cone penetrometers
are used to roughly define the zone of contamination
and the site geology. Knowledge of site geology is
essential to determine probable migration of conta-
minants through the unsaturated zone.

® Detailed site characterization: Soil borings are dritled
and monitoring wells are installed.

e Contaminant characterization: Soil and ground water
samples are analyzed to determine contaminant con-
centrations and compositions,
Costs associated with site investigations can be rela-
tively high depending on the complexity of the site and
size of the spill or leak. For large spills and complex
site geological’/hydrogeological conditions, site investi-
gation costs may begin to approach remediation costs.
In addition, the choice and design of a remediation
system is based on the data obtained during the site
investigation. For these reasons it is important to ensure
that specific information is collected, and to validate the
quality of the data.
If it is presumed that in situ soil venting will be a
candidate for treatment, then the following information
needs to be obtained during the preliminary site investi-
gation:
¢ Subsurface characteristics — site geology: This
inciudes the determination of soil stratigraphy (va-
dose and saturated zone) and characteristics of dis-
tinct soil layers (i.e., soil type, permeability estimates).
While they are not essential, the moisture content,
total organic carbon, and permeability of each distinct
soil layer also provides useful information that can
be used to choose and design a remediation sysiem.

® Subsurface characteristics — site hydrogeology:
Depth to ground water, and the ground water gradi-
ent must be known, as well as estimates of the aquifer
hydraulic conductivity.

& Contaminant delineation: The distribution of con-
taminants in the saturated and vadose zones needs
to be assessed. This includes the extent of the free-
phase hydrocarbon, residual hydrocarbon, and solu-
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Figure 1. “Basic” in situ soil-venting system.
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ble hydrocarbon. Soil samples should be analyzed to
determine which contaminants are present at what
levels {contaminant composition). Specific analytical
methods should be used to identify target compounds
(i.e., benzene, toluene, or xylenes) and total hydrocar-
bons present. For soil analyses these methods are:

EPA 8240, 8020, 8010 - volatile organic chemicals
{VOCs)

EPA 8270 - semivolatile organic chemicals

EPA 418.1 - total petroleum hydrocarbons (TPH).

The corresponding methods for water samples are:

EPA 8240, 8020, 8010 - volatile organic chemicals
(VOCs)

EPA 8270 - semivolatile organic chemicals

EPA 4181 - total petroleum hydrocarbons (TPH).

With the current high cost of chemical analyses it
is important to intelligently select which analyses
should be performed and which samples shouid be
sent to a certified laboratory. Local regulations usu-
ally require that a minimum number of soil borings
be performed, and target compounds must be ana-
lyzed based on the suspected composition of the con-
tamination. Costs can be minimized and more data
obtained by utilizing field screening tools, such as
hand-held vapor meters or portable field gas chroma-
tographs (GCs). These instruments can be used to
measure both residual soil contamination levels and
headspace vapors above contaminated soils. At a
minimum, soil samples corresponding to lithology
changes or obvious changes in residual levels (based
on visual observations or odor) should be analyzed.

For complex contamination mixtures, such as gas-
oline, diese! fuel, and solveat mixtures, it is not prac-
tical or necessary to identify and quantify each com-
pound present. In such cases it is recommended that
a “boiling point” distribution be measured for a
representative sample of the residual contamination.
Boiling point distribution curves, such as shown in
Figure 3 for “fresh” and “weathered” gasoline samples,
can be constructed from GC analyses of the residual
soil contamination (or free product) and knowledge of
the GC elution behavior of a known series of compounds
(such as straight-chain alkanes). Compounds generally
elute from a GC packed column in the order of increas-
ing boiling point, so a boiling point distribution curve
is constructed by grouping all unknowns that elute
between two known peaks (i.€., between n-hexane and
n-heptane). Then they are assigned an average boiling
point, molecular weight, and vapor pressure. Use of
these data will be explained later.

The cone penetrometer, which is essentially an
instrumented steel rod that is driven into the soil, is
becoming a popular tool for preliminary site screening
investigations. By measuring the shear and normal
forces on the leading end of the rod, soil structure
can be defined and permeability or hydraulic conduc-
tivity can be estimated. Some cone penetrometers are
also constructed to allow the collection of vapor or
ground water samples. This tool has several advan-
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0.24 "Weathered” Gasoline
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Figure 3. Boiling point distribution curves for samples of
“fresh” and “weathered” gasolines.

tages over conventional soil boring techniques (as a
preliminary site characterization tool): (1) the subsuz-
face soil structure can be defined better; (2) no soil
cuttings are generated; and (3) more analyses can be
performed per day.

¢ Temperature (both above and below ground surface)
Contaminant vapor concentrations are dependent on
temperature, and therefore, removal rates are
strongly influenced by subsurface temperatures.
Above-ground temperatures will influence the selec-
tion of materials and construction of the above-
ground vapor treatment system.

Results from the preliminary site investigation
should be summarized in contour plots, fence diagrams,
and tables in preparation for deciding whether venting
is appropriate, and for the final design of the system.
Deciding if Venting Is Appropriate

As previously stated, the thrée main factors govern-
ing the behavior of any in situ soil-venting operation
are the vapor flow rate, contaminant vapor concentra-
tions, and the vapor flow path relative to the contamin-
ant location. In an article by Johnson et al. (1988), simple
mathematical equations were presented to help quantify
each of these factors. Following it is illustrated how to
use these “screening models”’and the information col-
lected during the preliminary site investigation to help
determine if in situ soil venting is appropriate at a given
site. In making this decision the following questions will
be answered:

1. What contaminant vapor concentrations are likely
to be obtained?

2. Under ideal vapor flow conditions (i.e., 100 - 1000
scfm vapor flow rates), is this concentration great
enough to yield acceptable removal rates?

3. What range of vapor flow rates can realistically
be achieved?

4. Will the contaminant concentrations and realistic
vapor flow rates produce acceptable removal rates?

5. What residual, if any, will be left in the soil? What




vapor composition and concentration changes will occur
with time? How do these values relate to the regulatory
requirements?

6. Are there likely to be any negative effects of soil
venting?

Negative answers to questions 2 or 4 will rule out
in situ soil venting as a practical treatment method.

What Contaminant Vapor Concentrations Are Likely
to Be Obtained?

Question 1 can be answered based on the results of
soil-vapor surveys, analyses of headspace vapors above
contaminated soil samples, or equilibrium vapor models
(Johnson et al. 1988). In some cases just knowing which
compounds are present is sufficient to estimate if venting
is feasible. In the absence of soil-vapor survey data,
contaminant vapor concentrations can be estimated.
The maximum vapor concentration of any compound
{mixture) in extracted vapors is its equilibrium or “satur-

ated” vapor concentration, which is easily calculated
from knowledge of the compound’s (mixture’s) molecu-
lar weight, vapor pressure at the soil temperature, resid-
ual soil contaminant composition, and the ideal gas law:

x;PiM,;
C - Ll W) 1
w=X o &
where:
Cenn = estimate of contaminant vapor concentration
(mg/L]

x; = mole fraction of component i in liquid-phase
residual (x; = 1 for single compound)

P;* = pure component vapor pressure at tempera-
ture T [atm]
M,.; = molecular weight of component i [mg/mole]
R = gas constant = 0.0821 l-atm/mole-°K
T = absolute temperature of residual [°K].
Table 1 presents data for some chemicals and mix-

TABLE 1
Selected Compounds and Their Chemical Properties (Johnson et al. 1988)
Compound M, Ty (1 atm) Pr20C Cent
(g/mole) © (atm) (mg/L)

n-pentane 722 36 0.57 1700
n-hexane 86.2 69 0.16 560
trichloroethane 1334 75 0.132 720
benzene 78.1 80 0.10 320
cyclohexane 84.2 81 0.10 340
trichloroethylene 131.5 87 0.026 140
n-heptane 100.2 98 0.046 190
toluene 9.1 111 0.029 110
tetrachloroethylene 166 121 0.018 130
n-octane 1142 126 0.014 65
chlorobenzene 113 132 0.012 55
p-xylene 106.2 138 0.0086 37
ethylbenzene 106.2 138 0.0092 40
m-xylene 106.2 139 0.0080 35
o-xylene 106.2 144 0.0066 29
styrene 104.1 145 0.0066 28
n-nonane 128.3 151 0.0042 220
n-propylbenzene 120.2 159 0.0033 16
1,24 trimethylbenzene 120.2 169 0.0019 9.3
n-decane 1423 173 0.0013 7.6
DBCP 263 196 0.0011 11
n-undecane 156.3 196 0.0006 38
n-dodecane 170.3 216 0.00015 1.1
napthalene 128.2 218 0.00014 0.73
tetraethyllead 323 dec.@200C 0.0002 26
gasoline' 95 - 0.34 1300
weathered gasoline? 111 - 0.049 220

'Corresponds to “fresh” gasoline defined in Table 2 with boiling point distribution shown in Figure 3.
*Corresponds 10 “weathered” gasoline defined in Table 2 with boiling point distribution shown in Figure 3.

