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April 29, 2011 
 
To: Mr. Scott Hilton, NH Department of Environmental Services (NHDES) 

Copy: Laurie Haines, U.S. Army Environmental Command (AEC); Byron Young, Cold Regions 
Research and Engineering Laboratory (CRREL); Timothy Peck, U.S. Army Corps of 
Engineers, Baltimore District 

 
From: Elizabeth Larsen, AECOM 
 
Subject: Vapor Intrusion Investigation Report, CRREL, Hanover, New Hampshire 

 
In June 2010, AECOM completed a vapor intrusion (VI) investigation at the Cold Regions Research and 
Engineering Laboratory (CRREL) located in Hanover, New Hampshire.  AECOM was contracted by the 
US Army Corps of Engineers (USACE), Baltimore District to complete the VI investigation.  Fieldwork 
followed guidelines set forth in the final Project Work Plan (PWP) for the Vapor Intrusion Investigation at 
the Cold Regions Research and Engineering Laboratory, Hanover, NH (AECOM, 2010), the New 
Hampshire Department of Environmental Services (NHDES) Vapor Intrusion Guidance (NHDES, 2006), 
the United States Department of Defense (DoD) Vapor Intrusion Guidance (DoD, 2009), and the United 
States DoD Quality Systems Manual for Environmental Laboratories, Version 4.1 (DoD, 2009).  
Acceptance of this report in performance of the contract under which it is prepared does not mean that 
the USACE, Baltimore District adopts the conclusions, recommendations, or other views expressed 
herein, which are those of AECOM only and do not necessarily reflect the official position of the USACE.  
All work was completed under USACE Contract Number W912DR-09-D-0019, Delivery Order 0003.  This 
investigation was conducted to determine if vadose zone contamination has impacted indoor air quality in 
the Main Laboratory Building, the Laboratory Addition Sub-Basement and/or the Logistics Management 
Facility (aka, the LMO), and to identify areas of potential future impact. 

1.0 PURPOSE OF THE VAPOR INTRUSION INVESTIGATION 

Three Areas of Concern (AOC 2, AOC 9, and AOC 13) were identified in the DRAFT Focused Feasibility 
Study (FFS) for the Army Cold Regions Research and Engineering Laboratory (TSC Group, 2009) as being 
potential future pathways of volatile organic compounds (VOCs) to indoor air.  The Main Laboratory Building, 
Laboratory Addition Sub-Basement, and LMO are located adjacent to these AOCs and are target structures 
for this investigation (see Figure 1).  The FFS recommended a VI investigation for these structures. 

2.0 PROJECT ACTIVITIES 

The PWP (AECOM, 2010) was approved by Scott Hilton (NHDES), Jenna Laube (AEC), and Byron 
Young (CRREL).  The PWP detailed the regulatory guidance, vapor monitoring point installation, and 
sampling and analysis activities proposed for the CRREL VI investigation.  The PWP also included a site-
specific Health and Safety Plan. 

During preparation of the PWP, a shortened VOC list was proposed for the purpose of filtering out VOCs 
not associated with known soil or groundwater contamination at CRREL.  Historical records and previous 
investigations were examined to identify the chemicals of concern detected in soils and groundwater, and 
trichloroethene (TCE) was identified as the primary contaminant of concern at CRREL.  In addition to 
TCE, cis-1,2-dichloroethene (DCE), trans-1,2-DCE, 1,1-dichloroethane (DCA) and toluene have been 
detected in groundwater and/or soil samples collected at CRREL in the past, so the analyte list was 
limited to TCE and degradation products (i.e., cis-1,2-DCE, trans-1,2-DCE, and vinyl chloride), 1,1-DCA, 
and toluene. 
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Two rounds of vapor sampling were conducted at CRREL.  The sampling was conducted over a weekend 
to minimize disruptions to the operations at CRREL.  The first round of sampling (winter event) was 
conducted on 13 – 14 March, 2010; the second round of sampling (summer event) was conducted on 12 
– 13 June 2010.  Indoor air and sub-slab soil vapor samples were collected in the Main Laboratory 
Building, the Laboratory Addition Sub-Basement, and the LMO.  Outdoor air samples were also collected 
during each event.  A Building Evaluation Form was completed for each sampling location building.  Field 
activities are discussed in the following sections. 

