
 
5400 Glenwood Avenue, Suite 300 

Raleigh, North Carolina 27612 

tel: 919 787-5620 

fax: 919 781-5730 

 
October 2, 2013 
 
 
Ms. Shannon Aufman 
North Carolina Department of Environment  
and Natural Resources 
Pre-Regulatory Landfill Unit 
1601 Mail Service Center 
Raleigh, North Carolina 27699-1601 
 
 

Subject:  Remedial Investigation - Landfill Gas Evaluation  
   Swannanoa Landfill 
   Swannanoa, Buncombe County, North Carolina 
   Site ID# NCD980557987 
  Task Order 7987DP-8 

 
 
Dear Ms. Aufman: 

CDM Smith Inc. (CDM Smith) is pleased to submit the Remedial Investigation – Landfill Gas Evaluation 
report for the Swannanoa Landfill (site) located adjacent to Mountain Crest Ridge Road, Swannanoa, 
North Carolina in accordance with Task Order 7987DP-8. This letter report presents the results of the 
landfill gas (LFG) probe evaluation and screening that was completed as part of Task Order 7987DP-7. 
This investigation was performed in accordance with the Work Plan approved by the Department of 
Environment and Natural Resources Division of Waste Management – Superfund Section – Inactive 
Hazardous Sites Branch – Pre-Regulatory Landfill Unit on June 10, 2013 and CDM Smith’s Standard 
Operating Procedures and Quality Assurance manual.  

The purpose of this investigation was to abandon and reinstall LFG probes GP-6, -7, -9, -10, -13, and     
-16 and evaluate the remaining gas probes (i.e. GP-1, -2, -3, -4, -5, -8, -11, -12, -14, and -15) for a 
proper seal. Additionally, the reinstalled and existing probes were screened for oxygen, carbon 
dioxide, methane and total volatile organic compounds (VOCs). The LFG probe abandonment and 
reinstallation was completed by a drilling subcontractor using a Geoprobe® 6610 drill rig under the 
supervision of CDM Smith on July 9-10, 2013. A site map showing the LFG probe locations is provided 
on Figure 1. Field activities and screening results are discussed below. Note that variances to the Work 
Plan are discussed in each section. 

Landfill Gas Probe Abandonment 
LFG gas probes GP-6, -7, -9, -10, -13, and -16 were abandoned by removing the 1-inch diameter 
Schedule 40 polyvinyl chloride (PVC) riser and screen and tremie grouting the probe annulus with a 
Portland cement grout from the bottom of the annulus to ground surface. The above-grade protective 

 



cover and 2’ x 2’ x 6” concrete pad that was installed for LFG probe GP-13 was removed and disposed 
of.  

Landfill Gas Probe Evaluation 

The seal integrity of the LFG probes that were not abandoned was evaluated by screening each probe 
for oxygen, carbon dioxide, and methane and comparing that reading to ambient atmospheric 
conditions. The probe seals were deemed sufficient if oxygen in the probe was less than ambient 
atmospheric conditions and carbon dioxide was higher than ambient atmospheric conditions. The 
assessment parameters were screened using a calibrated Landtec GEM 2000.  

The seal integrity at LFG probes GP-1, -2, -3, -4, -8, -11, -12, -14, and -15 was determined to be 
sufficient based on the screening results. Positive pressure was observed in LFG probes GP-2, -3, and   
-12 during the seal evaluation and LFG screening. Positive pressure was also observed in GP-13 prior 
to abandonment. Field notes with the screening results for the seal evaluation are provided in 
Appendix A.  

The PVC riser for LFG probe GP-5 was found broken from what appeared to have been the result of a 
tree limb falling on the probe. A 1-inch diameter coupling was installed to repair the riser. The initial 
oxygen and carbon dioxide measurement following the repair of GP-5 during the seal evaluation was 
18.8 and 1.8 percent respectively, which is within the criteria for a sufficient seal. 

