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1.0 INTRODUCTION 
 
The planned Construction and Demolition (C&D) Debris Landfill is to be developed at 
the existing Avery County Landfill (Permit 42-04).  The planned C&D landfill area 
encompasses 29.01 acres within the existing permitted facility boundary, located adjacent 
to the existing C&D landfill.  The geology and hydrogeology of the study area has been 
characterized, and a site design package has been prepared pursuant to applicable North 
Carolina Solid Waste Management Rules. 
 
The planned C&D site meets all applicable location requirements of Rule .0536 (1) 
through (11).  The site vicinity is sparsely populated.  Geological and geotechnical 
conditions at the planned C&D site are typical of site conditions for the existing landfill.  
There are no flood plains, or endangered species identified within the C&D footprint.  A 
copy of the property deed(s) are included in Appendix A. 
 
Soils are relatively deep in the C&D footprint.  Ground water characteristics at the site 
are sufficiently well understood to design an effective ground water monitoring network.   
 
The overall site contains a permanent stream (Unnamed Tributary) that provides an on-
site ground water discharge feature. The existing facility and proposed site are shown on 
Figure 1.  There are no potable wells located between the planned C&D landfill and the 
ground water discharge feature.  Depths to bedrock and/or ground water are such that the 
current grading plan will meet regulatory vertical separation requirements.   
 

2.0 SITE REPORT 
 

2.1 Regional and Local Characteristic Study 
 
The facility is located 1.82 miles NE of the intersection of Highway 19 East and Brushy 
Creek Road or 1.5 miles NE from the Avery County Airport (Figure 1).  The property is 
not zoned as there is no county-wide zoning in Avery County.  There is residential 
development in the site vicinity (within 2000 feet), and commercial development 
(Unimin Mine) within 2 miles.  
 
An aerial photo of the site, with a 2000-foot radius, is shown on Figure 2 (scale 1 inch = 
300 feet).  Figure 3 shows the topographic map of the site with a 2000 foot radius.  The 
aerial photograph has been field verified that no significant development has occurred 
within the 2000-foot radius since the photo was taken.  On-site easements to the facility 
boundary include an underground gas line (Piedmont Natural Gas), located along Brushy 
Creek Rd. at the south edge of the property.  No other utilities or easements are known 
within the site boundary. 
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Area land use is primarily undeveloped or industrial with some residential development.  
There is no zoning in this portion of Avery County and none of the Special Use 
Ordinances within the County apply to landfill operations. 
 
Scattered houses exist along Brushy Creek Road and the other roads in the area.  The 
permitted facility boundary site is bound on the south by Brushy Creek Road and to all 
other directions by private property.  Access to the site is from Brushy Creek Road, 
which connects to Highway 19 East to the west.  Both of these roads will serve as the 
primary waste transportation routes.  All access roads are paved.  
 
There are no public water supply wells in the vicinity of the site.  No surface water 
intakes are known to exist within 2000 feet of the site.  Municipal water is not available 
in the vicinity, and the residents in the area were found to have potable wells, due to the 
remoteness of some houses.  Not all potable well locations could be verified.  There are 
no significant ground water users within 2000 feet of the site.  
 
Potential contaminant sources at the facility included the unlined C&D landfill. This 
facility is monitored and currently no ground water contamination has been detected.  
The Avery County closed MSW landfill is located outside the 2000 foot radius on Brushy 
Creek Road.  Due to its distance, this landfill is an unlikely source of impact for the C&D 
landfill. 
 

2.2 Applicable Location Restrictions 
 

2.2.1 Flood Plains  
 
The main drainage feature on the site is an unnamed tributary that roughly bisects the 
permitted property and drains westward to Brewer’s Creek and Bear Swamp.  The banks 
of the unnamed tributary form a narrow floodplain extending no more than 20 feet to 
either side of the channel within the site boundary.  No development is proposed within 
50 feet of the stream channel. 
 
An inspection of FEMA FIRM mapping1, reprinted in Appendix B, indicates that no 
areas of the site exist within the 100 year flood limits.  This is the most recent FIRM 
mapping.  No portions of the proposed C&D landfill exist within the 100-year floodplain 
limits.  Design grades will be set such that no restriction of the flow of the unnamed 
tributary will occur and the risk of exposure of the waste due to flooding or scouring will 
be minimal.  There will be minimal disturbance to the wooded area adjacent to the 
surface water bodies. 
 

2.2.2 Wetlands 
 
The entire property has been reviewed for the presence of streams and wetlands under the 
jurisdiction of Section 404 of the Clean Water Act.  Within the proposed expansion area, 
streams and wetlands have been delineated and field verified by the US Army Corps of 
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Engineers.  A final wetland plat is being produced for the expansion project and will be 
submitted to the USACE in March 2008.  A USACE-signed plat will be forwarded to 
NCDWM upon receipt.  Streams and wetlands on the remainder of the property have 
been approximately located using sub-meter GPS technology for future planning 
purposes and to ensure no inadvertent impacts occur to these resources.  Due to the 5-
year expiration of USACE jurisdictional determinations, these impact areas will be 
delineated, surveyed, and submitted to the USACE for approval at a later date as needed. 
 
The proposed landfill expansion will impact approximately 410 linear feet of intermittent 
stream channel and less than 0.01 acres of wetlands.  The stream channel in question is 
currently lacking significant aquatic function.  This has been discussed during a field 
meeting with the USACE, NC Division of Water Quality, and NC Wildlife Resources 
Commission.  All agencies agreed that the impacts were reasonable given the design and 
operational difficulties of a landfill in this topographical setting, the current function and 
status of the stream channel, and other alternatives for rectifying the historical impact.  
As mitigation for this impact, the County is developing a stream rehabilitation plan for 
approximately 520 linear feet of perennial channel on the site in order to improve its 
aquatic habitat and riparian buffer enhancement or preservation on up to 1075 additional 
linear feet of perennial channels.  The project will require a variance from the Trout 
Waters buffer rules from the NC Division of Land Resources, followed by a Nationwide 
Permit 39 from the USACE and NCDWQ.  These applications are being submitted in the 
next several months.  A copy of the preliminary wetland survey map is included in 
Appendix B. 
 

2.2.3 Unstable Areas  
 
There are no unstable areas in the proposed landfill expansion area.  A detailed geologic 
investigation was performed by David Garrett, P.G., P.E.  A detailed discussion of site 
geologic features is included in that report (Appendix C).   
 

2.2.4 Cultural Resources 
 
Garrow and Associates, Inc (Garrow) performed a Cultural Resources evaluation in 1994.  
This study revealed a total of four sites on the property.  Two of these were historic sites 
from the 20th Century (31AV79, 31AV79), and two were found to be prehistoric sites 
(31AV81, 31AV80).  The site locations are shown on Figure 2.  The Garrow report 
concluded that none of the four sites contain intact artifacts or contain sufficient density 
of artifacts to be considered significant.  No further archaeological evaluations were 
recommended based upon their findings. A copy of this report is included in Appendix 
D. 
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2.2.5 State Nature and Historic Preserve 
 
A letter from the head of the Natural Resources Program of NCDENR dated March 26, 
2008 indicates there are no State Nature and Historic Preserves on the site or within the 
site vicinity.  This letter is included in Appendix E. 
 

2.2.6 Water Supply Watersheds 
 
The landfill site is located adjacent to Brushy Creek which is classified as a Class C Trout 
Water in this area.  The site is not located in a water supply watershed. 
 

2.2.7 Endangered and Threatened Species 
 
A July 27, 1995 letter from the NC Natural Heritage Program (NC DENR Division of 
Parks and Recreation) pertaining to the C&D landfill site indicates that there are no 
records of known rare species at the proposed site. However, the letter denotes a further 
field survey would need to be conducted.  
 
Evaluations of endangered and threatened species were conducted by Garrow and 
Associates, Inc in November 1994 and by EcoSystems Inc in March 2007.  Neither of 
these investigations indicated the presence of endangered or threatened species on the 
property.  These reports and the original letter from the NC Natural Heritage Program are 
included in Appendix F.   
 
A March 12, 2008 a site investigation from Carolina Ecosystem, Inc. supported these 
previous reports by Garrow and EcoSystems.  Carolina Ecosystems, Inc. recommends no 
further surveys of the property at this time.  A copy of this report is also included in 
Appendix F. 
 

3.0 GEOLOGY AND HYDROGEOLOGY 

A geologic study was performed by David Garrett, P.G., P.E. for the Avery County Site.  
This report is included in Appendix C. 
 

4.0 LOCAL AND GOVERNMENT APPROVALS 
All appropriate local and government approvals for the proposed landfill expansion are 
included in Appendix G.  These include zoning information and Board of 
Commissioners approvals.       
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5.0 FACILITY PLAN 
The Engineering and Facility Plan for the proposed expansion is included in Appendix 
H. 
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INTRODUCTION 
 
Avery County intends to expand their C&D landfill above an existing 5.4 acre footprint 
(Phases 1 and 2).  The County owns 87.5 acres included in the permitted facility 
boundary (Permit # 06-03).  Overall Site Design by RSG Engineers includes short-term 
and long-term development plans for the CDLF and associated activities at the facility: 
 

• Initial expansion activities will consist of a vertical expansion within the existing 
footprint, connecting Phases 1 and 2 and infilling a portion of the drainage feature 
located between the existing phases. 

   
• Later expansion will extend north and westward into previously undeveloped 

portions of the property (included in the original permitted facility boundary).   
 
Prior geologic and geotechnical investigations were conducted ca. 1995 for the active 
phases of the CDLF and the nearby transfer station.  In general, the earlier site work met 
the investigation requirements at the time of original permitting, but recent rule changes, 
i.e., 15A NCAC 13B .0530 et seq. have placed more stringent site characterization 
requirements on existing facilities, hence this work seeks to demonstrate compliance with 
the hydrogeologic portions of the current rule.   
 
This report augments the earlier site studies relative to the planned vertical expansion and 
provides “site suitability” characterization of future expansion areas.  As such, this 
investigation focused on subsurface conditions immediately outside the current footprint 
– both upgradient and downgradient monitoring zones – and within the future north 
expansion area.   
 
Herein, an understanding of subsurface conditions has been developed to support the 
near-future plans for development and operations, and to assure that the site is being 
adequately monitored, but some of the remote portions of the site (west) have yet to be 
investigated due to steep slopes preventing drill rig access.  However, a sufficient 
understanding of the western portions of the site based upon published literature and site 
reconnaissance has been obtained to support Site Suitability at this time.  Future Design 
Hydrogeologic studies will be required for the expansion areas outside the current 
footprint, likely requiring additional test borings and geotechnical laboratory work.   
 
The site is located approximately 7 miles from the towns of Newland to the north and 
Spruce Pine to the southwest (see Figure 1).  USGS Terraserver mapping1 was also 
consulted, which provides spatially tied topo compiled ca. 1999 (exact date of map is 
unknown) and aerial photography taken ca. 1998 that shows the landfill and transfer 
station.  The latitude and longitude at the center of the site are approximately: 
 

N 35.96140 

 E -81.96781 

                                                 
1 http://terraserver-usa.com/
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Site specific topographic mapping was recently completed for the project base maps and 
tied to the North Carolina State Plan datum.  Reconnaissance of the site vicinity indicates 
relatively little change near the site since the 1998 photo. Refer to Section 4.1.2 for a 
detailed discussion of the topography.  A discussion of regional characteristics 
(pertaining to NC DENR’s site approval criteria) is presented elsewhere in RSG’s report.   

