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1.0 INTRODUCTION

This report provides the mathematical development and example applications for 2DSTREAM
and 3DLEAKY, two subsurface air flow models distributed as part of the April, 1996 Soil Vapor
Extraction and Bioventing Training Workshop. This workshop was held on April 2-4, 1996 at Fort
Richardson, Alaska, sponsored by the U.S. Army Corps of Engineers (USACE) - Center of
Expertise and the USACE - Alaska District, and presented by ENSR Consulting and Engineering.
Program development was partialy funded by a contract between ENSR and the USACE
Hazardous, Toxic, and Radioactive Waste (HTRW) Center of Expertise; the remaining program
development was performed at the sole expense of the author. The U.S. Government is granted
the right to use this software without restriction; however, other parties must first obtain written
permission from David Brailey, 6911 Terry Place, Anchorage, Alaska. Copyright David Bralley,
and ENSR Corporation, 1996.

Input files, output files, and graphic results included in this report were generated using
2DSTREAM Version 1.0 and 3DLEAKY Version 1.0. These programs have not been extensively
"beta tested" and may contain errors. Problems with program execution or presentation of
results may be addressed to the USACE HTRW Center of Expertise in Omaha, NE, or to the
author at the above address.
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2.0 MATHEMATICAL DEVELOPMENT.

The following section provides the mathematical development for programs 2DSTREAM and
3DLEAKY. Program 2DSTREAM calculates préssure and the stream function for fully penetrating
wells in a tabular vadose zone with impermeable boundaries at the ground surface and at the
water table. Program 3DLEAKY calculates pressure and the stream function for partially
penetrating wells in a tabular vadose zone with an impermeable boundary at the water table and
surface boundaries ranging from impermeable to a constant pressure, atmospheric boundary.

Both programs are based on analytical solutions to the partial differential equation (PDE) for
steady air flow in porous media. The PDE is obtained by combining equations Darcy’s law for

vapor flow;

k,
qg=-2VP (1
B

3(p Ny)
V- = @
(X:) pY:
and the ideal gas law:
wP
=0T 3
P RT @

g = airflow velocity (L/T)
p = density of air (M/L%
n, = airfiled porosity (L°/L%

where:

t = time(M

k, = air permeability (L?)

P = air pressure (M/L-T?)

p = dynamic viscosity of air (M/L-T)
@ = molecular weight (M/mole)
R
T

[+]

= universal gas constant (L*M/L-T*-mole-°K)
= absolute temperature (°K)

Treating air filled porosity and viscosity as constants, the resulting PDE is;
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V{kVP?) = 2n,u S8 @

and for steady flow:

V-(k,VP?) =0 )

For isotropic systems, k, is independent of V?P?, and equation (5) becomes:

V2P = 0 - ©

Equation (6) is equivalent to LaPlace’s equation in P2. In this regard, the square of pressure can
be regarded as a fluid potential (¢) with a corresponding stream function (y). Both potential
functions and stream functions satisfy the LaPlace equation, and are related by the Cauchy-
Rieman equations:

ay ay ox

2l

o, 2. . o¢ @)

Programs 2DSTREAM and 3DLEAKY are based on superposition of pressure and stream
function solutions for radial flow to a line sink (i.e., a well). The principle of superposition states
that if two functions satisfy a linear PDE, then their sum satisfies the same PDE. The principle
of superposition applies to linear PDEs of any order, including the LaPlace equation.

Program 2DSTREAM is based on the solution to equation (6) for 1-dimensional radial flow to a
fully penetrating line sink. The single coordinate direction r, can be expressed as (¢ + y)'2in
cartesian coordinates. For steady flow in a homogeneous, isotropic’ vadose zone with
impermeable upper and lower boundaries, the pressure solution is (USACE 1995):

p2_p2 - Qe In( L @)
moka | Jo-x) + -3
where: P = air pressure (M/L-T?
P, = atmospheric pressure (M/L-T?)
Q, = volumetric flow rate (L°/T)
P = pressure at the point of flow measurement (M/ L-T9
b = vadose zone thickness (L)
XY = xand y coordinates of the well (L)
r, = radius of pressure influence (L)
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and the stream function solution is (USACE 1995):

