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FOREWORD.

Today’s rapidly developing and changing technologies and industrial products and
practices frequently carry with them the increased generation of materials that, if improperly -
dealt with, may threaten both human health and the environment. . The U.S. Environmental -
Protection Agency (EPA) is charged by Congress with protecting the Nation’s land, air, and
water resources. Under a mandate of national. environmental laws, the Agency strives to
formulate and implement actions leading to a compatible balance between human activities
and the ability of natural resources to support and nurture life. These laws direct the EPA to
perform research to define our environmental problems, measure the impacts, and search for
solutions. : ' : : ’

The Risk Reduction Engineering Laboratory is responsible for planning, implementing
and managing research, development, and demonstration programs to provide an authoritative,
defensible engineering basis in support of the policies, programs, and regulations of the EPA
with respect to drinking water, toxic substances, solid and hazardous wastes, and other
environmental programs. This publication presents information on a corrective action
technology tool and provides a vital communication link between the researcher and the user
community. | ' : :

An area of major concern to the Risk Reduction Engineering Laboratory is the
selection and use of appropriate and cost-effective corrective action technologies for cleanup
of petroleum hydrocarbon releases from leaking underground storage tanks. This document
presents an approach for evaluating the feasibility of a specific corrective action technology,
soil vapor extraction, through the use of decision-support software developed by EPA and the
Shell Oil Company. ; S : ~ '

E. Timothy Oppelt, Director
Risk Reduction Engineering Laboratory
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ABSTRACT

The U.S. Environmental Protection Agency (EPA) estimates that 15 to 20% of the
approximately 1.7 million underground storage tank (UST) systems containing petroleum =
products are either leaking or will leak in the near future. These UST systems could pose a
serious threat to public health and the environment. Selection of appropriate corrective action
technologies that can be rapidly implemented, and that are efficient and cost-effective is - - "~
essential to minimize the impact of UST releases on the environment and public health. -Soil :
vapor extraction (SVE) is a proven, in situ corrective action technology that can remove.
volatile organic compounds (VOC) and selected residual petroleum hydrocarbons from
unsaturated soils. To assist regulators, investigators, and UST owners in evaluating whether
SVE is an appropriate cleanup technology for use at UST sites, decision-support software
entitled HyperVentilate has been developed by EPA and Shell Oil Company under a 1990
Cooperative Research and Development Agreement under the Federal Technology Act.

HyperVentilate is an interactive, software guidance system for evaluating the
feasibility of using SVE at a specific site based on site and contaminant characteristics.
HyperVentilate is designed to (1) identify the level of site data required to evaluate SVE
systems, (2) evaluate soil permeability test results, (3) apprgximaté the minimum number of
extraction wells likely to be needed, and (4) provide a rough approximation of the system’s
desired and maximum removal rates.

This document provides guidance in evaluating the use of the IBM-compatible version
of HyperVentilate that requires a computer equipped minimum with 80386 processor, 4 MB
RAM, DOS 3.1, Microsoft Windows 3x, and Spinnaker PLUS 2.5... An overview of SVE
principles and procedures is presented along with the basic model principles and a sensitivity
analysis of HyperVentilate. A sample application of the software is also presented using data
from an actual UST site. The case study demonstrates how to estimate and determine input
parameters, goes through the steps involved in deriving estimates to evaluate if SVE is
appropriate, and discusses interpretation of the case study results. .

This report was submitted in fulfillment of Contract No. 68-C2-0108 by International

Technology Corporation, under the sponsorship of the U.S. Environmental Protection Agency.
This report covers a period from 15 April 1992 to 15 December 1992.
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SECTION 1

INTRODUCTION

BACKGROUND

Hundreds of thousands of underground storage tanks (USTSs) containing petroleum
products and hazardous chemicals have been installed in the past 30 to 40 years. Many of
these tanks have either been abandoned or exceeded their useful life. In addition, many are
leaking and thereby pose a serious threat to the Nation’s surface and groundwater supplies
and to public health. In response to this threat, the Hazardous and Solid Waste Amendments
(HSWA) of 1984 (PL98-616) were enacted to add Subtitle I, Regulation of Underground
Storage Tanks, to the Resource Conservation and Recovery Act (RCRA). These amendments
required the U.S. Environmental Protection Agency (EPA) to develop and implement a
regulatory program to deal with USTs containing petroleum products and hazardous substanc-
es. After the passage of HSWA, EPA established the Office of Underground Storage Tanks
(OUST) to promulgate final rules (40 Code of Federal Regulations [CFR] 280) in 1988 under
Subtitle I to prevent, detect, and remediate UST releases to the environment.

EPA estimates that as many as 15 to 20% of the approximately 1.8 million regulated
UST systems nationwide either are leaking or are expected to leak in the near future (EPA,
1991a). Approximately 90 to 95% of the regulated facilities contain motor fuels and petro-
leum products. The environmental threat from leaking tank systems has a direct impact on
public health because approximately half of the Nation’s drinking water supply comes from
groundwater. Small quantities of gasoline released from UST systems can contaminate
millions of gallons of potable groundwater and surface water with suspected carcinogens such
as benzene. In addition, the components of petroleum products released in the subsurface can
preferentially migrate through underground utility trenches to the basements of homes and
businesses and accumulate to explosive levels.

In the first several years following promulgation of the Federal UST regulations, EPA
focused on evaluating, developing, and implementing effective release detection techniques.
This effort has resulted in the rapid identification of a significant number of past and ongoing
releases. By December 1991, 137,000 confirmed releases had been identified; however, less
than 40,000 of these releases have been remediated (EPA, 1991b). Effective and efficient
corrective action technologies have not been developed, evaluated, or implemented quickly
enough to address the increasing number of releases identified and confirmed. EPA has been
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working with the regulatory community to implement new, modified, or innovative corrective
action technologies more rapidly. One of the methods that is proving to be very effective is
soil vapor extraction (SVE).

SVE is a proven in situ technology used to remove volatile organic compounds
(VOCs) and selected residual hydrocarbons from soils. SVE has gained popularity over the
last 5 years because it can be rapidly implemented, it has a potentially high removal rate of
VOCs from the subsurface, and it generally costs less than other treatment alternatives. To
ensure effective and efficient cleanup, however, many site and contaminant charactenstlcs ,
must be evaluated before SVE can be selected.

A practical approach has been developed for evaluating the selection, design,
operation, and monitoring of SVE systems (Johnson et. al., 1990a). Based on this approach,
Dr. Paul Johnson and Ms. Amy Stabenau of Shell Development Corporation developed
decision-support software entitled HyperVentilate in 1991. HyperVentilate was originally
developed for use on Apple Macintosh computers, but it is now available in an IBM-
compatible version for use on IBM and IBM-compatible personal computers (PC). This »
decision-support software was designed to enable regulators, consultants, and owners of UST
systems to evaluate site characteristics and determine whether SVE technology is a viable
option for remediation of volatile petroleum hydrocarbons. '

Since promulgation of the Federal regulations, the number of leaking UST systems
being discovered has. rapidly outpaced the capabilities and resources of both industry and
regulatory agencies to implement and complete corrective actions at these sites. Because the
number of unaddressed sites is increasing, decision-support software such as HyperVentilate
can be a valuable tool for expediting the process of selecting and implementing effective '
corrective actions.

The objective of HyperVentilate is to help the user engage in a systematic, iterative
evaluation of the feasibility of SVE.as a remedial alternative at a given site. The software
utilizes data provided by the user to develop a rough approximation of the system’s desired
and maximum removal rates. At no point does the software give a definitive "yes" or "no"
response to the question of feasibility. - The software can provide two estimates of the
minimum number of vapor extraction wells needed to achieve remediation. The first estimate
is developed by simply comparing the anticipated. extraction well radius of influence with the
radial area of contamination. The second estimate is based on a calculation of the volume of
air that needs to be extracted from the soil in order to remove residual contamination. The
user is ultimately responsible for deciding if the estimates generated by the software are
technically and economically practical for a particular site. HyperVentilate is primarily a
software tool for evaluating SVE as a remediation altematlve it is not.intended to be a
detailed SVE modeling or design tool.

‘The purpose of this document is to provide technical assistance in evaluating the
practical use of the IBM-compatible version of HyperVentilate for examining design and
operational parameters in the screening of SVE as an option for site remediation. This
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document presents practical information on the capabilities and uses ‘of HyperVenulate as a
dec151on-support tool for evaluating SVE ‘as a remedial option. Section 1 ‘provides an
overview of the SVE technology, including a brief discussion of the behavior'of petroleum - -
contaminants in the subsurface, the SVE process, and SVE system modeling. Section 2
describes the basic model principles and structure of the software application of HyperVenti-
late. Section 3. describes how actual site data can be used to apply the software to'a case
study. - Section 4-provides an analysis of the sensitivity of the software and a test of the
response of different input parameters. Appendices to this. document include procedures for
installing the IBM-compatible version of HyperVentilate and a copy of the User s Manual
developed for the Apple Macintosh version. ' S .

ot

SOIL VAPOR EXTRACT ION TECHNOLOGY

SVE is a'proven, cost-effective technlque for removing VOCs and motor fuels from
contaminated soil in the unsaturated or vadose zone. This technology is also reférred to as - -
vacuum extraction, soil venting, aeration, in situ volatilization, and enhanced volatlhzauon o
SVE is the term selected for use in th1s document : : o

The following advantages of SVE systems make thlS technology apphcable to a broad "
spectrum of sites: :

» This in situ technology can be implemented with only minor site disturbance.
* Normal busmess operatlons often can be contmued throughout the cleanup
penod : : o _ _

ve Large volumes of soil can be treated at reasonable costs, compared w1th other ‘
~ available technologies. Lot

 » The systems are relatively easy to install, and their use of standard readily avail-
able equipment enables rapid, cost-effectlve moblhzatlon and unplementatlon of
: remedlal activities. : - Lo

»  VOC concentration in the vadose zone is effectlvely reduced. This, in turn,"
0+ reduces the potential for further transport of contamlnants as a result of vapor o
NI mlgratlon and 1nfi1trat1ng prec1p1tauon L

» - SVE can be an essentlal element of a complete remedJal program wh1ch may
1nclude groundwater extraction and treatment

. D1scharge vapor treatment- optlons allow the des1gn ﬂex1b111ty necessary to:
comply with site-specific air emission regulatlons :

To determine if SVE is applicable for a particular site as well as the key des1gn and
operational hm1tat10ns, ‘an understandmg is needed of the behavror of petroleum hydrocarbons ‘




in the vadose zone, the SVE process, and modehng tools that are used to evaluate the
effectiveness of an SVE system

This section provides an overview of the factors that influence contaminant fate and
vapor-phase transport in the vadose zone. The basic principles that govern vapor behavior
and transport in soils are identified to provide a sound basis for decision making with regard
to site mvestlganons, pilot testing; and system design, operation, and monitoring. Specifically
addressed are the behavior of hydrocarbon contaminants and the characteristics of soil in the
vadose zone, the SVE process, and the SVE system modeling.

Principles of Cdntaminant Behavior in the Vadose Zone

A fundamental understanding of how hydrocarbon contaminants behave in the vadose
zone is necessary to properly interpret the results from HyperVentilate in determining if SVE
is an appropriate and effective corrective action technology. The behavior of hydrocarbon
contaminants in the vadose zone is determined by the quantity of contaminant released, the
time since the release occurred, the physical and chemical properties of the contaminant, and’
the characteristics of the soils through which these contaminants migrate. SVE can be used
to remove volatile constituents present in soil gas as well as free and residual liquid product
in the vadose or unsaturated zone. SVE also can treat contaminants dissolved in immobile
soil water in the unsaturated zone. Theoretical opinions and field studies indicate that SVE
cannot effectively remove constituents trapped in the interior of the soil matrix, however.
Because the quantity of such constituents may exceed surface contamination by one to two
orders of magnitude (Travis and Macinnis, 1992), SVE cannot be used to return long-
contaminated locations to original pristine conditions. This section discusses the physical
properties of typical hydrocarbon contaminants and the characteristics of soils in the vadose
zone that influence the effectiveness of SVE. :

Soil Characteristics--

In this document, soil in the vadose or unsaturated zone is defined as unconsolidated
mineral and organic material that extends from the ground surface to the top of the capillary
fringe and contains soil vapor and a lesser amount of soil water in the pore space between or
on soil solids (API, 1992). The textural classes of soil range from clays to silts to sands.
The actual soil types present at any particular site are frequently limited. Fill material is
often present in vadose zone soils that are contaminated by petroleum hydrocarbons (API,
1992). Fill materials commonly consist of soil, sand, gravel, or crushed rock. Also present
in vadose zone soils are biota and manmade structures. An understanding of the interactions
between these naturally occurring and manmade features and the movement of petroleum
hydrocarbons is necessary for an effective evaluation of SVE as a remedial option.

Critical to the application of SVE technology is the ability to achieve adequate vapor
flow through the contaminated soil. Vapor flow rates in the vadose zone depend in part upon
soil characteristics such as air permeability, water content, and the heterogeneity of these
properties among different soil types. These properties are briefly discussed below. -




. Air Permeability--Air permeability is the measure of a porous medium’s ability to
transmit fluids based on laboratory or field airflow tests. The density and viscosity of vapors
combined with the permeability of the porous medium significantly influence the ability of
the vapor to flow through the soil. Permeability of soil is perhaps the single most important
soil parameter to be considered in the successful application of SVE. It is a key parameter
not only in deciding if SVE is a feasible remedial option, but also for establishing SVE
system design criteria (Johnson et al., 1990b). The permeability of the soil or vadose zone is
determined from literature values and laboratory or field testing. Permeability is expressed in -
terms of "darcys" or cm? and has the units of length squared. The literature and laboratory
tests usually provide values of intrinsic permeability, which is generally the permeablhty of
the dry soil matrix. Field tests usually yield "pneumatic" permeability, which is the perme-
ability of the soil matrix with soil moisture taking up someé of the soil pore space. "Pneumat-
ic" permeability is less than intrinsic but approaches the intrinsic permeability as the soil dries
out.  This can be important in evaluating and designing SVE systems because the site
pneumatic permeablhty can be expected to increase somewhat as the soil dries out durmg
SVE operation. This, in turn, can increase the flow rate and removal rate.

Soil Heterogeneity--The structure, stratification, type, and size of soil particles that
1nfluence contaminant mlgratlon are often heterogeneous in vadose zone soils. Soil heteroge-
neity accounts for differences in permeability in or between different soil- layers or horizons.
Coarsely textured, highly permeable soils are best suited for SVE. Heterogeneous soils that
contain low-permeability layers or lenses require a careful evaluation in the selection and
design of SVE systems. SVE has been successfully used to remediate volatile hydrocarbons
from clays and silts in interbedded permeable layers and in secondary structures such as joint
systems or macropores, which include fractures or expressions of bedrock faults.’

Water Content--Soil water content (the percentage of sorl pore spaces ﬁlled with
water) affects the air-filled porosity of a soil and the permeability as discussed previously. A
higher water content in the soil generally limits the effectiveness of SVE by reducing air-
filled porosity, which decreases the size of the connected pores through which air can flow.
SVE is well suited for soils with lower water content because a greater percentage of the pore
space. is air filled and available for vapor transport and therefore can result in a greater
induced airflow for a particular vacuum. If the water content is very low, however, sorption
of contaminants to soil increases and competes with the volatilization of constituents into the
soil gas (Reible, 1989). A range of 94 to 98. 5% relative hum1d1ty in s01l gas appears to be
optimal for SVE (Davies, . 1989).

Contaminant Characteristics---

Petroleum hydrocarbons are complex mixtures of many different compounds The
composition of specific petroleum products (e.g., gasoline, diesel fuel) differs widely and
therefore behaves dlfferently in the subsurface. Petroleum hydrocarbons are released in the
subsurface partition in four phases: (1) nonaqueous phase liquid (NAPL), (2) dissolved phase
in water, (3) sorbed phase to soil particles and colloids, and (4) vapor phase. Figure 1
graphically depicts each of these hydrocarbon phases in the subsurface environment.
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Petroleum hydrocarbons released in the subsurface are partitioned among the four
phases depending on the chemical and physical characteristics of the product, the degree of
product weathering that has occurred, and the characteristics of the vadose zone soil. The
movement and fate of petroleum products in unsaturated soils are influenced by the following
primary physical and chemical properties: vapor pressure, Henry’s law constant, solubility,
soil sorption coefﬁc1ent and chemical composmon Each of these properties is discussed as
follows. :

Vapor Pressure--The degree to which a constituent transforms from the liquid to the
vapor phase is controlled by the vapor pressure according to Raoult’s law. Vapor pressure is
directly related to the vapor of the chemical constituent in equilibrium with its pure liquid
product. For "fresh” or unweathered gasoline releases, the high vapor pressure, lower
molecular weight constituents (e.g., butane or pentane) typically account for 75 to 85% of the
hydrocarbons in the vapor phase in equilibrium with the gasoline liquid. These constituents
can be readily removed by SVE (see Table 1). Temperature has a strong influence on the
vapor pressure of a constituent, with the vapor pressure increasing exponentjally as tempera-
ture increases (three to four times for each 10 °C). Vapor pressure. must always be reported
at a specified temperature at which the pressure was measured. Table 1 lists vapor pressures
at a temperature of 20 °C. ,

There is also an important relationship between a compound’s boiling point.and vapor
pressure. At a compound’s boiling point, its vapor pressure equals the vapor pressure of the
atmosphere. At sea level the pressure exerted by the atmosphere is 760 millimeters mercury
(mm Hg). A decrease in atmospheric pressure results in a reduction in the boiling point. At
a pressure of 451 mm Hg, for example, water boils at a temperature of 86 °C, significantly
less than the boiling point at sea level (100 °C). Inducing a vacuum in the soil reduces the
air pressure in the soil pore space. This causes the boiling point to decrease and cause more
of the liquid compound to transfer into the vapor phase. The depression of the boiling point
due to the induced vacuum is not always a major factor in the volatilization of compounds;
however, understanding this phenomenon provides an appreciation of the factors that might
influence SVE operation. ' . :

Henry’s Law--Henry’s law constant (Kh) governs the- volatlhzatlon of a contaminant
in aqueous solution, rather than a pure product. Henry’s law is an appropriate partitioning
constant for evaluating the partitioning of NAPL into the vapor phase, where the contaminant
is likely to exist in solution with soil pore water (Stephanatos, 1988). Table 1 lists the
Henry’s law constant (K;) for several hydrocarbon constituents. Constituents with Henry’s
law constants (K;) greater than 0.01 (dimensionless) will have significant volatility and are
amenable to removal by SVE (Danko, 1989; Hutzler et al., 1988). Gasoline is particularly
well suited to SVE because of its high composite volatility (for fresh gasoline, Ky, = 32).
Other petroleum products, such as fuel oil No. 6, are less amenable than gasoline to removal
by SVE because of their lower volatility. Researchers have reported, however, successful
removal of petroleum products other than gasoline with SVE. For example, DePaoli et al.
(1989) reports the successful removal of jet petroleum grade 4 (JP-4) from a site in Utah.
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Henry’s law constant is highly temperature dependent and increases with an increase in
temperature (1.6 times increase for each 10 °C).

Water Solubility--Solubility controls the degree to which a constituent dissolves into
- groundwater and soil pore water in the vadose zone. Constituents present in petroleum
products have widely varying solubilities. As shown in Table 1, pure constituents such as
phenols and simple aromatic hydrocarbons (benzene and toluene) are highly soluble compared
with the alkane constituents. The solubilities of constituents in a hydrocarbon blend or
mixture, however, are different than those for the pure constituents. Differences or large.
variations in the composition of the hydrocarbon blend can result in a large variation of
dissolved constituent concentrations in water. For example, the range of aromatic hydrocar-
bon concentration dissolved in water can vary over one order of magnitude depending on the
composition of the gasoline (Cline et al., 1991). The range in concentrations of aromatic
constituents in water, shown in Table 2, reflects the range of equilibrium concentrations that
may be found in water saturated with gasoline. Soluble constituents in hydrocarbon blends
that are in unsaturated soils are likely to dissolve in widely varying concentrations when
precipitation infiltrates through the soil and becomes part of the soil pore water or mlgrates
into the groundwater.

Soil Sorption Coefficient--Sorption of contaminant liquids to soil particles and organic
matter controls the distribution of released products in the soil and strongly affects product
movement through the vadose zone. A significant portion of the released product often may
be sorbed onto the soil. The sorption of a liquid product to soil and organic matter can be
described by the contaminant’s soil sorption coefficient, K;. Because values for K are not
always readily available, the more common octanol-water coefficient, K, is often used as a.
surrogate for the soil sorption coefficient. Table 1 lists the octanol-water coefficients for
common hydrocarbon constituents. This table shows the strong relationship between the
number of carbon atoms and the octanol-water coefficient; the larger molecules have a much
greater tendency to sorb (i.e., K is a larger value). This explains in part why compounds
such as No. 6 fuel oil, which are high in these "heavy fractions," are very immobile in the
subsurface (viscosity is also an important factor). :

Contaminant Composition--Petroleum hydrocarbons are the most common products.
stored in USTs (EPA, 1988) and constitute the majority of confirmed releases. Petroleum
fuels are composed of a complex mixture of constituents. Each type of fuel has a different
composition and will behave differently in the vadose zone. Contaminants that have a greater
amount of lighter, more volatile fractions (e.g., gasoline) are more applicable to rapid SVE
removal than those with heavier, less volatile fractions (e.g., diesel or heating oils). Hydro-
carbons released into the vadose zone will change composition with time because the more
volatile constituents will partition into the vapor phase and the more soluble constituents will
preferentially dissolve, thereby leaving the less volatile and less soluble constituents in the
soil. The concept of weathering applies to the effectiveness of SVE for removing contami-
nants and the effect on the residual contaminant. Volatile constituents are first removed at
the startup of the SVE system; however, after the system has been operating, the extracted
vapor will be depleted in the lighter-end fractions and enriched with heavier-end constituents.
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TABLE 2. VARIATIONS IN GASOLINE COMPOSITION AND o
AQUEOUS-PHASE CONCENTRATIONS OF FUEL COMPONENTS IN GASOLINE®

Gasoline Composition Aqueous-Phase ‘ - l
Welght % Concentration, mg/L.
Constituent Avg? | (Min-Max)¢ | sp? | AvgP | min-max)® | sp? J |

| Benzene 1.73 _(0.7-3;8) 0.68 | 42.6 (12.3-130) | 189 1
Toluene 9.51 (45-21.0) | 359 | 694 (23-185) | 254
Ethyl benzene 1.61 (0.7 - 2.8) 0.48 3.2 (1.3-5.7) 0.8
m-,p-Xylene 5.95 (3.7-145) | 2.07 114 (2.6 - 22.9) 3.8
o-Xylene 2.33 (1.1-3.7) 0.72 5.6 (2.6 - 9.7) 1.8 °
n-Propyl benzene . 0.57 (0.13-0.85) | 0.14 04 (0.1 -3) 0.1

| 3-4-Ethyl toluene 2.20 (15-32) | 040 | 17 (0.8 - 3.8) 0.3
1,2,3-Trimethyl benzene 0.8 (0.6-1.1) ‘| 0.12 0.7 (0.2-2) 0.2

8After Cline et al., 1991

Avg.= average
°Min. = minimum; Max. = maximum
9SD = standard deviation
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As SVE progresses and volatile fractions are removed, isolated liquid globules may form in
soil pores and prove difficult to remove by SVE alone. Depending on a number of operation-
al factors such as flow rate and total treatment time, less volatile constituents may remain in
the soil as residuals. Conventional SVE techniques may not remove these residual constitu-
ents to an acceptable cleanup level. :

Vapor Transp o'ljt'

. The flow of ‘vapor through soils can be described by application of Darcy’s law.‘ The
applied gradients in the soil will dominate the natural gradients under vacuum conditions.
Thus, this law can be simplified as follows: , :

7

q, = '(k/u) v P, o | Equation 1
where  q, = airflow per unit -area (cm/s)
k = permeability of soil (cm?)
e = air viscosity (g/cm-s) v o ‘
vP, = pressure gradient from applied vacuum ([g/cm-s?]/cm).

The permeability of the soils determines the radius of influence and air discharge rate
for a given wellhead vacuum. The soil permeability depends on various soil characteristics .
such as porosity, structure, grain size distribution, water content, and preferred flow paths.
Therefore, SVE applicability is primarily a function of the permeability and the viscosity and
density of the air flowing through the soil. o

Under ambient conditions, vapor transport can occur by diffusion in response to
concentration gradients, density differences in pore gases, meteorological changes in tempera-
ture, barometric pressure, and wind speed; infiltration of rainfall; and a fluctuating water
table. When a vacuum is applied to the vadose zone, these transport mechanisms are
dominated by pressure gradients induced by the vacuum well system. For soils with
sufficient permeability, advective flow in response to the applied vacuum is far greater than
diffusive flow. For soil layers or lenses with low permeability, the vapor flow is limited by
diffusion transport.

Vacuum applied to a well will cause a negative pressure in the zone in the immediate
proximity of that well. This zone extends radially from the well and is known as the radius
of influence. Within the radius of influence, the vacuum and pressure gradients are strongest
at the well and decrease with increasing distance from the well. Wells placed in different soil
layers containing distinct permeabilities require applicable vacuum rates, flow rates, and time
frames to maintain a similar radius of influence. The interrelationship of these design
parameters will be discussed further in Section 4. g
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Soil Vapor Extraction Process

SVE system equipment consists of commonly used and widely available devices such
as polyvinyl chloride (PVC) piping, valves, and pumps. SVE therefore has an advantage over
other techniques that require more complex designs or single-purpose equipment. A thorough
knowledge of site conditions and SVE processes is still required, however, to achieve . ’
maximum system efficiency and contaminant removal. ‘

Site Evaluation-- _ o

A detailed site characterization should be performed to obtain data needed for SVE
system design. Data obtained from soil borings, soil vapor surveys, and monitoring wells
during the site evaluation include soil type and structure, moisture content, air permeability,
depth to groundwater, and the source, volume, and type of contaminant. As discussed earlier,
permeability of soil is perhaps the single most important soil parameter with respect to the
success of SVE. Permeability incorporates the effects of several soil and vapor characteris-
tics. Among the important soil characteristics to be considered are soil type and structure,
air-filled porosity, particle size distribution, water content, and the presence or absence of
macropores or preferred flow paths. Important contaminant characteristics include contami-
nant composition, vapor viscosity, and vapor density. '

Pilot testing performed along with the evaluation enables specific soil and contami-
nant properties to be determined for use in the full-scale system design. Although SVE is
often implemented without the aid of pilot studies, data obtained through field piloting are
invaluable in defining contaminant levels and in developing full system design. In a pilot
test, a vacuum (or positive pressure) is applied to a vapor extraction well that is screened in
the vadose zone. A pressure distribution is created in the subsurface as a result of the
vacuum. Soil pressure measured in probes, or monitoring wells located at various horizontal
and vertical distances from the extraction well, is analyzed to measure pressure distribution.
Data on soil pressure and extraction well pressure are then used to calculate the soil perme-
ability, radius of influence, and vapor flow rate at different wellhead vacuums. In addition,
effluent air samples provide data on expected initial discharge concentrations. '

SVE applicability and design can be evaluated from pilot test data using a soil
permeability test developed by Johnson et al. (1990a,b). In this test, which is similar to the
oil field drawdown gas permeability test, the drawdown (or vacuum pressure) is measured at a-
monitoring point at a known distance from the vapor extraction well while vapors are
regularly extracted. Field data are used to graphically estimate soil permeability. Calcula-
tions are made of the slope of the regression line that relates gauge pressure (measured at a
sample probe well) to the natural logarithm of the time from which vapor extraction began.
The slope of the line is then used to calculate permeability using the known airflow rate and
viscosity. '

The method developed by Johnson et al. (1990a,b) to determine soil permeability
assumes that the time from initiation of SVE increases along with the vacuum pressure in the
subsurface (i.e., the absolute pressure becomes more negative). Permeability should be
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measured over a long enough period to extract at least one pore volume of air, yet at the
same time, the time interval should be short enough so as not to be limited by variations in
atmospheric pressure. Effective porosity changes can occur after rainfall and when soil-air
moisture condenses and evaporates during diurnal temperature changes. A constant vapor
extraction rate is often difficult to maintain during SVE operation. Therefore, variations in
the vapor extraction rate should be recorded and used when data are evaluated. The sensitivi-
ty of the permeability measurement will be reduced as the variations in the vapor extraction
rate increase. Permeability should be measured at a number of depths and locations around
the vapor extraction well to provide a reasonable estimate of its variability.