 
Figure 1 – Excerpt from USGS Topographic Maps (Linville Falls and Spruce Pine Quadrangles) 
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HYDROGEOLOGIC INVESTIGATIONS 
(15A NCAC 13B .0538) 

1.0 Site Hydrogeologic Report 
 
1.1 Local and Regional Geology 
 
The site is located within Blue Ridge province of North Carolina, along the eastern limb 
of the Blue Ridge anticlinorium.  Published geologic mapping2 places the site 
approximately 12 miles west of the Brevard Zone (measured perpendicular to strike), 
which is the boundary of the Blue Ridge Belt and the Piedmont.  Local rock types 
comprise medium- to high-grade metamorphic species, many of sedimentary origin, and 
plutonic rocks of mid Proterozoic age (>1000 MY) to Devonian age (390 MY).  The Blue 
Ridge province has a complex geologic history, with three recorded orogenies (indicative 
of tectonic compression), each with signature mechanical and thermal alteration (folding, 
faulting, jointing, regional metamorphism, igneous intrusions), and two well documented  
 

 
 

0 5 10 15 Miles 
      

 
Figure 2 – Excerpt from the North Carolina Geologic Map (1985) 

                                                 
2 North Carolina Geologic Survey at http://www.geology.enr.state.nc.us
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rifting (tensional) events, which introduced signature rock types and imparted subtle 
jointing overprints.  The rocks in the region tend to be highly jointed, due to the 
mechanical stresses the rocks experienced, once or repeatedly, with the older rocks 
typically exhibiting more complex jointing.  The major joint sets and faults tend to 
control the development of topographic features (i.e., surface drainage patterns), which 
translates into the subsurface as literally thousands of localized aquifers that have similar 
characteristics and are hydraulically connected.3   
 
The principal geologic units mapped in the immediate vicinity of the site include a mix of 
metamorphosed sedimentary and igneous rocks – termed paragneiss and orthogneiss, 
respectively – interlayered with contemporaneous schist, phyllite, and marble, later 
injected with various granitic intrusions, including plutons, pegmatites, and hydrothermal 
veins.  Regional metamorphic grades in the region include kyanite-grade (high grade) and 
retrograde chlorite-biotite metamorphism (low grade).  Major lithologic units near the site 
(Figure 2), from youngest to oldest, are: 
 

Dqd - quartz diorite to granodiorite intrusive; contains biotite, muscovite and 
xenocrysts (included fragments of older rock units); Devonian age (390 MY); 
associated pegmatite veins are the target of the well-documented Spruce Pine 
mining district, which produced feldspars, mica, and quartz for various industries, 
along with emeralds and other gem stones; 
 
Zabg - Gneiss of Alligator Back Formation; finely laminated to thin layered, 
contains massive gneiss and micaceous conglomerate; includes schist and 
phyllite; late Proterozoic age (750 MY);  
 
Zaba - Amphibolite of Alligator Back Formation; equigranular, massive to well 
foliated, chiefly metaphosed mafic rock; late Proterozoic age (750 MY); often 
occurring as large circular or elliptical areas marking plutonic stocks,4 associated 
with pre-Appalachian rifting that formed an earlier ocean called Iapetus.5  
 
Ybgg - biotite granitic gneiss; pinkish gray to light gray massive to well foliated; 
late to mid Proterozoic age (950-1250 my); associated with the Grenville orogeny.   

                                                 
3 LeGrand, Sr., H.E., A Master Conceptual Model for Hydrogeological Site Characterization in the 
Piedmont and Mountain Region of North Carolina, North Carolina Department of Environment and Natural 
Resources, Division of Water Quality, Groundwater Section, 2004  
 
4 http://www.1911encyclopedia.org/Amphibolite
 
5 Stewart and Roberson, Exploring the Geology of the Carolinas, University of North Carolina Press, 2007 
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Outcrops were not observed on-site.  Observed rock exposures (in local road cuts) 
typically exhibit a pronounced northeast regional strike and southeast dip along bedding, 
which has influenced the topography (Figure 1).  The predominant rock formation at the 
site, based on rock cores, appears to be mica gneiss and schist, akin to the Zabg unit.  
The geologic map indicates a contact with the Zaba unit within the site (confirmed with 
test borings) – an abrupt change in topography was noted from the south end to the north 
end of the site, perhaps marking the contact.  The bedrock is described in Section 1.2.2.     

Surface topography serves as a guide to the direction of ground water flow and influences 
gradients.  Key mineralogical differences between the various rock types are partly 
responsible for the variable topography – the relative abundance of mica is typically a 
key factor in weathering, but these relationships are complex.  Based on the geologic 
map, the Zaba unit (amphibolite, which is typically very hard rock) is expected to occupy 
the higher elevations of the site, but borings show the weathering profile is deeper within 
the higher elevations to the north than the lower areas occupied by Zabg unit (gneiss with 
possible schist), which appears to underlie much of the valley bottom.  All the borings 
indicated relatively high mica content in the soil, thus the contact (shown as 
“approximate” in Figure 1) may occur higher up the slope, past the point of stream 
development where the topography becomes steeper – a fragment of amphibolite was 
found in a split spoon sample near the bottom of MW-4d.   
 
A major structural feature near the study area (Figure 2) includes the well-documented 
Grandfather Mountain Window – a region of younger metasedimentary rocks (Cambrian-
Ordovician, 570 – 500 MY)6 associated with the Chilhowie Group, found notably in the 
Valley and Ridge Province of eastern Tennessee – placed unconformably above older 
rocks near the site by the Linville Falls Thrust7 (located east of the site).  An unnamed 
thrust8 located just east of the site – responsible for the abrupt elevation change toward 
the east – placed some of the oldest rocks known in the region (Ybgg unit) above the 
Alligator Back Formation (see Figure 2).  Although generally obscured by vegetation, 
abrupt slope changes can be a key indication of a contact or fault.  The thrust faults were 
active during post Devonian time (Pennsylvanian-Permian, 300 – 250 MY), i.e., the 
culminating Appalachian orogeny responsible for most of the now-visible structures of 
the Blue Ridge and Piedmont provinces.    
                                                 
6 LaDorna Jo Pfaff, Tectonics of the Blue Ridge Mountain Province, April 17, 2004, University of Kansas, 
Emporia, Advisor: James S. Aber, Ph.D., http://www.emporia.edu/earthsci/student/pfaff1/Blue_Ridge2.htm
 
7 Bryant, et al., Geology of the Grandfather Mountain Window, USGS Professional Paper 615, 1970, as 
referenced on the 1985 North Carolina Geologic Map 
 
8 Rankin, et al., Geologic Map of the Western Half of the Winston-Salem (100 K) Quadrangle, USGS 
Miscellaneous Geologic Investigation Map 1-709-A, 1972, referenced on the 1985 NC Geologic Map 
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1.1.1   Fracture Trace Analysis – Generalized bedrock fracture trends are presented on 
the Cumulative Length Distribution diagrams for two-mile and one-mile study areas, as 
measured from the facility boundary (see Appendix 1).  Similar to rosette diagrams, 
these plots show the statistical trends for the length and orientation of major fracture 
systems.  USGS mapped perennial streams were targeted since they represent the 
predominant fracture systems without the background clutter introduced by counting all 
the drainage features.  Some of the major fracture systems can be traced in the on-site 
bedrock through outcrop measurements (strike and dip of bedding and jointing), but 
bedrock exposures were not found during this investigation.   

The Cumulative Length plots show a pronounced lineation oriented at approximately 
N30oE to N45oE and another lineation at N60oE to N75oE.  These grouped lineations are 
consistent with the regional trend of the southern Appalachians and reflect the orientation 
of major streams near the site, i.e., Brushy Creek, which forms the southern border of the 
site, Three Mile Creek located approximately 1.2 miles north of the site, and Laurel 
Creek located approximately 0.8 miles south of the site.  These streams are the primary 
drainage features west of the dividing ridge defined by US 221 and the Parkway.  
Another distinct lineation occurs at N45oW to N75oW, which aligns with many smaller 
drainage features throughout the vicinity, as well as the Linville River and the Toe River, 
located approximately 2 miles east and west of the study area, respectively.  Finally, an 
almost unremarkable lineation occurs in the N0oE to N15oE, orientation, with a few 
drainage features present near the site –including the onsite streams that drain the site to 
Brushy Creek – but further south this orientation coincides with the North Fork of the 
Catawba River and the Linville River (below the gorge).   

Ground exposures of outcrops at the site are poor to non-existent (due to deep weathering 
characteristics, discussed later).  A 70-foot deep, near-vertical cut in the hillside near 
piezometer PZ-10 (central portion of the site) revealed numerous steeply dipping joints, 
which appear to coincide with both the second and third orientations discussed above, 
although these features were not accessible for measuring orientations.  Based on stream 
orientation (Figure 1), it appears the dominant lineament orientation in the study area 
aligns with the regional strike of the Blue Ridge, along which Brushy Creek and other 
USGS mapped streams have formed with a wide spacing on the order of miles.  The 
second-most prominent fracture orientation is the northwest alignment – this may be 
conjugate to the dominant orientation – along which most of the drainage features leading 
to the USGS mapped streams align.  The subtle north-northeast orientation clearly 
controls stream development at the site, along with the northwest orientation.  These 
patterns reflect very predictable ground water flow directions beneath the study area.   
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1.2 Field Reconnaissance  

1.2.1   Topographic Setting and Drainage – Site mapping (see Drawings S1 – S3) 
shows the site situated along the north side of a “bowl” formed along the regional 
jointing, with steep side slopes to the north and east (leading to significant divides) that 
transition to gentler slopes toward the central drainage feature (Brushy Creek).  Smaller 
drainage features oriented along the second and third fracture orientations (discussed 
above) coalesce to form the head of Brushy Creek near the site entrance (Figure 1).  
Surface slopes of 30 to 70 percent are not uncommon in the higher elevations beyond the 
site boundaries, whereas slopes of 15 to 25 percent are common within the previously 
developed areas (Phases 1 and 2).  Near the southern border, slopes decrease to 10 
percent, or less; Brushy Creek drains the entire area southwest along these gentler slopes.   

Surface elevations within the site boundary range from approximately El. 2840 near the 
site entrance (located near the creek) to nearly El. 3080 near the northwest corner of the 
facility.  Beyond the site boundary, surface elevations to the north vary to approximately 
El.4080 on Doe Hill Mountain, with markedly steeper topography; surface elevations 
vary toward the northeast to approximately El.3370 (near the intersection of US 221 and 
Three Mile Road) and toward the east to approximately El. 3560 along the Parkway, 
which marks the divide between the Linville River and Toe River drainage basins.   

1.2.2   Bedrock Characteristics – As relatively few outcrops exist in the area (none were 
observed on the project site), the rock cores are relied upon to confirm the geologic 
mapping.  The NC Geologic Map shows a unit of Alligator Back amphibolite (Zaba) 
underlying the higher (north) portion site, surrounded by Alligator Back gneiss (Zabg), 
including the lower (south) portion, with Grenville-age biotite gneiss (Ybgg) existing 
close by to the east and Devonian quartz diorite further south (also see Figure 2).  This 
mapping is reflected by the surface topography, e.g., the gentler slopes within the 
southern portions of the site and existing near Brushy Creek are probably indicative of 
the more deeply weathered micaceous gneiss and schist, whereas the steeper terrain 
located to the north likely results from the a more resistant amphibolite – the presence of 
the contact between gneiss and amphibolite was confirmed by the test borings.   

Surface exposures of bedrock were not found during this investigation.  A previous soil 
borrow site near PZ-10  in the central portion of the site (see Drawing S1) revealed a 
deeply weathered saprolite, evidently derived from mica schist and gneiss, which 
presents a random sequence of resistant layers (with felsic minerals present) and more 
weathered micaceous silt.  Occasional veins of the nearby granite are present as thin 
stingers.  The depth of the cut, estimated at 60 – 70 feet, reflects the deep weathering 
found in the test borings.    
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The cores indicate highly micaceous (para)gneiss, foliated with distinct subhorizontal 
banding of light and dark color minerals; high-angle jointing and interlayered hard and 
soft seams; quartz and feldspar clasts.  The rock exhibited variably thick zones of 
“partially weathered rock” – material that could be penetrated by hollow stem augers but 
yielded standard penetration resistance values (ASTM D-1586) in excess of 100 blows 
per foot.  Below depths of “auger refusal” the rock cores exhibited generally high 
recovery values, varying from 50 – 100 percent but typically 85 percent or higher.  
However, rock quality determination (RQD) values obtained are generally low – varying 
from 8 – 62 percent – which is likely due to the tendency for the soft, fine grain materials 
to slake (become friable or “erodable”) when subjected to the mechanical stresses and 
high water pressures associated with rotary coring techniques  

1.2.3   Overall Rock Depths – Depths to rock below the surface vary from 
approximately 31 feet in the lower elevations (MW-2d) to 88 feet in the higher elevations 
(PZ-13d).  This is consistent with the deep cuts that were made near PZ-10 (discussed 
above), where “auger refusal” was encountered at a depth of 58 feet.  Generally speaking, 
the rock appears to be deeper relative to the ground surface within the higher elevations 
of the study area, shallower in the lower elevations – this trend could have resulted from 
variable erosion rates (relative to rates of in-situ weathering) controlled by some 
combination of regional jointing and mineralogy.     

