


Explanatory Text for Notification Table 

C&D Landfill, Inc., Phase 1 

Greenville, Pitt County, NC 

Permit # 74-07 

August 10-11, 2009 Assessment Monitoring 

 

The results of the August 2009 assessment monitoring indicate that  benzene in the groundwater 

sample collected from monitoring well MW-3s, alpha-BHC and cobalt in the groundwater 

samples from MW-3A, MW-3s and MW-8, as well as beta-BHC in the groundwater sample from 

MW-8 were the only constituents reported in groundwater samples collected from the site at 

concentrations that exceed the corresponding 15A NCAC 2L groundwater quality standard or 

Solid Waste Section groundwater protection standard.  Various other volatile organic 

compounds, semi-volatile organic compounds and pesticides were also reported in the 

groundwater samples from monitoring wells MW-3A, MW-3s and MW-8 at concentrations well 

below the applicable 15A NCAC 2L .0202 Class GA groundwater quality standards or Solid 

Waste Section groundwater protection standards. 

The apparent extent of groundwater impact from constituents exceeding applicable groundwater 

quality standards appears to be limited to an area between monitoring well MW-8 and 

monitoring wells MW-3s and MW-3A.  No constituents were reported at concentrations 

exceeding the applicable standards at wells outside of this limited area. 

The pesticides reported in the groundwater samples are likely remnants from the past agricultural 

use of the property and not likely associated with the operation of the C&D landfill.  Benzene is 

a constituent of refined petroleum fuels such as gasoline and diesel.  The limited extent of 

benzene in groundwater and the location of apparent impact relative to the landfill indicate that 

the presence of benzene in groundwater is most likely a relic of previous activities and NOT 

related to waste disposed in the landfill.  It is noted that a hunting stand was formerly located 

near monitoring well MW-3s, where the reported concentration of benzene is highest.  It is 

possible that a small fuel spill occurred at the hunting stand in the past (e.g., fuel leaking from a 

vehicle parked adjacent to the stand). 

Cobalt is a common constituent of certain fertilizers used for legumes, like beans, alfalfa, and 

clover, and some non-legume crops.  It is noted that cobalt was only reported in the groundwater 

samples that also had reported concentrations of pesticides.  Consequently, it is concluded that 

the source of cobalt in the limited area of apparent impact at the site is likely associated with the 

past agricultural use of the property.  It is noted, however, that cobalt has been historically 

detected at low concentrations at various wells monitoring groundwater quality in Phase 1.  

Therefore, it is possible that some or all of the cobalt detected in groundwater at the site is 

naturally occurring. 



As discussed above, monitoring well MW-3A was installed at the facility boundary down-

gradient of the wells historically showing the highest concentrations of Appendix I constituents 

(MW-8 and MW-3s), in accordance with the Solid Waste regulations.  Alpha-BHC and cobalt 

were reported in the groundwater sample collected from MW-3A in August 2009 at 

concentrations exceeding the applicable groundwater quality standards.  As noted above, 

however, both of these constituents can be reasonably attributed to past agricultural use of the 

property prior to its use as a landfill.  Moreover, the benzene and toluene detected at MW-3A can 

be reasonably attributed to past use of the site for agriculture or recreation, as discussed above in 

reference to the hunting stand near monitoring well MW-3S where the highest concentrations of 

these constituents were reported.  None of these analytes would be expected to be constituents of 

materials disposed in the C&D landfill.  Consequently, it is concluded that the water-quality data 

for MW-3A does not indicate that any dissolved-phase constituents that can be attributed to 

landfill operations have reached the facility boundary. 

Based on these results, it is recommended that semi-annual monitoring of groundwater be 

continued and that the required analytical parameters be limited to Appendix I volatile organic 

compounds and metals.  Inasmuch as the pesticides reported in groundwater at the site can be 

reasonably attributed to past agricultural use of the property, we propose to eliminate pesticides 

from the required analytical parameters for future sampling.  The results of the semi-annual 

monitoring will be evaluated for any changes in conditions that would indicate a sustained 

increase in dissolved contaminant concentrations and the likelihood that the groundwater quality 

standards will be consistently exceeded at the compliance boundary.  If such conditions arise, 

C&D Landfill, Inc. will propose additional assessment and/or corrective actions to address the 

situation. 
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November 20, 2009 

 

 

Ms. Jaclynne Drummond 

North Carolina Department of Environment and Natural Resources 

Division of Waste Management 

Solid Waste Section 

P. O. Box 27687 

Raleigh, NC 27611-7687 

 

RE: Appendix II Assessment Monitoring Report: August 2009 

 C & D Landfill, Inc. 

 Greenville, Pitt County, NC 

 Permit # 74-04 

 

Dear Ms. Drummond: 

 

This report presents the results of Release Characterization and Appendix II assessment 

monitoring conducted at the landfill site referenced above (Figure 1) in August 2009 in 

accordance with North Carolina Solid Waste Management Rule 15A NCAC 13B .0545 (Rule 

.0545).  C&D Landfill, Inc. initiated a ground water assessment monitoring program as a 

requirement of North Carolina Solid Waste regulations.  Assessment monitoring is a self-

implementing sampling program triggered by one or more constituents, those normally 

monitored in the detection-stage monitoring program, that exceed North Carolina ground water 

quality standards (15A NCAC 2L).  Detection of several volatile organic constituents on the US-

EPA Appendix I sampling list have been consistently detected at monitoring wells MW-1s, MW-

2s, MW-3s and MW-8 over the past four sampling events. 

 

Three of these constituents (benzene, 1,2-Dichloroethane , vinyl chloride) have been reported at 

concentrations just slightly above the 2L standards at monitoring well MW-3s.  The values that 

exceed the 2L standards have persisted for a couple of years, but (at present) both the number of 

constituents and the concentrations appear to be decreasing.  A site map showing relevant site 

features, including groundwater monitoring wells, is presented as Figure 2. 

 

The intent of the assessment monitoring program is to determine the horizontal and vertical 

extent of the impact (if one exists), and to determine if there is any risk to the public.  The 

assessment monitoring program also seeks to establish a baseline data base of the Appendix II 
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list of constituents, upon which trends can be established by comparing the results of future 

sampling events, followed by future adjustments to the long-term monitoring program and any 

corrective that might be appropriate. Temporal trends are important, as well, in that the data may 

indicate a temporary problem or chronic conditions, which would be treated in different ways. 

 

Currently, there are twelve (12) monitoring wells in place for Phase 1 of the C&D landfill, eight 

(8) of which monitor the uppermost aquifer within depths of approximately 15 to 25 feet – these 

are sampled on a semi-annual basis in accordance with the regulations – and four (4) deeper 

wells that are sampled less frequently.  The background wells for Phase 1 are MW-1s and MW-

1d.  Planned future monitoring of Phase 2 includes nine (9) additional wells with one deep well 

(MW-14A) and another upgradient background well (MW-9A).   

 

For the initial stages of the assessment monitoring, one supplemental shallow monitoring well 

was installed at the property line (MW-3A) down-gradient of the wells historically showing the 

highest concentrations of Appendix I constituents (MW-8 and MW-3s), in accordance with the 

Solid Waste regulations.  In addition, three (3) of the proposed Phase 2 shallow monitoring wells 

(MW-10, MW-11, and MW-12s) were installed upgradient of the area of apparent impact.  The 

latter wells were installed per an amendment to the Sampling and Analysis Plan but were 

sampled as part of the assessment to assist in delineating the contaminant source.   

 

The scope of work performed included: 1) installation of the aforementioned monitoring wells; 

2) a survey of well locations and elevations; 3) rising-head permeability (“slug “) tests at newly 

installed monitoring wells MW-3A, MW-10, MW-11 and MW-12s; and 4) sampling and 

laboratory analysis of groundwater from groundwater monitoring wells MW-3A, MW-3s, MW-8, 

MW-10, MW-11 and MW-12s for constituents on the US-EPA Appendix II sampling list.  The 

groundwater samples were collected in accordance with the NCDENR, Division of Waste 

Management (DWM), Solid Waste Section (SWS) Groundwater Monitoring Guidance 

Document and the facility Water Quality Monitoring Plan.  The monitoring well installation 

methods, slug testing procedures, sampling and data collection methods, as well as the results of 

field and laboratory testing of the groundwater samples, are presented in the following sections. 