2.1 WINTER EVENT (13-14 MARCH, 2010) 

Prior to fieldwork, potential VOC sources were removed from the sampling areas. Two AECOM field crew 
mobilized to CRREL on 13 March, 2010.  A site inspection was conducted to determine exact sampling 
locations (see Figure 2).  Sub-slab vapor monitoring points were installed as follows: 1) one sub-slab 
point (LM01) was installed in the LMO near AOC 13; 2) two sub-slab points (LM02 and LM03) were 
installed in the warehouse area of the LMO near AOC 9; 3) two sub-slab points (LB01 and LB02) were 
installed in the lowest floor of the Main Laboratory Building near AOC 2; and 4) repeated attempts to 
install two sub-slab points in the Laboratory Addition Sub-Basement were unsuccessful due to the 
thickness of the slab (>24 inches); see Figure 3.  This location is adjacent to AOC9. 
 
Procedures to install the sub-slab vapor monitoring points included: 

 Sampling locations were chosen away from high traffic/high use areas, and flooring was checked to 
identify locations that would minimize damage to existing flooring and avoid any potentially 
hazardous flooring materials (i.e., asbestos tile).  If possible, the flooring material (linoleum) was 
pulled away from the sampling point location or an “X” was cut (carpet) for access.  At most of the 
locations (i.e., the LMO and Laboratory Addition Sub-Basement), the concrete slab was exposed at 
the surface. 

 All sub-slab vapor probe construction materials (i.e., stainless steel tubing, fittings and drill bits) were 
decontaminated with Alconox® and water and rinsed with distilled water prior to use. 

 A photo ionization detector (PID) was used to monitor air quality before and during vapor monitoring 
point installation; readings were recorded on the Vapor Point Installation Diagrams (see Appendix A). 

 Using an electric hammer drill, a 1.25-inch-diameter hole was drilled to an approximate depth of 3-
inches into the underlying concrete slab.  Care was taken to avoid drilling through slab tensioning 
cable or rebar.  The 1.25-inch-diameter hole was a countersink to provide access during probe 
installation and provide ample area for the hydraulic cement seal. 

 Using the same drill with a 24-inch-long, 0.5-inch-diameter bit, a hole was drilled through the 
concrete and into the sub-slab material.  The concrete slab thickness ranged from 6 to 10 inches.  
The borehole was cleaned out and the depth measured and recorded.   

 A permanent vapor point constructed of 0.25-inch-diameter, stainless steel seamless tubing fitted 
with stainless steel Swagelok® fittings (see Figure 4) and socket head plug was measured and 
cut such that when inserted the probe would be flush with ground surface.  Teflon® tape was used 
on all fittings to ensure a proper seal. 

 Several attempts were made to add sand (used as a filter media to prevent dust or dirt from 
clogging the end of the sampling probe); this proved unsuccessful and was omitted from the 
procedures. 
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 VOC-free modeling clay was wrapped around the lower portion of the probe and rolled flat to a 
diameter of approximately 0.5 inches.  The probe and clay was then inserted into the borehole 
such that the open end of the probe was seated below the bottom of the concrete slab.  Any clay 
that was squeezed up into the countersink was pushed into the borehole and smoothed to create 
a tight seal. 

 The sampling point was completed with hydraulic cement and mounted so the top of the probe 
was flush with the floor surface.  The hydraulic cement was allowed to cure overnight (12 hours or 
more). 

The crew returned the following morning, 14 March 2010, to collect the samples.  Copies of sampling 
forms can be found in Appendix A.  All samples were collected over an 8-hour period under conservative 
conditions (doors and windows closed, and movement into and out of the buildings limited) and the 
heating, ventilating and air conditioning [HVAC] system operating as usual.  Each Summa® canister was 
fitted with a dedicated regulator so each canister would collect air over an 8-hour period.  Canister and 
regulator serial numbers were recorded on each sampling form.  Four indoor air samples and three co-
located sub-slab vapor samples were collected in the LMO; six indoor air samples and two co-located 
sub-slab vapor samples were collected in the Main Laboratory Building; and four indoor air samples were 
collected in the Laboratory Addition Sub-Basement.  Three outdoor air samples were collected at the 
same time the indoor sampling was conducted, including one adjacent to AOC 9, one adjacent to AOC 2 
and one in the upwind direction (Figure 2 presents the sampling locations).  Additionally, two indoor air 
duplicate samples and one sub-slab vapor duplicate sample were collected.  The samples were collected 
using the following procedures:  

 For each sub-slab location, a dedicated, stainless steel male fitting with Teflon®-lined 
polyethylene tubing was attached to the permanent vapor point. 

