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analysis of groundwater samples from those monitoring wells, and the restoration of the concrete 
following the soil vapor and groundwater sampling event. 
 
SOIL VAPOR SURVEY 
 
On November 12 - 15, 2007, Pine & Swallow Environmental and MACTEC collected 42 soil vapor 
samples at the Site from 14 sampling points using direct push technology and a Pine & Swallow 
sampling technique.  At each sampling location, samples were collected from three distinct depths: 
approximately 1 foot below ground surface (bgs); approximately 12 feet bgs; and approximately 21 
feet bgs.  All samples were collected from the vadose zone above the water table.  Soil gas samples 
were collected from immediately below the slab after the slab was cored, the hole fitted with a bung 
and copper tube, the holed sealed with bentonite, and a purge of the sampling train.  Samples were 
collected with a pump into sealed autosampler vials.  For the 12-foot and 21 –foot samples, a slotted 
drive point was advanced, with iron pipe,  to the desired depth using the H641 VibraDrill.  The pipe 
volume was purged prior to collection of the soil gas sample in a sealed autosampler vial for VOC 
analysis.  Soil vapor was screened prior to sample collection using a PPB RAE Photoionization 
Detector (PID).  Figure 1 shows the locations of the 14 soil vapor sampling points. 
 
Soil vapor samples were collected consistent with the letter report Indoor Air Investigation Results 
dated November 5, 2007 (MACTEC, 2007 – approved by RIDEM).  Soil gas samples were analyzed 
in Pine & Swallow’s on-site mobile laboratory.    The mobile laboratory consisted of two (2) gas 
chromatographs connected in series and fitted with an electron capture detector (ECD), a PID, and a 
flame ionization detector (FID) in accordance with modified EPA Method 8021B.  Soil vapor samples 
were analyzed for tetrachloroethylene (PCE), trichloroethylene (TCE), cis-1,2-dichloroethylene (cis-
1,2-DCE), 1,1,1-trichloroethane (1,1,1-TCA), 1,1-dichloroethane (1,1-DCA), acetone, vinyl chloride, 
1,1-dichloroethylene, benzene, toluene, ethyl benzene and xylene.  Standards were run twice daily 
(prior to and upon completion of the day’s analyses) in the mobile laboratory to confirm and update 
calibration curves as necessary.  Following sampling, the penetrations in the concrete slab were 
resealed with grout.  Appendix A contains the Pine & Swallow report documenting the sampling and 
analytical procedures and analytical results. 
 
GROUNDWATER INVESTIGATION  
 
Pine & Swallow installed three MicroWells (MW-222S, MW-223S, and MW-224S) within the 
footprint of the former supermarket building on November 16, 2007.  The locations of these 
MicroWells are shown in Figure 2.  The MicroWells consist of steel pipe fitted with a drive point.  
The well screens are manufactured from the same material and consist of double rows of longitudinal 
slots 0.015 inch wide.  The MicroWells were advanced using the H641 VibraDrill.  All three wells 
were advanced to a depth of 33.0 feet bgs.  Well screens were installed from 23.0 ft to 33.0 ft bgs 
(water table located between 26 and 27 feet bgs).  The MicroWells installations were completed flush 
with grade inside road boxes.  The wells were purged on November 16, 2007.  Water recharge into the 
monitoring wells was not rapid.  Collection of groundwater samples from the monitoring wells was 
conducted on November 19, 2007.  Appendix A contains the Pine & Swallow report documenting the 
installation of the monitoring wells. 
 



Mr. Joseph Martella 
December 14, 2007 
Page 3 of 5 

MACTEC collected one groundwater sample from each of the three monitoring wells (MW-222S, 
MW-223S and MW-224S) and also collected a duplicate sample from MW-224S.  Sampling was 
conducted using a Waterra Double Valve sampling device.  The samples were submitted, on ice and 
under chain of custody, to ESS Laboratory of Cranston, Rhode Island for analysis of VOCs via 
Method 8260.   
 
RESULTS 
 
Soil Vapor Survey 
 
Table 1 presents reported soil gas concentrations of each analyte in parts per billion by volume (ppbv).  
In Table 1, for a given sample location (e.g., SG01), results are presented in separate columns for the 
three sample depths (identified as A (immediately below the slab), B (approximately 12 feet bgs, and 
C (approximately 21 feet bgs). Compounds with the highest soil gas concentrations include, in 
decreasing order, 1,1,1-TCA, 1,1-DCA, TCE, cis-1,2-DCE, and acetone.  Concentrations of other 
chlorinated compounds and benzene, toluene, ethylbenzene, and xylenes were substantially lower than 
for the previously identified compounds.  The soil gas sample locations are shown on Figure 1. 
 