 

PRIOR LAND USE 

The history of the site – as well as adjacent properties – are fairly well understood, some of 

which could potentially lead to a contaminant being introduced to the ground water at Phase 1.  

These uses include former agricultural activities, dismantling of flood damaged mobile homes 

and approved disposal of flood debris within Phase 1 (possible unknown materials introduced 

with the flood damage debris), along with the MSW transfer station and material processing area 

located upgradient (north) of Phase 2 – albeit these off-site facilities are quite a distance away 
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and located across wetlands features. The landfill began as a repository for Hurricane Floyd 

flood-damage debris.  Some of this material that was brought in under emergency management 

conditions may have contained components that would normally be excluded from a C&D 

landfill.  The normal operation of the C&D landfill after the initial waste placement has been 

compliant with the regulatory requirements for waste acceptance. 

 

LOCAL AND REGIONAL GEOLOGY 

The site is located in the central Coastal Plain physiographic and geologic province of North 

Carolina.  Available geologic mapping
1
 places the site within the Tertiary (Miocene) age 

Yorktown Formation, approximately twenty miles west of the Suffolk Scarp – the dividing line 

between Quaternary age surficial deposits (to the east) and Tertiary age surface deposits (to the 

west), located at approximately 25 feet above mean sea level.  The site is also located 

approximately twenty-four miles east of the Surry Scarp, which delineates higher ground 

underlain by Cretaceous (and older) units exposed south and west of Pitt County. The site is 

located entirely within the Tar-Pamlico River basin, draining south toward Grindle Creek, a 

major tributary to the Tar River.      

 

Published literature indicates that upland areas throughout the region are underlain by relatively 

thin Quaternary surficial deposits (not differentiated on the state-wide map).
2
  The surficial 

formation is characterized in the literature as stratified fluvial deposits, containing interlayered 

low permeability and high permeability horizons.  The thickness of the aquifer ranges from 3 to 

180 feet (average thickness of 35 feet near the site) – thickening eastward – with an estimated 

average hydraulic conductivity values ranging up to 29 feet per day.  The surficial aquifer is also 

characterized as exhibiting less than 50 percent sand, hence lower hydraulic conductivity, west of 

a line that roughly coincides with the Suffolk Scarp.  These observations were confirmed by the 

local area study and site specific reconnaissance, whereas the surficial deposits (deemed the 

uppermost aquifer) consist of poorly stratified sand and clay layers, which were found to exhibit 

an average thickness of 12 feet (varying up to 30 feet), underlain by the Yorktown Formation 

with a distinct fossil-marker bed of turritellas (gastropods) and a color change from tan-white 

(upper sands) to dark gray-green.  On-site field hydraulic conductivity values were measured in 

the range of 0.028 ft/day to 0.667 ft/day.   

                                                 
1
 North Carolina Geological Map, Scale 1:62,500, NC Geological Survey, 1985. 

2
     Hydrogeologic Framework of the North Carolina Coastal Plain Aquifer System, 

          U.S. Geological Survey Open File Report 87-690, USGS.   
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Figure 3 – North Carolina Geologic Map Excerpt 

The major regional aquifers beneath the Coastal Plain, near the City of Greenville, NC, include 

the Yorktown Formation, the deeper Eocene-age Castle Hayne Formation (limestone) and 

underlying Cretaceous-age units, i.e. the Pee Dee and Black Creek Formations.
3
  The Yorktown 

is characterized as marine sediments varying in thickness to 60 feet (thickest within Pitt County 

is in the northwest corner).  The Castle-Hayne is localized to the southern and eastern portions of 

Pitt County (and further east) but is represented to be less than 30 feet in thickness everywhere in 

the county.   

 

The Paleocene-age Beaufort Formation is mentioned in the literature, stratigraphically located 

between the Castle-Hayne and the deeper Cretaceous units, but the Beaufort does not outcrop.  

The Pee Dee and Black Creek Formations outcrop along the Tar River approximately eight miles 

                                                 
3
  Brown, P.M., Geology and Ground Water Resources in the Greenville Area, North Carolina,  

 Bulletin Number 73, prepared cooperatively by the North Carolina Department of Conservation  

 and Development and the United States Geological Survey, 1959. 
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west of the site (in Greenville, NC), and the Cretaceous-age Cape Fear Formation outcrops 

approximately eight miles further upstream (west of the site).  Based on regional data,
4
 typical 

depths of the Cretaceous units in proximity to the site are in excess of 90 feet.  All are considered 

to be viable aquifers with variable water quality.   

 

Basement rocks in the region consist of pre-Mesozoic crystalline rocks of igneous and 

metamorphic origin, which underlie the sediments of the Coastal Plain near the site at depths in 

excess of 1000 feet, based on available water well data (see Footnote 4) and published data.
5
  

West of the Suffolk Scarp the projected surface of the crystalline basement slopes at 0.4% (2000 

feet in 90 miles), east of the Suffolk Scarp the surface of the basement slopes at 1.4% (8000 feet 

in 110 miles), with a maximum depth of 10,000 feet at Hatteras.  The basement complex likely 

resembles the crystalline rocks exposed in the Piedmont, complete with various contacts, 

jointing, and other tecto-structural features, e.g. folds and faults.  Several transform faults in the 

basement complex have been recognized by characteristic deformation features within the 

overlying late-Mesozoic and early Tertiary sediments.
6
   

 

These relicts of Triassic-age tectonism (active throughout the Mesozoic era) are strike-slip faults 

with vertical rotation, oriented approximately with the alignments of the Tar, Neuse and Cape 

Fear Rivers.  The most conspicuous feature produced by these faults, visible on the North 

Carolina Geologic Map, is the “up-thrown block” that occurs between the Cape Fear and Neuse 

Rivers (well to the south of the site).  Within this area, the Yorktown has been all but eroded 

away, exposing the older Tertiary and Cretaceous sediments much further east than observed 

south of the Cape Fear or north of the Neuse.  These faults are not active, and the region is not 

within a Seismic Impact Zone
7
.   

 

Heavy ground water extraction by water supply wells in the region has been considered as a 

probable cause for lowered potentiometric levels within the regional aquifers (noticeable over 

several decades) and localized ground subsidence.
8
  High capacity wells are used to supply 

drinking for the cities of Greenville and Washington.  The Division of Water Resources data do 

not indicate how far the zone of influence around the wells extends with respect to subsidence, 

                                                 
4
  DENR Monitoring Well Database (interactive), North Carolina DENR Division of  

 Water  Resources, Ground Water Branch, viewed at web site http://www.dwr.ehnr.state.nc.us. 
5
  Lawrence and Hoffman, Geology of the Basement Rocks Beneath the North Carolina Coastal 

 Plain, Bulletin 95, North Carolina Geological Survey, 1993. 
6
  Brown, P.M., and others, Wrench-style Deformation of Rocks of Cretaceous and Paleocene Age,  

 North Carolina Coastal Plain, Special Publication 5, NCGS, Raleigh, NC, 1977. 
7
  EPA/600/R-95/051, RCRA Subtitle D (258) Seismic Design Guidance for Municipal Solid  

 Waste Landfill Facilities, 1995, including Seismic Intensity Capable Faults Map 
8
  Land Subsidence Information, NC DENR Division of Water Resources - Ground Water Branch,  

unpublished, reviewed on-line at www.dwr.ehnr.state.nc.us 

../../../../../../../AppData/Local/Microsoft/Local%20Settings/Temp/www.dwr.ehnr.state.nc.us
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but the subsidence probably extends not more than a few miles from the respective wells.  No 

high capacity production wells are located within two miles of the subject site, based on the 

findings of the local area study.  It is not anticipated that the site could affect these wells, or that 

the ground water extraction at these locations could affect the site.     

 

Daniels, et al., discusses drainage characteristics and ground water movement within the surficial 

deposits of the Coastal Plain.
9
  By examining in numerous soil samples for the presence of iron-

oxide staining (various hues of red and yellow, e.g. goethite) and gley coloration (gray, blue-gray 

or green-gray pigmentation resulting from reduced iron compounds contained in water-logged 

soils beneath the surface, often accompanied by the formation of a sticky clay layer), along with 

various geochemical and pedologic properties, water movement characteristics within certain 

near surface soil horizons can be determined.  Gleyed sands and sand-clay horizons were 

observed in the drilling for the subject site, typically at depths of 7 to 12 feet, usually with a 

sharp near horizontal demarcation with the overlying iron-oxide pigmented soils.   