System Design-- ‘ ‘ : ) v
The objective of the design process is to develop an SVE system that removes the
contaminant efficiently, in a timely manner, and cost-effectively. This design requires a
knowledge of system effectiveness including contaminant composition and characteristics,
vapor flow path and flow rate, and contaminant location with respect to the vapor flow paths
(Johnson et al., 1990a,b). In situ SVE systems are designed to increase airflow through the
+ contamination zone. Vertical wells or trenches also are used as extraction points. Wells are
used for deep contamination, and trenches are more useful when the water table is close to
the surface. ' ‘ ' : :

‘Basic equipment used in SVE systems (see Figure 2) includes pumps or blowers to
produce the applied vacuum; piping, valves; and instrumentation to transfer -air from the wells
through the system and to calculate contaminant concentration and total airflow; vapor
pretreatment to remove soil particles and water from the vapors treated; and an emission
control device to concentrate or destroy vapor-phase contaminants. '

The radius of influence defines the arca farthest from the vapor extraction well at
which air pressure effects can be measured. The radius of influence is usually estimated as
the distance from the vapor extraction well where the air pressure reduction or vacuum is 1.0
inch HyO. The radius is determined by a site-specific pilot test or is estimated based on
‘permeability. This radius depends mainly on the permeability of the soil, but it is partly
dependent on the applied vacuum. The radius of influence can also be controlled by the
depth to water, the location of the extraction wells relative to the surface, low-permeability
- lenses, or an impermeable surface seal. Air inlet or injection wells also affect the radius of
influence. Inlet wells enable air to enter th subsurface at specific points, and injection wells
force air into the soil. : : ' L

SVE well systems may be used at sites in which lower permeability soils are
interbedded with higher permeability soils. The higher permeability soils help increase the '
radius of influence and move vapors from the lower permeability soils. Wells in soil layers .
with lower air permeability (such as 2- to 3-feet thick clays and silts) should be screened
across the entire stratigraphic sequence of the targeted contaminated soil zone. Hydrocarbon
- vapors will tend to diffuse out of the silt-clay layers and into the interlayered sands or
gravels. The vapors will then migrate to the extraction well or trench. Remediation of low-
permeability soil layers or lenses requires more time because vapor transport is limited by the

13
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diffusion of hydrocarbon vapors throughvlow-permeability‘ soils. For thicker clay-silt soil
lenses, separate layers with individual wells may be targeted to permit a higher wellhead
vacuum and closer well spacings in the lower permeability layers.

The type of blower or vacuum pump selected for use on an SVE system depends on
site and contaminant characteristics. The appropriate blower or vacuum pump can be selected
after the desired wellhead vacuum and resulting total system flow rate are estimated. In
general order of increased vacuum and flow rate, the equipment used includes regenerative
blowers, rotary positive blowers, turbo exhausters, multistage centrifuge pumps, and liquid
ring vacuum pumps. An air-water separator (condensate-collection tank) often is used on the
blower to collect most of the soil moisture condensation. Some condensation also may
collect in the extraction piping. Because this air is continually in contact with hydrocarbon
vapors, it may contain significant concentrations of dissolved hydrocarbons. Special handling
and disposal procedures may also be required. Appropriate equipment is selected based on
performance characteristics, mechanical reliability, and cost. )

SVE can be operated and controlled automatically via microprocessors, or it can be
manually operated. Volume flow rate and vapor concentration are monitored to assess
cleanup progress. These data can then be converted to a mass flow rate. Vapor extraction is
operated in a continuous or "pulsed” (i.e., intermittent) mode. Pulsed venting is generally
more energy efficient. : |

Vapor treatment can easily double the cost of implementing and operating an SVE
system. Hydrocarbons from extracted vapor streams can be removed or destroyed by granular
activated carbon (GAC) adsorption, incineration, catalytic oxidation, and internal combustion
engines (ICEs). GAC is commonly used to treat vapors because of its ease of implementation
and operation, its ability to regenerate spent carbon, and its applicability to a wide range of
contaminants, concentrations, and flow rates. Because of the increased costs of carbon
regeneration or replacement, GAC generally may not be the most cost-effective option when
hydrocarbon concentrations/mass removal rates are high. Incineration, which uses very high
~temperatures (760 °C/1400 °F or higher) to destroy vapor-phase contaminants, is well suited
for streams with high concentrations because it can become self-sustaining at vapor concentra-
tions greater than approximately 10,000 parts per million volume (ppmv); below this level,
however, supplemental fuel must be used. Catalytic oxidation employs a precious metal
formulation as a catalyst to allow the reaction to occur at temperatures of 427 °C (800 °F),
thereby resulting in reduced fuel costs. The incoming vapor stream concentration is limited
to approximately 3,000 ppmv because the heat of combustion will destroy the catalyst at
higher concentrations. Results of ICE system tests show that the units reduce hydrocarbon
concentrations (>99%); however, a supplemental fuel source is usually required.

Biofilters is another option that is gaining acceptance for treating extracted contami-
nant vapor. Contaminant vapors from extraction wells are introduced into a sealed soil
mound that serves as the medium for microbial degradation. Vapor emissions from these
biofilters do not require further treatment.
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SVE systems may not require vapor treatment if emission rates are below levels
defined by the state or local regulatory agency. This exemption generally occurs when
airflow rates or contaminant concentrations in soil are low. S

System Performance Monitoring--

Monitoring is performed to determine the amount and movement of pollutants in the
subsurface environment before, during, and after remediation (Fan and Tafuri, 1992). An
effective monitoring program includes the design of a reliable well network to determine and
assess site conditions. The followmg should be considered in setting up an effective
monitoring network:

« At least one well should be placed upgradient or outside the contamination
zone so that accurate background levels can be monitored.

« Sufficient downgradient wells should be available to adequately monitor the
horizontal and vertical extent of contamination, especially in complcx stratig-
raphy or fluctuating groundwater table areas.

« Wells should be screened in the contamination zone. Special attention should
be given to the design of the length of well screens. Longer screens are more
likely to intercept the contaminant plume, but may result in diluted soil gas or
groundwater samples. Shorter screens provide better concentration estimates,
but require more accurate placement to ensure the plume is intercepted.

» Well screen length in the capillary zone must be longer than the total depth of
groundwater fluctuations in order to adequately monitor floatmg NAPL. ‘

o All pathways for potential contaminant migration should be momtored in
multiple stratigraphies and aquifers.

The overall objectives of a monitoring program are to: (1) assess site conditions to
determine a remediation approach, including the feasibility and requirement of a "no-action"
decision; (2) evaluate the progress of in situ treatment; and (3) determine site conditions
following treatment.

A field monitoring program should be conducted to select and design the final
corrective action approach. Field sampling will be included in the monitoring program to -
verify soil and site characteristics and to confirm previous assumptions regarding the
subsurface. The monitoring well network must be properly designed and operated to
determine contaminant movement and to examine passive biodegradation potential. (Natural- .
ly occurring biodegradation may be a feasible option for attaining site remediation. To assess -
this "no-action" alternative and to evaluate decision criteria, the monitoring network should be
designed in conjunction with site-specific vapor and groundwater transport modeling.)
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_ After a technology has been selected, designed, and installed, the treatment system
performance must be continually evaluated to ensure its effective operation. Remediation of
petroleum product releases is often a long process. A treatment technology is usually
designed to remove one or more specific constituents to a specified level that conforms to
regulatory standards. Performance is then evaluated by measuring the concentrations of each
contaminant of concern and comparing those levels to cleanup goals.

SVE performance monitoring of airflow rates and vapor-phase concentrations and
composition in extracted vapors directly measures the rate of volatile hydrocarbon removal by
the system. Monitoring data typically show that removal rates decrease as the cleanup

-progresses and the most volatile compounds are removed. Airflow rates and hydrocarbon
vapor concentration and composition are monitored at periodic intervals determined by site
conditions and SVE system design.- Monitoring results can be used to optimize SVE
operation and minimize the time and cost of cleanup. Once a sufficiently low rate of
hydrocarbon mass removal has been reached, the practical performance limits of the SVE
system may have been achieved. B

Two basic types of SVE performance categories have been defined by Chevron
Research and Technology Company (CRTC) based on soil and site conditions controlling
hydrocarbon mass removal rates (CRTC, 1991). These categories are advection and diffu-
sion-limited sites. The rate of hydrocarbon removal at sites where soil subsurface vapor
transport is predominantly by advection is primarily a function of hydrocarbon volatilization
and airflow rates. Consequently, hydrocarbon removal rates decline toward a near zero
asymptote. Once near-zero asymptotic removal rates have been achieved for advection-
dominated sites, soil sampling can begin prior to site closure.

Diffusion-limited sites typically contain heterogeneous soils consisting of layers of
different air permeabilities in which vapor flows along preferential pathways in soils with
higher air permeability. Soils in the airflow pathways are remediated early during SVE
operation, whereas hydrocarbon mass transfer from lower permeability soils is controlled by
the rate of diffusion of hydrocarbon vapors into the airflow pathways. For these sites,
hydrocarbon mass removal rates decrease to a nonzero, diffusion-limited asymptotic value.
Diffusion-limited sites may require significantly longer SVE operation to adequately reduce
hydrocarbon concentrations in lower permeability soils.

Site remediation is complete once the cleanup goals and cleanup criteria have been
met and maintained or when the limits of the corrective action technology have been reached
and the remaining contaminants pose no threat to human health or safety. Remediation
should not be suspended only because the cleanup criteria have been met. Site monitoring
should continue after cleanup because contamination levels can increase even after treatment
stops. The following are some of the causes of increased site contamination levels:
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e Adsorbed contaminants or contaminants in low-permeability zones can persist in
the subsurface but may not be detected at monitoring wells during system '
operation. These contaminants will tend to disperse after shutdown, i mcreasmg
contamination levels in soil gas or groundwater

. Soil gas or groundwater ﬂow patterns created by extraction wells can dilute
samples. After pumping stops, normal ﬂow patterns return and concentration
levels may increase. :

The decision to discontinue monitoring should therefore be made jointly with
regulatory offic1a1s and experienced professionals to ensure that remediation is actually
complete. A : :

Trends in SVE Application

SVE has found widespread application for remediation of soils impacted through the
release of gasoline and other petroleum products from USTs. The performance of SVE
applications has recently led to improved treatment approaches through use in combination.
with in situ air sparging (the introduction of air into the subsurface to facilitate volatilization
of organic compounds) and in situ bioremediation (referred to as bioventing). SVE has also
been used in stockpiled soil mounds to augment bioremediation. SVE systems will find wider
application to complex subsurface conditions once a better understanding is gained of vapor
flow physics and contaminant fate. Models for predicting subsurface vapor flows will
continue to become more sophisticated and provide the required tools to enable an under-
standing of soil/vapor/contaminant systems. Advances in analytical and field investigation -
approaches will enable a more accurate assessment of contaminant transport. In addition, a
cleanup evaluation will be attained through the use of innovative statistical techniques.

Application of SVE to more restrictive subsurface conditions will be expanded
through use of horizontal well systems and high-vacuum techniques. Vacuum-enhanced
pumping systems that remove air and groundwater simultaneously are proving very effective
for some sites. Subsurface pneumatic fracturing and bioaugmentation will also be used with .
SVE at future sites. More types of contaminants will be amenable to removal by SVE
through steam injection, subsurface radio frequency, or other radiation sources that increase
volatilization and use gases other than ambient air. Advances in discharge air treatment
technologies will allow SVE to be used in areas where regulatory discharge limitations
previously restricted these technologies.

The overall trend in SVE is toward increased sophistication in the assessment of
subsurface conditions, simplification of system design, coupling of treatment technologies, -
and application to increasingly complex sites. Decision-support tools are being developed to
assist in selecting and evaluating the design of SVE systems in integrated treatment systems.
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Soil Vapor Extraction System Modeling -

.. Models are physically or mathematically constructed to simulate or approximate the
behavior of an actual physical process. Models are used as an aid for understanding
processes or portions of processes with a high degree of complexity or that cannot be readily
understood by direct observation. Models are. particularly valuable in evaluating the perfor-
mance of a soil-vapor-groundwater system prior to construction of a remediation system.
Such models also can be used to determine the applicability and effectiveness of a particular
corrective action technology and can lower the-cost associated with trial-and-error system
design and operation. ' : - o

Effective SVE process modeling has many practical implications. For example;,
efficient modeling leads to a better examination of process feasibility, a more accurate
prediction of potential performance, and the development of system engineering design .
criteria prior to SVE implementation. This section presents a short summary. of the applica-
tion of microcomputer models for demonstrating how an SVE system influences the soil
vapor transport. This section also presents an evaluation of the feasibility of using SVE for

site remediation. - Table 3 is a summary matrix of general types of models.

- The effective design of an SVE system requires an understanding of the mechanisms
that control the fate and transport processes and the site characteristics that affect them. SVE
is affected by the following major processes: advection, diffusion, dispersion, partitioning,
and abiotic and biological transformations. ‘ S .

- The results of laboratory SVE column experiments and the results from field-scale
implementation of SVE have been analyzed and developed into mathematical models.
Subsurface vapor transport models (a larger group of models) were examined to determine
their use in evaluating SVE systems. The seven model types within this group include
models developed to simulate laboratory column studies, models developed to simulate
laboratory pilot (sandbox) studies, SVE screening models, models developed to simulate the
field-scale effect of SVE,. subsurface flow models for calculating vapor flow rates and
pressure distributions, and groundwater flow models modified to approximate vapor flow.

. Although each of these types of models has an importént application in subsurface .
vapor transport, only those models that can simulate SVE systems on a personal computer
will be discussed. . C _ o ‘

Column Models-- » L

Column models have been developed to simulate laboratory column studies and to
determine the effectiveness of various fate and transport processes under simplified and .
controlled column conditions. Column studies incorporating computer modeling have been
conducted as part of the SVE treatability study and research. T ' '

Wilson (1991) developed an SVE column model to simulate one-dimensional flow in
laboratory column studies. This model was used to determine the local equilibrium between
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the vapor phase, aqueous phase, adsorbed state, and nonaqueous liquid phase. The model
considered the effect of advection and diffusion/dispersion in-the vapor and aqueous phases.
Biological degradation was also modeled as a first-order process in the aqueous phase. In
addition, sorption parameters can be determined based on the test results obtained by use of
the Freundlich, Langmuir, and BET adsorption 1sotherm charactenstlcs

Screening Models--

SVE screening models are primarily used to semiquantitatively estimate the feasibility
of SVE for application at a specific site. These models also may provide estimates of des1gn
parameters used to size an SVE system. Johnson et al. (1990a,b) presented a useful screening
approach for determining the feasibility of SVE at a particular site. This practical approach
makes use of equations that estimate VOC removal rates and pressure distributions for various
SVE design parameters. The two models that were developed based on this approach are
VENTING and HyperVentilate.

VENTING can be used to estimate the rate of VOC removal from the vadose zone
under SVE conditions. This model assumes a steady gas flow, equilibrium partitioning
between the free product and vapor phases, and complete mixing of free product and vapor in
order to reduce the mass of each contaminant component during the extraction time. The
mass balance only considers partitioning from the free-product phase into the vapor phase. It
also assumes that the aqueous and adsorbed phases make negligible contributions to the vapor
phase. The volumetric gas flow rate is the key parameter that determines the VENTING
modeling results. The flow rate may either be input directly based on field measurements or
may be estimated based on the permeability of the contaminated soil and the vent pressure.
VENTING also provides a method of estimating permeability by use of permeability test data.

HyperVentilate was developed independently from venting and is designed to be used
as an instructional tool to identify required site data, decide if SVE is appropriate at a site,
evaluate air permeability tests, and estimate the minimum number of wells needed. It is not
~intended to be a detailed SVE predictive modeling or design tool. The basic model principles
and computer software structure are discussed further in Section 2.

Subsurface Vapor Flow Models--

Subsurface vapor transport models calculate the two- or three-dimensional flow of
soil vapor through a porous medium as a result of the pressure gradient created by an
extraction well. These models do not consider the contaminant concentrations in the soil
vapor, but do simulate vapor compressibility. An example of this type model is CSUGAS, a
three-dimensional finite difference model that numerically simulates the flow field of a
compressible gas in a porous medium as a result of the influence of an SVE system. The
finite differences method is used to numerically approximate a solution to the system of
equations. This method also allows for use of a heterogeneous and isotropic porous medium
with gaseous flow under steady-state or transient conditions. Model applications include
selecting design parameters, determining the feasibility of SVE at a particular site, and
evaluating proposed modifications to existing SVE systems.
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Airflow is a two-dimensional finite element radial-symmetric model that simulates the -
flow of vapors in the unsaturated zone. It computes vapor pressure distribution resulting from
a vapor extraction well at steady state for an'ideal, compressible gas in vertical section.
Different vapor characteristics can be simulated by using different gas constants, molecular
mass, viscosities and temperatures. The model can simulate heterogeneous and anisotropic
permeability zones. A variety of boundary conditions can also be imposed.

Airtest is a two-dimensional analytical radial-symmetric model that can be used to
estimate permeabilities from test data and/or estimate pressure distribution and flow in soil.
The program is currently being tested and documentation is being developed The program
can be run in either interactive or batch mode.

Groundwater Flow Models--

Groundwater flow models are another approach for predicting the pressure distribu-
tion and flow of an SVE system for design purposes. Because equations used to describe
vapor and groundwater flow in a porous medium are similar, groundwater flow models can be
used to approximate the pressure field and flow of a given system design. Use of groundwa-
ter models is advantageous because they are readily available, well documented, previously
validated, and may already be familiar.

A commonly used groundwater flow model is MODFLOW. The U.S. Geological
Survey (USGS) developed this three-dimensional finite difference groundwater flow model to
simulate many hydrologic systems (McDonald and Harbaugh, 1985). Several optional
features of this model, however, are not applicable for simulating airflow. The model is
divided into packages that represent a hydrologic or computational feature. The packages are
further divided into module subroutines designed for use in a particular package. The two
packages that are the most pertinent for SVE applications are the Block Centered Flow (BCF)
Package, which simulates flow within a porous media, and the Basic Package. The Basic
Package includes definitions of the number of rows, columns, and layers in the finite
difference grid, analysis timing, initial pressures (head for groundwater), boundary conditions,
output timing and format, and volumetric balance.

Recent SVE system designs for removing VOCs have mostly been empirically based
because of the simplicity of the process and the lack of analytical tools capable of aiding
system design. Many numerical models have practical applications in actual field situations
that can evaluate the effectiveness of SVE in removing organic vapors. Sensitivity analyses
can be used to determine the role of soil moisture, temperature, soil heterogeneity, and other
factors in controlling the migration of volatile constituents through the unsaturated zone. The
process of contaminant desorption from soil particles involves three consecutive mass
transport steps. This process can be used to determine final cleanup efficiency. It also can
result in significant differences in removal lates for the various types of soils and volatile
organic components.
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The focus of this document is on evaluating the practical use of the IBM-compatible
version of HyperVentilate as a screening model The principles, structure, and analyses of
HyperVentilate are discussed in detail in Sections 2 and 4 of this document. An application
using site data is presented in Section 3. C
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SECTION 2

HyperVentilate

BASIC MODEL PRINCIPLES

HyperVentilate, an interactive, software guidance system, is a useful tool for
evaluating the feasibility of using SVE at a specific site. HyperVentilate was designed for
use as a guide to achieve the following: (1) to identify the level of site data needed to
evaluate SVE systems, (2) to determine if soil venting is appropriate at a site, (3) to evaluate
soil permeability test results, and (4) to approximate the minimum number of extraction wells
likely to be needed. The basic model principles presented in this part of the document are
based on information presented by EPA, 1991, and Johnson et. al., 1990.

Software Characteristics

HyperVentilate Version 1.01 was originally developed for the Apple Macintosh (Plus,
SE, Classic, LC, 1I, Portable, or Powerbook) computer with 2 MB RAM and the Apple
Hypercard Software Program (Version 2.0 or higher). HyperVentilate Version 2.0 is now
available for IBM compatible PCs equipped with an 80386 processor, 4 MB RAM minimum,
VGA or 8514, DOS 3.1 or higher, Microsoft Windows 3.x and Spinnaker PLUS 25 or
higher. The version of HyperVentilate that will be available through the EPA will have a
“run time" version of Spinnaker PLUS sufficient to run only HyperVentilate.

HyperVentilate is composed of a system of multiple stacks of cards in which each
computer screen view is called a card. Related cards that follow in sequential order are
organized into card stacks, and the main card stack is the soil venting stack. To obtain
further explanation of individual cards within this stack, secondary card sets can be accessed
through the soil venting help stack. Other supporting stacks include the air permeability test
stack, the aquifer characterization stack, the system design stack, and the compound list
update stack. The multiple card file system has the flexibility to allow the user to access part
of the software without having to work through the entire program.

The HyperVentilate software system uses these stacks to provide card sets with
information and calculations on nine major topics associated with implementing SVE. The
following sets of cards are used:
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"Is Venting Appropriate?";
Field Tests;

System Design;

About Soil Venting;

Site Investigation;

System Monitoring;
Economics;

System Shutdown; and
The "Practical Approach.”

The first three card sets listed allow the user to perform calculations related to SVE
feasibility, field tests, and design. The other six sets provide technical information on SVE
concepts, techniques, and procedures. The following subsections provide information on the
basic principles and calculations used in these HyperVentilate stacks.

Venting Applicability

A preliminary estimate of SVE applicability is calculated in the "Is Venting Appropri-
ate?" card set and is based on projected estimates of contaminant characteristics and soil
permeability. The first set of calculations is an estimate of ranges of extraction well vapor
flows. These ranges are based on input values of the air permeability associated with a given
soil type, the radius of the extraction well, the estimated vapor extraction well radius of
influence, and the thickness of the subsurface over which vapor extraction is implemented.
The following equation is used to estimate the actual horizontal flow rate:

Qwell_n kp (1 -(Paym/P W)2] ' Equation 2
H 2 In(Ry/R))

where Quen = actual airflow rate at extraction well (cm3/s)
H = vapor extraction mterval thickness (cm)
k - soil permeability (cm )
il = viscosity of air (1.8 x 10 g/cm-s) ,
P, = absolute pressure at extraction well (g/cm s2)
P,m = absolute ambient pressure (1.013 x 106 g/cm-s2)
R,, = radius of vapor extraction well (cm)
Ry = radius of influence of vapor extraction well (cm)

The units shown in parentheses illustrate that the use of this equation requires a
dimensionally consistent set of metric or English units. The flow rate (Q well) Obtained from
Equation 2 is the flow rate that would be ‘measured under the given wellhéad vacuum and soil
permeability conditions. To convert Q well O standard volumetric units (Qg), Qwell is
multlphed by the ratio of Py/P,,, as follows:
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Quen X = Qg Equation 3

Patm

Qg is expressed in standard cubic feet per minute (SCFM) in the HyperVentilate program,
and Q,,; is in actual cubic feet per minute (ACFM).

The "Is Venting Appropriate?" section of the software calculates flow rates in SCFM
for five extraction well vacuums ranging from 5 to 120 inches H,O. Users can also input one
vacuum pressure of their choice. In the "System Design" section, the flow rate in SCFM is
calculated for the user specified wellhead vacuum.

The second set of calculations in the "Is Venting Appropriate?" card set estimates
constituent vapor pressure and vapor concentration. A data base supplied by HyperVentilate
is used to determine these vapor estimates for application to gasoline and weathered gasoline.
This data base defines the chemical composition of gasoline-and the vapor pressures for 62 of
the chemical constituents identified in gasoline. The program enables the user to enter mass
fractions for these constituents into the data base. The method of estimating vapor concentra-
tion is described in Johnson et al., 1990a. The equilibrium or "saturated" vapor concentra-
tion is the maximum vapor concentration of any mixture of volatile constituents in extracted
vapors. This concentration is easily calculated based on the molecular weight and vapor
pressure at the soil temperature for each constituent in the contaminant mixture, the residual
soil contaminant composition, and the ideal gas law using Equation 4:

v
xIP Mwi Equation 4
Cest = ¥ iw, quation
7 RT

where Cest = estimate of contaminant vapor concentration (mg/L)
X3 = mole fraction of component i in liquid-phase re51dual (x; = 1) for
single compound
Pi" = pure component vapor pressure at temperature T (atm)
M,,;i = molecular weight of component i (mg/mole)
R = gas constant = 0.0821 1-atm/mole-K
T = absolute temperature of residual (K)

The software adjusts the vapor pressure and concentration estimates to allow for soil tempera-
ture changes. :

The third calculation estimates maximum removal rates as a function of the maximum
vapor concentration and the estimated vapor flow rate:
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Rest = Cest Quel ' Equation 5

where R, = estimated removal rate (kg/day or Ib/day)
Quen = flow rate from soil venting operations (ACFM)

Maximum removal rates are estimated based on the range of extraction well flow
rates (Qy¢p) previously estimated in Equation 2. “A preliminary assessment of SVE feasibility
can then be made by comparing the desired removal rate with the estimated range of removal
rates. The desired removal rate is calculated by dividing the estimated spill mass M) by
the desired remediation time. SVE is considered to be feasible at this point in the evaluation.
If the desired removal rate is less than the maximum removal rate at the desired extraction |
well vapor pressure. g

After the desired and estimated removal rates are evaluated, the minimum volume of
air required to remove 90% of the residual gasoline in the soil is estimated as.V ;... The
estimate along with previously estimated parameters, is used to determine the number of
vapor extraction wells required for site remediation. Johnson et al., 1988, developed a
correlation between the gasoline vapor concentration versus the air volume extracted over
time. This correlation is used to derive the air volume required to remove a given percentage
of residual hydrocarbons in soil. The HyperVentilate software calculates vapor concentration
and residual concentrations in 5% increments to estimate Veriticalr  The following equation is

used to estimate the number of vapor extraction wells required based on Vritical:

Nweiis = (Veriticar X Mspi)(Quen X e x Ar) Equation 6

where additional parameters are: V critical - = Minimum volume of air required to remove
: ' ' - 90% of residual gasoline
Mspilll‘ = mass of spill : :
Quen = flow rate from extraction wel
e efficiency of removal
At = desired remediation time

When Equation 6 is used to provide a preliminary estimate of SVE feasibility, it is
assumed that the well efficiency is 1.0 (100%) for initial estimation purposes. In the design
stack, the program calculates the number of wells based on V critical Using Equation 6 and on
area using Equation 7 as follows: ~ S : L

(R)?

(R)?

Nyeolis = Equation 7

27




where R, = radius of contamination
R; = estimated radius of influence

The number of vapor extraction wells initially required is best estimated prior to field
data collection. This estimate can be used to guide field data collection activities and to
approximate the feasibility of implementing SVE at a given site.

Field Test Evaluation

The section of HyperVentilate dealing with air permeability field data evaluations can
be found in the Field Tests set of cards. Air permeability tests use airflow and transient air
pressure measurements taken from a field SVE test to estimate the permeability of the
unsaturated soil matrix. The permeability estimation process follows methodology presented
in Johnson et al., 1990a. The resulting permeability measurements can be compared with the
values previously estimated for the various soil types found at the site. The permeability
calculations in HyperVentilate are independent of the other portions of the software. The
user, therefore, can choose the calculated permeability values from this part of the program or
the permeability values estimated from the soil type.

System Design

The SVE system design stack of HyperVentilate discusses the number and location of
extraction wells needed, well construction, surface seals, groundwater pumping systems, and
vapor treatment. The section on the number of extraction wells required is the only section .
that provides calculation spreadsheets. These spreadsheets or cards essentially repeat the
calculation steps (i.e., Equations 2, 4, 5, 6, and 7) used in the "Is Venting Appropriate?” :
stack. The multiple soil units are evaluated with respect to the total mass of contaminants, |
critical volume of air needed to remediate 90% of the residual petroleum hydrocarbons,
estimated flow rate per vapor extraction well, and minimum number of vapor extraction wells
required. In addition, the regional efficiency is provided and the number of extraction wells
is estimated. HyperVentilate provides methods for estimating efficiency in two different
subsurface cases: (1) vapor flowing past liquid layers floating on the water table and (2)
diffusion of vapors from contaminated low-permeability lenses.

COMPUTER SOFTWARE STRUCTURE

HyperVentilate is interactive software with a dual nature. On one level, it is tutorial,
intended to help the user understand the nature and distribution of hydrocarbons in the
subsurface and to determine if SVE is an appropriate remedial technology at a given site. On
another level, it is computational, allowing the user to work through several sequences of
operations to determine if SVE is appropriate for use under specific site conditions.
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HyperVentilate Multiple Stack Cards

HyperVentilate comprises 100 cards made up of six stacks that provide calculations
and information on nine topics as listed on pages 22 and 23. Each topic is handled with a set
of cards. The first three sets ("Is Venting Appropriate?," Field Tests, and System Design)
take the user through the systematic decision process and evaluation of SVE. The other six

sets provide Help cards or technical information on SVE concepts, techniques, and economics.

In this subsection, the cards used in the SVE decision process will be discussed sequentially.

Entering HyperVentilate-- : '

Upon opening the HyperVentilate icon, the user finds two disclaimer cards. Clicking
on the "NOPE" button will exit HyperVentilate and return the user to the Windows menu.
The user must "click" on the "OK" buttons on both cards to proceed into the software. The
next card is the main menu or home card that can be used to directly access different stacks.
If the user is familiar with the software and wants to access a specific card or stack, the user
can click on any of the folder tabs on the right side of the screen. The user should proceed
to the next card if unfamiliar with the software. The next card is the equivalent of the
software’s cover page and table of contents. The fourth card, Card 1 of the soil venting
stack, provides an introduction to the software. Cards 2 through 6 and subordinate cards that
can be accessed from these cards introduce the user to soil venting and the soil venting
system design process.

"Is Venting Appropriate?"--

Cards 8 through 13 contain the first set of cards with computations designed to obtain
a rough approximation of SVE feasibility at a specific site. The user should be able to obtain
or estimate the required input parameters for these cards from data obtained from a prelimi-
nary site investigation. These computations allow the user to estimate the desired system
contaminant removal rate. Card 13 has a range of values for the maximum estimated
contaminant removal rate. The following scenarios are used to interpret the results and to
determine whether to use SVE: '

 If the desired removal rate is less than the lower estimate for the removal rate,
soil venting is probably a viable remedial technology.

» If the desired removal rate falls between the upper and lower estimates for the
removal rate, application of soil venting may not be successful.