In general, the highest soil gas concentrations for the chlorinated solvent compounds were detected in 
the southwest corner of the former supermarket building (the area of SG-4, SG-5, and SG-16).  The 
soil gas concentrations were generally higher in samples collected at depth than in the soil gas samples 
collected from immediately below the slab.  Also, in general, compound-specific soil gas 
concentrations decrease from the 21-foot sample to the 12-foot sample, to the sub-slab sample.  In 
some instances, however, the highest concentrations of some compounds were detected in the 
intermediate depth sample rather than in the deepest sample.  
 
The soil gas sampling results for PCE; TCE; cis-1,2-DCE; 1,1,1-TCA; 1,1-DCA and acetone are 
presented in three-dimensional (3-D) on Figures 3 through 8.  In these figures, as indicated in the 
legend, the spheres representing sample location in 3 dimensions are color-coded based on 
concentration and the spheres are also sized based on the log of the concentration.  All of these figures 
are presented on a single sheet to facilitate comparisons of distributions of the various VOCs.  Upon 
inspection of that multiple-figure sheet, it is obvious that the southwest corner of the former 
supermarket building is the location of the highest concentrations, and the concentrations at depth are 
higher than the concentrations immediately beneath the slab.  The soil gas concentration distribution 
of each of these VOCs is discussed in detail below. 
 
The detected soil gas concentrations of PCE are shown on Figure 3.  Detected concentrations of PCE 
ranged from non-detect to 3,500 ppbv.  The highest soil gas concentration was detected at SG-16C.  
The next highest detection was at SG-16B.  The detected concentrations at the surrounding sampling 
locations were approximately one-half the highest detection.   
 
The detected soil gas concentrations of TCE are shown on Figure 4.  Detected concentrations of TCE 
ranged from 3.4 ppbv to 540,000 ppbv.  The highest soil gas concentration was detected at SG-4B.  
The concentrations of TCE detected in the soil gas appear to decrease with increased distance from 
that sample point, with the lowest concentrations detected on the eastern side of the building. 
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The detected soil gas concentrations of cis-1,2-DCE are shown on Figure 5.  Detected concentrations 
of cis-1,2-DCE ranged from non-detect to 49,000 ppbv.  The two highest soil gas concentrations were 
detected at SG-2B and SG-2C, respectively.  Soil gas concentrations of cis-1,2-DCE appear to 
decrease gradually towards the western side of the building.  The lowest concentrations were detected 
on the eastern side of the building. 
 
The detected soil gas concentrations of 1,1,1-TCA are shown on Figure 6.  Detected concentrations of 
1,1,1-TCA ranged from 150 ppbv to 1,600,000 ppbv.  The highest soil gas concentration was detected 
at SG-5C.  The lowest concentrations were detected on the eastern side of the building. 
 
The detected soil gas concentrations of 1,1-DCA are shown on Figure 7.  Detected concentrations of 
1,1-DCA ranged from non-detect to 1,000,000 ppbv at location SG-5C.  The concentrations of 1,1-
DCA detected in the soil gas appear to decrease with increased distance from that sample point, with 
the lowest concentrations detected on the eastern side of the building. 
 
The detected soil gas concentrations of acetone are shown on Figure 8.  Detected concentrations of 
acetone ranged from non-detect to 24,000 ppbv at SG-16B.  The lowest concentrations of acetone 
were detected on the eastern side of the building. 
 
Groundwater Investigation 
 
Table 2 presents a summary of the analytical data for the VOCs detected in at least one groundwater 
sample collected on November 19, 2007.  The laboratory report for these groundwater samples is 
contained in Appendix B.  Compounds detected most frequently and at higher concentrations include, 
in decreasing order, 1,1,1-TCA, 1,1-DCA, TCE, cis-1,2-DCE, 1,1-DCE, and acetone.  The highest 
concentration of each of these compounds was reported for the sample collected from monitoring well 
MW-222S which is co-located with soil gas sampling location SG-4.  These six compounds were also 
the six compounds detected at the highest concentrations in soil gas samples.  The ordering of the 
compounds from highest concentration to lowest concentration is identical for soil gas and 
groundwater. 
 