1.2.4   Springs, Seeps and Ground Water Discharge Features – Spring-fed streams 
(both intermittent and perennial) have been identified on the ground water contour map 
(Drawing S2).  One such stream is located to the west of Phase 1; another between 
Phases 1 and 2; another is located along a deep drainage feature near PZ-13d.  None of 
these features are USGS mapped (see Figure 1).  All were found to be running during the 
time of the site investigation (December 2007 – February 2008).     

Field crews also noted seeps along a newly built access trail between PZ-13d and PZ-12.  
It is not believed that this represents true groundwater, whereas the region was receiving 
intermittent rain and snow around the time of the investigation; this is believed to be 
“perched” water within the fine grained, near surface soils.  The two north-oriented 
streams represent on-site discharge features for the uppermost aquifer.   

Brushy Creek, located further south (near the facility boundary), represents a discharge 
feature for both the uppermost aquifer and deeper regional flow, relative to an estimated 
1400 acre drainage basin above the site, contained within the surrounding ridges.  No 
ground water wells exist between the facility and the discharge feature; no onsite or 
offsite water supply wells are down gradient of any active or future disposal units. 
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1.3 Test Borings/Piezometers 

Drawing S1 shows test boring locations performed for this site evaluation.  Including the 
previous test borings for the CDLF and the existing monitoring wells (excluding the 
geotechnical borings for the transfer station), a total of twenty four (24) test borings were 
completed at sixteen (16) different locations on the 87.5 acre site – thirteen (13) were 
installed in this investigation.  This meets the requirement of one boring per 10 acres for 
the Site Study geologic investigation. 

Test boring locations were selected based on topographic features for the purpose of 
characterizing soil/rock depths and ground water conditions within the planned disposal 
unit footprints and buffers.  The test borings represent subsurface conditions at ridge lines 
and knolls (high elevations), along stream and drainage bottoms (low elevations) and 
intermediate slopes (mid-elevations).  Emphasis was placed on determining rock depths 
and vertical gradients immediately near the current CDLF footprint, a requirement under 
the current rules that had not been performed during previous permitting.  A summary of 
test boring data, e.g. depths to weathered rock, bedrock (auger refusal) and termination 
depths, as well as piezometer screen intervals, is presented on Table 1.  Test boring logs 
and piezometer completion records are presented in Appendix 2.        

Nearly all test borings were extended to “auger refusal” conditions or extended into 
bedrock.  The borings extend to depths varying to 88 feet below the surface.  All borings 
encountered ground water and were converted to 2-inch diameter piezometers for long-
term ground water level observation.  All piezometers were completed with locking steel 
protective casings.   Three deep wells were installed beside existing monitoring wells 
(MW-1d, MW-2d, and MW-3d) to form nested pairs, and a new nested pair (MW-4s 
and 4d) was installed upgradient of the CDLF footprint.  Three nested piezometers were 
installed at PZ-13s, 13i, and 13d to distinguish potential isolated water bearing zones 
within the slope.  Portions of the site were not investigated due to steep slopes that were 
inaccessible to the drill rig without extensive trail construction – these areas will be 
investigated in the future (as needed) once long-term expansion plans are developed. 

Piezometer screen intervals were selected to represent the various soil, weathered rock 
and competent bedrock formations.  Site-wide, the test borings include two (2) rock core 
borings and six (6) shallow/deep nested pairs of piezometers and/or monitoring wells.  
The piezometers provide data that facilitate ground water flow directions and rates.  The 
nested pairs provide vertical ground water gradient information relative to the CDLF in 
the up gradient, down gradient and cross gradient directions.  Short-term and long-term 
ground water levels are presented on Tables 4 and 5, respectively.  
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Soil borings were drilled with an all terrain vehicle-mounted drill rig (Mobile B-57), 
turning 5¼-inch O.D. hollow stem augers.  All borings were sampled by the standard 
penetration test technique (ASTM D-1586) on 5-foot intervals.  Samples were collected 
in glass jars for visual inspection and laboratory testing.  A number of bulk samples and 
Shelby tubes were collected for laboratory analysis (see Section 4.1.4).  All rock core 
samples and soil samples not submitted to the lab were archived for later inspection, if 
needed.  The rock core borings were advanced with a 2-7/8-inch rotary tri-cone bit and/or 
a diamond-tipped NQWL (wire line) core barrel.   

Piezometers (and wells) consisting of 2-inch diameter PVC pipe with 0.010-inch slotted 
screens (variable lengths) were set through augers (soil borings) or into open core holes.  
Within each boring the annular space next to the screen was filled with filter sand to a 
depth of approximately two feet above the screen interval, a 2-foot thick bentonite-pellet 
seal was placed at the top of the sand column and hydrated with fresh water, then the 
remaining annular space was grouted to the surface using a Portland cement-bentonite 
slurry.  Wells located at current or potential future monitoring well sites were finished 
with a locking steel cover embedded in a formed concrete pad.    

1.4 Laboratory Geotechnical Testing 

1.4.1   Laboratory Analysis - Table 2 presents a summary of laboratory test data for 
selected test borings.  The laboratory test program consists of the following: 

 Triaxial Shear Strength, CU - undisturbed  D4767-95  1 

 Flexible wall permeability - undisturbed  D5084   1 

 Standard Proctor Compaction    D698   1 

 Grain Size w/Hydrometer    D422, D1140  11 

 Atterberg Limits     D4318   11 

 Natural Moisture     D2216   11 

The soils were classified in the laboratory according the Unified Soil Classification 
System (USCS).  These descriptions were matched to the boring logs to verify the visual 
soil classifications.  Laboratory data is presented in Appendix 4.  Based on the laboratory 
data, a majority of the on-site soils generally classify as silty sands (SM) or silt (ML), 
with occasional sandy gravel (GP-GM).  Some of the tested soils exhibited clay content 
in the range of 17 to 25 percent, which is consistent with field observations (the soils are 
variably clayey, generally non-plastic silt).  Most of the onsite soils are highly micaceous, 
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which tends to weight the laboratory test screens coarser than the No. 200 sieve (>0.075 
mm); this skews the USCS classifications because the higher weights in the sand-size 
fraction results in percentages of “sand” above 50% (the cutoff for calling a soil “sand” 
or “silt).  Although most of the soils exhibit plasticity indices below 10, some test soils 
show slightly higher values, uncharacteristic of sands.   

The highly micaceous, silty soils exhibit low cohesion and relatively low friction 
strength, i.e., a “greasy” texture.  This is confirmed by the laboratory CU triaxial shear 
strength test, which resulted in an effective cohesion of 211 psf and friction of 24 
degrees, based on the p-q diagram (Appendix 4).  Such soils tend to behave elastically 
and can be difficult to compact (due to “springiness”), plus the soils will likely exhibit a 
relatively narrow range of workable compaction moisture relative to achieving desired 
strength and/or permeability.   

In-situ soils may tend to lose strength with time in steep cut slopes, due to a stress-strain 
phenomenon expressed by incremental strain-hardening as stress builds up, followed by a 
sudden loss of strength caused by slippage (realignment) of mica particles – then the 
whole sequence can repeat once the realignment comes to equilibrium.  This 
phenomenon was actually observed in the lab on the undisturbed test samples.  In the 
field, this effect can be triggered after initial loading or unloading by moisture 
fluctuations.  What this means for field performance is that cut slopes need adequate 
drainage to control moisture and may require flatter than usual slope ratios if laminations 
or joints are exposed dipping into the slope (see Section 1.11).  Shelby tube test samples 
exhibited a laboratory hydraulic conductivity test value of 7.00 x 10-6 cm/sec.      

In keeping with Division requirements, the effective porosity was estimated from the 
grain size distribution analysis using the Textural Classification diagram,9 originally 
developed by the US Geological Survey for estimating specific yields in porous aquifers.  
In an unconfined aquifer, specific yield and effective porosity are close enough to be 
considered interchangeable.  Thus this diagram is used to evaluate effective porosities 
that are then utilized in ground water velocity calculations (see Section 1.8).  A 
translation of sand, silt and clay percentages were performed from the original laboratory 
results so they match the diagram requirements.  On the diagram (Appendix 6), the 
apparent specific yield results are generally grouped between 15 and 25 percent, although 
some outliers are apparent – finer grained soils sampled at 3.5 – 5.0 feet at MW-4s (8% 
passing the No. 200 sieve) shows a calculated specific yield of 36%, while the sample at 
18.5 – 20.0 feet at MW-4s (51% passing the No. 200 sieve) shows a calculated specific 
yield of 6%.    
                                                 
9 Fetter, Applied Hydrogeology, 4th Edition, 2001, page 80 
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These results illustrate the variable nature of the laminated and layered soils.  No distinct 
difference was observed between soils exhibiting standard penetration resistance values 
less than 100 blows per foot to those with SPT values over 100 bpf.  The effective 
porosity calculations are presented in Appendix 5 and summarized on Table 2.  Again, it 
should be noted that the high mica content could skew these calculations – which are 
based solely on grain size distribution – thus overall the soils may actually exhibit lower 
specific yields than calculated by these means.   

1.4.2   Formation Descriptions - The test borings indicate the presence of gneiss in the 
southern portions of the site (via rock cores at MW-1d and MW-2d) and amphibolite in 
the central-northern portion of the site (split spoon recovery just above auger refusal at 
MW-4d).  The rock types observed on-site are consistent with published mapping. The 
borings encountered no voids, faults, or compressible zones; although the combination of 
low strength, high water table, and dipping laminations could lead to potentially unstable 
cut slopes if precautions are not taken (see Section 1.11).   

Soils encountered by the test borings comprise variably micaceous, clayey silt and silty 
sand weathered from the underlying bedrock.  Aquifers tend to form along highly 
weathered zones associated with jointing (or other fractures), and within the deeper, 
coarse-grained saprolite that mantles the bedrock.  These are secondary porosity features, 
not typically associated with a given stratigraphy.  The aquifers are localized and usually 
follow surface topography, but they tend to associate with regional jointing and coincide 
with drainage features.   

The near surface soils exhibit SPT values ranging from 9 to 60+ blows per foot (bpf).  
This apparent variability in density is due to layering (visible in the deep cut near PZ-10), 
which imparts a “differential weathering” where the soils contain hard ledges of sandy 
material with interbedded layers of softer micaceous silt.  The presence of relatively 
shallow ground water and potentially elevated hydrostatic pressures (see Section 4.1.8) 
may influence apparent densities as an artifact of the drilling and sampling process (i.e., 
sample bias).  The soils transition with depth to “partially weathered rock”, which are 
defined as very dense saprolite defined by SPT values in excess of 100 bpf, but which 
can still be penetrated by a hollow stem auger.  The “partially weathered rock” transitions 
with depth to “bedrock” defined by “auger refusal” in NC DENR nomenclature.  Auger 
refusal depths vary site-wide from approximately 30 to 50 feet in the lower elevations 
(MW-1d and MW-2d) to 75 to 88 feet in the higher elevations (PZ-12 and PZ-13d).      

The upper rock surface is transitional, that is, the overlying soils grade into rock at 
variable depths, partly influenced by the layering of different mineralogies, resulting in a 
differential weathering profile.  Excavations will likely encounter ledges of dense 
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saprolite, which may transition locally to rock-like materials but does not represent true 
bedrock.  The soil horizons may contain veins of hard materials, termed “stringers,” 
boulders, or occasional ledges of less weathered rock.   