* If the desired removal rate exceeds the upper estimate for the removal rate, soil
venting is not likely to be appropriate and other treatment alternatives should be
considered. S ‘

The calculations on Cards 14 through 18 allow the user to refine this initial estimate,
taking into consideration anticipated compositional changes in the contaminant mass over the
course of remediation. The calculations estimate the minimum number of wells likely to be
required to achieve remediation within the specified time. These two initial approximations
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consider ideal circumstances in which the vadose zone containing contaminants is essentially
homogeneous and contaminants are distributed uniformly.

Other Considerations-- :

Card 19 provides the user with information and equations for four special cases that
can affect vapor extraction well efficiency. The cards used to access the four special cases
are the "Dilution Effects” or "Ground Water Upwelling" buttons, which are strictly tutorial;
the "Liquid Layers" button, which provides an explanation of how the contaminant removal
efficiency can be calculated when an NAPL layer is present; and the "Low Permeability
Lenses" button, which lets the user access cards that explain how to calculate the removal rate
of contaminants in a lens of low-permeability material.

Field Tests--

Cards 20 and 21 deal with field tests that should be performed in support of a soil
venting system design. Clicking on the "Aquifer Characterization" button on Card 20 opens a
support stack that identifies the circumstances that warrant aquifer characterization, provides a
brief description of aquifer characteristics, and identifies useful references on aquifer testing.
Clicking on the "Air Permeability Test" button on Card 21 opens a support stack that-
describes how to conduct and evaluate an air permeability test.

System Design--

Cards 22 through 24 provide a thorough overview of all aspects of the vapor extrac-
tion system design. On Card 24, several buttons access cards in the system design support
stack. All of these buttons, except "Number of Extraction Wells," open up tutorial cards.
The "Number of Extraction Wells" button opens up a sequence of cards (System Design
Cards, SD1-4) that allow the user to refine the estimate of the number of extraction wells
likely needed to achieve remediation through SVE at the defined site. System Design Cards
SD2-4 contain tables that allow the user to subdivide the unsaturated zone interval slated for
remediation into eight units, based on stratigraphy and contaminant characteristics. Each of
the units identified by the user generates the following: (1) range of flow rates per vapor
extraction well, (2) minimum number of wells based on a comparison of the radius of
snfluence with the radial area of contamination, and (3) range for the minimum number of
wells based on the estimated volume of soil vapor (in liters) that must be removed to recover
each gram of residual contamination.

Tutorial Cards-- ,

Cards 25, 26, and 27 contain tutorial material concerning appropriate system monitor-
ing parameters, system shutdown criteria, and soil vapor extraction economics, respectively.
The final card, Card 28, identifies the original intent of the software and acknowledges the
contributions of people who have participated in the software’s development.

Software Inputs and Outputs

The following input information is required for use of the HyperVentilate software:
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» Soil types or permeability range;

e Vapor eXtractioh well radius; -

 Estimated radius of influence of the vapor extraction well;

* Thickness of subsurface interval over which vapor extraction occurs;

» Estimated vacuum pressure at extraction wells;

* Contaminant type: gasoline, "weathered" gasoline, or other chemical constituent
- (molecular weight and vapor pressure at 20 °C and boiling point at 1 atm needed

if a constituent is not 1n the data base);

» Average subsurface soil temperature;

* Estimated spill mass;

* Desired remediation time;

e Screened interve.l of vapor extraction well;

* Stratigraphy of contaminated layers: soil types and depth intervals;

« Radius of contaminant layers

« Contaminant distribution thickness;

« Average contaminant concentration;

. InfOrmation on air permeability test analysis including:’ |

- Vapor pressure versus time measurements at vapor momtormg wells based on
short—term permeablhty tests;

- D1stance of vapor monitoring wells from vapor extraction well;

- Vapor extraction flow rate and vacuum pressure apphed during permeablhty
. test.

Note: The radius of influence depends on soil permeability, extraction well vacuum, and
boundary effects and must be estimated for program input. The equations used in HyperVen-
tilate are not very sensitive to the radius-of-influence parameter; a value of 12 meters or 40
feet is often used for estimating purposes. :
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HyperVentilate guidance software provides the following output information:
« Estimated range of potential flow rates from a single vapor extraction well;
» Composite contaminant vapor pressure and concentration at a given temperature;
« Desired contaminant mass removal rate;
« Estimated maximum mass removal rate;
» Minimum air volume required to remove 90% of the initial contaminant residual;

« Number of extraction wells required at different measurements of inches of
wellhead vacuum pressure;

« Contaminant removal efficiency;
« Permeability based on air permeability site tests;

« Contaminant mass based on average contaminant concentration and extent of
contamination;

« Estimated minimum number of extraction wells required with the design vacuum
pressure.

Input Parameter Req uirements, Data Sources, and Software Constraints

In this section, each input parameter is presented in the order in which it appears on
the HyperVentilate cards. When the software calls for a given input parameter, both the
source of that parameter and the software constraints on the use of that parameter are
addressed. The software constraints are also summarized in Table 4. As indicated earlier,
HyperVentilate is available (with minor differences) for both Apple Macintosh and IBM-
compatible systems. This evaluation will focus on the IBM-compatible version, but differ-
ences between the two versions will be identified. Table 5 presents a summary of the relative
importance, effects, and realistic range of values of the different input parameters presented in
this section. ’ .

Permeability (k)-- o

Permeability, expressed in darcys, is first required on Card 8 (Flow Rate Estimation).
As mentioned earlier, Cards 8 through 18 ("Is Venting Appropriate?” stack) represent a
cursory evaluation of SVE feasibility based on data acquired early in the site-investigation
process. As such, permeability ranges entered on Card 8 (Flow Rate Estimation) are expected
to be determined based on soil type identified from descriptions of soil boring logs or tank
excavation sidewalls.
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The software provides four default permeability ranges on Card 8 (Flow Rate Estima-
tion). Each range is one order-of-magnitude in size.  Given the lateral and vertical heteroge-
neity common to many sites, these ranges may often be too conservative. The user can enter _
alternative permeability ranges if the available default permeability ranges seem either too
broad or too narrow for the site in question, or the soil type is not applicable to these default
ranges. If the user’s estimated permeability or hydraulic conductivity values are expressed in
other units, the nomograph on Card H13 (Help: Soil Permeability) or the. computational ‘
routine on Card H15 (Help: Unit Conversion [k and K]) can automatically convert the units
and/or convert from saturated hydraulic conductivity values to corresponding permeability .
(intrinsic) values. ' o

When large permeability values outside of the practical range are entered, the resulting
flow rate values may exceed the size of the display field provided for them on the card. In’
these instances, the last digit(s) in the flow rate display are displaced to the next lower line, -
thereby disrupting the flow rate table. -In the Apple Macintosh version, permeability values in
the gravel range (=104 'darcys) can result in flow rate values larger than the available flow
rate field. In the IBM-compatible version, the flow rate display field is larger, and this
problem does not occur until the user enters a permeability value of 10° darcys. Because this
is an unrealistic value, the problem should not occur for the majority of site permeability

values.

The next opportunity to enter permeability values is on Card H29 (Help: Boundary
Layer Equations - Calculation). This is the computational card for the "Help 6b, Liquid
Layer" special condition (Card 19). At this point in the program, it is likely the user has
refined estimates for unsaturated zone permeability. These refined estimates may come from
additional drilling, field air permeability testing, or laboratory permeability testing. Although
the software automatically defaults to the value range last entered on Card 8 (Flow Rate :
Estimation), the user can change these values to reflect new permeability estimates. Card
H29 computes the relative efficiency of the vapor extraction system in the presence of a
liquid hydrocarbon layer. Relative efficiency of the SVE system decreases with increasing
permeability. In both versions of the software, the following fairly routine parameter values
are entered on this card: (screened thickness = 10 feet, radius of influence = 50 feet, venting
well radius = 4 inches, applied vacuum = 120 inches H,0, and radial width of contaminated
zone = 100 feet). The computations will provide unique relative efficiencies for permeability
values ranging from 102 1o 10% darcys.

The final location for entering permeability values is in the system design stack on
Card SD3 (Design Input). Ideally, the values for k entered on this card have been derived
from either field or laboratory permeability tests (discussed on Card 21 - Field Tests). The
user can input a unique range of k values for each of the defined stratigraphic or contaminant
layers that will provide the system designer with a more accurate projection of the number of
wells needed to remediate each layer. ’ :
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Well Radius (Ryy)--

As with permeablhty, the venting well radius is first entered on Card 8 (Flow Rate
Estimation) and carried through Card 18 ("Is Venting Appropriate?"). -‘Most vapor extraction
wells tend to be constructed of 2- to 4-inch inside-diameter PV.C. ‘Because the permeability
of the sand- or gravel-packed annular space around the screened interval tends to be signifi-
cantly more permeable than the formation material, the effective well radius can be consi-
dered equal to the borehole radius. This would include the well and sand- or gravel-packed
annular space.

As a result, the Ry values that the user should enter on Card 8 (Flow Rate Estima-
tion) will depend on the anticipated design diameter of the well and the drilling method to be
used to install the venting well. Boreholes resulting from rotary drilling techniques usually -
have diameters that closely match the diameter of the drill bit. However, particularly in
coarser materials, augered boreholes may have a diameter more than 2 inches larger than the
outside diameter of the auger flight. Because the system design process has not begun at this
point in the program, the user may use a range of values between 3 and 6 inches on Card 8
(Flow Rate Estimation). -

Card H29 (Help Boundary Layer Equations - Calculation) presents the next opportu-
nity to enter a value for Ry. The software defaults to the value on Card 8 (Flow Rate :
Estimation); however, because system design may have progressed at this point, the user may
have a better idea of the planned venting well radius.

The value Ry is also used in the "Help: Low Permeability Lenses - Calculation”
special condition (Card H30). The user must enter the desired value. This card computes the
diffusion-limited removal rate for contaminants from a low-permeability layer and the
thickness of the low-permeability layer that is "dried out" or depleted of contaminants at
various times, up to 1,080 days. Ry has no significant impact on this latter output parameter.

RW is also entered on Card SD3 (Design Input) of the system design stack.. The user
can assign a unique venting well radius for each of the defined stratigraphic or contaminant’
layers and can use these tables to try a variety of venting well radii-in each interval to quickly
determine optimum well sizes. Conditions discussed regarding Cards 8 (Flow Rate Estima-
tion) and H30 (Help: Low Permeability Lenses - Calculation) continue on Card SD3 (Design
Input).

Radius of Influence (Rp)-- : '
: The radius of influence, as with permeability and the well radlus, is initially requlred
on Card 8 (Flow Rate Estimation). The radius of influence value entered on this card is
carried through Card 18 ("Is Venting Appropriate?").

The radius of influence is defined in theoretical calculations as the radial distance
from a vapor extraction well, where the gauge pressure measured in the soil during an air
permeability test is approximately zero. This is generally identified as the radial distance at
which the measurable vacuum is 1 inch H,O or less. It should be noted that air pressure
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readings showing a measurable vacuum are no assurance of vapor flow or m1grat10n The
radius of influence is a dependent variable that is d1rect1y related to soil permeability, applied
wellhead vacuum, and boundary conditions such as vertical airflow from the surface and
preferential flow paths. Reported R; values for permeable soils have generally been in the
40- to 120-foot range; tighter soils with lower permeability will cause R; results to be in the

10-foot or lower range. Because soil vapor extraction pilot tests are rarely performed early in
the investigation of a site, the user should experiment with the full range of typical values for
this initial evaluation.

The radius of influence is subsequently used in Card AP3 (Air Permeablhty Test -
Instructions) of the air permeability test stack. - This card is reached by first clicking on the
"Air Permeability Test” button on Card 21 (Field Tests) and then clicking on the "Test
Instruction” button on Card AP1 (Air Permeability Tests). Card AP3 is intended to help the
user estimate the duration of an air permeability test. First, the user must enter the estimated
radius of influence. The card then calculates one pore volume of soil vapor within the radius
of influence and the time required to extract one pore volume. The pore volume output box
will only display five significant figures. As a result, large input values for R; (>100 feet) for
"Soil Layer Thickness" and "Air Permeability Test Flow Rate" will cause Pore Volume values
to exceed the display field, and digits at the end of the value for Pore Volume will not be
completely displayed. The user can check for s1gn1ﬁcant figures outs1de of the drsplay by
deleting larger digits from the dlsplay box.

Card SD3 (Design Input) is the final location for entering a value for R;. The user
can enter a unique R; for each of the defined stratigraphic or contaminant layers. For the
system design, the user should have air permeability test data from each of these layers.

Interval Thickness (H)--
Interval thickness, as in the precedmg input parameters, is first required on Card 8
(Flow Rate Estimation), and the value entered on this card is carried through to Card 18 ("Is
Venting Appropriate?”). As used in the software, interval thickness refers to the smaller of
either the length of the screened interval or the thickness of the permeable zone in question. -
“ Under ideal circumstances, these values will be the same. Typically, values for H will fall in
the 5- to 20-foot range. Flow rates vary in direct proportion to changes in interval thlckness

Interval thickness can next be entered on Card H29 (Help: Boundary Layer Equa—
tions - Calculation). The software will use the value entered on Card 8 (Flow Rate Estima-
tion) as a default value, or the user can enter a new value. The upper boundary of the
relative efficiency output reaches 100% at a minimum interval thlckness of 0.1 foot in
medium sand and about 1 foot in clayey silt. :

Interval thickness is entered separately for each contaminant or stratigraphic layer on
Cards SD2 and SD3, respectively. On Card SD2 (Design Input), the user enters a value for H
in the "Interval Thickness" column under "Contaminant Distribution" for each deﬁned
contaminant or stratigraphic layer. This interval thickness should correspond to the "Depth
BGS" interval on the same card On Card SD3 (Design Input), a value for H is entered in the
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"Screen Thickness" column under "Extraction Well Construction” for each defined layer. The
values for H entered on these cards should be the same for each layer in order to match the
screened interval with the interval of concern. Based on the crmcal volume measurement
(volume of air required to remove 1 gram of contaminant mass) a’‘contaminant interval
thickness larger than the screened interval increases the minimum number of wells required.
With this design, the remediation of the contaminant interval not intersected by the well
screen will depend on contaminant diffusion into the vapor flow path. Based on critical
volume, use of a screened interval larger than the contaminant interval thickness will result in
a smaller minimum number of wells because of an increased flow rate per vapor extraction
well. The user should reduce the well "Efficiency” value entered on Card SD2 (Design
Input), however, to accommodate the extraction of uncontaminated vapors with this design.
As long as the two H values are changed together, the minimum number of wells based on
critical volume will remain constant for any H value because changes in the "Calculated Total
Contaminant Mass" are offset by corresponding changes i in the "Flow Rate per Vapor
Extraction Well." If the two H values (interval and screen thickness) are varied together, the
“Flow Rate per Vapor Extraction Well" range is the only output parameter that is sensitive to
change.

Well Vacuum (Py)--

Well vacuum is the last input parameter to be entered on Card 8 (Flow Rate Estima-
tion). The software provides six default well vacuums. In addition, the user can define a
well vacuum that may be more appropriate in the field at the bottom of the column. The user
should select a value such that 0 < Py, < 406 inches H,O.. This maximum Py, corresponds to
absolute ambient pressure (P,,,) or one atmosphere of pressure. All well vacuums appearing
on Card 8 are carried to Card 12 (Maximum Removal Rate Estimates). On Card 13 ("Is Soil
Venting Appropriate?"), the largest well vacuum from Card 8 (Flow Rate Estimation) is
displayed, and the corresponding flow rates and maximum removal rates are used to deter-
mine the first estimate of soil venting. On Card 18 ("Is Venting Appropriate?"), however, the
software uses a default Py value of 120 inches H20 the associated range of flow rates, and
maximum removal rates for determining the first est1mate of the minimum number of wells
required. . '

Well vacuum is used next on Card H29 (Help: Boundary Layer Equations - Calcula-
tion) to calculate well efficiency in the special liquid-layer condition. The user must enter the
appropriate value for well vacuum.

In the system design stack, well vacuum is entered on Card SD2 (Design Input) and
automatically displayed on Card SD3 (Design Input). Values for the minimum number of
wells, based on critical volume, decrease with increasing well vacuum to reflect greater flow
rates and estimated contaminant removal rates. . '

Temperature (T)--

Temperature, in degrees Celsius, is entered for the first time on Card 10 (Vapor
Concentration Estimation - Calculation). The value for temperature entered on this card will
be carried through Card 18 ("Is Venting Appropriate?”). This input parameter is defined as
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the temperature of the vapor in the subsurface As shown in Equanon 2 and on Card H22
(Help About Calculation), while the user enters the ‘temperature value in degrees Celsius, the
software converts the entered value to degrees Kelvin for the calculations. On Card 10
(Vapor Concentration Estimation - Calculatmn), the calculated output parameters, the
"Calculated Vapor Pressure," and the "Calculated Vapor Concentration" are affected by the
value of T; the "Sum ‘of Mass Fractlons," however, is unaffected by the value for T used.

Temperature is also used in the "Help: Low Permeablhty Lenses - Calculation” spec1a1
condition (Card H30). Process variables are input in Step 1 of Card H30. In Step 2 of Card
H30, the user should input the values deﬁned and computed on Card 10 (V apor Concentratlon
Estimation - Calculatlon)

Contaminant Composition-- '
‘ Card 10 (Vapor Concentratron Estimation - Calculatmn) prov1des four ways in Wthh
a user can define the composmon of a contammant mass at a glven s1te

» Default composition for fresh gasoline product,

* Default composition for weathered gasoline product,

* Results of boiling point distribution analysis, and .
* Results of detailed gas chromatograph (GC) ~ana1ysis. o

~ The software provides default compositions for use with fresh and weathered gasoline
products These compositions are based on an analysis of two gasoline samples of 62
representative volatile and semivolatile compounds. The default fresh gasoline distribution is -
based on a sample of regular unleaded gasoline taken directly from a retail pump. The
default weathered gasoline distribution is based on a sample of product recovered from the
water table at a site in Callfomla If the user 1s confident of the age of a site release, the
default distributions can be an appropriate means of developmg preliminary estimates of
recovery rates. Once a site reaches'the design stage however, the user would be advised to
revisit Card 10 with site-specific analytical data prior to using the system design stack. Based
on these data, Card 10 (Vapor Concentration Estimation - Calculation) should be run by using
one of the two approaches on the "Help Compound List" card Wthh is accessed through the
"Enter Dlstnbulmn" button.. :

One approach is to conduct a boiling point distribution analysis. In this approach, a
normal GC analysis is run on one or more samples. Rather than calculate the concentration
represented by each peak on the GC scan, marker compounds are selected and peaks around
these marker compounds are summed and reported as the marker compound. This results in a

comparatively inexpensive, reasonably complete generalized profile of vapor composition.
Once the laboratory results are available, the user clicks on the "How Do I Measure a
Distribution” button located on the bottom left corner of Card 10 (Vapor Concentration
Estimation - Calculation) to move to the "Help: How Do I Measure a Distribution?" card.
The user then clicks on the "Calculate a Dlstnbutlon" button located in the bottom right
corner of this card. This moves the user to the "Help: Calculate a Distribution" card. The
concentrations or areas associated with each of these marker compounds are then entered on
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this card, and the user clicks on the "Calculate" button. When the calculations are complete,
the user clicks on the "Transfer Data to Distribution Card" button. This transfers the user and
data to the "Help: Compound List" card. The user checks to ensure the sum of mass fractions
equals or is close to one, and clicks on the "Return to Vapor Concentration Estimation Card"
button to return to Card 10. Finally, the user clicks on the "Perform Calculations" button to
obtain vapor pressure and vapor concentration values.

The second approach is to run a normal GC analysis on one or more samples, and
input the analytical results by clicking on the "Enter Distribution” button on Card 10 (Vapor
Concentration Estimation - Calculation). This transfers the user to the "Help: Compound
List" card, where the user enters the mass fraction of each of the compounds in the analytical
results. The user should always click on the "Sum" button to ensure that the sum of mass
fractions comes close to equaling one. The user then clicks on the "Return to Vapor
Concentration Estimation Card" button to return to Card 10 (Vapor Concentration Estima-
tion - Calculation), and finally clicks on the "Perform Calculations” button.

If the GC analysis contains compounds that do not appear on this card, the user must
quit the HyperVentilate file and click on the "Compound List Update" file icon. When the
"Compound List Update" card shows on the screen, the user enters the chemical name,
molecular weight, vapor pressure at 20 °C (in atm), and boiling point at 1 atm (in °C).for the
new compound(s) and clicks on the "Insert Compound” button. ‘When all new compounds
have been added, the user quits the "Compound List Update" file and returns to the "Help:
Compound List" card in the HyperVentilate file to enter the remaining mass fractions..

At a fixed temperature, higher proportions of lower boiling point compounds result in
higher calculated vapor pressures and vapor concentrations (with the reverse being true for
higher proportions of higher boiling point compounds) Neither extreme will affect the output
displays on Cards 10 through 18.

Estimated Spill Mass (Mgpip-- ‘

The user needs to enter the estimated spill mass on Card 13 ("Is Soil Venting Appro-
priate?") to calculate a desired removal rate. This input can be one of the most difficult
parameters to determine. Under ideal circumstances, the user will know the specific volume
of the release and make a simple conversion to either kilograms or pounds. If the contami-
nant volume is not known, however, other methods are available for estlmatlng the re31dua1
spill mass in the unsaturated zone.

The simplest method, at least within the framework of HyperVentilate, is to skip
forward to the system design stack. Before clicking on the "Update" button, the user simply
enters a radial area of contamination, contaminated interval thickness, and average contami-
nant concentration within the defined soil volume. The software computes the total residual
contaminant mass in either pounds or kilograms; the equation 'V = nr*h is used to determine
soil volume and soil density in 1b/ft3. The user then enters this calculated value on Card 13.
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Another method for estimating the residual ‘spill mass is tn use a software_rdutine,
such as SPILLLCAD. SPILLCAD is a PC-based program designed to calculate the volume (as
NAPLs) of hydrocarbons occurring both in the unsaturated zone and on the water table.” . -

Desired Remediation Time-- -

The user enters the desired remediation time on Card 13 ("Is Soﬂ Venting Appro-
priate?"). The value selected for this highly subjective input parameter can be driven by such
factors as perceived potential impact of contaminant migration on downgradient receptors,
demand for action from surrounding property owners, responsible party’s and consul-
tant/contractor’s relatlonshlps with regulator, and responsible party’s plans for the s1te‘

A review of the output parameters (desired removal rate versus the range of maximum
estimated removal rates) displayed on Card 13 ("Is Soil Venting Appropriate?") often leads to
an obvious conclusion of SVE feasibility. The potential flexibility of the desired remediation
time comes into play in the gray area when the "Desired Removal Rate" falls between the
upper and lower estimates of the "Maximum Estimated Removal Rate." The desired
remediation time often can be extended to increase the viability of SVE as a remedial alterna-
tive. If the desired remediation time cannot be changed because of external circumstances,
the design variable’s well radius or well vacuum on Card 8 (Flow Rate Estimation) may be
manipulated to achieve the same end. This alteration, however, may require upgrading vapor
effluent treatment capabilities. Inasmuch as this card represents the initial evaluation of
SVE’s potential effectiveness as a remedial technology at the subject site, there is st111 room
for considerable flexibility in the selection of de31gn criteria. :

Although the desired remediation time is not entered on Card H30 (Help: Low
Permeability Lenses - Calculation), it is useful to compare the projected time frame for
remediation to the table displayed on this card. If the target of a site remediation is a low-
permeability layer of known thickness, this table can be used to quickly confirm if the entire
thickness of the target unit will be "dried out" and, if not, what the ant101pated contaminant
removal rate will be at that time.

In'the system design stack, the desired remediation time is entered on Card SD4
(Design Input). This input parameter will have no bearing on either the "Flow Rate per
Vapor Extraction Well" or the "Minimum Number of Wells Based on Area." Changes to the
"Time for Clean-up" will have a direct, proportional impact on the estlmated "Mmlmum
Number of Wells Based on Critical Volume." : , :

B0111ng Point Ranges--

The author of the HyperVentilate users manual (Appendix B, pages 30 and 32), Dr.
Paul Johnson, encourages the use of a boiling point distribution analysis as a means of
acquiring a comparatively economical profile of the distribution of compounds in the initial
subsurface contaminant mass. The software takes the same approach in estimating the
residual distribution of compounds over the course of vapor extraction. The initial contami-
nant distribution is reduced to five boiling point ranges. The following default ranges can be
found on Cards 16 (Model Predictions) and H27 (Help: Default Boiling Point Ranges):
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(1) Propane to isopentane . -50t028°C

(2) Isopentane to benzene 28t080°C |
(3) Benzene to toluene - 80t 111°C
(4) Toluene to xylenes 111 to 144 °C
(5) Xylenes to methylnaphthalene 144 to 250 °cC.

The boiling points of all 62 compounds on the software’s compound list are included
in Table 6. This table shows that Boiling Point Ranges 1 and 2 contain only light-end alipha-
tics. Because state regulators and remedial contractors are particularly interested in benzene,
toluene, ethyl benzene, and xylenes (BTEX) constituents, they have been highlighted with
boldface type in the table. Benzene and toluene are among the compounds in Boiling Point
Range 3, and Boiling Point Range 4 contains ethyl benzene, p-xylene, and m-xylene. Fmally,
Boiling Point Range 5 contains o-xylene and other compounds not easily recoverable through
SVE. After the boiling point ranges have been established, the user clicks on the "Generate
Predictions" button. When the screen displays Card 17, the user clicks on the "Import Data".
button. This fills the "Saturated Vapor Concentration at timeé=0" and the "Min Volume to
Remove >90% of Initial Residual" boxes and the table.

The default boiling point distribution ranges are effective under normal circumstances.
The user may want to adjust those ranges, however, under certain circumstances. For '
instance, if the regulations in a given locality are tied to residual benzene concentrations, the
user can alter the ranges so that the first range extends from -50 to 75 0C, the second range
extends to 85 °C, and the rest are left unchanged. This change places benzene in the second
boiling point range in which the critical volume of air is determined for benzene removal.
After clicking on the "General Predictions Button" and the "Important Data Button," the user
could scan the columns to 0, and obtain the volume of air moved per gram of residual
contamination needed to achieve that goal from the first column. This volume of air may be
as little as one-tenth the volume of air cited for removing >90% of the initial residual. If this
value is inserted into the "Min Vol..." box on Card 17, an equal or greater reduction in the '
minimum number of wells required will result on Card 18 ("Is Venting Appropriate‘?"),
thereby making SVE a far more attractive propos1t10n for all concemed The impact is the
same in the system design stack. '

Radial Width of Contaminated Zone--

The radial width of the contaminated zone is first required on Card H29 (Help: '
Boundary Layer Equations - Calculations) to calculate the effect of a liquid layer of petro- .
leum hydrocarbons on recovery well efficiency. At this juncture, the distribution of contami-
nants at a site should be well delineated either through the use of a soil vapor survey or the
drilling and installation of a plethora of borings and monitoring wells. Calculated well
efficiencies increase with the radial width of the contaminated zone. Under conventional
circumstances (15-foot screened interval, 40-foot radius of influence, 4-inch effective well
radius, and a well vacuum of 120 inches H,0), the upper boundary of relative efficiency
reaches 100% in medium sand at a radial w1dth‘ of 1,067 feet.
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TABLE 6. BOILING POINT DISTRIBUTION LIST OF COMPOUNDS
B.P. Range Compound . ~ Boiling Point
1 propane - 42.07
isobutane -11.40
in-butane -0.50 .
trans-2-butene - 0.88
cis-2-buténe 3.70
3-methyl-1-butene 20.00
isopentane 27.85
2 1-pentene 29.97
' 2-methyl-1-butene 31.16
2-methyl-1,3-butadiene 34.00
n-pentane : 36.07
trans-2-pentene - 36.35
2-methyl-2-butene 38.57
3-methyl-1,2-butadiene . 40.00
3,3-dimethyl-1-butene 41.20
cyclopentane - 49.26
3-methyl-1-pentene 51.14
2,3-dimethylbutane 58.00
2-methylpentane - 60.27
3-methylpentane 63.28
n-hexane .68.95
methylcyclopentane . 71.80
2,2-dimethylpentane 79.20
3 benzene 80.10
~leyclohexane . 80.74
.12,3-dimethylpentane 89.80
3-methylhexane . 92.00
3-ethylpentane 93.50
2,2, 4-trimethylpentane 99.24
‘In-heptane ' 88.42
methylcyclohexane 100.90
2,2-dimethylhexane 106.84
ftoluene 110.60
4 “|2,3,4-trimethylpentane - 113.47
2-methylheptane . . - 117.70
3-methylheptane 118.00
. |n-octane , 125.66
2,4,4-trimethylhexane 126.00*
2,2-dimethylheptane - 127.00*
ethyl benzene 136.20
p-xylene 138.35
m-xylené - - 139.10
3,3,4-trimethylhexane 141.00*

(continued)
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" TABLE 6. (continued)

B.P. Range Compound : Boliling Point
5 0-xylene 144.40
2,2,4-trimethylheptane 147.00*
n-nonane 150.80
3,3,5-trimethylheptane 152.00*
n-propylbenzene ' 159.20
2,3,4-trimethylheptane ; 159.00*
1,3,6-trimethylbenzene : 164.70
1,2,4-trimethylbenzene 169.35
n-decane ' 174.10
methylpropylbenzene : 185.00
dimethylethylbenzene 189.75
n-undecane . 195.90
1,2,4,5-tetramethylbenzene 196.80
1,2,3,4-tetramethylbenzene ‘ 205.00
1,2,4-trimethyl-5-ethylbenzene 208.10
n-dodecane . 216.30
naphthalene ; 218.00
n-hexylbenzene 230.00*
{methylnapthalene ? 241.05

*This is an approximate value.