Ty (1 atm) - compound boiling point at 1 atm absolute pressure.
M,, - molecular weight.

Cew - equilibrium vapor concentration (see Equation 1).

P,° (20 C). - vapor pressurc mecasured at 20 C.




tures accidentally released to the environment. There
are more sophisticated equations for predicting vapor
concentrations in soil systems based on equilibrium par-
titioning arguments, but these require more detailed
information (organic carbon content, soil moisture) than
is normally available. if a site is chosen for remediation,
the residual total hydrocarbons in soil typically exceed
500 mg/kg. In this residual concentration range most of
the hydrocarbons will be present as a separate or “free”
phase, the contaminant vapor concentrations become
independent of residual concentration (but still depend
on composition}, and Equation 1 is applicable (Johnson
et al. 1988). In any case, it shouid be noted that these
are estimates only for vapor concentrations at the start
of venting, which is when the removal rates are generally
greatest. Contaminant concentrations in the extracted
vapors will decline with time due to changes in composi-
tion, residual levels, or increased diffusional resistances.
These topics will be discussed in more detail.

Under Ideal Vapor Flow Conditions (i.e., 100 - 1000
scfm Vapor Flow Rates), Is This Concentration Gresat
Enough to Yield Acceptable Removal Rates?
Question 2 is answered by multiplying the concentra-
tion estimate C,,,. by a range of reasonable flow rates,
Q:
Rey = Cea Q (2)

Here R, denotes the estimated removal rate, and
C.s and Q must be expressed in consistent units. For
reference, documented venting operations at service sta-
tion sites typicaily report vapor flow rates in the 10 -
100 scfm range (Hutzler et al. 1988), although 100 -
1000 scfm flow rates are achievable for sandy soils or
large numbers of extraction wells. At this point in the
decision process what is still being neglected is that
vapor concentrations decrease during venting due to
compositional changes and mass transfer resistances.
Figure 4 presents calculated removal rates R, [kg/d]
for a range of C,, and Q values. C,,, values are presented
in [mg/L) and [ppmcy.] units, where [ppmcys] represents
methane-equivalent parts-per-million volume/volume
(ppm,) units. The [ppmcyq) units are used because field
analytical tools that report [ppm,] values are often cali-
brated with methane. The [mg/L.] and [ppmcy4] units are
related by:

[PPmcwe] * 16000 mg-CHymole-CH, * 10
(0.0821 I-atmK-mole) * (298 K)

For field instruments calibrated with other compounds
(i.e., butane, propane), [ppm,] values are converted to
[mg/L] by replacing the molecular weight of CH, in
Equation 3 by the molecular weight [mg/mole] of the
calibration compound.

Acceptable or desirable removal rates Rocceprabies €30
be determined by dividing the estimated spill mass Mgy,
by the maximum acceptable cleanup time

Racceptablc = Mspilll T (C))

For example, if 1500kg (~ SO0 gal) of gasoline had
been spilled at a service station and it was wished to
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Figure 4. In situ soil-venting removal rate dependence on
vapor extraction rate and vapor concentration.

complete the cleanup within eight months, then R, ccepta-
we = 6.3 kg/d. Based on Figure 4, therefore, C.,, would
have to average >1.5 mg/L (2400 ppmcy,) for Q=2800
I/min (100 cfm) if venting is to be an acceptable option.
Generally, removal rates <1 kg/d will be unacceptable
for most releases, so soils contaminated with compounds
(mixtures) having saturated vapor concentrations less
than 0.3 mg/L (450 ppmcu,) Will not be good candidates
for venting, unless vapor flow rates exceed 100 scfm.
Judging from the compounds listed in Table 1, this corre-
sponds to compounds with boiling points (T,)>150 C,
or pure component vapor pressures <0.0001 atm evalu-
ated at the subsurface temperature.

What Range of Vapor Flow Rates Can Realistically
Be Achieved?

Question 3 requires that realistic vapor flow ‘rates for
the site-specific conditions be estimated. Equation 3,
which predicts the flow rate per unit thickness of well
screen Q/H {cm® /s], can be used for this purpose:

Q _k_ [1-(Pan/Pu))

—= P, — 5
H™ "y P TinRR) ©)
where:

k = soil permeability to air flow [cm? ] or [darcy]

T = viscosity of air = 1.8 x 10* g/cm-s or 0.018 cp
P, = absolute pressure at extraction well [g/cm-s?]

or [atm]

Paun = absolute ambient pressure ~ 1.01 x 10* g/cm-§*
or 1 atm

R, = radius of vapor extraction well [cm]

R; = radius of influence of vapor extraction well
[cm].




This equation is derived from the simplistic steady-
s:ate radial flow solution for compressible flow (Johnson
ct al. 1988), but should provide reasonable estimates
for vapor flow rates. If k can be measured or estimated,
then the only unknown parameter is the empirical “ra-
dius of influence™ R;. Values ranging from 9m (30 ft)
t3 30m (100 ft) are reported in the literature (Hutzler
et al. 1988) for a variety of soil conditions, but fortun-
ately Equation $ is not sensitive to large changes in R;.
For estimation purposes, therefore, a value of R;=12m
(40 ft) can be used without a significant loss of accuracy.
Typical vacuum well pressures range from 0.95 - 0.90
atm (20 - 40 in H,O vacuum). Figure S presents pre-
dicted flow rates per unit well screen thickness Q/H,
expressed in “standard” volumetric units Q*/H (= Q/
H(Pw/Pam) for a 5.1cm radius {4-in diameter) extrac-
tion well, and a wide range of soil permeabilities and
applied vacuums. Here H denotes the thickness of the
screened interval, which is often chosen to be equal to
the thickness of the zone of soil contamination (this
rainimizes removing and treating any excess “clean”
air). For other conditions the Q*/H values in Figure 5
can be multiplied by the following factors:

Ry =51cm (Zin) R;=7.6m (25 ft) - multiply Q*/H
by 1.09

Re=51em (2in) R;=23m (75 ft) - multiply Q*/H
by 0.90

Ry =76cm (3in) R) =12m (40 ft) - multiply Q*/H
by 1.08

R, =10cm (4 in) R,=12m (40 ft) - multiply Q*/H
by 1.15

R, =10cm (4 in) R,;=7.6m (25 ft} - multiply Q*/H
by 1.27

As indicated by the preceding multipliers given,
changing the radius of influence from 12m (40 ft) to
23 m (75 ft) only decreases the predicted flow rate by
10 percent. The largest uncertainty in flow rate calcula-
tions will be due to the air permeability value k, which
can vary by one to three orders of magnitude across a
site and can realistically only be estimated from boring
log data within an order of magnitude. It is prudent,
therefore, to choose a range of k values during this
phase of the decision process. For example, if boring
logs indicate fine sandy soils are present, then flow rates
should be calculated for k values in the range of
0.1<k<1.0 darcy.

'Will the Contaminant Concentrations and Reslistic
‘Vapor Flow Rates Produce Acceptable Removal
Rates?

Again, estimated removal rates R,,,, must be com-
]pared with an acceptable rate R,cceprabie. a5 determined
‘rom Equation 4. Maximum removal rates are achieved
‘when the induced vapor flow travels only through the
zone of soil contamination and no mass-transfer limita-
rions are encountered. In other words, all vapor flows
through contaminated soils and becomes saturated with
contaminant vapors. For this “best” case the estimated
removal rate is given by Equation 2:
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Figure 5. Predicted steady-state flow rates (per unit well
screen thickness) for » range of soil permeabilities and applied
vacsums (P,).
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Figure 6. Scenarios for removal rate estimates.