Below auger refusal depths, the rock is again variably weathered.  Rock cores within the 
upper 10 to 15 feet below “refusal” depths indicate good recovery – typically 80% or 
higher, but decreasing to 50% in places (MW-2d).  Generally low rock quality 
determination (RQD) was observed – varying from 8% to 26% at MW-2d but higher at 
MW-1d, where RQD values range from 22% to 65%.  This variability results from the 
layering of harder and softer materials, again tied to the variable mineralogy.  High angle 
jointing was observed in the rock cores, with deep weathering and secondary mineral 
staining (indicating water movement) present in the upper reaches of the cores.  In terms 
of hydrologic characteristics, rocks with RQD values less than approximately 60% tend 
to behave as “porous flow media”, with RQD values above 60% fracture flow 
characteristics are likely to predominate.   

1.4.3   Field Hydrologic Testing - Table 3 presents a summary of field hydrologic 
properties, based on rising head slug tests.  Values of assumed total and effective porosity 
and descriptions of the various hydrogeological units based on the laboratory 
classification data are also presented in Table 3, along with calculated conductivity 
values.  Each piezometer was developed prior to testing using a down-hole pump or 
bailer until clear water was obtained.  Static water level measurements were made at the 
beginning of each slug test.  Table 7 presents hydraulic conductivity values, along with 
calculated ground water gradients and velocities at each piezometer.  

The slug tests were conducted by placing a combined data recorder-pressure transducer 
(In-Situ Mini Troll™) at the bottom of the piezometer and rapidly removing a volume 
(slug) of water from the piezometer using a bottom-loading bailer or 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 piezometer.  The slug 
test data was analyzed using either the Waterloo Hydrogeologic AquiferTest™ program 
or 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 5.   

1.4.4   Hydrogeologic Units – Table 7 shows the field hydraulic conductivity values 
grouped relative to two principal hydrogeologic units – all saprolite or weathered rock – 
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defined on the basis of material density (see Section 1.6).  The field hydraulic 
conductivity values relative to each hydrogeologic unit vary as follows:   

Hydro. Unit  Conductivity (cm/sec) Conductivity (ft/day) 
Unit Description Max. Min. Avg. Max. Min. Avg. 
 
1A Saprolite 7.67E-4 3.42E-4 4.92E-4 2.17 0.968 1.40 
 <100 bpf PZ-13i PZ-12  PZ-13i PZ-12    
 
1B Saprolite 1.60E-3 8.19E-6 7.24E-4 4.53 0.002 2.05  
 >100 bpf PZ-9 MW-3d  PZ-9 MW-3d    
 
2 Bedrock 2.66E-3 5.64E-4 1.61E-3 7.53 1.60 4.65  
  MW-1d B-6  MW-1d B-6   
     
These data show a slight increasing trend with depth, most likely due to higher clay 
content in the upper soils, more sand-like conditions and fracturing at depth, indicated by 
the low RQD values.  Due to the layering, distinct horizons of consistent conductivity 
values are not apparent – note the variability within Unit 1B.  The boundaries between 
units are transitional, that is, the units are interconnected and could be considered as one 
contiguous porous aquifer.  It should be noted that slug tests measure hydraulic properties 
within a relatively narrow zone of influence around the piezometer, and there is the 
possibility of sample bias. 

1.4.5   Dispersivity Characteristics – Predicting the movement of contaminants in 
ground water is of interest in developing an effective monitoring program.  Contaminant 
transport modeling, which is dependent on the properties of the both the aquifer and the 
contaminant of interest, is typically described in the literature by the advection-dispersion 
equation, where advection is chemical movement via groundwater flow due to the 
groundwater hydraulic (i.e. head) gradient, and dispersion is defined as, “The spreading 
and mixing of chemical constituents in groundwater caused by diffusion and mixing (due 
to microscopic variations in velocities within and between pores).” 10   

As water moves through a porous medium, soil grains present obstacles that result in 
friction between the fluid and solids, resulting in localized variations in ground water 
velocity.  Solutes and non-soluble fluids that might be released from a waste unit, i.e., 
contaminants of concern, may be introduced as steady state flow over a long period or as 
a relatively short-term pulse.  Without dispersion, all of the contaminant would travel in a 
straight line at the ambient groundwater velocity. With dispersion, some chemical fluids 
travels faster and some slower than the mean velocity – this is due in part to inherent 
aquifer properties and in part to chemical properties of the solute.   
                                                 
10 http://www.fosterwelldrilling.com/glossary.htm
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Hydrodynamic dispersion, spreading of the contaminant front at the macroscopic level, 
results from both mechanical dispersion and molecular diffusion.  Mechanical 
dispersion describes the degree of mixing at the microscopic level, due to the velocity 
variations within randomly oriented, interconnected pore space – an inherent property of 
both the medium (texture and material type) and each solute (chemical partitioning).  
Molecular diffusion describes variations in solute concentrations within the fluid phase 
at the microscopic level – inherent to the solubility of each solute.   

The dispersion coefficient is defined as the sum of the coefficients of mechanical 
dispersion and molecular diffusion in a porous medium (Bear, 1972).11  Within aquifers 
with three-dimension flow, longitudinal dispersion describes how some of the water 
molecules and solute molecules travel more rapidly than the average linear velocity and 
some travel more slowly, spreading the solute in the direction of the bulk flow, while 
transverse dispersion describes the spreading of the solute in directions perpendicular to 
the bulk flow (after Freeze and Cherry, 1979).12   

A key input parameter to advection-dispersion evaluations is a mixing parameter that 
depends solely to the characteristics of the porous medium, i.e., dispersivity, α = D/ν, 
where D is the dispersion coefficient [L2/T] and ν is the mean pore-water velocity [L/T].  
Recognizing the inherent difficulties in measuring solute dispersion within undisturbed, 
heterogeneous soils for use in predictive calculations of contaminant transport, whereas 
most prior lab testing had focused on simple homogeneous soil, Perfect et al evaluated a 
series of laboratory flow tests using six different undisturbed soil types.13  

This study measured breakthrough concentrations under steady state conditions, from 
which the bulk dispersive characteristics of each soil were back-calculated to relate linear 
dispersivity to the soil-type dependent effective porosity.  It was determined that lab-
scale dispersivity ranged from less than 0.5 cm to more than 20 cm and increased 
sequentially moving from coarser to finer textural classes.  The following table depicts 
the variation in dispersivity (denoted as “predicted” for comparison to reference values 
published in an earlier work) and other parameters for the tested soil types.   

  
                                                 
11 Bear, J., Dynamics of Fluids in Porous Media, Elsevier, New York, 1972 
 
12 "The Federal Glossary of Selected Terms: Subsurface-Water Flow and Solute Transport", Department of 
Interior, U.S. Geological Survey, Office of Water Data Coordination, August 1989. 
http://or.water.usgs.gov/projs_dir/willgw/glossary.html
 
13 Perfect, E., M.C. Sukop, G.R. Haszler, Prediction of Dispersivity for Undisturbed Soil Column from 
Water Retention Parameters, Journal American Society of Soil Science, 66:696-701, 2002.   
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Where: 

n = porosity (not specified; the paper discussed an effective transport porosity, θT) 

Ψa = air-entry pressure, inversely related to the size of the largest pores 

b = dimensionless parameter, directly related to the width of the pore distribution  

α = dispersity coefficient. 

The on-soils within each unit of the uppermost aquifer consist of highly micaceous silt – 
typically foliated and jointed – that contains variable amounts of clay and sand.    These 
classifications are analogous to loamy sand or sandy loam, sandy clay loam, and silty 
clay loam, so values presented in the literature might be considered representative.  The 
models, which are often used to evaluate horizontal spacings between compliance 
monitoring wells, are sensitive to this parameter.  However, it  has been found based on 
empirical evidence that dispersivity can be most effectively estimated as a function of 
contaminant plume length (i.e., the scale of the problem) and not the texture or structure 
of the medium through which the plume is migrating. A practical rule of thumb is ax 
(longitudinal dispersivity) is approximately 0.1 times the scale of the system, and 
transverse dispersivity equals 0.1 times longitudinal dispersivity.14     

The use of advection-dispersion modeling can be appropriate for determining well 
spacing on certain sites (e.g., sedimentary aquifers with relatively flat ground water 
gradients), where discharge features may not be well defined or the land not controlled to 
the discharge feature.  However, the subject site exhibits a high degree of anisotropy and 
variation within hydrogeologic units; ground water flow is structurally controlled with 
high gradients and relatively high velocities, and the property (hence ground water use) is 

                                                 
14 http://www.epa.gov/athens/learn2model/part-two/onsite/longdisp.htm
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controlled to known discharge features.  Dispersion and dispersivity become less relevant 
under the flow conditions identified at the subject site.   
 
1.5 Other Investigative Tools 

No geophysical techniques or other testing methods were required for this investigation, 
but a sufficient understanding of soil properties and general hydrogeologic conditions at 
the site has been developed.   

1.6 Stratigraphic Cross Sections 

Drawings X1 through X3 present generalized subsurface profiles prepared from the test 
boring and laboratory data, which indicate the hydrogeologic and lithologic units for this 
site.  There is no clear stratigraphy present (i.e., sedimentary formations).  For this 
discussion, two hydrogeologic units were identified based on the relative density of the 
saturated residuum (saprolite) and underlying bedrock:   

• Unit 1A is defined as the variably dense saprolite existing beneath the water table 
that exhibits standard penetration resistance values less than 100 bpf.   

• Unit 1B is dense saprolite that exhibits standard penetration resistance values 
over 100 bpf but can be penetrated by a machine driven hollow stem auger.  

• Unit 2 is defined by materials that yield auger refusal and require rotary coring 
and/or air-hammer techniques to penetrate.  

These units are characterized by differing degrees of weathering and corresponding 
ranges of field hydraulic conductivity values, described in Section 1.4.4.  The soil and 
rock units exhibit differential weathering characteristics, often with gradational 
boundaries between the units.  The subsurface profiles show irregular unit boundaries 
that generally conform to the surface topography.   

Within crystalline rock terrains of the Blue Ridge and Piedmont, relict jointing (carried 
over from the parent rock) typically determines the development of the Unit 1 (A and B) 
and Unit 2 aquifers.  The spacing and degree of weathering along the relict joints control 
the location, thickness, and transmissivity of the numerous aquifers that form in the 
regolith (saprolite), which typically reflect surface topography and connect to the deeper 
fracture-flow bedrock aquifer.  Based on the literature, aquifers formed along the 
relatively isolated fractures do not necessarily interconnect horizontally (LeGrand, 2004).   
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Units 1A and 1B exhibit porous flow media, characteristic of an unconfined to partially 
confined “water table” aquifer, which collectively can be considered as the uppermost 
aquifer on the site.  Unit 1A is generally located within the higher elevations of the site 
(within the northern areas) based on the test borings.  Unconsolidated soils exhibiting 
SPT values less than 100 bpf are present everywhere on the site, but the hydrogeologic 
unit designation considers the saturated zones only.   

Unit 2, the bedrock aquifer, typically represents a discrete fracture flow along relatively 
widely spaced, localized joint sets.  However, the uppermost reaches of the bedrock are 
highly weathered and exhibit porous flow characteristics, more akin to the Units 1A and 
1B (i.e., a gradational contact exists).  Top-of-bedrock contours (based on auger refusal) 
shown in Drawing S3 and the cross sections generally reflect a subdued expression of the 
surface topography.  No faulting or other unusual geologic features were observed on-
site.  Subsurface conditions are typical of the Blue Ridge province and fairly consistent 
throughout the site. 

1.7 Water Table Information 

1.7.1   Short-Term Water Levels - Table 4 presents a summary of short-term ground 
water levels observed at the end of drilling and stabilized readings obtained after a period 
of one to fourteen days after completion of the piezometers.  All borings encountered 
water during advancement and were completed as piezometers.   

