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1.0 INTRODUCTION

In accordance with the North Carolina Department of Transportation (NCDOT) Request for
Proposal, dated October 11, 2011, AMEC of North Carolina, Inc. (AMEC) has performed a
Preliminary Site Assessment (PSA) for the Former Crumbley Property (the Site) to be
effected by a road improvement project along NC 24, Trumpet interchange between SR
1308 and the US 17 Bypass. The Site, which is located at 1551 Lejeune Boulevard,
currently houses a vacant service station building and is identified as Parcel #905. The
property is located approximately 950 feet west of the corner of the intersection of Lejeune
Boulevard and Bell Fork Road in the city of Jacksonville of Onslow County, North Carolina.
The investigation was conducted in accordance with AMEC’s Technical and Cost proposal
dated October 21, 2011.

NCDOT contracted AMEC to perform a PSA on the Former Crumbley Property because
historically the site operated as a gas station. The PSA was performed to determine the
extent of soils, which have been impacted by petroleum compounds as a result of uses of
the property within the proposed design project area. This parcel will be affected by
construction activities associated with the trumpet interchange addition along NC 24.

The following report summarizes the site history, geophysical survey, location and
capacities of any USTs, and describes our field investigation with results of chemical
analyses. The report includes the evaluation of the analytical data with regards to the
presence or absence of soil contamination within the NCDOT design area of parcel #905
and estimates the extent of soil contamination.

1.1 Site Location and Vicinity

The Former Crumbley Property parcel is located approximately 950 feet west of the corner
of the intersection of Lejeune Boulevard with Bell Fork Road in Jacksonville of Onslow
County, North Carolina, as shown in Figure 1. The site is bound to the north by wooded,
undeveloped land and railroad tracks; to the east by wooded, undeveloped land and
railroad tracks, across which is a single-family residence; to the south by Lejeune
Boulevard, across which is wooded, undeveloped land; and to the west by the Ronnie
Henderson Property Parcel #906 and wooded, undeveloped land (Figure 2).
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1.2 Site Description and History

During September 2010, AMEC formerly MACTEC Engineering and Consulting, Inc.,
conducted a preliminary ESA at the property, which consisted of a geophysical survey and
conduct of soil borings SB-1 through SB-14 with sample collection and analysis.  At the
time the Site was significantly covered with piles of tires.  In the accessible areas surveyed,
the geophysics data did not indicated the presence of any metallic USTs.  Samples from
three of the 14 soil borings indicated petroleum hydrocarbon from 10 to 265 mg/kg, with the
most impact identified near the canopy (Table 1 and Figure 3). Appendix A includes the
September 2010 Former Crumbley Report.

The Site was most recently a tire business called Chico’s Tires.  Sometime within the last
year, the piles of tires observed in the 2010 ESA were removed. The Site currently consists
of a vacant service station building, which historically was a gas station. The Site has three
inactive raised-concrete dispenser islands, a canopy and a vacant service station. The
proposed NCDOT project will encompass the entire property.  Appendix B includes a
recent photo log for Parcel #905.

AMEC studied the North Carolina Department of Environment and Natural Resources
(NCDENR) UST Registered Tanks Database and the NCDENR Incident Management
Database. Through these efforts it was discovered that the NCDENR has identified this
parcel as a site with existing groundwater contamination but has rated this site as a “Low”
priority, indicating that known contamination is unlikely to impact off-site concerns.

2.0 GEOLOGY

2.1 Regional Geology

The Former Crumbley Property is located within the River Bend Formation of the Tertiary
sediments located in the Coastal Plain Physiographic Province of eastern North Carolina. The
River Bend Formation rocks comprise limestone, calcarenite overlain by and intercalated with
indurated, sandy, molluscan-mold limestone.
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2.2 Site Geology

Site geology was observed through the sampling of 25 shallow direct push probe soil
borings (SB) onsite. Borings ranged in total depth from eight to 12 feet below ground
surface (bgs). Native soils generally consisted of orange, well sorted and clayey fine- to
medium-grained sand.  Boring logs are presented in Appendix C. Moist soil conditions were
typically first encountered at a depth of 10 feet (ft) bgs.

One previously installed monitoring well was discovered onsite in the center of the former
UST bed. This area had not been visible during the 2010 ESA due to its location under a
pile of tires. Depth to water was measured at 10.88 ft bgs during this PSA. The well had a
tag and was identified as MW-1 with a total depth of 14.5 ft bgs, installation date of March
30, 2004 and screen interval from 5 to 15 ft bgs.

3.0 FIELD ACTIVITIES

3.1 Preliminary Activities

Prior to commencing field sampling activities at the site, several tasks were accomplished
in preparation for the subsurface investigation.  The Health and Safety Plan (HSP) was
modified to include the site-specific health and safety information. On November 10, 2011
a private utility locating company, Priority Underground Locating of Huntersville, North
Carolina cleared the proposed drilling locations that were marked in the field by AMEC
personnel. North Carolina-1-Call was contacted on November 8, 2011 to report the
proposed drilling activities and subsequently notify all affected utilities for the parcel.
Troxler Geologic Services, Inc. of Raleigh, North Carolina was retained by AMEC to
perform the direct push drilling and sampling. AMEC performed a geophysical survey
(electromagnetic and ground penetrating radar) onsite on November 1 and 2, 2011. The
geophysical results were reviewed and discussed at the completion of each survey. SGS
North America, Inc. was contacted for acquisition of sample containers.   Soil boring
locations were focused in areas previously obstructed due to piles of tires, as well as near
the former UST and canopy areas.
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3.2 Site Reconnaissance

AMEC personnel completed site reconnaissance on November 1, 2, and 10, 2011. During
reconnaissance, the area was visually examined for the presence of any UST or
areas/obstructions that could potentially affect the subsurface investigation and the number
of boring locations was discussed. Boring locations were marked on November 16, 2011.