CONCLUSIONS 
Based on the results of the soil gas and groundwater investigations, it appears that groundwater and 
possibly vadose zone soils in the vicinity of SG-4/MW-222, SG-16, and SG-5 contain a source of 
VOCs associated the observed VOC indoor air concentrations.  VOC concentrations at other soil gas 
sample locations within the retail complex are substantially lower and are not indicative of additional 
sources. 
 
PROPOSED ACTIONS  
The preliminary vacuum test within the soil immediately beneath the concrete slab on November 19, 
2007 concluded that additional work is required for the vapor mitigation system design.  A proposed 
Pre-Design Investigation would include return to the Site the week of December 17, 2007 to determine 
additional subsurface soil characteristics by installing up to 4 soil borings through the concrete floor 
and installing two vertical soil vapor well points to be used in vacuum testing of the soils using a 
manometer.  All penetrations of the concrete slab will be resealed with grout.  This will be completed 
in a one day event and results will be submitted to RIDEM approximately 30 days following the 
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Table 1
Soil Gas Concentrations (ppbv)
November 2007 Investigation

333 Adelaide Avenue
Providence, Rhode Island

ppbv SG01 SG02 SG03 SG04 SG05
A B C A B C A B C A B C A B C

Vinyl chloride 11 U 11 U 0.5 J 5.3 J 7.8 J 7.9 J 5.7 J 14 7.4 J 11 U 11 U 57 11 U 11 U 11 U
Acetone 115 950 520 7500 9600 9400 1200 2300 1300 5200 22000 22000 1600 8400 23000 D
Methyl tert butyl ether 10 U 5 J 4.4 J 39 92 83 19 56 35 10 U 10 U 59 10 U 10 U 10 U
Benzene 9.8 U 1000 9.8 U 9.8 U 9.8 U 9.8 U 9.8 U 9.8 U 9.8 U 9.8 U 9.8 U 9.8 U 9.8 U 9.8 U 9.8 U
Toluene 10 U 93 3.5 J 10 U 10 U 10 U 10 U 29 140 10 U 10 U 440 10 U 91 10 U
Ethylbenzene 10 U 8.6 J 10 U 10 U 10 U 10 U 10 U 15 99 10 U 9.6 J 29 10 U 21 10 U
m+p-Xylene 20 U 19 J 4.2 J 20 U 20 U 20 U 20 U 22 110 20 U 20 57 20 U 62 20 U
o-Xylene 10 U 10 U 6.3 J 10 U 412 86 10 U 26 290 10 U 60 71 10 U 69 10 U
1,1-Dichloroethene 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 860 10 U 10 U 10 U
trans-1,2-Dichloroethene 60 U 60 U 60 U 240 330 60 U 60 U 60 U 60 U 60 U 60 U 60 U 60 U 60 U 60 U
cis-1,2-Dichloroethene 60 U 60 U 320 12000 D 49000 D 42000 D 1800 21000 D 24000 D 150 22000 D 2700 60 U 3100 27000 D
1,1-Dichloroethane 60 U 60 U 5500 D 38000 D 60000 D 56000 D 19000 D 3100 D 25000 D 9800 100000 D 16000 2900 38000 D 1000000 D
1,1,1-Trichloroethane 660 D 150 1800 D 79000 D 560000 D 590000 D 61000 D 110000 D 510000 D 150000 D 1400000 D 860000 14000 D 1240000 D 1600000 D
1,2-Dichloroethane 60 U 60 U 60 U 60 U 60 U 60 U 60 U 60 U 60 U 60 U 60 U 60 U 60 U 60 U 60 U
Trichloroethene 58 12 184 D 2600 D 20000 D 29000 D 1300 D 1500 D 29000 D 11000 D 540000 D 290000 320 230000 D 440000 D
Tetrachloroethene 8.4 7 U 2.6 J 10 170 370 7 33 110 33 1600 D 1500 7 U 64 1200
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Table 1
Soil Gas Concentrations (ppbv)
November 2007 Investigation

