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Introduction to IMPEL 1 

 2 
The European Union Network for the Implementation and Enforcement of Environmental Law 3 
(IMPEL) is an international non-profit association of the environmental authorities of the EU 4 
Member States, acceding and candidate countries of the European Union and EEA countries. The 5 
association is registered in Belgium and its legal seat is in Brussels, Belgium. 6 
 7 
IMPEL was set up in 1992 as an informal Network of European regulators and authorities 8 
concerned with the implementation and enforcement of environmental law. The Network’s 9 
objective is to create the necessary impetus in the European Community to make progress on 10 
ensuring a more effective application of environmental legislation. The core of the IMPEL activities 11 
concerns awareness raising, capacity building and exchange of information and experiences on 12 
implementation, enforcement and international enforcement collaboration as well as promoting 13 
and supporting the practicability and enforceability of European environmental legislation. 14 
 15 
During the previous years IMPEL has developed into a considerable, widely known organisation, 16 
being mentioned in a number of EU legislative and policy documents, e.g. the 7th Environment 17 
Action Programme and the Recommendation on Minimum Criteria for Environmental Inspections. 18 
 19 
The expertise and experience of the participants within IMPEL make the network uniquely 20 
qualified to work on both technical and regulatory aspects of EU environmental legislation. 21 
 22 
Information on the IMPEL Network is also available through its website at:www.impel.eu 23 

 24 
  25 

http://www.impel.eu/
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As part of its 2020 Work Programme, the IMPEL Network set up this project Water and Land 
Remediation (2020/09), concerning the criteria for evaluating the applicability of remediation 
technologies. 
The Water and Land Remediation project takes guidance on definitions and key steps of remediation 
technology application as a springboard and focuses on the technical procedures connected with the 
remediation technologies. The ultimate goal of the project is to produce a document proving criteria 
for the assessment of the proposal of remediation technology application, to understand the 
applicability, what to do in the field tests, and in the full-scale application. Annex 1 covers a number 
of case studies, that may help the reader to anticipate any problems they may encounter and see if 
the provided solution applies to their site, knowing that every contaminated site differs from others 
and it is ever needed a site-specific approach. 
The Water and Land Remediation project for 2020-2021 has the objective was to concentrate on two 
remediation technologies, In Situ Chemical Oxidation and Soil Vapour Extraction. 
Finally, Water and Land Remediation project intends to contribute to promoting the application of in 
situ and on-site remediation technologies for soil and groundwater, and less application of Dig & 
Dump and Pump & Treat that are techniques widely used in Europe but not sustainable in the 
middle-long term. Soil and water are natural resources and, when it is technically feasible, should be 
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 1 

Disclaimer 2 

 3 
This publication has been prepared within the IMPEL Water & Land Remediation project with the support of 4 
partner networks interested in Contaminated Land Management. Written and reviewed by a team of authors 5 
the document on hand intends to serve as primary information source to bridge and broaden knowledge 6 
among European countries and regions. In aiming support for a joint understanding the potentials of the 7 
specific remediation technology it seeks to facilitate . 8 
 9 
The content reported here are on the basis of relevant bibliography, the authors’ experience,, and case studies 10 
collected. The document may not be extensive in all situations in which this technology has been or will be 11 
applied. Case studies (see annex) are acknowledged voluntary contributions. The team of authors had no task 12 
like evaluating or verifying case study reports. 13 
 14 
As well some countries, regions, or local authorities may have launched particular legislation, rules, or 15 
guidelines to frame technology application. its applicability. 16 
 17 
This document is NOT intended as a guideline or BAT Reference Document for this technology. The pedological, 18 
geological and hydrogeological settings of contaminated sites across Europe show a broad variability. 19 
Therefore tailor-made site-specific design and implementation is key for success in remediating contaminated 20 
sites. So the any recommendation reported could be applied, partially applied, or not applied. In any case, the 21 
authors, the contributors, the networks involved, cannot be deemed responsible. 22 
  23 
The opinions expressed in this document are not necessarily those of the individual members of the 24 
undersigned networks. IMPEL and its partner networks strongly recommend that individuals/organisations 25 
interested in applying the technology in practice retain the services of experienced environmental 26 
professionals. 27 
 28 
 29 
Marco Falconi – IMPEL 30 
Dietmar Müller Grabherr – COMMON FORUM on Contaminated Land in Europe 31 
Frank Swartjes – EEA EIONET WG Contamination 32 
Tomas Albergaria – NICOLE 33 

34 
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Glossary 1 

TERM DEFINITION SOURCE              PARAGRAPH 

‘compliance point’ location (for example, soil or groundwater) where 
the assessment criteria shall be measured and 
shall not be exceeded 

ISO EN 11074 3.4.5 

‘compliance or 
performance 
control’ 

investigation or program of on-going inspection, 
testing or monitoring to confirm that a 
remediation strategy has been properly 
implemented (for example, all contaminated have 
been removed) and/or when a containment 
approach has been adopted, that this continues to 
perform to the specified level 

ISO EN 11074 6.1.5 

‘contaminant’1 substance(s) or agent(s) present in the soil as a 
result of human activity 

ISO EN 11074 3.4.6 

‘contaminated 
site’2 

site where contamination is present ISO EN 11074 2.3.5 

‘contamination’ substance(s) or agent(s) present in the soil as a 
result of human activity 

ISO EN 11074 2.3.6 

‘effectiveness’3 <remediation method> measure of the ability of a 
remediation method to achieve a required 
performance 

ISO EN 11074 6.1.6 

‘emission’ the direct or indirect release of substances, 
vibrations, heat or noise from individual or diffuse 
sources in the installation into air, water or land; 

IED Art. 3 (4) 

‘environmental 
quality standard’ 

the set of requirements which must be fulfilled at 
a given time by a given environment or particular 
part thereof, as set out in Union law; 

IED Art. 3 (6) 

‘Henry's 
coefficient’ 

partition coefficient between soil air and soil 
water 

ISO EN 11074 3.3.12 

‘in-situ treatment 
method’ 4 

treatment method applied directly to the 
environmental medium treated (e.g. soil, 
groundwater) without extraction of the 
contaminated matrix from the ground 

ISO EN 11074 6.2.3 

‘leaching’  dissolution and movement if dissolved substances 
by water 

ISO EN 11074 3.3.15 

                                                           
1
 There is no assumption in this definition that harms results from the presence of contamination 

2
 There is no assumption in this definition that harms results from the presence of contamination.] 

3
 In the case of a process-based method, effectiveness can be expressed in terms of the achieved residual contaminant concentrations. 

4
 Note: ISO CD 241212 suggests as synonym: ‘in-situ (remediation) technique’   [Note 1 to entry: Such remediation installation is set on site and 

the action of treating the contaminant is aimed at being directly applied on the subsurface.] ISO CD 24212 3.1 
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‘pollutant’  substance(s) or agent(s) present in the soil (or 
groundwater) which, due to its properties, 
amount or concentration, causes adverse impacts 
on soil functions 

ISO EN 11074 3.4.18 

‘pollution’  the direct or indirect introduction, as a result of 
human activity, of substances, vibrations, heat or 
noise into air, water or land which may be harmful 
to human health or the quality of the 
environment, result in damage to material 
property, or impair or interfere with amenities 
and other legitimate uses of the environment; 

IED Art. 3 (2) 

‘remediation 
objective’ 

generic term for any objective, including those 
related to technical (e.g. residual contamination 
concentrations, engineering performance), 
administrative, and legal requirements 

ISO EN 11074 6.1.19 

‘remediation 
strategy’5 

combination of remediation methods and 
associated works that will meet specified 
contamination-related objectives (e.g. residual 
contaminant concentrations) and other objectives 
(e.g. engineering-related) and overcome site-
specific constraints 

ISO EN 11074 6.1.20 

‘remediation target 
value’ 

indication of the performance to be achieved by 
remediaton, usually defined as contamination-
related objective in term of a residual 
concentration 

ISO EN 11074 6.1.21 

‘saturated zone’ zone of the ground in which the pore space is 
filled completely with liquid at the time of 
consideration 

ISO EN 11074 3.2.6 

‘soil’ the top layer of the Earth’s crust situated between 
the bedrock and the surface. Soil is composed of 
mineral particles, organic matter, water, air and 
living organisms; 

IED Art. 3 (21) 

‘soil gas’ gas and vapour in the pore spaces of soils  ISO EN 11074 2.1.13 

‘unsaturated zone’ zone of the ground in which the pore space is not 
filled completely with liquid at the time of 
consideration 

ISO EN 11074 3.2.8 

  1 

                                                           
5
 The choice of methods might be constrained by a variety of site-specific factors such as topography, geology, hydrogeology, propensity to flood, and 

climate 
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1 INTRODUCTION 1 

IMPEL, the European Union Network for the Implementation and Enforcement of Environmental Law is 2 
developing, under the Water and Land Remediation (WLR) project, a series of guidelines focusing on the most 3 
common and most used soil and groundwater remediation technologies. These guidelines summarize the latest 4 
and most updated information on these remediation technologies that could help the distinct stakeholders 5 
such as site owners, surrounding community, project managers, contractors, regulators, and other 6 
practitioners to understand all the information emanating from each remediation project. It uses information 7 
supplied from the involved contributors, obtained in peer-reviewed scientific sources and official reports. 8 
The guideline on hand compiles the most recent knowledge on one of the most frequent used remediation 9 
technologies, Soil Vapour Extraction (SVE). 10 
 11 

1.1 SVE background 12 

Soil Vapour Extraction ( related technologies like Soil Venting, In Situ Soil Venting, Soil Vacuum Extraction or 13 
Vacuum Extraction) has been one of the most used soil remediation technologies [FRTR 2020]. Due to its wide 14 
use over the last decades, SVE is, nowadays, an accepted, well established, and effective technology for the 15 
remediation of soils contaminated with volatile (or site-specifically also semivolatile) organic compounds in the 16 
unsaturated (or vadose) zone of the soil [Suthersan 1999]. 17 