1.7.2   Long-Term Water Levels - Table 5 presents a summary of long-term water level 
observations at the piezometers and nearby monitoring wells.  At the time of this writing, 
only a few months of periodic readings have been acquired.  During the course of the 
upcoming year, monthly readings will be updated into Table 5 to present a full seasonal 
cycle.  Table 5A presents a summary of semi-annual water level observations for the on-
site monitoring wells extending back to April 28, 2000.  Ground water hydrographs for 
the monitoring well locations follow Table 5A.  These data can be used to correlate the 
recent water level observations with climatic trends and historic water level observations 
for estimating the maximum long-term seasonal high water levels at the piezometers.   

Historical climatic trends are published using regional climatic data from the National 
Weather Service.15  A key parameter of interest is the Palmer Hydrologic Drought Index 
(PHDI), shown below, which is compiled for over 100 years of weather records.  The 
PHDI represents an overall moisture balance within a region, compiled from multiple 
weather stations for average precipitation, temperature (PET effects), leaf indices 
                                                 
15 Time Bias Corrected Divisional Temperature-Precipitation-Drought Index, (TD-9640) March 1994,                            
National Oceanic and Atmospheric Administration, periodic updates available at www.ncdc.noaa.gov.
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(growing season), wind velocities, and solar radiation.  Palmer indices provide a more 
complete description of climatic trends than precipitation data alone, since evapo-
transpiration effects are factored into the overall moisture balance in the atmosphere and 
at the ground surface, i.e., the water availability for ground water recharge.   

 

 

 

 

 

 

 

 

 

 

The PHDI indicates that climatic moisture conditions were near normal to slightly wet for 
several years prior to mid-1985.  A notable drought occurred during most of the late 
1980’s, followed by the well documented “El Nino” winter of 1997-98, when record 
warm temperatures and high rainfall was recorded throughout the southeastern United 
States.16  Drought persisted from mid-1998 through late 2002 and occurred intermittently 
through the extreme drought noted in 2007.  The on-site monitoring well data show a 
good correlation between climatic trends and historic ground water levels observed in the 
monitoring well network.    

Table 5A and the hydrograph (below) indicate the highest water levels recorded on-site 
were in April 2006.  Normal seasonal fluctuation can be observed in the hydrograph, but 
the on-site wells do not reflect the drought conditions experienced during 2007 – water 
levels now observed are higher than the mean values of the historical data (see Section 
1.7.4) – in fact, a record high water level was observed in March 2008.   

                                                 
16 National Oceanic and Atmospheric Administration, NESDIS Press Release, March 9, 1998.   
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Historical Ground Water Levels
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1.7.3   Estimated Seasonal High Water Table –Based on the historical on-site ground 
water data, the following analysis has been made:   

 MAX OBSERVED MIN OBSERVED DIFF MAX DIFF MAX 
 2000 - 08 DATE 2000 - 08 DATE & MIN & 3/18/08 

MW-1 2874.25 4/28/06 2860.9 4/8/02 13.35 3.07 
MW-2 2863.12 3/18/08 2849.77 4/8/02 13.35 0 
MW-3 2908.06 4/28/06 2901.08 10/31/01 6.98 1.03 

 

For estimating the maximum long-term seasonal high water ground levels beneath the 
site, the analysis presented above indicates that adding 3 feet to the current water levels 
within the lower elevations and 1 foot to the mid- to higher elevations near the existing 
footprint is a conservative approach.  A seasonal high potentiometric surface is shown on 
Drawing S2 based upon existing data.  Future water level observations will be made on a 
monthly basis from the site piezometers and wells to evaluate seasonal high water levels, 
from which the tables and maps will be amended, as appropriate.   

1.7.4   Factors That Influence Water Table – The Avery County site experiences some 
potential surface water “run-on” and/or migration of ground water from off-site. The 
steep topography to the north of the facility boundary provides a large recharge zone 
hydraulically upgradient of the site, and the location of Brushy Creek to the south of the 
site implies that ground water generated on the higher ridge must move beneath the site 
toward the regional discharge feature.  Groundwater movement beneath the site appears 
to have a strong horizontal component and a slight upward gradient (see Section 1.8) – 
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this implies hydrostatic pressures (under partially confined conditions) that could push 
observed water levels in the piezometers to artificially high levels.   

Heavily wood terrain north of the landfill site is providing plant uptake that, at least in the 
growing season, provides some influence on the water levels observed at the site – future 
site development plans that involve removing this vegetation may change the balance of 
water recharge and uptake, but this factor is not relevant in winter and early spring, when 
the maximum seasonal high water levels are anticipated.  Minor man-made influences 
that tend to decrease ground water recharge include paved areas and buildings located 
within the lower elevations of the site, but these influences are not expected to affect 
water levels beneath the landfill (which is upgradient of the impervious areas).  Finally, 
within the lower elevations, perennial streams serve as ground water discharge features, 
which tend to stabilize water levels.   

1.8 Horizontal and Vertical Flow Dimensions 

Ground water movement through the unconsolidated aquifer is within porous media.  
Based on the limited thickness and variable nature of the Units 1A and 1B, the 
representation of ground water trends with a flow net can only be generalized, as shown 
on Drawings X1 – X3, and the generalized flow directions are depicted.  Ground water 
appears to move within the upper few tens of feet beneath the surface, along relatively 
porous zones formed in the saprolite beneath the topographic swales.   

Based on observed water levels and pore pressure relationships, the upper saprolite 
aquifer (Units 1A and 1B) is inter-connected hydraulically with the lower bedrock aquifer 
(Unit 2), with no discreet confining layers, other than the relatively low effective porosity 
of the silt layers.  However, partial confinement is evident within Units 1A and 1B 
(combined) and between the upper horizons and Unit 2, i.e., the upward vertical gradients 
observed at some nested pairs of piezometers (Table 6), including the mid-elevation pair 
MW-4s/4d.  Please recall from Section 4.1.7.1 that none of the borings were dry, even 
the shallow ones installed specifically to determine if water levels in the deeper adjacent 
borings reflected saturated conditions at those depths or simply elevated hydrostatic 
conditions within a deeper saturated zone (e.g., PZ-13s and MW-4s).  In fact, saturated 
conditions were noted close to the surface –about 20 feet at MW-4d and less than 8 feet 
at PZ-13s.   

This indicates ground water movement at relatively shallow depths, evidently influenced 
to a large degree by pore pressure connections within the higher elevations north of the 
site boundary.  Thus, rather than simple hydrostatic conditions near the bottom of an 
otherwise dry hole, these nested boring pairs confirm horizontal flow occurring 
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throughout a relatively thick saturated zone, beginning at relatively shallow depths 
beneath the surface (albeit the horizontal flow is under elevated “hydrostatic” pressure).  
The cross-sections depict areas of recharge (downward ground water movement) 
occurring over a majority of the site.  Discharge (upward ground water movement) occurs 
in the lower elevations leading toward the small tributaries and creeks.  Cross sections 
indicate inflection points between recharge and discharge zones.  

Vertical Flow:  Table 6 presents vertical ground water gradients for piezometer pairs 
PZ-11s/11d, PZ-13s/13d, and well pairs MW-1/1d, MW-2/2d, MW-3/3d, and MW-4s/4d.  
The vertical calculations compare water levels between the deeper and shallower well 
screen intervals, which indicate whether a portion of the site is experiencing recharge or 
discharge.  Table 6 shows downward (positive) gradients at PZ-11s/11d, PZ-13s/13d, 
and MW-3/3d, indicating recharge conditions, while upward (negative) gradients exist 
at MW-1/1d, MW-2/2d and MW-4s/4d, indicating discharge conditions within the lower 
elevations and elevated hydrostatic pressures within the middle and upper elevations.   

It should be noted that vertical gradient can change with seasonal water level fluctuation, 
thus the unexpected upward gradient at MW-4s/4d may change.  Likewise, the downward 
at MW-3/3d was not entirely expected, due to its location along a running stream, but 
water levels are anticipated to be low due to the drought conditions in the months 
preceding the investigation.  At PZ-11s/11d, a downward gradient is not unexpected since 
this portion of the nearby stream is seasonal.  Table 6 will be amended as periodic water 
level data become available.   

Horizontal Flow:  Table 7 presents horizontal ground water gradient data and velocity 
calculations for various piezometers, arranged according to Hydrogeologic Units.   
Calculated horizontal ground water flow velocities are based on field hydraulic 
conductivity data at the various piezometers (Appendix 10) and the horizontal gradients 
developed from potentiometric contours shown on Drawing S3.  Ground water velocities 
vary somewhat within the various hydrogeologic units, as follows: 

   Hydrogeologic Average Horizontal Ground 

          Unit       Water Velocity, ft/day 

            1A           0.94 

            1B                2.19 

            2                 2.06 

Please note that the velocities stated for Unit 3 (bedrock) represent the upper reaches of 
the unit, where the rock is highly weathered (as evidenced by low RQD values), not the 
entire unit.  In effect, the three units function together as the “uppermost” aquifer.   
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1.9 Ground Water Contour Maps 

Drawing S3 shows ground water potentiometric contours based on the estimated 
seasonal high and maximum long-term seasonal high water levels (Section 4.1.7).  
Ground water flow is generally toward the south, toward Brushy Creek and the smaller 
tributaries.  A local divide along the central ridge splits surface drainage and ground 
water flow between the southeast and southwest directions.  The potentiometric contours 
reflect a subdued expression of the surface topography – characteristic of the Blue Ridge 
province – and make a smooth transition to the unnamed tributaries.   

1.10 Local Well and Water Use Information 

This topic is included elsewhere in the RSG report (mentioned here for completeness).   

1.11 Special Geologic Considerations 

No unusual geologic features have been determined which would affect the ground water 
flow or the ability to effectively monitor the site, including faults, mines or dikes.  Site 
conditions appear typical of the North Carolina Blue Ridge region, and somewhat similar 
to other landfills within the region.  However, there are two considerations for future 
design and monitoring of the landfill, both inherent to the local geologic conditions: 

• Low strength soils, steeply dipping lineaments, shallow water table may affect 
slope stability for deep excavations.  

• Naturally occurring background geochemistry may have influenced inorganic 
compound concentrations in prior ground water monitoring. 

Slope stability – The on-soils exhibits a fairly low effective cohesion (211 psf) and low 
friction angle (24 degrees), shown on Table 2.  This is just one test, but historically, the 
combination of highly micaceous soils and steeply dipping laminations – at multiple 
orientations, many of which would be intersected by future cut slopes – can result in 
reduced shear strength and potential localized failure surfaces that could pose a stability 
concern.  The presence of a relatively shallow water table observed in some of the test 
borings may tend to exacerbate the stability considerations.   

Avery County CDLF Facility Expansion  April 2008 
Hydrogeologic Site Evaluation Update  (Rev. 1) Page 23  



 

Landslides and debris flows (some slow moving, others catastrophic) have been noted 
throughout the Blue Ridge17 – often these associated with climatic events but some 
occurrences are believed to be triggered by changes in land use, such as deforestation, 
excavation and/or buildings.18 Catastrophic slides can be triggered by earthquake activity 
– although most of western North Carolina including the site) is not in a seismic impact 
zone,19 there is the potential for quakes with horizontal accelerations up to 0.08g 
recurring at 50 year intervals.20  Slow moving slope failures documented in the “partially 
weathered rock” – though typically not catastrophic, can damage structures.21   

While no specific evidence of past or pending movement has been noted on the subject 
site, the NCGS had documented 28 points of interest within a few miles of the site.  
Historically, no stability issues have been documented at the site, and there is a deep 
near-vertical cut in a borrow pit near PZ-10 that has stood for many years.  Careful 
planning will be required for future landfill phases, e.g., slope drains and “catch zones” or 
diversions for potential slide debris to minimize impacts to existing or future disposal 
units, and consideration might be given to anchoring or benching slopes, or limiting slope 
ratios in deeper excavations.   

Area Geochemistry – Several well known mining districts exist nearby (i.e., Spruce 
Pine, Cranberry), which are heavily mineralized and typically exhibit naturally high 
concentrations of certain metallic species.  Published geochemistry studies of the area22 
indicate notable concentrations of various metals in stream sediments and ground water 
samples within and near the Avery County site.   

