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1.0 INTRODUCTION 

This report was prepared by Marshall Miller &Associates, Inc. (MM&A) on behalf of the 

North Carolina Department of Environment and Natural Resources (NCDENR), Division 

of Waste Management, Superfund Section, Inactive Hazardous Sites Branch, Pre-

Regulatory Landfill Unit (the Unit) to summarize the results of the Remedial Investigation - 

Subsurface Landfill Gas Survey at the City of Lumberton LDFL (NONCD0000712) located in 

Lumberton, Robeson County, North Carolina, herein after referred to as the “site.”  The scope of 

work included the tasks outlined by the Unit in Task Orders 712DP-8. 

 

Deviations from the scope of work outlined in the work plan dated March 31, 2014, prepared by 

MM&A included the following:  

• GP-1, GP-5, GP-6, GP-8, GP-9, and GP-10 could not be installed as permanent 
gas probes due to a shallow water table.  Flux chambers were installed at these 
locations.  

• Due to shallow water table, GP-2 and GP-7 were each installed with a 2-foot 
screen interval, and GP-3 and GP-4 were installed with 3-foot screen intervals. 

• Air samples were not collected from the gas probes and flux chambers using 
summa canisters, as per instructions from the Unit.  

 

2.0 SAMPLING AND ANALYSES OF SUBSURFACE LANDFILL GAS 

On June 9, 2014, MM&A personnel supervised the installation of four landfill gas probes (GP-2, 

GP-3, GP-4, and GP-7) and six flux chambers (GP-1, GP-5, GP-6, GP-8, GP-9, and GP-10) at 

the site and subject property.  During the gas probe installation activities, soil cuttings were 

screened for volatile organic compounds (VOCs) using a photoionization detector (PID), while 

methane levels were monitored for safety using a Q-RAE meter.  Elevated methane readings 

were detected during the installation of GP-3 and GP-5.  Once the elevated readings were 

encountered, the drilling activities were temporarily suspended until the methane concentrations 

decreased to below 10% of the lower explosive limit.  

 

2.1 GAS PROBE INSTALLATION 

Gas probes GP-2 GP-3, and GP-4 were each installed within the defined waste boundary, while 

GP-7 was installed just outside the waste boundary.  During the installation activities, each gas 
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probe was drilled until groundwater was encountered.  The gas probes were each constructed of 

2-inch PVC well casings.  GP-2 and GP-7 were each installed with a 2-foot screen interval. GP-3 

and GP-4 were installed with 3-foot screen intervals.  A sand pack was placed around the screen 

and a 2 ft bentonite seal was then placed on top of the sand pack.  After hydration of the 

bentonite seal, the remaining annulus was grouted to the surface and completed with an above-

grade lockable cover and a 2 ft x 2 ft concrete pad.  The screen intervals of each gas probe were 

set as to be a minimum of 2 ft above the local water table, and allow for a 5 ft bentonite/grout 

seal above the screen.  

 

Landfill gas probe construction records are included in Table 1, while boring logs are provided in 

Appendix A.  Gas probe locations are shown on Figure 1.  GPS coordinates of the gas probe 

locations are included in Appendix B.   

 

2.2 FLUX CHAMBER INSTALLATION 

Due to shallow groundwater, permanent landfill gas probes could not be installed at the GP-1, 

GP-5, GP-6, GP-8, GP-9, and GP-10 locations with the minimum five foot seal.   Therefore, flux 

chambers were installed at each location (Figure 1).  

 

Flux chambers were constructed using inert materials and equipped with a sampling port to 

facilitate collection of air samples and landfill gas measurements.  The flux chambers were 

installed by first excavating two to three inches of soil at the flux chamber location.  A 3-inch 

hand auger was then advanced within the center of the excavated area to a depth of two feet.  

Bentonite was then placed around the edges of the excavation where the rim of the flux chambers 

met the ground.  The flux chambers were then placed on the bentonite and the bentonite was 

hydrated.  The excavated soil was placed around the flux chamber rim and compacted, to form 

an air-tight seal. 