3.3 Geophysical Survey

AMEC performed the geophysical surveys on November 1 and 2, 2011. AMEC utilized a
Geophex, Ltd. GEM -2 (GEM) to perform the electromagnetic induction surveys and a
Geophysical Survey Systems SIR-3000 to conduct the ground-penetrating radar (GPR)
investigations. Based on the geophysical data interpretations presented in the attached
report (Appendix D), combined with limited subsurface data that exist for the Site, and
observations made by personnel during geophysical data collection, the following has been
concluded: there appears to be minimal anomalous subsurface targets at the Site other
than those targets that correspond to known utility alignments, areas of reinforced concrete,
and above-ground sources of interference such as the service station and dispenser
station, metal signage and barbed wire fencing. However, there was an anomalous
reading in the vicinity of a surficial void in the northeast section of the geophysical survey
area.  Further investigation by GPR didn’t indicate any USTs in the vicinity of the void
space.  Regarding buried utility alignments, there were two utility alignments corresponding
with surface cuts and repairs trending from the service station to the dispenser station.
There was one subsurface utility alignment trending south of the service station towards
Lejeune Boulevard and another trending north from the service station and then turning
west, neither of these showed any surficial indications of a utility line.  There were no
identified subsurface utility alignments along the western side of the service station.

3.4 Well Survey

No well survey was performed as part of this PSA.  One monitoring well was observed
during the geophysical survey, as described above in Section 2.2.
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3.5 Soil Sampling

Soil boring occurred on November 16 and 17 at Parcel #905. A total of 25 direct push soil
borings were conducted within the NCDOT design project on Parcel #905, which
encompasses the entire site.

Figure 2 presents the Site Map with boring locations and identifications. These samples
were located to optimize the likelihood of intercepting any potential soil contamination by
targeting the previous inaccessible areas and to delineate the extent of contamination
around the canopy. Soil borings, SB-15 through SB-30 were placed in previously
inaccessible areas. Soil borings SB-31 through SB-39 targeted the UST area, the canopy,
the service station storefront and along NC 24. Soil Boring locations SB-33 through SB-39
exhibited elevated Photo Ionized Detector (PID) readings.

Soil samples were collected in accordance with EPA protocols in laboratory-supplied
containers.  The soil samples for Total Petroleum Hydrocarbons (TPH) –Gasoline Range
Organics (GRO) analysis were collected using the 5030 prep method with methanol
preservation.   Samples for TPH-Diesel Range Organics (DRO) analysis were collected in
4oz. glass containers.  Once placed in the containers, the samples were labeled with the
sample number, time of collection, date of collection, name of the collector, and the
requested analysis. The samples were packed on ice, and then hand delivered to SGS
North America, Inc. in Wilmington, a North Carolina Certified Laboratory following proper
chain-of-custody procedures.

3.6 Groundwater Sampling

On November 17, 2011, AMEC recorded field measurements of groundwater pH,
temperature, specific conductivity, dissolved oxygen (DO), and oxygen reduction potential
(ORP) during well-purging activities. The field measurements were collected from the
monitoring well until the field measurements of water quality parameters, pH, specific
conductivity and DO had stabilized in accordance with the guidelines presented in the
EPA’s Ground Water Issue Concerning Low-Flow (minimal drawdown) Ground-Water
Sampling Procedures, dated April 1996 (US EPA/540/S-95/504). This method confirms
that the standing water within the well had been removed such that the sample would be
representative of the groundwater in the aquifer beneath the site. A Monitoring Well
Sampling Worksheet with these data is included as Appendix E.
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On November 17, 2011, AMEC collected a groundwater sample from the monitoring well
using a peristaltic pump and new, dedicated, disposable tubing.  Prior to sample collection,
AMEC purged groundwater AMEC measured and recorded field parameters while we
purged the well.

AMEC decanted samples directly from the dedicated tubing for each well into pre-labeled,
laboratory-supplied sample containers.  The sample containers were placed into a cooler
filled with ice and delivered under chain-of-custody to SGS in Wilmington, North Carolina.
AMEC instructed SGS to test the groundwater sample for volatile organic compounds
(VOCs) according to EPA Method 8260B, for semi-volatile organic compounds (SVOCs)
according to EPA Method 8270D, and for volatile petroleum hydrocarbons (VPH) and
extractable petroleum hydrocarbons (EPH)  according to the method of the Massachusetts
Department of Environmental Protection (MADEP).

4.0 SOIL SAMPLING RESULTS

AMEC conducted soil sampling at the Site on November 16 and 17, 2011.  The purpose of
the sampling was to determine if releases of petroleum hydrocarbons had occurred, and if
so, to estimate the volume of soil that might require special handling during construction
activities.  The sampling was accomplished using direct push methods accompanied by
field screening for organic vapors with a PID. The laboratory results are tabulated in Table
1 along with the results from the September 2010 ESA.

A minimum of one soil sample was collected from each of the 25 newly completed soil
borings from Parcel #905. If impacted soil was identified, then additional soil samples were
obtained. Since soil borings SB-33 through SB-36, SB-38, and SB-39 had elevated PID
readings ranging from 4.3 to 1792 ppm at the 7-9 foot interval, additional shallower
samples were collected and analyzed.  No other soil borings exhibited elevated PID
readings; consequently additional soil samples were not warranted. Results from 11 of the
31 samples analyzed for DRO and GRO analyses reported detections of TPH. The
laboratory detected TPH DRO in the soil samples collected from four soil borings in
samples SB-16, SB-22, SB-35B, SB-36A, and SB-36B at concentrations that exceed
NCDENR’s Action Level of 10 mg/Kg. Soil boring SB-22 is located on western side of the
Site away from the source areas of the canopy and former UST bed.  The laboratory
detected TPH GRO in the soil samples collected from five soil borings in samples SB-33A,
SB-33B, SB-35A, SB-35B, SB-36A, SB-36B, SB-37, and SB-38B at concentrations that
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exceed the NCDENR Action Level of 10 mg/Kg. The laboratory detected TPH GRO in soil
boring SB-39B at a concentration above the laboratory reporting limit but not above the
Action Level of 10 mg/Kg. The remaining soil boring sample results were all below
reporting limits. Figure 3 shows the Site Map with Analytical Data and incorporates the
2010 ESA data and boring location’.

Based on the previous and recent field investigation and laboratory data, AMEC drew an
estimated area of contamination as shown on Figure 4. The canopy area and the southern
side of the service station storefront appear to be the source of impacted soil as nearby
borings exhibited TPH concentrations that exceed the Action Level of 10 mg/Kg from
depths ranging from 2 ft bgs to the total boring depth at 9 ft bgs. This estimated
contamination area equals 11,200 square ft and has a thickness from 2 ft bgs to at least 9 ft
bgs. Using a thickness of 7 ft, the resultant volume of estimated contamination would be
78,400 cubic feet, which is roughly 2,500-3,000 cubic yards.