In the system design stack, the radial width of the contaminated zone is entered on
Card SD2 (Design Input) as one of the values needed to calculate the total contaminant mass.
Because the software uses the equation V = n2h to determine the volume of contaminated
soil, the "Calculated Total Mass" increases by the square of any increase in the "Contaminant

Distribution Radius."
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SECTION 3 -

MODEL APPLICATION CASE STUDY

This section presents a sample application of HyperVentilate based on data obtained
from a site in Minnesota. It provides examples of how to estimate and determine input
parameters from data provided in a remedial investigation report (RIR), defines the steps
involved in determining appropriate SVE estimates, and describes how to interpret results.
This section also demonstrates the utility of HyperVentilate as an iterative analySIS of SVE
design in addition to its use as an instructional tool.

BACKGROUND

The Roseville Case Study (Kruger and Carson, 1991) was originally prepared as a
demonstration of HyperVentilate for use by the Minnesota Pollution Control Agency (MPCA),
Tank and Spill Section.. The site was chosen for the study because it is generally representa-
tive of the gasoline-station-release scenario commonly faced by the MPCA staff. In this
exercise, site data from MPCA files were used to illustrate the value of the software as both
an SVE tutorial and an interactive screening tool to help MPCA case managers make better
decisions about contractor proposals. The Roseville case also will be more instructive
because an operating system at the site has yielded performance data that can be viewed in
comparison to the SVE scenarios suggested by HyperVentilate.

This case study demonstrates the process of reviewing a remedial 1nvest1gat10n/cor—
rective action plan in order to determine input parameters for HyperVentllate Initially, thc
software will help to examine the site from a very basic point of view; the view includes a
number of simplistic, but important assumptions about subsurface conditions and contaminant
behavior that are explamed within the software. Because data needs for this part of the
analysis are not rigorous, an iterative approach is encouraged.- The software subsequently will
be used to revise the initial assumptions, develop better input data, and refine the use of SVE
at the site. Users should follow along with this discussion using. their own HyperVenulate
program and then enter the appropriate data in sequence. Similarly, the user should also read
the software text in sequence for further clarification and understanding. Please note that
many program inputs are presented in English units for ease of use. The user has a ch01ce of
using metric or English units for the outputs.
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INITIAL ESTIMATES - IS SOILLVENTING APPROPRIATE?

The user should first review the RIR submitted by the contractor. As part of this
review, the user should study the data necessary to run HyperVentilate from the RIR. Two
key items needed from the RIR for this study are (1) a site plan showing the locations of
wells and vapor monitoring probes as well as the extent of soil contamination (Figure 3) and
(2) one or more good representative geologic cross sections with profiles of the distribution of
soil contamination (Figures 4, 5, and 6). If the latter are not provided, they should be
constructed from the raw data available.

Flow Rates

. To begin the first interactive portlon of the softwa.re program involving Flow Rate
Estimation (Card 8), the followmg are needed: :

. | A1r penneablhty data (m darcys) ora gross graln size estlmate based on s011
types that match one of four default categories (medium sand fine sand, silty -
‘sand, or clayey silt) provided in the software,

* Well radius (the borehole radius is used because the packing material around the
well is typically much more permeable than the soil formatlon),

o An esnmate of the radius of inﬂuence of the extraction well

. A measurement of the thlckness of the screened 1nterval (1dea11y, this w111 be the
thlckness of the contammated zone), and

e If avallable, the ant1c1pated well vacuum pressure.‘ '

As deplcted in Table 7, the contractor has divided the soil proﬁle into four units. "The
water table is located approximately 65 feet (19.8 m) below grade, below the silt layer.
Hydraulic conductivity values from rising water level test data are also provided. Although
not ideal, these data can be converted.to equivalent permeability values in lieu of air per-
meablhty test data; however they should only be considered representative of Unit 4, if at all.

B “TABLE 7, ‘:ST‘RAT!GRAPHY'

Thickness | | o | Estimated Permeability (k)
Unit No. (ft) v Lithology ‘ ‘ (darcy)
Unit 1 3-8 Surface Fill _
‘Unit 2 R 45-50 Fine to Coarse Sand _
Unit 3 3-5 | sit | | _
Unit 4 15+ Fine to Coarse Sand (similar to Unit 2) 0.3-06
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The geologic cross sections show that the majority of soil contamination is within Unit
2. Therefore, this unit will be the limiting zone and will be the focus of further interest.
HyperVentilate can be used to determine a range of permeability values for Unit 2. The fine
sand default value (1 to 10 darcys) will be used.

The contractor proposes the installation of both shallow and deep extraction wells
screened within the upper and lower portions, respectively, of Unit 2. Combined, the
screened depth intervals of the wells span most of Unit 2. The following additional Hyper-
Ventilate input data are provided by the contractor’s design plans including well schematics
(Figures 7 and 8) and a proposed system layout (Figure 9):

« The borehole (well) radii are ~3.5 inches (8.9 cm).

A minimum radius of influence of 20 feet (6 m) is implied by the proposed well
spacing.

« The screened interval for both the shallow and deep wells combined is 35 feet
(11 m).

» An anticipated well vacuum pressure is not specified.

Based on these data, HyperVentilate calculates Predieted Flow Rate Ranges of 2.3 to
469.3 SCFM for various well vacuum pressures (5 to 120 inches H,0).

Vapor Concentration

The next step in the exercise is to calculate a "Vapor Concentratlon Estimation" (Card
10). Two new input parameters are needed:
* Soil vapor temperature in °C, and
¢ Contaminant composition or distribution.

Although neither of these parameters was specifically provided in the RIR, approxi-
mations can be made based on general knowledge of soil conditions and petroleum contami-
nant behavior. In addition, HyperVentilate provides two default contaminant distributions--
"fresh" and "weathered" gasoline--just in case actual site-specific data are not initially
available. Therefore, one can make the following generalizations:

» Ground temperature at depths below subsoil in midlatitude regions such as |
Minnesota is approximately 10 °C.

» Laboratory analytical results reported in the RIR showed that whenever BTEX
was detected in soil (3 out of 14 samples), toluene and xylene concentrations
greatly exceeded benzene concentrations. This relationship is more typical of a
"weathered" gasoline than a "fresh" gasoline.
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Performing the calculations using these parameters results in a "Calculated Vapor
Pressure" of 0.04 atm and a "Calculated Vapor Concentration” of 142.7 mg/L. This estimate
is constrained, however, by a lack of detailed information about the contaminant composition.
The contaminant may, in fact, be a mixture of gasoline and other petroleum products or an
older, more "weathered" product. These and other compositional factors can affect vapor
concentration significantly.

Calculated Removal Rate

The predicted flow rate ranges and the calculated vapor concentration can now be used
to calculate a "Removal Rate Estimation" (Card 12) for the idealized situation. The estimates
suggest that a single well with a 35-foot (11-m) screened interval in Unit 2 would have a
"Maximum Removal Rate" of 30 to 8,552 Ib/day (13 to 3,874 kg/day) depending upon the .
vacuum applied (5 to 120 inches H,0).

Desired Removal Rate

At this point in the exercise, one can begin to ask the question "Is Soil Venting
Appropriate?" (Card 13). This is a very rough cut evaluation that depends not only on the
"best-case,” idealized estimates of contaminant removal rates, but also on two additional and
very important input parameters:

» An estimate of the total contaminant or spill mass, and
« The amount of time available for cleanup.

In many situations, it can be very difficult to approximate or anticipate these ﬁgures .
with any reasonable accuracy. Neither of these parameters is provided in the RIR.

It is suggested that 1 year can be picked as an initial timeframe to begin the evaluation
of the appropriateness of SVE. A revision of this figure may be warranted if subsequent
analyses suggest that this timeframe is overly optimistic. A spill mass is calculated based on
available information. Using the site plan (Figure 3) and cross sections (Figures 4, 5, and 6),
one can estimate the radius and thickness of the contaminated zone as well as the average -
contaminant concentration in the zone. HyperVentilate can be used to calculate a total sp111
mass (Card SD2) based on the followmg input estimates:

e The maximum (96.5 feet [29.4 m]) and minimum. (76.8 feet [23.4 m]) radial
dimensions of the irregularly shaped contaminated area were averaged to give an
estimated radius of 43.49 feet (13.26 m). ‘

o The bulk of the contaminant mass is within Soil Units 1, 2, and 3 with a total
combined interval thickness of ~58 feet (18 m).
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* The average of all laboratory analytical results indicating detectable concentra-
tions of total hydrocarbons as gasoline in soil within the contaminated zone is

542 mg/kg.

From these input parameters, one calculates a total spill mass of 19,840 1b (8,987 kg).
Note that this is an estimate of the contaminant mass throughout the entire contaminated
zone, not just the screened intervals of the proposed wells. ‘

On the basis of the above inputs, one then calculates (Card 13) a "Desired Removal
Rate" of 54.3 Ib/day (24.6 kg/day). This value can be compared with the maximum removal
- rate range (at 120 inches H,0O well vacuum) and/or the calculated removal rate range at a
design-specified well vacuum. If the desired rate is greater than the maximum or design rate,
then one surmises that vapor extraction is probably not an appropriate remediation alternative.
In the Roseville case, however, the desired rate is well within the calculated maximum range.
Therefore, the application of SVE at this site should be further examined. '

REFINED ESTIMATES - HOW APPROPRIATE IS SOIL VENTING?

The next sequence of calculations refines the estimates to determine vapor extraction
feasibility. The first interactive portion of this sequence, "Model Predictions" (Card 16),
allows a look at changes in residual contaminant composition that occur as a result of vapor
recovery. The results provide more details on each progressive stage of the venting process
as well as the amount of air that must be moved to accomplish each stage. Ultimately,
HyperVentilate will determine a first approximation of the minimum number of wells needed
to move the requisite air volume based on previously calculated flow rate ranges.

Critical Volume of Air

No new input parameters initially are needed for the "Model Predictions" (Card 16).
The default boiling point ranges can be adjusted (Card H27), however, to include all BTEX
constituents within Boiling Point Ranges 3 and 4. This adjustment will make it easier to
estimate the point at which all BTEX is removed from the residual. Clicking on the
"Generate Predictions" button starts the HyperVentilate computations. Results are then
displayed (Card 17); the "saturated vapor concentration at time = 0 is 147.7 mg/L and the
"minimum volume of air" estimated as necessary to remove 90% of 1 gram of the initial
residual spill mass is 221 L-air/g-residual. ‘

A comparison of Columns 1 and 3 in the table on Card 17 shows that the 221 L-air/g-
residual value is more accurately described as the estimate for removing 94.3% of the original
spill mass. A rough interpolation shows that only about 165 L-air/g-residual are needed to
remove 90% of the original spill mass. By entering 165 L-air/g-residual in the minimum
volume box, the user can evaluate a more optimistic estimate for achieving the >90% goal.
Alternatively, if the objective were to remove all BTEX components, the user needs to find
the minimum volume at which all of the Boiling Point Range 4 residual was removed. In
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this case, an even more optimistic value (56 L-air/g-residual) is required to remove those”
constituents. '

Finally, a complete summary of the data and results is displayed (Card 18) and the
user asks again, "Is Venting Appropriate?". The basis for the evaluation, as provided by
HyperVentilate, is an estimate of the number of wells needed to achieve a >90% reduction of
the total spill mass in the time desired. Note that this estimate is based on the most ideal
- circumstances. Nevertheless, it does give a qualitative sense of the feasibility of using vapor
extraction at the site. On the basis of the default value of 221 L-air/g-residual (~94%
removal), HyperVentilate estimates that 0.2 to 2 vapor. extraction wells will be needed to
complete remediation in 1 year. Remember that the range in the number of wells reported
reflects the range in air permeability values at the default well vacuum of 120 inches H,O. .
Alternatively, on the basis of the extrapolated value of 165 L-air/g-residual (~90% removal),
HyperVentilate estimates that 0.15 to 1.5 vapor extraction wells are needed to accomplish
remediation. If 100% BTEX removal is required and the user inputs 56 L-air/g-residual, an
estimated 0.05 to 0.5 vapor extraction wells may only be needed to accomplish remediation in .
1 year. . ‘

In all of these potential scenarios, the calculated results must be compared with
practical considerations such as cost of equipment, available space, etc. In the Roseville case,
the results look promising and SVE appears to be a viable option. If these calculated values
do not seem practical or realistic, however, vapor extraction may not be an appropriate
technology. Alternatively, the user can reevaluate SVE feasibility by revising the expecta-
tions of system performance and then recalculate the results. This iterative type of analysis is
the key to using HyperVentilate effectively. The program can help the user to explore fully
the limitations imposed by both site conditions and vapor extraction technology. "Other
Considerations" suggested by the program continue that theme and help to evaluate special
cases. :

Special Case

The Roseville site exhibits characteristics of the contaminants within Soil Unit 3 under
the special case for "Low Permeability Lenses.” In this case, HyperVentilate allows an
evaluation of the diffusion-limited vapor transport through a soil matrix. To perform the
calculations for this case (Card H30), the following parameters must be recalled:

» Borehole (well) radius (3.5 inches [8.9 cm]),
« Radius of the contaminated zone (43.5 feet [13.3 m]), and
 Average concentration of residual contamination in soil (542 mg/kg).

In addition, values for contaminant molecular weight (81.3 g/mole), contaminant vapor
pressure (31 mm Hg), and temperature (10 OC) can be directly imported from previous inputs
(Card 10). HyperVentilate can then calculate estimates of gradual reductions in the rate of
contaminant removal from the low-permeability lens and estimates of the thickness of low-
permeability material that is gradually "dried” or stripped of contamination. The program
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estimates that the removal rate at Roseville will decline from 53.4 to =~1.6 kg/day over a
period of 365 days, with contamination removed from ~14.1 feet [4.3 m] of low-permeability
material. The full 5-foot (2-m) thickness of Unit 3 could be stnpped of contaminants after
=55 days. Thus, a gross estimate is provided of how removal rates in the low-permeability
lens resulting from airflow in the overlying unit might compare with rates estimated for the
overlying unit itself. Alternatively, a comparison could be made of removal rates from an,
1mag1nary ‘well screened within the low-permeability lens. ‘

Air Permeability Testing

. Field tests to determine the soil’s permeability to airflow are yet another step in the
analysis of site conditions and the accuracy of the program input parameters (Cards AP2
through 4). HyperVentilate allows the user to evaluate air permeability test data eas1ly and
quickly (Card AP8). The program calculates permeability values using two methods. These
methods are based on a governing equation that predicts a straight line for the logarithmic

_plot of subsurface pressure versus time. Method A relies on the premise that permeability is

proportional to the slope A of the line. Method B relies on the premise that permeability is -
proportional to the y-intercept B (Cards AP5 through 7). The following parameters must be
determined for both methods:

e Airflow rate of the test,
 Screened interval thickness for the test extraction well

» Radial dlstances from the subsurface pressure monitoring locations to the
extraction well, and ‘

» Air pressure at each monitoring location at various times throughout the test.

Method B can be used when either the airflow rate or screened mterval thlckness is
uncertain.

‘Actual Test Data

- Air permeability tests at the Roseville site were conducted with groundwater monitor-
ing well MW-1 as the extraction well. Monitoring locations included groundwater monitoring
wells MW-2 and MW-3 and soil vapor monitoring points VMP-1, VMP-2, and VMP-3 (see
Figure 3). Actual test data are provided in Table 8. Unfortunately, the screened intervals for
these monitoring locations were not all equivalent. The three soil vapor monitoring points
were all screened in Unit 2. Therefore, airflow between MW-1 and these vapor monitoring
points had to pass through Unit 3, the low-permeability lens. As a result, permeability
estimates based on data from the soil vapor monitoring points cannot be considered represen- -
tative of any one unit. Alternatively, all three groundwater wells were screened within soil -
Unit 4. Data from these monitoring locations can be considered representative of Unit 4; -
however, Unit 2 is the unit of interest. As a compromise, one can assume that because the
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11tholog1c descriptions of Units 2 and 4 are essenually the same, the Unit 4 permeability
values can be used for Unit 2.

It is important to run field tests long enough to obtain air permeability values for all
types of soils at the site. The extraction of one complete pore volume from the zone of
interest generally is sufficient. HyperVentilate conveniently allows the user to calculate the
approximate time needed (Card AP3) The user needs the following information to: perform
the calculation: '

(1) Thickness of the soil layer of interest or the extraction well screened interval
(10 feet [3 m]),

(2) Estimated radius of influence of the extraction well (~20 feet [6 m]), and .
(3) Air permeability test flow rate (57 SCFM).
As a result, one obtains a "pore volume" of 3,768 ft> and a "time to extract a pore

volume" of 0.05 day (72 minutes). Test data provided show that only one test No. 2, was
run for a sufficient amount of time (170 minutes).

 Air Permeability Caléulations

After the data are examined to determine any potential problems in its collection, the
user is now prepared to calculate air permeability values for Unit 4 (Card AP8). These values
are determined from Table 8 data, Items 1 through 3 previously listed, and the following
calculatlons

(4) Radial distance from MW;I to MW 2 (109.44 feet [33.36 m]),
(5) Radial distance from MW-1 to MW-3 (86.16 feet [26.26 m]) and
(6) Subsurface pressure versus time data (Table 8).

The resulting air permeability values. calculated by Method A are =237 darcys and 149
darcys for MW-2 and MW-3, respectively. Results calculated by Method B are 55 darcys
and 31 darcys, respectively. These data result in a 0.98 coefficient of correlation with the
theoretical pressure drawdown curve (Card AP9). An average range of these values, 193 to
43 darcys, will be used in further calculations. :

System Design - Number of Extraction Wells

This final interactive sequence of HyperVentilate provides an overview of all aspects
of vapor extraction system design and allows further refinement of the estimated "Number of
Extraction Wells" (Card SD1) that are likely to be needed to achieve the specified remedi-
ation goals. Inputs and best estimates of critical design parameters for each soil unit can be
organized in a series of descriptive tables (Cards SD2 through 4). Up to this point, only Unit

- 2 has been considered; therefore, the steps previously described for the other soil units must
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be repeated. This iteration will require that the calculated spill mass be proportioned accord-
ing to the thickness and average radius of the contaminated zone within each specific soil
unit. In addition, because the contractor has proposed both shallow and deep extraction wells
within Unit 2, that distinction will be made for the final tabulations. Figures 10, 11, and 12
present the appropriate data inputs for each of the soil units. Note that the total calculated
spill mass of 12,224 1b (5,539 kg) is now substantially less than the initial estimate used in
Card 13. This discrepancy highlights again the need for sufficient data concerning the
distribution of residual contaminants.

The user is now ready to calculate final estimates of the minimum number of
extraction wells. For illustration purposes, separate runs are made with each of the critical air
volumes (221, 165, and 56 L-air/g-residual) previously calculated (Card 17). A 50%
efficiency value is assumed in all cases. The results of each of these trial runs are shown in
Table 9. ‘ : - -

TABLE 9. MINIMUM NUMBER OF WELLS BASED ON CRITICAL VOLUME OF AIR SCENARIOé

Critlcal Well Vacu- ]
Volume of um ‘ Flow Rate Number of Wells Based

Alr (L/g) (in. H,0) Lithologlc Unit (SCFM) on Ciritical Volume

221 5 _ Upper Unit 2 30 - 134 ©0.2-08

Lower Unit 2 30 - 134 0.6-2.6

165 5 Upper Unit 2 . 30-134 ‘ 0.1-0.6

Lower Unit2 30-134 = 04-1.9

56 5 UpperUnit2 |  30-134 . 0.0-02

Lower Unit 2 30-134 0.1-0.7

The net result is-an estimation, based on the critical volume of air constraint, that at least 1 to

3 extraction wells would be necessary to remediate the site effectively in 1 year. As depicted .
in Figure 9, the contractor proposed four wells, arranged in two pairs of deep and shallow ‘
wells. The HyperVentilate-derived minimum number of wells indicates that this approach
could be successful; however, the user should consider that one to three wells is a "best-case”
estimate and that more than 1 year may be required for the proposed design to achieve
complete removal of all but the most volatile fraction of the contaminant mixture.

System Performance

The MPCA eventually approved the construction and operation of a vapor extraction
system at the Roseville site with only minor modifications to the proposed design. MPCA
personnel have provided system performance data that presents an interesting and instructive
critique of the HyperVentilate site review process described. These data covered the first 11
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months of system operation, ending December 20, 1991. As of September 1992, the system
was still operating. During the reporting period, the system flow rate was maintained at 140
to 190 SCFM, which was somewhat higher than the range used .in the HyperVentilate
estimate. The removal rate, however, declined from 469 to 5.9 1b/day. Based on the
HyperVentilate analyses, a removal rate of at least 30 Ib/day was necessary to achieve full :
remediation within the 1 year desired. Actual system removal rates decreased below this
desired level after only 17 days of operatlon ThlS 111ustrates the 1mportance of v1ew1ng
HyperVentilate estimates as "best-case” scenarios.

As of the final available monitoring report, a total of 7,369 Ib of hydrocarbons
(gasohne) had been recovered. Spill mass estimates between 12,225 and 19,840 1b were used -
in the HyperVentilate analyses. System performance results indicated that between 37 and '
60% of the calculated spill mass was removed in 11 months. Once again, this points out the -
importance of sufficient and good quality data for estimating spill mass prior to initiation of
vapor extraction system planning. Otherwise, it is difficult to design the system appropriately
and measure success as remediation progresses.

At the start of system operation, the effluent benzene concentrations were reported to
be 180 ppmv. The concentrations had decreased to 1 ppmv, however, by the end of the
reporting period. The HyperVentilate Model Predictions (Card 17) apparently show that
virtually all of the first two Boiling Point Range compounds (propane to benzene) had been
removed by that point. HyperVentilate indicates that contaminant removal will be less
efficient as system operation continues. The MPCA depicted this phenomenon in a graphical
plot of total hydrocarbon removal as a function of time. The plot is very steep in slope
during the first 20 days of system operation and then becomes fairly gently sloped, averaging
about 330 1b/month for the remainder of the reporting period. _

These monitoring data generally indicate that actual system performance is lagging
behind the "best-case” scenarios suggested by the HyperVentilate analysis despite operation at
significantly higher flow rates than those used in the software calculations. Working back
through the software with this hindsight might point to design changes and or operational
changes that could be made to improve performance or increase efficiency. For instance,
after removal of the initial vapor-phase contaminant concentrations in the unsaturated zone,
flow rates could have been slowed down because they apparently greatly exceeded the ability
of residual contaminants in the vadose zone to re-establish equilibrium conditions. Similarly,
HyperVentilate hindsight can suggest areas where important details may have been over-
looked in the system planning and design stages or where information was insufficient to
adequately anticipate system performance. For instance, the residual contaminant mass at the
Roseville site may have been significantly more degraded or "weathered" than the "weath-
ered" gasoline used by default in the software (i.e., volatiles comprised a lesser fraction of the
contaminant mixture at the outset). Therefore, a more qualitative and quantitative analysis of
the contaminant mixture probably should have been obtained as part of the contractor’s -
feasibility analysis.




In general, HyperVentilate can be an instructive, functional tool in the critical analysis,
of a proposed vapor extraction system design. Not only are the important concepts, approach-
es, processes, and equipment described in -an overview along with the: tutorial sequences of
the program, but the interactive sequences .help to direct and.expedite a focused iterative
review process. Further, the program identifies specific data needs that are critical to good -
planning and appropriate design and operation. Once a system is deployed, HyperVentilate .:
can continue to be used to troubleshoot performance relative to a standard of what is possible.
under ideal circumstances. Most importantly, it can- provide a useful frame of reference for '
contractor/site manager discussions and perhaps, as a result, increase their system knowledge.
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SECTION 4

MODEL ANALYSIS

A modeling analysis of HyperVentilate was conducted to address two' considerations:
(1) variations in output parameters were identified over a range of input parameter values, and .
(2) the sensitivity of each output parameter to changes in input parameter values was
addressed. The purpose of this analysis was to identify those site conditions and system
design considerations that most strongly affect the potential success of a vapor extraction
system at a given site and to identify those parameters over which a system designer can
exert some measure of control. This section presents a discussion of these two modelmg

analyses.

PARAMETER RESPONSE TEST

The parameter response test was conducted to ensure that accurate solutions are
generated for all of the equations used in the software. ' For each parameter analysis, the
target input parameter was varied over a sufficient range of values to allow an observable
trend in the output parameters. All other input parameters were held constant. The results
presented in the tables and text are rounded off. The value for the minimum number of wells
was set at the next whole integer.

In this exercise, the following basehne input parameter values were selected to reﬂect
"average" site conditions:

Permeability o
Venting Well Radlus

Radius of Influence

Interval Thickness

Extraction Well Vacuum
Temperature

Contaminant Composition
Estimated Spill Mass

Desired Remediation Time
Radius of Contamination
Average Contaminant Concentration (in soil)
Contaminant Molecular Weight
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10 darcys

4 inches

40 feet

10 feet

120 inches HyO
20 °C

"Fresh" Gasoline
10,000 kg

100 days

60 feet

1,000 mg/kg

65 g/mole




* Contaminant Vapor Pressure 366 mm Hg/0.482 atm
» Air Permeability Test Flow Rate 120 SCFM
* Monitoring Point Distance - _ - 50 feet
¢ Critical Volume of A1r 37L/g
 Efficiency - 50%
"Is Venting Appropriate?” (Cards 8 through 18)
Permeability--

Permeability was the first parameter tested. As shown in Figure 13, there is
essentially a one-to-one correspondence between changes in permeability and changes in flow
rate and maximum removal rate. This relationship is expected based on Equation 2. There is
an inverse relationship between permeability and the minimum number of wells estimated on
Card 18 ("Is Venting Appropriate?”): the number of wells required is reduced by a factor of
10 with every order-of-magnitude increase in permeability. The relationship between
permeability and these output parameters is intuitive. Increased permeability allows for
greater flow rates, thereby resulting in higher removal rates and the need for fewer wells to
achieve the desired result in a fixed amount of time. Subsurface permeabilities at a UST site -
are generally not applicable to other situations.

Well Radius--
Following permeability testing, the venting well radius was, vaned As shown in -
Figure 14, over an input parameter of 0.25 to 16 inches, flow rate increases by an average

. factor of 1.16 for every doubling of the venting well radius. Over the range of input

parameters used, this factor increases from 1.16 to 1.26 as a natural logarithmic function (see
Ry in Equation 2). Based on the range of well radius values used, the minimum number of
extraction wells required remains at one. An increase in the radius of the extraction well will
result in a slight increase in the flow rate, thus decreasing the time required for remediation.
This may result in considerable savings in operation and maintenance costs, depending on the
time required to complete remediation. :

'Radlus of Inﬂuence--

Radius of influence was the next input parameter tested. Results are shown in Flgure
15. Over the range of 10 to 160 feet, flow rate decreased by an average factor of 0.84 for
every doubling in the estimated radius of influence. The minimum number of wells required
remained at one. The radius of influence is dependent on the air permeability of the site
subsurface and, to a lesser extent, the vacuum applied to the vapor extraction well. Larger
radii of influence reduce flow rates by distributing the applied well vacuum over a larger
volume of material. Although additional wells may be required for sufficient coverage,

- practitioners may wish to constrain the radius of influence at a site through the use of air inlet

wells in order to enhance well efficiency.

Interval Thickness-- '
The final input parameter tested on Card 8 (Flow Rate Estimation) was 1nterval
thlckness As shown in Figure 16, flow rate doubles with each doubling of the interval
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thickness from 1.25 to 80 feet. As was the case with permeability, this relationship is
expected on the basis of Equation 2. Because this equation generates solutions in terms of
the flow rate per unit thickness (Q/H), it assumes uniform’ distribution of the flow rate over
the entire screened interval. In practice, with large screen intervals, flow rates are likely to be
variable over the length of the screen, resulting in reduced vapor flow and removal along the
Iength of the screened interval. As a result, the greatest vapor extraction well efficiency is
likely to be realized through the use of small screened intervals. Smaller screened intervals,
however, may require the installation of additional extraction wells, screened to varying
depths, to intersect the entire zone of contamination effectively.

Well (Gauge) Vacuum--

In Card 8 (Flow Rate Estimation), the flow rate is calculated over a range of six
vacuum values ranging between 5 and 120 inches HyO. Users have the option of selecting an
alternate well vacuum. With this matrix, users can estimate the flow rate ‘if they knows the
optimal well vacuum of the blower or vacuum pump that the contractor normally uses.
Alternatively, users can easily determine the well vacuum required to achieve the desired flow
rate if they know the capacity of the vapor treatment units or the desired removal rate. .

The flow rate increases with increasing well vacuums over a 5- to 360-inch H,O
range, as is shown in Figure 17. The relationship between well vacuum and flow rate is-less
straightforward than for the previous input parameters. At low well vacuums (<100 inches
H,0), there is a one-to-one correlation between changes in well vacuum and flow rate. As
well vacuums are further increased, however, the increase in flow rate lags behmd the well
vacuum increase. This is due to the larger pressure reduction and resulting difference
between actual flow rate (ACFM) in Equation 2 and "standard" flow rate (SCFM) in Equation

Temperature-- ..

