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On December 17, 2007, MACTEC and CleanHarbors, subcontractor for MACTEC, performed 

test pit excavations to further investigate the area surveyed on December 13, 2007.  Three (3) test 

pits were executed along the historic fence line because historic records for the former Building N 

and USTs indicated that they were located immediately along this feature.  The third test pit 

located the two USTs approximately 20-25 feet below the ground surface (bgs).  The activities 

conducted to locate the former Building N and associated USTs are described in detail below. 

 

EM/GPR SURVEY 

On December 13, 2007, NGS performed an inductive electromagnetic (EM) and ground 

penetrating radar (GPR) survey to locate the Former Building N foundation as well as the 

possible presence of two underground storage tanks.  NGS first performed inductive EM using an 

EM-61 Metal Detection System.  This device is a portable time domain instrument with a 

coincident transmitter/receiver coil and second parallel receiver coil for depth to target estimation 

and rejection of surface metal response.  The EM-61 was designed specifically to locate medium 

to large buried metal objects such as drums and tanks while being relatively insensitive to cultural 

features such as fences, buildings and power lines.  The technique can detect a single 55-gallon 

drum to depths of up to twelve feet.  The size and burial depth of the metal will determine the 

strength of the response.  The use of larger EM equipment to detect anomalies at greater depths 

was limited due to the steep slope and terrain of the site and extensive overgrowth in the wooded 

area of investigation.  Preliminary metal detection maps were produced on-site immediately 

following data collection to determine additional areas of investigation. 

 

NGS marked out a 20 foot by 20 foot square grid on the pavement surface extending from the 

former Stop & Shop to the northern curbing along the edge of pavement.  A survey line was also 

conducted between the curbing and the new chain link fence installed by the City of Providence 

in response to the March 2006 Consent Agreement.  Access was then gained through the fence to 

clear the wooded triangle area located between the new fence and the top of slope/historic chain 

link fence existing on site.  Two lines of investigation were conducted inside this area, one along 

the north side of the new fence and the second along the south side of the historic chain link 

fence.  Another line of investigation was conducted along the north side of the historic chain link 

fence.  No anomalies consistent with a former building foundation or buried USTs were found in 

the areas investigated by the EM survey, as shown on Figure 1. 
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EM-61 can be used as a stand-alone technique for buried metal detection or in conjunction with 

GPR for overall site clearance or for drum, tank and pipe location.  GPR provides a graphic 

image of the subsurface and has a variety of applications.  GPR is commonly used as part of 

Phase II environmental site assessments and other environmental studies to locate underground 

features.  The instrument used by NGS for the GPR surveys was the SIR System-3 with 300-MHz 

and 500-MHz antennas manufactured by Geophysical Survey Systems, Inc.  These antennas can 

penetrate up to depths of 18 feet.  Similar limits on the depth of investigation existed due to the 

slope and overgrowth of the area.  Using GPR, NGS surveyed the same area that had been 

surveyed with the EM-61 to locate the former Building N foundation and two USTs.  No 

anomalies consistent with a building foundation or buried USTs were found in the areas 

investigated by GPR, as shown on Figure 1. 

 

TEST PIT TRENCH EXCAVATIONS 

On December 17, 2007, CleanHarbors Environmental Services performed test pit trench 

excavations to further investigate the potential presence of the two USTs.  The former Building N 

location was marked out on-site based on the overlay of the historic and current building 

locations and site features.  Clean Harbors gained access to the work area by temporarily 

removing approximately 60 feet of chain link fencing installed by the City of Providence along 

the border of the Park Parcel (Appendix C, Photo #1). 

 

Three test pit trenches were then performed to depths between 5 and 15 feet bgs.  The locations of 

these test pit trenches are shown on Figure 2.  It should be noted that this area of investigation has 

a steep slope down to Mashapaug Cove such that the bottoms of these excavations were 

approximately 10 to 25 feet below the retail complex road surface.  One shallow test pit trench 

(Test Pit #2) was conducted well west of former Building N to define the western limits of the 

investigation while the eastern end of the investigation area was bound by the intersection of the 

new chain link fence, historic fence and extremely steep slope down to the cove (Figure 2).  The 

test pit depths conducted in the vicinity of the former Building N were extended to a minimum 

depth of 8 feet based on the height of the former basement and cover over the USTs beneath the 

basement floor (identified in a 1995 report for Building N UST activities). 