 A syringe was used to purge three volumes of the tubing (approximately 75 milliliters [mL]) at a 
rate of approximately 200 mL/min prior to sample collection.  The purge volume was documented 
for each sample on the sampling form.  The purged air was transferred to a Tedlar® bag and 
screened with a PID.  The purged air reading was documented on the sampling form.  Any 
remaining air in the Tedlar® bag was released to the outside. 

 After the tubing was purged, it was connected to the sampling container with hose clamps. 

 For the duplicate sub-slab sample, a special “T” fitting was used to split the sample; the “T” fitting 
was attached to the tubing, providing two sample ports for the canisters. 

 The canister orifice was opened and the sampling start time and canister vacuum pressure were 
recorded on the sampling form.  The sub-slab vapor samples were collected in batch-certified 
SUMMA® canisters. 

 For each indoor and outdoor air sample, the canisters were set at a height approximating the 
breathing zone for that area (i.e., 3.5 to 5 ft above ground surface). 

 Ambient air PID readings were collected at each location prior to sampling, and readings were 
recorded on the sampling form. 

 The canister orifice was opened and the sampling start time and canister vacuum pressure was 
recorded on the sampling form.  The indoor and outdoor air samples were collected in 
individually-certified SUMMA® canisters. 

 During the sampling, all containers were checked to confirm that the vacuum had been broken 
and that a sample was being collected.  The check was conducted two to three hours after 
sampling commencement.  The time and vacuum reading were recorded on the sampling forms. 
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 After approximately 8 hours, the time and canister pressure were recorded on the sampling 
forms, the valves were closed, and the canisters were stored until transport to the laboratory.  
The samples were not chilled during storage or shipment. 

 All samples were transported by AECOM to the laboratory for VOC analysis using U.S. 
Environmental Protection Agency (USEPA) Method TO-15 (short list). 

 Conditions of the sampling areas, including floor stains and stored chemicals, and weather 
conditions were recorded at the time of sampling.   

 A smoke test was conducted to determine air flow at each sampling location after all sample 
collection was completed.  Smoke test results were recorded on the sampling forms. 

 A Building Evaluation Form was completed for the LMO and Main Laboratory Building; see 
Appendix A. 

2.2 SUMMER EVENT (12-13 JUNE, 2010) 

Prior to fieldwork, potential VOC sources were removed from the sampling areas.  Two AECOM field crew 
mobilized to CRREL on 12 June, 2010.  A site inspection was conducted to identify one additional 
location (LB11) one floor above the highest indoor air concentrations in the Main Laboratory Building per 
the request of AEC; see Figure 2 for sampling locations.  In addition to the request to add one upper floor 
sampling location, a request was made to re-attempt installation of sub-slab vapor monitoring points in 
the Laboratory Addition Sub-Basement.  After several attempts, two sub-slab points were successfully 
installed in the Sub-Basement (LB07 and LB08).  The location of LB07 was moved from the winter 
locations due to the location of in-slab structures (i.e., sumps and equipment foundation support); see 
Figure 3. 
 
The following deviations from standard procedures occurred during installation of sub-slab vapor 
monitoring points LB07 and LB08: 

 Using an electric hammer drill, a 1.25-inch-diameter countersink was drilled to an approximate depth 
of 3 inches into the underlying concrete slab. 

 Using the same drill with a larger bit (either a 36-inch-long or a 54-inch-long by 0.5-inch-diameter bit), 
a hole was drilled through the concrete and into the sub-slab material.  Care was taken to avoid 
drilling through slab tensioning cable or rebar.  The concrete slab thickness ranged from 27 to 32 
inches.  The borehole was cleaned out and the depth measured and recorded.  Note: four 
unsuccessful attempts were made to penetrate the slab at the LB07 location (seven unsuccessful 
attempts were made to penetrate the slab during the winter event). 

 A permanent vapor point constructed of 0.25-inch-diameter, stainless steel seamless tubing fitted 
with stainless steel Swagelok® fittings (see Figure 4) and socket head plug was installed following 
procedures described above. 

The crew returned the following morning, 13 June 2010, to collect the samples.  Copies of sampling forms 
can be found in Appendix A.  All samples were taken over an 8-hour period under conservative 
conditions.  Each Summa® canister was fitted with a dedicated regulator so each canister would collect air 
over the same 8-hour period.  Canister and regulator serial numbers were recorded on each sampling 
form.  Four indoor air samples and three co-located sub-slab vapor samples were collected in the LMO; 
seven indoor air samples and two co-located sub-slab vapor samples were collected in the Main 
Laboratory Building; and four indoor air samples and two co-located sub-slab vapor samples were 
collected in the Laboratory Addition Sub-Basement.  Three outdoor air samples were collected at the 
same time the indoor sampling was conducted, including one adjacent to AOC 9, one adjacent to AOC 2 
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and one in the upwind direction (Figure 2 presents the sampling locations).  Additionally, one indoor air 
duplicate sample, one outdoor air duplicate sample, and one sub-slab vapor duplicate sample were 
collected.  Samples were collected using same procedures as described for the winter event. 

