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Background
Vapor Intrusion (VI) continues to be one of the most challenging exposure pathways at environmentally 
impacted sites. Continuing advancements in characterization techniques and preferential pathway 
assessments are improving the science and methodologies of field investigations.  Mitigation of VI 
draws upon well established principles of radon mitigation techniques, and national standards for soil 
gas (radon & VI) mitigation have been established through the American National Standards Institute 
(ANSI) and the American Association of Radon Scientists and Technologists (AARST) for Single Family 
Homes (SGM-SF-2017), Multi-family Buildings (RMS-MF-2018), and Schools and Large Buildings 
(RMS-LB-2018). VI mitigation solutions are increasingly being relied upon as long-term solutions for 
residual or unremediated environmental impacts.

The Problem
The long-term deployment of VI mitigation solutions requires an OM&M plan to ensure the mitigation 
equipment continues to operate in a manner that is protective of building occupant health. In some 
cases, even short-term malfunctions can result in acute exposure of building occupants. The problem 
is having sufficient frequency of system performance assessments to eliminate acute and long-term 
exposure risks.

The Solution
Telemetry systems provide continuous remote monitoring of 
VI mitigation system performance. Several such systems are 
commercially available and provide a variety of reporting 
features. The Vapor Sentinel Remote Monitoring (VSRM) 
system was deployed at two project sites to provide 
continuous ongoing monitoring of system performance.

The deployed VSRM units provide 24/7/365 monitoring at 5 
minute reporting increments of the following parameters:

Induced pressure of the system blower 
Current draw of the system blower
Ambient conditions (temperature, relative humidity, and 
barometric pressure).

VSRM-C VSRM-PP

Patent Number: 10,529,215

The Vapor Sentinel Remote 
Monitoring system utilizes 
a network of devices to 
efficiently transmit 
continuous data to secure 
cloud storage. Details of 
the equipment can be 
found here.

Figure 1 - Telemetry Network

https://standards.aarst.org/SGM-SF-2017/
https://standards.aarst.org/RMS-MF-2018/
https://standards.aarst.org/RMS-LB-2018/
https://www.protectenvironmental.com/remote-monitoring/
https://www.protectenvironmental.com/remote-monitoring/


Test Case #1 - GA
The one story residential property is adjacent to an industrial facility associated with soil and groundwater 
impacts of chlorinated volatile organic compounds. These impacts have resulted in off-site installations of 
vapor mitigation systems at 25 downgradient residential properties. A VSRM was installed at one location 
(Figure 4) to provide ongoing assurance of performance.

The continuous data collection provides a high degree of certainty to stakeholders of the mitigation 
system’s continuous operation. Figure 2 shows stable induced pressure over a nine month period with two 
episodes of increased induced pressure. Poor site drainage and precipitation were identified as impacting 
system performance. As a result, regrading of the site to improve storm-water drainage was 
recommended. Figure 5 details the minimal relationship between ambient temperature and induced 
pressure (sub-slab resistance) for this particular building that can be attributed to diurnal temperature 
cycles (thermal stack effect).

Figure 2
Rain and surficial 
ponding events result 
in notable changes in 
induced pressure due 
to soil saturation 
adjacent to point of 
extraction.

Figure 5
Detailed analysis of 
temperature and pressure 
indicate minimal diurnal 
influence.

Figure 3—System Exterior
Evidence of surficial ponding following precipitation events.  
Pressure tracking (Figure 2) shows ponding and infiltration 
events can impact system performance, resulting in a 
recommendation for grading of the property to achieve 
better drainage and consistent mitigation performance.

Figure 4
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Test Case #2 - Milwaukee, WI

The project site includes four buildings each 
consisting of ten condominium units.  Each 
unit is a two story structure overlying a full 
basement. Historical soil impacts of 
chlorinated solvent compounds have been 
identified as posing a potential vapor intrusion 
risk for the occupants. A sub-slab 
depressurization system was connected to the 
building drain tile at each end of the building 
(Figure 6) for a total of eight systems.  
Long-term operation of these systems is a 
proposed component of site closure. VSRM 
units were installed on each of these systems 
as part of the long-term stewardship plan.