Rest = Cen Q (2)

Changes in C,q, are still being neglected with time
due to composition changes. Other less optimal condi-
tions are often encountered in practice and it is useful
to be able to quantify how much lower the removal rate
will be from the value predicted by Equation 2. We will
consider the three cases illustrated in Figures 6a, b, and c.




In Figure 6a a fraction ¢ of the vapor flows through
uncontaminated soil. The fraction can be roughly esti-
mated by assessing the location of the well relative to
the contaminant distribution. In Figure 6a for example,
it appears that roughly 25 percent of the vapor flows
through uncontaminated soil. The maximum removal
rate for this case is then: .

Reo = (1-4) Q Cese (6)

In Figure 6b, vapor flows parallel to, but not through,
the zone of contamination, and the significant mass
transfer resistance is vapor phase diffusion. This would
be the case for a layer of liquid hydrocarbon resting on
top of an impermeable strata or the water table. This
problem was studied by Johnson et al (1988) for the
Case of a single component. The solution is:

Rewt = TIQ Cent

n= 5},; (6DWK)? [In(R/R.)/ (Pawn - P Y RE- R? (7)

where:

= efficiency relative to maximum
removal rate

= effective soil-vapor diffusion coeffici-
ent [cm¥/s)

= viscosity of air = 1.8 x 10 g/cm-s

= soil permeability to vapor flow [cm?]

= thickness of screened interval [cm]

= radius of influence of venting well
[em]

= venting well radius [cm]

= absolute ambient pressure = 1.016 x
10* g/cm-s?

= absolute pressure at the venting well
[gfem-s7]

R; <r < R; = defines region in which contamina-

tion is present.

Note that the efficiency 7 is inversely proportional
to the screened interval thickness H because a larger
interval will, in this geometry, pull in unsaturated air
that has passed above the liquid-phase contamination.
D is calculated by the Millington-Quirk (Millington and
Quirk 1961) expression, which utilizes the molecular
diffusion coefficient in air D°, the vapor-filled soil poros-
ity €4, and the total soil porosity ey:

g 3%
D=D°— (8)
€T
where €, and €, are related by:

X pF PIFF O 3
3

Ea=Er—PpOum )

Here py, and By are the soil bulk density [g/cm’] and
soil moisture content [g-H,0/g-soil].

As an example, consider removing a layer of contam-
ination bounded by sandy soil (k=1 darcy). A 5.1cm (4
in) radius vapor extraction well is being operated at
P,.=0.90 atm (0.91 x 10° g/cm-s?), and the contamination
extends from the region R, = R, = 5.1cm to R; = 9m
(30 ft). The well is screened over a 3m (10 ft) interval.

Assuming that:
pp = 1.6g/em’

Oy =010

D° = 0.087 cm¥s
er = 030

Ry = 12m

then the venting efficiency relative to the maximum
removal rate (Equation 2), calculated from Equations 7
through 9 is:

n =009=9%.

Figure 6¢c depicts the situation in which vapor flows
primarily past, rather than through the contaminated
soil zone, such as might be the case for a contaminated
clay lens surrounded by sandy soils. In this case vapor-
phase diffusion through the clay to the flowing vapor
limits the removal rate. The maximum removal rate in
this case occurs when the vapor flow is fast enough to
maintain a low vapor concentration at the permeable/
impermeable soil interface. At any time t a contaminant-
free or “dried out” zone of low permeability will exist
with a thickness 8. An estimate of the removal rate R,
from 2 contaminated zone extending from R, to R; is:

Req = = (R}~ R}) Ceq DIS(1) (10)

where D is the effective porous media vapor diffusion
coefficient (as calculated previously from Equations 8
and 9) and C, is the estimated equilibrium vapor con-
centration (Equation 1). With time 8(t) will grow larger.
In the case of a single component system the dry zone
thickness can be calculated from the mass balance:

dd
P G P Cest D/3(7) (11)

R = n(RI-RY) ¥ P

where C, is the residual level of contamination in the
low permeability zone [g-contamination/g-soil], and all
other variables have been defined. The solution to
Equations 10 and 11 yields the following equation that
predicts the change in removal rate with time:

_JICaDt
= Po G

As an example, consider the case where benzene (C, =
3.19 x 10" g/cm’® @20 C) is being removed from a zone
extending from R; = S.lcm to R; = 9m. The initial
residual level is 10,000 ppm (0.01 g-benzene/g-soil), py
= 1.6 g/cm?, D° = 0.087 cm?/s, and ey = €A = 0.30. Figure
7 presents the predicted removal rates and “dry” zone
thickness 3(t) as a function of time. Note that it would
take approximately one year to clean a layer 1.5m (5
ft) thick, for a compound as volatile as benzene. Equa-
tion 12 predicts high initial removal rates; in practice,
however, the removal rate will be limited initially by
the vapor-phase diffusion behavior described previously
for Figure 6b.

Mixture removal rates for the situations depicted in
Figures 6b and 6c are difficult to estimate because

(12)




changes in composition and liquid-phase diffusion affect
the behavior. Currently there are no simple analytical
solutions for these situations, but it can be postulated
that they should be less than the rates predicted previ-
ously for pure components.

The use of equilibrium-based models tb predict
required removal rates will be discussed under the next
question.

What Residual, If Any, Will Be Left in the Soil?
What Vapor Composition and Concentration

Changes Will Occur With Time? How Do These
Values Relate to the Regulatory Requirements?

As contaminants are removed during venting, the
residual soil contamination level decreases and mixture
compositions become richer in the less volatile com-
pounds. Both of these processes result in decreased
vapor concentrations, and hence, decreased removal
ratzs with time. At low residual soil contamination levels
(<500 ppm) Equation 1 becomes less valid as sorption
and dissolution phenomena begin to affect the soil resid-
ual - vapor equilibrium. In the limit of low residual
contamination levels, contaminant equilibrium vapor
concentrations are expected to become proportional to
the residual soil contaminant concentrations. As venting
continues and residual soil levels decrease, therefore, it
becomes more difficult to remove the residual contami-
nation. It is important to realize that, even with soil
venting, there are practical limitations on the final soil
contamination levels that can be achieved. Knowledge
of these limits is necessary to realistically set cleanup
criteria and design effective venting systems.

The maximum efficiency of a venting operation is
limited by the equilibrium partitioning of contaminants
between the soil matrix and vapor phases. The maxi-
mum removal rate is achieved when the vapor being
reraoved from an extraction well is in equilibrium with
the contaminated soil. Models for predicting this maxi-
mum removal rate have been presented by Marley and
Hcag (1984) and Johnson et al. {1988). The former con-
sidered only compositions in a residual free-phase, while
the latter also considered the effects of sorption and
dissolution processes. A complete discussion of the
development of these models is not appropriate here,
bu: we will discuss the use of the predictions.

The change in composition, vapor concentration,
removal rate, and residual soil contamination level with
time are functions of the initial residual composition,
vapor extraction well flow rate, and initial soil contami-
na:ion level. It is not necessary to generate predictions
for every combination of variables, however, because
with appropriate scaling all results will form a single
curve for a given initial mixture composition. Figure 8a
presents the results computed with the model presented
by Johnson et al. (1988) for the “weathered” gasoline
mixture whose composition is given by Table 2. The
important variable that determines residual soil levels,
vapor concentrations, and removal rates is the ratio Qt/
M(1=0). which represents the volume of air drawn
through the contaminated zone per unit mass of conta-

1000 200

Q
:enm;n](zo < "Dry"” Zone
1o em Thickness
R R2 =900 cm ic
kg/d) '] 8
(kg/ (cm)
100
104
1 v v v v 0
0 100 200 300 400 500

Time (d)

Figure 7. Estimated maximum removal rates for a venting
operation limited by diffusion.
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Figure 8. Maximum predicted removai rates for a weathered
gasoline: (a) full composition (b) approximate compasition.

minant. In Figure 8, the scaled removal rate (or equiva-
lently the vapor concentration) decreases with time as
the mixture becomes richer in the less volatile com-
pounds.

While a detailed compositional analysis was availa-
ble for this gasoline sample, an approximate composi-
tion based on a boiling point distribution curve predicts
similar results. Figure 8b presents the resuits for the
approximate mixture composition also given in Table 2.