3.0 ANALYTICAL RESULTS 

All samples were analyzed by USEPA Method TO-15 at Test America Laboratories, located in South 
Burlington, VT.  All analytical data was validated by AECOM.  The validated analytical data is provided in 
Appendix B.  The analytical results are presented in Tables 1A (winter event) and 1B (summer event) and on 
Figures 5, 6, and 7. 

For both events, TCE and toluene were the only two analytes detected in samples collected at CRREL; no 
cis-1,2-DCE, trans-1,2-DCE, vinyl chloride, or 1,1-DCA was detected in any indoor air, sub-slab vapor, or 
outdoor air samples. 

3.1 WINTER EVENT 

The following summarizes the data generated during the winter sampling event. 

3.1.1 Main Laboratory Building (AOC 2) 

Indoor air samples were collected at six locations in the Main Laboratory Building (see Figure 5 and Table 
1A).  TCE was detected at all six locations, with concentrations ranging from 20.0 micrograms per cubic 
meter (µg/m3) to 41.0 µg/m3 (LB02); all locations exceeded the NHDES screening level of 6.1 µg/m3 for TCE 
in commercial indoor air.  Toluene was also detected at all six locations, with concentrations ranging from 
1.1J µg/m3 to 3.5J µg/m3 (LB02); none of the toluene detections exceeded the NHDES screening level of 
1,500 µg/m3 for toluene in commercial indoor air. 

Co-located sub-slab vapor samples were collected at two locations (LB01 and LB02).  TCE was the only 
analyte detected in the two sub-slab vapor samples, with concentrations of 1,200 µg/m3 (LB02) and 110,000 
µg/m3 (LB01); both samples exceeded the NHDES screening level of 310 µg/m3 for TCE in commercial soil 
vapor. 

3.1.2 Laboratory Addition Sub-Basement (AOC 9) 

Indoor air samples were collected at four locations in the Laboratory Addition Sub-Basement (see Figure 6 
and Table 1A).  TCE was detected at all four locations, with concentrations ranging from 11.0 µg/m3 to 17.0 
µg/m3 (LB07); all locations exceeded the NHDES screening level of 6.1 µg/m3 for TCE in commercial indoor 
air.  Toluene was also detected at all four locations, with concentrations ranging from 0.94J µg/m3 to 6.8J 
µg/m3 (LB10); none of the toluene detections exceeded the NHDES screening level of 1,500 µg/m3 for 
toluene in commercial indoor air. 

No co-located sub-slab vapor samples were collected from the Laboratory Addition Sub-Basement during the 
winter event. 

3.1.3 Logistics Management Facility (AOC 9 and AOC 13) 

Indoor air samples were collected at four locations in the LMO (see Figure 7 and Table 1A).  TCE was 
detected at all four locations, with concentrations ranging from 6.4 µg/m3 to 18.0 µg/m3 (LM01); all locations 
exceeded the NHDES screening level of 6.1 µg/m3 for TCE in commercial indoor air.  Toluene was also 
detected at all four locations, with concentrations ranging from 16.0J µg/m3 to 26.0J µg/m3 (LM01); none of 



 AECOM   
675 North Washington Street, Suite 300 

Alexandria, Virginia  22314 
  T 703.549.8728  F 703.549.9134 

  www.aecom.com   

 6

the toluene detections exceeded the NHDES screening level of 1,500 µg/m3 for toluene in commercial indoor 
air. 

Co-located sub-slab vapor samples were collected at three locations (LM01, LM02, and LM03).  TCE was 
detected at all three locations, with concentrations ranging from 19.0 µg/m3 to 910 µg/m3 (LM01); only one 
sample (LM01) exceeded the NHDES screening level of 310 µg/m3 for TCE in commercial soil vapor.  
Toluene was detected at two locations (LM02 and LM03), both with concentrations of 1.5 µg/m3; neither 
sample exceeded the NHDES screening level of 73,000 µg/m3 for toluene in commercial soil vapor. 

3.1.4 Outdoor Air Samples 

Outdoor air samples were collected at three outdoor locations (see Figure 8).  TCE was detected at all three 
locations, with concentrations ranging from 0.12 µg/m3 to 3.0 µg/m3 (BG01).  Toluene was also detected at all 
three locations, with concentrations ranging from 0.26 µg/m3 to 1.2 µg/m3 (BG01). 