 

This work suggests that the presence of gley colors relatively near the surface within the Coastal 

Plain (as in other areas) results from very slow to no movement of water, i.e. “stagnant” ground 

water conditions.  Conditions that produce gleyed beds, whether sand or clay, do not often 

change, as would be expected with the introduction of oxygen-rich meteoric water from the 

surface.  The implications are that surficial aquifers function independently as reservoirs of 

infiltrated meteoric water, with relatively shallow discharge to streams and little recharge to the 

deeper aquifers.  As discussed in the Site Suitability Report, the subject site is isolated 

hydraulically and from human activities.  It is not likely that the landfill will affect (or be 

affected by) regional activities. 

 

Based on work conducted for the Design Hydrogeologic Study, the stratigraphy at the site has 

been assigned to hydrogeologic units as follows:  two aquifers, upper and lower (Units 1 and 2 

Aquifers) and two confining layers, upper and lower (Units 1 and 2 Confining Layers).  Typical 

of the coastal plain, the site stratigraphy within the upper 25 feet beneath the surface is defined 

by a distinct boundary between recent fluvial sediments (tan-yellow and white cross-bedded 

sands and clays) and deeper marine sediments (dark green silty sands and clays, often with 

cemented zones and shell hash).  

  

The uppermost marine sediments have been identified as the Miocene-age Yorktown formation 

based on the fossil assemblage, yet the presence of glauconite (a dark green-black mica, related 

                                                 
9
  Daniels, R.B., and E.E. Gamble, W.H. Wheeler, J.W. Gilliam, E.H. Whiser, C.W. Welby,  

 Water Movement Surficial Coastal Plain Sediments, Inferred from Sediment Morphology,  

 Technical Bulletin No. 243, North Carolina Agricultural Experiment Station, North Carolina  

 State University, Raleigh, NC, December 1978. 
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to biotite, which forms in deep marine environments)
10

 in the deeper sediments suggests other 

possible formations mapped in the region, e.g., Castle Hayne, Beaufort, Pee Dee, or the Black 

Creek.  Specific studies of index fossils were not performed to distinguish these formations, but a 

comparative study of water well data in the region (see Footnote 4) indicates that the on-site 

borings likely encountered the Castle Hayne and/or the Beaufort, in addition to the Yorktown.   

 

Unit 1 Aquifer – Soils within the upper 5 to 8 feet below the surface consist of recent to 

Pliocene-age fluvial sediments, likely associated with former shorelines and/or estuaries 

of the Tar River and/or Grindle Creek.  Pockets of buff-white, well graded sand (SW), 

with thicknesses of 15 feet, indicate former channel migration.  Correlation of test 

borings and hand augers to earlier studies for Phase 1 indicates a relatively shallow, tan-

yellow clay layer existing at depths between 16 to 24 inches, extending to depths of 36 to 

48 inches.  Cross-bedding is likely; the clay layer is present at most (but not all) test 

locations within the eastern portion of the site (not a true confining layer).  The clay 

exhibits a laboratory permeability of 10
-6

 cm/sec.   

 

The silty sands and clean sands within the upper 10 to 14 feet are considered to be the 

uppermost aquifer.  The water table typically occurs at 4 to 7 feet below the ground 

surface within this unit in the eastern portion of the site (typically shallower within the 

lower lying western portion of the site).  Several piezometers were completed to a depth 

of 15 feet.  Based on these data the hydraulic conductivity for this unit varies on the order 

of 10
-3

 cm/sec to 10
-4

 cm/sec.   

 

Unit 1 Confining Layer – Below a depth of 12 to 17 feet exist sandy silt grading 

downward to plastic clay, which collectively vary in thickness from approximately 15 to 

25 feet.  The top of this layer is distinguished by a dark green-gray color, characteristic of 

marine sediments, and heavy shell hash, including whole turritellas (a snail-like marine 

mollusk).  These strata represent the top of the Yorktown formation.  The clay layer is 

present in every boring and exhibits a stiff, moist “gumbo” consistency, that is, the clay is 

easily molded into a thread of less than 1/8-inch diameter and maintains this level of 

plasticity for repeated remolding over several minutes.  

  

Laboratory permeability testing on relatively undisturbed samples indicate hydraulic 

conductivity values of 1.5 x 10
-7

 cm/sec and 4.6 x 10
-7

 cm/sec, respectively.  This unit has 

been identified as the top of the Yorktown   Formation – marine clay of Miocene age – 

which predates the numerous sea level fluctuations associated with glacial activity 

                                                 
10

  Hurlbut, Jr., C.S., and C. Klein, Manual of Mineralogy (after J.D. Dana), 19
th

 ed.,  

 J.W. Wiley & Sons, New York, 1977. 
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(elsewhere) during the Pleistocene.  The top of the confining unit, marked by the turritella 

-rich fossil assemblage, appears to be sculpted by channelized water during the multiple 

estuarine ingresses and regresses of the para-glacial period.  At some borings, there is a 

sandy transition layer, sometimes with the marker fossils, but the clay layer is deeper or 

absent to the west of the footprint and the marker bed is absent.  Considering the flat 

potentiometric gradient and upward vertical gradient (discussed later), vertical ground 

water migration potential relative to the confining layer is limited.   

 

Unit 2 Aquifer – Below depths of 35 to 45 feet exist relatively dense silty sands and 

clayey sands (SM and SM-ML), which locally are cemented.  These soils contain variable 

amounts of glauconite (a type of mica found in deep marine sediments, distinguished by a 

green-black “speckled” color), and scattered pelecypod shell hash (including modern-

type clams).  The deeper sediments were often cemented, giving firm resistance to the 

drilling equipment.  Occasional cemented shell hash concretions were encountered in the 

split spoon sampling, some of which resemble the distinctive pelecypod-mold structure of 

the Castle-Hayne formation.  The concretions were not widely encountered and might 

represent reworked sediments derived from the older formation.  A piezometer completed 

within this unit (MW-1d) indicates in-situ hydraulic conductivity values on the order of 

10
-6

 cm/sec, while other piezometers within Phase 1 indicated conductivity values on the 

order of 10
-4

 to 10
-5

 cm/sec.  This unit is 25 to 30 feet thick, based on the data.   

 

Unit 2 Confining Layer – The deeper sediments (possible Castle-Hayne or Beaufort) 

became very clayey below depths of approximately 50 feet, but otherwise resembled the 

soils described in the overlying aquifer.  This unit extended to a depth of 80 feet based on 

drilling at the site.  While the actual thickness cannot be determined, piezometer “slug 

test” data indicate a hydraulic conductivity on the order of 10
-4

 to 10
-5

 cm/sec.  An earlier 

slug test for a nearby piezometer in Phase 1 indicated an in-situ conductivity value on the 

order of 10
-6

 cm/sec.  Published data indicates that confining units exist between the 

Yorktown and Castle Hayne formations and between the Castle Hayne and the underlying 

Beaufort formation.  Based on the projected depth of the Castle Hayne in this region, and 

the observation of pelecypod-mold concretions in the split spoon samples, it is likely that 

the test boring encountered this confining layer.  The presence of glauconite (not typically 

associated with the Castle Hayne) might indicate the deeper Beaufort formation. 

 

INSTALLATION OF GROUNDWATER MONITORING WELLS 

Four additional groundwater-monitoring wells were installed at the site in August 2009 for the 

purposes of the assessment monitoring as discussed above.  The locations of the site monitoring 
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wells are shown in Figure 2.  Well construction diagrams and well completion reports for the 

monitoring wells installed at the site are included in Appendix A. 

 

The well borings were drilled with a truck-mounted drilling rig equipped with hollow-stem 

augers. The augers and all drilling equipment were steam cleaned prior to drilling at each 

location and after completion of the last boring.  Soil samples were collected from the well 

borings to document the lithology of the subsurface materials penetrated during drilling.  The 

samples were collected in 1.5-foot intervals at various depths within each well boring using 2-

foot long, 2-inch inside diameter (ID) steel split-spoon samplers.  The depths from which soil 

samples were collected from the well borings, as well as lithologic descriptions of the soils 

penetrated during drilling, are indicated on the drilling logs included in Appendix B. 