Model predictions, such as those shown in Figure 8
for the gasoling sample defined by Table 2, can be used
1o estimate removal rates (if the vapor flow rate is speci-
fied), or alternatively the predictions can be used to
estimate vapor flow rate requirements (if the desired
removal rate is specified). For example. if we wanted
to reduce the initial contamination level by 90 percent,




TABLE 2
Composition (Mass Fractions) of Fresh and Weathered Gasolines

Compound M Fresh Weathered Approximate

Name (® Gasoline Gasoline Composition
propane 44.1 0.0001 0.0000 0
isobutane 58.1 0.0122 0.0000 0
n-butaoe 58.1 0.0629 0.0000 0
trans-2-butene 56.1 0.0007 0.0000 0
cis-2-butene 56.1 0.0000 0.0000 0
3-methyl-i-butene 70.1 0.0006 0.0000 0
isopentane 722 0.1049 0.0069 0.0177
1-pentene 70.1 0.0000 0.0005 0
2-methyi-l-butene 70.1 0.0000 0.0008 0
2-methyl-1,3-butadiene 68.1 0.0000 0.0000 o
nepentane 122 0.0586 0.0095 0
trans-2-pentene 70.1 0.0000 0.0017 0
2-methyl-2-butene 70.1 0.0044 0.0021 0
2-methyl-1.2-butadiene 68.1 0.0000 0.0010 0

3 3-dimethyl-1-butene 84.2 0.0049 0.0000 0
cyclopentane 70.1 0.0000 0.0046 0.0738
3-methyl-1-pentene 842 0.0000 0.0000 0
2.3-dimethylbutane 86.2 0.0730 0.0044 0
2-methylpentane 86.2 0.0273 0.0207 0
3-methylpentane 86.2 0.0000 0.0186 0
n-hexane 86.2 0.0283 0.0207 0
methylcyclopentane 84.2 0.0083 0.0234 1]
2.2-dimethylpentane 100.2 0.0076 0.0064 0
benzene 78.1 0.0076 0.0021 0
cyclohexane 84.2 0.0000 0.0137 0.1761
2.3-dimethylpentane 100.2 0.0390 0.0000 0
3-methylhexane 100.2 0.0000 0.0355 0
3-ethylpentane 100.2 0.0000 0.0000 o
n-heptane 100.2 0.0063 0.0447 0

2,2 A-trimethylpentane 114.2 0.0121 0.0503 0
methylcyclohexane 98.2 0.0000 0.0393 1]
2,2-dimethylhexane 114.2 0.0055 0.0207 0
toluene 92.1 0.0550 0.0359 0.1926
2,3,4-trimethylpentane 114.2 0.0121 0.0000 0
3-methylheptane 114.2 0.0000 0.0343 0
Z-methylheptane . 114.2 0.0155 0.0324 0
n-octane 1142 0.0013 0.3000 0
2.4.4-trimethylhexane 1283 0.0087 0.0034 0
2.2-dimethylheptane 1283 0.0000 0.0226 0
ethylbenzene 106.2 0.0000 0.0130 0
p-xylene 106.2 0.0957 0.0151 0
m-xylene 106.2 0.0000 0.0376 0.1641
3.3 4-trimethylhexane 1283 0.0281 0.0056 1]
o-xylene 106.2 0.0000 0.0274 0

2,2 4-trimethylheptane 1423 0.0108 0.0012 0
n-noname 1283 0.0000 0.0382 0
3,3,5-trimethylheptane 1423 0.0000 0.0000 0
n-propylbénzene 120.2 0.0841 0.0117 0.1455
2,3.4-trimethyiheptane 1423 0.0000 0.0000 0
1,3,5-trimethylbenzene 120.2 0.0411 0.0493 0
1,2-4-trimethyibenzene 120.2 0.0213 0.0707 1]
n-decane 1423 0.0000 0.0140 0
methylpropylbenzene 1342 0.0351 0.0170 ¢
dimethylethylbenzene 134.2 0.0307 0.0289 0.0534
n-undecane 156.3 0.0000 0.0075 0
1,2,4,5-tetramethylbenzene 134.2 0.0133 0.0056 0

1,23 4-tetramethylbenzene 134.2 0.0129 0.0704 0.1411
1.2,4-trimethyl-5-ethylbenzene 148.2 0.0405 0.0651 0
n-dodecane 170.3 0.0230 0.0000 0
napthalene 1282 0.0045 0.0076 0
n-hexylbenzene 1623 0.0000 0.0147 0.0357
methylnapthalene 1422 0.0023 0.0134 0
Total 1.0000 1.0000 1.00000




then Figure 8 predicts that ~ 100 l-air/g-gasoline will
be required. This is the minimum amount of vapor
required, because it is based on an equilibrium-based
model. The necessary minimum average vapor flow rate
is then equal to the spill mass times the minimum
required vapor flow/mass gasoline divided by the
desired duration of venting. Use of this approach is
illustrated in the service station site example provided
at the end of this paper.

Figure 8 also illustrates that there is a practical limit
to the amount of residual contaminant that can be
removed by venting alone. For example, it will take a
minimum of 100 l-vapor/g-gasoline to remove 90 percent
of the weathered gasoline defined in Table 2, while it
will take about 200 l-air/g-gasoline to remove the
remaining 10 percent. In the case of gasoline, by the
time 90 percent of the initial residual has been removed,
the residual consists of relatively insoluble and non-
volatile compounds. It is important to recognize this
limitation of venting, and when setting realistic cleanup
target levels, they should be based on the potential envi-
ronmental impact of the residual rather than any specific
total residual hydrocarbon levels. Because mandated
cleanup levels are generally independent of the remedia-
tion method, this also indicates that soil venting will
often be one of many processes used during a given site
remediation. It is not difficuit 10 envision that in the
future soil venting may be followed or coupled with
enhanced biodegradation to achieve lower cleanup
levels.

It is appropriate to mention at this point that the
mathematical models presented in this paper are being
used as “tools” to help plan and design venting system.
As with any models, they are mathematical descriptions
of processes that at best approximate real phenomena,
and care should be taken not to misapply or misinterpret
the results.

Are There Likely to Be Any Negative Effects of Soil
Venting?

11 is possible that venting will induce the migration
of off-site contaminant vapors toward the extraction
wells. This may occur at a service station, which is often
in close proximity to other service stations. If this occurs,
one could spend a lot of time and money to unknowingly
clean up someone else’s problem. The solution is to
establish a “vapor barrier” at the perimeter of the con-
taminated zone. This can be accomplished by allowing
vapor flow into any perimeter ground water monitoring
wells (which often have screened intervals extending
above the saturated zone), which then act as passive air
supply wells. In other cases it may be necessary to install
passive air injection wells, or trenches, as illustrated in
Figure 9a.

As pointed out by Johnson et al. (1988), the applica-
tion of a vacuum 1o extraction wells can also cause a
water table rise. In many cases contaminated soils lie
just above the water table and they become water satur-
ated, as illustrated in Figure 9b. The maximum rise
occurs at, or below the vapor extraction well, where the
water table rise will be equal to the vacuum at that point
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Figure 9. (3) Use of passive vapor wells to prevent migration
of off-site contaminant vapors. (b) Water table rise caused by
the applied vacuum.

expressed as an equivalent water column height (i.e., in
ft H,O). The recommended solution to this problem is
to install a dewatering system, with ground water pump-
ing wells located as close to vapor extraction wells as
possible. The dewatering system must be designed to
ensure that contaminated soils remain exposed to vapor
flow. Other considerations not directly related to vent-
ing system design, such as soluble plume migration con-
trol and free-liquid product yield, will also be factors in
the design of the ground water pumping system.