Copies of the laboratory report and chain-of-custody documentation are included as
Appendix F.

4.1 GROUNDWATER SAMPLING RESULTS

The laboratory detected several analytes in the groundwater sample collected from
monitoring well MW-1 at concentrations that exceeded the laboratory reporting limits, but
not the respective NC 2L Standard. The detected analytes include benzene isomers,
naphthalene and 2-methylnaphthalene typical of a gasoline release. Laboratory analytical
results are summarized in Table 2 and on Figure 3. Copies of the laboratory report and
chain-of-custody documentation are included as Appendix F.

5.0 CONCLUSIONS

The following conclusions are based upon AMEC’s evaluation of field observations and
laboratory analyses of samples collected from the Site on January 28, 2011 while
incorporating results from the 2010 ESA.

 The property is presently vacant however most recently was a tire business
and historically was a gas station.
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 The NCDENR’s UST Registered Tanks Database and NCDENR’s Incident
Management Database has identified this parcel as a site with existing
groundwater contamination and has rated this site as a “Low” priority,
indicating that known contamination is unlikely to impact off-site concerns.

 The geophysical data did not indicate the presence of USTs.

 A total of 31 soil samples were collected and analyzed for TPH GRO and
DRO.

 One groundwater sample was collected and analyzed for VOCs, SVOCs,
MADEP VPH and EPH.

 Laboratory analyses indicated DRO and/or GRO detections above the
analytical method reporting level in 11 of the 31 soil samples.

 An estimated volume of at least 2,500-3,000 cubic yards of petroleum
contaminated soil has been calculated as being onsite. This soil is
predominantly located in the vicinity of the canopy (i.e. former
dispensers/pump islands) and to the west in front of the service station
building.

6.0 RECOMMENDATIONS

Since soil contamination was identified on the Site, NCDOT should remain cautious of
intercepting contaminated soil during road construction activities. If potentially impacted
soils are intercepted, AMEC recommends the following action:

 Segregation, followed by proper assessment and handling, of
potentially petroleum-impacted soil during roadway improvement
construction operations.

AMEC recommends that well MW1 be properly abandoned by a certified NC driller prior to
road construction activities.

AMEC recommends further investigation of the void, located in the northeast portion of the
geophysical survey area approximately 85 feet north of the service station and 120 feet
east of the western property boundary, via intrusive methods.
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Photograph No. 1 Remarks

 View of the
southern side of the
Site along NC 24.
View is to the west.

Photograph No. 2 Remarks

 View of the
southern side of the
Site along NC 24.
View is to the east.
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Photograph No. 3 Remarks

 View of western
side of the Site.
View is to the north.

Photograph No. 4 Remarks

 View of the rear of
the service station.
View is to the
south.
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Photograph No. 5 Remarks

 View of former UST
area and the
canopy. View is to
the southeast.

Photograph No. 6 Remarks

 View of the canopy.
View is to the
south.
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Photograph No. 7 Remarks

 View of the service
station and the
canopy.  View is to
the west.

Photograph No. 8 Remarks

 View of the
northern side of the
Site. View is to the
north.
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AMEC E&I, Inc.
4021 Stirrup Creek Drive, Suite 100
Durham, North Carolina

Soil Boring Sample Record

AMEC Project ID: Former Crumbley Property, Parcel #905 AMEC Field Representative
AMEC Project #: 6470-11-0529 Gillis
Date: 11-16-11
Boring ID: SB-15

Depth
Interval Soil Description Time

Headspace Screening
Results (in ppm)

Comments
PID

0-2 Top 3” asphalt, Brown silty fine to medium sand 0.0
2-4 Brown silty fine to medium sand 0.0
4-6 Orange to gray clayey fine to medium sand 0.0
6-8 Orange to gray clayey fine to medium sand 1015 0.0 Sample at 8’ bgs



AMEC E&I, Inc.
4021 Stirrup Creek Drive, Suite 100
Durham, North Carolina

Soil Boring Sample Record

AMEC Project ID: Former Crumbley Property, Parcel #905 AMEC Field Representative
AMEC Project #:  6470-11-0529 Gillis
Date: 11-16-11
Boring ID: SB-16

Depth
Interval Soil Description Time

Headspace Screening
Results (in ppm)

Comments
PID

0-2 Top 3” asphalt, Brown silty fine to medium sand 0.0
2-4 Brown silty fine to medium sand 0.0
4-6 Orange to gray clayey fine to medium sand 0.0
6-8 Orange to gray clayey fine to medium sand 1025 0.0 Sample at 8’ bgs



AMEC E&I, Inc.
4021 Stirrup Creek Drive, Suite 100
Durham, North Carolina

Soil Boring Sample Record

AMEC Project ID: Former Crumbley Property, Parcel #905 AMEC Field Representative
AMEC Project #:  6470-11-0529 Gillis
Date: 11-16-11
Boring ID: SB-17

Depth
Interval Soil Description Time

Headspace Screening
Results (in ppm)

Comments
PID

0-2 Top 3” asphalt, Brown silty fine to medium sand 0.0
2-4 Brown silty fine to medium sand 0.0
4-6 Orange to gray clayey fine to medium sand 0.0
6-8 Orange to gray clayey fine to medium sand 1040 0.0 Sample at 8’ bgs



AMEC E&I, Inc.
4021 Stirrup Creek Drive, Suite 100
Durham, North Carolina

Soil Boring Sample Record

AMEC Project ID: Former Crumbley Property, Parcel #905 AMEC Field Representative
AMEC Project #:  6470-11-0529 Gillis
Date: 11-16-11
Boring ID: SB-18

Depth
Interval Soil Description Time

Headspace Screening
Results (in ppm)

Comments
PID

0-2 Top 3” asphalt, Brown silty fine to medium sand 0.0
2-4 Brown silty fine to medium sand 0.0
4-6 Tan clayey fine to medium sand 0.0
6-8 Tan clayey fine to medium sand 1105 0.0 Sample at 8’ bgs



AMEC E&I, Inc.
4021 Stirrup Creek Drive, Suite 100
Durham, North Carolina

Soil Boring Sample Record

AMEC Project ID: Former Crumbley Property, Parcel #905 AMEC Field Representative
AMEC Project #:  6470-11-0529 Gillis
Date: 11-16-11
Boring ID: SB-19

Depth
Interval Soil Description Time

Headspace Screening
Results (in ppm)