 

2.3 LANDFILL GAS READINGS 

MM&A personnel collected landfill gas measurements from the four landfill gas probes and six 

flux chambers on June 12, 2014.  Field equipment used for the landfill gas survey included:  

• GEM 2000+: Methane, Carbon Dioxide, Oxygen, Hydrogen Sulfide, Barometric Pressure 
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• MiniRAE 3000 Photoionization Detector (PID): VOCs 

• Jerome J405: Mercury vapor analyzer 

• Thermohygrometer: Temperature and Relative Humidity 

 

All field equipment was calibrated by the rental facility before the equipment was taken to the 

site.  While on-site, all equipment was field calibrated prior to collecting the landfill gas 

readings, and subsequently bump tested periodically throughout the day.  Calibration data is 

included in Appendix C.  Initial landfill gas measurements were collected at each gas probe by 

first removing the locking well cap gas and replacing it with a slip cap containing a sampling 

port composed of Teflon tubing.  The sample port was then connected to the Gem2000+ 

instrument and allowed to purge for 30 seconds before a landfill gas reading was collected.  A 

mercury vapor analyzer and a PID were then each connected to the sampling port, allowed to 

purge, and readings were collected.  If mercury concentrations were detected at a gas probe 

location, a duplicate mercury reading was immediately recorded for confirmation purposes.  

Once the initial landfill gas readings were collected from each gas probe, the slip cap was 

removed and replaced with the original locking well cap.  Background ambient air readings were 

also recorded adjacent to each gas probe location.  Barometric pressure, humidity, and 

temperature readings were recorded hourly.  

 

Following the collection of the initial landfill gas readings, additional confirmation readings 

were recorded from all gas probes and flux chambers (GP-1 through GP-10).  Confirmation 

landfill gas readings were collected from each gas probe using the same procedure as the initial 

readings.  The locking well caps, located at each gas probe, were closed following the 

completion of the initial readings, and then removed immediately before the collection of the 

confirmation readings.  Brief descriptions of the landfill gas field sampling results are 

summarized below: 

• Reportable concentrations of methane were detected in GP-2, GP-3, and GP-4, at 

concentrations ranging from 14.8% to 29.8% by volume, and each exceeding 100% of the 

lower explosive limit (LEL). 
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• Reportable concentrations of carbon dioxide were detected in all the gas probes and flux 

chambers ranging from 0.1 parts per million (ppm) to 28.7 ppm.  

• Reportable concentrations of VOCs were detected in GP-1, GP-3, GP-5, GP-6, GP-7, 

GP-8, GP-9, GP-10, ranging from 0.5 ppm to 457 ppm. 

• Reportable concentrations of mercury were detected in gas probes GP-1, GP-2, GP-4, 

GP-7, GP-8, and GP-9, ranging from 3.0 to 64 ug/m3. 

• No reportable concentrations of hydrogen sulfide were detected in any gas probe during 

the landfill gas screening activities.  

Landfill gas readings are presented in Table 2 and on Figure 2.  Field notes from the field 

activities are included in Appendix C. 
 
 
3.0 INVESTIGATIVE-DERIVED WASTE 

Investigative-derived waste (IDW) generated during the soil boring installation was disposed of 

in accordance with NCDENR guidelines.  Clean soils recovered during the well installation 

activities were spread on the ground surface.  Debris recovered during the installation of GP-2, 

GP-3, and GP-4, was placed into a 55-gallon drum.  One drum of debris, from the current 

assessment activities, was stored on-site within the temporary fenced area along with the three 

drums of soil and three drums of water stored during the previous sampling event.  The fenced 

area was then secured with a lock and chain.  