333 Adelaide Avenue
Providence, Rhode Island

ppbv

Vinyl chloride
Acetone
Methyl tert butyl ether
Benzene
Toluene
Ethylbenzene
m+p-Xylene
o-Xylene
1,1-Dichloroethene
trans-1,2-Dichloroethene
cis-1,2-Dichloroethene
1,1-Dichloroethane
1,1,1-Trichloroethane
1,2-Dichloroethane
Trichloroethene
Tetrachloroethene

SG06 SG10 SG11 SG12 SG13
A B C A B C A B C A B C A B C

11 U 0.3 J 0.4 J 11 U 3.2 2 J 11 U 1.7 J 11 U 11 U 11 U 2.8 J 11 U 5.4 J 35
86 1000 1400 130 960 980 250 1400 1500 12 U 12 U 3000 13 450 97
10 U 19 10 U 10 U 13 15 10 U 8 J 6.9 J 10 U 10 U 10 U 10 U 2.2 J 9 J

9.8 U 9.8 U 9.8 U 9.8 U 190 740 9.8 U 9.8 U 9.8 U 9.8 U 9.8 U 9.8 U 9.8 U 71 350
10 U 58 20 10 U 126 970 10 U 33 46 10 U 10 U 160 10 U 34 120
10 U 88 21 10 U 53 780 10 U 12 30 10 U 10 U 39 10 U 6.7 J 14
20 U 120 26 20 U 61 590 20 U 23 37 20 U 20 U 81 20 U 17 J 23
10 U 600 190 10 U 300 1700 10 U 71 89 10 U 10 U 97 10 U 12 26
10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U
60 U 60 U 60 U 60 U 60 U 60 U 60 U 60 U 60 U 60 U 60 U 60 U 60 U 60 U 60 U
52 J 160 170 60 U 67 200 60 U 130 120 57 J 51 J 160 60 U 60 U 140

850 3800 6500 60 U 60 U 60 U 500 2600 3000 1100 60 U 1800 60 U 60 U 60 U
14000 D 210000 D 260000 D 160 D 920 D 10200 D 35000 D 130000 D 165000 D 68000 D 230 8800 D 760 D 850 D 840 D

60 U 60 U 60 U 60 U 60 U 60 U 60 U 60 U 60 U 60 U 60 U 60 U 60 U 60 U 60 U
320 31000 D 39000 D 3.4 J 112 250 210 3400 D 5800 D 400 21 1700 D 40 33 62

7 U 610 950 D 2.8 J 3.3 J 4.2 J 7 U 11 31 7 U 7 U 7 U 5.9 J 6.4 J 8.4
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Table 1
Soil Gas Concentrations (ppbv)
November 2007 Investigation

333 Adelaide Avenue
Providence, Rhode Island

ppbv

Vinyl chloride
Acetone
Methyl tert butyl ether
Benzene
Toluene
Ethylbenzene
m+p-Xylene
o-Xylene
1,1-Dichloroethene
trans-1,2-Dichloroethene
cis-1,2-Dichloroethene
1,1-Dichloroethane
1,1,1-Trichloroethane
1,2-Dichloroethane
Trichloroethene
Tetrachloroethene

SG14 SG15 SG16 SG17
A B C A B C A B C A B C
0.5 J 3.9 J 3.3 J 1.5 J 6.6 J 11 13 8.4 J 8.1 J 11 U 1.7 J 2.2 J
330 11000 10000 6800 14000 15000 4000 24000 22000 820 3700 4400
10 U 36 31 10 U 44 54 10 U 10 U 10 U 10 U 10 U 10 U

9.8 U 9.8 U 9.8 U 9.8 U 9.8 U 9.8 U 9.8 U 9.8 U 9.8 U 9.8 U 9.8 U 9.8 U
6.7 J 10 U 24 10 U 4.7 J 130 10 U 24 200 5.5 J 6.8 J 4 J
10 U 5.7 J 5.8 J 10 U 10 U 90 10 U 12 2.8 J 54 22 5.2 J

3.2 J 16 9.3 J 20 U 20 U 98 20 U 21 6 J 250 94 21
10 U 24 10 U 10 U 10 U 93 10 U 67 12 64 31 12
10 U 300 250 10 U 850 980 7950 1400 1200 10 U 51 120
60 U 60 U 60 U 60 U 60 U 60 U 300 180 180 60 U 53 J 56 J
52 J 3800 3300 120 23000 D 23000 D 22000 D 30000 D 30000 D 140 3500 6000