Comments
PID

0-2 Top 3” asphalt, Brown silty fine to medium sand 0.0
2-4 Brown silty fine to medium sand 0.0
4-6 Orange to gray clayey fine to medium sand 0.0
6-8 Orange to gray clayey fine to medium sand 1110 0.0 Sample at 8’ bgs



AMEC E&I, Inc.
4021 Stirrup Creek Drive, Suite 100
Durham, North Carolina

Soil Boring Sample Record

AMEC Project ID: Former Crumbley Property, Parcel #905 AMEC Field Representative
AMEC Project #:  6470-11-0529 Gillis
Date: 11-16-11
Boring ID: SB-20

Depth
Interval Soil Description Time

Headspace Screening
Results (in ppm)

Comments
PID

0-2 Top 3” asphalt, Brown silty fine to medium sand 0.0
2-4 Brown silty fine to medium sand 0.0
4-6 Orange to gray clayey fine to medium sand 0.0
6-8 Orange to gray clayey fine to medium sand 1120 0.0 Sample at 8’ bgs



AMEC E&I, Inc.
4021 Stirrup Creek Drive, Suite 100
Durham, North Carolina

Soil Boring Sample Record

AMEC Project ID: Former Crumbley Property, Parcel #905 AMEC Field Representative
AMEC Project #:  6470-11-0529 Gillis
Date: 11-16-11
Boring ID: SB-21

Depth
Interval Soil Description Time

Headspace
Screening Results

(in ppm) Comments

PID

0-2 Top 3” asphalt, Orange to gray clayey fine to medium sand 0.0
2-4 Orange to gray clayey fine to medium sand 0.0
4-5 Orange to gray clayey fine to medium sand 0.0
5-6 Tan silty fine to medium sand 0.0
6-8 Tan silty fine to medium sand 1135 0.0 Sample at 8’ bgs



AMEC E&I, Inc.
4021 Stirrup Creek Drive, Suite 100
Durham, North Carolina

Soil Boring Sample Record

AMEC Project ID: Former Crumbley Property, Parcel #905 AMEC Field Representative
AMEC Project #:  6470-11-0529 Gillis
Date: 11-16-11
Boring ID: SB-22

Depth
Interval Soil Description Time

Headspace
Screening

Results (in ppm) Comments

PID

0-2 Top 3” asphalt, Orange to gray clayey fine to medium sand 0.0
2-4 Orange to gray clayey fine to medium sand 0.0
4-6 Orange to gray clayey fine to medium sand 0.0
6-8 Orange to gray clayey fine to medium sand 1145 0.0 Sample at 8’ bgs



AMEC E&I, Inc.
4021 Stirrup Creek Drive, Suite 100
Durham, North Carolina

Soil Boring Sample Record

AMEC Project ID: Former Crumbley Property, Parcel #905 AMEC Field Representative
AMEC Project #:  6470-11-0529 Gillis
Date: 11-16-11
Boring ID: SB-23

Depth
Interval Soil Description Time

Headspace Screening
Results (in ppm)

Comments
PID

0-2 Tan clayey fine to medium sand 0.0
2-4 Tan clayey fine to medium sand 0.0
4-6 Gray clayey fine to medium sand 0.0
6-8 Tan fine to medium sand 1155 0.0 Sample at 8’ bgs



AMEC E&I, Inc.
4021 Stirrup Creek Drive, Suite 100
Durham, North Carolina

Soil Boring Sample Record

AMEC Project ID: Former Crumbley Property, Parcel #905 AMEC Field Representative
AMEC Project #:  6470-11-0529 Gillis
Date: 11-16-11
Boring ID: SB-24

Depth
Interval Soil Description Time

Headspace Screening
Results (in ppm)

Comments
PID

0-2 Tan clayey fine to medium sand 0.0
2-4 Tan clayey fine to medium sand 0.0
4-6 Brown clayey fine to medium sand 0.0
6-8 Brown clayey fine to medium sand 1310 0.0 Sample at 8’ bgs



AMEC E&I, Inc.
4021 Stirrup Creek Drive, Suite 100
Durham, North Carolina

Soil Boring Sample Record

AMEC Project ID: Former Crumbley Property, Parcel #905 AMEC Field Representative
AMEC Project #:  6470-11-0529 Gillis
Date: 11-16-11
Boring ID: SB-25

Depth
Interval Soil Description Time

Headspace Screening
Results (in ppm)

Comments
PID

0-2 Tan clayey fine to medium sand 0.0
2-4 Tan clayey fine to medium sand 0.0
4-6 Brown clayey fine to medium sand 0.0
6-8 Brown clayey fine to medium sand 1345 0.0 Sample at 8’ bgs



AMEC E&I, Inc.
4021 Stirrup Creek Drive, Suite 100
Durham, North Carolina

Soil Boring Sample Record

AMEC Project ID: Former Crumbley Property, Parcel #905 AMEC Field Representative
AMEC Project #:  6470-11-0529 Gillis
Date: 11-16-11
Boring ID: SB-26

Depth
Interval Soil Description Time

Headspace Screening
Results (in ppm)

Comments
PID

0-2 Tan clayey fine to medium sand 0.0
2-4 Tan clayey fine to medium sand 0.0
4-6 Brown clayey fine to medium sand 0.0
6-8 Brown clayey fine to medium sand 1400 0.0 Sample at 8’ bgs



AMEC E&I, Inc.
4021 Stirrup Creek Drive, Suite 100
Durham, North Carolina

Soil Boring Sample Record

AMEC Project ID: Former Crumbley Property, Parcel #905 AMEC Field Representative
AMEC Project #:  6470-11-0529 Gillis
Date: 11-16-11
Boring ID: SB-27

Depth
Interval Soil Description Time

Headspace Screening
Results (in ppm)

Comments
PID

0-2 Tan clayey fine to medium sand 0.0
2-4 Tan clayey fine to medium sand 0.0
4-6 Gray clayey fine to medium sand 0.0
6-7 Gray clayey fine to medium sand 1430 0.0 Sample at 7’ bgs
7-8 Brown fine to medium sand (moist) 0.0



AMEC E&I, Inc.
4021 Stirrup Creek Drive, Suite 100
Durham, North Carolina

Soil Boring Sample Record

AMEC Project ID: Former Crumbley Property, Parcel #905 AMEC Field Representative
AMEC Project #:  6470-11-0529 Gillis
Date: 11-16-11
Boring ID: SB-28