Design Information

If venting is still a remediation option after answer-
ing the questions above, then more accurate information
must be collected. Specifically, the soil permeability to
vapor flow, vapor concentrations, and aquifer charac-
teristics need to be determined. These are obtained by
two field experiments: air permeability and ground
water pumping tests, described briefly next,

Air Permesbility Tests

Figure 10 depicts the setup of an air permeability
test. The object of this experiment is to remove vapors
at a constant rate from an extraction well, while monitor-
ing with time the transient subsurface pressure distribu-
tion at fixed points. Effluent vapor concentrations are
also monitored. It isimportant that the test be conducted
properly to obtain accurate design information. The
extraction well should be screened through the soil zone
that will be vented during the actual operation. In many
cases existing ground water monitoring wells are suffici-
ent, if their screened sections extend above the water
table. Subsurface pressure monitoring probes can be
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Figure 10, Alr-permesbility test system.

driven soil-vapor sampling probes (for <20 ft deep con-
tamination problems) or more permanent installations.
Flow rate and transient pressure distribution data
are used to estimate the soil permeability to vapor flow.
The expected change in the subsurface pressure distribu-
tion with time P’'(r,1) is predicted (Johnson et al.) by:

o %
p~=.__12___ €
4rm(k/) X
rep
4kP, o t

(13)

For (1* €u/dkP 4 (t)<0.1 Equation 13 can be approxi-
mated by:

P = -——[—05772 (rze )+l(t)] (14)

4rm(k/p) 4kPym
Here:

P = “gauge” pressure measured at distance r
and time t

m = stratum thickness

r = radial distance from vapor extraction well

k = soil permeability to air flow

i = viscosity of air = 1.8 x 10* g/cm-s

€ = air-filled soil void fraction

t = time

Q = volumetric vapor flow rate from extraction
well

Pawm = ambient atmospheric pressure = 1.0 atm =

1.013 x 10* g/cm-s2.

Equation 14 predicts a plot of p'-vs- In(t) should be a
straight line with slope A and y-intercept B equal to:

.9

~ 4rm(kip)
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41tm(k!u) " 4kPaim

The permeability to vapor flow can then be calculated
from the data by one of two methods. The first is applica-
ble when Q and m are known. The calculated slope A

is used:

4Arm

The second approach must be used whenever Q or m
is not known. In this case the values A and B are both
used:

2 ep
4P Atm

Equation 13 can also be used to choose the locations
of subsurface pressure monitoring points before con-
ducting the air permeability test, given an estimation of
k and the flow rate to be used.

Vapor samples should be taken at the beginning and
end of the air permeability test, which should be con-
ducted for a long enough time to extract at least one
“pore volume™ Vp of vapor from the contaminated soil
zone. This ensures that all vapors existing in the forma-
tion prior to venting are removed. The vapor concentra-
tion at the start of the test is representative of the equi-
librium vapor concentration, while the concentration
measured after one pore volume has been extracted
gives an indication of realistic removal rates and the
mixing or diffusional limitations discussed in association
with Figure 6. The time 1p for one pore volume to be
removed is:

(16)

B
k= exp( Y + 0.5772) ')

1, = VpiQ = €4 7R H/Q (18)

where R, H, €4, and Q are the radius of the zone of
contamination, vertical thickness of the zone of contami-
nation, air-filled void fraction, and volumetric vapor
flow rate from the extraction well. For example, consider
the case where R=12 m, H=3 m, €,=0.35, and Q=0.57
m® /min (20 ft* /min). Then 1p=475 m *%0.57 m* /min=833
min=14 h.

Ground Water Pumping Tests

To achieve efficient venting, the hydrocarbon-con-
taminated soil has to be exposed to air flow, which in
turn requires that the water table be lowered to counter-
act the water upwelling effect caused by the decreased
vapor pressure in the vicinity of a venting well (Johnson
et al. 1988) and to possibly expose contaminated soil
below the water table. Thus the ground water pumping
system has to have a sufficient pumping rate and be
operated for a long enough time period to obtain the
required drawdowns. Because most venting systems are
installed above phreatic aquifers, two aquifer parame-
ters are needed for the design: average transmissivity T
and storage coefficient S. These parameters can be esti-
mated using the results of the standard transient ground
water pumping test with a constant pumping rate (Bear
1979). Using the estimated values, the required pumping
rate may be calculated as follows:

Q = 40T S(rt)/W(u) (19)

where: W(u) is the well function (Bear 1979) of u = Sr*/




4Tt, and s(r,t) is the required drawdown at distance r
and pumping time equal to t.

System Design

In this section the questions that must be answered
in order to design an in situ soil-venting system will be
discussed. It is not the authors’ intention to provide a
generic “recipe” for soil-venting system design; instead,
a structured thought process to guide in choosing the
number of extraction wells, well spacing, well construc-
tion, etc. is suggested. Even in a structured thought
process, intuition, and experience play important roles.
There is no substitute for a good fundamental under-
standing of vapor flow processes, transport phenomena,
and ground water flow.

Choosing the Number of Vapor Extraction Wells

Three methods for choosing the number of vapor
extraction wells are outlined in the following text. The
greatest number of wells from these three methods is
then the value that should be used. The objective is to
satisfy removal rate requirements and achieve vapor
removal from the entire zone of contamination.

For the first estimate residual contaminant composi-
tion and vapor concentration changes with time are neg-
lected. The acceptable removal rate R ceeprabie 18 calcu-
lated from Equation 4, while the estimated removal rate
from a single well R, is estimated from a choice of
Equations 2, 6, 7, or 12 depending on whether the speci-
fic site conditions are most like Figure 6a, 6b, or 6c.
The number of wells N, required to achieve the
acceptable removal rate is:

Nwells = Racceptablel Res (20)

Equations 2, 6, and 7 require vapor flow estimates, which
can be caiculated from Equation 5 using the measured
soil permeability and chosen extraction well vacuum P,
At this point one must determine what blowers and
vacuum pumps are available because the characteristics
of these units will limit the range of feasible (P..Q)
values. For example, a blower that can pump 100 scfm
at 2 in. H,O vacuum may only be able to pump 10 scfm
at 100 in. H;O vacuum.

The second method, which accounts for composition
changes with time, utilizes model predictions, such as
those illustrated in Figure 8. Recall that equilibrium-
based models are used to calculate the minimum vapor
flow 1o achieve a given degree of remediation. For exam-
ple, if we wish to obtain a 90 percent reduction in resid-
ual gasoline levels, Figure 8 indicates that ~ 100 l-vapor/
g-gasoline must pass through the contaminated soil
zone. If our spill mass is 1500kg (=500 gal), then a mini-
mum of 1.5 x 10¥ l-vapor must pass through the conta-
minated soil zone. If the target cleanup period is six
months, this corresponds to a minimum average vapor
fiow rate of 0.57 m*/min (=20 c¢fm). The minimum num-
ber of extraction wells is then equal to the required
minimum average flow rate/flow rate-per-well.

The third method for determining the number of

wells ensures that vapors and residual soil contamina-
tion are removed from the entire zone of contamination
Nimin. This is simply equal to the ratio of the area of
contamination A ontamination. 10 the area of influence of
a single venting well wR:

Aconumination
N, = ——mamnation 21
min R|2 ( )

This requires an estimate of R;, which defines the zone
in which vapor flow is induced. In general, R; depends
on soil properties of the vented zone, properties of sur-
rounding soil layers, the depth at which the well is
screened, and the presence of any impermeable bound-
aries (water table, clay layers, surface seal, building
basement, etc.). At this point it is useful to have some
understanding of vapor flow patterns because, except
for certain ideal cases (Wilson et al. 1988), one cannot
accurately predict vapor flow paths without numerically
solving vapor-flow equations. An estimate for R; can
be obtained by fitting radial pressure distribution data
from the air permeability test to the steady-state radiai
pressure distribution equation (Johnson et al. 1988):

2

w H

]2 (22)

where P(r), Paim, Pw, and R,, are the absolute pressure
measured at a distance r from the venting well, absolute
ambient pressure, absolute pressure applied at the vapor
extraction well, and extraction well radius, respectively.
Given that these tests are usually conducted for less
than a day, the results will generally underestimate R;.
If no site-specific data are available, one can conserva-
tively estimate R, based on the published reports from
in situ soil-venting operations. Reported R; values for
permeable soils (sandy soils) at depths greater than
20 feet below ground surface, or shallower soils beneath
good surface seals, are usually 10m - 40m (Hutzler et
al. 1988). For less permeable soils (silts, clays), or more
shallow zones R; is usually less.

Choosing Well Location, Spacing, Passive Wells, and
Surface Seals

To be able to successfully locate extraction wells,
passive wells, and surface seals one must have a good
understanding of vapor flow behavior. Well locations
should be chosen to ensure adequate vapor flow thrqugh
the contaminated zone, while minimizing vapor flow
through other zones.