 

4.0 REPORT CERTIFICATION 

The report certification as specified in the NCDENR guidance document Guidelines for 

Addressing Pre-Regulatory Landfills and Dumps, December 2013 is provided in Appendix D.  
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VOCs CH4 CO2 O2 H2S Hg
(ppm) (%vol) (%vol) (%vol) (µg/m³) (µg/m³)

0 25.4 15.3 6.1 0.0 0.000023
GP-2

VOCs CH4 CO2 O2 H2S Hg
(ppm) (%vol) (%vol) (%vol) (µg/m³) (µg/m³)
120 29.8 28.7 4.5 0.0 0.000064

GP-3

VOCs CH4 CO2 O2 H2S Hg
(ppm) (%vol) (%vol) (%vol) (µg/m³) (µg/m³)

0 15.8 11.6 11.0 0.0 0.000023
GP-4
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Table 2                      
Landfill Gas Readings        

Lumberton LDFL
NONCD0000712               

Lumberton, Robeson County, North Carolina

Page 1 of 1

VOCs CO2 O2 H2S Hg*

ppm %Vol %LEL %Vol %Vol ug/m3 ug/m3 

13:22 158 0 0 0.3 20.7 0.0 0.0
14:32 207 0 0 0.4 20.5 0.0 3.0/0.0
11:52 0.0 25.4 >100 15.3 4.4 0.0 23.0/19.0
13:49 0.0 23.7 >100 13.7 6.1 0.0 8.0/8.0
11:41 120 29.8 >100 28.7 3.7 0.0 64.0
13:38 0.05 29.5 >100 27.2 4.5 0.0 40.0/54.0
12:00 0.0 14.8 >100 11.6 10.5 0.0 23.0/20.0
13:54 0.0 15.8 >100 11.4 11.0 0.0 12.0/12/0
12:15 703 0.0 0.0 0.5 19.2 0.0 0.0
14:24 1.9 0.0 0.0 0.4 20.4 0.0 0.0
13:02 7.8 0.0 0.0 0.3 20.4 0.0 0.0
14.19 8.7 0.0 0.0 0.4 20.7 0.0 0.0
12:08 242 0.0 0.0 0.2 18.7 0.0 8.0/9.0
13:58 1.6 0.0 0.0 0.1 20.4 0.0 3.0/4.0
12:22 457 0.0 0.0 1.1 18.8 0.0 4.0/0.0
12:27 1.9 0.0 0.0 1.0 20.2 0.0 0.0
12:29 Error 0.0 0.0 0.2 19.9 0.0 4.0/0.0
14:09 18.6 0.0 0.0 0.2 21.0 0.0 0.0
12:37 267 0.0 0.0 0.4 19.7 0.0 0.0
14:13 2.0 0.0 0.0 0.4 20.6 0.0 0.0

VOCs - Volatile Organic Compounds ppm - parts per million
CH4  - Methane %Vol - Percent by Volume
CO2 - Carbon dioxide %LEL - Percent of the lower explosive limit
O2 - Oxygen ug/m3 - mircograms per cubic meter
H2S - Hydrogen Sulfide GP - Gas Probe 
* Duplicate readings were recorded at each location with reportable concentrations of Hg. 
Error = Instrument Error

GP-7

GP-8

GP-9

GP-10

GP-2

GP-3

GP-4

GP-5

GP-6

GP-1

Screening 
Date

Screening 
ID# Time

CH4

6/12/2014

6/12/2014

6/12/2014

6/12/2014

6/12/2014

6/12/2014

6/12/2014

6/12/2014

6/12/2014

6/12/2014



Table 1
Gas Probes - Construction Details

City of Lumberton LDFL (NONCD0000712)
Lumberton, Robeson County, North Carolina

Page 1 of 1

Well ID Date 
Installed

Total Boring 
Depth (ft)

Total Probe 
Depth (ft)

Screen 
Interval (ft)

Sand Interval 
(ft) 

Bentonite 
Interval (ft)

Grout Interval 
(ft)

GP-2 6/9/2014 14 7 5-7 5-14 3-5 0-3

GP-3 6/10/2014 14 8 5-8 5-14 3-5 0-3

GP-4 6/9/2014 14 8 5-8 5-14 3-5 0-3

GP-7 6/9/2014 14 7 5-7 5-14 3-5 0-3

Notes:

GP-1, GP-5,  GP-6, GP-8, GP-9, and GP-10 installed as flux chambers.