                                                 
17 North Carolina Slope Movement – Slope Movement Deposit Data Base, documented by North Carolina 
Geological Survey at http://www.geology.enr.state.nc.us/Landslide_Info/Landslides_main.htm, interactive 
data available on-line at http://gisdata.usgs.net/website/NC_OneMap/viewer.asp
 
18 North Carolina Geological Survey, Geologic hazards in North Carolina,  
www.geology.enr.state.nc.us/Landslide_Info/Landslides_background.htm
 
19 Richardson, G.N., E. Kavazanjian, Jr., and N. Matasovic, RCRA Subtitle D (258) Seismic Design   
Guidance for Municipal Solid Waste Landfill Facilities, US EPA Risk Reduction Engineering Laboratory, 
(EPA/600/R-95/051), April 1995.   
 
20 US Geological Survey, Peak Horizontal Acceleration with 10% Probability of Exceedance in 50 Years, 
on-line data at www.eqmaps.cr.usgs.gov
 
21 R. Latham, et al., Big Slow Movers: A Look at Weathered-Rock Slides in Western North Carolina, 
presented at the 2007 Geohazards in Transportation Conference, Asheville, North Carolina, available on-
line at www.marshall.edu/cegas/geohazards/2007pdf/Session1/01%207thGeohazInTransp_RLatham.pdf
 
22Carpenter, R.H., and J.C. Reid, Listing of Concentrations of Variables of Stream Sediment, Surface 
Water, and Groundwater for the Gastonia 30x60 Minute Quadrangle – National Uranium Resource 
Evaluation (NURE) Data Base, North Carolina Geological Survey Open-File Report 93-11, NCGS, 
Raleigh, NC, June 1993. 
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Note that key inorganic constituents on the Appendix I monitoring list were found in the 
background stream sediments and ground water within a few miles of the site, including: 

 arsenic (1-2 ppm)  barium (50-100 ppm)  chromium (5-15 ppm)  

 chloride (5-10 ppm)  lead (5-10 ppm)     

The presence of these elemental compounds in detectable quantities within stream 
sediments indicates a background source in the regional bedrock.  Most of these metals 
are “mobile” and could find their way into local ground water, where they could 
potentially influence the ground water monitoring data.     

1.12 Summary Report 

The Avery County C&D Landfill site is viewed as a short segmented, closed-loop 
hydrologic cycle, with recharge occurring over a majority of the site and discharge 
occurring at adjacent streams and on-site streams.  Albeit, recharge is limited by the steep 
topography and fine-grained soils, the uphill recharge area existing offsite (to the north) 
is rather large compared to the site.  The topographic position of the site relative to the 
recharge area is such that strong horizontal, partially confined ground water flow passes 
beneath the site, seeking the discharge point along Brushy Creek and its local tributaries 
– some of which are on-site.  This condition tends to impose an upward gradient beneath 
portions of the landfill, i.e., in the lower elevations (near Brushy Creek) as would be 
expected, but also in the higher elevations (just north of the landfill at MW-4s and 4d).  
The apparent upward gradient north (uphill) of the landfill is likely caused by the 
partially confined, horizontal flow.   

Ground water depths vary from 8 to 20 feet beneath the ground surface along the streams 
and within the higher elevations, respectively.  Ground water velocities vary from 1 to 2 
feet per day within the upper saprolite aquifer (Units 1 and 2) and up to 4.5 feet per day 
in the upper, weathered bedrock aquifer (Unit 3), which is believed to function as part of 
the uppermost aquifer.  Ground water velocities are influenced by relatively high 
gradients, which vary up to 23 percent (see Table 7).  Historical water levels observed at 
the on-site monitoring wells fluctuate on the order of 6 feet within the mid-elevations 
(MW-3s) up to 13 feet in the lower elevations (MW-1s and 2s), but despite record 
drought conditions for several months prior to this investigation, water levels at the site 
are only 1 to 3 feet below observed maximum values, which occurred during another 
prolonged drought in 2001-2002 (see Table 5A).  This suggests the aquifer is not 
immediately responsive to climate change, which supports the concept of a large recharge 
area within the high ground to the north feeding the aquifer beneath the site.   
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Ground water flow is structurally controlled (along regional fracture patterns) with the 
flow beneath the landfill directed south to the discharge points along Brushy Creek and 
various spring noted on site – some of these are seasonal.  There are no ground water 
users within 500 feet of the site, and those outside this radius are cross gradient or across 
the major stream. No ground water users are located down gradient of the landfill; 
institutional controls are in place to prevent future ground water use down gradient of the 
landfill.  The landfill poses no apparent threat to local ground water supplies.   

Ground water flow characteristics are sufficiently well understood that an effective 
monitoring program can be developed to ensure early detection of a release of hazardous 
constituents into the uppermost aquifer, including the upper reaches of the bedrock 
aquifer.  An existing ground water monitoring program has been in place since the 
facility opened in the mid-1990’s.  Based on the flow patterns, is appears that the ground 
water monitoring wells are properly located.  There are no unusual natural or man-made 
features that would affect ground water flows or the ability to monitor the site.  Natural 
background geochemistry should be considered in future data evaluations.   
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CROSS SECTION LOCATION MAP
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Table 1
Test Boring/Piezometer Data

Elevation Data Test Boring Data Piezometer Construction Data
Boring Boring PVC Pipe Ground Stickup Total Bottom PWR* PWR* Refusal Refusal Top of Piez. Screen Bottom of Piez. Screen
Number Date Elev. Elev. feet Depth, ft. Elevation Depth, ft. Elevation Depth, ft. Elevation Depth, ft. Elev. Depth, ft. Elev.

MW-1d (core) 12/12/2007 2880.95 2878.64 2.31 64.7 2813.9 34.0 2844.6 49.5 2829.1 54.7 2823.9 64.7 2813.9 2
MW-2d (core) 12/17/2007 2869.07 2866.10 2.97 46.0 2820.1 17.0 2849.1 31.0 2835.1 36.0 2830.1 46.0 2820.1 2
MW-3d 12/18/2007 2915.03 2911.87 3.16 41.0 2870.9 24.0 2887.9 41.0 2870.9 31.0 2880.9 41.0 2870.9 1B
MW-4d 12/12/2007 3035.77 3032.53 3.24 73.0 2959.5 55.0 2977.5 73.0 2959.5 63.0 2969.5 73.0 2959.5 1B
MW-4s 11/19/2007 3035.85 3032.72 3.13 32.0 3000.7 --- --- --- --- 22.0 3010.7 32.0 3000.7 1A
PZ-9 12/17/2007 2889.20 2886.13 3.07 40.0 2846.1 24.0 2862.1 40.0 2846.1 30.0 2856.1 40.0 2846.1 1B
PZ-10 12/18/2007 2955.35 2952.44 2.91 58.0 2894.4 44.5 2907.9 58.0 2894.4 48.0 2904.4 58.0 2894.4 1B
PZ-11d 1/9/2008 2960.45 2957.40 3.05 41.0 2916.4 14.5 2942.9 41.0 2916.4 31.0 2926.4 41.0 2916.4 1B
PZ-11s 12/19/2007 2965.15 2962.12 3.03 18.5 2943.6 14.5 2947.6 --- --- 8.5 2953.6 18.5 2943.6 1A/1B
PZ-12 1/11/2008 3131.50 3128.59 2.91 77.5 3051.1 74.0 3054.6 77.5 3051.1 67.5 3061.1 77.5 3051.1 1A/1B
PZ-13d 1/9/2008 3143.48 3141.21 2.27 88.0 3053.2 48.0 3093.2 88.0 3053.2 78.0 3063.2 88.0 3053.2 1B
PZ-13i 1/10/2008 3143.81 3140.92 2.89 40.0 3100.9 --- --- --- --- 30.0 3110.9 40.0 3100.9 1A
PZ-13s 1/10/2008 3143.95 3141.38 2.57 20.0 3121.4 --- --- --- --- 10.0 3131.4 20.0 3121.4 1A

Table 1A
Supplemental Test Boring Data

Data for Current Ground Water Monitoring Wells

Elevation Data Test Boring Data Monitoring Well Construction Data**
Boring Boring PVC Pipe Ground Stickup Total Bottom PWR* PWR* Refusal Refusal Top of Piez. Screen Bottom of Piez. Screen
Number Date Elev. Elev. feet Depth, ft. Elevation Depth, ft. Elevation Depth, ft. Elevation Depth, ft. Elev. Depth, ft. Elev.

MW-1 Unk 2880.37 2878.22 2.15 20.1 2858.1 --- --- --- --- 10.9 2867.3 20.1 2858.1 1A
MW-2 Unk 2869.16 2866.54 2.62 20.0 2846.6 17.0 2849.5 --- --- 13.3 2853.3 20.0 2846.6 1A
MW-3 Unk 2914.76 2912.38 2.38 20.6 2891.8 --- --- --- --- 12.9 2899.5 20.6 2891.8 1A

Notes: PWR is defined by standard penetration test value of 100 blows per foot, or higher, but is considered to behave as porous saprolite media
Materials below refusal might exhibit a transitional boundary with a highly weathered zone in the upper few feet
Data designated 'Unk" indicate unknown values (records and construction data for these wells are not available)

1.  Ground elevations based on survey performed January 2008
2.  Auger refusal depths and elevations (denoted by bold numbers) indicate top of bedrock
3.  All depths referenced from ground surface
4.  Water levels referenced from top of PVC piezometer pipe
5.  Piezometers consist of 2" diameter PVC
6.  Well nests occur at MW-1/MW-1d, MW-2/MW-2d, MW-3/MW-3d, MW-4/MW-4d, PZ-11s/PZ-11d and PZ-13s/PZ-13i/PZ-13d.
7. Core indicates that boring was advanced below auger and rotary tri-cone refusal with NQ rotary core barrel
* = PWR is defined by standard penetration test value of 100 blows per foot, or higher.
** No well records have been located, well gauging performed by RSG Engineers

Hydrogeological
Unit

Hydrogeological
Unit
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Table 2
Geotechnical Laboratory Data

Grain Size Distribution and Soil Classification

Boring Sample % Gravel %Sand %Fines* %Silt %Clay Liquid Plasticity Natural Effective USCS Hydrogeologic
Number Depth, ft. >4.5 mm 4.5 -- 0.075 mm 0.075 mm> 0.075 -- 0.005 mm 0.005 mm> Limit Index Moisture Porosity Class Description **

MW-4d 3.5 - 5.0 53.10 37.90 9.01 7.01 2.00 NP NP 6.5% 36% GP-GM
Poorly graded gravel with

silt and sand

MW-4d 8.5-10.0 0.00 64.22 35.78 21.78 14.00 47 11 41.7% 17% ML Sandy Silt

MW-4d 13.5 - 15.0 0.00 75.07 24.93 17.93 7.00 NP NP 24.8% 24% SM Silty Sand

MW-4d 18.5 - 20.0 0.00 48.51 51.49 24.49 27.00 44 13 31.9% 6% ML Sandy Silt

MW-4d 23.5 - 25.0 0.00 75.37 24.63 19.63 5.00 NP NP 27.1% 26% SM Silty Sand

MW-4d 28.5 - 30.0 0.00 54.99 45.01 33.01 12.00 38 9 24.0% 18% SM Silty Sand

MW-4d 33.5 - 35.0 0.00 51.48 48.52 38.02 10.50 42 5 38.9% 18% SM Silty Sand

MW-4d 38.5 - 40.0 0.00 44.19 55.81 47.81 8.00 40 4 38.3% 19% ML Sandy Silt

MW-4d 43.5 - 45.0 0.00 46.81 53.19 45.19 8.00 37 8 68.6% 20% ML Sandy Silt

MW-4d 48.5 - 50.0 0.00 59.29 40.71 31.21 9.50 33 9 34.4% 16% SM Silty Sand

PZ-12 0.0 - 15.0 3.76 53.88 42.36 25.36 17.00 38 12 27.4% 15% SM Silty Sand

Notes to Above: Effective porosity values calculated from Textural Classification Triangle method
referenced to A.I. Johnson, US Geological Survey Water Supply Paper 1662-D, 1967 
(after C.W. Fetter, Applied Hydrogeology, 3rd ed. 1988)
NP - Non-plastic material