If one well is sufficient, it should almost always be
placed in the geometric center of the contaminated soil
zone, unless it is expected that vapor flow channeling
along a preferred direction will occur. In that case the
well should be placed so as to maximize air flow through
the contaminated zone.

When multiple wells are used it is important to con-
sider the effect that each well has on the vapor flow to
all other wells. For example, if three extraction wells
are required at a given site, and they are installed in
the triplate design shown in Figure 11a, this would result
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Figure 11. Venting well configurations.

in a “stagnant” region in the middle of the wells where
air flow would be small in comparison to the flow
induced outside the triplate pattern boundaries. This
problem can be alleviated by the use of “passive wells”
or “forced injection” wells as illustrated in Figure 11b
(it can also be minimized by changing the vapor flow
rates from each well with time). A passive well is simply
a well that is open to the atmosphere; in many cases
ground water monitoring wells are suitable. If a passive
or forced injection well is to have any positive effect, it
must be located within the extraction well's zone of
influence. Forced injection wells are simply vapor wells
into which air is pumped rather than removed. One
must be careful in choosing the locations of forced injec-
tion wells so that contaminant vapors are captured by
the extraction wells, rather than forced off-site. To date
there have not been any detailed reports of venting
operations designed to study the advantages/disadvan-
tages of using forced injection wells. Figure 11c presents
another possible extraction/injection well combination.
As illustrated in Figure 9, passive wells can also be used
as vapor barriers to prevent on-site migration of off-
site contamination problems.

For shallow contamination problems (<4m below
ground surface) vapor extraction trenches combined
with surface seals may be more effective than vertical
wells. Trenches are usually limited to shallow soil zones
because the difficulty of installation increases with
depth.

Surface seals, such as polymer-based liners and
asphalt, concrete, or clay caps, are sometimes used to
control the vapor-flow paths. Figure 12 illustrates the
effect that a surface seal will have on vapor-flow pat-
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Figure 12. Eftect of surface seal on vapor flow path.

a)

b)

pressure gauge
sir-tight itoring well comaccon wire o sensor
cap/water sensor assembly ~= double iefion
inner septa teal
monitoring
well cap
igroundwaes| S

Figure 13. (a) Extraction well construction, and (b) alir-tight
gronad water Sevel musuln! system,

terns. For shallow treatment zones (<5m) the surface
seal will have a significant effect on the vapor flow paths,
and seals can be added or removed to achieve the
desired vapor flow path. For wells screened below 8m
the influence of surface seals becomes less significant.

Well Screening and Construction

Wells should be screened only through the zone of
contamination, unless the permeability to vapor flow is
so low that removal rates would be greater if flow were
induced in an adjacent soil layer (see Figure 6). Removal
rate estimates for various mass-transfer limited sce-
narios can be calculated from Equations 7 and 12.

Based on Equation 5, the flow rate is expected to




increase by 15 percent when the extraction well diameter
is increased from 10cm (4 in) to 20cm (8 in). This implies
that well diameters should be as large as is practically
possible.

A typical well as shown in Figure 13a is constructed
from slotted pipe (usuaily PVC). The slot size and num-
ber of slots per inch should be chosen to maximize the
open area of the pipe. A filter packing, such as sand or
gravel, is placed in the annulus between the borehote
and pipe. Vapor extraction wells are similar to ground
water monitoring wells in construction but there is no
need to filter vapors before they enter the well. The
filter packing, therefore, should be as coarse as possible.
Any dust carried by the vapor flow can be removed by
an above-ground filter. Bentonite pellets and a cement
grout are placed above the filter packing. It is important
that these be properly installed to prevent a vapor flow
“short-circuiting.” Any ground water monitoring wells
installed near the extraction wells must also be installed
with good seals.

Vapor Treatment
Currently, there a-four main treatment processes
available:

® Vapor combustion units: Vapors are incinerated and
destruction efficiencies are typically >95 percent. A
supplemental fuel, such as propane, is added before
combustion unless extraction well vapor concentra-
tions are on the order of a few percent by volume.
This process becomes less economical as vapor con-
centrations decrease below =~ 10,000 ppm,.

@ Catalytic oxidation units: Vapor streams arc heated
and then passed over a catalyst bed. Destruction effi-
ciencies are typically >95 percent. These units are
used for vapor concentrations <8000 ppm,. More con-
centrated vapors can cause catalyst bed temperature
excursions and meltdown.

® Carbon beds: Carbon can be used to treat almost any
vapor streams, but is only economical for very low
emission rates (<100 g/d)

¢ Diffuser stacks: These do not treat vapors, but are
the most economical solution for areas in which they
are permitted. They must be carefully designed to
minimize health risks and maximize safety.

Ground Water Pumping System

In cases where contaminated soils lie just above or
below the water table, ground water pumping systems
will be required to ensure that contaminated soils
remain exposed. In designing a ground water pumping
system it is important to be aware that upwelling (draw-
up) of the ground water table will occur when a vacuum
is applied at the extraction well (see Figure 9b). Because
the upwelling will be greatest at the extraction wells,
ground water pumping wells should be located within
or as close to the extraction wells as possible. Their
surface seals must be airtight to prevent unwanted short-
circuiting of airflow down the ground water wells.

System Integration
System components (pumps, wells, vapor treating

units, etc.) should be combined to allow maximum flexi-

bility of operation. The review by Hutzler et al. (1988)

provides descriptions of many reported systems. Specific

requirements are:

® Separate valves, flow meters, and pressure gauges for
each extraction and injection well.

® Air filter to remove particulates from vapors
upstream of the pump and flow meter.

® Knock-out pot to remove any liquid from vapor
stream upstream of the pump and flow meter.

Monitoring
The performance of a soil-venting system must be
monitored in order to ensure efficient operation, and

to help determine when to shut off the system. At a

minimum the following should be measured:

¢ Date and time of measurement.

® Vapor flow rates from extraction wells and into injec-
tion wells: These can be measured by a variety of
flow meters including pitot tubes, orifice plates and
rotameters. It is important to have calibrated these
devices at the field operating pressures and tempera-
tures.

® Pressure readings at cach extraction and injection
well can be measured with manometers or magnahelic
gauges.

& Vapor concentrations and compositions from extrac-
tion wells: total hydrocarbon concentration can be
measured by an on-line total hydrocarbon analyzer
calibrated to a specific hydrocarbon. This information
is combined with vapor flow rate data to calculate
removal rates and the cumulative amount of contam-
inant removed. In addition, for mixtures the vapor
composition should be periodically checked. It is
impossible to assess if vapor concentration decreases
with time are due to compositional changes or some
other phenomena (mass transfer resistance, water
table upwelling, pore blockage, etc.) without this
information. Vapor samples can be collected in evacu-
ated gas sampling cylinders, stored, and later ana-
lyzed.

¢ Temperature: ambient and soil.

® Water table level (for contaminated soils located near
the water table): It is important to monitor the water
tabie level to ensure that contaminated soils remain
exposed to vapor flow. Measuring the water table
level during venting is not a trivial task because the
monitoring well must remain sealed. Uncapping the
well releases the vacuum and any effect that it has
on the water table level. Figure 13b illustrates a moni-
toring well cap (constructed by Applied Geosciences
Inc., Tustin, California) that allows one to simulta-
neously measure the water table level and vacuum in
a monitoring well. It is constructed from a commer-
cially available monitoring well cap and utilizes an
electronic water level sensor.

Other valuable, but optional measurements are:

® Soil-gas vapor concentrations and compositions:
These should be measured periodically at different
radial distances from the extraction well. Figure 14
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Figure 14. Vadose zone monitoring well installation.

shows the construction of a permanent monitoring
installation that can be used for vapor sampling and
subsurface temperature measurements. Another
alternative for shallow contamination zones is the use
of soil-gas survey probes. Data from soil-gas probes
are valuable for two reasons: (1) by comparing extrac-
tion well concentrations with soil-gas concentrations
it is possible to estimate the fraction of vapor that is
flowing through the contaminated zone $=C.y action
wet/Csoit gass and (2) it is possible to determine if the
zone of contamination is shrinking toward the extrac-
tion well, as it should with time. Three measuring
points are probably sufficient if one is located near
the extraction well, one is placed near the original
edge of the zone of contamination, and the third is
placed somewhere in between.
These monitoring installations can also be useful for
monitoring subsurface vapors after venting has ceased.