Depth
Interval Soil Description Time

Headspace Screening
Results (in ppm)

Comments
PID

0-2 Tan clayey fine to medium sand 0.0
2-4 Tan clayey fine to medium sand 0.0
4-6 Brown clayey fine to medium sand 0.0
6-8 Brown clayey fine to medium sand 1500 0.0 Sample at 8’ bgs



AMEC E&I, Inc.
4021 Stirrup Creek Drive, Suite 100
Durham, North Carolina

Soil Boring Sample Record

AMEC Project ID: Former Crumbley Property, Parcel #905 AMEC Field Representative
AMEC Project #:  6470-11-0529 Gillis
Date: 11-16-11
Boring ID: SB-29

Depth
Interval Soil Description Time

Headspace Screening
Results (in ppm)

Comments
PID

0-2 Tan clayey fine to medium sand 0.0
2-4 Tan clayey fine to medium sand 0.0
4-6 Brown to gray clayey fine to medium sand 0.0
6-8 Brown to gray clayey fine to medium sand 1515 0.0 Sample at 8’ bgs



AMEC E&I, Inc.
4021 Stirrup Creek Drive, Suite 100
Durham, North Carolina

Soil Boring Sample Record

AMEC Project ID: Former Crumbley Property, Parcel #905 AMEC Field Representative
AMEC Project #:  6470-11-0529 Gillis
Date: 11-16-11
Boring ID: SB-30

Depth
Interval Soil Description Time

Headspace Screening
Results (in ppm)

Comments
PID

0-2 Tan clayey fine to medium sand 0.0
2-4 Tan clayey fine to medium sand 0.0
4-6 Brown clayey fine to medium sand 0.0
6-8 Brown clayey fine to medium sand 1540 0.0 Sample at 8’ bgs



AMEC E&I, Inc.
4021 Stirrup Creek Drive, Suite 100
Durham, North Carolina

Soil Boring Sample Record

AMEC Project ID: Former Crumbley Property, Parcel #905 AMEC Field Representative
AMEC Project #:  6470-11-0529 Gillis
Date: 11-16-11
Boring ID: SB-31

Depth
Interval Soil Description Time

Headspace Screening
Results (in ppm)

Comments
PID

0-2 Tan clayey fine to medium sand 0.0
2-4 Tan clayey fine to medium sand 0.0
4-6 Orange to gray clayey fine to medium sand 0.0
6-8 Orange to gray clayey fine to medium sand 0.0

8-10 Orange to gray clayey fine to medium sand 1600 0.0 Sample at 9’ bgs
10-12 Tan fine to medium sand (moist) 0.0



AMEC E&I, Inc.
4021 Stirrup Creek Drive, Suite 100
Durham, North Carolina

Soil Boring Sample Record

AMEC Project ID: Former Crumbley Property, Parcel #905 AMEC Field Representative
AMEC Project #:  6470-11-0529 Gillis
Date: 11-16-11
Boring ID: SB-33

Depth
Interval Soil Description Time

Headspace Screening
Results (in ppm)

Comments
PID

0-2 Tan clayey fine to medium sand 0.0
2-4 Tan clayey fine to medium sand 0.0
4-6 Brown to gray clayey fine to medium sand 1655 0.0 Sample SB-33A at 6’ bgs
6-8 Brown to gray clayey fine to medium sand 2.2
8-9 Brown clayey fine to medium sand 4.3 Sample SB-33B at 9’ bgs

9-10 Brown fine to medium sand (moist) 1705 147
10-11 Brown fine to medium sand (moist) 1589
11-12 Brown fine to medium sand (moist) 1722

Petroleum odor from 9’-12’ bgs



AMEC E&I, Inc.
4021 Stirrup Creek Drive, Suite 100
Durham, North Carolina

Soil Boring Sample Record

AMEC Project ID: Former Crumbley Property, Parcel #905 AMEC Field Representative
AMEC Project #:  6470-11-0529 Gillis
Date: 11-17-11
Boring ID: SB-34

Depth
Interval Soil Description Time

Headspace Screening
Results (in ppm)

Comments
PID

0-2 Top 3” asphalt, Tan clayey fine to medium sand 0.0
2-4 Tan clayey fine to medium sand 0.0
4-6 Brown to gray clayey fine to medium sand 0905 0.0 Sample SB-34A at 6’ bgs
6-8 Brown to gray clayey fine to medium sand 0915 27.6 Sample SB-34B at 8’ bgs

8-10 Brown to gray clayey fine to medium sand 43.0
10-12 Brown fine to medium sand (moist) 83.1

Petroleum odor from 6’-12’ bgs



AMEC E&I, Inc.
4021 Stirrup Creek Drive, Suite 100
Durham, North Carolina

Soil Boring Sample Record

AMEC Project ID: Former Crumbley Property, Parcel #905 AMEC Field Representative
AMEC Project #:  6470-11-0529 Gillis
Date: 11-17-11
Boring ID: SB-35

Depth
Interval Soil Description Time

Headspace
Screening Results

(in ppm) Comments

PID

0-2 Top 3” asphalt, Brown silty fine to medium sand 27.3
2-4 Tan clayey fine to medium sand 0930 5.2 Sample SB-35A at 2’ bgs
4-6 Tan to gray clayey fine to medium sand 477
6-8 Tan to gray clayey fine to medium sand 802

8-10 Tan to gray clayey fine to medium sand 0935 1792 Sample SB-35B at 8’ bgs
10-12 Brown fine to medium sand (moist) 1841

Petroleum odor throughout boring



AMEC E&I, Inc.
4021 Stirrup Creek Drive, Suite 100
Durham, North Carolina

Soil Boring Sample Record

AMEC Project ID: Former Crumbley Property, Parcel #905 AMEC Field Representative
AMEC Project #:  6470-11-0529 Gillis
Date: 11-17-11
Boring ID: SB-36

Depth
Interval Soil Description Time

Headspace
Screening
Results (in

ppm) Comments

PID

0-2 Top 3” asphalt, Orange to brown clayey fine to medium sand 97.0
2-4 Orange to brown clayey fine to medium sand 0945 22.2 Sample SB-36A at 2’ bgs
4-6 Orange to gray clayey fine to medium sand 344
6-8 Orange to gray clayey fine to medium sand 272 Sample SB-36B at 8’ bgs

8-10 Orange to gray clayey fine to medium sand 1000 1549
10-12 Gray silty fine to medium sand with some clay (moist) 313