 

The first test pit (Test Pit #1) was excavated as a trench measuring approximately 5 feet wide by 

10 feet long, down to a depth of between 8 and 15 feet bgs.  This trench extended from the 

historic chain link fence into the middle of the investigation area thought to be the location of the 
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Former Building N.  No evidence of the former building foundation or underground tanks was 

found in this trench and no head space detections were found in the excavated soils using a Photo 

Ionization Detector (PID), a device that measures low levels of Volatile Organic Compounds 

(VOC).  Photo documentation of Test Pit #1 was collected (Appendix C, Photo #2) and the trench 

was backfilled to support the excavator for excavation of Test Pit #2. 

 

The second test pit (Test Pit #2) was excavated to the west of Test Pit#1 (Figure 2).  This trench 

was excavated approximately 5 feet wide by 10 feet long along the historic chain link fence.  This 

test pit was 5 feet deep at the western most point and 15 feet deep at the eastern end.  No evidence 

of the building foundation or underground tanks was found and no headspace PID readings were 

found in the soil excavated from the test pits.  Photo documentation of Test Pit #2 (Appendix C, 

Photo #3) was collected and the trench was backfilled to support the excavator for excavation of 

Test Pit #3. 

 

The third test pit (Test Pit #3) was excavated to the east of Test Pit #1 along the north side of the 

historic fence all the way up to the eastern corner of the investigation area.  This area included the 

lowest elevation of the investigation area extending down into the valley.  This trench was 

approximately 8 feet wide and 15 feet long and was excavated to a depth of 9 feet to 20 feet bgs.  

A portion of the historic chain link fence was removed to allow the trench to be widened.  During 

this excavation Clean Harbors identified what was initially thought to be the man way into 

eastern most UST and began excavating to the north to delineate the tank outline.  It was during 

this soil removal that the first tank was identified approximately 5 feet west of the structure 

(thought to be a manway) and the upper portion of the steel UST was cracked by the excavator 

bucket.  This allowed a small stream of liquid (determined to be water) to be released from the 

tank into the bottom of the excavation.  This tank was the eastern-most tank from which a water 

sample had been collected and sent to a state-certified laboratory for chemical analysis in 1995.  

Based on the 1995 sampling and analysis, it was determined the tank contained water and was not 

subject to UST regulations.  Clean Harbors stopped the excavation work so that Textron and 

RIDEM could be notified of the tank location and soil and water samples could be collected for 

laboratory analysis.  Soil and water samples were collected immediately adjacent to the eastern 

UST and no measured head space was detected with the PID.  No stained soils or odors were 

observed.  A water sample “East-1” was collected from the excavation using the excavator bucket 

had to scoop a volume of water that pooled up on the bottom of the trench.  This water was 

transferred from the bucket into a 40ml HCL persevered vial for VOC analysis.  A soil sample 
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was also taken from next to the tank using the excavator bucket.  This soil sample was collected 

in a 40ml methanol (MEOH) preserved vial for VOC analysis.  This soil sample was also labeled 

“East-1”. 

 

More excavation to the west of the eastern tank was performed by Clean Harbors to locate the 

second tank.  The western tank was found approximately 5 feet west of the eastern most tank and 

was elevated above the eastern tank by one to two feet.  Soil was removed from the western side 

of the tank to expose soil beneath the tank bottom.  No visual staining or odors were observed and 

this western tank appeared to be intact.  A soil sample was collected west of the tank with no 

measured hits from the PID.  This sample was collected in a 40ml MEOH preserved vial labeled 

“West-1” for VOC analysis.  The water and soil samples were then submitted under chain of 

custody, to ESS Laboratory of Cranston, Rhode Island for analysis of VOC’s via EPA Method 

8260 on December 17, 2007.  Extensive photo documentation was conducted of Test Pit #3 

(Appendix C, Photos #4 and #5). 