Determining When to Tum Off the System

Target soil cleanup levels are often set on a site-by-
site basis, and are based on the estimated potential
impact that any residual may have on air quality, ground
water quality, or other health standards. They may also
be related to safety considerations (explosive limits).
Generally, confirmation soil borings, and sometimes
soil-vapor surveys are required before closure is
granted. Because these analyses can be expensive and
often disrupt the normal business of a site, it would be
valuable to be able to determine when confirmation
borings should be taken. If the monitoring is done as
suggested previously, then the following criteria can be
used:
¢ Cumulative amount removed: Determined by inte-

grating the measured removal rates (flow rate x con-

centration) with time. While this value indicates how
much contaminant has been removed, it is usually
not very useful for determining when to take confir-
mation borings unless the original spill mass is known
accurately. In most cases that information is not avail-
able and cannot be caiculated accurately from soil-
boring data.

¢ Extraction well vapor concentrations: The vapor con-

centrations are good indications of how effectively
the venting system is working, but decreases in vapor
extraction well concentrations are not strong evidence
that soil concentrations have decreased. Decreases
may also be due to other phenomena such as water
table level increases, increased mass transfer resist-
ance due to drying, or leaks in the extraction system.
o Extraction well vapor composition: When combined
with vapor concentrations these data offer more
insight into the effectiveness of the system. If the total
vapor concentration decreases without a change in
composition, it is probably due to one of the phe-
nomena mentioned previously, and is not an indica-
tion that the residual contamination has been signific-
antly reduced. If a decrease in vapor concentration
is accompanied by a shift in composition toward less
volatile compounds, on the other hand, it is most
likely due to a change in the residual contaminant
concentration. For residual gasoline cleanup, for
example, one might operate a venting system untii

benzene, toluene, and xylenes were not detected in
the vapors. The remaining residual would then be

composed of larger molecules, and it can be argued
that these do not pose a health threat through volatili-
zation or leaching pathways.

® Soil-gas contaminant concentration and composition:
These data are the most useful because it yields infor-
mation about the residual composition and extent of
contamination. Vapor concentrations cannot, in gen-
eral, be used to determine the residual level, except
in the limit of low residual levels (note that Equation 1
is independent of residual concentration). It is important
to consider the effect of continued soil-venting system
operation on soil-gas sampling results. Results taken
during operation, or immediately after shutdown, can
be used to assess the spatial extent of contamination
and composition of the vapors. After the system is
shut down, vapors will begin to migrate away from
the source and equilibrate on a larger scale. True soil-
vapor concentrations can be measured once equilib-
rium concentrations are attained in the sampling
Zone; at least two sampling times will be required to
determine that equilibration has occurred. Due to the
diffusion of vapors, samples taken after shutdown are
not good indicators of the spatial extent of the conta-
minated zone.

Other Factors
Increased Biodegradation

It is often postulated that because the air supply to
the vadose zone is increased, the natural acrobic micro-
biological activity is increased during venting, While the
argument is plausible and some laboratory data are
available (Salanitro et al. 1989), conclusive evidence
supporting this theory has yet to be presented. This is
due in part to the difficulty in making such a mea-
surement. A mass balance approach is not likely to be
useful because the initial spill mass is generally not
known with sufficient accuracy. An indirect method
would be to measure CO; levels in the extraction well




vapors, but this in itself does not rule out the possibility
that O, is converted to CO, before the vapors pass
through the contaminated soil zone. The best approach
is to measure the 0O,/CO; concentrations in the vapors
at the edge of the contaminated zone, and in the vapor
extraction wells. If the CO,/0O, concentration ratio
increases as the vapors pass through the contaminated
soil, one can surmise that a transformation is occurring,
although other possible mechanisms (inorganic reac-
tions) must be considered. An increase in aerobic mic-
robial populations would be additional supporting evid-
ence.

In Situ Heating/Venting

The main property of a compound that determines
whether or not it can be removed by venting is its vapor
pressure, which increases with increasing temperature.

Compounds that are considered non-volatile, therefore,
can be removed by venting if the contaminated soil is

heated to the proper temperature. In situ heating/vent-
ing systems utilizing radio-frequency heating and con-
duction heating are currently under study (Dev et al.
1988). An alternative is to reinject heated vapors from
catalytic oxidation or combustion units into the con-
taminated soil zone.

Air Sparging

Due to seasonal ground water level fluctuations, con-
taminants sometimes become trapped below the water
table. In some cases ground water pumping can lower
the water table enough to expose this zone, but in other
cases this is not practical. One possible solution is to
install air sparging wells and then inject air below the
water table. Vapor extraction wells would then capture
the vapors that bubbled up through the ground water.
To date, success of this approach has yet to be demon-
strated. This could have a negative effect if foaming,
formation plugging, or downward migration of the resid-
ual occurred.

Application of the Design Approach
to a Service Station Remediation

In the following, the use of the approach discussed
previously and outlined in Figure 2, is demonstrated for
a service station remediation.

Preliminary Site Investigation

Prior to sampling it was estimated that 2000 gallons
of gasoline had leaked from a product line at this operat-
ing service station site. Several soil borings were drilled
and the soil samples were analyzed for total petroleum
hydrocarbons (TPH) and other specific compounds

(benzene, toluene, xylenes} by a heated-headspace

method utilizing a field GC-FID. Figure 15 summarizes

some of the results for one transect at this site. The
following relevant information was collected:

@ Based on boring logs there are four distinct soil layers
between 0 - 18m (0 — 60 ft} below ground surface
(BGS). Figure 15 indicates the soil type and location
of each of these layers.

¢ Depth to ground water was 15m, with fine to medium
sand soils.
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Figure 15. Initial total hydrocarbon distribution [mg/kg-soil]
and location of lower zone vent well.

® The largest concentrations of hydrocarbons were
detected in the sandy and silty clay layers adjacent
to the water table. Some residual was detected below
the water table. Based on the data presented in Figure
15 it is estimated that ~ 4000kg of hydrocarbons are
present in the lower two soil zones.

® Initially there was some free-liquid gasoline floating
on the water table: this was subsequently removed
by pumping. A sample of this product was analyzed
and its approximate composition (~20 percent of the
compounds could not be identified) is listed in
Table 2 as the “weathered gasoline.” The corre-
sponding boiling point distribution curve for this mix-
ture has been presented in Figure 3.

¢ Vadose zone monitoring installations similar 10 the
one pictured in Figure 14 were installed during the
preliminary site investigation.

Deciding if Venting Is Appropriste

For the remainder of the analysis the contaminated
soils located just above the water table will be the focus.
® What contaminant vapor concentrations are likely to

be obtained?

Based on the composition given in Table 2, and using
Equation 1, the predicted saturated TPH vapor concen-
tration for this gasoline is:

Cest = 220 mg/L

Using the “approximate” composition listed in Table
2 yields a value of 270 mg/L. The measured soil-vapor
concentration obtained from the vadose zone monitoring
well was 240 mg/L. Due to composition changes with time,
this will be the maximum concentration obtained during
venting.
¢ Underideal flow conditions is this concentration great

enough to yield acceptable removal rates?




Equation 4 was used to calculate Rccepraic. ASSUm-
ing M,pm = ng and T = 180 d, then:

Raccepuble =22 k&ld

Using Equation 2, C,,, = 240 mg/L, and Q = 2800 I/
min (100 cfm):

Req = 970 kg/d
which is greater than Ruccepuaic:
® What range of vapor flow rates can realistically be

achieved?

Based on boring logs, the contaminated zone just
above the water table is composed of fine to medium
sands, which have an estimated permeability 1< k < 10
darcy. Using Figure 5, or Equation 5, the predicted flow
rates for an extraction well vacuum P,, = 0.90 atm are:

004 < Q <04 m¥m-min R, =5.1cm, R; = 12m

043 < Q< 43 fft-min R, =20in, R; = 40 ft.

The thickness of this zone and probable screen thick-
ness of an extraction well is about 2m (6.6 ft). The total
flow rate per well through this zone is estimated to be
0.08<Q<0.8 m*min (2.8 cfm<Q<28 cfm).

e Will the contaminant concentrations and estimated
flow rates produce acceptable removal rates?