 

The Type II monitoring wells were installed through the hollow stem augers to total depths of 20 

feet below grade, are constructed with 5 feet of 2-inch ID Schedule 40 PVC solid well casing and 

15 feet of slotted screen (0.01-inch slots), and are finished above grade within steel, stickup well 

protectors with hinged, locking lids set in concrete pads.  Well construction details are recorded 

in the well construction diagrams and drilling logs included in Appendices A and B, 

respectively. 

 

Following installation, the monitoring wells were developed to remove sediment from within the 

well and annular gravel pack, and to facilitate hydraulic connection between the well and 

surrounding aquifer material.  The wells were developed using a submersible pump equipped 

with PVC discharge hose.  Prior to initiating development at each well, the submersible pump 

and discharge hose were washed with alkaline soap and water and rinsed with distilled water.  

The submersible pump was then lowered into each well below the water table, and was 

periodically raised and lowered through the water column to agitate the water in the well and 

induce trapped sediment to be released from the sand pack into the well.  This process was 

repeated until the discharge water appeared to be free of suspended sediments or for a maximum 

of one hour. 

 

A well location and elevation survey was conducted by, Burgess Land Surveyors, Greenville, 

NC, a licensed North Carolina surveyor, in August 2009.  The survey included measuring the 

casing elevations and horizontal positions of monitoring wells MW-3A, MW-10, MW-11 and 

MW-12s.   Vertical elevations were measured to an accuracy of 0.01-feet relative to mean sea 

level using the NAD 83 datum.  The points on the PVC well casings at which the elevations were 

measured were permanently marked for future reference. The horizontal positions of the 

monitoring wells were measured to the nearest 0.1-foot relative to the locations of previously 
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established control points.  A minimum of two reference points were used to locate each well.  

Well elevation data are included in Table 1. 

 

GROUNDWATER GAUGING AND SAMPLE COLLECTION 

Groundwater levels were gauged in the site monitoring wells on August 10 and 11, 2009 as part 

of assessment monitoring.  Depths to groundwater were measured using an electronic interface 

probe that was thoroughly decontaminated between wells with a non-phosphate soap and water 

wash followed in order by multiple rinses with distilled water, an isopropyl alcohol rinse, and 

multiple distilled water rinses.  Depth to water measurements were made after the wells were 

opened for a sufficient periods of time to allow water levels to equilibrate with atmospheric 

pressure.  The locations of the site monitoring wells are depicted in Figure 2.  Groundwater 

elevation data collected at the monitoring wells in August 2009 are presented in Table 1.  The 

depth to groundwater in the study area relative to ground surface, as measured in Type II 

groundwater-monitoring wells MW-3A, MW-3s, MW-8, MW-10, MW-11 and MW-12s on 

August 10 and 11, 2009, ranged from approximately 3 feet (MW-11) to 11 feet (MW-3A) below 

grade, which is consistent with the surface topography. 

 

Groundwater samples were collected on August 10 and 11, 2009 for laboratory analysis to 

monitor the quality of groundwater at the site.  The samples were analyzed for the following 40 

CFR Part 258 Appendix II List of Hazardous Inorganic and Organic Constituents: volatile 

organic compounds; semi-volatile organic compounds; metals; PCBs; herbicides; pesticides; 

total cyanide; and total sulfide.  The groundwater samples were collected and handled in 

accordance with the sampling protocols included in the site Water Quality Monitoring Plan as 

well as the SWS Groundwater Monitoring Guidance Document.  All reusable sampling 

equipment was properly decontaminated between sampling locations with a non-phosphate soap 

and water wash, followed by multiple rinses with distilled water.  New disposable nitrile or latex 

gloves were worn during all sampling activities.  Disposable sampling equipment/material was 

discarded after each use. 

 

Prior to groundwater sampling, the monitoring wells were purged using pre-cleaned Teflon-lined 

disposable polyethylene tubing connected to a peristaltic pump under low flow (≤ 500 ml/min.) 

conditions.  During purging, measurements were made in the field of the pH, temperature, 

specific conductance and turbidity of the groundwater collected from the monitoring wells, in 

accordance with SWS requirements.  The results of the field analyses of these parameters are 

presented in Table 1.  Copies of Groundwater Sampling Forms containing pertinent information 

recorded in the field during purging and sampling at each groundwater monitoring well are 

presented in Appendix C.  The results of the field-measured water-quality parameters indicate 
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that the values measured in groundwater collected from the site monitoring wells were within 

applicable stabilization criteria (see Groundwater Sampling Forms).  Groundwater at the site is 

slightly acidic based on the pH values measured in the field (6.19 to 6.70).   Specific 

conductance values ranged from 172 (MW-12s) to 2,744 (MW-3s) S/cm.  Turbidity values 

ranged from 1 (MW-3A and MW-3s) to 7 (MW-10) NTUs.  After field parameters had stabilized 

over three consecutive recording intervals, groundwater samples were collected using the same 

tubing that was used to purge the well.  The samples were decanted into laboratory prepared 

containers, which were then placed into ice-filled coolers and shipped under proper chain-of-

custody to SGS Environmental Services (SGS) for analysis. 

 

RESULTS OF RISING-HEAD PERMEABILITY TESTS 

Rising-head permeability (“slug”) tests were conducted at monitoring wells MW-3A, MW-10, 

MW-11 and MW-12s to evaluate aquifer hydraulic properties in the vicinity of each well.  The 

slug tests were conducted by placing a combined data recorder-pressure transducer (In-Situ Mini 

Troll™) at the bottom of the well and rapidly removing a volume (slug) of water from the well 

using a centrifugal pump to lower the level of the water table below the level measured at static 

conditions.  The data logger was used to measure the rate of influx until water level equilibrium 

was reestablished.  The measured rate of recovery of the water level is a function of the hydraulic 

conductivity of the aquifer material in the vicinity of the well.  The slug test data was analyzed 

using the HydroSOLVE, Inc. AQTESOLV for Windows™ program according to the Bouwer-

Rice procedure.  The test data and permeability calculations for the slug tests are presented in 

Appendix D. 

 

Field hydraulic conductivity values measured at the Type II monitoring wells ranged from 0.01 

ft/day (3.39 x 10
-6

 cm/sec) at MW-11 to 0.80 ft/day (2.82 x 10
-4

 cm/sec) at MW-3A.  It should be 

noted that a slug test measures the hydraulic properties within a relatively limited zone of 

influence around a piezometer, but these data are consistent with the results of slug tests 

previously conducted in the other monitoring wells at the site (see below). 

 

Groundwater flow direction, average hydraulic gradient, and average interstitial flow velocity 

were derived from maximum seasonal high water-level measurements established for the site for 

the Phase 2 Design Hydrogeologic Report and the results of the slug tests.  Using the maximum 

seasonal high water-levels is considered a conservative approach because the resulting average 

hydraulic gradient and, hence, calculated average interstitial flow velocity, are higher than would 

be derived using lower water levels.  A water-table elevation contour map derived from the 

maximum seasonal high water-level data is presented as Figure 3.  The water-table elevation 

contours in Figure 3 indicate that the direction of shallow groundwater flow is generally to the 
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south and west toward unnamed on-site streams with an average hydraulic gradient of 

approximately 0.01 ft/ft.  This is consistent with the general flow direction observed during 

previous monitoring events.  

 

The hydraulic gradient in the vicinity of each well was derived by dividing the elevation 

difference between proximal water-table elevation contour lines by the perpendicular horizontal 

distance between those contours (Figure 3 and Table 2).  Results of in-situ slug testing at 

monitoring wells MW-3A, MW-10, MW-11 and MW-12s indicate hydraulic conductivity values 

in the shallow surficial aquifer ranging from 3.39 x 10
-6

 cm/sec to 2.82 x 10
-4

 cm/sec 

(approximately 0.001 ft/day to 0.101 ft/day).  Using the horizontal hydraulic gradient 

measurements, the individual estimates of hydraulic conductivity, and assumed effective 

porosities for the aquifer material penetrated by each well (based on grain-size data from 

laboratory testing of site soils for the Phase 2 Design Hydrogeologic Report), the range of 

average interstitial groundwater flow velocities for the shallow surficial aquifer was calculated 

using the following formula: 

 

vx = (K/ne) 
dl

dh
  

Where: 

vx = average interstitial groundwater flow velocity 

K = hydraulic conductivity 

ne = effective porosity 

dh/dl = horizontal hydraulic gradient 

 

Average linear flow velocities are estimated to range between approximately 0.001 to 0.101 

feet/day.  Table 2 summarizes the data used to calculate the average interstitial groundwater flow 

velocity in the vicinity of each Type II monitoring well. 