Landfill Gas Probe Installation 
The Work Plan stated that LFG probes GP-6, -7, -9, -10, -13, and -16 and any probe determined to 
have an improper seal would be abandoned and reinstalled adjacent to the original location. During 
the seal evaluation, groundwater levels were measured in each of the LFG probes using an electronic 
water level indicator with an accuracy of 0.01 feet. Groundwater levels were elevated in LFG probes 
GP-6, -7, -9, and -10. As a result, these probes were not replaced following abandonment because a  
5-foot seal could not have been installed in the vadose zone to prevent short-circuiting of air from the 
surface. A summary of the groundwater levels measured in each LFG probe is provided in Table 1.    

As stated in the Work Plan, LFG probe GP-13 was to be reinstalled and screened near the bottom of 
waste using direct-push drilling techniques. Perched groundwater was encountered from 6 to 17 feet 
below ground surface (bgs) while attempting to install GP-13. The boring was continued to 17 feet to 
determine the thickness of the perched groundwater zone and to assess if the boring could be 
completed without introducing potentially impacted perched groundwater deeper into the formation. 
Three attempts were made to install GP-13 by offsetting approximately 5 feet in different directions 
from the original boring location but were unsuccessful due to perched groundwater. Note that 
refusal was encountered at 16 and 17 feet bgs while attempting to install GP-13.  

LFG probe GP-16 was reinstalled outside of the waste boundary using a hand-auger. The Geoprobe® 
could not access this location due to dense vegetation and steepness of the slope. The probe was 
constructed with 1-inch diameter Schedule 40 PVC riser flush-threaded to 5-feet of 0.010-inch 
machine slotted Schedule 40 PVC screen. A sand filter pack was installed 1-foot above the screen. A  
2-foot thick bentonite seal was installed and hydrated above the sand filter pack. The remainder of 
the borehole annulus was completed with a Portland cement and bentonite grout mixture to land 
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surface. An identification placard was attached to the cement base of the probe and a locked 
expansion plug was installed. Boring logs for GP-13 and -16 are provided in Appendix B.   

Landfill Gas Probe Screening 
The LFG probes were screened on July 10-11, 2013 for oxygen, carbon dioxide, methane, and VOCs 
using a calibrated Landtec GEM 2000 (GEM 2000) and a MiniRae 2000. Additionally, barometric 
pressure, temperature, and humidity were recorded every hour during the screening process. The 
GEM 2000 was used to measure barometric pressure and a hygrometer was used to measure 
temperature and humidity. Note that LFG probe GP-16 was the only probe screened on July 11, 2013 
to allow for 24-hours of stabilization after installation.  

Each LFG probe was screened by installing a temporary 1-inch diameter slip cap fitted with a plastic 
quick connect for connecting Teflon®-lined tubing to the field instruments immediately upon 
removing the expansion plug. The assessment parameters were recorded in the site dedicated 
logbook after stabilization. The screening results are provided in the field notes in Appendix A. 

Methane was detected above the lower explosive limit in all of the LFG probes with the exception of 
GP-5 and -16. VOCs were detected in LFG probes GP-1, -2, -3, -11, -12, -14, and -15. VOC 
concentrations ranged from 1.4 parts per million (ppm) in GP-11 and -15 to 11.3 ppm in GP-12. 
Oxygen was measured below ambient atmospheric conditions in all LFG probes. However, oxygen was 
measured slightly below ambient atmospheric conditions (20.9 percent) at 19.9 percent in GP-5. The 
elevated oxygen in GP-5 may have been a result of not allowing enough time for stabilization after 
repairing the damaged riser. Based on a discussion of the measurement with the Pre-Regulatory 
Landfill Unit during the investigation, it was determined that future screening results from GP-5 would 
be evaluated to determine if the probe should be abandoned. The LFG probe screening results are 
summarized in Table 2 and on Figure 1. 

Quality Assurance/Quality Control 
The field instrumentation was calibrated each day prior to and after the seal evaluation and LFG 
screening in accordance with the manufacturer’s directions. Based on previous methane readings 
from the site, the GEM 2000 was calibrated using a 35 percent carbon dioxide and 50 percent 
methane gas with an expiration date of October 31, 2013. The field instrumentation was bump tested 
during the seal evaluation and LFG screening to verify the calibration and instrument accuracy. 
Calibration and bump test results along with the field instrumentation serial numbers were recorded 
in the site dedicated logbook.  