Moisture-Density, Conductivity, and Strength Data

Bulk Samples Remolded Moisture-Density Data Hydraulic Conductivity Data Shear Strength Data

Sample Sample Max. Dry Optimum Total Effective Confining K Phi Coh. Phi' Coh.'
Number Depth, ft. Density, pcf Moisture, % Porosity, % Porosity, % Pressure (psi) cm/sec degrees psf degrees psf

PZ-12 0.0 - 15.0 107.4 17.9 --- 15%

Undisturbed Samples In-Situ Moisture-Density Data Hydraulic Conductivity Data Shear Strength Data

Sample Sample Dry Moist Total Effective Confining K Phi Coh. Phi' Coh.'
Number Depth, ft. Density, pcf Density, pcf Porosity, % Porosity, % Pressure (psi) cm/sec degrees psf degrees psf

B-13i 18.0 - 20.0 93.3 127.2 45% --- 5.0 7.00E-06 -- -- 24 211

Notes to Above: Total porosity values determined in laboratory testing of specific sample
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Table 3
Hydrogeologic Properties of Lithologic Units

Piezometer Hydrological Hydrogeological Average RQD Effective Total Hydraulic Conductivity (k)
Number Unit Description (1) for Screen Interval Porosity (2,3) Porosity (2,3) ft/min ft/day cm/sec

MW-1d 2 Fractured mica gneiss 62.5% 10% 20% 5.23E-03 7.53E+00 2.66E-03
MW-2d 2 Fractured mica gneiss 17.0% 10% 20% 1.11E-03 1.60E+00 5.64E-04

MW-3d 1B Silty Sand (micaceous) NA 19% 40% 1.61E-05 2.32E-02 8.19E-06
MW-4d 1B Sandy Silt (micaceous) NA 15% 35% 4.53E-04 6.53E-01 2.30E-04
PZ-9 1B Silty Sand (micaceous) NA 19% 40% 3.14E-03 4.53E+00 1.60E-03
PZ-10 1B Sandy Silt (micaceous) NA 16% 35% 2.93E-03 4.22E+00 1.49E-03
PZ-11d 1B Sandy Silt (micaceous) NA 18% 40% 3.09E-05 4.45E-02 1.57E-05
MW-13d 1B Sandy Silt (micaceous) NA 15% 35% 1.97E-03 2.84E+00 1.00E-03

PZ-11s 1A/1B Sandy Silt (micaceous) NA 20% 45% 8.43E-04 1.21E+00 4.28E-04
PZ-12 1A/1B Sandy Silt (micaceous) NA 18% 40% 6.72E-04 9.68E-01 3.42E-04

MW-4s 1A Sandy Silt (micaceous) NA 22% 45% 8.72E-04 1.26E+00 4.43E-04
PZ-13i 1A Sandy Silt (micaceous) NA 20% 40% 1.51E-03 2.17E+00 7.67E-04
PZ-13s 1A Silt (micaceous) NA 20% 40% 9.47E-04 1.36E+00 4.81E-04

Notes Slug test data acquisition and data reduction performed by David Garrett & Associates

Top of Unit 1 is water table

(1) Unit 1A - silty/sandy near-surface soil, low to moderate plasticity (SPT <50 bpf).
Unit 1B - Dense saprolite-silty sand (generally with SPT values in excess of 100 bpf)
Unit 2 - Consolidated, fractured rock (variably weathered)

(2) Total and Effective porosity values for soils assigned based on laboratory testing (see Table 2)
(soils in contact with well screen interval taken into consideration)

(3) Total and Effective porosity values for bedrock assigned based on published literature, adjusted for 
avg. rock core RQD values, ref. Sinhal and Gupta, 1999 (furnished courtesy of NC DENR SWS)
(NOTE: Total Porosity for Clayey SAND sample at G-2A, 13.3' - 13.8' used to represent silty and clayey sand, 
but values were adjusted up to exceed the slightly higher calculated effective porosity values)
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Table 4
Short-Term Ground Water Level Observations
All water levels referenced Below Ground Surface (BGS)

Boring Boring PVC Pipe Ground Time of Boring Readings 24-hour Readings Stabilized Readings
Number Date Elevation Elevation Depth, ft. Elev. Depth, ft. Elev. Depth, ft. Elev.
MW-1d 12/12/2007 2880.95 2878.64 10.0 2868.6 8.33 2872.62 9.38 2871.57
MW-2d 12/17/2007 2869.07 2866.10 9.0 2857.1 2.68 2866.39 4.60 2864.47
MW-3d 12/18/2007 2915.03 2911.87 14.0 2897.9 11.45 2903.58 12.65 2902.38
MW-4d 12/12/2007 3035.77 3032.53 20.0 3012.5 16.88 3018.89 20.85 3014.92
MW-4s 11/19/2007 3035.85 3032.72 20.0 3012.7 15.78 3020.07 18.30 3017.55
PZ-9 12/17/2007 2889.20 2886.13 24.0 2862.1 21.80 2867.40 23.00 2866.20
PZ-10 12/18/2007 2955.35 2952.44 48.0 2904.4 45.66 2909.69 47.45 2907.90
PZ-11d 1/9/2008 2960.45 2957.40 6.0 2951.4 5.73 2954.72 13.38 2947.07
PZ-11s 12/19/2007 2965.15 2962.12 6.0 2956.1 5.25 2959.90 8.38 2956.77
PZ-12 1/11/2008 3131.50 3128.59 7.0 3121.6 8.32 3123.18 9.80 3121.70
PZ-13d 1/9/2008 3143.48 3141.21 12.0 3129.2 10.37 3133.11 12.26 3131.22
PZ-13i 1/10/2008 3143.81 3140.92 8.0 3132.9 7.02 3136.79 9.05 3134.76
PZ-13s 1/10/2008 3143.95 3141.38 8.0 3133.4 6.42 3137.53 8.85 3135.10
MW-1 Unknown 2880.37 2878.2 --- --- --- --- 10.55 2869.82
MW-2 Unknown 2869.16 2866.5 --- --- --- --- 7.05 2862.11
MW-3 Unknown 2914.76 2912.4 --- --- --- --- 9.95 2904.81

Stabilized water levels acquired on 2/7/2008.
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Table 5
Long-Term Ground Water Level Observations
All water levels referenced from Top of Casing (TOC)

Boring PVC Pipe 2/29/2008 3/17/2008
Number Elevation Depth, ft. Elev. Depth, ft. Elev.
MW-1s 2880.37 9.39 2870.98 8.59 2871.78
MW-1d 2880.95 9.65 2871.30 9.19 2871.76
MW-2s 2869.16 6.29 2862.87 6.04 2863.12
MW-2d 2869.07 4.93 2864.14 4.50 2864.57
MW-3s 2914.76 8.55 2906.21 7.73 2907.03
MW-3d 2915.03 12.94 2902.09 12.20 2902.83
MW-4s 3035.85 17.59 3018.26 16.64 3019.21
MW-4d 3035.77 20.70 3015.07 20.04 3015.73
PZ-9 2889.20 22.93 2866.27 12.93 2876.27
PZ-10 2955.35 47.09 2908.26 46.35 2909.00
PZ-11s 2965.15 8.47 2956.68 8.21 2956.94
PZ-11d 2960.45 13.49 2946.96 13.05 2947.40
PZ-12 3131.50 9.61 3121.89 8.81 3122.69
PZ-13s 3143.95 9.00 3134.95 8.79 3135.16
PZ-13d 3143.48 12.36 3131.12 11.75 3131.73
PZ-13i 3143.81 9.24 3134.57 8.92 3134.89
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Table 5A
Historic Ground Water Level Observations
All water levels referenced below Top of Casing (TOC)

TOC ELEV.
4/28/00 
DTW

4/28/00 
GWE

4/26/01 
DTW

4/26/01 
GWE

10/31/01 
DTW

10/31/01 
GWE

4/8/02* 
DTW

4/8/02 
GWE

10/9/02 
DTW

10/9/02 
GWE

MW-1 2880.37 9.2 2871.17 9.62 2870.75 11.5 2868.87 19.47 2860.9 10.8 2869.57
MW-2 2869.16 6.6 2862.56 7.62 2861.54 8.36 2860.8 19.39 2849.77 7.21 2861.95
MW-3 2914.76 9.74 2905.02 11.12 2903.64 13.68 2901.08 10.21 2904.55 12.95 2901.81

TOC ELEV.
5/23/03 
DTW

5/23/03 
GWE

10/20/03 
DTW

10/20/03 
GWE

4/27/04 
DTW

4/27/04 
GWE

10/20/04 
DTW

10/20/04 
GWE

4/27/05 
DTW

4/27/05 
GWE

MW-1 2880.37 8.43 2871.94 9.83 2870.54 6.77 2873.6 6.78 2873.59 6.54 2873.83
MW-2 2869.16 6.29 2862.87 7.06 2862.1 9.42 2859.74 9.06 2860.1 8.92 2860.24
MW-3 2914.76 8.97 2905.79 10.88 2903.88 9.42 2905.34 8.46 2906.3 8.42 2906.34

TOC ELEV.
10/27/05 

DTW
10/27/05 

GWE
4/28/06 
DTW

4/28/06 
GWE

10/31/06 
DTW

10/31/06 
GWE

4/20/07 
DTW

4/20/07 
GWE

5/7/07 
DTW

5/7/07 
GWE

MW-1 2880.37 6.74 2873.63 6.12 2874.25 9.39 2870.98 6.56 2873.81 6.56 2873.81
MW-2 2869.16 9.30 2859.86 8.25 2860.91 6.67 2862.49 9.09 2860.07 9.09 2860.07
MW-3 2914.76 9.30 2905.46 6.7 2908.06 12.35 2902.41 8.41 2906.35 8.41 2906.35

TOC ELEV.
11/27/07 

DTW
11/27/07 

GWE
3/18/08 
DTW

3/18/08 
GWE

MW-1 2880.37 10.55 2869.82 9.19 2871.18
MW-2 2869.16 7.05 2862.11 6.04 2863.12
MW-3 2914.76 9.95 2904.81 7.73 2907.03

  Data from 4/28/00 through 5/23/03 collected by Engineering Tectonics, P.A.
  Data from 10/20/03 through 3/18/08 collected by Pace Analytical
  Data from 11/27/07 collected by RSG

All measurements in feet from top of casing.
DTW= Depth to Ground Water
GWE= Ground water elevation

Note:         * Data suspect due to significant difference from all other measurements collected over 

Avery County CDLF 4/15/2008 8:57 AM Site Suitability Update



Table 6
Vertical Ground Water Gradient Calculations

Data Presented for Selected Dates of Ground Water Observation

Nested Piezometers: MW-4s Unit 1A - Sandy Silt
MW-4d Unit 1B - PWR Dense Silt Saprolite

Piezometer Top of Bottom of 2/7/2008 2/29/2008 3/17/2008
No. Screen Elev. Screen Elev. W.T.E. W.T.E. W.T.E.
MW-4s 3011.03 3001.03 3014.73 3018.26 3019.21
MW-4d 2984.16 2974.16 3026.31 3015.07 3015.73

midpoint saturated interval -upper 3006.03 3006.03 3006.03

midpoint saturated interval - lower 2979.16 2979.16 2979.16

delta-saturated interval 26.87 26.87 26.87

delta-W.T.E. (see note 1) -1.16E+01 3.19E+00 3.48E+00

Vertical Gradient (see note 2) -4.31E-01 1.19E-01 1.30E-01
Up Down Down

Nested Piezometers: PZ-11s Units 1A/1B - Sandy Silt; PWR Dense Silt Saprolite
PZ-11d Unit 1B - PWR Dense Silt Saprolite