 

RESULTS OF GROUNDWATER SAMPLING AND ANALYSIS 

Summarized results of laboratory analyses for groundwater samples collected from the site on 

August 10 and 11, 2009 are presented in Table 3.  Copies of the original laboratory reports are 

included in Appendix E.  The following Appendix I and Appendix II constituents were reported 

in groundwater samples collected from the site at concentrations in excess of the corresponding 

15A NCAC 2L groundwater quality standard or the Solid Waste Section groundwater protection 

standard, and are discussed further below: 
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Analyte     Well Location Appendix I/II 

Benzene  3S            I 

Alpha BHC  3A, 3S, 8           II 

Beta BHC  8            II 

Cobalt   3A, 3S, 8           I 

 

The laboratory analytical results for the August 10 and 11, 2009 sampling event indicate that 

benzene was reported at a concentration in excess of the 15A NCAC 2L groundwater quality 

standard (1 µg/L) at monitoring well MW-3s (2.29 µg/L), which is consistent with previous 

monitoring conducted at the site.  Various other volatile organic compounds, including acetone, 

toluene, ethylbenzene, total xylenes and several chlorinated aliphatic hydrocarbons, were 

reported in groundwater samples collected from the site at concentrations well below the 

applicable 15A NCAC 2L groundwater quality standards.  It is noted that none of the volatile 

organic compounds detected in the groundwater samples are Appendix II constituents.   

 

The semi-volatile organic compounds acenapthene and dibenzofuran were reported in the 

groundwater sample from monitoring well MW-3s at concentrations well below the applicable 

15A NCAC 2L groundwater quality standards.  Likewise, di-n-octylphthalate was reported in the 

groundwater sample from monitoring well MW-8 at a concentration well below the 15A NCAC 

2L groundwater quality standard.  No other semi-volatile organic compounds were reported in 

any of the groundwater samples. 

 

The pesticide alpha-BHC was reported in the groundwater samples from monitoring wells MW-

3A, MW-3s and MW-8 at concentrations exceeding the Solid Waste Section groundwater 

protection standard.  In addition, beta-BHC was reported in the ground water sample from MW-8 

at a concentration in excess of the Solid Waste Section groundwater protection standard.  No 

other pesticides were reported for any of the samples.  Several other pesticides were reported in 

the groundwater samples from MW-3s and MW-8 at concentrations below the applicable 

groundwater quality standards.  It is noted that no PCBs or herbicides were reported in any of the 

groundwater samples. 

 

Total sulfide was reported at a concentration of 134 µg/L in the groundwater sample from 

monitoring well MW-3s.  No 15A NCAC 2L groundwater quality standard has been established 

for total sulfide.  Total sulfide was not reported in any of the other groundwater samples.  In 

addition, total cyanide was not reported in any of the groundwater samples. 
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The results of the metals analyses of the groundwater samples indicate that barium, chromium, 

copper, silver, and tin were reported in all of the samples; cadmium was reported in five of the 

six samples; and nickel and selenium were reported in four of the six samples.  Arsenic and 

vanadium were each reported in one of the six samples.  None of the reported concentrations of 

these metals exceed the applicable 15A NCAC 2L groundwater quality standards or Solid Waste 

Section groundwater protection standard.  Cobalt was reported in the groundwater samples from 

monitoring wells MW-3A, MW-3s and MW-8 at concentrations in excess of the Solid Waste 

Section groundwater protection standard. 

 

CONCLUSIONS AND RECOMMENDATIONS 

The results of the August 2009 assessment monitoring indicate that  benzene in the groundwater 

sample collected from monitoring well MW-3s, alpha-BHC and cobalt in the groundwater 

samples from MW-3A, MW-3s and MW-8, as well as beta-BHC in the groundwater sample from 

MW-8 were the only constituents reported in groundwater samples collected from the site at 

concentrations that exceed the corresponding 15A NCAC 2L groundwater quality standard or 

Solid Waste Section groundwater protection standard.  Various other volatile organic compounds, 

semi-volatile organic compounds and pesticides were also reported in the groundwater samples 

from monitoring wells MW-3A, MW-3s and MW-8 at concentrations well below the applicable 

15A NCAC 2L .0202 Class GA groundwater quality standards or Solid Waste Section 

groundwater protection standards. 

 

The apparent extent of groundwater impact from constituents exceeding applicable groundwater 

quality standards appears to be limited to an area between monitoring well MW-8 and 

monitoring wells MW-3s and MW-3A.  No constituents were reported at concentrations 

exceeding the applicable standards at wells outside of this limited area. 

 

The pesticides reported in the groundwater samples are likely remnants from the past agricultural 

use of the property and not likely associated with the operation of the C&D landfill.  Benzene is 

a constituent of refined petroleum fuels such as gasoline and diesel.  The limited extent of 

benzene in groundwater and the location of apparent impact relative to the landfill indicate that 

the presence of benzene in groundwater is most likely a relic of previous activities and NOT 

related to waste disposed in the landfill.  It is noted that a hunting stand was formerly located 

near monitoring well MW-3s, where the reported concentration of benzene is highest.  It is 

possible that a small fuel spill occurred at the hunting stand in the past (e.g., fuel leaking from a 

vehicle parked adjacent to the stand). 
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Cobalt is a common constituent of certain fertilizers used for legumes, like beans, alfalfa, and 

clover, and some non-legume crops.  It is noted that cobalt was only reported in the groundwater 

samples that also had reported concentrations of pesticides.  Consequently, it is concluded that 

the source of cobalt in the limited area of apparent impact at the site is likely associated with the 

past agricultural use of the property.  It is noted, however, that cobalt has been historically 

detected at low concentrations at various wells monitoring groundwater quality in Phase 1.  

Therefore, it is possible that some or all of the cobalt detected in groundwater at the site is 

naturally occurring. 

 

As discussed above, monitoring well MW-3A was installed at the facility boundary down-

gradient of the wells historically showing the highest concentrations of Appendix I constituents 

(MW-8 and MW-3s), in accordance with the Solid Waste regulations.  Alpha-BHC and cobalt 

were reported in the groundwater sample collected from MW-3A in August 2009 at 

concentrations exceeding the applicable groundwater quality standards.  As noted above, 

however, both of these constituents can be reasonably attributed to past agricultural use of the 

property prior to its use as a landfill.  Moreover, the benzene and toluene detected at MW-3A can 

be reasonably attributed to past use of the site for agriculture or recreation, as discussed above in 

reference to the hunting stand near monitoring well MW-3S where the highest concentrations of 

these constituents were reported.  None of these analytes would be expected to be constituents of 

materials disposed in the C&D landfill.  Consequently, it is concluded that the water-quality data 

for MW-3A does not indicate that any dissolved-phase constituents that can be attributed to 

landfill operations have reached the facility boundary. 

 

Based on these results, it is recommended that semi-annual monitoring of groundwater be 

continued and that the required analytical parameters be limited to Appendix I volatile organic 

compounds and metals.  Inasmuch as the pesticides reported in groundwater at the site can be 

reasonably attributed to past agricultural use of the property, we propose to eliminate pesticides 

from the required analytical parameters for future sampling.  The results of the semi-annual 

monitoring will be evaluated for any changes in conditions that would indicate a sustained 

increase in dissolved contaminant concentrations and the likelihood that the groundwater quality 

standards will be consistently exceeded at the compliance boundary.  If such conditions arise, 

C&D Landfill, Inc. will propose additional assessment and/or corrective actions to address the 

situation. 

 

If you have any questions or require further assistance regarding this report, please call me at 

919-995-0363. 
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Sincerely, 

 
Brian S. Boutin, P.G. 

Consulting Geologist 

 

Cc: Judson Whitehurst, C&D Landfill, Inc. 