3.2 SUMMER EVENT 

The following summarizes the data generated during the summer sampling event. 

3.2.1 Main Laboratory Building (AOC 2) 

Indoor air samples were collected at six locations on the lowest floor of the Main Laboratory Building, and one 
indoor air sample (LB11) was collected one floor above (see Figure 5 and Table 1B).  TCE was detected at 
all seven locations, with concentrations ranging from 15.0 µg/m3 to 38.0 µg/m3 (LB01); all locations exceeded 
the NHDES screening level of 6.1 µg/m3 for TCE in commercial indoor air.  Toluene was also detected at all 
seven locations, with concentrations ranging from 17.0 µg/m3 to 49.0 µg/m3 (LB02); none of the toluene 
detections exceeded the NHDES screening level of 1,500 µg/m3 for toluene in commercial indoor air. 

Co-located sub-slab vapor samples were collected at two locations (LB01 and LB02).  TCE was detected at 
both locations, with concentrations ranging from 11,000 µg/m3 to 100,000 µg/m3 (LB01); both samples 
exceeded the NHDES screening level of 310 µg/m3 for TCE in commercial soil vapor.  Toluene was detected 
at one location (LB02) at a concentration of 98.0 µg/m3, although it was not detected in the duplicate sample 
collected at the same location.  Toluene did not exceed the NHDES screening level of 73,000 µg/m3 for 
toluene in commercial soil vapor. 

3.2.2 Laboratory Addition Sub-Basement (AOC 9) 

Indoor air samples were collected at four locations in the Laboratory Addition Sub-Basement (see Figure 6 
and Table 1B).  TCE was detected at all four locations, with concentrations ranging from 25.0 µg/m3 to 91.0 
µg/m3 (LB09); all locations exceeded the NHDES screening level of 6.1 µg/m3 for TCE in commercial indoor 
air.  Toluene was also detected at all four locations, with concentrations ranging from 1.1 µg/m3 to 2.7 µg/m3 
(LB07); none of the toluene detections exceeded the NHDES screening level of 1,500 µg/m3 for toluene in 
commercial indoor air. 

Co-located sub-slab vapor samples were collected at two locations (LB07 and LB08).  TCE was detected at 
both locations, with concentrations ranging from 1,900,000 µg/m3 to 5,900,000 µg/m3 (LB07); both samples 
exceeded the NHDES screening level of 310 µg/m3 for TCE in commercial soil vapor.  Toluene was not 
detected at either location. 
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3.2.3 Logistics Management Facility (AOC 9 and AOC 13) 

Indoor air samples were collected at four locations in the LMO (see Figure 7 and Table 1B).  TCE was 
detected at all four locations, with concentrations ranging from 2.6 µg/m3 to 9.1 µg/m3 (LM01); only one 
location (LM01) exceeded the NHDES screening level of 6.1 µg/m3 for TCE in commercial indoor air.  
Toluene was detected at three of the four locations, with concentrations ranging from 12.0 µg/m3 to 17.0 
µg/m3 (LM04); none of the toluene detections exceeded the NHDES screening level of 1,500 µg/m3 for 
toluene in commercial indoor air. 

Co-located sub-slab vapor samples were collected at three locations (LM01, LM02 and LM03).  TCE was 
detected at all three locations, with concentrations ranging from 18.0 µg/m3 to 2,800 µg/m3 (LM01); only one 
sample (LM01) exceeded the NHDES screening level of 310 µg/m3 for TCE in commercial soil vapor.  
Toluene was also detected at all three locations, with concentrations ranging from 0.75 µg/m3 to 15 µg/m3 
(LM01); none of the samples exceeded the NHDES screening level of 73,000 µg/m3 for toluene in 
commercial soil vapor. 

3.2.4 Outdoor Air Samples 

Outdoor air samples were collected at three outdoor locations (see Figure 8).  TCE was detected at all three 
locations, with concentrations ranging from 0.2 µg/m3 to 4.9 µg/m3 (BG01).  Toluene was also detected at all 
three locations, with concentrations ranging from 0.6 µg/m3 to 1.0 µg/m3 (BG02). 