Petroleum odor throughout boring



AMEC E&I, Inc.
4021 Stirrup Creek Drive, Suite 100
Durham, North Carolina

Soil Boring Sample Record

AMEC Project ID: Former Crumbley Property, Parcel #905 AMEC Field Representative
AMEC Project #:  6470-11-0529 Gillis
Date: 11-17-11
Boring ID: SB-37

Depth
Interval Soil Description Time

Headspace
Screening
Results (in

ppm) Comments

PID

0-2 Top 3” concrete, Brown clayey fine to medium sand 0.0
2-4 Brown clayey fine to medium sand 0.0
4-6 Brown to gray clayey fine to medium sand 0.0
6-8 Brown to gray clayey fine to medium sand 0.0

8-10 Brown to gray clayey fine to medium sand 1015 0.0 Sample at 8’ bgs
10-12 Orange to brown silty fine to medium sand with clay (moist) 362



AMEC E&I, Inc.
4021 Stirrup Creek Drive, Suite 100
Durham, North Carolina

Soil Boring Sample Record

AMEC Project ID: Former Crumbley Property, Parcel #905 AMEC Field Representative
AMEC Project #:  6470-11-0529 Gillis
Date: 11-17-11
Boring ID: SB-38

Depth
Interval Soil Description Time

Headspace
Screening
Results (in

ppm) Comments

PID

0-2 Top 3” asphalt, Brown clayey fine to medium sand 0.0
2-4 Tan to gray clayey fine to medium sand 0.0
4-6 Tan to gray clayey fine to medium sand 1040 0.0 Sample SB-38A at 5’ bgs
6-8 Tan to gray clayey fine to medium sand 33.3

8-10 Tan to gray clayey fine to medium sand 1050 344 Sample SB-38B at 8’ bgs
10-12 Tan fine to medium sand (moist) 1908



AMEC E&I, Inc.
4021 Stirrup Creek Drive, Suite 100
Durham, North Carolina

Soil Boring Sample Record

AMEC Project ID: Former Crumbley Property, Parcel #905 AMEC Field Representative
AMEC Project #:  6470-11-0529 Gillis
Date: 11-17-11
Boring ID: SB-39

Depth
Interval Soil Description Time

Headspace
Screening
Results (in

ppm) Comments

PID

0-2 Top 3” concrete, Tan clayey fine to medium sand 0.0
2-4 Tan clayey fine to medium sand 1115 0.0 Sample SB-39A at 2’ bgs
4-6 Orange to gray clayey fine to medium sand 73.3
6-8 Orange to gray clayey fine to medium sand 43.4

8-10 Orange to gray clayey fine to medium sand 1125 16.2 Sample SB-39B at 8’ bgs
10-12 Orange fine to medium sand (moist) 77.6



APPENDIX D

GEOPHYSICAL SURVEY REPORT



AMEC North Carolina, Inc. Tel – (919) 447-2750
2200 Gateway Centre Boulevard Suite 205 Fax (919) 447-2751
Morrisville NC, 27560 www.amec.com

December 15, 2011

Mr. Terry Fox, LG
GeoEnvironmental Project Manager
Geotechnical Engineering Unit
North Carolina Department of Transportation
1589 Mail Service Cnter
Raleigh, NC 27699-1589

Subject: Integrated Geophysical Survey Results
Parcel #905, Former Crumbley Property - Jacksonville, NC
State Project: U-5132
WBS Element:45155.1.1
County: Onslow
Description: NC 24 Trumpet Interchange between SR 1308 and US 17 Bypass

Dear Mr. Fox:

As contracted by the North Carolina Department of Transportation (NCDOT), AMEC has completed an integrated
geophysical investigation at Parcel 905, a former gas station (hereafter referred to as Site). The following draft
report includes a description of project objectives, technical methodologies performed, data interpretation, and
results and recommendations based on findings. Geophysical data collection was completed on November 1 and
2, 2011 and consisted of frequency-domain electromagnetics (EM) and ground penetrating radar (GPR)
techniques.

OBJECTIVE

The objective of the geophysical survey was to perform a reconnaissance-level geophysical investigation in an
attempt to map the lateral and vertical extent of subsurface targets that either lie beneath or may intersect the Site
using frequency-domain (Geophex, Ltd. GEM-2) EM and GPR techniques. These include fill material/ debris,
former building foundations, underground storage tanks (USTs) and associated pipelines or utility alignments.
The geophysical data findings will be used as a means to make informed decisions on the placement of any
proposed soil borings and to aid in avoiding subsurface obstructions or utility lines while performing intrusive Site
activities.

SETTING

The Site is currently unoccupied with two existing structures (service station and dispenser station with canopy)
located within the area of investigation. The property is bordered by undeveloped property to the north and east,
Lejeune Boulevard to the south, and undeveloped property and a local business to the west (Figure 1). The Site,
specifically the survey area, is covered primarily by asphalt and reinforced concrete paving. The remainder of the
site is covered by tall weeds and shrubs, and the service station building and canopy.

GEOPHYSICAL METHODS

Two geophysical tools were employed to meet the outlined project objectives. A brief technical explanation of
each geophysical method is listed below:
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Frequency-Domain Electromagnetic Induction (GEM-2)

Frequency-domain EM is a non-intrusive ground conductivity and metal detection geophysical technique
implemented to map subsurface electrical conductivity variations. An electromagnetic field generated by the
instrument is induced into the ground and is altered by the heterogeneity of the material. The resulting difference
between the generated (primary) and received (secondary) EM fields are recorded, processed, and interpreted to
reveal the nature of the anomaly.

The Geophex, Ltd. GEM-2 (GEM) instrumentation equipped with a digital data logger was employed for the data
collection process. The GEM output includes two separate modes of data that provide the operator with similar as
well as contrasting subsurface information regarding earthen materials or man-made targets.  For instance,
ground conductivity (quadrature-phase) readings (measured in milliSiemens/centimeter [mS/cm]) are particularly
sensitive to buried metal as well as qualitative variations in salinity or total dissolved ionizing solids within
groundwater, air voids (e.g., tunnels and sinkholes), conductive soils (e.g., cinders and ash), and relative
subsurface saturation.  In-phase (magnetic susceptibility) mode data are a unitless component of the secondary
electromagnetic field (measured in parts per thousand [ppt]).  In-phase response is sensitive to both ferrous and
non-ferrous metallic targets.  For typical shallow GEM investigations, both ground conductivity and in-phase data
are recorded in an effort to locate buried metal targets (e.g., USTs), metallic and non-metallic underground utility
lines, septic systems, and shallow groundwater saturated zones.