Temperature was the first input parameter vaned on Card 10 (Vapor Concentration
Estimation - Calculation). Table 10 shows that the number of output parameters affected by
temperature is much larger than for previous input parameters

TABLE 10. "IS VENTING APPROPRIATE?" RESPONSE TO TEMPERATURE CHANGES

Calc. Vapor : Min. Vol. to Remove
Temp. Pressure Calc. Vapor Conc. | $at. Vapor Conc. at >90% Initial Residual Min. No. of

(°C) (atm) (mg/L) Time=0 (mg/L) (L-air/g-residual) Wells

0 0.23 832 679 : 199 3

5 028 (7 . 807 . .. ’ 141 3

10 034 . 922 |- 954 101 2

15 0.41 Lot102 1122 | .73 2

20 0.48 1812 - 1,312 ( . 87 1

30 067 1,828 1,767 : 21 ‘ 1
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Although temperature was entered in terms of °C, it is- used in Equation 2 in Kelvin.
Incremental temperature increases from 5 to 30 °C (278 to 303 K) resulted in increases in .
vapor pressure and saturated vapor concentration. At the same time, decreases resulted in the
minimum volume requlred to remove >90% of the initial residual spill mass, the minimum -
number of wells, the minimum volume value, and the minimum number of wells; thus,
temperature changes have a tremendous impact on the effectiveness of system operations.

Contaminant Composition--

This is the last input parameter that impacts multiple output parameters in this stack.
As discussed previously in Section 2 under "Input Parameter Requirements, Data Sources, and
Software Constraints," the user has three options for testing this parameter. - Users may use
one of the two default compositions provided in the software, or they may enter a unique
distribution based on laboratory analysis of samples taken from a specific site. Table 11 was
developed to provide the user with a snapshot of how the various output parameters are -
affected by contaminant composition. One of the following compounds was selected to
represent each of the boiling point ranges used in the software: n-butane, n-hexane, n-
heptane, n-octane, and n-nonane.

TABLE 11. "IS VENTING APPROPRIATE?" RESPONSE TO
CONTAMINANT COMPOSITION CHANGES

Cale. Vapor Calc. Vapor - Min. Vol. to Remove >90% |
Pressure . Conc. ~Initlal Residual

B.P. Range (atm) (mg/L) (L-air/g-residual)

1, n-butane 2.1 5,096 0.18

2, n-hexane 0.16 537 1.57

3, n-heptane 0.046 192 4.96

4, n-octane 0.014 67 1354

5, n-nonane 0.0042 22 40.18

As shown in the table, a change from a lower to a higher boiling point contaminant
results in a decrease in vapor pressure and vapor concentration. There is also a corresponding
increase in the minimum volume of air required to remove greater than 90% of the initial
mass of contamination.

Estimated Spill Mass-- ~
The desired removal rate is the only output parameter affected by estimated spill mass.

Both parameters are shown on Card 13 ("Is Soil Venting Appropriate?”). When the desired
remediation time is held constant, the desired removal rate increases by the same magnitude
as any increase in the estimated sp111 mass. The realistic range of the spill mass is from 1 to

107 kg or Ib.
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Desired Remediation Time-- :

As with the Estimated Spill Mass, the only output parameter this input parameter
affects is the desired removal rate. Both parameters are shown on Card 13 ("Is Soil Venting
Appropriate?"). When the estimated spill mass is held constant, the desired removal rate
decreases by the same magnitude as any increase in the desired remediation time. A
reasonable range for remediation time is from 30 to 720 days.

"Other Considerations/Iiquid Layers" gCards ' 19 andrH29)

The cards address the situation in which a layer of liquid hydrocarbons rests either on
an impermeable strata or on the water table. Under both of these conditions, the effectiveness
of a vapor extraction system depends on the rate at which vapor-phase constituents diffuse out
of the liquid hydrocarbon layer. Vapor-phase diffusion will be constrained by the mass
transfer resistance between the liquid layer and the unsaturated zone. This mass transfer
resistance is best overcome by imposing sufficient airflow rates to ensure that disequilibrium-
conditions are malntalned for vapor-phase constltuents between the unsaturated zone. and the
liquid layer. :

/
Permeablhty--

This was the first parameter mampulated on Card H29 (Help Boundary Layer
Equations - Calculations). Changing permeability from 0.01 to 100 darcys resulted in a
corresponding change in relative efficiency from 100 to 2.2%. Generally there is a 32%
decrease in relative well efficiency for every order-of-magnitude increase in permeability.
This is a direct result of the position of permeability in Equation 8, which is used to calculate
well efficiency. At all permeabilities lower than 0.05 darcy, the program sets the relative
well efﬁmency at 100%.

(so effu/k)1/2[ln(_.__)/(Patm—Pw)] ’2\//? -R? EBquation 8

where - M = efficiency relative to maximum removal rate
- D = effective soil vapor dlffusron coefficient (cm /s)
pn = viscosity of air = 1.8 x 104 g/cm—
k = soil permeability (intrinsic) (cm )
H = thickness of screened interval (cm)
R; = radius of influence of venting well (cm)
R, = venting well radius (cm)
Pom = absolute ambient pressure (1.013 x 106 g/cm -5%)
P, = absolute pressure at venting well (g/cm-s )
R;<r<R, = defines region in which contamination is present.
Screened Interval Thickness--

This parameter was the next 1nput parameter vaned on Card H29 (Help: Boundary
Layer Equations - Calculations). The interval thickness was varied from 1.25 to 40 feet,

77

[}




which resulted in a change in relative efficiency. from 55 to 1.8%. Each increase in screened
interval thickness is matched by a corresponding decrease in relative well efficiency. Th1s .
relationship is shown in Equation 8. ~

Venting Well Radius of Influence--

The computations on Card H29 (Help: Boundaxy Layer Equatlons - Calculatlons)
showed that the relative well efficiency increased in proportion to increases in the venting
well radius of influence. The radius of influence was varied from 10 to 160 feet, and the
relative efficiency changed from 5.8 to 7.8%. The increase in well efficiency diminishes with
progressively larger values of the venting well rad1us of mﬂuence This charactenstlc results
from the In (Ry/Ry) component of Equation 8. :

Venting Well Radius-- - ‘

The relationship between venting well radius and radius of influence in Equat1on 8is
again apparent when this input parameter was varied on Card H29 (Help: Boundary Layer - °
Equations - Calculations). The well radius was changed from 2.0 to 16.0 inches and the |
relative efficiency from 7.4 to 5.8%. Relative well efficiency decreases with a larger venting
well radius, and the ‘decline in the well efficiency accelerates with progresswely larger values’
of the venting well radius.

Applied Well Vacuum--

Increases in the vacuum applied to a well on Card H29 (Help Boundary Layer
Equations - Calculations) reduce the relative well efficiency. The wellhead vacuum was
varied from 10 to 360 inches H,O, and the relative‘efﬁcie‘ney decreased from 24 to 4%.

Radial Wldth of Contaminated Zone-- - v

Based on calculations determined using Card H29 (Help: Boundary Layer Equatlons -
Calculations), the user found that when the radial width of the contaminated zone was ~ -
increased, the relative well efficiency experienced a corresponding increase of equal )
magnitude. Radial width was varied from 5 to 240 feet, and the correspondmg relative
efficiency changed from 0.6 to 27.6%.

"Other Considerations/Low Permeability Lenses" ( Qards 19 and H30)

These cards address the situation in which residual hydrocarbons are contained ina’’
lens of material that possesses a lower permeability to air than does overlying or underlying
materials. This lower permeability layer could be silt within a sand unit, or a fine sand in a
gravel. In this situation, vapor flow, resulting from the vacuum on an extraction well, will
preferentially pass above and/or below the layer of lower permeability material rather than
through the unit. As a result, the removal effectiveness of the vapor extraction system will be
limited by the rate at which vapor-phase constituents diffuse out of the lower permeability
material. Maintaining disequilibrium conditions for vapor-phase constituents between the
lower permeability material and the rest of the unsaturated zone will accelerate vapor-phase
diffusion. :
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On Card H30, process variables employed earlier in the software instructions can be.
used or adjusted to reflect new information or to test various design options. In contrast,
temperature and constituent properties (molecular welght and vapor pressure) are 1nextncably ,
linked together. As a result of these relationships, the impact of changes in constituent
properues on removal rates and the thickness of the "dried-out" layer was not tested by
varying one parameter at a time while the other two parameters were held constant. . Instead,
constituent vapor pressure was allowed to act as a dependent variable while constituent
molecular weight was varied. Both constituent molecular weight and consument vapor
pressure were allowed to act as dependent variables while temperature was varied. To.
accomplish this, contaminant molecular welght and temperature were varied on Card 1() and '
the calculated outputs from this card were imported to Card H30. :

Ventmg Well Radius--

' Increasing the venting well radius on Card H30 (Help: Low Permeabﬂlty Lenses -
Calculations) had no impact on the calculatlons of the thickness of the "dried-out” layer over .
time. Incremental increases in the venting well radius from 2.0 to 36.0 inches marginally .
decreased the Day 1 removal rate from 418.8 to 417.7 kg/day A s1m11ar minuscule reductlon
in the removal rate is recorded for the ‘Day 1080 removal rate.

Radial Width of Contaminated Zone-- -

The computauons on Card H30 (Help: Low Permeablhty Lenses - Calculauons)
showed that increases in the radial width of the contaminated zone had no impact on the
thickness of the’ "dned out" layer over time. Each doubling in the well radial width of the
contaminated zone from 5 to 240 feet resulted in an increase in the Day 1 removal rate from
3 to 6,700 kg/day and an increase in the Day 1080 removal rate from 0.09 to 203 kg/day.
When the radial width of the contaminated zone is much larger than the venting well radius, -
the estimated removal rates will increase by the square of the increase in the rad1a1 width of
the contammated zone. -

Residual Contammant Level--
This was the final process variable to be varied on Card H30 (Help Low Permeablhty
Lenses - Calculations). Each tenfold increase in the residual contaminant level incréased the

- removal rates by a factor of 3. The thickness of the "dried-out” layer at any time becomes

smaller by the same factor. Varying the residual contamination level fiom 1 to 100,000 =
mg/kg produced the followmg results :

, 'Removal Rate Day 1: 1310 4 189 kg/day
- Removal Rate Day 1080: 0.4 to 127 kg/day -

| Thlckness of Dried-Out Layer Day 1: 16 to O 05 foot
Thlckness of Dried-Out Layer Day 1080 51801 6 feet

Contaminant Molecular Weight and Vapor Pressure—- .
This was the only contaminant property variable changed on Card H30 (Help Low
Permeability Lenses - Calculations). As shown in Table 12, increases in contaminant
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molecular weight, imported from Card 10, result in decreased contaminant vapor pressure,
removal rates, and thickness of the "dried-out" layer. ‘

TABLE 12. "LOW PERMEABILITY LENSES" RESPONSE TO
CONTAMINANT MOLECULAR WEIGHT CHANGES - -

Contaminant
Molecular
Waelght
(g/mole)

Contaminant
Vapor Pressure
(mm Hg)

Removal

Rate on
Day 1
(kg/day)

Removal Rate on
Day 1080

(kg/day)

Thickness of |

"Dried-Out”
Layer on.
Day 1

" (feel)

Thickness
of "Dried-
Out"” Layer
on Day 1080
(feet)

58.10

1603

825

- 25

0.98

32

65.43

366.6

418.8

127

0.5

164

86.2

121.6

2769

84

0.3

10.8

95.0

47.9

172.3

5.3

0.21

6.8

100.2

35.0

160.0

4.8

0.19

6.3

114.2

10.6

94.3

2.9

0.11

3.7

Changes in contaminant vapor pressure in response to changes in contaminant molecular
weight are the product of Henry’s law, the ideal gas law, and Raoult’s law. For single-
component contaminants, vapor pressure declines exponentially with increases in molecular
weight. The mixing effect of multiple components results in a vapor pressure for "fresh"
gasoline (molecular weight at 20 °C = 65.43) and "weathered" gasoline (molecular weight at -
20 °C = 84.97) that is somewhat lower than would be anticipated from their respective
molecular weights. Removal rates, the thickness of the "dried-out" layer, and the contaminant

molecular weight all vary by the same amount.

Temperature--

As stated previously, this input parameter directly affects both contaminant properties
on Card H30 (Help: Low Permeability Lenses - Calculations). Temperature- variations and the
resulting calculations imported from Card 10 for use in the Card H30 calculations in Table 13
show that each increase in temperature causes a corresponding increase in the contaminant
properties, removal rates, and thickness of the "dried-out" layer.

TABLE 13. "LOW PERMEABILITY LENSES" RESPONSE TO TEMPERATURE CHANGES

Temperatrs
(°c)

Contaminant
Molscular Welght

{g/mole)

Contaminant
Vapor Pressure
(mm Hg)

Removal Rate
on
Day 1
(kg/day)

Removal
Rate on
Day 1080

Thickness of
"Dried-ott"
Layer on
Day 1
(feot)

Thickness of

"Dried- Out"

Layer on Day
1080 (feet)

0

60.4

178

290

(kg/day)

8.9

0.35

1.4

5

215

9.7

0.38
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Thickness of .
Contaminant Contaminant Removal Rate Removal "Dried-out” Thickness of
Molecular Weight | Vapor Pressure on Rate on Layer on "Dried- Out"
Temperature {g/mols) . (mm Hg) Day 1 Day 1080 Day 1 Layer on Day
(°C) ‘ {kg/day) (kg/day) - (feat) 1080 (foet).
10 62.9 259 351 10.7 0.42 187
15 64.2 309 384 17 0.46 150 -
20 65.4 367 418 127 0.5 16.4
30 . 670 . ! 508 494 15.0 06 193

The increase in contaminant molecular weight is the only response that seems abnormal. This
result is a function of the manner in which the software performs the computations associated
with Equation 2. Through the summation process, this equation treats a complex mixture of
compounds as a single component in order to calculate an average molecular weight for the
mixture. With each temperature change, the vapor pressures of the individual constituents in
the mixture do not change equally. As a result, increases in temperature result in a greater
contribution from the higher molecular weight compounds in the calculation of the average
molecular weight of the mixture.

Air Permeability Test Stack (Cards 21, AP3, and AP8)

Only one of the tables in Card AP8 (Air Permeability Test - Data Analysis [cont.])
was used to evaluate the input parameters in this stack. The hypothetical field data readings
used in Table 14 were: 0.1 inch H,O at 9 minutes, 0.2 inch H,O -at 11 minutes, 0.2 inch H,O
. at 15 minutes, 0.4 inch H,O at 23 minutes, 0.7 inch H,O at 30 minutes, 1.3 inches H,O at 40
minutes, and 2.8 inches H,O at 100 minutes. This set of data was used in the following -

' parameter response analyses. ’ :

TABLE 14. "AIR PERMEABILITY TEST" RESPONSE TO SOIL LAYER THICKNESS VCHANGES“ ‘

Soil Layer (Interval) Thickness--

This was the first input variable to be

SOIIﬁ‘Layer Thickness Pore Volume Time to Extract a Alr Pérnﬁeablllty by
: " (feet) (ft3) 7  Pore Volume (days) Method A (darcys)
2.5 3,768 1002 . 395 |
5.0 7,536 0.04 197
10.0 15,072 0.09 99
20.0 30,144 0.17 49
40.0 60,288 0.35 25

manipulated on Card AP3 (Air Permeability

Test - Instructions). As shown in Table 14, changes in soil layer thickness result in equal
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changes in the calculated pore volume and calculated time needed to extract a pore volume.
Changes in soil layer thickness also have a direct, inverse impact on air permeability
calculated by test analysis Method A on Card AP8 (Air Permeability Test - Data Analysis
[cont.]). Soil layer thickness did not affect the air permeability measurements calculated by -
Method B. : R o

Estimated Radius of Influence--

This input parameter was used only on Card AP3 (Air Permeability Test -
Instructions) to compute the pore volume and the amount of time needed to extract a pore.
volume. It had no bearing on the results of the air permeability test data analysis. Varying .
the radius of influence from 10 to 80 feet caused the pore volume to change from 942 to -
60,288 ft> and the time needed to extract a pore volume from 0.1 to 0.35 day. This variation
is a direct result of the standard volumetric calculation. . o

Air Permeability Test Flow Rate--

This was the final input variable to be changed on Card AP3 (Air Permeability Test -
Instructions). Changes in the test flow rate have no impact on the calculated pore volume.
Any change in the test flow rate did have the expected equal, inverse effect on the calculated
time required to extract a pore volume. Changes in the test flow rate were matched by equal
changes in air permeability calculated by test analysis Method A on Card APS (Air
Permeability Test - Data Analysis [cont.]). The test flow rate does not affect the air -~ .
permeability results calculated by Method B. S = Lo

Radial Distance of Monitoring Point-- CL : N
This input variable is unique to Card AP8 (Air Permeability Test - Data Analysis
[cont.]). Changes in this parameter had no impact on the air permeability measurements " -
calculated by Method A. Changes in the radial distance of a monitoring point resulted ina -
change in air permeability calculated by test analysis Method B’ that is equal to the square:of
the change in the monitoring point distance. | '

System Design Stack (Cards 24 and SD2 through 4)

Contaminant Radius-- ' : . R it

This is the first Contaminant Distribution input variable on Card SD2 (Design Input).::
As shown in Table 15, changes in the contaminant radius result in changes in the calculated -
total mass equal to the square of the change in the contaminant radius. The average
contaminant concentration (Average Conc. mg/kg...Card. SD2) used for these calculations was
1,000 mg/kg. : CL

82




" 'TABLE 15. "SYSTEM DESIGN" RESPONSE TO CONTAMINANT RADIUS CHANGES

Contaminant | Calculated - | Flew Rate per Minimum No. of | Minimum No. of.
Radius Total Mass Extraction Well ‘Wells Based Wells Based on
(feet) (kg) (SCFM) on Area Critical Volume
10 151 118 1 1
20 | e4 | 118 1 1
40 | - 2418 - 118 1 1
60 5441 . 118 ' 3 1
120 21,766 118 » "9 3

; Changes in the contaminant radius had no impact on the flow rate of the extraction
wells ‘The relationship between contaminant radius and total mass is s1mp1y the standard -
volumetrlc calculatlon :

"“ PR
(R

Changes in the number of wells based on area and contaminarit radms are expressed in
Equatlon 5.. When the contaminant radius is smaller than the radius of influence, the . -
minimum number of wells will be one. As the value of the contaminant radius becomes
increasingly larger, the increase in the minimum number of wells will approach the square of '
the increase in the contaminant radius. In Equation 4, the relationship between the :
contaminant radius and the minimum number of wells based on critical volume is tied to the .
calculated total mass (Mgpyp)- When M,y is very small (<10 kg) relative to the flow rate:
(Qweu), the minimum number of wells will be one.  As larger contammant radlus values are
used; the minimum number of wells will increase significantly. SR

Contammant Interval Thickness-- v :
~ This is the second of three input variables on Card SD2 (Design Input) for computing:
total contaminant mass. Changes in the contaminant interval thickness result in equal changes '
in the calculated total mass. The relationship between contaminant interval and calculated
total.mass stems from the remainder of the standard volumetric calculation that pertains to the
radius; . Changes in the contaminant interval thickness have no impact on either the flow rate -
per extraction well or the minimum number of wells based on area. The relationship between
changes in the contaminant interval thickness and the minimum number of wells based on:
crltlcal volume is again tied to the mass of contaminant. :

Average Contaminant Concentration--

This is the final contaminant distribution input variable on Card SD2 (Design Input).
Changes in the average contaminant concentration result in equal changes in the calculated
total mass. Average contaminant concentration represents a scaling factor applied to the
standard volumetric calculation discussed previously. Changes in the average contaminant
concentration have no impact on either the flow rate per extraction well or the minimum
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number of wells based on area. A very small average contaminant concentration (<100
mg/kg) results in a spill mass relative to the flow rate (Q, well)» and the calculated minimum
number of wells based on critical volume will be one. As larger average contaminant
concentration values are used, the minimum number of wells (based on critical volume) will
increase at the same rate as the mass of contamination spilled. .

Ciritical Volume of Air--

Although this input parameter on Card SD3 (Design Input) is not a true independent
variable, it is displayed on Card 17 as a result of the "more detailed" calculations using
temperature and contaminant composition that were performed on Card 16 (Model
Predictions). As such, this parameter is used to depict changes in flow rate and the minimum
number of wells in the system design stack resulting from changes in temperature and/or
contaminant composition. The range of values utilized here is designed to encompass the
previously calculated range of values for detertining the critical volume of air.. Increases in
the critical volume of air cause correspondlng equal increases in the minimum number of
wells. Varying the critical volume of air from 0.1 to 450 L/g results in a change in the
minimal number of wells from 1 to 8. : :

Efficiency--

This is the final 1nput parameter on Card SD3 (Design Input). Although not a true
independent variable, efficiency is derived based on an evaluation of special cases utilizing
Card 19 (Other Considerations). As such, this parameter is. used to adjust the expected.
effectiveness of the extraction wells as a result of dilution effects, the presence of liquid
layers or low-permeability layers, and the potential for groundwater upwelhmg Increases in
the well efficiency cause corresponding equal and inverse decreases in the minimum number
of wells based on the critical volume of air. The minimum number of wells based on area is
not affected by changes in well efficiency. A change in the relative efficiency from 1 to 30%
resulted in a change in the minimum number of wells from 25 to 1.

Time for Cleanup--

This is the only input parameter on Card SD4 (De51gn Input) and the final input -
parameter for the system design stack. Increases in the time allotted for cleanup result in --
corresponding equal and inverse decreases in the minimum number of wells based on the
critical volume of air, which can be an.important economic consideration. Neither the ﬂow
rate per extraction well nor the minimum number of wells based on. area is affected by
changes in cleanup time. Varying the cleanup time from 30 to 360 days resulted in a change
in the minimum number of wells from 2 to 1.

SENSITIVITY ANALYSIS

The purpose of this section is to focus the user’s,‘attention on the sensitivity of each
output parameter as it pertains to the final estimate of the minimum number of extraction
wells required. This evaluation will also indicate the feasibility of using an SVE system.
This section identifies the extent to which each site and system design characteristics affect
the feasibility of a vapor extraction system and identifies those parameters over which a
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system designer can exert some measure of control. Each of the input parameters in the
system design stack is addressed with a brief discussion on how to control that parameter’s
value.

Contaminant Radius-- : '
The minimum number of wells calculated on the basis of area (N,) and cntlcal
volume (NCV) will both increase by the square of the increase in the radius of contammatlon

The only control that can be exerted on the radius of contamination is the
determination as to what constitutes the limits of contamination. The radius of contamination
will have one value if it is defined as the point at which no detectable contamination is found.
It will have another value, however, if the radius of contamination is defined as X mg/kg total
petroleum hydrocarbons (TPH). This definition could have important economlc ram1ﬁcat10ns
on the selection of SVE. :

Contaminant Interval Thickness--

Although the number .of wells required should not be affected by interval th1ckness,
the flow rate and possibly the wellhead vacuum will be. Once again, the only control that
can be exerted over the contaminant interval thickness is the determination as to what
constitutes the limits of contamination. :

Average Contaminant Concentration-- '

Essentially, N~y will increase or decrease in direct proportion to changes in the
average contaminant concentration (C,,.). The relationship between C,,,. and Ny, is tied to
the spill mass M pill Here again, the user can only exert the defined level of control. In this
case, the average contammant concentration will differ only for changes in TPH, total BTEX,
benzene, or some other range of constituents.

Permeablhty-- '
As shown in the preceding section, the minimum number of wells required at a site,

. based on the critical volume of air (Ny), is decreased by an amount equal to the increase in

permeablhty That is, if the permeability value is doubled, Ny will be halved. In Section 1, ,
it was indicated that permeability could vary by as much as several orders of magnitude
across a site. Because the appropriate distribution of extraction wells will be strongly
influenced by lateral variations in permeability, it is important to know the distribution of
these permeability changes. _

Design Vacuum-- |
Des1gn vacuum (Py) and Ny, are Jomed through flow rate (Qwen) At low P,
values, an increase in the design vacuum results in a decrease in Ny by approx1mately an
equal magnitude. The result of the "compressibility effect” (discussed earlier in "Is Venting
Appropriate?" (Cards 8 through 18: Well [Gauge] Vacuum) is to progressively accelerate the
decrease in Ny as Py, values approach atmospheric pressure (406 inches H,0).
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Because Ny is so closely tied to the extraction well vacuum, it can be a sure means
of minimizing the number of wells used at a site. A system’s design vacuum initially will be
constrained by the capacity of a side waste stream treatment unit for handling the early
contaminant vapor concentrations. If extraction well construction can be made suitable to
prevent surface breakthrough, the well vacuum probably can be mcreased gradually to
maximize system removal efficiency. : :

Extraction Well Radius-- - '

The extraction well radius (Ryy) is also tied to NCV through Qwell Increasmg the
well radius results in decreased NCV values As a result of this natural log function, the well
radius has no impact on the minimum number of wells based on area. Because price '
differentials between well construction materials of different diameters are minimal, the
system designer should consider using larger borehole and pipe diameters as an economical "
means to possibly maximize vapor-phase recovery and minimize the number of extraction
wells required. - :

Extraction Well Screen Thickness--

The extraction screen thickness (Hg) is also t1ed to Ny through Q.. Increases in
Hg result in equivalent increases in the extraction well flow rate. This would cause an equal
decrease in Ney. As the software indicates on Card 19 (Other Considerations) and Card H23
(Help: 6a, Dilution Effects [Bypassing]), however, if the thickness of the screened interval is
greater than the thickness of the contaminated soil thickness or is not matched to the
contaminated interval, then fewer vapors will flow to that part of the screen outside the zone
of contamination than will be saturated in vapor-phase contaminants. This effectively reduces
the well’s efficiency to the percentage of the screened interval in the zone of contamination.
Because extraction vapor concentrations tend to run at 10 to 50% of saturation, every effort
must be made to accurately match the screened interval to the zone of contamination in. order
to maximize extraction well efficiency. Screen thickness has no impact on the minimum
number of wells based on area. ‘

Critical Volume of Air-- o

As identified during the system design stack dlscuss1on the cntlcal volume of a1r K
required to remove 1 gram of initial residual contamination (V cap) 1S @ synthesis of the-
temperature and contaminant composition input parameters entered on Card 10 (Vapor
Concentration Estimation - Calculation). Ny, will vary in direct response to and by the same
magnitude as changes in V;...; An increase in temperature resulted in a decrease in
Veriticalr Even at low temperatures (0 to 10 °C), a 5-degree temperature increase resulted in a
30% reduction in V.., Which translates into an equal reduction in Ny In contrast,
Viriticalr @nd as a result Ny, increases with changes in contaminant composition toward
higher boiling point (and higher molecular weight) compounds.

Although designers of vapor extraction systems cannot control contaminant
composition, they can control subsurface vapor temperatures or adjust system operations to
take into account the impact of temperature. When state regulations permit, one fairly
economical means of increasing subsurface vapor temperatures is through the reinjection of
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vapor extraction system effluent air that has passed through a thermal treatment unit. -
Alternatively, Sresty et al. (1992) has recently demonstrated the effectiveness of in situ radio

. frequency (RF) heating in increasing soil temperatures to the 150 to 200 °C range in order-to

remove polycyclic aromatic hydrocarbons and phenols. This method is still developmental, .
however, and it is likely to be several years before it is an economically feasible. approach to.
the use of hydrocarbons. Also, the removal rates of contaminant constituents are dependent -
on their boiling points. As a result, as vapor extraction proceeds at a site, the residual
subsurface contaminant composition becomes 1ncreas1ngly dommated by hlgher borhng point
(less volatrle) constituents. , o

Effiaency—- '

As mentroned prev1ously in the extraction well screened thrckness drscussron factors i
that can affect well efficiency are addressed on Card 19 (Other Considerations) of the
software.. Changes that increase well efficiency cause corresponding equal decreases in NCV
Changes to the expected extraction well efficiency have no impact on N,.

System designers can exert a large degree of control over well efficiencies. In -
reference to Card 19, designers of vapor extraction systems need to ensure that both -
horizontal and vertical placement of extraction wells maximizes the percentage of extracted . .
vapors that contain volatile contaminants. Also, in situations where the target zone of ~. -
contamination is close to the water table, the designers need to consider the potential for
groundwater upwelling in response to the extraction well vacuums, and they need to be
prepared to offset upwelling with groundwater pumpmg wells. - ’ S

T1me for Cleanup-- : e
The time allocated for cleanup through SVE affects NCV Any:i increase in the .

allocated time decreases Ny, by the same magnitude, with the opposite true for decreases in-

time. Remediation time has no bearing on NA, IR

" As discussed in the "Desired Remediation Time" portion of Sectlon 1, the tlme
allocated for site cleanup may or may not be within the control of the system designer. : The -
time frame selected is often driven by the actual or perceived potential impact of contaminant
migration to downgradient receptors; demands. for action from surrounding property owners;
the level of trust between responsible parties, consultant/contractors. and regulators; or:a =« -
responsible party’s plans for the site.. Few parameters, however, can have as great an impact.
on the determination of the economic or technical viability of usrng vapor extraction at the
time of cleanup.
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SOFTWARE INSTALLATION PROCEDURE

This appendix provides a discussion on how to load both Spinnaker PLUS and
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 HyperVentilate with a "run time" version of Spinnaker PLUS, skip to the
"Loading HyperVentilate" instructions.

Loading Spinnaker PLUS

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

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).

5. In the upper left corner of the "Directory Tree" window you will see synibols
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 "C:WINDOWS\PLUS" (Note: "C"is a
standard drive specification; you should use the letter that designates where
Windows is installed on your system). Click on "Continue.” The program will
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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. ‘

Creating the Spinnaker PLUS Icon and Opening Spinnaker PLUS

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

2. Close all windows so that the "Program Manager" window is the only one
displayed on your screen, : : .

3. At the bottom of the window, there will be program icons displayed for
"Main," "Accessories," and others. Is there a program icon named "Wind6ws
Applications?" If yes, double-click on it and go to Step 4. If no, continue .