¥ = QP W an 1 [Y5 ¢ ©)
n bk, X=X

where C is a constant of integration. Equation (9) represents a family of straight lines passing
through (x,.y,), where the arctangent term is equivalent to the angle 6 (in radians) between each
line and the x-axis. Defining the angle 6 as:

9 = tan“‘]l_—}—ﬁ-] (10)
X=X

unique values of ¢ can be specified by defining the constant of integration so that:

QP

= o for 0<o<Xl;
v n bk, , 2
P*
.9 Bix -0 for E<o<n;
n bk, 2 11
Q.P*u 3 ()
= X (n + @) for n<f< =l
7 bk, 2
§ = Q Mon -0 for ST<p<2n
= bk, 2 .

For both 2DSTREAM and 3DLEAKY, multiple wells are simulated using the principle of
superposition. In program 2DSTREAM, the pressure distribution for multiple fully penetrating
wells in a tabular vadose zone is calculated as:

n * r ’
Pt - Pl = 3 ° (12)
AR JoexP s -
where: n = the total number of wells

\
Similarly, 2DSTREAM calculates the stream function for multiple wells as:

= .__i_,igtan“‘" _}::‘_Vl + C (13)
=1 nbka X=X

n

Program 3DLEAKY is based on the solution to equation (6) for 2-dimensional radial flow to a
partially penetrating line sink. Again, the single radial coordinate r, can be expressed as 0F +
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y2)" in cartesian coordinates. For steady flow in a homogeneous, isotropic vadose zone with an
upper atmospheric boundary and a lower impermeable boundary, the pressure solution is
(USACE 1995):

P2 - P - QP |n[z‘l"‘m .z"‘L"‘W}
2nky(L - )| |z-Lefr G- DR 2+l @
Ry (z-2nb+L+|rF+(z-2nb+L)? z-2nb-L+yr?+(z-2nb- L)’
n=i Iz-2nb+l+\/r2+(z~2nb+l)2 z-2nb-1+{Jr2+(z-2nb-I)?
z+2nb-L+|rE+(z+2nb-1)® z+2nb+L+Jr*+(z+2nb+Ly?
z+2nb-1+\r2+(z+2nb-12 z+2nb+I+{r?+(z+2nb+I)? (14)

i

depth to the top of the well screen (L)
depth to the bottom of the well screen (L)

where: [
L

and the stream function solution is (USACE 1995):

oo 0P, r-(z-L) P @-0F _ r-(z-)+JrZ+ (-1
2k (L-1) | ra(z-L)+yrPr(@z-D2  r+(z-D+/r2+(z-I?

_r-(@e ) [P @R | r-(ze) /P
| re(zel) 2 e (@R re(z+hefrPe(z+ P
S (_1)n{r—(z-2nb+L)+\/r2+(z—2nb+L)2 _ r=(z-2nb+ ) +{r+(z-2nb+ 12
n=1 re(z-2nb+ L) +{rF+(z+2nb+L?  r+(z-2nb+l)+|/r*+(z-2nb+Iy?
. r-(z-2nb-L) +Jrf+(z-2nb-LY? _ r-(z-2nb-)+yr*+(z-2nb-1}
r+(z-2nb-L)+{rZ+(z-2nb-L?  r+(z-2nb-1)+/r*+(z-2nb-1)?
_r-(z+2nb+ L) +Jr?+(z+2nb+ L) | r-(z+2nb+)+{r?+(z+2nb+I)?
re(z+2nb+ L) +\ri+(z+2nb+L?  r+(z+2nb+l)+|r?+(z+2nb+])?
. r-(z+2nb-1) +Jri+(z+2nb-LY _ r-(z+2mb-1)+Jr?+(z+2nb- /)
r+(z+2nb-L) +{r2«(z+2nb-LF  r+(z+2nb+l)+{r?+(z+2nb-Iy?
(15)