4.0 SUMMARY AND CONCLUSIONS 

Indoor air and/or sub-slab vapor samples were collected at CRREL in March (winter sampling event) and 
June (summer sampling event) 2010 and were analyzed for a limited set of VOCs based on hazardous 
products known to be used historically and/or identified as contaminants of concern at the facility.  These 
samples were collected at the Main Laboratory Building, the Laboratory Addition Sub-Basement, and the 
LMO under conservative conditions (doors and windows shut; limited movement into and out of the 
building) with HVAC operating as usual.  Quality assurance/quality control (QA/QC) samples (i.e., 
duplicate samples) and outdoor air samples were also collected during each sampling event. 
 
TCE and toluene were the only contaminants detected in samples collected during both events.  TCE 
detections exceeded the NHDES screening levels for commercial indoor air and commercial soil vapor at 
most locations, as discussed above.  None of the toluene detections exceeded the NHDES screening 
levels. 
 
The NHDES Vapor Intrusion Guidance (NHDES, 2006) provides a screening level for TCE in commercial 
indoor air of 6.1 µg/m3 based on a risk level of 1E-06 (NHDES Table 1, Revised June 2009, Vapor 
Intrusion Screening Levels).  However, per the NHDES Vapor Intrusion Guidance, the target risk level for 
commercial indoor air is 1E-05.  Therefore, assuming TCE is the only significant contributor to cancer risk 
at CRREL, 61 µg/m3 is the allowable concentration in indoor air. 
 
During the winter sampling event, TCE was detected at all indoor air locations.  The highest detection of 
TCE in indoor air during the winter event was 41 µg/m3 in an indoor air sample collected from an office at 
the Main Laboratory.  Assuming an indoor worker at this office works 8 hours day for approximately 250 
days/year for 25 years, which are the exposure assumptions used for establishing the screening criteria, 
the potential cancer risk to the indoor worker via inhalation of TCE in indoor air is approximately 6.7E-06 
(assuming no other VOCs are present in indoor air that contribute to cancer risk).  Therefore, the 
maximum TCE concentration detected during the winter sampling event does not exceed 1E-05 cancer 
risk (i.e., 61 µg/m3). 
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During the summer sampling event, TCE was also detected at all indoor air locations.  The highest 
detection of TCE in indoor air during the summer event was 91 µg/m3 in an indoor air sample collected 
from the Laboratory Addition Sub-Basement.  Given the exposure assumptions summarized above, the 
potential cancer risk to the indoor worker via inhalation of TCE in indoor air is approximately 1.5E-05 
(assuming no other VOCs are present in indoor air that contribute to cancer risk).  Therefore, the 
maximum TCE concentration detected during the summer sampling event does exceed 1E-05 cancer 
risk.  However, no other detections exceeded 1E-05 cancer risk (i.e., 61 µg/m3).  It is important to note 
that the 91 µg/m3 detected in the Laboratory Addition Sub-Basement is not consistent with concentrations 
detected during the winter event and may be due to the sub-slab vapor point installations that were 
performed within 24 hours of sampling.  Also, this sample was collected in an unoccupied area of the 
Laboratory Addition Sub-Basement; this area is not used as office space, so it is unlikely that a worker 
would be exposed to this concentration for 8 hours a day. 
 
TCE was detected in all sub-slab vapor samples collected during both the winter and summer sampling 
events.  TCE concentrations exceeded the NHDES commercial soil gas screening level of 310 µg/m3 at 
the following locations: 1) the two locations in the Main Laboratory Building during both events; 2) one 
location in the LMO during both events; and 3) both locations installed during the summer event in the 
Laboratory Addition Sub-Basement.  The detections in the sub-slab vapor samples collected from the 
Laboratory Addition Sub-Basement (1,900,000 µg/m3 and 5,900,000 µg/m3) were an order of magnitude 
higher than the highest concentrations previously detected (110,000 µg/m3).  These concentrations are 
indicative of a source of TCE in the subsurface, below or nearby the structure.  Sub-slab vapor 
concentrations were also elevated in samples collected from the Main Laboratory Building. 
 
TCE and toluene were the only contaminants detected in the outdoor air samples.  Concentrations were 
low and did not indicate that outdoor air was a source for indoor air concentrations, although the outdoor 
air sample adjacent to the ice well had slightly elevated TCE concentrations as compared to the other two 
locations. 
 
The above estimate of potential risks should be viewed as a screening-level assessment that is inherently 
limited in nature.  Specifically, the potential risks were estimated based on comparisons of concentrations 
detected in indoor air with NHDES screening criteria.  Additionally, indoor air and sub-slab vapor samples 
were collected for analysis for a limited set of VOCs based on historical practices at the facility.  A more 
comprehensive analysis of VOCs may result in other VOCs being detected in indoor air and\or sub-slab 
vapor.  Consequently, the above potential risk estimates for indoor workers may be underestimated to an 
unknown degree.   