- with Steps 3a-c to create one. :

3a.  Click on "File" and drag down to "New." A window called "New Program
Object” will appear. S

3b.  Check to make sure "Program Group" is selected; click on "OK." A window
called "Program Group Properties” will appear. ' o
3c.  The cursor will be located at the description field. Typé in the words
"Windows Applications" and click on "OK." An empty window will appear
called "Windows Applications." '

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

5. "Check to make shre'"Pfogram Item" is selected; click on "OK." A window
o ~called "Program Item Properties" will appear. :

6. Click on "Browse." A window called "Browse" will appear.
7. Under "Directories," double-click on "plus."

8. Under "File Name," double-click on the "plus.exe” file. This will bring you
' back to the "Program Item Properties" window. s

9. Click on "Change Icon," click on the icon for "Plus," and click on "OK."
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10. You will now be back at the "Program Item Properties” window. Click on
"OK." ) : . R

11.  You will now be back to the "Windows Applications” window displaying your
"Plus" icon. . : o Lo

12. Double-click on the "Plus" icon to run Spinnaker PLUS.

Loading HyperVentilate

The HyperVentilate package contains one 3.5-inch diskette from which to install the . :
program. The program can be installed from either the DOS prompt or from within T
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 'app:rrbpriatevdri\"e. '
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 "C;WINDOWS\PLUS"; -
click on "OK." : ' '

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

Opening HyperVentilate
1. Enter Windows.
2. Double-click on the "Windows Applications" icon (if this window is not

already open).
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Double~c1ick on the "Plus" icon.
Close the "Home" window

Click on "File" and drag down to "Open." The window "Open Stack" w111
appear. ‘

Either double-click on the "SYS.STA" file or click on "SVS. STA" and then
cllck on "Open." The user is now in HyperVentilate. =

InstaIlihg Spinnakcr PLUS "Run Timc" Version with HyperVentilat

1

Create a subd1rectory on the hard disk for HyperVentilate and Spinnaker PLUS' )

"Run Time." For example, from the C:\> prompt, type
"MD\WINDOWS\PLUS".

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:** C\WINDOWS\PLUS"

Follow directions in "Creating the Spmnaker PLUS Icon and Opening
Spmnaker PLUS" with the following exception: substitute "plusrt exe” for
"plus.exe"” in Step 8.

Follow directions for "Opening HyperVentilate" to run the program.
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HyperVentilate
Users Manual

A Software Guidance System Created for Vapor Extraction Applications

Economics
System Monitoring Systm ShutDown |
Field Tests " SysemDesign [
' - Is Venting Feesible? |
"Practical AppmachT

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

S
=4
Yenting Systgms, - j
=4

Site Investigation
About Soil Venting -

. version 1.01
®1991 All Rights Reserved
8hell Oil Company

' Yapor ? 1‘
} Treatment =577
2 HyperCord Stack Cremted y: ' 1 -

! Paul C. Johnson, Ph.D.
Amy J. Stabenan

Shell Development
Westhollow Regearch Center

]

About This Stack Go to First Card

- Paul C. Johnson, Ph.D.

Apple® Macintosh™ HyperCard™
compatible version 1.01

- IBM® PC:compatible
Microsoft® Windows™ version 3.x
Spinnaker PLUS® version 2.5

Copyright© 1991 by Shell Oil Company. All rights reserved. No part of this work covered by the
copyrights herein may be reproduced or used in any form or by any means - graphic, electronic, or
mechanical, including photocopying, recording, taping, or information storage and retrieval system -
without permission of Shell Oil Company. Permission to use the software contained in this package may
be obtained from Shell Oil Company, Patents & Licensing, P.O. Box 2463, Houston, TX 77252-2463.
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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 because 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 alternative 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 Co. 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 Co. 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.

EPA will not provide installation services or technical support in connection with the

HyperVentilate computer software package. Neither will EPA provide testing, updating or
debugging services in connection with the enclosed computer software package.
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Notes

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.

Hyper Ventilate 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.

HyperVentllate version 1.01 for the Apple Macintosh requires an Apple Macintosh
(Plus, SE, SE/30, II, IIX, or portable) computer equipped with at least 1 MB RAM (2 MB
preferred) and the Apple HyperCard Software Program (v.2.0 or greater).

HyperVentilate version 2.0 for‘ the IBM-compatible PC requireé a personal éomputer
equipped with a 80386 processor and an 80387 co-processor, 4 MB RAM minimum, VGA

or 8514 monitor, DOS 3.1 or higher, Microsoft Windows 3.x and Spinnaker PLUS 2.5 or
higher.

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 or IBM personal
computer.

Apple is a registered trademark of Apple Computer, Inc.

Macintosh and HyperCard are trademarks of Apple Computer, Inc.

£77.11 is a product of Absoft Corp
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IBM is a registered trademark of International Business Machines Corporation
Microsoft is a registered trademark of Microsoft Corporation
Windows is a trademark of Microsoft Corporation

Spinnaker PLUS is a registered trademark of Spinnaker Software Corporation |

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 andl/or Shell with questions abbut the use or
interpretation of results from this program. ‘
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HyperVentilate -
Users Manual

Addendum for Microsoft Wmdows/Spmnaker PLUS Version
Summary

HyperVentilate - the software guidance system created for vapor extraction applications is
now available for IBM-compatible personal 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 to the original users manual identifies those
modifications. " o

HyperVentilate v2.0 is a product of collaboration between Shell» Oil Company and U.S.
E.P.A., 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 to
develop an IBM-compatible version. Due to popular demand; however, the author
relented and used the least painful method of adaptation 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). Information 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, HyperVentllate for the Apple
Macintosh consists of eight ﬁles The spinnaker PLUS version contains only seven
files. The names are:

- HyperCard Version Name , Spinnaker PLUS Version Name
Soil Venting Stack SVS.sta
Soil Venting Help Stack SVHS.sta
System Design : SD.sta
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Air Permeability Test APT.sta

Aquifer Characterization AQ.sta
Compound List Update ~ CLU.sta
HypeVent HYPEVENT.exe
£77.11 ' none
installation

All files must be copied into the PLUS d1rectory on your hard disk.

starting HyperVentilate v2.0b
To start HyperVentilate v2.0b, open the Windows "Flle Manager", nav1gatc 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 pnnted 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. In the 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 recommencled 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 HYPEVENT.EXE fight over available memory. Typically card 17
will eventually be displayed with a shaded rectangle along a portion of it slower
base while this battle is occuring. 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 (<4 MB), 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.
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1. 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 ate 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
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assumed that the user has some previous Macintosh experience. If not, consult a

Macintosh users manual for a quick tutorial.

'Vapor Treatment

. Unit
‘Air Bleed J
*" Line
Pressure oy e
Gauge 10 © @
Meter
<& Vapor Well
‘ ‘
—- .
e
Vapor s Vapor
Flow —» B ¢ Flow
P i
—»
Groundwater Table

Figure 1. Schematic of a typical vapor extraction operation.
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IX. Definition :of Some Terms Appearing in this Manual

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

card - an 1nd1v1dual 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 movmg the mouse

field - atextentry location on a "card"

HyperCard - aprogramming 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"

III. 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 computers floppy dr1ve The
HyperVentilate 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 Hyper Ventilate disk

106




- HyperVentilate Users Manual -

V. Using HyperVéntilate |

The authors of HyperVentilate intend it to be an applicatidn that requires little pré—
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.

Hyper Ventilate 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, try
entering numbers in fields, or play with calculations. A gain, just remember to read
instructions given on the cards.
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A Practical Approach to the J’ Hconomics J
. . | :
De§1gn_, 01391'8'-101_1, aml' ;" System Monitoring System Shut-Down t
Monitoring of In-Situ Soil L FenTes ‘ SysemDesign
Venting Systems . .. Ts Venting Feasible? |
version 1.01 f  Site Investigation
@199 All Rights Reservel | A%outSol Venting U Practical Approach™|)
8hell Oil Company
Yapor .
@ Treatment 1*
l a HyparCorl Stack Created by: @ U“l... |ese -
: enf U -1 mem [
Paul C. Johnson, Ph.D. n T ———
Amy J. Stabensu
Shell Development
Westhollow Research Center
= TN, -— Yapor
& D 3 rew
About This Stack Go %o First Card . . ‘ ]

Buttons

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

: Stack

on. e, - citrc o

Buttons have been placed in each
card. Clicking on any button will
perform an action, such as:

Go Home o first
caxd in Venting Stack

Go o nextcard

~Go to Help card

Print card or
text fisld

Calculate } Perform a Calculation

When curious, click on Symbols,
i S ¢ Text.

Figure 3. Card HI of the "Soil Venting

S S
Information

Fields ,
Fields may contain information, or they may be
a place for you to input numbers.

Chick on the ammows, of |3
move the box up or down [~
with the mouse. by 3

=)

Scrolling Field:

Click on axrows t move
®xtup ordown

Boxed Data Field:

‘When you see an I-beam
cursor sppear in a boxed
field, click the mouse in the
box to set the cursor. Then
you may enter data.

A button will then usually
be pushed v perform sn
action or calculation.

In this area, you can

Try this example:
Enter Nﬁmber in Box
inches
(Click for calculation) ¥
2.54 centimsters

Help Stack" stack.
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V.2. Generél Features of Cards

Figures 4 and 5 are examples 6%'£éi'ds‘from the "Soil Venting Stack" stack and "System
Design" stack. There are a few general features of these cards that users should
understand: ' ‘

a) 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 corners of the card (i.e. "SD1" in Figure 5).

b) | 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. ‘

c) 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. )

d) Many cards have a house button in the lower left corner.: Clicking on this button 7
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 Ve'System Design Process

3 You can click on any block in this dijsgram to get more information about that perticulax sep. Oryou
can begin at the start of the process by clicking on either the "Leak or Spill Discovered™ box, or the
| rght-directed arrow at the bottom of this card.

¥ (Teek or Spill Discovered)

v

Preliminary Site ) Air Permesbility | System Design

Investigation ’ Test -
! 4 ¥

Screen Treatment Ground water System Operation T

Altermatives Pump Test & Monitoring

No . . )
Venting ? ‘
© Sysem

Shut-Off

Figure 4. Card 3 of the "Soil Venting Stack” stack. -
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Number of Venting Wells...

Ths procedure for estimating the required [
number of extraction wells is similsr v the | | Flovrate
process vsed previously v dev:rmine if i
venting is appropriate ata given sits,

As illustrated at the right, we vill estimate Rae
single verticel well flowratss, calculate the |; :
minimum vepor flow required, determine Minimum Volume
the areal extent of influence, and then Requirement
fector in any sits-specific limitaions. This | :
information then determines the necessary | STo-Specific
number of extraction wells, Limitations

Just proceed %o follow the steps dictared on f
ths following cards--->

Estimation

Meximum Removal

Ares of Influence
Req Inmmm

A S - SR

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

Step1l:  Location:
Action:

Result:
Step2:  Location:

Action:
Result:

The "Desktop" or Finder.

Start-up Hyper Ventilate by double-clicking on the "Soil Venting
Stack" icon, or click once on this icon and then choose "Open" from
the "File" menu. v
Hyper Ventilate will start-up and display the title card (Figure 2).

Title Card of the "Soil Venting Stack” stack.

Click on the "About This Stack” button.

You are now at card H1 of the "Soil Venting Help Stack" stack
(Figure 3).

110




- HyperVentilate Users Manual -

Step3:  Location: Card H1 of the "Soil Venting Help Stack™ stack.
Action: Play with the buttons and scrolling field. Practice entenng a number
~ inthe 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.
Result:  Return to the title card of the "Soil Venting Stack" (Figure 2).

Step4:  Location: Title Card of the "Soil Venting Stack" stack.
. Action:  Click on the "Economics" file folder tab.
Result:  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.

Step5:  Location: Card 27 of the "Soil Venting Stack” stack.
Action:  Click on the "House" button in the lower left corner.
Result:  You are back at the title card (Figure 2).

Step6:  Location: Title card of the "Soil Venting Stack" stack.
Action:  Click on the "Go to First Card" button.
Result:  You are now at card 1 of the "Soil Venting Stack" stack (Figure 7).

| Fronomics... #*@&® ~  "Click” on any item belov (& |
' ' hold button down) to see costs
associated with that item. :

|| For typical service station sites, [
#| clean-up costs can range from n
§|$100K - $250K for the venting

¥ | operation alone, depending on

i | the complexity of the site, clean-

| up time, permitting -

# | requirements, and the type of

8| vapor treatment system used.

| The two major costs are
| senerally associated with the
B | vapor treatment unit and

A A

Figure 6. Card 27 of the "Soil Venting Stack"” stack.
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Tlns HyperCard Stack was creatsd to help gmde envu'onmental smen'usts
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, Operauon
and Monitoring of In-Situ Soil Yenting Systems"

by: ,
P. C. Johuson, C. C. Stanley, M. W. Kemblowski, J. D. Coltbart, & D. L. Byers

published in Ground Water Monitoring Review, Spring 1990, p. 159-1738

If at this point you do not fecl comfortable with the use of the buttons, please
click once on "?" 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. v '
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 contaLining additional
“information.
Result:  You are now at card H2 of the "Soil Ventmg 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 Hyper Ventilate.
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About Soil Venting ...

Soil Venting (a.k.a. "in-situ soil
venting”, "vacuum extraction”, &
"in-situ vapor extraction") is
rapidly becoming ons of the most
practiced soil remediation processes
for permeable soils contaminated
with relatively volatile

hydrocarbons.

The underlying phenomena that
influence the success of any soil
venting operation are easily =~
understood. By applying a vacuum

AL d._al,

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

About Soil Venting

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

M. C. Marley and G. E. Hosg, Induced Soil Venting for the RecoveryfRestoration of (.‘;aso]ine
Hydrocarbons in the Yadose Zone, NWWA/API Conference on Petroleum Hydrocarbons and
Organic Chemicals in Groundwater, Houston, TX, 1984,

. C. Johnson, M. W. Kemblowski, and J. D. Colthart, Practical Screening Models for Soil
Venting Applications, NWWA/API Conference on Petroleum Hydrocarbons and Organic Chemicals
i in Ground water, Houston, TX, 1988, . .

N. J. Huizler, B. E. Muphy, and J. §. Gierke, State of Technobgy Review: Soil Vapor Extraction
N Systems, U.S.E.P.A, CR-814319-01-1, 1988.

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

Print References

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

113




- HyperVentilate Users Manual -

V.3.2 Sample Problem Exercise - Is Venting Appropriate? . -
In §V.3.2. you will work through an example problem to illustrate how ‘6ne.‘ might decide if

venting is appropriate at any given site. For the purpose of this example we will use the
example site information given in Figure 10.

North , . South

() oo
= 0.3 . =mo031
10 by - — 4.6— —' o | e — 1.2-
= 0.02 ' e 512 . s = 0._3 ) wim ()44
Fine to
— e e 5, - == 8. - .
,\20 0.0 Coal‘seSand 54 ' ,2v b 0.17
8 --0.0 © wiem 8577 - 214 . e 88
Q - . 3
§ 30 f  — --0;2- 1 —————— whe 341~ — == mfar3]e— = e ——nke0.63
g wian 0.0 S]lty&C]“ay e 653 - 967 < w1 1.5
E ‘ , ‘ . e
S 40 =17 Clayey Silt 3267 o1 . =036
§ —_ 4 - X - - - w1237 g 2619 =23
g --24 --23831 - e e 16
; . e 23167 e 3.2
) 50 s !—.-/5 Fine to == 3319 1" : "!
Medium Sand
S e 1.7
[ whe 9.5 ' , i :
HB-17 HB-10- HB-5: . .- HB-3
Static Ground "
Water Table
SCALE (fy)
1 i [
| § L a
0 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
assoclated with each card along the way. .

Step1:  Location: Card 7 of the "Soil Venting Stack" stack.
' Action:  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 Ventmg
Stack” stack.
Result:  You are now at card 8 of the "Soﬂ 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 Calculatlon" and
- "About Soﬂs (& Unit Conversmns)"

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 Ventlng Appmpnate?

.o Flowrae
Read Tlns o ' \ . Estimation

i

At this point we will proceed througha’ Maximum Vapor
simple thought process to decide if soil Concentration
venting is a feasible alternative. As :
mentioned earlier, the three main factors that Meximum Removal
govern the success of a venting operation are: L

- vapor flowrate B ‘ —<Acceptable 7
- vapor concentrations _
- subsurface stratigraphy (or the location of :

contaminants relative to the vapor o ~ More Realistic
ﬂovpath) - oo e . Calculations

v

Figure 11. Card 7 of the "Soil Venting Stack” stack. -
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Flowrate Estimation: 1) Choose Soﬂ'l'ype or

Optional - Enter your own pexmeabﬂity values (darcy)| B
O Medium Sand
@® Fine Sand
O Silty Sand
O Clayey Silts , Pvl::mwd Flo:;::mka\nges
O Input Your Own Permeability Range Vecuum ~ (SCFM)
Permeability Range (darcy) : (mP w0 - (single well)

L1 Il 10 | 51033 [ 332
Well Radius ( Z_lin 10 0.66 _..1to 6.'59
Radius of Influence [ 40 |ft ' 2011130 .1t 13.02
Interval Thickness® [_ 66 |ft 4011..2.24...{ ©|..22.38

- 60 371 _ |} 37.09

(" —>Calculate Flovrate Ranges<-- ) o0 |[ 683 || 6827

s thicknass of sereenad interval, or E] 200 . 10.07 |to] 100.66
permesdle zone (vhchnr issnulhr)

a

J About Soils & Unit Conversions)

Figure 12. Card 8 of the "Soﬂ Venting Stack" sta_tck. ‘

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=  40ft - -
interval thickness= - 6.6ft. . =
user input vacuum=.  200inHyO

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 "Soﬂ Venting Stack” stack (see Figure
13). ‘

StepS:  Location: Card 10 of the "Soil Ventmg Stack" stack.
Action:  Assume that the soil temperature at our sample site is 180 C. Enter
this value in the appropriate field, then hit the "return" key.” This
 action clears all values from the other fields.
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Vapor Concentrauon Esumauon 7 Calculauon

@ Type in Temperature (‘C) (hit <return>)

Cl1ck to Enter Composmon of Contammant O Enter D1str1buuon N
or . O "Fresh" Gasoline
Choose one of the Default Distributions @ "Weathered" Gasoling o

: @ Click to View D:stnbuttom (opttonal) ("View Distributions )

7 @ Click to Perform Calculations ® Perform Calculations

. Sum of Mass Fractions . 1.00000
Results:‘ * Cale. Vapor Pressure 0.05784
‘Calc. Yapor Concentration 203.94878

8 {How Dol Measum a Distribution?) [ About Calculation)

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

View Only Mode | ‘ Yapor
S °  Molecular . Pmssm (atm)
# Compound Name i Weight (g) @-c
propane | i . 144.1 8.04673
isobutane . . 58.1 2.75865
n-butane. © - : 581 ° {1.97431
trans-2-butene 56.1 1.84196
cis-2-butene 56.1 1.67019
3-methyl-1-butene 70.1 0.88399
isopentane - : ‘ . 722 0.73146
l-pentene -~ ' 70.1 0.64989 .
2-methyl-1-butene . 0.0008 70.1 0.52093
2-methyl-1,3-butadiens 0.0000 68.1 0.60914
' (099628 ] = Swmn of Mess Fractions

(should be w1)

{ How Do I Meesure & Distribution? M8 Retumn o Vapor Conc. Estimation Card Jwil Print Lists _J

=0 00N MU B W N

Figure 14. Card H16 of the "Soil Vi enting Help Stack" stack. - |
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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 "Soﬂ Ventmg Help Stack” stack
(see Figure 14).

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

View the library and pre-specified composition. If you arcf
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 "Soﬂ Vcnung Stack" Stack (Flgure
13). ‘ v

Card 10 of the "Soil Venting Stack" stack.

Click on the "Perform Calculations" button.

HyperVentilate calculates the maximum poss1b1e 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 Flgure 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 Tomporature °C) _—Els o |
. 6 'I},pe R
Rate Estimates Soll Permeability Renge (darey) [T~ T | o

Wel} Radivs (in)
selact your unit preference below Radius of Influence (ft) 40

Contarninant Type Weathered Gasoline
® lb/dl’ © Permeable Zone Thickness(ft) | 6.6 )

0 [k9( fﬂ . Py~ Well F]ov;m Estimates Mex. Re“?"vﬁlb}?]‘ Estimates] .
H;‘m,: N ‘ i (single well)

These axre "maximum G 52
l removal rates”, and should a S 124
only be used as screening A1 . RV : 231
j estimaws to determine if 54 . 22 317
venting is even feasible ata . ] : 799
f given sie. Continueon ) 3 ) i 1778
the nextcard © agsess if ) ) 3636
these rates are acceptable...

5

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

| 75 Soil Venting Appropriate?  ppe . ®kg |
i | At this point, you compare the | D Estimated Spill Mass|. _4000] Ib

maximum possible removal rate u (@) Enter Desired days |

f | with your desired removal rate. : Remediation Time

If the mammum rermoval rate €)) ( —->Press to get Rates<—- )

| |does not exceed. your desired '

| |removal rate, then soil venting |- Single Vertical Well Results

is not likely to meet your needs, [ii -

f land you should consider another | Desired Removal Rete: ] 22'2500 E‘fg; ollB

i treatment technology,. or make ; i [ 10.07| (scrm] |§

jl | your needs more realistic. Max Flowrate @ 200 inH20 | 100.66| [scrM)

1 o t{ Max. Est. Removal Rate: o :
In the next cards, we will refine [iiif]| (lower estimate) - per well 164.892 | [keid]

| | the removal rate estimates, in 1| (upper estimate) - per well 1647.108 | ked] |1

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. v

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 advaiice 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 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 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 Predlctlons" button

The message "Sit Back and Relax..." will appear on your screen,

followed by a screen on which the followmg appears:

"Copyright © Absoft Corp 1988

Copyright © Shell Qil 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.
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Model Predictions "gexﬁmpemuxe °C) ] ! nd
g oil Type . |
® Sofl Permeability Renge (de.!cy) l © |
To the xightis a summary of the Well Redius (in)
dat you have input. If you wishto | Redius of Influence (f9)

40
hs Contaminant Type [ Weathered Gasolme
¢ e eny of the info, then click Permeable Zone Thickness [¢4)) 66 |

on the parameter name, and redo
the calculations on the caxd you will | - : .

be taken . Press the blinking -
'Retum' bution to come back @ ( —-> Set Default BP Ranges < )

) " [BoilingPoint Range F1] 50| o] 28

, C ‘
The model returns output that (¥  |Boiling Point Range #21 28 1tol 80 | C
allows you © determine _ |Beiling Point Range #3)..80. | tof 111 ].C
residual amounts of © - |Boiling Point Range #4.| 111 [to] 144 |.C
compounds falling within S Boiling Point Range #5 | -144 [to| 250 | €
boiling point renges. Me in .
your own ranges, ox choose @ (Generate Predictions]
the default velues. .

*i*f1 'l me more about BP renges... 16 Print Card

Figure 17. Card 16 ofhthe "Soil Venting Stack" stack. |

@ — Imp'«irtnata«- D) |

FIRST PRESS THE IMPORT
DATA BUTTON!

Saturated Yaporx _

Concentration at time=0 0.2053E+03 . [mefL]
Min Yolume to Remove 128.48 {L-airlg-
>90% of Imitial Residual - residual]

These are the results fortha Temperature (°C): 18 - |
contaminant type that you have | Contaminant Type: | Weathered Gasoline ]

QUM(0). Vapor © “Residual | ' BP #1 BP $#2 BP #3 BP #4 BP #5
L-air Conc. " Level Residual | Residual | Residual | Residusl | Residual
g-residual | [95 Initial] | [96 Initial] | [95 votal] | [$5total] | [96twl] | [98otl] | [96 l]
.00 100.000 | 100.000 .690 11,650 24.010 22.140 41.510

.24 75.062 95.000 123 9.263 23.982 23.000 43.632

57 58.631 90.022 000 .| 6.755 23.474 23.820 45.950

.98 | 48.078 85.034 .000 4512 22.403 24.577 48.509
1.49 39.390 80.034 .000 2.632 20.771 25.248 51.350
2.11 31.941 75.035 .000 1.222 | 18.503 25.766 54.509
2.87 25.916 70.035 000 | .38 15556 | 26.031 | 58.028
65.037 ] .068 - 12.053 25.919 61.959

La h Excel

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

Step 13:

Location:

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 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 i is
used in future calculations as a des1gn 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 ratzonal decisions about the applicability of soil
venting.
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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 [£N )
§ |of the data and results. | | Temperatwre [°C1: T
|| Based upon these numbers, a Conwminant Type: |_Weathered Gasoline

M | “minimum number of wells" Sofl Type: [_Fine Sena
: . Well Radius [in]: 2

| bas been calculated, which Est. Radius of Influence [f1]: 40

§ |should give you some Permeable Zone Thickness [£t]: 6.6

i |indication of how Flowra® per Well (120" Vac) [SCFM] 6.83
appropriate venting is for _Flowrate per Well (120" Vac) [SCEM] 68.27
your application. Note that Min. Yol. of Air [Llg-residual]: 128.48
8 |this is the number of wells if f| Estimated Spill Mess: 4000

| circumstances are ideal, Desired Remediation Time [days]: . , 180

C - e 4

Mini lfwnsv .
o7 < et <[Zzm ]

- on Your Input Parameters

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

Ivd&Daves fm [
Vearing Sorvices fas .

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. ' ‘

Stepl:  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 AP1 of the "Air Permeability Test" stack. Now click on the
"Test Instructions” button. , E
Result: You are at card AP3 of the "Air Permeability Test" stack.
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Step 3: . - Location® * Card AP3 of the "Air Permeability Test" stack.
- ~ Action:  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 = 6.6 ft '

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.
Result:  Your results should match those displayed below in Figure 21

Step4:  Location: Card AP3 of the "Air Permeability Test" stack. o
Action:  Click on the "Return” button to return to card AP1 of the "Air
R - Permeability Test" stack. Then click on the "Data Analysis" button.
Result: ~ You are now at card APS5 of the "Air Permeability Test" stack.

Step5:  Location: Card APS5 of the "Air Permeability Test" stack.
Action:  Read the text, then step through cards AP6 and AP7, until you reach
card AP8 of the "Air Permeability Test" stack. >
Result: You are now at card AP8 of the "Air Permeability Test" stack.

Air Permeability Test - ]ﬂstrnb;ioas

1B : : .
i | Identify soil zones to be treated (_show me sample data_)

d 12) ) Pore Volume Estimation:
| Install vapor extraction well(s) in this
f§ [zone(s). . Existing monitoring wells 1) Soil Layer Thickness [

j [may be used, vhen the screen interval ‘[l | 51 £ ea Rastus of Infivence If4]:

extends only into the zone to be treated. 3) Air Perm. Test Flowrate [CFM]:

8 | Note the extraction well radius and g

§ [borehole size. Insure that the well is -~ (> Calculate < )

N [not “connected™ to other soil zones :

through the borehole (use cement/grout i
to seal annular borehole region).

Enter:

Pore Volume: - ]15543
Time 0 Extracta Pore Volume 0.72

Figufe 21. Card AP3 of the "Air Permeability Test" stack.
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Step6:  Location: Card AP8 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=53ft ' r=3241ft

Time Gauge Vacuum Time Gauge Vacuum
*_[min] . [in HoO] [min] ~_[in HyO]
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 : P24 . 9.9
100 2.8 30 11
' 39 13
52 16
77 v 20
99 ' 21
110 23
121 - 24.5
141 . 25.5
flowrate ' =15 SCFM

screened interval thickness =6.6ft"

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 AP5 - AP7 of the "Air
Permeability Test" stack. '

Step7:  Location: Card APS8 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 maich those given in

Figure 23. : -
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Air Permeability Test - Data Analysis (cont.)
® Everrdil __, [ 83 Jeto - =[324 Jiv = Jw

distances of

8 monioring points _ (MiM) (MH20)  (min) (inH20)  (min) (inH20)
. 9 4 G
 _ Enermeasured —, 11 7| .
times and gauge 15 9
vacuums . 23 12
- @ Enter (optional): 30 16
40 24
&) flovate 100 30
[ 15 Jescrm 39
b) screensd interval 52
thickness 77
Les luv Cees) e Cle)
k= |18.69489|darcy (A)  k=]2.858452|darcy (A) ke darcy (A)
[“’c""“‘“‘“] k=|9.298663|darcy(B)  k=[7.767599]daxcy (B) k= darcy (B)

| Explanation & Sutistcs | AP8

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

§ Air Permeability Test - Data Analyzis (cont.)

On the previous Cand (APS), the data you input were fit © the approximat expression given on Cand
Bl AP6. It'was analyzed using both methods descrived on card AP7, if you input values for the
extraction well flowrate (Q) and the stratum thickness (m). Below each column of deta, the two
fif calculated penneabimy values sre denoted by:

darcy(4) - refers ca.lcukﬁon method 1 (see Card AP7)
: darcy(B) - refers to calculation method 2 (see Card AP7)

3 During the regression analyses, the data expressed a3 Correlation Coef.
pairs of points (In(9), P') ave fitto a line. The j ®
*correlation coefficient”, x, is & measure of how well .. detaset¥] J0.941158

B the data conform to the theoretical curve. As r-->1, the ‘

| dat points el fall on the theoretical curve. At the right _ dawmset#2 | 0.98602

§| ere given the comrelation coéfficient velues for the three

B date sews. For move info on the meaning of ¥, consult . data set #3

| any introductory Statistics book. ! .
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Figure 23. Card AP9 of the "Air Permeability Test" stack.