Frequency-domain EM values represent a composite value for all geo-electric layers or anisotropic media within a
predicted zone of exploration.  The GEM consists of a rectangular boom, housing the transmitter and receiver
coils that have an intercoil spacing equaling approximately 5.5 ft (1.67 m).  Depth of exploration is dependent on
the transmitter and receiver coil separation and orientation as well as operating frequency.  The fixed intercoil
separation and vertical dipole mode configuration employed for this investigation, operating at 5 frequencies
ranging from 1,470 Hz to 90,030 Hz. can detect conductive responses to effectively imaging to a depth necessary
for this investigation (approximately 12-14 ft).

Ground-Penetrating Radar

GPR is a non-destructive, non-invasive geophysical method for subsurface imaging to locate buried features.
GPR can detect a variety of metallic, non-metallic, natural and manmade targets to include underground utilities,
USTs, disturbed Earth, sinkholes, and voids. GPR emits a series of high-frequency, high amplitude EM pulses
(radio waves) from a transmitting antenna into the ground. When the EM pulses encounter materials that differ in
electrical properties, a portion of the energy is reflected back to a receiving element (antenna) at the surface.
These reflections are collected as digital images and fed to a portable computer, which then displays a real-time
continuous "picture" or profile of the subsurface that can be used to help pinpoint the location of the subsurface
feature.

AMEC employed a GSSI, Inc. SIR-3000 GPR unit equipped with a 400 mega hertz (MHz) antenna. For greater
vertical and lateral resolution, the frequency of the emitted radar wave can be increased. However, greater
accuracy and resolution is achieved at the expense of depth of penetration. Depth of penetration is also
dependent upon the geologic conditions of the soils in which the investigation is being performed. The radar
waves may be absorbed or scattered depending on the properties of the soil, particularly electrical conductivity.
Electrically resistive material such as unsaturated, coarse-grained sediments optimize GPR signal penetration,
whereas exploration depths are limited by relatively conductive material such as saturated or fine-grained
sediments, clay-rich soils, ash, or reinforced concrete.
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FIELD DATA COLLECTION

Geophysical data collection occurred from November 1-2, 2011. Work on November 1st consisted of EM data
collection while GPR follow-up was performed on November 2nd.

EM

A total of 33,790 GEM II data points were collected during the November 1, 2011 field effort.  Data collection
consisted of walking traverses spaced 5-ft apart over areas of the Site formerly covered by tires (Figure 1).
Traverses were oriented in either a N-S or E-W direction. Prior to data collection, the GEM was calibrated/nulled
in an area determined to contain no observable signs of electromagnetic interference. The GEM-2 unit was
equipped with a portable GPS and was linked directly to a PDA data logger that provided real-time screen output
showing the location of each data point during the collection process.  This aided in real-time quality assurance of
data density and coverage. References to direction and location in this report are based on the US State Plane
1983 System, North Carolina 3200 Zone NAD 83 geodetic datum. On average, geophysical data points were
spaced less than 2.5-ft apart along profiles.

Preliminary EM contour maps were generated in the field with Surfer v10.0 software using a statistical kriging
algorithm. Interpreted anomalies were reoccupied in the field and marked for reference during the GPR profiling.

GPR

The GPR data were collected along survey lines spaced 5 feet apart in orthogonal directions over the area
immediately adjacent to the north side of the service station (Figure 1).  The GPR data were reviewed in the field
during collection and evaluated for the presence of potential UST’s or associated piping and utilities. Identified
anomalies were marked on the asphalt/concrete for further review and for reference during the soil boring
investigation. All anomalies detected during GPR data collection were noted in the field notes. GPR data were
also recorded digitally to the internal hard drive and later transferred to a desktop computer for further review.

GEOPHYSICAL DATA INTERPRETATION

GEM Response

Contoured ground conductivity EM response is illustrated in Figure 2. Calculated ground conductivity values and
magnetic susceptibility response are measured in mS/m and parts per thousand (ppm) respectively.

Ground Conductivity Response

Colored highlighting was applied to the contoured output to enhance both positive (orange to red shading; >20
mS/m) and negative (light blue to dark blue shading; <-10 mS/m) ground conductivity response illustrated on
Figure 2. Areas of light green shading are interpreted as undisturbed soils. Light blue to blue shading highlight
interpreted “anomalous” areas consisting of buried metallic targets or reinforced concrete areas whereas areas
shaded in orange and red are indicative of above-ground interference or areas of conductive nonmetallic fill
material.

A majority of ground conductivity anomalies are commonly interpreted as being due to surface interference from
man-made objects such as steel-reinforced concrete, vehicles, light poles/reinforced light bases, fences/fence
posts and old signage. Metallic interference was present within the survey area (i.e fence posts, steel-reinforced
concrete, etc.) and is labeled on Figures 2 and 3. Steel-reinforced concrete pads were present near the center
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and northeast corner of the geophysical survey area. To the northeast of the northern most concrete pad,
elevated conductivities are present surrounding a small two foot by 2 foot void. There are several interpreted
anomalies indicative of subsurface utilities based on linear trends and elevated responses versus background.
Two lines were observed during data collection trending from the service station to the dispenser station and then
south along the western edge of the dispenser station (observations of surficial repairs support geophysical
results) while others were aligned towards historic site buildings.

In-phase (Magnetic Susceptibility) Response

Colored shading was applied to the contoured to highlight both positive (orange to red shading; >8 ppt) and
negative (light blue to dark blue shading; <-20 ppt) magnetic susceptibility response, illustrated on Figure 3.
Areas of light green shading are interpreted as either undisturbed soils or non-metallic fill materials. Light blue to
blue shading highlight interpreted “anomalous” areas consisting of buried metallic targets or reinforced concrete
areas whereas areas highlighted in orange and red are indicative of above-ground interference or areas of
metallic fill material.