A typical scheme of a SVE process is presented in Figure 1.1. SVE makes use of the high volatility of the 18 
contaminants to transport them using an airflow created in the soil by the induction of vacuum conditions 19 
generated by blowers/pumps. This air/vapor movement carries the contaminants to extraction wells that 20 
transfers them to off-gas treatment systems located above the surface where they are properly recovered or 21 
treated. The most common treatment mechanisms are adsorption onto activated carbon and destruction by 22 
catalytic or thermal oxidation [EPA 2018, Soares 2012]. 23 

SVE is a versatile remediation technology and can be applied alone, focusing exclusively on the volatilization 24 
and recovery of the contaminants, or combined with other remediation technologies that introduce other 25 
mechanisms of contaminant removal such as biodegradation (e.g. soil or “bio”-venting and air or “bio”-26 
sparging, when applied to the unsaturated and saturated zones, respectively) or desorption (thermal enhanced 27 
SVE, that uses heating processes such as electrical resistance or hot-air/steam injection to increase the 28 
volatilization rate of the contaminants and facilitate extraction). The air/vapour flow that the SVE creates in the 29 
unsaturated zone of the soil promotes the volatilization of contaminants increasing its mobility in soil; and 30 
enhances the transport of the volatile contaminants towards the extraction wells [Suthersan 1999, EPA 2018]. 31 
Lower air/vapour flow rates like usually used in soil venting support the biodegradation of degradable 32 
compounds through the aeration that is promoted in the soil matrix. 33 

 34 

1.2 SVE applicability 35 

Related to the site properties, SVE is generally efficient for permeable soils with low/moderate organic matter 36 
and moisture contents and with depths to groundwater within the range of 2 to 30 m. 37 
Considering the type of contaminants, SVE demonstrated effectiveness for halogenated and non-halogenated 38 
volatile organic compounds (VOCs), limited effectiveness for halogenated and nonhalogenated semi-volatile 39 
organic compounds (SVOCs), some emerging contaminants (not for 1,4-dioxane or per- and polyfluoroalkyl 40 
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substances (PFAS)) and fuels; and it is not applicable to inorganic contaminants, radionuclides and munitions 1 
[FRTR 2020, EPA 2018]. 2 
 3 

 4 
 5 

Figure 1.1- SVE scheme. 6 
 7 
 8 

1.3 SVE implementation 9 

The implementation of a SVE system for the remediation of a contaminated site requires the use of vacuum 10 
blowers/pumps, installation of extraction wells (vertical or horizontal) and the respective transfer piping that 11 
will be responsible for the extraction of the contaminant from the soil to the surface for further treatment. The 12 
treatment of the contaminated airflow will require the design/construction/permits of facilities and the 13 
appropriate equipment to accomplish the emission treatment goals in order to comply with the 14 
national/regional regulation. Considering experiences in SVE operation and maintenance its effectiveness in 15 
general shows a range of  1 to 3 years [FRTR 2020]. 16 
 17 
  18 
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2 DESCRIPTION OF THE TECHNIQUE 1 

2.1 General process description 2 

Soil Vapour Extraction (SVE) is an in-situ technology for the remediation of contaminated soils in the 3 
unsaturated zone. It relies on extracting volatiles contaminants by “venting” (or depressing) this zone. 4 
Precondition for a successful approach is a sufficient range of soil-permeability. 5 

SVE may be conducted with or without air injection. In case of no active air injection, fresh air penetrates 6 
within the soil from the atmosphere through ground surface. The air circulation modifies the chemical 7 
equilibrium between the various phases (gas, pore water, soil particles) and such enhances volatilisation for 8 
matrix-bound contaminants and/or liquid phases. The extracted vapours are subject to off-gas treatment. 9 

The entire process is to be controlled and managed by consistent monitoring system (e.g. air flow rates, 10 
contaminant concentration, temperature, humidity) 11 

 12 

2.2 Technical system and components 13 

The ventilation system, which will be placed on-site the contaminated site, consists of the following main 14 
process equipment:  15 

- vertical (or horizontal) extraction wells (called „extraction drains“) to access the contaminated soil 16 
layer 17 

- vertical (or horizontal) injection wells (or points) to allow for air flow from the surface for active air 18 
injection 19 

- connecting lines with valves (and flow rate meters) to conbect all components of the system 20 
- A condensate separator or demister to protect the cleaning system against moisture and groundwater 21 

beeing mobilisized by conducted airflow 22 
- a blower/vacuum unit (to generate the negative pressure necessary to induce soil vapour flow towards 23 

extraction wells) 24 
- an off-gas treatment system (to remove the contaminants from the extracted soil vapours). 25 

The most common treatment mechanisms are adsorption onto activated carbon and destruction by catalytic or 26 
thermal oxidation. A typical scheme of a SVE system and its components is presented in Figure 2.1. Given 27 
inflammable substances (e.g. petrol) are relevant contaminants of concern it is crucial to develop a health and 28 
safety plan and consider restrictions regarding technologies in off-gas treatment. 29 
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 1 

Figure 2.1- Components of SVE plant 2 

 3 

2.3 Treatability of contaminants 4 

The effectiveness of SVE is generally prooven for volatile organic compounds (VOCs). Site-specifically and/or in 5 
combination to other technologies, applications for semi volatile organic compounds (SVOCs) might get 6 
demonstrated suitable too. Generally it is also required, that contaminants are not strongly adsorbed to the 7 
solid phase of soil layers. 8 

Typical applications are for aromatics (BTEX), Phenols, Gasoline, HC <12, chlorinated solvents (chloroform, VC, 9 
DCM, DCA, DCE, TCA, TCE, TC, PCE) and Chlorobenzenes (little substituted). Therefore SVE is often applied on 10 
sites with petrochemical use, gas stations, metal working, metalprocessing (degreasing and dry cleaning. 11 

Determining factors in the application of SVE are the properties of contaminants especially the distribution 12 
between phases and the geological site setting, in particularthe stratigraphy and properties of geological layers  13 
like permeability, porosity and heterogeneity. 14 

Some contaminant characteristics are very important for the efficiency and effectiveness of the process. The 15 
vapour pressure of a compound is the partial pressure of that compound in equilibrium with its liquid (NAPL). It 16 
is therefore a measure of the L-V equilibrium. SVE is suitable for substances with vapour pressure> 0.5-1.0 17 
mmHg. The boiling point is related to the vapour pressure and determines the applicability or not of SVE that is 18 
suitable for substances with a boiling point below 250-300° C. Henry's constant represents the ratio of the 19 
concentration of a certain substance in gaseous phase and of the same substance in the aqueous phase. SVE is 20 
suitable for substances with Henry's constant> 0.001 atm m3 / mol. 21 

 22 

2.4 Considering the geological setting 23 

Geology, the stratigraphy of soil layers and soil layer properties are very important for the effectiveness and 24 
efficiency of applying SVE successfully. Therefore it is crucial to understand the geological site setting for 25 
considering a sound Conceptual Site Model (see chapter 3.1). 26 
 27 
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Among soil properties the key parameters are porosity, permeability, (pore) water content and heterogeneity. 1 
The flow of air in soil layers occurs through the porosity of the soil, so greater porosity increase the flow of air 2 
through the soil. The presence of water in pores is a physical obstacle hindering air flow. On the other hand, a 3 
lower humidity determines a stronger adsorption of some contaminants to soil. 4 
 5 
The presence of areas characterised by significant different texture and permeability can govern air flow and 6 
thus affect the project causing short circuits (e.g. preferential air flows in inhomogeneity areas or in the vicinity 7 
of the suction shaft). A further important factor that might limit is the level of the groundwater table. By the 8 
depression induced at extraction wells a rise of the piezometric level (a depression of 0.2 atm it would induce a 9 
rise of about 2m) and flood wells or the SVE system partially. Favourable conditions can be assumed for a 10 
depth to groundwater table of about 3 m, in contrary less than 1.5 m are not recommendable. 11 
As well higher contents of soil organic carbon (SOC) in soil (e.g. peat) may hamper SVE. In relation to SOC 12 
desorption and volatilisation get increasingly limited and likey permeability as well will decrease substantially. 13 

Summarized the following aspects will be key for success: 14 
- geological layers of good permeability; 15 
- layers of homogeneous composition, i.e. absence of layers and lenses of different texture, absence of 16 

preferential air flows resulting from the presence of underground infrastructure; 17 
- absence of lenses or peaty layers with high absorption capacity for organic contaminants; 18 
- no trapped contaminant pools; 19 
- no impermeable coating of relatively low permeable layers; 20 
- no shallow groundwater 21 
 22 

2.5 Condiserations for designing the system 23 

The design of the EVS consists in the definition of: 24 

a) System operating parameters: 25 

 Air extraction rate 26 

 Degree of vacuum at the extraction well 27 

 Radius of Influence (ROI) 28 

b) Definition of system components: 29 

 Number of extraction wells and their position 30 

 Construction of the wells 31 

 Extraction fan 32 

 Water-air separator 33 

 Instrumentation 34 

 Vapor treatment unit 35 

Pilot tests are carried out in the field for the design of the SVE. These tests must include at least 1 extraction 36 
well and at least 3 points of monitoring (possibly multilevel in case of site heterogeneity) in which to measure 37 
the vacuum reached. For a useful pilot test first of all start the extraction fan adjusting the extraction flow by 38 
acting on the regulation valve normally provided on the intake duct. For each valve position (corresponding to 39 
a certain flow rate of extraction), wait about 30 minutes for system stabilization and measure: 40 
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 Degree of vacuum at the extraction well; 1 

 Degree of vacuum induced at the monitoring points; 2 

 Flow rate of extracted air; 3 

 Composition of the extracted gas. 4 

The measurements are repeated for different degrees of valve opening. The intrinsic permeability of the soil (k) 5 
can be estimated with measurements collected during the pilot test. 6 