 

Clean Harbors could not fully expose the USTs at their southern most ends as they extended into 

the hillside with an approximate depth below surface of 20 to 25 feet.  Associated utility poles 

and buried utility lines were located approximately 15 feet from the wall of the excavation.  Clean 

Harbors attempted to expose the northern ends of the USTs but due to the steep slope and size of 

the excavation they could not readily gain access into the valley containing the USTs.  The Test 

Pit #3 remained open for full inspection by RIDEM and other interested parties.  Following full 

discussions with Mr. Martella of RIDEM, the excavation area was backfilled and graded with a 

gradual slope extending from the new Park Parcel fence down to the historic chain link fence.  A 

tree stump was buried (but extending above the ground surface) to clearly mark the location of 

the USTs.  The Park Parcel chain link fence was then reinstalled in accordance with the March 

2006 Consent Agreement.  Field measurements were taken to document the location of the USTs 

as shown on Figure 2. 

 

LABORATORY ANALYTICAL RESULTS 

The laboratory report for the liquid sample (water) for the eastern tank (East-1) is contained in 

Appendix B.  These results were consistent with the 1995 analytical results – the sample was 

water and only trace levels of VOCs below drinking water standards were detected.  The five 

compounds detected in the water sample included naphthalene, xylene, tetrachloroethene (PCE), 
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and 1,2,4- and 1,3,5-trimethylbenzene.  The detected concentrations and associated RIDEM 

Category GA Groundwater Standards (drinking-water standards) are shown below: 

 

TABLE 1. 
Compound Detected Concentration 

(mg/L) 
Drinking Water Standard 

(mg/L) 
Naphthalene 0.0040 0.02 
Tetrachloroethene 0.0014 0.005 
Xylenes (total) 0.0053 10 
1,2,4-trimethylbenzene 0.0043 0.330 
1,3,5-trimethylbenzene 0.0067 0.330 
 

There are no drinking water standards for trimethylbenzene.  However, the USEPA Region III tap 

water Risk-Based Concentration is 0.330 mg/L. 

 

The laboratory results for the two soil samples are also presented in Appendix B.  The 

concentrations of detected compounds are well below RIDEM residential direct exposure criteria.  

There were trace levels of two compounds detected in the soils.  The eastern tank soil sample 

(East-1) had trace amounts of tretrachloethene (0.191 mg/kg) below the RIDEM RES standard for 

Tretrachloethene of 12 mg/kg.  The western tank soil sample (West-1) had a detected 

concentration of trichloroethylene of 1.16 mg/kg below the RIDEM RES standard for this 

compound of 13 mg/kg. 

 

CONCLUSIONS 

Based on the results of the water from the eastern tank and soil investigations around the eastern 

tank and western tank, detected concentrations are below RIDEM Category GA groundwater 

standards (and USEPA Risk-Based Concentrations) and RIDEM residential soil direct exposure 

criteria respectively.  These results were consistent with 1995 investigation results previously 

provided to RIDEM and the City of Providence.  Additional investigation is required to gain 

access and sample the contents of the western UST to complete the investigation of Former 

Building N. 

 

PROPOSED ACTIONS 

To achieve closure of the former Building N UST’s, MACTEC will perform additional UST 

assessment, remove the tank contents for off-site disposal, and close the tanks in place in a 

manner that is consistent with the RIDEM UST regulations.  MACTEC will gain access to the 
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western most UST and collect a liquid sample of the contents for analysis of VOCs.  The sample 

will be analyzed with a 24-hour turn around so that the contents of the two tanks may be removed 

for off-site disposal and the tanks filled with a slurry concrete for abandonment in place.  This 

work is currently scheduled for the week of January 14, 2008. 