Equations (14) and (15) are equivalent o the pressure and stream function solutions obtained
by Shan et al. (1992). As explained in USACE (1995), these solutions are obtained by reflecting
image well screens about an atmospheric boundary at the ground surface and an impermeable
boundary at the water table. For the pressure solution, each image well screen is represented
by a term of the form:
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In [Zd:t +/re+(z:1 )2}, or In [Ziznbi‘t +\r2+(z+2nb+1)? (16)
12it+\/l’2+(2i‘17)2 1Zi2nb¢r +/r2+(z+2nbst)?

where t = lor L. By changing the signs of the image well screens, equations (14) and (15) can
be modified to simulate an impermeable boundary at the ground surface (Figure 2-1[a]).
Furthermore, by changing the flow rate of the image well screens, the amount of leakage across
the surface boundary can be varied from zero to a maximum value corresponding to an
atmospheric pressure boundary. This is accomplished in program 3DLEAKY by defining a
‘leakage factor’ ranging from zero to one. A leakage factor of zero corresponds to an
impermeable surface boundary, and a leakage factor of one corresponds to an atmospheric
surface boundary. As shown on Figure 2-1, varying degrees of leakage can be specified by
choosing leakage factors ranging from zero to one.

For systems that are anisotropic in the r,z plane, program 3DLEAKY solves the pressure and the
stream function equations in a transformed coordinate system;

P B P T (17)

using a transformed air permeability;
k' = Jk-k, (18)

at which point the resulting pressure and stream function values are translated back into the
original coordinate system using equation (17).
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Figure 2-1. Streamlines and Pressure Isobars for Various ‘Leakage Factors’

(a) Leakage Factor = 0 (Impermeable Boundary at Ground Surface)
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3.0 EXAMPLE APPLICATIONS

31  Program 2DSTREAM

An example application of program 2DSTREAM is shown on Figure 3-1. Two injection wells and
one extraction well are operated so that the total injection rate equals the extraction rate. An
input file to calculate streamlines and pressure isobars using program 2DSTREAM is shown on

Figure 3-2. The input file includes explanatory notes describing the parameters and units for all
input data.

°
Strictly speaking, the streamlines and pressure isobars obtained using program 2DSTREAM
apply only for fully penetrating wells in a vadose zone with an impermeable surface cover. As
shown in Section 3.2, however, the resulting flow geometry is similar to that for flow near the
water table beneath an atmospheric or leaky surface boundary.

Figure 3-1. Well Geometry and Flow Rates for Example Application

40
Vadose zone thickness = 10 f; no surface cover;
horizontal air permeability = 1 x 10°-7 cm*2;
30+ vertical gir petmeabliity = 2 x 10°-8 cmA2. -
Injection at 10 SCFM
20 Screoned from § ft bgs -
to the water table

y-coordinate, ft
S ¢ 3
g0
H
h
:,w
g3
@

Injection at 10 SCFM

201 Screenad from 5 ft bgs -
to the water table
-30- Approximate limits of contamination -
'4'0 i { { i lj [ i
-30 -20 -10 0 10 20 30

x-coordinate, ft

@
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Figure 3-2. Example Input File for Program 2DSTREAM
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The output of program 2DSTREAM includes the following:

A numeric ASCI!| file of gauge pressures in inches of water, with corresponding x- and
y-coordinates (in feet);

A numeric ASCII file of the left-hand stream function in radians, with corresponding x-
and y-coordinates (in feet);

A numeric ASCII file of the right-hand stream function in radians, with corresponding x-
and y-coordinates (in feet);

Two numeric "blanking files" used to superimpose the left-hand and right-hand stream
functions in commercial contouring programs; and

An ASCI! text file recording the input parameters and a description of the model
application.

The numeric output files are intended to be used with commercial contouring programs. For
example, a contour map of subsurface pressures calculated using the example input file is
shown on Figure 3-3.

Figure 3-3. Pressure Isobars for the Example Application Using 2DSTREAM

40

y-coordinate, ft
id

¥-coordinate, ft

Pressure Isobars in Inches of Water
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As shown by equation (9), the axial stream function for a single well is equivalent to a family of
straight lines passing through the well location. Each line represents a different value of the
stream function, equal to the angle 8 (in radians) between the line and the x-axis. Because the
possible values of the stream function range from 0 to 2x, there is a discontinuity in the axial
stream function at 8 = 2xn radians. Defining the constant of integration as shown by equation
(11), the discontinuity extends in the positive x-direction from each well location. Because the
stream function is continuous for the negative x-direction (i.e., to the left), this convention is
termed the "left-hand" stream function. A plot of the lefi-hand stream function for the example
application is shown in Figure 3-4.