Similarities between the inphase and ground conductivity responses can be found nearest identified sources of
above-ground interference (i.e. vehicles, fence posts, steel-reinforced concrete, etc.) and are labeled in Figure 3.
The ground conductivity anomalies trending north from the service station towards historic site buildings and east
towards the dispenser station (Figure 3) are interpreted to be subsurface utility features based on shape and
linear orientation of the magnetic susceptibility response.   Although the magnetic susceptibility response footprint
is shown to be larger in overall size, the ground conductivity response illustrates greater lateral resolution.
Additionally, a linear anomaly is present running along the southern boundary of the survey area. This correlates
with known utilities located along Lejeune Boulevard and were noted in a previous geophysical investigation
conducted by Schnabel Engineering dated October 14, 2010.

GPR

GPR results indicated several probable underground utility lines located at shallow depths (generally less than
two feet below land surface (bls)) trending from the north side of the service station towards historic site buildings
and light poles. In general, these matched up with the results from the EM investigation.  A couple of additional
lines were noted in the GPR survey that were not seen in the EM survey and are likely non-metallic (ie. pvc for
sewer cleanouts). Several survey lines passed through the area of elevated conductivity and magnetic
susceptibility surrounding the northern concrete pad. Results did not indicate the presence of any metallic USTs.
During the survey, clear signal penetration depth was approximately 3 feet bls.  At depths greater than 3 feet, the
data became noisier and signal quality diminished.

RESULTS

Based on the geophysical data interpretations presented in this report, combined with limited subsurface data that
exist for the Site, and observations made by personnel during geophysical data collection, the results of the
geophysical surveying as related to the project objectives are as follows:

EM techniques were first used by personnel to screen the site for potential subsurface anomalies that could be
indicative of metallic UST’s. Based on preliminary EM results, GPR data were collected immediately north of the
service station in an attempt to better define underground utilities and to further investigate an elevated EM
response surrounding the northernmost concrete pad and void. There appears to be minimal anomalous
subsurface targets at the Site other than those targets that correspond to known utility alignments, areas of
reinforced concrete, and above-ground sources of interference such as the service station building and dispenser
station, metal signage and barbed wire fencing. GPR didn’t indicate any USTs in the vicinity of the void space.
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Regarding buried utility alignments, there were two utility alignments corresponding with surface cuts and repairs
leading from the service station to the dispenser station.  There was one subsurface utility alignment leading
south of the service station towards Lejeune Boulevard and another leading north from the service station, neither
of these showed any surficial indications of a utility line. There were no identified subsurface utility alignments
along the western side of the service station.

CONCLUSIONS

The following conclusions regarding subsurface conditions at the Site based on results of this investigation are as
follows:

 Several subsurface utility alignments are present at the Site based on both geophysical response
and observations made during data collection.

 The geophysical data does not indicate the presence of metallic UST’s
 Interference from metallic surface features such as steel reinforced concrete, site buildings and

metal posts were located throughout the survey area and are labeled accordingly on Figures 2
and 3.

RECOMMENDATIONS

The following recommendations are based on the findings and conclusions discussed in this report:

 Further investigation of the void, located in the northeast portion of the survey area approximately
85 feet north of the service station building and 120 feet east of the western property boundary,
via intrusive methods is recommended.

CLOSING

The field procedures and interpretive methodologies used in this project are consistent with industry standard,
recognized practices in similar geophysical investigations. The correlation of geophysical responses with probable
subsurface features is based on the past result of similar surveys, although it is possible that some variation could
exist at this Site. This report represents our professional judgment and no warranty, either expressed or implied,
is contained herein.

Respectfully,

Anthony Kellogg Helen P. Corley, L.G.
Geologist NCDOT Project Manager

Attachments
Figure 1 – Geophysical Survey Area of Investigation
Figure 2 – GEM II Calculated Electrical Conductivity Contour Map
Figure 3 – GEM II In-phase Response Contour Map
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APPENDIX E

MONTORING WELL SAMPLING WORKSHEET



PROJECT: SITE: DATE: 11/17/2011
WELL DEPTH: 14.5 FT. 5-15 FT. 2 inch

0

 YES  NO
 YES NO

YES  NO
 YES NO
 YES NO
 YES NO

HIGH  MODERATE LOW

TIME PUMP RATE PH TEMP SP. COND. D.O. O.R.P. TURBIDITY
(MILITARY) (mL/min) (S.U.) (oC) (mS/cm) (mg/L) (mV) VISUAL (1)

1140 150 8.44 20.35 0.322 2.05 177.5 2
1145 150 8.77 20.27 0.310 1.18 -34.9 1
1150 150 8.71 20.00 0.308 1.04 -96.3 1
1155 150 8.71 19.92 0.307 0.91 -119.6 1
1200 150 8.51 19.99 0.303 0.77 -133.6 1
1203 150 8.35 20.37 0.303 0.73 -143.6 1
1206 150 8.27 20.57 0.302 0.76 -145.5 1
1209 150 8.27 20.58 0.302 0.77 -145.7 1

WELL YIELD:

SCREENED INTERVAL:

6470-11-0529

TUBING TYPE:

SAMPLING PERSONNEL:
DEPTH TO GROUNDWATER:

STEEL GUARD PIPE AROUND CASING:

NONPOTABLE LABEL:
ID PLATE:

MONITORING WELL SAMPLING WORKSHEET

AMEC E&I, Inc
4021 Stirrup Creek Drive, Suite 100

Durham, North Carolina 27703

MONITORING WELL ID: MW-1 AMEC PROJECT NUMBER:

HEIGHT OF MEASURING POINT ABOVE LAND SURFACE:
SAMPLING DEVICE: Peristaltic Pump / YSI 556
MEASURING POINT: Top of Casing

LOCKING CAP:

COMMENTS

11.00

WELL DIAMETER:

PROTECTIVE POST/ABUTMENT:

Gillis

Concrete pad is broken. Rim and skirt are in good shape. Total measured depth was 14.5 ft. btoc.

NCDOT Former Crumbley Property, Parcel #905 Chico Tires

WELL INTEGRITY SATISFACTORY:

Poly
CASING MATERIAL: PVC

1209 150 8.27 20.58 0.302 0.77 -145.7 1
1212 150 8.26 20.57 0.302 0.77 -145.9 1
1215 150 8.26 20.58 0.302 0.77 -146.0 1 Sample

(1) Turbidity visual determination: (1) clear (2) slightly cloudy (3) cloudy (4) very cloudy

Prepared by: Date:
Checked by: Date:

J&L Drilling, Four Oaks, NC
Date of Installation 3-30-2004

Screen 5'-15'
Registration No. 2865

NOTES
Well Construction Card:



APPENDIX F

LABORATORY ANALYTICAL RESULTS
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