One of the most important design criteria is the radius of influence. This action is based on the measurements 7 
collected during the pilot test. In the absence of a database based on already concluded cases, it is the most 8 
reliable method for designing a full-scale intervention. 9 

 10 

Figure 2.4- Radius of influence 11 

Once the radius of influence has been defined, a series of circles are drawn with a radius equal to that of 12 
influence, providing for a partial overlap, in order to avoid areas not sufficiently treated. 13 

  14 

Figure 2.5- Well number 15 

Once the depth of the fenestration has been defined (generally equal to the depth of the contamination) and 16 
known the radius of influence associated with the vacuum, it is possible to establish the air extraction rates. 17 
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  1 

Figure 2.6 Extraction rates 2 

Typical design values for extraction rate from pilot studies and applications are 20-200 m3/h; typical design 3 
values for wellhead depression from pilot studies and applications are 0.5-1 atm. 4 

The extracted vapours are subject to different treatments depending on the concentrations. In terms of 5 
inflammable substances being relevant as contaminants of concern the most important parameter is the Lower 6 
explosivity limit (LEL). Activated carbon are applicable if C (Vap) and catalytic oxidation are applicable if C (vap) 7 
<25% LEL; thermal oxidations recommended if C (vap) <25-50% LEL; biofilter are applicable if C (Vap) <10% LEL. 8 

  9 
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3 FEASIBILITY STUDY 1 

The primary criteria for selecting this technology are air permeability of the porous medium and volatility of 2 
the contaminants. The technology should then further screened with a variety of site-specific factors in mind. 3 

3.1 Site conditions and the Site Conceptual Model 4 

Numerous site physical and chemical conditions have a significant impact on the effectiveness of SVE as a 5 
remedial alternative. These parameters are discussed in the sections below, along with site characterization 6 
data pertinent to SVE feasibility and design that should be collected. 7 

Figure 3.1 summarizes these site characterization data. The importance of gathering the pertinent data as early 8 
as possible cannot be overemphasized. Although one’s understanding of the site will never be perfect (because 9 
characterization tools, financial resources, and sampling methods have practical limitations), one has an 10 
obligation to assemble and document lines of evidence that converge towards a consistent picture of the site. 11 
This picture, or conceptual model, of the site is necessarily multi-faceted and multi-disciplinary, in that it 12 
encompasses a variety of types of data. It is also dynamic, in that it evolves as additional data become 13 
available. It is important to continuously reformulate the site conceptual model as new field efforts provide 14 
new information. 15 

The Site Conceptual Model should start from a (hydro)geological site description and characterise the primary 16 
source(s) of the contamination, the mass released, the pattern of release, and particularly the vertical and 17 
horizontal extent of contaminant distribution in the vadose zone. There are a number of key aspects to vadose 18 
zone characterisation for soil vapour extraction. In brief, these include: 19 

 type/condition of surface cover (e.g., asphalt, vegetation); 20 

 presence and extent of buried structures or utilities 21 

 topography.soil type distribution and depth 22 

 depth to water table and its seasonal fluctuation 23 

 soil moisture content and variability 24 

 thickness of the capillary fringe 25 

 air permeability and how it varies within the domain of interest 26 

 organic carbon content and variability 27 

Any (or a combination) of these key site elements can strongly influence SVE effectiveness and/or present a 28 
serious limitation to SVE. Often, site characterisation data potentially important to application of SVE 29 
technologies are not collected because those responsible for logging soil borings and observation pits are 30 
either not aware of them or are not prompted to recognize and systematically record them. 31 

Understanding the nature of surface horizons are critical. Indications of subsurface features, such as sandy or 32 
gravelly lenses in a finer-textured matrix, or macropores, that might serve as preferential airflow pathways 33 
should be logged. Soil colors and mottling can provide an indication of the zone within which the water table 34 
seasonally fluctuates. In urban or industrial locations, the contact between disturbed soil/fill and native soil 35 
should be discerned if possible. Standard methods of soil characterization should be employed for these 36 
purposes by those trained in their use (Breckenridge, Williams, and Keck 1991; USEPA 1991h). 37 

 38 
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 1 

Figure 3.1- Testing and analytical method summary 2 

3.1.1 Nature and extent of contamination 3 

During site characterization, the chemical properties of the site media and the nature and extent of the 4 
contamination must be determined in order to evaluate the feasibility of SVE. Contaminants most amenable to 5 
SVE are VOCs that include gasoline, kerosene, many diesel fuel constituents, freons, and solvents such as PCE, 6 
trichloroethene, and methylene chloride. 7 

Figure below presents various contaminant groups and rates their amenability to SVE. 8 

 9 
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 1 

Figure 3.2- Effectiveness of SVE on contaminant groups 2 
 3 

3.1.2 Geometrical characteristic of the source 4 

 The extent of contamination must be determined in three dimensions during the site characterization 5 
phase of the project in order to screen appropriate technologies. With regard to SVE, the unsaturated 6 
zone and the saturated zone must both be characterized. 7 

 Depth of contamination affects the feasibility and design of SVE systems. If contamination is limited to 8 
the ground surface, technologies other than SVE will be favored. If contamination is located at depth in 9 
the saturated zone, SVE alone will not be feasible. At sites where SVE is feasible, the depth of 10 
contamination will influence well type (horizontal versus vertical), the well interval screened, and other 11 
design factors. 12 

 The volume of contaminated soil impacts the feasibility of SVE. If the volume is small, other 13 
alternatives such as excavation and offsite disposal may be more cost effective. The volume of 14 
contaminated soil also impacts many aspects of system design, such as number of wells, size of 15 
blowers, and offgas treatment system capacity. 16 

 Potential offsite sources of vapor phase contaminants must be considered in determining the feasibility 17 
and design of SVE systems. If significant vapor phase contamination could migrate onsite from offsite 18 
sources during SVE, system design will need to include air injection wells or some other means of 19 
preventing this occurrence. 20 
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3.1.3 Presence of NAPL 1 

The site investigator should determine whether NAPL is present. Free product in groundwater samples would 2 
be one indication of NAPL. NAPL competes with air and soil moisture for pore space within the unsaturated 3 
zone, reducing the air phase permeability. In addition, NAPL provides an ongoing source of contaminants. 4 
Unsaturated zone residual saturations of between 15 and 50 percent of available pore space have been 5 
reported (USEPA 1989c). 6 

If the presence of DNAPL is suspected, there may be concerns that implementation of SVE could increase 7 
rather than reduce the risk of migration of DNAPL into deeper hydrologic units. This might be the case, for 8 
example, if DNAPL resides in fractured bedrock above the water table. It has been theorized that inducement 9 
of airflow toward an extraction well in such a setting might be accompanied by a counterflow of DNAPL deeper 10 
into the fracture system, and perhaps into the saturated zone. A Technical Impracticability waiver might be 11 
applicable in such a situation (USEPA 1993g). 12 

3.1.4 Result by soil gas survey 13 

By their very nature, contaminants that are amenable to SVE are amenable to being measured during soil gas 14 
surveys. Frequently, field soil gas measurement is a useful way to characterize the nature and extent of soil 15 
contamination at a site. Often field measurements of soil gas contaminant concentrations confirmed by a 16 
limited number of laboratory analyses are sufficient for site characterization. However, a good quantitative 17 
correlation between soil gas and soil concentrations can seldom be obtained. This is particularly true when 18 
higher concentrations of contaminants are present due to residual NAPL. When contrasting soil gas and soil 19 
sample concentrations it is helpful to keep in mind that soil sample results represent contaminants in all soil 20 
compartments while soil gas measures only those in vapor. Soil gas surveys can also provide an indication of 21 
contaminant concentrations that can initially be expected in SVE offgas. 22 

3.1.5 Air permeability 23 

Air permeability, the ability of soil to permit the passage of air, is one of the most critical parameters affecting 24 
SVE feasibility and design. It is a function of solid matrix properties and moisture content. Air permeability has 25 
a profound influence on airflow rates and contaminant recovery rates. Coarse-grained soils typically exhibit 26 
large values of air permeability and more uniform airflow patterns. Soils with air permeabilities less than about 27 
10-10 cm2 may not be amenable to SVE (USEPA 1993d). 28 

3.1.6 Heterogeneities and preferential pathways 29 

Heterogeneities play a significant role in the distribution of contaminants within the unsaturated zone and are 30 
caused by spatial variations in soil type, layering, porosity, and moisture content. During the operation of an 31 
SVE system, these variations may influence airflow patterns and ultimately contaminant recovery rates within 32 
the unsaturated zone. For example, if the unsaturated zone is comprised of alternating layers of coarse- and 33 
fine-grained soils, airflow may be restricted to the coarse-grained strata. Contaminants are often removed 34 
from the finer grained strata at much slower rates. Soil borings, cone penetrometry, and soil profile 35 
examinations of the exposed faces of test pits are among the methods to obtain information on physical 36 
heterogeneities. 37 

In some instances, underground utilities such as storm and sanitary sewers or the backfill material associated 38 
with these features may produce short-circuiting of airflow associated with an SVE system. As a result, airflow 39 
may be concentrated along these features rather than within the zone requiring treatment. In addition, these 40 
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features may also provide migration pathways for both free-phase liquids and vapors within the unsaturated 1 
zone. As a result, the orientation and geometry of these features may dictate the direction in which the liquids 2 
or vapors migrate. Often, accurate as-built drawings of underground utilities do not exist, so persons familiar 3 
with the site should also be consulted. Basements of nearby buildings and other features that may affect flow 4 
should be noted. 5 

3.1.7 Topography 6 

Topography and the nature of the ground surface will affect SVE. An impermeable surface will tend to enhance 7 
horizontal airflow and increase the radius of influence. A permeable surface will do the opposite and will 8 
increase the amount of atmospheric air entering the subsurface. Surface constraints such as buildings, 9 
roadways, and utility systems may make SVE an attractive remedial alternative relative to other options. If 10 
pavement is present at the ground surface, its integrity should be examined. Any cracks should be noted and, if 11 
possible, sealed. 12 