5.0 RECOMMENDATIONS 

The following recommended actions are based on the results of this screening-level evaluation of indoor 
air and sub-slab vapor. These recommendations are suggested future actions at the project site, which 
should be considered by the project stakeholders before implementation either in full, part, or modified as 
appropriate: 

1. Conduct additional VI sampling of the existing monitoring network. 
2. Consider expanding VI sampling to other areas of the Main Laboratory Building. 
3. Conduct additional sub-slab vapor sampling in the Laboratory Addition Sub-Basement to 

delineate the extent of the sub-slab contamination.  Also consider sampling the HVAC system at 
intake vents and discharge points, and sampling near-slab locations outside the footprint of the 
Laboratory Addition Sub-Basement (i.e., between the sub-basement and ice well). 

4. Conduct a thorough survey of the floor/slab in the Laboratory Addition Sub-Basement to 
determine if any potential penetrations exist. 
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5. Review historical documents to determine if a sump, tank, underground piping or some other 
potential source exists below the Laboratory Addition Sub-Basement. 

6. Conduct at least one sampling event with a longer VOC list to determine if additional VOCs may 
be contributing to the total VOC concentrations and, therefore, potential risk. 

7. Collect VI samples from the Child Development Center to eliminate it from further concern. 
8. Sample the HVAC system(s) for VOCs at various intake and discharge points and perform a 

thorough survey of the HVAC system(s) to determine if reconfiguration of the HVAC system is 
appropriate and/or feasible. 
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LB09 Indoor Air Mar‐2010 Jun‐2010

TCE (µg/m3) 13 91

Toluene (µg/m3) 0.79 J 2.3

LB08 Indoor Air Mar‐2010 Jun‐2010

TCE (µg/m3) 12 25

Toluene (µg/m3) 1.7 J 1.7

LB08 Sub‐Slab Mar‐2010 Jun‐2010

TCE (µg/m3) NS 1,900,000

LB07 Sub‐Slab Mar‐2010 Jun‐2010

TCE (µg/m3) NS 5,900,000

LB07 Indoor Air Mar‐2010 Jun‐2010

TCE (µg/m3) 17 37

Toluene (µg/m3) 0.94 J 2.7

LB10 Indoor Air Mar‐2010 Jun‐2010

TCE (µg/m3) 11 34

Toluene (µg/m3) 6.8 J 1.1



LM01 Indoor Air Mar‐2010 Jun‐2010

TCE (µg/m3) 18 9.1

Toluene (µg/m3) 26 15

LM01 Sub‐Slab Mar‐2010 Jun‐2010

TCE (µg/m3) 910 2,800

LM02 Sub‐Slab Mar‐2010* Jun‐2010

TCE (µg/m3) 26 50

Toluene (µg/m3) 1.5 ND

LM02 Indoor Air Mar‐2010 Jun‐2010

TCE (µg/m3) 6.4 2.6

Toluene (µg/m3) 24 J 12

LM03 Sub‐Slab Mar‐2010 Jun‐2010

TCE (µg/m3) 19 18

Toluene (µg/m3) 1.5 0.79

LM03 Indoor Air Mar‐2010 Jun‐2010

TCE (µg/m3) 6.4 2.7

Toluene (µg/m3) 23 J 14

LM04 Indoor Air Mar‐2010 Jun‐2010

TCE (µg/m3) 6.4 3.9

Toluene (µg/m3) 16 J 17



BG01 Ambient Mar‐2010 Jun‐2010

TCE (µg/m3) 3.0 4.9

Toluene (µg/m3) 1.2 0.9

BG02 Ambient Mar‐2010 Jun‐2010*

TCE (µg/m3) 0.7 0.53

Toluene (µg/m3) 0.26 1.0

BG03 Ambient Mar‐2010 Jun‐2010

TCE (µg/m3) 0.12 0.22

Toluene (µg/m3) 1.9 0.6



Table 1A
C.R.R.E.L. Vapor Intrusion Investigation ‐ Winter Event (March 2010)

LAB RESULTS
Main Laboratory Building

LB01‐IA1 LB02‐IA1 LB03‐IA1 LB04‐IA1 LB04‐IA1D LB05‐IA1 LB06‐IA1

Trichloroethene μg/m3 61 22 41 32 31 31 38 20

Toluene μg/m3
1,500 1.6 J 3.5 J 1.8 J 1.9 J 1.8 J 1.4 J 1.1 J

Storage
"Steve's
Office"