To ensure the validity of the seal evaluation and LFG screening results, changes in the weather, 
including barometric pressure, were monitored hourly. Weather conditions remained consistent 
during the seal evaluation and LFG screening and are provided in the field notes in Appendix A. 
Additionally, the assessment parameters did not fluctuate more than 2 percent during the seal 
evaluation and LFG screening.    

All areas disturbed during this investigation were restored by the drilling subcontractor. Restoration 
activities included smoothing ruts generated by the drill rig and the installation of grass seed and hay.  
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Investigative-Derived Waste 
Investigative-derived waste generated during this investigation consisted of well construction 
materials from the LFG probe abandonment, soil and waste cuttings from the attempts to install     
GP-13, and soil cuttings from the installation of GP-16. Well construction materials removed from the 
abandoned probes were disposed of offsite by the drilling subcontractor. Soil and waste cuttings 
generated during each attempt to install GP-13 were placed back in the borehole annulus and 
compacted by foot at land surface. Soil cuttings from LFG probe GP-16 were spread on the ground 
surface as this probe was installed outside of the waste limits. 

Report Certification 

The report certification as specified in the Inactive Hazardous Sites Program, Guidelines for Addressing 
Pre-Regulatory Landfills & Dumps, August 2012 is provided in Appendix C. 

If you have any questions or require further explanation, do not hesitate to call me at (919) 787-5620. 

Very truly yours, 

Mathew F. Colone, P.G. 
CDM Smith Inc. 
 
cc: Daniel Forbes, CDM Smith 
       Aaron Weispfenning, CDM Smith 
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Site ID# NCD980557987 Page 1 of 1 Table 1

Depth to Water Below 
Ground Surface

(feet)
GP-1 17.8 8.41 10-15
GP-2 18.9 14.10 10-15
GP-3 18.8 14.59 10-15
GP-4 18.9 9.49 10-15
GP-5 14.9 9.80 10-15
GP-6 9.2 6.06 2-7
GP-7 10.0 5.81 3-8
GP-8 16.7 7.91 9-14
GP-9 10.0 3.47 5-10

GP-10 10.0 1.83 5-10
GP-11 18.3 2.34 10-15
GP-12 18.8 13.85 10-15
GP-13 36.0 Dry 31-36
GP-14 18.8 Dry 10-15
GP-15 17.3 Dry 10-15
GP-16 10.7 Dry 3-8

Notes:
1. Groundwater levels were measured on 7/9/2013.
2. bgs -below ground surface
3. btoc - below top of casing
4. GP-9 and -13 were abandoned on 7/9/2013. GP-6, -7, and -10 were abandoned on 7/10/2013.
5. The measurement at GP-16 was recorded before the well was replaced on 7/9/2013.

Table 1
Landfill Gas Probe Groundwater Levels

Swannanoa Landfill
Site Identification Number - NCD980557987

Gas Probe Code Total Depth                                         
(feet btoc)

Screen Interval                                                          
(feet bgs)



Site ID# NCD980557987 Page 1 of 1 Table 2

Date Time Methane
Carbon 
Dioxide Oxygen Balance LEL Total VOCs

(%) (%) (%) (%) (%) (ppm)
GP-1 7/10/13 1410 49.4 27.4 3.8 19.4 >100 5.1
GP-2 7/10/13 1422 60.6 39.4 0.0 0.0 >100 2.9
GP-3 7/10/13 1431 59.1 40.7 0.2 0.0 >100 3.9
GP-4 7/10/13 1451 29.4 10.1 12.3 48.2 >100 0.0
GP-5 7/10/13 1540 2.3 1.5 19.9 76.3 46 0.0
GP-8 7/10/13 1526 29.4 17.3 11.3 42.0 >100 0.0

GP-11 7/10/13 1603 20.9 10.9 14.2 54.0 >100 1.4
GP-12 7/10/13 1611 59.2 40.8 0.0 0.0 >100 11.3
GP-14 7/10/13 1554 59.9 39.8 0.3 0.0 >100 5.6
GP-15 7/10/13 1442 56.0 36.5 0.1 7.4 >100 1.4
GP-16 7/11/13 0815 0.0 4.3 15.1 80.6 0 0.0

Notes:
1. LEL - Lower Explosive Limit
2. VOCs - Volatile Organic Compounds
3. ppm - parts per million
4. 7/10/2013 Weather Conditions: Temperature = 80 °F, Barometric Pressure = 27.54" Hg, Humidity = 66%
5. 7/11/2013 Weather Conditions: Temperature = 66 °F, Barometric Pressure = 27.63" Hg, Humidity = 99%
6. The landfill gas was under positive pressure in GP-2, -3, and -12.
7. GP-9 and -13 were abandoned on 7/9/2013. GP-6, -7, and -10 were abandoned on 7/10/2013.
8. A calibrated Landtec GEM 2000 was used to record barometric pressure and a hygrometer was used to 
   record temperature and humidity.