(ft) - Feet
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Soil Boring Logs



City of Lumberton LDFL
NONCD0000712

NCUL233P5

GP-2

Date Started : 6/9/2014

Date Completed : 6/9/2014

Hole Diameter : 

Drilling Method : Hollow Stem Augers

Sampling Method : 

Logged By : Chris Hanley

Drilling Firm : SAEDACCO

Northing Coord. : 

Easting Coord. : 

Depth
in

Feet

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

Surf.
Elev. DESCRIPTION

Silty SAND, orange/dark tan, dry, 
uniform.

SAND, gray, uniform, moist.

Clayey SAND, brown, dry, no 
plasticity.

Silty SAND, tan, moist, uniform, no 
plasticity.

SAND, white/very light gray, moist, 
no plasticity, uniform.

SAND, white/very light gray, 
saturated, no plasticity, uniform.

Bottom of boring.

G
R

A
P

H
IC

U
S

C
S

SM

SP

SC

SM

SP

SP

Sample
Interval
(feet)

GP-2

Sand

Grout

Bentonite

Riser

0.010" Screen

PID
Ready
(ppm)

REMARKS



City of Lumberton LDFL
NONCD0000712

NCUL233P5

GP-3

Date Started : 6/10/2014

Date Completed : 6/10/2014

Hole Diameter : 

Drilling Method : Hollow Stem Augers

Sampling Method : 

Logged By : Chris Hanley

Drilling Firm : SAEDACCO

Northing Coord. : 

Easting Coord. : 

Depth
in

Feet

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

Surf.
Elev. DESCRIPTION

Silty SAND, gray, stiff, dry, no 
plasticity, debris (plastic, glass, cloth, 
metal) at 2'.

Silty SAND, dark gray, dry, debris 
4'-6'.

SAND, gray, moist, no debris, no 
plasticity, uniform, trash odor.

SAND, light gray, uniform, saturated, 
no plasticity.

Bottom of boring.

G
R

A
P

H
IC

U
S

C
S

SM

SM

SP

SP

LEL %

100%

0%

GP-3

Sand

Grout

Bentonite

Riser

0.010" Screen

PID
(ppm)

0.2ppm

0.1ppm

REMARKS

Debris 2'-6' BGS.



City of Lumberton LDFL
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NCUL233P5

GP-4

Date Started : 6/9/2014

Date Completed : 6/9/2014

Hole Diameter : 

Drilling Method : Hollow Stem Augers

Sampling Method : 

Logged By : Chris Hanley

Drilling Firm : SAEDACCO

Northing Coord. : 

Easting Coord. : 

Depth
in

Feet

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

Surf.
Elev. DESCRIPTION

Silty SAND, orange/dark tan, dry, no 
plasticity, non-uniform, debris (small 
plastic) starting at ~3' BGS-5' BGS.

Silty SAND, tan, moist, no plasticity, 
uniform, fine grained, no debris.

Silty SAND, tan, moist, no plasticity, 
uniform, fine grained, no debris.

Silty SAND, white, soft, uniform, 
saturated.

Bottom of boring.

G
R

A
P

H
IC

U
S

C
S

SM

SM

SM

SM

LEL %

8%

GP-4

Sand

Grout

Bentonite

Riser

0.010" Screen

PID
(ppm)

0.1ppm

REMARKS

Debris 3'-5' BGS.



City of Lumberton LDFL
NONCD0000712

NCUL233P5

GP-5

Date Started : 6/9/2014

Date Completed : 6/9/2014

Hole Diameter : 8 Inches

Drilling Method : Hollow Stem Augers

Sampling Method : 

Logged By : Chris Hanley

Drilling Firm : SAEDACCO

Initial Water Depth : 

Final Water Depth : 

Depth
in

Feet

0

1

2

3

4

5

6

7

8

9

10

Surf.
Elev. DESCRIPTION

SAND, dark tan, non-uniform.