LB01‐SS1 LB02‐SS1

Trichloroethene μg/m3 310 110,000 1,200

Toluene μg/m3
73,000 ND ND

Laboratory Addition ‐ Sub‐Basement

LB07‐IA1 LB08‐IA1 LB09‐IA1 LB10‐IA1

Trichloroethene μg/m3 61 17 12 13 11

Toluene μg/m3
1,500 0.94 J 1.7 J 0.79 J 6.8 J

There are no associated sub‐slab samples with these locations

Logistics Management Facility

Woodshop
(AOC 13)

LM01‐IA1 LM01‐IA1D LM03‐IA1 LM04‐IA1

Trichloroethene μg/m3 61 18 16 6.4 6.4

Toluene μg/m3
1,500 26 25 J 23 J 16 J

LM02‐SS1 LM02‐SS1D LM03‐SS1

Trichloroethene μg/m3 310 26.0 26.0 19.0

Toluene μg/m3
73,000 1.1 1.5 1.5

Outdoor Air

BG01‐AA2 BG02‐AA2 BG03‐AA2

Trichloroethene μg/m3 61 3.0 0.7 0.12

Toluene μg/m3
1,500 1.2 0.27 1.9

Concentrations exceeding the NHDES Screening Levels are bold and highlighted
ND ‐ the analyte was analyzed for, but not detected.
J ‐ the analyte was analyzed for and detected; this is an estimated value.
*revised June 2009
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910

ND

LM02‐IA1

6.4

24 J

Warehouse Area
Analyte

Units

NHDES VI Screening Levels 
(Rev Jun09) Commercial Soil 

Gas

Main Laboratory Building
Associated with AOC 2

Analyte
Units

NHDES VI Screening Levels 
(Rev Jun09) Commercial Soil 

Gas

Analyte Units

NHDES 
Screening Levels
(Rev Jun09)

Commercial Indoor Air

Laboratory Addition Sub‐Basement
Associated with AOC 9

Analyte Units

Receiving

LM01‐SS1

Warehouse Area
Associated with AOC 9

Analyte Units

NHDES 
Screening Levels
(Rev Jun09)

Commercial Indoor Air

NHDES 
Screening Levels
(Rev Jun09)

Commercial Indoor Air

Receiving Room
Associated with AOC 13



Table 1B

C.R.R.E.L. Vapor Intrusion Investigation ‐ Summer Event (June 2010)
LAB RESULTS

Main Laboratory Building

LB01‐IA2 LB02‐IA2 LB02‐IA2D LB03‐IA2 LB04‐IA2 LB05‐IA2 LB06‐IA2 LB11‐IA2

Trichloroethene μg/m3 61 38 26 26 35 20 33 15 16

Toluene μg/m3
1,500 32 49 45 28 31 38 38 17

Storage

LB01‐SS2 LB02‐SS2 LB02‐SS2D

Trichloroethene μg/m3 310 100,000 11,000 13,000

Toluene μg/m3
73,000 ND 98 ND

Laboratory Addition ‐ Sub‐Basement

LB07‐IA2 LB08‐IA2 LB09‐IA2 LB10‐IA2

Trichloroethene μg/m3 61 37 25 91 34

Toluene μg/m3
1,500 2.7 1.7 2.3 1.1

Near Outside 
Wall Conduit

Near Intake Vent

LB07‐SS2 LB08‐SS2

Trichloroethene μg/m3 310 5,900,000 1,900,000

Toluene μg/m3
73,000 ND ND

Logistics Management Facility
Receiving 
AOC 13

Woodshop
(AOC 13)

LM01‐IA2 LM02‐IA2 LM03‐IA2 LM04‐IA2

Trichloroethene μg/m3 61 9.1 2.6 2.7 3.9

Toluene μg/m3
1,500 15 12 14 17

Receiving

LM01‐SS2 LM02‐SS2 LM03‐SS2

Trichloroethene μg/m3 310 2,800 50 18

Toluene μg/m3
73,000 ND 0.75 0.79

Outdoor Air

BG01‐AA2 BG02‐AA2 BG02‐AA2D BG03‐AA2

Trichloroethene μg/m3 61 4.9 0.53 0.43 0.22

Toluene μg/m3
1,500 0.90 1.0 0.72 0.60

Concentrations exceeding the NHDES Screening Levels are bold and highlighted
ND ‐ the analyte was analyzed for, but not detected.
*revised June 2009
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Apendix A 
FIELD FORMS 

 

 
 
 
 
 
 
 
 
 
 
 

























































































































































































 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Apendix B 
ANALYTICAL RESULTS 
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