 

Equipment access to the tanks will be gained through the chain link fence at the top of the slope 

(same access point as the December 2007 investigation) and the clearing of a path for access to 

the USTs from their downhill, northern most end.  These tanks will be exposed to assess their 

condition and gain access to the western most tank to collect a sample of the tank contents.  This 

sample will be analyzed by ESS Laboratories of Cranston, RI for VOCs by EPA Method 8260.  

During the laboratory analysis period, the access point through the fence will be secured with 

construction fencing and any unsafe open excavations will be backfilled and secured to be 

protective of potential trespassers. 

 

Based on the analytical results of the UST contents, Clean Harbors will remove and dispose the 

contents of both UST’s.  The contents will be pumped and transported to a Clean Harbors 

wastewater treatment facility located in Maine. 

 

Because these USTs were found to extend into the hillside beneath the utilities for the retail 

complex they can not be removed without adversely impacting the developed portion of the site, 

but instead will be abandoned in place.  This abandonment of the water USTs will be done in a 

manner consistent with RIDEM UST Regulation DEM-OWM-UST06-05.  Closure in place will 

include removal of fill, gauge, pump, and/or vent lines, if any are found.  The UST’s will be then 

filled with a slurry concrete or flowable fill and backfilled.  As this area is located within the 

Phase I Cap for the Park Parcel, no other restoration activities will be performed at this time.  

This site will receive additional soil cover and grading to support the final grades for the 

recreational use of the Park Parcel. 

 

MACTEC plans to complete these UST assessment and closure activities by January 22, 2008.  

Based on this schedule, we look forward to close coordination with RIDEM on this activity and 

will provide daily updates to RIDEM prior to mobilizing to the site and during our field activities, 

including laboratory results.  Please contact either Greg Simpson of Textron (401) 457-2635 or 

Dave Heislein at (781) 245-6606 with any questions on the investigation activities that were 
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METAL DETECTION AND GROUND PENETRATING RADAR SURVEYS AT THE 
FORMER GORHAM MANUFACTURING FACILITY, PROVIDENCE, RI 

 
INTRODUCTION 
 
At the request of MACTEC Engineering & Consulting, Inc., metal detection and ground 
penetrating radar (GPR) surveys were conducted at the former Gorham Manufacturing Facility in 
Providence, Rhode Island. The objective of the surveys was to locate two suspected 10,000 
gallon buried metal tanks at the site. These tanks were reportedly used for water storage by the 
former industrial operation. The surveys were conducted on December 13, 2007 by Mike Scully 
of Northeast Geophysical Services (NGS). This report summarizes site conditions, methods 
used, and the results of the geophysical surveys. 
 
SITE LOCATION AND CONDITIONS  
 
The former Gorham Manufacturing site is located at 333 Adelaide Avenue in Providence, Rhode 
Island. The property is currently the site of a small shopping center that includes a vacant 
grocery store. The survey area is located near the back of the property, behind the current store 
buildings.  
The survey areas included paved driveway and shipping & receiving areas near the back of the 
store building, a small strip of lawn and shrubs adjacent to a relatively new chain-link fence, and 
a rough, overgrown area beyond the new fence which included an older chain-link fence. The 
ground surface generally drops steeply down beyond the older fence. Weather conditions were 
good during the initial part of the field survey, but heavy snow began falling during the last hour 
of the work.  
 
SURVEY RESULTS  
 
A 45-foot by 160-foot field grid was laid-out over the paved and grassy areas adjacent to the new 
fence. This grid area was then surveyed using the EM-61 metal detector along lines spaced 5 feet 
apart. Three GPR profiles were also produced along grid lines adjacent and parallel to the new 
fence. No EM or GPR anomalies were found in the grid area that would be consistent with a 
buried 10,000 gallon tank. Several smaller responses were seen that were likely caused by buried 
utilities or miscellaneous demolition debris from the former site buildings.  
 