3.2 Uses of Bench-Scale Testing in SVE Remedial Design 13 

Column tests to determine design parameters. Ball and Wolf (1990) recommend column tests in the laboratory 14 
for determining design parameters for SVE systems addressing single contaminants in homogeneous isotropic 15 
soils at small sites. Their approach is to pack a column with site soil, apply a representative airflow, and 16 
measure effluent contaminant concentrations as a function of the number of pore volume exchanges. An 17 
exponential decay equation is then fit to these data, and the calibration parameter is used in a scaled-up 18 
prediction of the emission rate for the full-scale SVE system. With this information, total soil remediation time 19 
and cost can be estimated. 20 

Column tests to determine SVE effectiveness. USEPA (1991c) recommends column tests for remedy screening 21 
when there is some question as to whether SVE will be effective at a site. This step may be skipped when the 22 
vapor pressure of the target compounds is 10 mm Hg or greater. Column tests are also not feasible for sites 23 
with fractured bedrock or heterogeneous fill consisting of large pieces of debris. 24 

These studies are relatively low in cost and involve passing about 2,000-pore volumes of air through the 25 
column (during about 6 days of operation). It should be noted that this equivalence depends on soil conditions 26 
such as permeability and moisture content. For instance, in a dry, sandy soil, the 2,000-pore volumes could be 27 
removed in as little as one year, while a moist, silty clay could require more than 6 years. In most cases, 28 
however, site-specific flow scenarios would fall somewhere in the 3- to 6-year range. The reason for conducting 29 
column tests is to study the diffusion kinetics of the soil. It has been found that contaminant release nearly 30 
always becomes diffusion-limited within the first 1,000-pore volumes, indicating that equilibrium is reached 31 
relatively quickly. A 2,000-pore volume study period therefore allows diffusion kinetics to be quantified. 32 

Soil gas contaminant concentrations are monitored during the test, and a reduction of 80 percent or more 33 
indicates that SVE is potentially viable for the site and should be further evaluated with additional column 34 
studies. If reductions greater than 95 percent are achieved, the residual soil from the column may be analyzed 35 
to quantify the residual contamination. If concentrations are below cleanup goals, column tests for remedy 36 
selection may be skipped and air permeability tests conducted next. 37 

Column tests are not required for most SVE applications, but may be useful under certain circumstances, e.g., 38 
venting and/or biodegradation of recalcitrant (difficult to degrade) contaminants. Column tests typically use 2 39 
to 8 kg of contaminated soil (e.g., with column dimensions ranging from 5 to 10 cm in diameter and 30 to 60 40 
cm in length) and are run until results become asymptotic, with duration and cost depending on soil 41 
characteristics and the contaminants. Measurements taken prior to the column tests may include bulk density, 42 
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moisture content, and analyses of contaminant concentrations in the soil matrix, in leachate, and in the 1 
headspace. Different airflow rates can be tested to check sensitivity of contaminant removal rates to airflow. 2 
Measurements taken during testing include inflow and outflow air pressures, effluent contaminant 3 
concentrations, airflow rates, and temperature. After the test, contaminant concentrations in the soil matrix 4 
and in TCLP leachate are measured for comparison with cleanup goals. A sketch of a column test apparatus is 5 
shown in Figure 3.3.  6 

 7 

Figure 3.3- Diagram of a column test apparatus 8 
 9 

Figure 3.4 presents the advantages and disadvantages of column tests. While column tests are not generally to 10 
be relied upon as the sole source of air permeability data, they can provide a useful means to supplement in 11 
situ air permeability tests.  12 

For example, while in situ ka tests can usually be performed in only a limited number of locations, intact cores 13 
can often be collected from many locations and depths, including within the in situ ka test locations, so that the 14 
correlation between laboratory and in situ data can be examined. If the results are well correlated, the 15 
laboratory data can be used to generalize the in situ results throughout the sampling area. 16 
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 1 

Figure 3.4- Column test advantages and limitation 2 
 3 

Column tests are best performed using intact core samples. Intact core samples can be obtained using drive 4 
samplers or continuous coring devices. Core samples should be collected inside rigid sleeves, and annotated 5 
with the sample designation and orientation. The samples should be sealed and refrigerated upon collection to 6 
prevent volatilization and degradation of contaminants. Typical drilling procedures recover soil cores in a 7 
vertical or near vertical orientation. The typical flow of air during SVE, though certainly three-dimensional, is 8 
not vertical and the horizontal air permeability is probably more of interest. This fact should be weighed 9 
carefully in deciding if vertical cores are to be collected for testing. 10 

At the laboratory, core samples can be extruded into test columns, or the sample sleeves can be incorporated 11 
into the column setup. If disturbed samples were obtained, the samples should be repacked to a final density 12 
approximating field conditions. If the test is designed to simulate vertical flow through a layered profile, layers 13 
can be incorporated during placement of the soil. One should consider collecting intact, horizontally oriented 14 
cores if the test is intended to simulate horizontal airflow. 15 

Test equipment typically includes a vacuum or air supply system, flow metering devices, and pressure 16 
measurement equipment. Soil moisture measurement devices (e.g., tensiometers) may also be provided. All 17 
connections between the air supply system, the column walls, and the soil sample should be airtight. Some 18 
columns incorporate an inflatable bladder in the annulus between the core sample and the column wall to 19 
prevent leakage along the sides of the soil sample. Contaminant concentrations can be measured in the solid or 20 
vapor phase. Since soil measurements require destructive sampling, measurement points are limited to the 21 
initial and final concentrations. Vapor sampling permits time-series measurement of effluent concentrations, 22 
but typically requires sophisticated onsite measurement equipment (e.g., gas chromatographs). Vapor 23 
measurements should be supported by initial and final soil concentrations. 24 

Test results are usually expressed as contaminant concentration versus the total volume of air exchanged. To 25 
relate column tests to field applications, air exchange is typically expressed in units of pore volumes. 26 

Calculation of pore volumes requires measurement of the sample porosity and dimensions, as well as the flow 27 
rate and elapsed time. Results can be used to evaluate the rate of contaminant removal, and estimated 28 
residual concentrations. Partitioning coefficients can also be determined, provided equilibrium concentrations 29 
are measured concurrently in each phase, along with foc. 30 

 31 
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3.3 SVE feasibility consideration 1 

 Contaminants with low Henry’s Law constants are difficult to treat via SVE. Under certain conditions, 2 
thermal enhancements to SVE may be considered to improve volatility through hot air, steam injection, 3 
or other subsurface heating technologies. 4 

 SVE is not effective in the saturated zone, and extraction well screens must be positioned to account 5 
for seasonal variations in water table elevation. At some sites, lowering the water table via pumping 6 
may be considered to expose more media to treatment via SVE. 7 

 Geologic framework and degree of lateral and vertical heterogeneity must be considered when 8 
designing the system to ensure vapor is effectively removed from all portions of the target interval. For 9 
instance, it is easier to induce flow through a sandy interval compared to a silt or clay lens. Also, a clay 10 
layer could impede vapor extraction in portions of the contaminated interval if a well is not screened in 11 
a manner to account for it. 12 

 Soil with a high percentage of fines and a high degree of water saturation will require higher vacuums, 13 
increasing costs, and/or hindering the treatment effectiveness and uniformity. 14 

 Soil with highly variable permeabilities or stratification may result in uneven extraction of gas flow 15 
from contaminated zones. After an SVE system is shut down (temporarily or permanently), this can also 16 
result in contaminant rebound from lower permeability zones where mass transfer processes were less 17 
effective over time. Extraction well design/placement and/or SVE operations (e.g., cycling of extraction 18 
wells, pulsed operation), as well as the possible need for fracturing, may need to be taken into account 19 
to address varying permeabilities/stratification and the potential for rebound. 20 

 SVE system design should allow for measurement of airflow and contaminant concentrations for the 21 
individual extraction wells (versus composite measurements at the blower). The exclusion of individual 22 
well measurements will not allow for proper performance evaluation or optimization. For 23 
heterogeneous lithology, it is not uncommon for one or a few of the extraction wells screened in a 24 
more permeable location to account for almost all of the total airflow. As contaminant removal rates 25 
decrease over time, the option to pulse or shut down individual extraction wells with lower 26 
contaminant removal rates becomes advantageous. 27 

 The installation of vacuum measurement points is recommended for a representative number of 28 
locations throughout the treatment zone, as well as distances from the extraction wells, and depths 29 
within different soil units for deeper treatment zones. Vacuum measurements at a sufficient number of 30 
gas probes allows for an overview extrapolation of airflow rates and distribution patterns throughout 31 
the treatment area. Respiration (e.g., oxygen) and contaminant concentration measurements can also 32 
be collected to evaluate recharge influence and removal progress, as well as identify potential “dead 33 
zones” of ineffective treatment that may require further optimization to address. 34 

 Water infiltration from rainfall and/or water table upwelling into the SVE system can pose several 35 
operational problems. Transfer piping needs to be sloped back to the extraction wells or strategically 36 
located collection points to prevent line blockage. Suction lifting of larger volumes of shallow 37 
groundwater or entrainment of precipitation infiltration into the system can overwhelm the air/water 38 
separator and cause severe corrosion and seizing of the blower internal parts (which will require 39 
replacement). During periods of heavy rainfall or shallow groundwater, the SVE system may either 40 
need to be shut down or the vacuum/airflow reduced to prevent these problems. 41 

 Off-gas treatment is often required and will significantly increase the cost of SVE operations. For 42 
example, residual liquids may require treatment/disposal, spent GAC will need to be regenerated or 43 
disposed, and thermal/catalytic oxidation may require significant electrical/gas costs to operate. Long-44 
term project planning should allow for sufficient flexibility to change out or discontinue air treatment 45 
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as the contaminant influent concentrations decrease over time (e.g., use of rental equipment, frequent 1 
monitoring of influent versus permit requirements for treatment). 2 