 David Garrett, PG, PE, David Garrett & Associates 

 









MW-3A 20.0 2.0 5 - 15 14.15 21.93 7.78 19.3 6.51 932 1

MW-3s 18.0 2.0 8 - 10 13.18 22.76 9.58 21.0 6.61 2744 1

MW-8 18.0 2.0 8 - 10 10.92 21.21 10.29 21.3 6.29 1347 4

MW-10 20.0 2.0 5 - 15 7.26 16.61 9.35 21.7 6.70 273 7

MW-11 20.0 2.0 5 - 15 6.00 14.49 8.49 23.5 6.19 568 5

MW-12s 20.0 2.0 5 - 15 7.73 16.18 8.45 21.5 6.23 172 6

Notes:

MSL      = Mean Sea Level

BTOC   = Below Top of Casing

Monitoring well construction data for MW-1 through MW-6 taken from April-June 2006 Sampling Event Monitoring Report prepared by Withers & Ravenel.

Elevation

Top of PVC

Well Casing

(Feet MSL)

Well Diameter 

(Inches)

Field Parameters

Turbidity  

(ntu)

Screen

Interval

(Feet BGS)

Groundwater

Elevation

(Feet MSL)

Depth to

Groundwater

(Feet BTOC)

Well Depth   

(Feet BGS)

Monitoring Well and Groundwater Data

Table 1

Water Quality Assessment Monitoring

C&D Landfill, Inc.

Greenville, Pitt County, North Carolina

Well 

Identity

ntu         = Nephelometric Turbidity Units

Temp.  C
o

BGS      = Below Ground Surface 

NM        = Not Measured 

August 10 and 11, 2009

pH
S.C. 

umhos/cm

S.C.       = Specific Conductance

Permit # 74-07



Water Table Hydraulic Effective Average Average

Well Elevation Conductivity Porosity Hydraulic Linear Flow

Identity (ft MSL) (ft/day) Gradient Velocity

8/24/2009 (ft/ft) (ft/day)

MW-3A 9.47 0.80 0.08 0.010 0.101

MW-10 11.79 0.12 0.05 0.007 0.016

MW-11 10.49 0.01 0.04 0.005 0.001

MW-12s 10.78 0.32 0.06 0.018 0.097

Notes: 1) ft MSL = feet above mean sea level.

2) Hydraulic Conductivity from slug testing performed by EFM, Inc.

3) Effective porosity values approximated based on grain-size data from lab testing of site

     soils for Phase 2 Design Hydrogeologic Report.

4) Average gradient obtained by dividing water-table elevation difference by horizontal distance 

    between closest two contour lines to each well location based on seasonal high

    water-table elevations (See Figure 3).

5) Average Linear Velocity calculated by the following formula:

Vx = (K/ne)*(dh/dl)

Where:

Greenville, Pitt County, North Carolina

Permit # 74-07

          Vx = average linear flow velocity (ft/day)

          K = hydraulic conductivity (ft/day)

          dh/dl = average hydraulic gradient (ft/ft)

          ne = effective porosity (unitless)

Table 2

Groundwater Flow Data

Water-Quality Assessment Monitoring

August 24, 2009

C&D Landfill, Inc.



VOLATILE ORGANIC CONSTITUENTS SWSL NCAC 2L STD

 SW 846 8260 (µg/L) (ug/L) (ug/L)

Acetone 3.15 J 5.99 J ND ND ND ND 100 700

Benzene 0.350 J 2.29 0.190 J ND ND ND 1 1

Chloroethane (Ethyl Chloride) ND 0.170 J ND ND ND ND 5.5 2800

Chloromethane ND 0.150 J ND ND 0.290 J ND 1 2.6

cis-1,2-Dichloroethene (Cis-1,2-Dichloroethylene) ND 0.670 J 0.0700 J ND ND ND 3 70

Ethylbenzene ND 0.480 J ND ND ND ND 3 550

Toluene 0.120 J 0.190 J ND ND ND ND 3 1000

Total Xylenes ND 0.360 J ND ND ND ND 4 530

SEMI-VOLATILE ORGANIC CONSTITUENTS SWSL NCAC 2L STD

SW 846 8270 (µg/L) (ug/L) (ug/L)

Acenaphthene ND 4.65 J ND ND ND ND 10 80

Dibenzofuran ND 1.89 J ND ND ND ND 10 28

Di-n-octylphthalate ND ND 1.74 J ND ND ND 10 140

PESTICIDES SWSL NCAC 2L STD

EPA 8081 (µg/L) (ug/L) (ug/L)

alpha-BHC 0.0229 JD 0.0522 0.0246 J ND ND ND 0.05 0.006*

beta-BHC ND ND 0.0221 JD ND ND ND 0.05 0.019

gamma-BHC ND 0.0318 JD ND ND ND ND 0.05 0.2

Endosulfan I ND ND 0.0426 J ND ND ND 0.1 NE

Endrin ND 0.0478 JD ND ND ND ND 2 0.1

4,4"-DDT ND ND 0.0343 JD ND ND ND 0.1 0.1

Methoxychlor ND ND 0.0779 JD ND ND ND 1 35

MISCELLANEOUS SWSL NCAC 2L STD

(µg/L) (ug/L) (ug/L)

Total Cyanide ND ND ND ND ND ND 10 70

Total Sulfide ND 134 ND ND ND ND 1000 NE

METALS SWSL NCAC 2L STD

(in ug/L) (ug/L) (ug/L)

Antimony ND ND ND ND ND ND 6 1.4*

Arsenic ND 6.4 J ND ND ND ND 10 50

Barium 125 B 701 B 127 B 76.1 JB 39.8 JB 56.6 JB 100 2000

Beryllium ND ND ND ND ND ND 1 4*

Cadmium 0.18 J 0.16 J 0.3 J 0.17 J 0.3 J ND 1 1.75

Chromium 3.36 JB 6.8 JB 4.76 JB 3 JB 3.09 JB 2.48 JB 10 50

Cobalt 19.9 10.60 12.3 ND ND ND 10 2*

Copper 2.35 J 2.64 J 2.31 J 2.34 J 2.44 J 1.86 J 10 1000

Lead ND ND ND ND ND ND 10 15

Mercury ND ND ND ND ND ND 0.20 1.05

Nickel ND 3.47 J 3.91 J ND 2.75 J 2.43 J 50 100

Selenium 4.14 J 17.00 4.59 J ND 4.22 J ND 10 50

Silver 7.15 JB 8.22 JB 7.77 JB 6.95 JB 6.92 JB 6.87 JB 10 17.5

Thallium ND ND ND ND ND ND 5.5 0.28*

Tin 5.34 JB 12.9 JB 5.12 JB 5.36 JB 6.02 JB 4 JB 100.0 NE

Vanadium ND ND ND ND ND 1.42 25 25*

Zinc ND ND ND ND ND ND 10 1050

Notes:

Values in boldface exceed the corresponding 15A NCAC 2L .0202 groundwater quality standard for Class GA groundwater. SWSL = Solid Waste Section Limit 

NCAC 2L STD = North Carolina Groundwater Standard established in Title 15A of North Carolina Administrative Code Subchapter 2L * Solid Waste Section  Groundwater Protection Standard

J = Estimated value above laboratory method detection limit and below SWSL or reporting limit.

B = Analyte found in associated field and/or laboratory blank. NE = Not Established

NS = Not Sampled, No sample exists for this sampling period ND = None detected above laboratory method detection limit.

MW-3s MW-8 MW-12s

Table 3

MW-3A

Greenville, Pitt County, North Carolina

MW-11

C&D Landfill, Inc.

Permit # 74-04

MW-10

August 10 and 11, 2009

Water Quality Assessment Monitoring

Summarized Laboratory Analytical Results for Groundwater Samples
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APPENDIX A 

 

Well Construction Diagrams and Completion Forms 
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APPENDIX B 

 

Drilling Logs 



David Garrett and Associates
Engineering and Geology

Boring No.

Client and Project
Equipment Drilling Method
Date Started Date Ended

Ground Elevation
Water Level, TOB
Water Level, 24 Hr.
Stabilized LevelLogged byDrilling Firm

Total DepthComments

Depths in feet, referenced b.g.s.