Figure 3-4. Left-Hand Stream Function for the Example Application

40 L i 1 1 3 ) 3 1

10+

PN DRI W W A Ay

y-coordinate, ft
?

=20+

30 20 .10 0 10 20 30
¥-coordinate, ft

For the right-hand stream function, the constant of integration is redefined so that the
discontinuities appear to the left of each well (Figure 3-5). By superimposing the left- and right-
hand stream functions, a continuous plot of streamlines can be obtained (Figure 3-6). In most
contouring software programs, this can be accomplished using grid "blanking files" such as
those written by program 2DSTREAM. The blanking files produced by program 2DSTREAM are
designed for use with SURFER®, but can be readily modified for use with other contouring
programs.
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Figure 3-5. Right-Hand Stream Function for the Example Application

y-coordinate, ft

E R R T B R
© x=coordinate, ft

Figure 3-6. Superposition of Figures 3-4 and 3-5

y-coordinate, fi
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Most contouring programs include area calculation routines that permit quantification of
streamtube areas. For example, the area within the streamtube shown on Figure 3-7 was
calculated using SURFER® as 166.8 f2. These results can be used to calculate approximate flow
rates and travel times, as described in USACE (1995).

Figure 3-7. Calculation of Streamtube Areas

y-coordinate, ft

A0 a9

% 40 6w »
x-coordinate, ft

The text file produced by program 2DSTREAM can be used to document the file locations and
input parameters for each run. The text file can also be used to check for input errors in the

event that program execution is terminated. Figure 3-8 shows the output text file produced by
program 2DSTREAM for the example application.
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Figure 3-8. 2DSTREAM Text File for the Example Application
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3.2 Program 3DLEAKY

Program 3DLEAKY can be used to calculate a plan view pressure distribution or a cross
sectional view of pressure isobars and streamlines. 3DLEAKY does not calculate the stream
function in plan view because this function has not yet been developed for partially penetrating
wells. Figure 3-9 shows a plan view of pressure contours for the example application, at a depth
of 7.5 feet bgs. For comparison with program 2DSTREAM, the same air permeability was used
(1 X 107 ecm?), and the soil profile was assumed to be isotropic. Results indicate a similar
pressure distribution as that obtained using program 2DSTREAM (Figure 3-3) The input file
used to generate Figure 3-9 is shown in Figure 3-10.

Figure 3-0. Pressure Isobars at 7.5 feet bgs Using 3DLEAKY

40

104

y-coordinate,
?

'40 1 i 1 1 ' 1
-80 -20 -10 0 10 20 30

x-coordinate, ft

Figure 3-11 shows the effect of anisotropy on the plan view pressure distribution. The input
parameters used to generate Figure 3-11 are identical to those for Figure 3-9, except that the
anisotropy ratio was changed from 1 to 5. Leaving the horizontal air permeability unchanged (1

x 107 cm ) this modification effectively reduces the vertical air permeability from 1 x 107 cm® to
2 x 10 cm2 The magnitude of pressure variations is significantly larger for the anisotropic case,
as a result of the reduced vertical air permeability.

A cross sectional application of program 3DLEAKY is shown on Figure 3-12, along the line of
section shown on Figure 3-11. Model input parameters are identical to those used to generate
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Figure 3-10. 3DLEAKY Input File for Figure 3-9
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Figure 3-11. Pressure Isobars at 7.5 ft bgs, Anisotropic Case

8

10+

y-coordinate, ft
e

S0 20 -0 0 10 20 0
x-coordingte, ft

Figure 3-11, except for the model orientation. The cross section was prepared from two model
runs, one for each half of the section. Slightly higher pressure contours on the right half of
Figure 3-12 result from grid nodes that are slightly closer to the well locations. The input file
used to generate the left half of Figure 3-12 is shown on Figure 3-13.