890 19000 D 36000 D 9800 22000 D 24000 D 1100 D 100000 D 120000 D 7200 D 28000 D 9700 D
20000 D 600000 D 820000 D 210000 D 930000 D 900000 D 160000 D 1100000 D 1400000 D 120000 D 320000 D 390000 D

60 U 60 U 60 U 60 U 60 U 60 U 60 U 60 U 60 U 60 U 60 U 60 U
550 D 170000 D 220000 D 9100 D 230000 D 210000 D 40000 D 440000 D 52000 D 11000 D 28000 D 97000 D
1.2 J 730 740 D 7.5 1000 D 1000 D 100 3000 D 3500 D 11 390 600

ppbv = parts per billion by volume Prepared by: KJC 11/16/07
Checked by: BJR 11/16/07
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Table 2
Groundwater Concentrations (mg/L)

November 2007 Investigation
333 Adelaide Avenue

Providence, Rhode Island

Chemical Name
Frequency of 

Detection Range of SQLs
Range of Detected 

Concentrations
MW-222S   
11/19/2007

MW-223S   
11/19/2007

MW-224S   
11/19/2007

MW-224S-Dup  
11/19/2007

Volatile Organics (mg/L)
1,1,1-Trichloroethane 4 / 4 0.0656 - 7.42  7.42  0.0656  1.75  1.96
1,1,2-Trichloroethane 1 / 4 0.001 : 0.001 0.0043 - 0.0043  0.0043 < 0.001 < 0.001 < 0.001
1,1-Dichloroethane 4 / 4 0.0023 - 5.79  5.79  0.0023  0.19  0.19
1,1-Dichloroethene 4 / 4 0.0011 - 0.287  0.287  0.0011  0.0525  0.0618
2-Butanone 1 / 4 0.025 : 0.025 0.0631 - 0.0631  0.0631 < 0.025 < 0.025 < 0.025
Acetone 1 / 4 0.025 : 0.025 0.364 - 0.364  0.364 < 0.025 < 0.025 < 0.025
Chloroethane 3 / 4 0.002 : 0.002 0.0048 - 0.0286  0.0286 < 0.002  0.0048  0.0054
Chloroform 1 / 4 0.001 : 0.001 0.001 - 0.001  0.001 < 0.001 < 0.001 < 0.001
cis-1,2-Dichloroethene 3 / 4 0.001 : 0.001 0.0925 - 0.404  0.404 < 0.001  0.0925  0.0955
Naphthalene 3 / 4 0.001 : 0.001 0.0016 - 0.0076  0.0076 < 0.001  0.0016  0.0019
Tetrachloroethene 3 / 4 0.001 : 0.001 0.0021 - 0.0128  0.0128 < 0.001  0.0021  0.0022
Toluene 3 / 4 0.001 : 0.001 0.0017 - 0.0027  0.0027 < 0.001  0.0017  0.0017
trans-1,2-Dichloroethene 1 / 4 0.001 : 0.001 0.0043 - 0.0043  0.0043 < 0.001 < 0.001 < 0.001
Trichloroethene 4 / 4 0.0077 - 7.09  7.09  0.0077  0.883  0.878
Trichlorofluoromethane 3 / 4 0.002 : 0.002 0.0039 - 0.0106  0.0106 < 0.002  0.0039  0.0046
Vinyl chloride 1 / 4 0.001 : 0.001 0.0116 - 0.0116  0.0116 < 0.001 < 0.001 < 0.001
Xylene, M&P- 1 / 4 0.002 : 0.002 0.0026 - 0.0026  0.0026 < 0.002 < 0.002 < 0.002
Xylene, O- 1 / 4 0.001 : 0.001 0.0012 - 0.0012  0.0012 < 0.001 < 0.001 < 0.001
Xylenes, Total 1 / 4 0.003 : 0.003 0.0038 - 0.0038  0.0038 < 0.003 < 0.003 < 0.003

mg/L = milligrams per liter Prepared by: KJC 12/11/07
SQL = Sample Quantitation Limit Checked by: MH 12/12/07
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Summary of Horizontal and Vertical Distribution 
Of VOCs in Soil Gas Samples



 

 
 
 
 
 
 
 
 
 
 

Appendix A 
Limited Subsurface Investigation, Pine & Swallow Environmental 













































 

 
 
 
 
 
 
 
 
 
 

Appendix B 
ESS Laboratory Report for Groundwater Samples 

 
 




























