18

16

14

12

10

8

6

4

2

0

Elev. SPT Depth, Value and Plot Strata Depth and Description (USCS) Piezometer Constuction Data

Observation Date

N = 0    20   40   60  80  100 BPF

ofPage 1 1
MW-3A

C&D Landfill, Inc. (Pitt County)
CME 450 4-1/4" HSA
08/10/09 08/10/09
Bore & Core, Inc. Aaron Hill
TOC Elev. 21.93

19.13
5.9
NA
11.4

20.0 08/10/09

1.0

3.5

6.0

8.5

13.5

18.5

3
4
5

4
4
5

7
7
7

5
6
7

3
4
4

2
2
3

SM

SM

SM

SW

ML-
CL

ML-
CL

1.6

8.5

12.9

CLAYEY SAND: Topsoil with
roots

SILTY SAND: Loose orange sli.
clayey, fine - medium, trace of
roots, sli. moist

SAND: Medium dense, tan-buff,
well graded fine to coarse,
moist-wet

SILTY CLAY: Stiff, gray-green,
fine sandy, with heavy shell
hash (turritellas) wet, medium
plasticity

Bentonite-
Cement Grout
0 - 3'

Bentonite Seal
3 - 4'

Sand Pack
4 - 20'

0.010" Slotted
Screen 5 - 20'

Boring Terminated at 20.0 feet



David Garrett and Associates
Engineering and Geology

Boring No.

Client and Project
Equipment Drilling Method
Date Started Date Ended

Ground Elevation
Water Level, TOB
Water Level, 24 Hr.
Stabilized LevelLogged byDrilling Firm

Total DepthComments

Depths in feet, referenced b.g.s.

16

14

12

10

8

6

4

2

0

2

Elev. SPT Depth, Value and Plot Strata Depth and Description (USCS) Piezometer Constuction Data

Observation Date

N = 0    20   40   60  80  100 BPF

ofPage 1 1
MW-9A

C&D Landfill, Inc. (Pitt County)
CME 450 4-1/4" HSA
08/07/09 08/07/09
Bore & Core, Inc. Aaron Hill
TOC Elev. 20.58

17.64
3.1
NA
4.8

20.0 08/10/09

1.0

3.5

6.0

8.5

13.5

18.5

3
4
5

10
12
13

5
5
6

4
5
5

4
4
5

2
2
3

SM

CL

SW-
SM

SW-
SM

ML-
CL

ML-
CL

2.1

5.9

13.7

SILTY SAND: FILL with brick
and concrete fragments

CLAY: Med. stiff, orange-tan-
gray (mottled), fine sandy, very
moist

SAND: Medium dense, light
gray-buff, sli. silty, well graded
fine to medium, wet

SILTY CLAY: Med. stiff, gray-
green, sli. fine sandy, with
heavy shell hash (turritellas)
wet, medium plasticity

Bentonite-
Cement Grout
0 - 3'

Bentonite Seal
3 - 4'

Sand Pack
4 - 20'

0.010" Slotted
Screen 5 - 20'

Artesian water press. at 12 feet

Boring Terminated at 20.0 feet



David Garrett and Associates
Engineering and Geology

Boring No.

Client and Project
Equipment Drilling Method
Date Started Date Ended

Ground Elevation
Water Level, TOB
Water Level, 24 Hr.
Stabilized LevelLogged byDrilling Firm

Total DepthComments

Depths in feet, referenced b.g.s.

14

12

10

8

6

4

2

0

2

4

Elev. SPT Depth, Value and Plot Strata Depth and Description (USCS) Piezometer Constuction Data

Observation Date

N = 0    20   40   60  80  100 BPF

ofPage 1 1
MW-10

C&D Landfill, Inc. (Pitt County)
CME 450 4-1/4" HSA
08/06/09 08/06/09
Bore & Core, Inc. Aaron Hill
TOC Elev. 16.61

14.16
2.7
NA
4.8

20.0 08/10/09

1.0

3.5

6.0

8.5

13.5

18.5

1
1
5

9
13
12

9
12
2

3
3
2

3
2
3

3
3
3

ML

SP

SW

ML-
CL

ML-
CL

ML-
CL

2.1

7.1

8.0

SILT: Soft, dark brown, fine
sandy, organic, very moist

SAND: Med. dense, tan-buff,
uniform fine grained, wet

SAND: Loose, tan-buff, sli. silty

SILTY CLAY: Soft, gray-green,
sli. fine sandy, with heavy shell
hash (turritellas) wet, distict
sand and clay layers

Bentonite-
Cement Grout
0 - 3'

Bentonite Seal
3 - 4'

Sand Pack
4 - 20'

0.010" Slotted
Screen 5 - 20'

Boring Terminated at 20.0 feet



David Garrett and Associates
Engineering and Geology

Boring No.

Client and Project
Equipment Drilling Method
Date Started Date Ended

Ground Elevation
Water Level, TOB
Water Level, 24 Hr.
Stabilized LevelLogged byDrilling Firm

Total DepthComments

Depths in feet, referenced b.g.s.

10

8

6

4

2

0

2

4

6

8

Elev. SPT Depth, Value and Plot Strata Depth and Description (USCS) Piezometer Constuction Data

Observation Date

N = 0    20   40   60  80  100 BPF

ofPage 1 1
MW-11

C&D Landfill, Inc. (Pitt County)
CME 450 4-1/4" HSA
08/06/09 08/06/09
Bore & Core, Inc. Aaron Hill
TOC Elev. 14.49

11.60
6.1
NA
3.1

20.0 08/10/09

1.0

3.5

6.0

8.5

13.5

18.5

2
2
3

1
1
0

2
3
2

4
5
6

5
5
8

5
7
7

SM

SC-
CL

ML-
CL

SC-
CL

MH-
CH

MH-
CH

2.9

5.5

14.5

SAND: Loose, dark brown, silty,
fine - medium, tr. clay, moist

CLAY: Very soft, green-gray,
silty, fine sandy, w/ turritella
shell hash, wet

CLAY: Soft - med. stiff, gray-
green, fine sandy, very silty,
with shell hash (turritellas) wet,
very sandy layer w/ large shell
fragments at 9.5 - 10 feet

SILTY CLAY: Med. stiff, gray-
green, sli. fine sandy, wet, very
plastic

Bentonite-
Cement Grout
0 - 3'

Bentonite Seal
3 - 4'

Sand Pack
4 - 20'

0.010" Slotted
Screen 5 - 20'

Boring Terminated at 20.0 feet



David Garrett and Associates
Engineering and Geology

Boring No.

Client and Project
Equipment Drilling Method
Date Started Date Ended

Ground Elevation
Water Level, TOB
Water Level, 24 Hr.
Stabilized LevelLogged byDrilling Firm

Total DepthComments

Depths in feet, referenced b.g.s.

14

12

10

8

6

4

2

0

2

4

6

8

10

Elev. SPT Depth, Value and Plot Strata Depth and Description (USCS) Piezometer Constuction Data

Observation Date

N = 0    20   40   60  80  100 BPF

ofPage 1 2
MW-12D

C&D Landfill, Inc. (Pitt County)
Detrich D-10 4-1/4" HSA
12/11/02 12/11/02
Bore & Core, Inc. David Garrett
TOC Elev. 17.93

15.24
5.5
5.0
4.5

40.0 01/15/03

1.0

3.5

6.0

8.5

13.5

18.5

23.5

4
4
9

7
4
7

4
6
7

5
7
11

3
4
4

4
5
6

3
4
6

SM

SW

SW

SW

ML-
CL

ML-
CL

ML-
CL

3.2

10.9

SAND: Loose, tan, fine to
medium

SAND: Medium dense, tan-
orange, slightly silty

SILTY CLAY: Medium stiff,
gray, w/fine sand, shells

Converted from
piezometer
B-11

Bentonite-
Cement Grout
0-32'



David Garrett and Associates
Engineering and Geology

Boring No.

Client and Project
Equipment Drilling Method
Date Started Date Ended

Ground Elevation
Water Level, TOB
Water Level, 24 Hr.
Stabilized LevelLogged byDrilling Firm

Total DepthComments

Depths in feet, referenced b.g.s.

12

14

16

18

20

22

24

Elev. SPT Depth, Value and Plot Strata Depth and Description (USCS) Piezometer Constuction Data

Observation Date

N = 0    20   40   60  80  100 BPF

ofPage 2 2
MW-12D

C&D Landfill, Inc. (Pitt County)
Detrich D-10 4-1/4" HSA
12/11/02 12/11/02
Bore & Core, Inc. David Garrett
TOC Elev. 17.93

15.24
5.5
5.0
4.5

40.0 01/15/03

28.5

33.5

38.5

50/.3

24
12
36

16
25
50/.3

CL

SM

SM

27.6

36.2

SILTY CLAY: Medium stiff,
gray, w/fine sand, shells

SILTY SAND: Very dense,
partly cemented, green-black

SILTY SAND: Very dense,
green-gray, clayey, w/shells

Bentonite Seal
32-34'

Sand Pack
34-40'

0.010"
Slotted Screen
35-40'Boring Terminated at 40.0 feet



David Garrett and Associates
Engineering and Geology

Boring No.