‘Tonilla Ylinging Outyost
&

Kydrocarbon Cantina

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 HyperVentilate 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 displayed.

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.
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Result:  Card 24 of the "Soil Venting Stack” stack shoul

System Design. .. | |
8 At the right is a list of the components O [vumber of Extraction Wells
of a venting systermn design. Click on )
each to conduct the indicated phase of O Well Location

8l the design process o ‘ : :
QO Well Construction

[ Remember: Itis not our intention to provide a
generic recipe for vecuwm extraction system O Surface Seals
design; instead we suggest the following 8s s

| structured thought process. As you shall see,
ll| even in a structured thought process, intuition .
i | and experience play importantroles. There is )
no substitute for a good fundamentai O Yapor Treatment
| undexstanding of vapor flow processes,

| ransport phenomena, and ground waer flow!

‘O Groundwater Pumping System

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

i Number of Venting Wells...

H | The procedure for estimating the required > -
% | numbey of extraction wells is similar to the ‘
| process vsed previously to determine if
venting is appropxiate ata given site.

Flowrae
Estimation

e Maximum Removal

M| As illustrated at the right, we will estimate Rt
1 single vertical well flowrates, celculate the . . ,
i | minimum vapor flow required, determine Minimum Volume 7
| the axeal extent of influence, and then -: Requirement | .
I | factor in any site-specific limitations. This ' g RS A :'

| information ther determines the necessary ; Si\e— Specitis
H | number of extaction wells. Limita

Just proceed 10 follow the steps dictated on i
the following cerds--->

Axea of Influence
Reguirement
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Figure 26. Card SD1 of the."System Design" stack.
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 Des1gn" 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 dis played

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
pexmeability (darcy) 10-100 0.01-0.1 1-10
design vacuum (in HoO) 40 40. 40
Well Construction: S
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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De“gn Input Pa_rameters.'_' - ‘Selsct the ol mess - @ [ke]
(soil stratigraphy & contaminant characteristics) units hatyou prefer O o]
3| Please enter the required information for each distinct soil .
M| layer, click on the "Update" button, and then proceed to '
41 the nextcard (i.e. click on xight axrow at botiom). ) Contaminant

M| (the tab key can be used © move betweencells) Distribution

- - 7 . | interval | avenage
Description of Depth BGS* Description of ndivs Jhickness] comc.

©SoilUnit If] Contamination w1 | [meike]
Medium Sand 110 430, i . 20 20 100
30 4. xa30] i 20l .13l 1000
43 50 ne 20 71.. 10000

T joo N ioh i A W B e
slslslalslslsls

* Below Ground Swisce

Figure 27. Céljd SD2 of the "Systcm Designf' stack. 7 _

1Design Input Parameters... [Notw:- click on any tble heading to]. O Meliun Ssat 8

. . getmore info QO Fine a2
3 Plsese enter the required information for - use tab key o move O sitty San2

§| each distinct soil layer, end then proceed 7 between cells - I O cupey sin
v the nextcard. ok Al

Extraction Well
Construction Critical
Description of ) Des@ well | screem | radivs of Volu.me of

i1 TTni Vacuwn ndivs Jthickness| influence Ajrk*

Soil Unit (inH20)] @] | m IRl [Lig]
Medium Sand. 40 2 10 40| 128 48
Clayey. Silt ;o . 40 2l sl 40 128
Fine Sand : 4 2 5 40 128]

00 i3 10N HUT D L) BN e

* Exter or choose (rom list at top right & pinimum volume of ﬁpor r!quini to ackieve remediation
N

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

Step 9:

Result:

Location:

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 SDS5 of the "System Des1gn" stack appears on your screen

(Figure 29).

Card SD5 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" v
Then card SD7 of the "System Design" stack will appear as shown
in Flgure 31. '
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Critical Volume Calculation...

7 QCIQC(t=0) : % Removed §
‘Weathered Gasoline :
T = 20°C L 30

1096 moisture content ’
C(=0)=222mgll [

typically observed in venting
operations.

The results are plotted in this way o
emphasize that the degree of
remediation that can be achieved by
venting depends meinly on the
volums of vapor extracted divided ]
- | by the initial mass of residual
hydrocarbon. For the example
pictured at the right, approximately
100 litexs of air must be withdrawn

111 Y U
from the subsurface in order o Jd hd v
remove about 90% of a single grem <} 0 100 200 . 300

, ~ QUm(t=0) (Vg)

Return to Design K Do a Calculation E SDs

Figure 29.  Card SDS5 of the "System Design" stack.

| Critical Volume (D  Temperature (°C)

‘ || Predictions... Contaminant O Enter Distribution
[ Simply enter the emperature at @ Composiﬁnn——l: QO "Fresh" Gasoline
4 | the right, and then specify the (choose one) - @ "Weathered" Gasoline §

composition of your contaminant.
_ 8| 1f you are unsure about this, click
A | on the “About Composition. .. -

1| button Jocated at the lower right. © (_== Set Default BP Ranges <—- )

( View Distributions )

; | Boiling Point Range #1|..-50 .1 t0]. 28 .1 C
§{ | The model retums output that Boiling Point Range #2|_ 28 | to] 80| ¢
| |slovsyouwdewmine | | |Boiling Point Range #3| 80 [to] 111 | €
| ekl Boiling! e#4) 111 o] 144.| €
8 | compounds falling wi g ;
 § | votiing pointranges. Typein Boiling Point R #5] 144 [ to] 250 | C
:;u;;ﬁ::f;io“mse (Generate Predictions]
%ll me more about BP ranges... sbé About Composition. ..

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

Action:
Result:

Step 11:  Location:

Action:
Result:

Step 12:  Location:

Action:

Result:

Sfep 13: Location:

Action:

Result:

Step 14:  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 vapbr'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 Valuc""
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 énter
"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. Chck
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
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the minimum number of wells required based on two approaches
To read about these, click on the "Number of Wells" column
headmg 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 ratzonal decisions about the applzcabthty of soil
ventmg

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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~--> lmport Data <—- Saturated Yapox ] _
® ( ) . Concentration at time=0 0.2053E+03 [mzll.]
DATA BUTTON! >90%5 of Initial Residual : residual]

These are the results for the it Temperature (°C): - 18 I
contaminant type that you have - Contaminsnt Type: | Weathered Gasaline |

QUM(0) Yeapor Residual BP #2 _BP#3 BP #4 BP IS
L-aix] Conc. Level Residual | Residual | Residual | Residual

g-residual | [96 Initial] | [95 Initial] [ onl] | [Buwl] | [%onl] | [% 0]
.00 | 100.000 | 100.000 . 11.650 24.010 22.140 41.510
.24 75.062 95.000 . 9.263 23.982 23.000 43.632
57 58.631 90.022 . 6.755 23.474 23.820 45.950
.98 48.078 85.034 . 4.512 22.403 24.577 48.509
39.390 80.034 . 2.632 20.771 25.248 51.350
31.941 75.035 . 1.222 18503 | 25.766 54.509
25.916 70.035 . .385 15.556 26.031 58.028
21,150 65,037 .068 12.053 25.919

A Launch Exrel

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

il % #

De'lgn Input eters. .. Note: - click on any table heeding t get more info :
Please enter (1) the desired time period for - use b key 1 move between cells

remediation, (2) the design gauge vacuum, and
then (3) click the “update” butwn. @ (Updare )

@ @ Minimum Number of Wells
Time for | Design
Clesn-up Vact]fum Fl;m::v:puor Buselon | Buseton Critiad
Area ‘olvm otk
[days] |(inH20) [SCFM]
180 40 38.4 384.4 0.2 0.0
180, 40 0.0 0.2 0.2 64.3
Fine Send 180 40 1.9 19.2 0.2 3.5
NA NA NA NA NA
NA NA NA NA NA
NA, NA NA NA NAIW
NA NA NA NA NA
NA NA NA NA NA
NA - not enough inpuz dnta ik minimwm volume of vapor required to achisve remodistion

Clear All Entsies ﬂ

Description of
Soil Unit

00 N1 IOh U 1A 3O BN e

Figure 32. Card SD4 of the "System Design" stack.
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Thio Copy Belags s v bl

A Practical Approach to the
Design, Operation, and
Monitoring of In-Sita Seil

"Soil Venting Stack™ Cards .

Venting Sy
wrsma 101
©1991 AR Rights Reswrwl
Hall O Company

N

& ByperCant Staaks Cressed by

Paul C. Joknsca, FR.D.
Amy J. Subenam

About Soil Vestiag ..

SodVemmg(a.k; “in-situ soil
venting”, °vacuun extraction”, &
“in-sity vapor extraction®) is

rapzdlybeconnngomoﬁbaxmﬂ

TthypuC:dSmkvasu'wadbmlpgmdeanmmmalmnm
wthmbmmMMvmmmm
be appliad 4o remediste a iven site. 'I'tnorgamunonauilopcofthssm:k
follows the paper:

'APra:nalApproachtothnDeagn, Operation,
and Monitoring of In-Situ Soil Venting Syslum
by

P.C. Joh y, M. W. K

-, C. C. wiki, J. D. C,

& D.L. Byers

published in Ground Water Monitoring Reviaw, Spring 1990, p. 159~17¢87'

u-ummumummuuun.\m please
an?‘mmhﬁolmmﬂ&m

In-Situ Soil Venting System Dwgn Process
You can click om axy Wock in his disgram © get mom in ™ep. Ox)uu

o begin ot e surtof O pEOCEsy ekkﬁgoamh'l.uxox Discoverad ® box, or the
Wmvuuhmd.zs m o

with relatively volatils
hydrocarbons.

The underlying phenomena that
influance the success of any so1l

Now wve will step un'ou,gh alogical

thought process to dacude 1f so1l ventng 4
1 appropriate at this . The previous |3
card displays the flowchart that 15 the 3
basis for the thought process. Clicking bad
vithin any process box will taks you to i
thaxn:uono{l!nmkdnlmgvﬂh
that aspect of the thought process. -

In the following cards ve will assume
that a leak or spull has been discovered,

xplore the foantal

With any contamsnated s, one sbould

y of all
alternatives, salscuon cniera

bsusuhluhad and then the fipal -
chma(s)m

Soil Venting is most likaly 1o be

contamunant is volatile.

Otmr,' ue ilable, h

procesios. After compuling a List of

successful when soils are sandy and the

O Thermal Desorption

Q lntiperation

O Composung

O Land Farmung

O In-Situ Bnochnﬂmon

O Solidsfication/Statulization
O Solvent Extraction/Soul Wastang |
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Preliminary Site inﬁﬁpﬁoh

Mnndeom:nuonpmhlamudsw
or SUSp , asitg i i is
mmdehmttnmofsoﬁam
groundwvater contamination. In general, the site
characterization is conductad in tvo stages. The
lemergency resp and ab phase

the dizte imnpact on p human and
énvironmental receptors, and is conducted in a
relatively short period of tima (days). A detailad

hmmyrwponsemmmpm lslo ;v
determene potential migration pathways and assess L

'

Venting Appropriate?

Read This

i .

At tus pownt we will procead through a

sunpls thought process o decide if soil
mnguafu:ihhdhrmn‘w As

d earlier, thalhrasmfa:tornhaz

ofa

a1

gowern the

- vapor flovraie . B
- vapor concentrations &
- subsurface stratigraphy (or the locationof N
contamunants relative to the vapor "
flowpath) _

3B
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"Soil Venting Stack™ Cards

Flowrate Estimation:
O Madium Sand

Vapor Concentration Estimation:

© Fioe Sand
Q Silty Sed
Q Claywy Silts
© Ioput Your Own Perrosalulity Range
Parmeability Range

o — Y - -
Wall Radies 2
Radivg of Infleancs [ 40 _]
Interval Thicknees® [ 65
( =»>Calculate Flowrats Rang

a2E

© Odvkeat of sovannd Susarnl, or B]
Jwma ( whis hever fe smaliord.

ﬁ Adost 3ol (& Uit Coaveczions L 13E 2

@ Type 1 Temperature ("C) (bit <return>)

or
Chooee one of tha Default Distnbutions

O "Fresh® Gisoline
@ "Weathered® Gasolima

(@) Click 1o Visv Distributions, (optionsl) Viev Distribitions
(%) Click 1 Perform Calculstions © Perform Calculations
Sum of Mass Fractions
Reszults Cale, Vapor Presnxs am
Cale. Vapor Concantration mgfl

& T e ke R =D

Vapor Conceatration Estimation - Calculation

Click to Enter Componition of Contamerant (O Enter Distribution

The menzoan achisvabl 1
rate occurs vhenever the vapors Soil Particies
removed by venting are “saturated®
or in equilibrium with the
‘| contaninant/soil matrix.

B Foe-ligmd
In the pext card you will estimate Plude ——

the manmum vapor COnCeniration
of your contaminant. fust follow
the instructions in the upper left
corper of the naxt card.

il

Removal Rate Estimates

removal rats occurs vhengver Maximum Maximum Estimated

the vapors removed by venting Removal = Vapor x Vapor ‘
are “saturatad® or in Rate Concentration  Flovrate

equilibrium with the

We ceiculae Gis “maximom” mmovel e © dsermne
¥, even wndir the best conditicns (sarerewd vaposs &

The “Removal Rate® is simply 20 composiiion changes witms), venting can meet

the product of the flowrate Jou meeds. -

times the vapor concentration. - L
mﬂummoncm Click oa 0 Yoo delow © gensram Gase valuss. ..
8 & 10 will be used o genersie

removel rate estimados.

(Calculate Esimates )

Hmmn_skmul Is Soil Venting Appropiiate? gy @kg
Rate Estimatos At G pom, you compare Ue 'i' (D Estimated Spall Mass{__4000] &3 4p
‘3alact your wu praferace WGV ez pocsible removal rais Enter Deswred
with your dasired removal rass. 3 ®- d Time [C120] doys
@livral . — =
Olkgral e ® Commmm)
Now rbgirs If the manmum removal raie Lo
Thooe s % s o3 Jof 32 5 ol “"“‘z‘wm m::um Singla Vertical Well Results -
smovil mwe®, et 20w | 101|068 {tof 6.3 12 o . . ’ g Degised Removel Raw: 533] [
M ; is not Likely to meet your needs, |
caly b wel w0 20 1t 130 Iw 13@ 25 |w ! || Ceare Vacmzm (i H20): 200] (mH20)
aomavedsvmmex || 40 1| 254 o] 2538 2 |w and you should consider another Bl mia Fownu @ 200 mHzo[__10.07] iscrm
treatment technology, or maks Max Flownus © 200. mH20 | 100.66) [scFM
g ¥ even fesiie e 1§ 60 | 271 [ i 20 [y K ¢ i
orams Costwue oa © 6 your noeds more realistic. Max. Est Removal Rew:
bipmiord sl | T | e Wy e e S W T 73 [
peloriopymrty 007 Je 1006 ] L3 T In tbe oot cards, ve vill refine [i3]| (v sstame) - per wia [ T6A7.108] e

Is Soil Venting Appropriate? - Reliood Estimatos

The precxdiing sstumsios se
ussful ooly as & “first cw”, aad
should be refioed if venting s
sl & polentially feanbls
opton,

Yepax Conc.

Typally during soil venting,
the rosmtixed vapor
cotcantration snd removal rale
depandence on tis ressembles
ths plot on the nght

(when the total vapor flovraie
is ralatively constart).

Time (4)

48 1

More Detzilod Calculstions
ocr?ca-m

% Removed

Pictured at the right are the 100

results of szmple modal
dicti fora hered

60

[QC(tYQC(1=0)], whils the

.0001 § " -
0 100 200 -
QUm(-0) (Vg)
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"Soil Venting Stack” Cards

(U] ot ,
E— i Sofl Perm Rezgs (dacy)
To &= right is & yuamary of e Wall (=) .
demyoubave mpw Ifyouwish©§ Rudiws of Infhaeacs (1
changs ey of e info, hea click s z‘;ﬂ;{ @

on O parmeeT wame, and Wdo
e calculations oa te canl you will | .
be mksn 1. Pass ©e blinking
‘Retzm’ butom © come back

The model rvas CuGpEt Bat
allows you © desmine
Tesidual amownts of
compounds faliing wikda S
boiling point mages. Type i
oW OWa anges, or choose
©o dafankt values.

@(-»mn.mnnm<—)

Boiling Point Range #1] -50 itol 28 IC
R 2] 28 lwo] 30 IC|

80 ltol 111 1C

D R 241 111 o] 144 1€
o 144 Id

@l ;e o showt BP

()
99|

This is a cornplsts summary
of the data arx results.
Based upon these numbers, 2 §
“minimum mamber of wells” [§
has been calculated, which |
should give you some
indication of how
appropriate venting is for
your application. Note that

circumstances are idoal,

Py

this is the number of wells if B8

@
1

Is Veating Appropriate?

it Rance 85 o
Generate Predictions

3ol Type: Fine Sand

Wall Radins i) . 2

Est Radis of Infloeacs (1) <

F Zom Th n): 6.6
Firwnw pa Well (120° Vac) {SCPM] 6.83

Flownas per Wall (120° Vac) [SCFM) | 68.27

Min Vol of Ax (i 126.48

Estmand Spill Mass: 4000 7Y |
Desrad Retoediasca Time {days): 180

§ of Wells
Lenr Based
' ox Yow laput Paamenzis

\ YN

7

P i .
;__o ]o.mxm] (meiL]

D -=> import Deta<-- ) Satuawd Yepor
«t
v .
Mia :?- » Remove E._-‘ Lazg
Taopeens (O [_18° ]
C ent Typs: | Weath
Vepor | Residual | BP8L | BP82 | BP&® | BPs4 | BPES
Law | Comc. | Lew - Raai R
i {Boul) | [Bouy | (% ou
690 | 11.650 | 24.010
123 | 9263 | 23982
000 | 675 | 23.474
000 | 4512 | 2403
000 2.632 2.7
0o | 122 | 1850
000 % | 15.5%
000 08 | 12

The s Uifficakt © , «ok

_ maly conforns © owr aoton of & “sendbox”.
Them am s genetal classes of sitoations et
will canse wanting IOVl B © B¢ k3 Ban
ose peadiced for he iisal caze. Each of thess ar»

ol @ "AP © &% Design,
‘Openation, and Monitoring of In Sisa Soil Venting 5
Syswns®. You can leza xom abow sach by L Dilution Effects )
clicking on s burnns © G nght -
. - Ty
In sddition, whea conmmingss ars Jocawd close © ( = )

powd wary, te effectof Ss veceam on bs
‘waur ukis vel cn sigaificunty inpect a veating
sywem's pextormaace. To lsera about e, click
oa e "Cround Waks Upweling® yomoa

(__Lov Permeability Lanses )

(__Ground Water Upwelling _ )

Fiold Tosts B
Prior o the design of an in situ soil
Venting systam, it is desirabls to
obtain more refinad estimates of the
unsaturated zone permsability,
potental vapor flowrates, and |
contaminant vapor concentrations. In
addition, 1f a ground vater pumping
system mught be installed, then
aquifer characteristics must also be
determmned. -

(___Air Pérmeability Test )

Click on the buttons to the right to
ioarn about thess tests, or to analyze

data thet you have already collected

System Design. ..

For te sysum desgn process, you should o ing
« sins plans (showmg subswxface wilities, wnks, sTrfece SwUCwWINT, ¢€.)
° oGl the i ecTions, Vakr Whie maps, and 30d bozing end ground vaer

aDping myelv) - .
© CORNDIMM COTRPORition (Or boiling point diswidution)
* &t permenkility wst dsi (permsability vahess & vEpOr CODCYRRLONS)
* squifer chancutisics (Sround Wit gradient, o ifer peomeability, ex.)

= B
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"Soil Venting Stack" Cards : ‘ Ad

System De.?zjg’n. ..

Al e nght is a list of (b components
of a venting system desngn. Click on

System Moaitoring. ..

O Number of Extraction Wells

each 10 condixt b indicated phass of O Wall Location ! YTie porformaccs of 2 ol veming ODats and Time
e dacgn process system must be monitored in ordar :
O Wall Construction 10 ensure efficient operation, and | Y2POF Flow Rates
It st ow ©poTias 10 belp determine when to shit off | Prasyure/Vacumm Readings
LIMTE CTPe SOf aRacica SER O Surface Seals u’y:m oft 1O a j i
I Lazign: mewed we segrwet e foloving s a O Vapor Concantrations & Compositions
reachsed Sought JOCess. AS JOu sdall see, . : :
e s ot Seree™ ovems, s, | O Groundwatar Pumping Systum At a minimum, the iters listed to |O Temperature :
ed crpesinace Yy saporent oke. Them s the right thould be mesnxed. O Wator Table Lavel
w0 fxagoot O Yapor Treatment *Click® on atry one 1o get more G o NP
ik on . . OSouby ation & Comp

o Economics. .. “Click” on any itsm below (&
73 ‘Sarvise Sugisn bold button down) to sea costs
Target sl cloen-up levels are Corm B For typcal servics station sitas, associated with that item.
oﬂnmonnab—brm_shﬁ:, ([Ereraw) cloan-up costs can range from
ardd sve baced on the sstimeted H $100K - $250K for the venting hi
polantial unpact thet any e SR operation alons, depentingon |1}

recidual oxy bave on mr
quality, ground vater quality, or §
otter bealth standards, They o

the complexty of the sits,
clean-up time, permitting
aqui , and a type of

QO Cummlative Amount Removed
O Extraction Well Yapor C

oy also be related 1o safety i .
derstiors (explonive O Extraction Watl Vq;or Composition
: tizats). O Soil Gas Data

O Seil Boring Data

Geperally, oodirmonml

& -Ze |

Acknowledgements. ..
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*Soil Ventmg Help Stack® Cards

Help Stack Informanon

Buuons h:ve been placed in esch
card, Clicking on any button will
perform an action, such as:

E‘}J Go Home to frm

and @ Vearng Sack
Go o ocxtcard

Fncld.t may contain information, or they m:y be
a place for you to input numbers.

Scrolling Field:

Click on aTOWS 1D move
EXLUp Or down

Boxed Data Fleld:

Whnmmuﬂ-
m & bozed

f:ld,:h the mouse 13 the
boz 1 st the cunsor, Then
youmsy enxy dan,

A buzon will then wmally
be pushed to perform m
acson o

Go o Help card

Pring card o
=t icld

Petem st

When cunious, click on Symbols,
Pictures of Text

Enter Numberin Box
) inches
Click for calculation
2.54 i

| : ;
This is the decision process that onc must follow to: - | (
1) decide if soif venting is applicable ata given site
&
2) design an cffective soil venung system
1t is an abridged version of Figure 2 in “A Practical Approach to rlu Design,

Operation, & Monutorng of In-Sutu Soul Venting Systems”, by P. C. Johnson,
C. C. Sunley, M. W, Kemblowski, J. D, Colthart, and D. L. Byers.

Procesz Description

In & thermal desorption reatment
process, so1ls contamenated with
volatlefsamu-volauie orgrnics arc
heated, and the volaulized K
contamunants are sirpped with ar, |
fizam, or combusuon products
(bumcr fluc grses) at relatively
wpered st
wnaneraton (ZOO-SOO‘C vamus
1000-1200°C). The desorbed
Organc contaTunINts are

i

Help: Composting ‘

il | I |

Process Description

management technique in which
amended go1l, contauung orgaruc
wasics, 3 placed i in hr;c pilesand

2d. The
microbial degradauon by providing
oxygen to the solfwaste. With
time, the decomposed waste is g
reduced in weight and volume, and
the procees produccs a stabilized,
ennched, humul«hkc materis],

i -

Lok,

B1

Help: About Soil Venting

Mosc mformanan about soul ventmg can be found 1 the followang scudles:

"B M. C. Marley and G. E. Hoag, hdnndSlemnn](ouhckmverymamnndG-dxx

Hydrocarbons o the Vadose Zone, NWWAJAPT
Orgamc Chemmcals in Ground waer, Houston, TX. 1984,

onf md

P. C. Jotmaon, M. W. Kemblowski, and J. D. Colthart, Practcal Saumn; Models for Soil
Veating Appli NWWA/API Conf m ¥ Hy md Orgamc Che
u&umdmr.}bulm.‘rx. 1988,

N.J. Hutzler, B. E. Murphy, and J. S. Guh: Star of Technology Review: Soul Vapor Extracson !
Sysems, USEP.A, CR-814319-01-1, 1988.

D. J. Wilson, A. N. Qarke, sod 1. H. Clarke, Seit Qean-up by 1n-situ Acrason. I, Mathemancal ~
Modelling, Scp. Scicace Tech., 23:991-1037, 1988,

Help: Preliminary Site Investigation

More information about site i
following articles:

and diation can be found in the

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

and Remediati

of Underground Petroleum

P, v 1.
4 F

1220 L Strect Northwest, Washington DC, 20005

=

He

Help: Incineration

Process Description

Incineration, or the thermal
destruction of wastes, is a compicte ]
destrucuon technology that can be
used 1o treat soils contaminated with
1 wide range of hazardous organic
wastes. Contanunated soils,

sludges, or liquid wastes are ndded
10 a high

dumber

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

p

Process Description

“Landfarmung” refers to the
practice of spresding organic wastes
over an area of land, then relying
on natural mucrobial action to
degrade the waste. It is a widely
accepted and cost-cffective practice
for the treatment of petroleum
hydrocarbons, chiorinated
compounds, and pesticides. In this
process soil-associated
nuaoorpnuml (bu:uru and

il
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Help: In-Situ Biostimulation

Process Description

Help Sohd1f1ca110n / Stablhzanon

% : Salidsfier

Proczn Ducnplion

Stabilization and solidification arc
P desigried 10
cither improve waste handling and

Treatment of groundwater and soil
contamination below the water table |}

("saturated zone") by in-situ
biostimulation involves the addition
of nutrients and/or O2 (usually as
H202 or liguid O2) to an aquifer in
order to enhance the degndnuon of
the hyd t by i soil
microbes. The nutrients lnd
oxygen are added above ground w

can leach, or iimit the solubility of
hazardous constimiénts. When
discussing this technology, the
following definitions are common:

Solidification.

Process Description © -sppicable ] %
"Solvent extraction” is the process © - poencaily applicabic, : g
by which contaminants are removed but not condumveiy demonstrazed 8 é’ -
from soils or sludges by mixing g " 'g §
them with & solvent into which the K] B
contarninants preferentially @ £l
partition, Which solvent is used fo! ; : :
any particilar treatment is very o o|®
dependent upon the type of L]
contaminant present in the soil. . N L
" (2) - Pree-liqud pumping 15 coly o L A0R0000
The folvmt should hav.e a high spplicable whes the remdual olojeje! jele]o] ole
affinity for the contaminant(s) of | | conammanon icvel is 20 high that olo] elojo] lojele
: s s olo] ole

h
0
s
.

Not that k denoies the “permeability” of & parous

. mcqunonbelowulherudy-me.mml,ndm ﬂwnlunmnuvemux weii. While
medis, while K represcats the “hydraulic (darcy) ) {an/a} good for vapor f} In 18, of cowrse, imied
conducavity”. The two are relamd by: s byth:mtyofmevduyoumpm.h lar, the greaicst 15 usually

| 10 10l 10?2 wich the saul parmeabrlity, which can vary by several ordcrs of, over zmall d
K = k P8 s | FIO‘ 10 2
3
H#H0 é‘; - 10, Fied | g--u—k—P [1-{PAm /Py)]
where: , & 'k et ot H [ThA In Ry /Ry
€ = accekanon dus © gravaty (980 cav's?) b4 : - 10 107 - 102 v I
}z.0 = Visconty of wamt [0.01 giom-s) 23 L1 108 |02 k =wdmlixyn-rﬂm_v‘[un3]u[duq] .
Pro = dsouty of water {1.0 giemd] _3; 1 w0? - B = vicomtyof ur=18x 10 p/cm-s or 0.018 cp
: d 2 10 2 = . -~ lovs P, = abeolur preasure atextrachon well [;/an-cz)or[um]
Whes gel - 10 - 10 - 10 e = theclusc smbnent pressure = 1.01 x 10%g/cm 62 or § am
-$- - 10 R' = radius of vapor extracnon well fcm]
-y Lo ~ Ry = mdius of mfluence of vapar exuacnon well [cm]
H = thickneas of well screen miwrval, or permeabie sotl zane (choose mnaticst value)

Help: Compound List _[wew=e) B

1) Enter value of hydraut or

. pe
2) Choose minal uus Mess Molecular Pressure
il 3) Chooec final unim - (chick for each calaulanont) Compound Name Fraction Weight (¢) @73 _]°C
1 | {propanc 0.00- 44.1 85
2 1sobutanc 0.00 58.1 293
Emz 3 n-butanc 0 58.1 21
4 uans-2-butene 0 56.1 197
Convent Fro 5 cs-2-butene ] 56.1 1.79
6 3-methyl-1-butenc 1] 70.1 0.96
O ans 7 |isopentane 0.0069 |72.2 0.78
O 8 |i-pentenc 0.0005  {70.1 0.7
9 2-methyl-1-butene 0.0008 70.1 067
® an? 10__|2-methyl-1,3-butadiene 0.0000 68.1 0.65
O darcy = Sum of Mass Pracsons

{should be =1)
HowDoan-manhum?. RManCnc.FJummC.d[ Pnnt Liss
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Summary Card: Site Characterition

A complete site must the following

Contami Delineatt

Subsurface Chsracteristics

* 3cnl snncgrachy + exeent of free-phase ¥ydrocarbon

« charcxnsa o of discact sl layers « dusenbunon of coutenmnant 1n vadose zone
(pecmeatality csuamasca, soxl types) . of m zome

* depth 1o groundwans + cxwut of soluble conxmmant plutme

« pround water gradent « componton of conammaert

» geascnal wakr table Auctuatons « scn] vapor concrucrat.oos (opaanal)

* squafor ponaatahty (acmane)

| .
Help: Data for Fortran Program -
: t Presaurc

Wagh
(=)
44.1
581
8.1
56.1
56.1
701
722
70.1
70.1
£8.1

# Compound Name

Fropenc
Hodumes

sdumae
wros-2-burne
asbuxx
Jactiylldures
Mopa e
\parse
2acaylldure

2-methylt Abumding

B AR R

R

Help: Calculate a Distribution |

B3

Compound List Default Data

Baling V! New Vi
point Presare | Pressats

Malcculse ('C)  (Atm)

Weigt @1 @T=20

(gn)  Am K

Mass Fraction Data

44.1
58.1 |-12
58.1 |-1
s6.1 |1
56.1 |4
70.1 121
722 128
70.1
70.1

42 |8.5
293

241

o

the cxact of

P P
ial 3vacal

(ouchas requares sy

echemques. For the purpose of csumanng the responss
veatng, ', 0 8PP P can be
used wath very good results.