 SVE effectiveness tends to decrease over time eventually reaching asymptotic/plateau conditions. 3 
Asymptotic/plateau conditions can be an artifact of contaminant mass removal primarily from the 4 
higher permeability zones, while challenges are experienced with contaminant mass removal from 5 
lower permeability zones, areas with higher moisture, or higher contaminant adsorption to the soil 6 
matrix. Further evaluation of SVE system design and operations are recommended should this occur at 7 
a given site. Analysis of the impact that persistent contaminant concentrations may have on 8 
groundwater concentrations or vapor intrusion should be done using appropriate modeling tools. 9 
Rebound testing and vapor concentration measurements at vacuum measurement points should be 10 
performed to evaluate residual contaminant levels throughout the treatment area in order to make 11 
sound decisions regarding the need for further system optimization or system shutdown. 12 

 13 
 14 
  15 
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4 IN FIELD TEST 1 

The SVE pilot test should provide reliable data for the final system design in terms of: 2 

 define the target treatment zone 3 

 propose a conceptual model for the air distribution in the treatment zone 4 

 sustainable airflow rates 5 

 total gas extraction rate 6 

 anticipated contaminant vapor removal rates 7 

 preferred orientation of subsurface airflow 8 

 effective radius of influence and determine if the well spacings are cost-prohibitive, and if so, 9 
determine the minimum injection well spacing that is not cost-prohibitive 10 

 propose the depth, location, and construction specifics of the wells 11 

 number of vapor extraction wells required 12 

 vapor treatment technology for system off-gas 13 

 14 

Figure 4.1- Radius of influence after Pilot test (Confalonieri et al., see Annex1) 15 
 16 
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The primary determinants for these SVE design parameters are the (1) nature and extent of contamination in 1 
the soil, (2) permeability distribution (i.e., heterogeneities) in the soil, and (3) contaminant concentrations in 2 
extracted soil gas. This information is expected to be available from an evolving conceptual site model. 3 

Besides providing data for the design of the full-scale system, a properly conducted pilot test should aid the 4 
consultant in determining whether existing time constraints for project closure can be met, given the 5 
achievable vapor removal rates. 6 

ACTIVITY QUENSION(S) ANSWERED 

Injection pressure/flowrate test Is it possible to achieve desired flowrate at reasonable pressures? 

Helium tracer test What is the approximation of lateral extent of the air distribution? 
Are there indications of preferred directions? 

Soil gas/off-gas 
sampling 

What is the volatilization rate? Are there any obvious safety hazards? 

DO measurements What is the approximation of lateral extent of the air distribution? 
Are there indications of preferred directions? 

 7 

4.1 Conventional pilot test 8 

Conventional site characterization data are important for evaluating SVE; however, these data are relatively 9 
static and do not provide adequate data for full-scale design. In particular, the dynamic behavior of the 10 
contaminant mass extraction rate is difficult to predict without performing a pilot test of SVE. The extraction 11 
behavior is governed largely by the volume of contaminated soil, the fractions of the soil volume characterized 12 
as advective versus diffusive, the mass transfer characteristics of the diffusion-limited source zones, the 13 
location of extraction screens relative to sources, and the existence of a NAPL. The following discussion does 14 
not consider a NAPL, although a zone of persistent concentration that returns to near identical equilibrium 15 
concentration after multiple periods of extraction is an indicator of NAPL. 16 

The earlier pilot testing occurs in the remedial planning process (preferably as a component of site 17 
characterization), the less likely that design modifications will be needed after system startup. Pilot testing is 18 
especially recommended at larger, more complex sites. 19 

Designing the pilot test requires specifying a desirable total gas extraction rate or duration of extraction. 20 
Ideally, the pilot test will extract the equivalent of one or more full pore volumes of soil gas from the 21 
contaminated soil. The purpose of this test is to operate the system long enough to observe the initial decay in 22 
the extracted VOC concentration and concentration reductions in soil gas probes at varying distances. This will 23 
provide a first estimate for mass transfer constraints and the radius of effective remediation from a single well 24 
[DiGiulio and Varahan, 2001a]. As a rule of thumb, the rate and duration for the pilot test can be based on the 25 
total volume (V) of contaminated soil in the conceptual site model, the soil porosity, and the soil moisture 26 
content as follows: 27 

  =  oil (1− ) 28 

TCE vapor concentrations during 3 days of extraction at 40 scfm in a well placed near the center of a suspected 29 
source zone for TCE vapors are shown in Figure below. The extracted concentration decayed rapidly during the 30 
initial hours of extraction in accordance with the estimated soil gas extraction and exchange rate. The TCE 31 
concentration then followed a much slower decay during subsequent extraction that is associated with 32 
diffusive mass transfer constraints in a confining clay unit in the middle of the vadose zone. These observations 33 
indicate that the pilot system was adequate to serve as the full-scale system at this small site. Use of activated 34 
carbon for off-gas vapor treatment was also demonstrated to be cost effective. 35 
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 1 

Figure 4.2- Example vapor concentration data from an SVE pilot test 2 
For lower soil permeability, a second well may have been required to achieve the desired flow or a longer 3 
flushing period may have been necessary to identify the mass transfer constraints. As described later, 4 
additional information on the mass transfer constraints was obtained by measuring the rebound in the TCE 5 
vapor concentration at the well after extraction ceased. In addition, if the TCE vapor concentration had been 6 
higher initially and persisted at a substantially higher value after the initial decay, suggesting the existence of a 7 
DNAPL, carbon adsorption may not have been cost effective for the higher mass extraction rate. 8 

Monitoring points can also be installed at multiple depths, including subslab if applicable, and within the radius 9 
of influence range (e.g., 10–50 ft) of a pilot extraction well, if not already available from previous site 10 
characterization activities. Each monitoring location could have multiple nested points across the vertical 11 
extent of the vadose zone depending on the depth to groundwater and the geologic layering. 12 

As illustrated in Figure below, points can be placed above, below, and within suspected sources. During pilot 13 
testing, these locations are used to measure both vapor concentration and vacuum responses. 14 

 15 

Figure 4.3- Conceptualized scenarios for diffusion-limited mass transfer and typical soil gas monitoring points 16 
 17 
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The utility of vacuum data is highly dependent on the permeability of the soils and the data cannot be relied 1 
upon to assess the radius of influence for SVE. Of more importance is the vapor concentration response. In 2 
permeable sands, a very small vacuum response may be associated with a relatively high flow of air, whereas a 3 
significant vacuum response in a clay provides no evidence that appreciable flow is associated with the 4 
vacuum. However, the vacuum monitoring data can be used to assess the lateral versus vertical extent of flow 5 
and the impact of surface conditions (e.g., low permeability leakage across a slab or a soil surface open to 6 
atmosphere) on the flushing of the surface soil volumes. 7 

During pilot testing, a robust monitoring program for VOC vapor concentration is recommended to identify 8 
trends in soil gas monitoring points. These trends can be correlated with the pore volume of soil swept during 9 
the pilot test to provide a basis for the spacing of extraction wells in the full-scale design based on the desired 10 
flushing frequency (i.e., pore volume exchange rate), as discussed in the next section. Use of a field gas 11 
chromatograph by an experienced operator is encouraged to cost effectively increase the size of the soil gas 12 
VOC dataset. 13 

Often, the direct discharge of off-gasses without treatment is unacceptable because of health, safety, or public 14 
concerns. If conditions indicate it is necessary, off-gas treatment technologies such as activated carbon, 15 
thermal oxidization, or other relevant technologies can be implemented to improve the off-gas quality for 16 
release to the atmosphere. 17 

4.1.1 Conventional pilot test equipment 18 

The SVE pilot study equipment may consist of the following equipment [Farallon 2019], or equivalent: 19 

 A 1-horsepower skid-mounted regenerative blower at a minimum (equivalent to a Rotron DR 404) 20 
capable of 50 inches of water-column vacuum and flow rates of up to 105 standard cubic feet per 21 
minute. 22 

 A moisture separator with a vacuum indicator, vacuum relief valve, and drain valve. 23 

 A manifold consisting of a series of valves, vacuum indicators, and a flowmeter capable of monitoring 24 
extraction airflow rates ranging from 0.66 to 100 standard cubic feet per minute and vacuum ranging 25 
from 0.1 to 80 inches of water column. 26 

 Rubberized flexible couplers, flexible hosing, and/or Schedule 40 polyvinyl chloride fittings to connect 27 
equipment from the SVE extraction well to a vapor discharge point. 28 

The observation wells should have vacuum-tight fittings terminating in a ball valve for connection to a vacuum 29 
gauge to monitor observed vacuum throughout the pilot study activities. A process and instrumentation 30 
diagram is provided on Figure below. 31 
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 1 

Figure 4.4- Example of process and instrumentation diagram (Farallon Consulting) 2 
 3 

4.1.2 SVE increasing vacuum step test 4 

The SVE pilot test should be conducted as a step test using at least three air flow rate steps. The duration of 5 
each step of the test should be at least as long as it takes for the parameters measured at the vacuum 6 
monitoring points to reach steady state. While holding the flow rate and vacuum applied at the vapor 7 
extraction well constant (frequent measurements should be taken to ensure this condition) pressure 8 
measurements should be taken at the extraction well and all soil vacuum monitoring points. Monitoring should 9 
be frequent early in the pilot test (every five to ten minutes); the time interval between vacuum readings may 10 
increase over the course of the test. 11 