Using Ces=240 mg/L, the maximum removal rates
likely to be obtained are calculated from Equation 2:

28 kg/d < (Rest)max < 280 kg/d.

To be conservative, we will guess that only 50 percent
of the vapor actually flows through contaminated soils,
so our estimated removal rate per well will be half of
these values. The estimated acceptable removal rate
Rouccepuabie = 22 kg/d falls within this range. Of course
this caiculation did not take into account the possibility
of vapor concentration decreases during venting. This
will be taken into account in the next subsection,

e What residual, if any, will be left in the soil?

A target cleanup level for most gasoline spill sites
is <1000 mg/kg TPH residual; in some states the target

level is <100 mg/kg TPH. If the initial residual level is
~10,000 ppm, then at least 90 percent of the initial
residual needs to be removed. According to the curves
in Figure 8, which represent the maximum removal rates
for the gasoline analyzed at this site, approximately 100
l-vapor/g-residual will have to pass through the conta-
minated zone 10 achieve this target. Based on our esti-
mated initial residual of 4000kg TPH, 4 x 10* l-vapor
are required. Over a six-month period this corresponds
to an average flow rate Q=1.5 m’min (54 cfm). Recall
that since this corresponds to the maximum removal
rate, it is the minimum required flow rate.
e Are there likely to be any negative effects of soil vent-
ing?

Given that the contaminated soils are located just
above and below the water table, water table upwelling
during venting must be considered here.

Air Permeability Test

Figure 16 presents data obtained from the air per-
meability test of this soil zone. In addition to vapor
extraction tests, air injection tests were conducted. The
data are analyzed in the same manner as discussed for

vapor extraction tests. Accurate flow rate (Q) values
were not measured, therefore, Equation 17 was used to
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Figure 16. Air permeability test results: (a) vapor extraction
test; (b) air injection test. [In H,O] denote vacumms expressed
as equivalent water columa heights.

determine the permeability to vapor flow. The k values
ranged from 2 to 280 darcys, with the median being ~8
darcys. ’

System Design

e Number of vapor extraction wells:

Based on the 8 darcys permeability, and assuming
a 15cm diameter (6 in) venting well, a 2m screened
section, P, = 0.90 atm (41 in H,O vacuum) and R;=12m,
then Equation 5 predicts: '

Q = 0.7 m’/min = 25 ¢fm

Based on the preceding discussion, a minimum aver-
age flow rate of 1.5 m*min is needed to reduce the
residual to 1000 ppm in six months. The number of wells
required is then 1.5/0.7 = 2, assuming that 100 percent
of the vapor flows through contaminated soils. It is not
likely that this will occur, and a more conservative esti-
mate of 50 percent vapor flowing through contaminated
soils would require that twice as many wells (four) be
installed.

A single vapor extraction well (HB-25) was installed
in this soil layer with the knowledge that more wells
were likely to be required. Its location and screened
interval are shown in Figure 15. Other wells were installed
in the clay layer and upper sandy zone, but in this paper
only results from treatment of the lower contaminated




one will be discussed. A ground water pumping well was
installed to maintain a 2m drawdown below the static water
level. Its location is aiso shown in Figure 15.

System Monitoring

Three vadose monitoring wells similar in construc-
1ion to the one pictured in Figure 14 were installed so
that the soil temperature, soil-gas concentrations, and
subsurface pressure distribution could be monitored at
three depths. One sampling port is located in the zone
adjacent to the aquifer. The vapor flow rate from HB-
25 and vapor concentrations were measured frequently,
and the vapor composition was determined by GC-FID
analysis. In addition, the water level in the ground water
‘monitoring wells was measured with the system pictured
.n Figure 13b. The results from the first four months of
operation are discussed in following text

In Figure 17a the extraction well vacuum and corre-
sponding vapor flow rate are presented. The vacuum
‘was maintained at 0.95 atm (20 in H,O vacuum), and
~he flow rate was initially 12 scfm. It gradually decreased
0 about 6 scfm over 80 d. For comparison, Equation 5
predicts that Q=12 cfm for k=8 darcys. Increasing the
applied vacuum to 0.70 atm (120 in H,0 vacuum) had
little effect on the flow rate. This could be explained
loy increased water table upwelling, which would act to
decrease the vertical cross section available for vapor
flow. The scatter in the flow rate measurements is prob-
ably due to inconsistent operation of the ground water
jpumping operation, which frequently failed to perform
properly.

Figure 17b presents the change in vapor concentra-
ion with time. Fifteen specific compounds were identi-
{ied during the GC-FID vapor analyses; in this figure
the total concentration of known and unknown com-
pounds detected between five boiling point ranges are
presented:

methane - isopentane (<28 C)

isopentane - benzene (28 - 80 C)

benzene - toluene (80 - 111 C)

toluene - xylenes (111 - 144 C)

>xylenes (>144 C).

There was a shift in composition toward less volatile
compounds in the first 20 days, but after that period
the composition remained relatively constant. Note that
there is still a significant fraction of volatile compounds
present. Within the first two days the vapor concentra-
tion decreased by 50 percent, which corresponds to the
time period for the removal of the first pore volume of
air. Comparing the subsequent vapor concentrations
with the concentrations measured in the vadose zone
nonitoring wells indicates that only (80 mg/L)/(240 mg/
1.)*100=33% of the vapors are flowing through contamin-
ated soil.

Figure 18a presents calculated removal rates (flow
rate x concentration) and cumulative amount (1 gal =
% kg) removed during the first four months. The
decrease in removal rate with time is due to a combina-
tion of decreases in flow rate and hydrocarbon vapor
concentrations. After the first four months approxi-
mately one-fourth of the estimated residual has been
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Figure 17. Soil-venting results: (a) vacuum/flow rate data,
(b) concentration/compaosition data.
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Figure 18. Soil-venting results: (a) removal rate/cumulative
recovered, (b) water table rise.

removed from this lower zone.
On day 80 the vacuum was increased from 20 - 120
in H,O vacuum and the subsequent increase in subsur-




face vacuum and water (able upweiling was monitored.
Figure 18b presents the results. Note that the water
table rise paralleled the vacuum increase, although the
water table did not rise the same amount that the
vacuum did.

Figure 19 compares the reduced measured TPH
vapor concentration C(t)/C(t=0) with model predic-
tions. C(t=0) was taken to be the vapor concentration
after one pore volume of air had passed through the
contaminated zone (=80 mg/L), m(t=0) is equal to the
estimated spill mass (=4000 kg), and V(1) is the total
volume of air that has passed through the contaminated
zone. This quantity is obtained by integrating the total
vapor flow rate with time, then multiplying it by the
fraction of vapors passing through the contaminated
zone & (=0.33). As discussed, the quantity ¢ was esti-
mated by comparing soil-gas concentrations from the
vadose zone monitoring installations with vapor concen-
trations in the extraction well vapors. There is good
quantitative agreement between the measured and pre-
dicted values.

Based on the data presented in Figures 15 through
19 and the model predictions in Figure 8, it appears that
more extraction weils (~ 10 more) are needed to reme-
diate the site within a reasonable amount of time (< 2
years).

Conclusions

A structured, technically based approach has been
presented for the design, construction, and operation
of venting systems. While an attempt has been made to
explain the process in detail for those not familiar with
venting operations or the underlying governing phe-
anomena, the most effective and efficient systems can
only be designed and operated by personnel with a good
understanding of the fundamental processes involved.
The service station spill example presented supports the
validity and usefulness of this approach.

There are still many technical issues that need to be
resolved in the future. The usefulness of forced or pas-
sive vapor injection wells is often debated, as well as
other means of controlling vapor flow paths (impermea-
ble surface covers, for example). A well-documented
demonstration of the effectiveness of soil venting for
the removal of contaminants from low-permeability
soils is also needed. It is clear from the simplistic model-
ing results presented in this paper that venting will be
less effective in such situations. Without a comparison
with other viable treatment alternatives, however, it is
difficult to determine if soil venting would still be the
preferred option in such cases. Other topics for future
study include: enhanced aerobic biodegradation by soil
venting, the possibility of decreasing residual contami-
nant levels in water-saturated zones by air sparging/
vapor extraction, and optimal operation schemes for
multiple vapor extraction well systems.
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