Client and Project
Equipment Drilling Method
Date Started Date Ended

Ground Elevation
Water Level, TOB
Water Level, 24 Hr.
Stabilized LevelLogged byDrilling Firm

Total DepthComments

Depths in feet, referenced b.g.s.

12

10

8

6

4

2

0

2

4

6

Elev. SPT Depth, Value and Plot Strata Depth and Description (USCS) Piezometer Constuction Data

Observation Date

N = 0    20   40   60  80  100 BPF

ofPage 1 1
MW-12S

C&D Landfill, Inc. (Pitt County)
CME 450 4-1/4" HSA
08/07/09 08/07/09
Bore & Core, Inc. Aaron Hill
TOC Elev. 16.18

13.72
2.1
NA
5.3

20.0 08/10/09

1.0

3.5

6.0

8.5

13.5

18.5

1
2
5

10
12
13

5
9
10

5
7
3

3
4
5

5
7
7

SM

SW-
SM

SW-
SM

SP

MH-
CH

MH-
CH

2.0

9.5
10.0

SAND: FILL, Loose, brown,
silty, moist (drilling pad)

SAND: Loose, tan-gray. sli.
silty, fine-medium, black
decayed organic debris, wet

SILTY CLAY: Med. stiff, gray-
green, sli. fine sandy, moist, w/
shells, very plastic

Bentonite-
Cement Grout
0 - 3'

Bentonite Seal
3 - 4'

Sand Pack
4 - 20'

0.010" Slotted
Screen 5 - 20'

Boring Terminated at 20.0 feet

Loose, white, clean "sugar sand"



David Garrett and Associates
Engineering and Geology

Boring No.

Client and Project
Equipment Drilling Method
Date Started Date Ended

Ground Elevation
Water Level, TOB
Water Level, 24 Hr.
Stabilized LevelLogged byDrilling Firm

Total DepthComments

Depths in feet, referenced b.g.s.

18

16

14

12

10

8

6

4

2

0

Elev. SPT Depth, Value and Plot Strata Depth and Description (USCS) Piezometer Constuction Data

Observation Date

N = 0    20   40   60  80  100 BPF

ofPage 1 1
MW-13

C&D Landfill, Inc. (Pitt County)
CME 450 4-1/4" HSA
08/07/09 08/07/09
Bore & Core, Inc. Aaron Hill
TOC Elev. 20.69

18.12
5.1
NA
8.8

20.0 08/10/09

1.0

3.5

6.0

8.5

13.5

18.5

2
3
3

3
5
5

1
1
1

7
9
10

5
6
6

4
5
5

SW-
SM

SC

SM

ML-
CL

MH-
CH

MH-
CH

4.0

5.7

8.1

12.5

SILTY SAND: Loose, brown,
fine-medium, w/ clay, roots, dry
(perimeter embankment fill)

CLAYEY SAND: Loose, tan,
fine-medium, w/ wood, moist

SILTY SAND: Very loose, tan-
brown, w/ tr. clay, wood

SILTY CLAY: Stiff, green-gray,
sli. fine sandy, w/wood

SILTY CLAY: Stiff, gray-green,
sli. fine sandy, w/ heavy shell
hash (turritellas), moist, very
plastic

Bentonite-
Cement Grout
0 - 3'

Bentonite Seal
3 - 4'

Sand Pack
4 - 20'

0.010" Slotted
Screen 5 - 20'

Boring Terminated at 20.0 feet



David Garrett and Associates
Engineering and Geology

Boring No.

Client and Project
Equipment Drilling Method
Date Started Date Ended

Ground Elevation
Water Level, TOB
Water Level, 24 Hr.
Stabilized LevelLogged byDrilling Firm

Total DepthComments

Depths in feet, referenced b.g.s.

14

12

10

8

6

4

2

0

2

4

6

8

10

Elev. SPT Depth, Value and Plot Strata Depth and Description (USCS) Piezometer Constuction Data

Observation Date

N = 0    20   40   60  80  100 BPF

ofPage 1 2
MW-14D

C&D Landfill, Inc. (Pitt County)
Detrich D-10 4-1/4" HSA
12/17/02 12/17/02
Bore & Core, Inc. David Garrett
TOC Elev. 17.45

14.54
2.9
3.0
4.0

40.0 08/10/09

1.0

3.5

6.0

8.5

13.5

18.5

23.5

2
5
5

6
10
9

7
10
7

4
3
5

4
5
6

4
6
6

4
5
6

SM

SP

SW

SC

ML-
CL

CH

CH

3.1

7.9

12.7

SILTY SAND: Medium dense
tan-brown, fine to medium

SAND: Medium dense, tan,
medium to coarse

CLAYEY SAND: Medium
dense, dark gray

SILTY CLAY: Stiff, dark gray,
fine sand layers, shell layers,
becomes sandy with shell hash
below 28.4 feet

Converted from
piezometer
B-23d

Bentonite-
Cement Grout
0-32'



David Garrett and Associates
Engineering and Geology

Boring No.

Client and Project
Equipment Drilling Method
Date Started Date Ended

Ground Elevation
Water Level, TOB
Water Level, 24 Hr.
Stabilized LevelLogged byDrilling Firm

Total DepthComments

Depths in feet, referenced b.g.s.

12

14

16

18

20

22

24

Elev. SPT Depth, Value and Plot Strata Depth and Description (USCS) Piezometer Constuction Data

Observation Date

N = 0    20   40   60  80  100 BPF

ofPage 2 2
MW-14D

C&D Landfill, Inc. (Pitt County)
Detrich D-10 4-1/4" HSA
12/17/02 12/17/02
Bore & Core, Inc. David Garrett
TOC Elev. 17.45

14.54
2.9
3.0
4.0

40.0 08/10/09

28.5

33.5

38.5

21
17
16

50/.4

29
50/.5

SC-
CL

SM

SM

32.8

SILTY CLAY: Stiff, dark gray,
fine sand layers, shell layers,
becomes sandy with shell hash
below 28.4 feet

SAND: Very dense, dark gray,
silty, glauconitic, shell hash

Bentonite Seal
32-33'

Sand Pack
33-40'

0.010"
Slotted Screen
35-40'

Boring Terminated at 40.0 feet



David Garrett and Associates
Engineering and Geology

Boring No.

Client and Project
Equipment Drilling Method
Date Started Date Ended

Ground Elevation
Water Level, TOB
Water Level, 24 Hr.
Stabilized LevelLogged byDrilling Firm

Total DepthComments

Depths in feet, referenced b.g.s.

12

10

8

6

4

2

0

2

4

6

Elev. SPT Depth, Value and Plot Strata Depth and Description (USCS) Piezometer Constuction Data

Observation Date

N = 0    20   40   60  80  100 BPF

ofPage 1 1
MW-14S

C&D Landfill, Inc. (Pitt County)
Detrich D-10 4-1/4" HSA
12/18/02 12/18/02
Bore & Core, Inc. David Garrett
TOC Elev. 16.60

13.90
3.0
2.2
2.0

20.0 08/10/09

1.0

3.5

6.0

8.5

13.5

18.5

2
5
5

6
10
9

7
10
7

4
3
5

4
5
6

4
6
6

SM

SP

SW

SC

ML-
CL

CH

3.1

7.9

12.7

SILTY SAND: Medium dense
tan-brown, fine to medium

SAND: Medium dense, tan,
medium to coarse

CLAYEY SAND: Medium
dense, dark gray

SILTY CLAY: Stiff, dark gray,
fine sand layers, shell layers,
becomes sandy with shell hash
below 28.4 feet

Converted from
piezometer
B-23s

Bentonite-
Cement Grout
0-1'

Bentonite Seal
1-3'

Sand Pack
3-20'

0.010" Slotted
Screen 5-20'

Boring Terminated at 20.0 feet
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APPENDIX C 

 

Groundwater Sampling Forms 
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APPENDIX D 

 

Results of Rising-Head Permeability Tests 
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APPENDIX E 

 

Laboratory Reports 

And 

Chain-of-Custody Records 

 




























































































































