 12 

A minimum of one soil vapor extraction well and three vacuum monitoring points, located at varying distances 13 
from the extraction well, is recommended for the pilot test. Dedicated soil vapor extraction wells and 14 
monitoring points are recommended, however, ground water monitoring wells may be acceptable if their 15 
location and construction are appropriate for the site. The approval of the use of ground water monitoring 16 
wells for SVE extraction wells or monitoring points will be made on a site-specific basis. As a general rule, the 17 
vacuum monitoring points should be located at five to ten feet, ten to twenty feet, twenty to forty feet and 18 
greater than forty feet from the vapor extraction well. The vacuum monitoring points should be installed 19 
radially from the vapor extraction well (i.e. 120o apart) rather than in a line in order to better evaluate potential 20 
preferential airflow pathways at the site. If the soil contamination extends through multiple units of varying 21 
permeability, each separate stratigraphic unit should be evaluated with its own soil vapor extraction well and 22 
three vapor monitoring points. 23 
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 1 

Figure 4.5- Tipical positioning at 120° of SVE monitoring point (Confalonieri et al., see Annex1) 2 
 3 

A typical air extraction well is a 1- to 4-inch-diameter vertical well having a 1- to 5 ft-long screened interval, but 4 
these data should be derminted on site specific basis. 5 

Prior to implementing the SVE step test, baseline vacuum readings will be collected from observations wells. It 6 
is recommended also a field screening for organic vapors that should be conducted with a flame ionization 7 
detector (FID) or a combination of a photoionization detector (PID) and an explosimeter. 8 

SVE step test is conducted by incrementally increasing the vacuum applied to the SVE extraction well. The 9 
maximum amount of vacuum that can be applied to the SVE extraction well is based on the distance from the 10 
top of the exposed well screen to the top of the groundwater table, or the available equipment. Based on the 11 
blower curve for a 1-horsepower regenerative blower, the anticipated maximum vacuum applied to the SVE 12 
extraction well will be 50 inches of water column [Farallon 2019]. The incremental steps will be applied at 30, 13 
70, and 100 percent of the maximum vacuum rating for the blower. During each stage of the step test, the 14 
following parameters should be monitored on 15-minute intervals, at a minimum, until criteria stabilize (less 15 
than 5 percent difference between events) or for a maximum duration of 2 to 3 hours at each vacuum step: 16 

 Vacuum applied to the SVE extraction well 17 

 Extraction flow rate from the SVE extraction well 18 

 Extracted vapor temperature 19 

 Extracted vapor stream volatile organic compound measurements with a photoionization detector 20 

 Vacuum at the observation wells 21 

 Vacuum readings will be recorded as gauge pressure readings 22 
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 1 

Figure 4.6- Example of monitoring table (Confalonieri et al., see Annex1) 2 
 3 

Vapor samples could be collected in Summa canisters and/or Tedlar bags and/or similar and equivalent 4 
support, and sent for laboratory analysis at the end of each step test, at peak concentration of extraction vapor 5 
as measured with the photoionization detector. 6 

 7 

Figure 4.7- Example of SVE increasing vacuum step test (Menozzi et al., see Annex1) 8 
 9 



 

34 
 

4.1.3 SVE Constant vacuum test 1 

Based on the results of the SVE step test, the ideal vacuum and extraction flow rate could be determined to 2 
complete the SVE constant vacuum test, which is the second component of the SVE pilot study. Optimum 3 
vacuum and flow rate should be determined from the observed vacuum and flow rates from the extraction 4 
well, vapor recovery, response observed at observation wells, and influence on groundwater levels. Optimum 5 
flow rate also could be determined from the radius of influence determined in the step-test. 6 

The SVE constant vacuum test should occur immediately following the SVE step test and operate for 7 
approximately 24 hours. The monitored test parameters for the step test will also be monitored and recorded 8 
at 15-minute intervals during the SVE constant vacuum test: 9 

 Vacuum applied to the SVE extraction well 10 

 Extraction flow rate from the SVE extraction well 11 

 Extracted vapor temperature 12 

 Extracted vapor stream volatile organic compound measurements with a photoionization detector 13 

 Vacuum at the observation wells 14 

 Vacuum readings will be recorded as gauge pressure readings 15 

The monitoring time interval may be modified during the pilot test based on field observations. The longer-16 
duration SVE constant vacuum test would help evaluate steady-state emissions concentrations and site-specific 17 
SVE operational airflow and vacuum. 18 

Vapor samples could be collected in Summa canisters and/or Tedlar bags and/or similar and equivalent 19 
support, and sent for laboratory analysis at the end of the SVE constant vacuum test. 20 

 21 

4.2 Helium Distribution and Recovery Test 22 

One of the strengths of the tracer test is that it can be easily repeated, usually with delays of only a few hours 23 
or so between them. This allows the effects of process changes (e.g., distribution of air flow from various wells) 24 
to be quickly assessed. 25 

Helium is the most common tracer gas used, since it is relatively inexpensive, readily available, and analytical 26 
instrumentation is available for field use. Common detectors can detect helium concentrations from 0.1% to 27 
100%. It is factorycalibrated so it cannot be calibrated in the field, but checks should be made with helium 28 
standards to verify that the instrument is operating properly. Typically, vapor samples must be collected in 29 
Tedlar bags or canisters. The helium detector is then attached directly to the sample container for 30 
measurement. Alternatively, the helium detector can be modified to sample continuously. Continuous 31 
sampling is very convenient when measuring SVE off-gas where a continuous flow stream is available. 32 

The tracer recovery tests described here can be conducted as part of a pilot test, or during full-scale operation. 33 
The test is very simple to conduct and interpret. Basically, an inert tracer (usually helium) is introduced into the 34 
ground at a constant, known rate and the concentration of tracer is monitored in the SVE off-gas air. After 35 
some period of time (e.g., an hour or less for many systems), the concentration of the tracer in the off-gas 36 
begins to rise. It continues to rise and eventually reaches a stable plateau. The percent of the air that is 37 
captured can be calculated by multiplying the SVE flowrate by the fraction of helium in the SVE air once the 38 
concentration has stabilized and dividing that number by the tracer injection rate as shown below. 39 
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 1 
%Recovery = SVEflowrate % tracer in off - gas 100 2 

A more robust field technique for calculating recovery is to first measure the “100% recovery concentration” in 3 
the SVE off-gas by directly injecting the helium into the SVE manifold. (Care must be taken to ensure that the 4 
flow is the same in both cases since the back-pressures for the two systems are significantly different.) In this 5 
case the percent recovery is simply the helium concentration measured in the SVE off-gas divided by the “100% 6 
recovery concentration.” 7 

If helium is used as the tracer, the injection concentration should be kept below 10% by volume to avoid 8 
buoyancy effects in the vadose zone. To ensure consistent helium flow under conditions of varying 9 
backpressure, a calibrated direct-reading flow meter should be used along with a pressure gauge and a 10 
metering valve to provide a consistent, high back-pressure at the flow meter. 11 

The tracer recovery test is designed as a “red flag” for the system performance. If the recovery of helium is low, 12 
then it is possible that air (and helium) is being trapped below the water table beneath lower-permeability 13 
strata and may be moving laterally beyond the reach of the SVE system. 14 

In some cases, it is possible that no helium will return to the well due to the presence of continuous layers. The 15 
presence of these layers should also be detectable by monitoring groundwater pressure during system start-up 16 
and shutdown. Therefore, it is recommended that the helium recovery test be conducted in conjunction with 17 
groundwater pressure measurements. 18 

If helium recovery is high (e.g. >80%), then the SVE system is performing well, and lateral migration of vapors is 19 
unlikely to be a problem. 20 
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4.3 Soil gas monitoring 1 

 2 

Figure 4.8- Example of Nesty Probe installation (Trezzi et al., see Annex1) 3 
 4 

During the pilot test, soil gas samples should be collected from the soil vapor extraction well at each flow rate 5 
step for potential laboratory analysis. The frequency and number of samples submitted for laboratory analysis 6 
should be based on site-specific conditions; however a minimum of one sample, collected from the step having 7 
the highest field instrument reading, should be submitted for laboratory analysis. Vapor sampling should be 8 
conducted at the vapor extraction point from a sampling port located between the well head and the blower. A 9 
tedlar bag, charcoal tube, or a Summa-type canister may be used to collect laboratory samples for VOC, CO2, 10 
and O2 analyses although the latter is preferred. The analytical method should be approved by the project 11 
technical staff. Draeger tubes are commonly used for measuring CO2, and may also be acceptable for 12 
monitoring VOC concentration. If specific minimum reporting requirements cannot be obtained due to site 13 
specific conditions this should be explained or discussed. 14 
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Increases in contaminant concentrations in the off-gas, and the SVE extraction rate can be used to determine a 1 
mass removal rate. Of course, measurements made during the short duration of a pilot test are not indicative 2 
of long-term performance. However, it can generally be assumed that the pilot test data represent the 3 
maximum removal rate from the system. In that context, if mass removal rates during (e.g., at the conclusion) 4 
of the pilot test are too low, then there should be significant concern about the viability of SVE at the site. 5 

 6 

4.4 Pilot test proposal – Minimum Submittal Requirements 7 

1. Description on how the test will be conducted, including the types of data which will be collected, 8 
equipment to be used, and the data collection frequency. 9 

2. Figures: 10 

 Site map drawn to scale illustrating the location of extraction and vacuum monitoring points, zone of 11 
soil contamination, location of buildings, paved area and buried utility trenches. 12 

 Geologic cross-sections of the site showing major geologic features, contaminant distribution, location 13 
of extraction wells and vacuum monitoring points; and 14 

 Construction diagrams of extraction wells and vacuum monitoring points. 15 

 Construction schematic illustrating the manifold design, including the following elements: pipes, 16 
instrumentation, valves, sampling ports and any other components of the pilot test system. 17 

4.5 Minimum equipments for SVE field test 18 

A pilot test for a soil vapor extraction system includes an extraction well located within the contaminated area, 19 
one with similar construction located in an area of no documented contamination, and a number of 20 
corresponding observation wells. Other important parts of the pilot test configuration may include: 21 

 a portable blower or vacuum extractor 22 

 well sample ports 23 

 measuring instruments for the extraction wells 24 

 sample collection equipment 25 

Common measuring instruments include: 26 

 a photo-ionization (PID) meter, which measures the quantity of volatile compounds being released 27 

 a number of vacuum gauges or airflow meters to help determine the radius of influence for each 28 
extraction well 29 

 temperature gauges to help determine the temperature of the soil vapor, which can affect the overall 30 
airflow rate 31 