To = wpp
salyze the muxmre by gas ch
Pnor o the malyscs, choose sbout 6 - 10 marker
compounds whose properocs are well kmown. Ofens
scnes of strmght chain alkanes (n-butane, n-pentane,
n-hexsne, eic.) 18 chosen. Then the unknown musture 18
malyaed, mnd the sreas of all peaks chitig between the
reannon wmes of two knowa peaks axc summed and
treaind a8 ane of the known peaks, s illustared an the

oue must

ic spalyscs.

— __oeB-=

In this esumation of equilibrium

Perforta 4 GCanalyscs (: d) vapor ions,
=md peaks whose Conce Nomehiaod
n:m.l::umhm 8 Compound s Dumi we > that the il RT
the Xnown CompOuDAs. 1 |propmc arc great gh
& 2 |obumn (>200 mg/kg TPH) that it is
£ 15C sreas of 3} |opzax distn betw .
COTALIAIONS K e 4 jo-bexam buw# een "[‘_’“' = total vapor concenranon (mg)
sppropra fecsoea M S |o-bcpan sorbed, dissoived-in-soil- =number of componcats
@ Table on the ngix. 6 |pomre moisture, & free-phases. In this = mole fracton of camponent 1
Then, Quek Calautae, ;’ B.poBEDC case, the equation at the right = vapor preasure of component : {atm )
X adecane . " ., " = lar weight of 1t 1
ek e Trmaler 9 la applies ook for "Raoult's Law’ ! P
b and your 10 .m & the "Idcal Gas Law* in any = Unvemal Gas Constant x 0.0821 |-am/K-mole
MM ““‘:nhw“ dodeaune : s textboak for = abwolute wmperature (K} = T(C) + 273
© te Cospomuca Table. £ ). We do correct for

Returs 1 Vapor Cooc, Calc, Card

Help: 6a) Dilution Effects [Bypassing]

ot

—
—

vﬁ fNlow
-
-

-

vapor flow  § -

Side View

“The figure sbove Acpicts the case where some vapors “bypess” zones of
contaminaton, and therefore the vapors d from the well
& mixture of the vapors obtxined from both contarmunated and clean
vapor flowpaths, One can roughly judge the amount of bypassing by the well
1 i i dismb G lly, observed
10 . S0%. afihe sdeal d

Top View

b4

X}

b 4
PPy e

vapor concenraton = 0

- impenneable lyer

In Figure 6b, vapor flows parallel to, but not through, the zone of
contamination, and the significant mass trangfer resistance is vapor phasc
diffusion. This would be the case for & layer of liquid hydrocarbon resting on
top of an impermeable strata or the water table. This problem was studied by
Johnson et al (1988 - NWWA/API Petroleurn Hydrocarbons Conference) for

Return

Show Mas Equations Let's 8o a Calcuiation
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Help: 6¢) Low Permeability Lenss - § JHelp: 6¢c) Low Permeability Lenses - Equations
| R.-n(Ri-Ri)q/“‘——&iB;;P , s-q/%z_f_{::

where: Denvatioas for these I
. equations are given in
Rux = csumand semoval rae [mghd} Johnson, et al - "A Practical
§ =thickness of “dried-out” zooe {m] Approach to the Design,

Ri = defines regpon in which contammanot s prescnt (m) Operation and Monitorin,
Ry = defites regoon in which contsmmanen 8
*wet” zone with remdual contemnmanon H C.: : i vapor '[::;;; (=) of In Situ Soil Venting
p* = effoctive soil vapor diffusion cocfficient {m2Ad] Sysiems” - 1990.

Crea = tmitial maidual level of cnmmmant in soil [my/kg) )
Predd :;ﬁmml These Equations are valid’
for single-component

In the situation depicied above, vapor flows past, mther than through the .
contaminated soil zone, such as might be the case for a contaminated clay lens n
surrounded by sandy soils. In this case vapor diffusion through the clay 10 the @
flowing vapor limits the removal rate (the removal rate actually becomes

Let's Do s Calculation -Return H26

The Fortran prograrn HYPEVENT will repon residual levels of p Rex = 1Q Cux
falling berween user specified boiling point ranges. The default values have w2
been chosen 30 that residual levels of pounds with boiling points between a= J—(6D‘Wk)n[ln(R{R.)l(Ph - b)) 'ia i

the following compounds are grouped wgether:

The equation nbove
estimates the removal
rate from a layer of
liquid product by 2
single well, based on a

= csamaird removal raie
=cfficency relanve to maximum removal rax

= cffecave ool vapor diffumon cocfficieat {an/s)
= viscomty of mr = 1.8 x 104 gicm-s

= sonl permesbility o vapor flow [cm2)

= thickness of screened mterval fcm)

=radius of flucoce of venung well (cm}

= vening well radius {cm}

= abeoluis ambient preasure = 1.016 x 106 g/am-x2
= absaluw: preasure a2 the ventng well {g/cm.a2}
= defines region m which contammation is prescoe

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

Toluene - Xylenes (111 - 144 C)

Xylenes - Methylnapthalene (144 - 250 C)

approach to the
problemn. It is not
direcaly applicable to
mixwres, because it

Let's Do a Calculation Rcm ‘
Help Boundary Layer Equations - Calculauon Help: Low Permeability Lenses - Calculation

(1) Soil Type (choose one) Just onier valoes mio the 1) Process Variables: & = mns
- ate <-- )
O Medium Sand © O Qayey Sils appropriate fields, then click on (mput values) ) v
the “calculate”™ button. L4 __] venung well mdius fin]
O sy S A @ Fin:] Send < -EX'- rachal nddld‘wmmandm[m Time Re;l:vnl 5
O gt You Ove e The “Relauve Efficiency” is the L 10000 | romdual conmmmant level (my/ie) (days) (kg/d) -~ (m)
E to [3:! {darcys) rauo of the predicted removal . 2) Contaminant Properties: i%gg«gg; 2 63«
@ Process Variables: rate 10 the removal rate that T mndemhrwumw:ndcl e 132{1 1
8.6 ] tuckness of screened merval {11 woulid be obtuned if the extracted % contmmmant vapor pressure {mm Hg) 471,323 .4
30 racius of mfluence of venang well {fyf | YAPOrS were saturated, or 1n 1 P © %gg,xzo .o.g‘
2] venung well radsus [o] equilibnum with the hquid O usc valuce already inpix from Card 10 #2 £
#pphed vactum at weli [1a H20] — Toak oy il e B sppropea B O 3 004 35
(20 ] rat matn of com e 2one Relative Efficiency = - dick on the "Calculsic® button. 4 ? 2;') zz;
( --> Calculate <-- ) (%) TN i Al s 988...
Return H0

°

Duning venung, the pressure
within the radius of influence of
the vapor extraction well is
lowered, due o the applied
vacuum. This jowenng of the
pressure affects the groundwater
level in this zone, and an
“upwelling"”, oc local rise in the
water table will occur.

Genenally, the DATE and TIME
should be recorded along with any
that is made. Given the
time scale for venting-related
processes, recording the ume to the
nearest munute should be sufficient.

I

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

The local water wble rise can be
as great as the gauge vacuum
applied at the extraction well

147




Vapor Flow Rates... ;

Vapor flow rates from esch
extraction well and into any mjection
wells should dbe monitoced.

Sampt 1g deviees includ
pitot tubes, orifsce plates and
rotameters, It is important to have
calibrated these devices at the ficld
operating presnires and temperanires

(i

Soil Venting Help Stack" Cards

[

Pressure/Vacuum Readings...

Pressures/Vacuums should be

s d at ezch ion and
injection well. In addition, subsurface

pressure distributions (measured with

vadose zone instalistions) are useful
for determining the zone of influence
and vapor flow paths.

Typical pressure/vacuum measuring
devices include manometers and

Vapor Concentrations & Composition...

The vapor concentration and

position from each ex
well should be analyzed periodically.
This dats is mukiplied by the

[ well fl o

the removal rate (i.c. 1b/day), and
cumylative amount of contamunant
temoved.

By itself, vapor concentration data
does not give s complete picture of

differential pressure gauges.

Temperature...

TedarBag The soil and ambient temperatures

can have a significant effect on the
performance of soil venting systems.

The soil tamperature affects the

vapor

while the ambient temperature
controls whether or not condensation,
or even freezing will be significant.

For future reference, therefore, it is
useful to record the ambient and soit

Whencver the contamunated zone lies
near the groundwater table (within 3
to § f1), 1t 13 umportant to morutor the
water table level to ensure that
contamunated $01ls remmin exposed to
vipos flow, Meamunng the water
uble kevel during venung s not a
tnivial tagk because the monitoang
well mun ramam sealed. Uncappung
the well releases the vacuum and any
effoct that 1t hag on the water uable
level.

umnulative Amount Removed...

concentration) with ume. While
this value indicates how much
contarminant s boen removed, it is
ususily not very useful for
determining when to take
confismation bocings unless the
oaiginal spill mass is known very
scaurately. In most cases that

1

b 4

These should be measured
penodically at different radial
distances from the vapor extraction
well(s). Daua from soil gas sampling
is valuable for three reasons:

(1) by comparing extraction well
concentrattons with soil gas
ations, it is possible to
esumate the fraction of vapor that is
flowing through the contaminated
zone (i.c. the “efficiency” of

“Teflon Tubing
Strapped to 1°

EXTRACTION WELL VAPOR
CONCENTRATION

BS

iop =2

the vtpoi" concentrations are good
indications of how effectively the
vennng system is working, but

4 in vapoc ion well
concentrations are not strong
evidence that soil concentrations
have decreased. Decreases may al:
be due o other phenomena such 25

water table level increases,
N i i .




Extraction Well Vapor Composition... '

EXTRACTION WELL VAPOR
COMPOSITION

when combined with vapor
concentrations this data gives more
insight into the effectiveness of the
system. If the total vapor
concentration decreases without a
change in composition, it is
probably due to increaged mass
transfer resistance (water table
upwelling, drying-out of low
permeability zones, etc.), and is not

"Soil Venting Help Stack” Cards

SOIL BORING DATA

Generally confirmation soil borings
are taken once a system is turned
off, and these are often analyzed for
TPH (total pewoleum
hydrocarbons) and volatile
residuals.

One should keep in mind that TPH
results can often be misleading,
since they reveal nothing about the

compaosition of the residual or its

RN

O <isopentane
A laop - Benzere

B Benzenc - Towme
B Toluene - Xylenes

Soll Boring Resuits

Bonng BTEX |
[mgAg)
20
120
00
ND
0.1
ND

Locanon
Before
B-1
B2

149

SOIL GAS DATA

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

Vapor concentrations can not, in

general, be used to determine the
residual level, except in the limit of

Soil Gas Monitoring
installation Results

very low residual leveis (when
vapor concentrations are §
proportional 1o s0il residual levels). [O

B&




Appendix C: "Air Permeability Test" stack cards.
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“Air Permeability Stack™ Cards

Tests...

Air Permeability

O

The purpose of an air permeability test is {4N
1o obtain site-specific data that will be
used in the final system design. Itisa
way 10 verify that venting is an
appropniate remediation technique for
your site.

( Show Me Set-Up )

L’I‘est InslrnctiomJ

In particuiar, one typically tries 1o get a
better of the soil permeability of
each distinct soil layer to be treated, and

a better estimate of contaminant vapor (
concentrations

Data Analysis ]

C1

Air Permeability
Test Set-up

Vepor

Pictured at the right are the (U

l) . . ¥ L X3
20il vacuum measurcments e
Identify soil zones to be treated show me sample data X i~ *»,
, il PO B N

2) Pore Volume Estimation: sand. Change *
Instal] vapor extraction well(s) in this = a9 .

. : . 1 -+ .
zonc(s). Exi hg the 8 !:vellx ol 1) St Layer Thuckncas {ft}: 6.6 ‘The specific operating . *
may be used.l\v €0 the screen interv 2) Esumarrd Radius of Influence {ft):{ SO conditions and site 41 ®
exiends only into the zone o be 3) Axr Perm. Teat Flowrasz (CFM]: {15 h istics are described .
treated. Note the exiraction well in "A Practical Approach 1o sifaurnmiiay ® 8, 4

i ize. Insure that P! > EB4D (ruib.n)
radius and borehole size. ¢ the Design, Operation, and It oreresin a
the well is not *connected” to other soil pd 15543 Jeees Monitoring of In Situ Soil » ~ .
zones through the borehole (use Time 1 Extract & Pore Volume:(0.72_| days 1) 10 Time G )mo 1000
ime (mn

Air Permeability Test - Data Analysis

The expected decrease in subsurface pressure (increase in gauge vacuum) P s
predicted by: (see Johnaca ct al [1990] for denvanon)

P(r) = - L Y
rmk/p) | ., T
Snlaemt

P = gauge vacuamm £« arfilied vad frxnon
= = sraum tuckness U eame
T = radial distancr from extracton well Q e flowne fram well
X = sou permeatahty Paen ® SDOWD aIn0SphenG preamne
B = s viscanty x 0.018 cenbpowe

% e axme e R

Air Permeability Test - Data Analysis (cont.)

The parmeability, k, can then be calculated by one of two methods:

The first 1s applicable when both Q (flowrate) and m (well screen interval) are
known sccurately. The calculated slope A 15 used.

Qu
4Axm

@

ke

(D The second spproach is used whenever Q or m are not known with confidence.
In this case, both the slope, A, and intercept, B, are used:

HBeu B)
k 4P‘mnqil).&'/'/’zn“)]

- @D -

expression:
pPe—2 _
4rm(kip)

A and y-intercept B equal to: |

Air Permeability Test - Data Analysis (cont.)

For (f* ¢ W4k Pan t) < 0.1 the governing cquation can be approximated by the
{-0.5772

This Equauon predicts that a plot of P’ -vs- In(t) should be a straight line with slope

rep
4XPan

- In( ) + In(t)]

[-0.5772 - n( €4 )

B= Q
- 4nm(i/y)

- @ -

Air Permeability Test - Data Analysis (cont.)

4k Para

AP6

@ E:uudmd —_ n.] : I(n) ,:l :_'_: |(n) : = l(ﬂ)
poan __(m@) (m H20) (mn) (o H20) (mun) (i H20)
o ) r
Ener measured ] 1 7
tocs sad gange 15 -9
vaQums b3 12,
(3) Ener(opoonalx :g ;:
o owne 100 30
i Jesermo 39
) scvoened mETval 52
tuckness b e
Cegdm [@=) G Cam)
k={18.6948 ldarcy (A) ke [2.85845 Jdawrcy (A) k= darcy (A)
k={9.29866 |aarey (B)  k=[7.76759 | darcy (B) k= darcy (B),

Return

E:plm&;mm] AP8




"Air Permeability Stack™ Cards c2

L
Air Permeability Test - Data Analysis (cont.)
O the previous Card (APS), the data you mpot were fit 1o (he spproxumals cxpreamon piven on Card
APS. [ was enalyacd amng both mehods desenbed on card AP7, of you tnput values for the !
anmos well flownxs (Q) md the stratum thickness (m). Below each column of data, the two
alailued perzealnhly values ars deoed by:

daccy(A) « tefees 1 ealculaoon method 1 (sce Card APT7)
davy(B) - refers © aaladance metod 2 (we Card AP

Duning the regreamon malyses, e das expreascd a3 Comll:ﬂ;nCod.
pars of poas Galt), P) arc fit o 2 lme, The v
*cormelanon ecefficenl’, 1, is & measare of bow well damm ect 81
% do coefars wa o Beowcsoal urve, Asr->l,the

P

dam poms a2 (all an the teorencal carve, Atthe nght
s given Go carelados cocficacut valica for the three
data sats, For mors mfo ou the meamng of 7, cooault
) my taxodoctary Suanscs boak.
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Appendix D: "Aquifer Characterization" stack cards.
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*Aquifer Characterization™ Stack Cards D1

Aquifer Characterization:

Aquifer Characterization:

Since most venting sy are installed above "phreatic aquifers” (aquifers with

:‘; ‘;:hs:vc dﬂdmivm::; tlil\c ‘ r unconfined upper surfaces), the two primary aquifer parameters nceded for design
ocarbon contmninated soil must | are:
be expoted 1o sir flow, therefore, in i " -
most cascs where the residual soil IS( ';’;.dﬂ,uhc wnd."mv“y . ield
| conttmination lics closs 10, or below, = effective porosity (or specific yield) '
the saturated £0il zone (groundwater The first p a i bination of the fund
ubno). it \vill be nccaury oo i paramelers: pennﬂblhty. density, lnd viscosity:
:ynuninmev:pctqmuim:ym =2l ] A 4 E-E-E
design. I l where:
. k = peomeability

lvel g level after = fhud denei

Mmooedpmmly.mmm ot " med on [ denaity

T - E

Aquifer Characterization: Aquifer Characterization - References

‘These parameters (K and S) can be estimated using the results of a standard transi 1. Bear, “Hydraulics of Groundwater”, McGraw-Hill, 1679, ISBN 0-07-004170-9, [Q
groundwater pump test with a consant pumping rate. The results arc then compared p. 463 - 490, : [ ]
against standard <ype curves® for specific -quxra- situations (i.e. leaky, unconfined

aquifers, etc.). , R. A. Freeze and I. A. Cherry, "Groundwater*, Prentice-Hall, 1979, ISBN

. r—-g- : 0-13-365312.9, p. 339 - 352.

Press the *References® button below for more informauon on slug tests, bail tests,
pump tests, and data analysis.

References Renurn to Main Suck ACS
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"System Design® Stack Cards . ‘ Et

Design Input
(waill stratigraphy & ics)
Plcass earxr the roquired informanon for cach disanct soil

Sclocztho towi mass @ (k8]
umm that you prefer Q) (1b]

Iayer, dick on the “Updar” button, and then proceed o —
" oy muuxwd(u: dxckmnmmwxbom)
| As tivaersacd ot the right, we will g
mhmwndlnomuuhin&: 533
flow requrcd, L Medivm Sed... [A0..... | R 420, Lealive.............
| 0 areal exumt of s2flcac, sod then R Lol v 250 SO L IR N TR
LA Klow Srad 4. Q... }amolive.
4
3
[
Just procecd © follow the seps dicmed oo 5
1 s fellowmg cards—> 3

Design Input

Peasc cars e requind informasos fo
each diatmat sl layer, md thea procoed

Design Input
Please cor (1) the desived time period for
remedistion, (2) the domgn gauge vacuum, md

Now: - click on any tabic beading © pet more info
- use b key w0 move between cells

Q Fina St
O say St

ouesatert ——— i | i ®
Comszuctzon Cnocal @ @ Minimum Number of Wells
Toap [ {Volumeof Time for | Demgn | Flowrax per Vay
poca cf permeantity® | Ve | 2 | | el "0 Doacopoon o | 5 p | Vacamn &m:uw:‘ buiw | Bste G
Sed Ust (orcyl |0 g [ | @ | ) Sl U tdays) | G 120) |SCPM] A

By E TUSTIECY DT:] N Y] 39 ﬁ.....l.?ﬂ.d#. . | Medivm i, 189 01.... 3841 1. 2844, 0:2 2.9].p. 2.9
i e A0 ) (EA18 ) 1 A 2 ] Y 128 .2 Qavex Sk K. 0.0} m o2, 0.2]....64230.0.].. 68030
4 Pag.Sand LB I IR 11 I ) A 3 2 LA 1 Fine S0 12 m.]....192. 9.2 RN T Y
4 R 4 Nalm NA. NA NALR. NA
& L A NaLnj....NAL . AL NALRL... NA
& R é Nalm Nal....NAL....NALwl....NA
7 n 1 Nalm NA. NA. NAL.®. NA
L », 3 Nalml,  NAb  NAlL  NAlwl  NA

* Rasr o ahaane from St ot top Tt ¢ mammas voheu o of veper taqured o satsove yemedution inis ham o of vapoe required w0 sl 9
: Return SD4

Critical Volume Calculation... gﬂ"z“’ Volume o X3
redictions... istributi
QCIC(~0) % Removed Contammmt O Enter Dlsu-nbu.uon
Picairod & te Npht aro tir xamtts of |4 1 100 Sumply enter the emperamre at @ Compemnon Q "Fresh” Gasoline
sample wodel predscaces, for s W the nghr, snd thea epeafy the (chooe:: one) ® "Wathered” Gasoline
e g i Tewe o Ly | flemrem st
.l] 10% mowure conent If you 276 unsure about ths, click
The veracal £ reprean s ather Ct=0) x 222 mgA o the "About Composition...”
somalizd concrnoraoons, of 60 baton locaxd a2 the: lower nght. (©] {((~> Set Defauit BP Ranges <-- }
4 ran oval rascs, whde the 01 ]
Derusontal 41 reprcact s the Dul L 40 .20 0.0 28 1 6.
veluroe of vapor removed por manal |23 R X ...80..1.C.
i 0014 .o Boiling Poins. Range. 43 AL.4.6
Roiling. Pom} Rangs !'4 144,16
0001 . v o 250 1¢
[} 100 200 300
op your own ranges, or choont
Qum(t=0) (Ug) e defmilt valiws, ®@ ‘ Genernle Predictions l
& GEEZTUISTED GEEYCTETTEES B & CErSrTmrTre « B -

201 | 316 | o0 a5 | 15856 | 2603 | seom on tox *Ground Waa Upweling® buzon (_Ground Water Upwelling )

a3 1 2u150 1203 1 25919 | 61999

!"I umam Retum to Sysiem Desipn . anCa.rdlsm ‘ Rema:n SD8

-v) == s-t- ted V. ici
(@~ import Date <-- ) rated Vapor (4.29538593] (=Ll Removal Efficiency...
FIRST PRESS THE IMPORT  [OF iy Velume to m,,-.' 128.48 [L-acig- The subsurface 18 difficult to characeenae, sod
DATA BUTTONI | 1 >%0% of laitial rarely conforms 1 our aoaon of & “sandbox”,
There aro throc pencral clames of sitvattons that
Theae are tha resuim for tha Temp coe [as ] will caee vennng recaval raes 1 be iras than
connmmm type S youbuve {0 ConunmmtType: |Weathered Gasoline thoso prodscaed for the 1deal case. Each of these = U m =
v~ = BT = —
QMO | Vapor | Romdual | BP S BPR2 BPO BP 84 BP &S arc cascomsed m A Practical Approach b the —_—
Loug Cone. Lewed Remdusl | Remdusl | Romdusl | Remdust | Remduad Deaga, Operanon, and Momuowmg of Ia Sita Soul
geeadual | {% lanal) | (S luual) ] (Soal] | {(Soal) | (Seal) | (%ol | % oal) | Venting Sysems®. You can oars mose about ( Dilution Effects )
00 | 100,000 | 100.000 £90 11.6%0 24.010 2,140 41510 cach by chekmg on the bunoas © the nght.
2 | 062 | 15000 ] um | 9263 | poez | Booo | a2 C Tiquid Layems )
3 13.631 90.022 000 6.753 D474 2.820 45.950 12 additian, when contmmants mrs jocated closs
ot | 4807 | sso3a | 000 | asiz | 240 | 24517 | wasop 1o ground waecr, the effoct of the vacuum o the T g
149 | 39390 | some | w00 | 262 | 20m | 2208 | 51350 water whis level can mgruficanty umpact a veanzg (__Low Permeability )
211 ] 341 | 75038 000 1222 18303 | 25.766 54509 . symea's parformance. To lears sbout this, dick
000
00
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"System Design" Stack Cards ) B2

Help: Well Parameters _ ]

“Well Rediua®" - n general will be the radius of the well

The “Minimum Number of Wells* is cal by the two methoda d below:

barchole, because the packing marnal is -
typreally mose permesble than the sl ) Bascd oo .
{ormazoe. i . in this approsch we te number of wells requircd -
- . . © provide sir flow through the contammatrd zooe as you have
Scroen Thicknes™ 18 the lngih of the loed inmeval of the defimedit, I Rc denotes the radial exient of conamnanon, ind Ri Noae = R
weﬂ.arﬁlz of e p denowes the “racius of influence” of m cxtracoon well, then:
2anc, whichever 18 smaller.

b) Baeed on Critical Volume of Vapor -

in e in s spproach we desormioe the smmber of wells fequirod - Yerm Moo

ia the radiat dmisnco away from the fiz H209) extract the critcal volume of vapor fram the contaminated s zone Noum Qun AT

ctmachom well, where the gauge prossure within the desred bme framo. In this spproach: c :
1n the soi} is spp z=ro. .

The predichons arc aot very scasnve 1o tas Verinical = crineal volume of vapor {L/g-matual] € =z efficiency of exirachon proceas

peramencr, snd most separied values lie 1o the
rsnge 40120 )

Mapll = spill mase {g-residual} © AT =ame for clean-up (d]
Quell = volumetric flowm from amgle well [LA) - -

Retmn to Design

Return to Design SDio

Vi —
Mass Molecular Pre:::r: D g the exact s of Responae
Compound Name Fractios Weight (g) @[ Z¥ JC ph i

T |propanc 0.00 241 335 (such as gasoline) requires specialized
2 }isobutane 0.00 58.1 %93 analytical techniques. For the purpose of o-dutaze - T
3 {n-buunc 0.00 58.1 11 csumating the response to venting, however, '
4 “.‘““2"’“‘““ 0.00 56.1 197 an approximaie composition can be used with Trpeam ':
5 cis-2-butene 0.00 56.1 1.79
6 |3-methyl-1-butene 0.00 70.1 0.96 very good resulus. nberae -
7 isopentane 0.00 72.2 0.78
8 1-pentene 0.00 70.1 0.7 To determine an approximate distribution, P
9 2-methyl-1-butene 0.00 70.1 0.67 one must analyze the mixture by gas
10 {2-methyl.]1 3-butadiene 0.00 68.1 0.65 chromatographic anaiyses. Prioc to the

» Sum of Mass Pracnons analyses, choose about 6 - 10 marker feocans 1

| compounds whose properties are well known.

anDolhhw-ﬁmmon‘ll Reoxn © Onocal Volume Pred.

To be able to successfully locue
extraction wells, passive wells,
and surface seals onc must have a
Bood understanding of vapor flow
behavior. Wells locations should
be choeen o maximize vapor flow
through the contaminated zone,
while mummuzing vapor flow
through other zones.

the Table on the aght.
Then, Quek Calcuiae.

RS

o

If one weil is sufficient, it should
almoat always be placed in the
3 ic center of the

S

Surface scals, such as
polymer-based liners and asphal
concrete, or clay caps, are
sometumes used to control the
vapor flow paths. Figure 12
illustrates the effect that 2 surface
scal will have on vapor flow
paticrns.  For shallow treatment
zones (<5 m) 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 flowpath, For

Wetls should be screened only
through the zone of comarmination, ]
unless the permeability to vapor

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

)| | mass-transfer limited scenarios are
discussed elsewhere in this stack.

b) w/ surface scal [' o e scal

Based on predictive equations, the
fl is expected 0 i by
15% when the extraction well
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!

Groundwater Pumping Systems “

Tn casos where contaminated sails (<
fie just above or below the water
tble, groundwater pumping
systems will be required to insure
that conuminated soils remain
exposed. In designing a
groundwater system it is
impoctant to be aware that
upwelling (draw-up) of the
groundwater table will occur
when a vacuum is applied at the
extraction well

(see the figure at the right).

’ gramdwarr pumpog
{wh wuung)
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"System Design" Stack Cards

Vapor Treatment Systems

Currently there a four main

P

VAPOR COMBUSTION UNITS

Vapors are incinerated and
destruction cfficiencies are
typically >95%. A supplemental
fuel, such as propane, is added
before combustion uniess

extraction well vapor
concentrations are on the order of

Return to Design
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Appendix F: "Compound List Update" stack cards.
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"Compound List Update” Stack Cards

Compound List Update 3

if il i i
‘This cxrd is provided as a utility to let you add, or delete compounds from the
Compound List Data Base that this program uses. You may not delete or change the
peoperues of the base 62 compounds, since these are needed for the two defauhk
gasaline case caleulstions (i.c. the “Fresh” and “Weathered" gasolines). If you wish
W change any of the propertes of the added chemicals, first delete them, then
reinsart them into the Compound List Data Bage. Follow the directions below:

Choose oue of te followrng: (use only 30 charscers o leas)
© iasert chemical Chemical Name:|NewComp
O deleta chemieal Molecwlar Weight {g/mole)
Vapor Pressure @20C [atm]
Laput s parmacwrsat bo right | poiing Point @1 atm (C)
{usm jowercans com poad = . N
Raoes {07 CODMIEDCY) + Rot

dik o mburm e

F1
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