Several observations can be made form a review of 2020 
operational data.

Figure 6—VSRM Deployment Location
VSRM units were deployed on each of eight mitigation systems depressurizing 
drain tiles of the four condominium buildings.

Figure 8—Diurnal 
Temperature Impacts

Induced pressures at the 
project site exhibits a strong 
correlation to changes in 
ambient temperature due to 
the stack effect influence of 
the multi-story building 
structure. The continuous 
data collection allows for 
such performance changes 
to be observable at the 
diurnal scale.

Figure 7—Device 
Installation

Vapor Sentinel 
equipment mounts easily 
directly to extraction 
piping or on adjacent 
structures. 

Seasonal variations in induced pressure are 
observable at each location and with similar 
responses (Figure 9).

Ambient temperature variations are a dominant 
influencer of system performance due to the stack 
effect of the structure, which is observable in diurnal 
temperature cycles (Figure 8).

Collected pressure data provides a clear indication of 
building alterations (drain tile repair/replacement) that 
might impact mitigation system performance (Figure 
10).

1.

2.

3.
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Test Case #3 - Sub-Slab Pressure

Figure 9—Long-Term 
Performance Trends

Continuous data collection 
provides a better 
understanding of seasonal 
and long-term trends in the 
induced pressure 
performance of the mitigation 
systems. While there are 
similarities between unit 
performance, each system 
uniquely responds to 
changing environmental 
conditions.

Figure 10—Anomaly detection

System induced pressure data 
identified a performance anomaly that 
triggered further investigation. A 
building improvement to repair and 
replace sections of drain tile in the 
mitigated area of the structure was 
identified. Telemetry gives the ability to 
identify changes in building conditions.

Continuous measurement of a vapor mitigation system is a 
critical to assuring building occupants are not at risk of exposure 
during system failure of operation or changes in operational 
performance due to transient weather conditions or building 
modifications.  However monitoring performance of the system in 
the extraction piping serves as a corollary to measuring the 
actual effectiveness of the system in establishing a continuous 
and sufficient negate pressure differential beneath the 
foundation.

To assess the true system performance, in-floor, battery operated Vapor Sentinel pressure differential monitors 
have been installed at a compliance point(s) at the approximate edge of the pressure field established by a 
sub-slab depressurization system at several building locations.  The devices wirelessly transmit pressure 
differential measurements at regular intervals to an installed Vapor Sentinel Remote Monitoring Controller.  A 
comparison of system monitoring data and sub-slab monitoring data for an extended period will be used to 
assess the sensitivity of the induced pressure field at the compliance point to changes in environmental 
conditions (e.g temperature, barometric pressure, etc.). Data collection is ongoing and will be presented at a 
later date.

Figure 11—Sub-Slab Pressure Differential Pressure Monitor Figure 11
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Lessons Learned:
Remote telemetry provides a high level of certainty in the short and 
long-term performance of vapor mitigation systems. Test cases 
employing the Vapor Sentinel Remote Monitoring system identified:

Identifying these performance trends and events with intermittent 
inspections and monitoring would be exceedingly difficult. Continuous 
monitoring of system performance significantly improves performance 
characterization and ultimately protection of the inhabitants in both 
short and long-term timeframes.

Long-term seasonal trends of the induced pressure 
performance of mitigation systems
Short-term diurnal performance changes in induced pressure 
associated with the nature of building structures
Anomaly detection of:

Building construction changes that affect sub-slab air 
movement
Drainage/infiltration events impacted sub-slab air movement

Short and long-term monitoring of changes and system 
performance are used as an indicator of the overall system 
performance.  Continuous monitoring of sub-slab pressure 
differential provides similar analysis at the point(s) of 
compliance.
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