Table 2
Landfill Gas Probe Screening Results

Swannanoa Landfill
Site Identification Number - NCD980557987

Gas Probe 
Code





 

 

 

 

 

 

 

 

 

Appendix A 

Field Notes 
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Appendix B 

Boring Logs 
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Site ID# NCD980557987 GP-13

Project: Start Date: 7/9/2013  
Project No.: End Date: 7/9/2013
Logged/Checked By: Total Depth: 17'
Location Code: Surface Casing Dia./Depth: None
Location: Well Casing Dia./Depth: None
Driller: Screen Dia./Depth/Slot: None

Depth (feet) Recovery       
(percent) Probe Construction                                                                                                                                                                                                                                          

1

2

3

7

6

40
WASTE (fabric, plastic, paper), silt, sandy, trace clay and gravel, light to dark gray, 

and pale brown, sand fine-grained, medium dense, micaceous, wet
(Perched groundwater present at 6 feet) No Probe Installed/Boring 

Abandoned Due to Perched 
Groundwater

Direct-Push refusal at 17 feet.18

11

12

13

14

GP-13 Boring Log
Swannanoa Landfill

127844-97867
Dan Forbes/Mathew Colone

GP-13

8

9

10

Swannanoa, Buncombe County, North Carolina

40

CLAY, silty, trace sand, brown, soft to medium stiff, plastic, organics, micaceous, moist

SILT, sandy, trace weathered rock, brown and light brown, sand fine-grained, loose to 
medium dense, micaceous, moist

WASTE (plastic, foam), silt, sandy, gray to dark gray, sand fine-grained, medium 
dense, micaceous, moist

Probe Technology, Inc.
Drilling Method: Direct-Push, Geoprobe® 6610

Formation Description

4

5

60

25

WASTE (fabric, plastic, paper, some foam), silt, sandy, trace clay and gravel, light to 
dark gray, and pale brown, sand fine-grained, medium dense to dense, micaceous, wet

15

16

17

WASTE (fabric, plastic, paper), silt, sandy, trace clay and gravel, light to dark gray, 
and pale brown, sand fine-grained, dense, micaceous, wet



Site ID# NCD980557987 GP-16

Project: Swannanoa Landfill Start Date: 7/9/2013  
Project No.: 127844-97867 End Date: 7/9/2013
Logged/Checked By: Aaron Weispfenning/Mathew Colone Total Depth: 11'
Location Code: GP-16 Surface Casing Dia./Depth: None
Location: Swannanoa, Buncombe County, North Carolina Well Casing Dia./Depth: 1" PVC to 6'
Driller: Probe Technology, Inc. Screen Dia./Depth/Slot: 1" PVC: 6'-11', 0.01"

Depth (feet) Probe Construction                                                                                                                                                                                                                                          
Above-Grade Completion

1
SILT, clayey, sandy, organics, brown, sand fine-grained, soft to medium stiff, plastic, micaceous, moist

SILT, sandy, trace clay and weathered rock, light brown to brown, and orangish brown, sand fine-
grained, loose to medium dense, micaceous, moist

SILT, sandy, trace weathered rock, brown to dark brown, and orangish brown, sand fine-grained, loose 
to medium dense, micaceous, black mineralization, moist

2

3

4

8

9

10

11

5

6

7

12 Boring terminated at 11 feet.

GP-16 Boring Log

Drilling Method: Hand-Auger

Formation Description

1" PVC End 
Cap

Portland 
Cement

Bentonite 
Seal

Bentonite 
Seal

Portland 
Cement



 

 

 

 

 

 

 

 

 

Appendix C 

Report Certification 
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