Sandy CLAY, light brown, low plasticity, some 
moisture.

Silty CLAY, dark gray, low plasticity, debris (metal, 
plastic, cloth) at 4'-6.5'.

Silty CLAY, dark gray, wet, medium-low plasticity, 
debris (plastic, metal, cloth).

Silty CLAY, dark gray, saturated, medium-low 
plasticity, debris (plastic, metal, cloth).

Bottom of boring.

G
R

A
P

H
IC

U
S

C
S

SW

ML

ML

CL

CL

LEL
(%)

37%

0%

PID
(ppm)

0.1ppm

0.1ppm

Sample REMARKS

Flux chambers installed.

Water in boring at ~6' BGS.



City of Lumberton LDFL
NONCD0000712

NCUL233P5

GP-7

Date Started : 6/9/2014

Date Completed : 6/9/2014

Hole Diameter : 

Drilling Method : Hollow Stem Augers

Sampling Method : 

Logged By : Chris Hanley

Drilling Firm : SAEDACCO

Northing Coord. : 

Easting Coord. : 

Depth
in

Feet

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

Surf.
Elev. DESCRIPTION

SAND, dark brown/black, 
non-uniform, dry.

SAND, light gray, non-uniform, dry.

Silty CLAY with some sand, 
red/brown, stiff, medium plasticity, 
dry.

Clayey SAND, red/brown, moist, soft, 
no plasticity, medium-grained sand.

SILT, white/very light gray, soft, wet, 
no plasticity.

SILT, white/very light gray, soft, 
saturated, no plasticity.

Bottom of boring.

G
R

A
P

H
IC
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City of Lumberton LDFL
NONCD0000712

NCUL233P5

GP-8

Date Started : 6/9/2014

Date Completed : 6/9/2014

Hole Diameter : 8 Inches

Drilling Method : Hollow Stem Augers

Sampling Method : 

Logged By : Chris Hanley

Drilling Firm : SAEDACCO

Initial Water Depth : 

Final Water Depth : 

Depth
in

Feet

0

1

2

3

4

5

6

7

8

9

10

Surf.
Elev. DESCRIPTION

Silty CLAY, some large sand intermixed, light brown, 
soft, moist, low plasticity.

Silty SAND with some clay, light brown, soft, moist.

SAND, coarse, wet, soft, no plasticity, uniform.

Silty SAND, medium grained, saturated, no plasticity, 
uniform.

Bottom of boring.
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Sample REMARKS

Flux chambers installed.



 

 

 

APPENDIX B 

  Tabulated GPS Coordinates 



Page 1 of 1

Northing Easting Latitude Longitude

GP-1 Flux Chamber 103771.8747 602146.0874 34.685433 -79.081362

GP-2 Gas Probe 103822.3038 602017.3273 34.685887 -79.082768

GP-3 Gas Probe 103733.0038 601987.6045 34.685081 -79.083091

GP-4 Gas Probe 103820.926 601955.724 34.685874 -79.08344

GP-5 Flux Chamber 103724.3969 601829.5237 34.685003 -79.084817

GP-6 Flux Chamber 103614.1827 601925.9536 34.68401 -79.083763

GP-7 Gas Probe 103865.4315 601831.9999 34.686274 -79.084791

GP-8 Flux Chamber 103832.8877 601706.984 34.68598 -79.086155

GP-9 Flux Chamber 103708.336 601717.3293 34.684857 -79.086041

GP-10 Flux Chamber 103613.7473 601727.9126 34.684004 -79.085925

Appendix B

Decimal Degrees*State Plane*

(Meters)

City of Lumberton LDFL (NONCD0000712)
Lumberton, Robeson County, North Carolina

Tabulated GPS Coordinates

* State plane coordinate system is North Carolina State Plane FIPS 3200, NAD83(86). Decimal degrees are GCS North American 
1983.

ID Description



 

 

 

APPENDIX C 

Field Notes 







































 

 

 

APPENDIX D 

Report Certification  
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