Figure 3-12. Cross Section A-A’ Generated Using Program 3DLEAKY

10 { !\ | | | |
o /
NG N
=
e o ¢
0 } l a (]
¥ i I} i i {
-40 -30 -20 10 0 10 20 30 40
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Figure 3-13. 3DLEAKY Input File for Figure 3-12 (Left Half)
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4.0 OPERATING INSTRUCTIONS

Programs 2DSTREAM and 3DLEAKY can be run from the MS-DOS prompt by typing
"oDSTREAM" or "3DLEAKY" in a directory containing the executable files (2DSTREAM.EXE or
3DLEAKY.EXE). The programs can be run with the input files provided with this report; however,
these input files require two destination directories named C:\TEMP\2DSTREAM and
C:\TEMP\3SDLEAKY. You can either create these directories on your C:\ drive, or modify the
input files to write to directories on other (e.g., network) drives. In the Appendix are hard copies
of the example input files that are provided on the accompanying diskette.

The input files provided can be used as “templates"” for site-specific applications by changing the
well coordinates, flow rates, grid positions, etc. Both programs will accept x- and y-coordinates
containing up to 16 digits, permitting the use of state-plane survey data. With the exception of
text strings, the remaining input data will be truncated at 7 digits during file input.

A partial list of error messages has been included in the source code. Input errors can be
identified by viewing the output text file for each run. Because the input data is read as a
sequential file, it is important to provide entries for all requested input data. The input files
provide further instructions regarding data entry.
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2DSTREAM.INP

Input file for program 2DSTREAM.BAS. Lines beginning with a "c" are explanatory notes
that are not read as input data. Enter data following the "> > >" prompt below each explana-
tory note. Where multiple data elements are requested on one line, data elements must be
separated by commas () or semicolons (;). If data elements are requested that are not
relevant to your application, enter zeros for the requested elements.

Enter the path and filename for a text file to record the model input parameters and a

¢ description of your application [1 text string]:

>> c¢:\temp\2dstream\2dstream.ixt

¢ Enter a one-line description of the model run [1 text string]:

>>> Example run for program 2DSTREAM

¢ Path and filename of output file for pressure data [1 text string]?

>>> c:\temp\2dstream\2dpress.dat '

¢ Path and filename of output file for left hand stream function data [1 text string]?

>>> c:\temp\2dstream\Istream.dat

¢ Path and filename of output file for right hand stream function data [1 text string]?

>>> c:\temp\2dstream\rstream.dat

¢ Minimum x and y coordinates (ft) of output grid [2 values]?

>>> -35 -40

¢ Maximum x and y coordinates (ft) of output grid [2 values]?

>>> 35, 40

¢ Number of grid nodes in the x and y directions [2 values]?

>>> B0, 50

¢ If you would like to make Golden Software blanking files, enter the path and filename for the
¢ right-hand blanking file below [1 text string], or "\NA\" if you dont want this file.

>>> c:\temp\2dstream\rblank.bin

¢ Enter the path and filename for the left-hand Golden Software blanking file [1 text string],

¢ or "\NA\" if you don’t want this file:

>>> c:\temp\2dstream\Iblank.bin _

¢ Enter the width of the blanked margin for the Golden Software blanking files (ft) [1value]:
>>> 05

¢ Air permeability (cm™2), thickness of the vadose zone (ft), dynamic viscosity of the soil gas
¢ (dyne-s/cm”™2), and total number of wells [4 values]?

>>> 1e-7, 10, 1.8e-4, 3 ,

¢ Following these instructions, enter one line for each well, listing the following parameters

¢ (in sequential order): x-coordinate (ft); y-coordinate (ft); flow rate in ft"3/min at standard

¢ temperature and pressure (SCFM); and radius of pressure influence at the specified flow rate
¢ [4 values]. Be sure to include the ">>>" prompt at the beginning of each line:

>>> -10, -20, 10, 15

>>> 10, 0, -20, 25

>>> -10, 20, 10, 15

OO0 00O0

\%



3DPLAN.INP

Input file for program 3DLEAKY.BAS. Lines beginning with a “c" are explanatory notes
that are not read as input data. Enter data following the "> > >" prompt below each explana-
tory note. Where multiple data elements are requested on one line, data elements must be
separated by commas (,) or semicolons (;). If data elements are requested that are not
relevant to your application (e.g., cross section endpoints for a plan view representation),
enter zeros for the requested elements.