Sample equipment can include: 32 

 tedlar bags and portable air pumps for collecting influent or effluent samples 33 

 disposable bailers for collecting water or product samples from observation wells 34 

 35 

 36 



 

38 
 

4.6 The extraction well 1 

The extraction wells are an integral part of a SVE remediation system pilot test. These wells are a way for 2 
contamination to be removed from the vadose zone through the creation of a negative pressure gradient. The 3 
contamination is "sucked" towards the extraction well because there is a lesser amount of pressure at the 4 
extraction well. The key in any remediation plan that utilizes vapor extraction as a removal technique is to 5 
determine the correct amount of change in the pressure gradient that is needed to be effective. A pilot test is a 6 
common way to determine such information. 7 

Of course, if you only sample at the extraction wells, the picture you gain will be an incomplete one. While 8 
observations at the extraction wells will provide information of how the conditions are changing at the site of 9 
extraction, it might not extend much beyond that. That's where observation wells are so important. 10 
Observation wells, which are screened in similar fashion to their corresponding extraction wells will provide 11 
information such as ground-water fluctuation, vapor pressure gradients, and even changes in the migration of 12 
the contaminated plume. By taking regular samples and measurements, at both the observation and extraction 13 
wells, a scientist can gain a more complete and specific picture than either part could provide alone. Ideally the 14 
measurements taken should include the ground-water level as measured with a water level indicator, the 15 
thickness of any free phase product as measured with an interface probe, and the concentration of VOCs as 16 
determined by a photo-ionization meter. Samples taken should include influent and effluent equipment air 17 
samples, and any off-gases associated with the proposed treatment of the vapor extracted. These samples 18 
collected should be tested in a laboratory setting for analyses such as volatile organic compounds (VOC), and 19 
total petroleum hydrocarbons (TPH). The specific analysis needs will vary from state to state, so it's a good idea 20 
to contact the local regulatory authority for guidance if needed. 21 

4.7 Tracer test 22 

For SVE applications, it is critical to adequately characterize the subsurface from an air flow perspective. While 23 
prediction of actual air distributions is not practicable at this time, the gross features of air distributions can be 24 
anticipated for simple geologies (e.g., highly permeable and homogeneous settings and settings with large 25 
macroscale heterogeneities such as clay layers in otherwise sandy soils), and therefore, knowledge gained from 26 
visual review of soil cores is often invaluable for SVE applications. 27 

At the end of the site characterization phase and prior to the screening and pilot testing phases, site 28 
characterization data should be used to define a target treatment zone and to propose a conceptual model for 29 
the air distribution at the site. 30 

 31 

4.8 Pilot test proposal – Minimum Submittal Requirements 32 

1. Narrative discussing field procedures, the results of the pilot test, including determination of the effective 33 
radius of influence, and a discussion of contaminant composition and vapor removal rates. 34 

 35 

2. Static (pre-test) data: 36 

 static water level data (to the nearest 0.01 ft.) if monitoring wells are used as vacuum monitoring 37 
points or vapor extraction points; 38 

 soil and air temperature; 39 

 static pressure (inches H2O); and atmospheric conditions (pressure and temperature) 40 
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 1 

3. Test data collected at the extraction point (reported for specified time intervals): 2 

 air flow rate; 3 

 water level elevations to nearest 0.01 ft. (if monitoring well is used); 4 

 VOC, CO2 and O2 concentrations; 5 

 FID (or PID and explosimeter) measurements; 6 

 pressure; 7 

 soil and air temperature. 8 
 9 

4. Test data collected at vacuum monitoring point (reported for specified time intervals): 10 

 vacuum (inches H2O); 11 

 water level elevation (to nearest 0.01 ft.). 12 
 13 

5. Figures 14 

 site maps (drawn to scale) illustrating location of source area(s), extraction and vacuum monitoring 15 
points, buildings, paved area and utility trenches, extent of soil and ground water contamination, and 16 
water table for the day of the pilot test; 17 

 geologic cross sections of the site illustrating major geologic features, contaminant distribution and 18 
location of extraction and monitoring points; 19 

 as-built diagrams of extraction wells and vacuum monitoring points 20 

 construction schematic illustrating the manifold design, including the following elements: pipes, 21 
instrumentation, valves, sampling ports, and any other components of the pilot test system. 22 

6. Graphs: 23 

 normalized vacuum (monitoring point vacuum/extraction point vacuum) versus distance from the 24 
extraction well for each flow rate step (plotted on semi-log paper); 25 

 applied vacuum (inches H20) versus air flow at the extraction well for each step in the air flow rate; 26 

 total VOC vapor concentration versus time; 27 

 ground water elevation versus time. 28 

 29 

4.9 Alternative to pilot test 30 

Performing a pilot test for your remediation system is the ideal, both in long term remediation and economic 31 
sense. In some situations, these options are not viable and there are other options available. While they might 32 
not be as ultimately cost effective as running a few preliminary tests prior to installation, they have been 33 
known to provide acceptable results. 34 
The first alternative to performing a pilot test is to simply install a temporary remediation system at the site 35 
and start the remediation process right away. Technology advances today have produce smaller, more versatile 36 
SVE systems, and many are offered on a rental basis. These smaller, mobile systems allow for changes to be 37 
made if necessary. 38 
The second alternative to conducting a pilot test is to use generalized reference information about the site to 39 
estimate the site characteristics. If the lithology and basic extent of the contamination is known, then grain size 40 
analysis can be used to estimate the permeability of the soil, and eventually the air flow. This "back of the 41 
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envelope" method is good for areas of relatively small amounts of contamination. The disadvantages of this 1 
method are that sometimes the perceived physical and chemical parameters are not the same site wide, and 2 
there is a marked difficulty evaluating layered geological conditions. In addition, if the remediation system 3 
involves air emissions, the estimates of air concentrations would not be available prior to implementation. 4 
 5 

 6 
Figure 4.9- Scheme with one blower 7 

 8 
These steps may or may not be conducted in a sequential manner. 9 
  10 
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5 PERFORMANCE MONITORING 1 

Monitoring is conducted during the operational phase to evaluate remediation progress, and before system 2 
shut down, to verify the achievement of clean up criteria. 3 

The monitoring plan should include more frequent sampling at system start-up and for clean up confirmation. 4 
During operational phase monitoring, once the system is optimized, the sampling frequency and intensity may 5 
be reduced [USACE 2002]. 6 

5.1 Operational phase monitoring 7 

A short description of the main parameters that is necessary to consider during routine monitoring is given 8 
below. 9 

5.1.1 Chemical parameters 10 

 soil gas chemical monitoring is necessary to evaluate the effectiveness of the remedial process. Soil gas 11 
should be collected from individual extraction wells and soil gas probes. During the operational phase 12 
field instruments, as flame- or photo-ionization detectors, are often used for frequent or continuous 13 
measurements of VOCs total amount. Measurements performed with the aforementioned instruments 14 
should be considered as screening methods, because of their nonspecific responses and the following 15 
other limitations [EPA 2001]: 16 

o The high ionization potential of many common VOCs will result in nondetection using a 17 
conventional PID lamp. 18 

o Gas matrix effects such as humidity, carbon dioxide, and alkane (especially methane) may 19 
reduce PID response. However when the relative humidity is very high, close to 100%, water 20 
vapour can condense on the sensor causing a false positive response. This signal is due to a 21 
current leakage between the electrodes in the sensor [RAE System 2013]. 22 

o The high halogen content of many common VOCs will result in underestimation or 23 
nondetection of VOCs using an FID. 24 

 VOC and flow rate measurements in SVE system influent, and possibly in individual extraction wells, 25 
should be used to calculate the contaminant mass removal rates from the unsaturated soil. 26 

 Contaminant concentrations are usually measured at off-gas treatment influent and effluent (before 27 
and after carbon canisters) to assess the effectiveness of the air emission control system. 28 

 Groundwater chemical monitoring: remediation in the vadose zone should not be conducted 29 
independently of groundwater conditions. Unsaturated soil may be, in fact, recontaminated by 30 
capillary action and water table fluctuations. Contaminant concentrations in ground water should also 31 
be monitored to evaluate the mass transfer from the aqueous phase to the soil gas. 32 

 33 

5.1.2 Physical parameters 34 

 Soil and vapour temperature measurement: Vapor temperature data can help evaluation of the 35 
efficiency of the vapor control system, and enable normalization of flow rates data as discussed below. 36 
Soil temperatures could be an indicator of biodegradation processes occurring in the vadose zone. 37 

 Relative humidity: moisture content reduces the volume of pore space that contributes to fluid flow. 38 
Hence a high moisture level can reduce air permeability and air flow through vadose zone; for the 39 
same reason it may influence soil gas monitoring results. Furthermore the relative humidity of the 40 
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extracted gas can be reduced to protect the blower and to promote the efficiency of the vapor 1 
emissions control system (the adsorptive capacity of activated carbon is reduced significantly when the 2 
relative humidity is greater than 50%). The relative humidity of the vapor stream can usually be 3 
decreased using an air heating system [USACE 2002]. Often the installed blower delivers the needed 4 
heat. The heating of the vapor stream is limited by the highest permissible temperature while using 5 
activated carbon. 6 