The areas of investigation outside of the new fence were surveyed in a wandering or 
reconnaissance fashion due to the rough and overgrown nature of the terrain. A minor amount of 
brush cutting was done in this area in order to allow access to the survey instruments along 
several paths. A few metal anomalies were detected in this area and marked with pink wire flags. 
No clear tank-like GPR reflectors were seen in the area; however there were a couple of weak 
reflectors noted that occurred near the depth penetration limits of the GPR antenna. 
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METHODS AND INSTRUMENTATION 
 
EM-61 Metal Detector 
 
A Geonics EM-61 metal detector was used for the metal detection surveys. The EM-61 is a 
portable time-domain instrument with a coincident transmitter/receiver coil and second parallel 
receiver coil for depth to target estimation and rejection of surface metal response. The 
instrument measures the secondary electromagnetic field response in milli-volts (mV). The EM-
61 is designed specifically to locate medium to large buried metal objects such as drums and 
tanks while being relatively insensitive to above-surface metallic objects such as fences, 
buildings and power lines. The technique is sensitive to conductive metal up to a depth of 
approximately 12 feet. The size and burial depth of the metal determine the strength of the 
response. The EM-61 transmitter/receiver coils can either be carried by the operator using a 
harness, or pulled on wheels. EM data is digitally recorded on an Allegro CX field computer. 
Readings can be triggered manually or, if the wheel mode is used, readings can be recorded at 
regular intervals controlled by the rotation of the wheels. The wheel mode was used for the 
surveys at this site. The EM readings were recorded in the open paved portion of the survey area, 
but not in the overgrown area on the far side of the new fence. Here the instrument was used in a 
reconnaissance fashion and metal responses were marked on the ground.  
 
Ground Penetrating Radar (GPR) 
 
Ground penetrating radar utilizes high frequency radio waves to probe the subsurface. Radar 
waves are transmitted into the ground from an antenna that is pulled across the ground surface.  
In the subsurface, radar waves are reflected at interfaces of materials with contrasting dielectric 
properties. The returning signal is intercepted by a receiver and converted to a digital graphic 
image. The horizontal axis of the image is distance along the traverse. The vertical axis is two-
way travel time of the radar pulses, in nanoseconds (ns). 
 
The GPR graphic images are examined and features noted on the images can then be transferred 
to a map. Tanks, pipelines and other objects with rounded tops (boulders, tree roots, or segments 
of old foundations, for example) may show up on the profiles as hyperbola-shaped reflections.  
Tanks and pipelines usually appear on more than one survey line as hyperbolic reflectors on lines 
perpendicular to the tank or pipe axis and as horizontal reflectors on lines along the axis. The 
GPR instrument used was a GSSI, SIR-3000. A 400-MHz antenna was used with a time range 
set for 120 nanoseconds. At this setting the depth surveyed is approximately 18 feet.  
 
LIMITATIONS OF THE SURVEYS 
 
The EM-61 metal detection survey provides an indication of where buried metal exists at the site 
surveyed. The Ground Penetrating Radar survey produces reflectors at interfaces of materials 
with contrasting dielectric properties. Both of these instruments provide indirect measurements 
of subsurface conditions. The actual cause of the features depicted on the figures can only be 
conclusively determined by direct observation. 
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Appendix B 
 

ESS Laboratory Report for Groundwater Samples 
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Photographs 
 
 
 



Building N UST Investigation
December 2007

333 Adelaide Ave
Providence, Rhode Island

Photo 1: Existing Site Conditions facing west.

Site access through 
chain link fence



Building N UST Investigation
December 2007

333 Adelaide Ave
Providence, Rhode Island

Photo 2: Test pit #1 facing west.

Site access through chain link fence



Building N UST Investigation
December 2007

333 Adelaide Ave
Providence, Rhode Island

Photo 3: Test pit #2 facing west.  Please note that the 
buried pipes in this picture are aligned from south to 

north and terminate at their extension out of the hillside, 
to the north of test pit #2.



Building N UST Investigation
December 2007

333 Adelaide Ave
Providence, Rhode Island

Photo 4: Test pit #3 showing USTs and brick structure.

Site access through chain link fence

Western UST

Eastern UST
Brick 

Structure



Building N UST Investigation
December 2007

333 Adelaide Ave
Providence, Rhode Island

Photo 5: Alternate view of test pit #3.  

Western UST

Eastern UST

Brick 
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