Enter the path and filename for a text file to record the model input parameters and a
description of your application [1 text string]:

>> c:\temp\3dieaky\3dplan.txt

Enter a one-line description of the model run [1 text string]:

>> Plan view at 7.5 feet bgs for the example application

Path and filename of output file for pressure data [1 text string]?

>> c¢:\temp\3dieaky\3dplan.dat

Path and filename of output file for stream function data [1 text string]?

>> na

Are you preparing a vertical cross section of pressure and streamlines, or a plan view of
pressure contours (enter 1 for section, or 2 for plan view)? Note - a separate program is
required to calculate streamlines in plan view.

>> 2 '

Minimum X, y, and z coordinates (ft) of output grid [3 values]. The z-coordinate is
equivalent to depth below the surface datum, positive downward.

>> -35, -40, 7.5

Maximum X, y, and z coordinates (ft) of output grid [3 values]?

>> 35, 40, 7.5

Number of grid nodes in the x, y, and z-directions [3 values]?

>> 30, 30, 1

For cross section applications, enter the x, y grid limits corresponding to the right-hand end
of the cross section [2 values].

>> 0, 0

If you want depth printed as elevation, enter the ground surface elevation (ft), or "\NA\"

if you want depth printed as z, increasing downward.

>>> \NA\

¢ For cross sections, set your x-axis datum :

¢ by entering the position of 1 well along the line of section. Enter the well number (see last
¢ set of input instructions, below) and position along the line of section [2 values]:

>> > 0, 0

¢ Horizontal air permeability (cm”2), anisotropy ratio, and leakage across surface boundary,
¢ ranging from 0 for an impermeable cover to 1 for no surface cover [3 values]?

>>> 1e-7, 5, 1

¢ Thickness of the vadose zone (ft), total number of wells, and dynamic viscosity of the soil
gas (dyne-s/cm™2) [3 values]?

>>> 10, G, 1.8e-4

Following these instructions, enter one line for each well, listing the following parameters
¢ (in sequential order): well number, x-coordinate (f); y-coordinate (ft); depth to the top of
¢ the well screen (ft); depth to the bottom of the well screen (ft); and flow rate in ft"°3/min at
¢ standard temperature and pressure (SCFM) [5 values]. Be sure to include the ">>>"

¢ prompt at the beginning of each line: '

>>> 1, -10, -20, 5, 10, 10

OOVOOVOVOvC)OvOOOVOvaOvOOOOOOOO

[9]

O



>>> 2, 10, 0, 5, 10, -20
>>> 3, -10, 20, 5, 10, 10



3DXSEC1.INP

Input file for program 3DLEAKY.BAS. Lines beginning with a "c" are explanatory notes
that are not read as input data. Enter data following the ">>>" prompt below each explana-
tory note. Where multiple data elements are requested on one line, data elements must be
separated by commas (,) or semicolons (;). If data elements are requested that are not
relevant to your application (e.g., cross section endpoints for a plan view representation),
enter zeros for the requested elements.

Enter the path and filename for a text file to record the model input parameters and a
description of your application [1 text string]:
>> c:\temp\3dieaky\3dxsec2.ixt

Enter a one-line description of the model run [1 text string]:
>>> Left half of cross section for the example application
Path and filename of output file for pressure data [1 text string]?
>>> c:\temp\3dleaky\xpress1.dat

Path and filename of output file for stream function data [1 text string]?
>> c:\temp\3dieaky\xstream1.dat

¢ Are you preparing a vertical cross section of pressure and streamlines, or a plan view of
¢ pressure contours (enter 1 for section, or 2 for plan view)? Note - a separate program is
¢ required to calculate streamlines in plan view.

>>> 1

¢ Minimum x, y, and z coordinates (ft) of output grid [3 values]. The z-coordinate is

¢ equivalent to depth below the surface datum, positive downward.

>>> =20, .30, O

c Maximum X, y, and z coordinates (ft) of output grid [3 values]?
>>> 10, 0, 10

¢ Number of grid nodes in the x, y, and z-directions [8 values]?