 Water levels: should be monitored in the area of the extraction well(s) to determine the amount of 7 
upwelling that occurs as a result of the applied vacuum. It’s necessary to pay particular attention to 8 
water table fluctuation because it could enhance contaminant mass transfer between solid, liquid and 9 
gas phase. Moreover upwelling can cause an excess of moisture in the treatment zone, lowering the 10 
sorptive capacity of activated carbons. This problem can be mitigated by improving moisture 11 
separation and/or actively pumping groundwater to counteract the upwelling in situ [USACE 2002]. 12 

 flow rate measurement: flow rate data from each well, in conjunction with the corresponding applied 13 
vacuum, may provide informations about air permeability of the vadose zone. It is recommended to 14 
normalize flow rates to a standard temperature and pressure so that data collected in different surveys 15 
can be easily compared. 16 

 Vacuum / pressure measurement: the measurement of observed vacuums at different locations and 17 
depths provides an indication of the air flow paths. Pressure gradients determined from the vacuum 18 
measurements should be coupled with estimates of horizontal and vertical air conductivity to assess 19 
travel times or velocity [Truex 2013]. 20 

 21 

5.1.3 Meteorological 22 

Meteorological data (e.g. precipitation, barometric pressure, ambient temperature) should be recorded and 23 
considered for a correct evaluation of monitoring results. 24 
 25 

 Precipitation: rainfall events, limiting transport of volatile contaminants in unsaturated soil, can have a 26 
significant effect on SVE/BV performance and on soil gas monitoring results. Hence soil gas sampling 27 
should not occur after a significant rain event (1/2 inch or greater of rainfall during a 24-hour period). 28 
The waiting period should be based upon soil drainage curves [CalEPA 2015]. 29 

 Barometric pressure: The fluctuations of the atmospheric pressure induce gas movement between the 30 
atmosphere and the subsurface. Gas movement in the unsaturated zone induced by natural 31 
fluctuations in atmospheric pressure is referred to as barometric pumping. When the atmospheric 32 
pressure falls, gases are drawn upward out of the subsurface into the atmosphere. Conversely, when 33 
the atmospheric pressure increases, fresh air is pushed downward into the subsurface [Kuang 2013]. 34 
The effect of barometric pressure fluctuations on the transport of atmospheric gases may be more 35 
evident during shutdown periods. 36 

5.2 Confirmation of clean up and system shut down 37 

The objective of the remediation process is, in general, the attainment of predetermined quality standards for 38 
different environmental matrices. The ultimate shut down criteria for a SVE system is usually based on the 39 
attainment of a regulatory or risk based soil concentration standard. However soil sampling is both costly and 40 
potentially disruptive, moreover tracking residual contamination accurately requires analysing a large number 41 
of samples because soil, being an unmixed medium, is heterogeneous [USACE 2002]. Hence before starting a 42 
large scale soil sampling survey other parameters (lines of evidence) are considered/monitored to assess the 43 
remedial progress and to evaluate if the remediation goals are likely to have been met. 44 
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5.2.1 Possible lines of evidence to be considered for clean up confirmation 1 

 soil sampling: expensive and disruptive. The use of soil sampling for confirmation of cleanup and 2 
system shutdown must consider carefully the heterogeneous distribution of soil concentrations at a 3 
site and the uncertainties associated with sampling soils for VOCs [USACE 2002]. 4 

 extracted vapour concentration trend: VOC concentration in extraction wells can provide a gauge of 5 
contaminant mass removed and an indication of remedial progress. Usually, after a few months of 6 
operation data trend shows a rapid decline, after which concentrations approach asymptotic levels. In 7 
many cases the attainment of an asymptotic condition is considered decisive in establishing technology 8 
performance limits and the closure of venting systems. However observation of low asymptotic vapor 9 
concentrations in effluent gas is a necessary but not sufficient condition to demonstrate progress in 10 
mass removal from contaminated soils. An effluent asymptote may be, in fact, related to venting 11 
design (e.g., well spacing) or operating conditions (e.g. flow rate) separate or in addition to rate-limited 12 
vapor transport [EPA 2001]. 13 

 Vapour extraction is more effective in soil portions near or between the wells that are thoroughly 14 
flushed, hence VOCs concentrations may reach very low asymptotic levels while a significant quantity 15 
of contaminant mass remains in the soils, especially near stagnation zones. 16 

 The attainment of asymptotic concentration levels in extracted vapour moreover may imply that rate-17 
limited mass transfer is occurring during soil venting. If air extraction rates exceed the rate of diffusive 18 
mass transfer between the phases (solid, liquid and gas) in the unsaturated zone, contaminant 19 
concentrations in the extracted vapours can decrease without removing all of the contaminant mass 20 
from soil and pore water[USACE 2002]. 21 

 soil gas monitoring: soil gas samples are less expensive to collect, and, since air is a mixed medium, 22 
generally represent more integrated (i.e., from a larger area) data. Hence VOC monitoring in soil gas 23 
probes is probably a more effective and efficient method to assess remediation progress than those 24 
previously described under points a) and b). Soil gas sampling should however follow a standard 25 
procedure that considers the influence of field conditions (e.g. lithology, humidity) and sampling 26 
parameters (e.g. sampling flow rate, sampling volume) on monitoring results. Soil gas probes should be 27 
installed also in areas far from the extraction wells, more difficult to remediate, to track residual 28 
contamination. 29 

 Rebound: during the operational phase generally a decrease in soil gas VOC concentrations is observed 30 
as a consequence of rate-limited mass transfer (starvation effect) and dilution with ambient air. Hence 31 
when the SVE system is turned off VOC concentrations may rise due to diffusion between different 32 
phases and zones of unsaturated soil. This phenomenon, usually described as rebound, can be 33 
considered a reliable indicator of treatment effectiveness. Minimal rebound or lack of rebound, neither 34 
in stagnant zones, after some period of system cessation indicates that available mass has probably 35 
been removed. The time period required to reach equilibrium is contaminant and soil-type specific. 36 
Sandy soils will generally reach equilibrium in several weeks, while several months may be required for 37 
highly-layered soils. Annual equilibrium (rebound) testing is recommended [AFCEE 2001]. 38 

5.2.2 Proposed shutdown sampling procedure 39 

The ultimate shutdown criteria for a SVE system is usually based on the attainment of an established soil 40 
concentration standards. However, as previously discussed, since soil sampling is both costly and potentially 41 
disruptive, before starting a large scale soil sampling survey, other parameters (lines of evidence) are 42 
monitored to evaluate if the remediation goals are likely to have been met. Hence the following procedure for 43 
clean up confirmation is proposed, based on a three steps verification process. 44 

 attainment of a target soil gas concentration during the operational phase; 45 
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 attainment of a target soil gas concentration after a temporary system shutdown; 1 

 comparison of soil sampling results with cleanup criteria. 2 

  3 
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6 CONCLUSIONS 1 

Soil Vapour Extraction (SVE) is an in situ technology that is suitable to reduce the concentration of volatile 2 
contaminants in the unsaturated zone. 3 

SVE has generally been demonstrated to be effective on volatile organic compounds (VOCs) and might support 4 
remediation of semi-volatile organic compounds (SVOCs). In particular projects  in remediating sites 5 
contaminated by chlorinated solvents, like Chloroethylenes (PCE and TCE), or volatile petroleum products, such 6 
as petrol, often involve SVE combing it to other technologies.  7 

 8 

6.1 Effectiveness, advantages and disadvantages 9 

The key factors that determine the effectiveness of SVE are: 10 

 permeability of the soil to air (it affects the amount of air and steam that can move through the soil); 11 

 soil structure and stratification, (important because they can affect the ways and modes of flow of 12 
vapours in the soil during extraction) 13 

 soil moisture, (can limit the gaseous flow through the pores); 14 

 depth of the water table. 15 

The main advantages are: 16 

 Known effectiveness; easily available tools, simple installation 17 

 Little disturbance of site activities: The design of an SVE system is rather flexible for being adapted to 18 
any site conditions and built environments, as well construction is low intrusive and comparably 19 
adaptive. 20 

 Short treatment times (6 months - 2 years in optimal conditions): Treatment times depend largely on 21 
site conditions, hence compared to other technologies are relatively short, usually may last from a few 22 
months to a few years, with an effective mass removal up to 90% for very volatile compounds and 23 
around 30-40% for semi -volatile compounds; 24 

 Easy to operate, relatively inexpensive and cost-effective compared to other technologies suitable to 25 
remediate volatile contaminants (competitive costs: around € 15-60/ton of contaminated soil); 26 

 Applicable to sites with free products, it can be combined with other technologies.The vacuum induced 27 
to soil layers controls and underground vapour migration, and protects buildings as well as 28 
underground infrastructures against intrusion of inflammable or toxic volatile contaminants. 29 

 30 

The main limitations are: 31 

 Difficult to obtain concentration reductions of more than 90% 32 

 Poor effectiveness in sites with low permeability or heterogeneously stratified soils. 33 

 34 
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6.2 Operational control for SVE application 1 

Among the main preliminary checks that must be carried out for evaluating the applicability of the technology, 2 
the geometric, lithological and hydrogeological characteristics of the unsaturated medium must be defined and 3 
any increase or decrease in the water table must have been evaluated. In considering a 3-D delineation of the 4 
unsaturated zone to be treated, it is finally useful to estimate the total mass of the contaminant(s) of concern 5 
before remediation to allow for a comparison against mass removal rates, the changes in efficiency over time 6 
and the overall mass removal when terminating the application. 7 

Among the parameters to be verified during construction, the main ones are: the radius of influence (R) and 8 
the treatment radius (ROT). Other parameters to be checked, which affect operation are: fluctuations in the 9 
groundwater level, the air intake systems, the efficiency over time of the system for the treatment of the 10 
extracted gases, before their release into the atmosphere. The system must be kept under control during its 11 
operation, also in order to determine the appropriate time for the termination of the treatment. 12 

At the end of the remediation intervention through SVE, some checks are necessary to proceed to evaluate the 13 
possible closure of the intervention. To this end it is necessary for the operator to evaluate a series of 14 
information and proceed to submit to the Authorities a report on the environmental status ascertained 15 
following the surveys carried out, and then submit to the Authorities all the elements useful to cross-check that 16 
the remediation may have reached its goals. 17 

  18 
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