>>> 30, 1, 30

¢ For cross section applications, enter the X, y grid limits corresponding to the right-hand end
¢ of the cross section [2 values].

>>> 10, 0

¢ If you want depth printed as elevation, enter the ground surface elevation (ft), or "\NA\"

¢ if you want depth printed as z, increasing downward.

>>> 10 /

¢ For cross sections, set your x-axis datum

¢ by entering the position of 1 well along the line of section. Enter the well number (see last
¢ set of input instructions, below) and position along the line of section [2 values]:

>>> 2, 0

¢ Horizontal air permeability (cm”™2), anisotropy ratio, and leakage across surface boundary,
¢ ranging from O for an impermeable cover 10 1 for no surface cover [3 values]?

>>> 1e7, 5, 1

¢ Thickness of the vadose zone (ft), total number of wells, and dynamic viscosity of the soil
gas (dyne-s/cm”™2) [3 values]?
>>> 10, 3, 1.8e-4

Following these instructions, enter one line for each well, listing the following parameters
(in sequential order): well number, x-coordinate (ft); y-coordinate (ft); depth to the top of
the well screen (fi); depth to the bottom of the well screen (ft); and flow rate in ft"3/min at
standard temperature and pressure (SCFM) [5 values]. Be sure to include the ">>>"
prompt at the beginning of each line:
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3DXSEC2.INP

Input file for program 3DLEAKY.BAS. Lines beginning with a "c" are explanatory notes
that are not read as input data. Enter data following the "> > >" prompt below each explana-
tory note. Where multiple data elements are requested on one line, data elements must be
separated by commas (,) or semicolons (;). If data elements are requested that are not
relevant to your application (e.g., cross section endpoints for a plan view representation),
enter zeros for the requested elements.

Enter the path and filename for a text file to record the model input parameters and a
description of your application [1 text string]:

>> c:\temp\3dieaky\3dxsec2.txt A

Enter a one-line description of the model run [1 text string]:

>> Right half of cross section for the example application

Path and filename of output file for pressure data [1 text string]?

>> c:\temp\3dleaky\xpress2.dat

Path and filename of output file for stream function data [1 text string]?

>> c:\temp\3dieaky\xstream2.dat

Are you preparing a vertical cross section of pressure and streamlines, or a plan view of
pressure contours (enter 1 for section, or 2 for plan view)? Note - a separate program is
required to calculate streamlines in plan view.

>> 1

Minimum X, y, and z coordinates (ft) of output grid [3 values]. The z-coordinate is
equivalent to depth below the surface datum, positive downward.

>> -20, 0, 0

Maximum x, y, and z coordinates (ft) of output grid [3 values]?

>> 10, 30, 10 .

Number of grid nodes in the X, Y, and z-directions [3 values]?

>> 30, 1, 30 :
For cross section applications, enter the X, y grid limits corresponding to the right-hand end
of the cross section [2 values].

>> -20, 30

If you want depth printed as elevation, enter the ground surface elevation (), or "\NA\"

if you want depth printed as z, increasing downward.

>> 10

For cross sections, set your x-axis datum

by entering the position of 1 well along the line of section. Enter the well number (see last
set of input instructions, below) and position along the line of section [2 values]:

> > 2, 0

Horizontal air permeability (cm™2), anisotropy ratio, and leakage across surface boundary,
ranging from 0 for an impermeable cover to 1 for no surface cover [3 values]?

>> 1e7, 5, 1

Thickness of the vadose zone (ft), total number of wells, and dynamic viscosity of the soil
gas (dyne-s/cm”2) [3 values]?

>> 10, g, 1.8e-4

Following these instructions, enter one line for each well, listing the following parameters
(in sequential order): well number, x-coordinate (ft); y-coordinate (ft); depth to the top of
the well screen (ft); depth to the bottom of the well screen (ff); and flow rate in ft"3/min at
standard temperature and pressure (SCFM) [5 values]. Be sure to include the "> >>"
prompt at the beginning of each line:

>> 1, -10, -20, 5, 10, 10



>>> 2, 10, 0, 5, 10, -20
>>> 3, -10, 20, 5, 10, 10