Piezometer Top of Bottom of 2/7/2008 2/29/2008 3/17/2008
No. Screen Elev. Screen Elev. W.T.E. W.T.E. W.T.E.
PZ-11s 2953.62 2943.62 2953.74 2956.68 2956.94
PZ-11d 2926.4 2916.4 2944.02 2946.96 2947.40

midpoint saturated interval -upper 2948.62 2948.62 2948.62

midpoint saturated interval - lower 2921.40 2921.40 2921.40

delta-saturated interval 27.22 27.22 27.22

delta-W.T.E. (see note 1) 9.72E+00 9.72E+00 9.54E+00

Vertical Gradient (see note 2) 3.57E-01 3.57E-01 3.50E-01
Down Down Down

Nested Piezometers: PZ-13s Unit 1A - Sandy Silt
PZ-13d Unit 1B - PWR Dense Silt Saprolite

Piezometer Top of Bottom of 2/7/2008 2/29/2008 3/17/2008
No. Screen Elev. Screen Elev. W.T.E. W.T.E. W.T.E.
PZ-13s 3131.4 3121.4 3132.53 3134.95 3135.16
PZ-13d 3063.2 3053.2 3128.95 3131.12 3131.73

midpoint saturated interval -upper 3126.38 3126.38 3126.38

midpoint saturated interval - lower 3058.21 3058.21 3058.21

delta-saturated interval 68.17 68.17 68.17

delta-W.T.E. (see note 1) 3.58E+00 3.83E+00 3.43E+00

Vertical Gradient (see note 2) 5.25E-02 5.62E-02 5.03E-02
Down Down Down
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Table 6
Vertical Ground Water Gradient Calculations

Nested Piezometers: MW-1 Unit 1A - Sandy Silt
MW-1d Unit 2 - Upper Bedrock

Piezometer Top of Bottom of 2/7/2008 2/29/2008 3/17/2008
No. Screen Elev. Screen Elev. W.T.E. W.T.E. W.T.E.
MW-1 2865.2 2855.2 2869.82 2870.98 2871.78
MW-1d 2823.9 2813.9 2871.57 2871.30 2871.76

midpoint saturated interval -upper 2860.22 2860.22 2860.22

midpoint saturated interval - lower 2818.94 2818.94 2818.94

delta-saturated interval 41.28 41.28 41.28

delta-W.T.E. (see note 1) -1.75E+00 -3.20E-01 2.00E-02

Vertical Gradient (see note 2) -4.24E-02 -7.75E-03 4.84E-04
Up Up Down

Nested Piezometers: MW-2 Unit 1A - Sandy Silt
MW-2d Unit 2 - Upper Bedrock

Piezometer Top of Bottom of 2/7/2008 2/29/2008 3/17/2008
No. Screen Elev. Screen Elev. W.T.E. W.T.E. W.T.E.
MW-2 2853.5 2843.5 2862.11 2862.87 2863.12
MW-2d 2830.1 2820.1 2864.47 2864.14 2864.57

midpoint saturated interval -upper 2848.54 2848.54 2848.54

midpoint saturated interval - lower 2825.10 2825.10 2825.10

delta-saturated interval 23.44 23.44 23.44

delta-W.T.E. (see note 1) -2.36E+00 -1.27E+00 -1.45E+00

Vertical Gradient (see note 2) -1.01E-01 -5.42E-02 -6.19E-02
Up Up Up

Nested Piezometers: MW-3 Unit 1A - Sandy Silt
MW-3d Unit 1B - PWR Dense Silt Saprolite

Piezometer Top of Bottom of 2/7/2008 2/29/2008 3/17/2008
No. Screen Elev. Screen Elev. W.T.E. W.T.E. W.T.E.
MW-3 2899.4 2889.4 2904.81 2906.21 2907.03
MW-3d 2880.9 2870.9 2902.38 2902.09 2902.83

midpoint saturated interval -upper 2894.38 2894.38 2894.38

midpoint saturated interval - lower 2875.87 2875.87 2875.87

delta-saturated interval 18.51 18.51 18.51

delta-W.T.E. (see note 1) 2.43E+00 4.12E+00 4.20E+00

Vertical Gradient (see note 2) 1.31E-01 2.23E-01 2.27E-01
Down Down Down

Notes to Above:
1 delta-W.T.E. = difference in water level (shallow well minus deep well)
2 Vertical Gradient = delta-W.T.E. / delta-Saturated Interval
3 Negative vertical gradients are upward, positive gradients are downward
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Table 7
Horizontal Ground Water Gradient and Velocity Calculations

Well/Piez. Hydrologic Hydraulic Conductivity (k) Grd. Water Reference delta-Elev. Map Length Hydraulic Effective GW Velocity Unit Average
No. Unit ft/min ft/day cm/sec Elevation* Elevation* in feet in feet Gradient (I) Porosity (n) (V), ft/day Velocity, ft/day

MW-1d 2 5.23E-03 7.53E+00 2.66E-03 2871.57 2875 3.43 84 0.04 0.10 3.07
MW-2d 2 1.11E-03 1.60E+00 5.64E-04 2864.47 2875 10.53 162 0.06 0.10 1.04 2.06

MW-3d 1B 1.61E-05 2.32E-02 8.19E-06 2902.38 2900 2.38 147 0.02 0.19 0.002
MW-4d 1B 4.53E-04 6.53E-01 2.30E-04 3014.92 3000 14.92 76 0.20 0.15 0.85
PZ-9 1B 3.14E-03 4.53E+00 1.60E-03 2866.20 2875 8.80 115 0.08 0.19 1.82
PZ-10 1B 2.93E-03 4.22E+00 1.49E-03 2907.90 2925 17.10 74 0.23 0.16 6.10
PZ-11d 1B 3.09E-05 4.45E-02 1.57E-05 2947.07 2950 2.93 69 0.04 0.18 0.01
MW-13d 1B 1.97E-03 2.84E+00 1.00E-03 3131.22 3125 6.22 76 0.08 0.15 1.55 2.19

PZ-11s 1A/1B 8.43E-04 1.21E+00 4.28E-04 2956.77 2950 6.77 90 0.08 0.20 0.46
PZ-12 1A/1B 6.72E-04 9.68E-01 3.42E-04 3121.70 3100 21.70 219 0.10 0.18 0.53
MW-4s 1A 8.72E-04 1.26E+00 4.43E-04 3017.55 3000 17.55 77 0.23 0.22 1.30
PZ-13i 1A 1.51E-03 2.17E+00 7.67E-04 3134.76 3125 9.76 70 0.14 0.20 1.52
PZ-13s 1A 9.47E-04 1.36E+00 4.81E-04 3135.10 3125 10.10 75 0.13 0.20 0.92 0.94

Notes: Ground Water Velocity Calculated from Equation

V=KI/n where K = Hydraulic Conductivity in units of ft/day
I = Hydraulic Gradient in units of ft/ft
n = Effective Porosity (unitless)

Hydraulic Conductivity values from aquifer slug testing using the Bouwer-Rice method

Hydraulic Conductivity Conversion Factor: 1 ft/day = 3.59E-04 cm/sec

Hydraulic Gradient values were calculated from the potentiometric surface map

Effective Porosity values derived from Table 3

*Ground water elevations and potentiometric surfaces for reference elevations derived from water level observations made 2/7/2008
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PZ-9

Avery County C&D Expansion
Dietrich D-50 ATV HSA
12/17/07 12/17/07
Red Dog Drilling, Inc. Brian Boutin
Southwest of Phase 1
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SILT: finely laminated; highly
micaceous; tr. clay and vf-f
sand; rock frags., qtz, feldspar,
mica; relict rock texture and
structure with depth (mica
gneiss); approximately
horizontal layering with sub-
vertical fractures; dark mineral
staining and more abundant
rock frags. with depth; tan,
orange-brown, brown

PWR: Weathered mica gneiss;
silt with rock frags.; little vf-c
sand; finely laminated;
micaceous; very dense and
variably hard; numerous rock
frags. near base of section

Grout 0 to 26.0
ft.

Bentonite Seal
26.0 to 28.0 ft.

Sand Pack
28.0 to 40.0 ft.

0.010" Slotted
Screen 30.0 to
40.0 ft.Boring Terminated at 40.0 feet

(Auger Refusal)



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.

2952

2950

2948

2946

2944

2942

2940

2938

2936

2934

2932

2930

2928

2926

2924

2922

2920

2918

2916

2914

2912

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

Observation Date

N = 0    20   40   60  80  100 BPF

ofPage 1 2
PZ-10

Avery County C&D Expansion
Dietrich D-50 ATV HSA
12/18/07 12/18/07
Red Dog Drilling, Inc. Brian Boutin
West of MW-3/3d and Phase 1

2952.44
48.00
45.66
47.45

58.0 2/7/08

3.5

8.5

13.5

18.5

23.5

28.5

33.5

38.5

12
11
11

4
5
6

7
7
8

5
9
11

7
12
18

14
31
32

15
26
36

22
40
50/6

MH

MH

MH

MH

MH

MH

MH

MH

3.0

CLAYEY SILT: micaceous; sl.
plastic; alluvial rock frags. and
boulders from appr. 5 to 8.5 ft.;

SILT: finely laminated; highly
micaceous; tr. clay and vf-f
sand; rock frags., qtz, feldspar,
mica; relict rock texture and
structure with depth (mica
gneiss); approximately
horizontal layering with sub-
vertical fractures; dark mineral
staining and more abundant
rock frags. with depth; abundant
white weathered feldspar from
appr. 18 to 36 ft.; alternating
white and brown bands at 28.5
to 30 ft; weathered garnets 38.5
to 40 ft.; tan, white, orange-
brown, brown

Grout 0 to 44.0
ft.



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.

2910

2908

2906

2904

2902

2900

2898

2896

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

Observation Date

N = 0    20   40   60  80  100 BPF

ofPage 2 2
PZ-10

Avery County C&D Expansion
Dietrich D-50 ATV HSA
12/18/07 12/18/07
Red Dog Drilling, Inc. Brian Boutin
West of MW-3/3d and Phase 1

2952.44
48.00
45.66
47.45

58.0 2/7/08

43.5

48.5

53.5

28
39
50/6

50/6

50/3

MH

MH

MH

44.5

SILT: See above for description

PWR: Weathered mica gneiss;
silt with rock frags.; finely
laminated; micaceous; very
dense and variably hard;
feldspar less abundant with
depth

Bentonite Seal
44.0 to 46.0 ft.

Sand Pack
46.0 to 58.0 ft.

0.010" Slotted
Screen 48.0 to
58.0 ft.Boring Terminated at 58.0 feet

(Auger Refusal)



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.

2956

2954

2952

2950

2948

2946

2944

2942

2940

2938

2936

2934

2932

2930

2928

2926

2924

2922

2920

2918

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

Observation Date

N = 0    20   40   60  80  100 BPF

ofPage 1 1
PZ-11d

Avery County C&D Expansion
Dietrich D-50 ATV HSA
01/0/08 01/09/08
Red Dog Drilling, Inc. Brian Boutin
Northwest side of Phase 1

2957.40
6.00
5.73
13.38

41.0 2/7/08

3.5

8.5

13.5

18.5

23.5

28.5

33.5

38.5

14
14
9

6
9
17

5
12
50/5

50/5

50/6

50/1

50/4

50/4

ML

MH

MH

MH

MH

MH

MH

MH

7.0

14.5

CLAYEY SILT: micaceous; sl.
plastic; alluvial rock frags. and
boulders (massive granite
gneiss); tan to brown

SILT: finely laminated; highly
micaceous (mica gneiss); rock
frags. to 13.5 ft. (granite gneiss
with dark mineral inclusions);
relict rock texture with depth;
horizontal layering with sub-
vertical fractures; dark mineral
staining; tan, white, brown

PWR: Weathered mica gneiss;
silt with rock frags.; finely
laminated; micaceous; very
dense; distinct laminations and
mineral banding; rock frags.
more abundant with depth

Grout 0 to 27.0
ft.

Bentonite Seal
27.0 to 29.0 ft.

Sand Pack
29.0 to 41.0 ft.

0.010" Slotted
Screen 31.0 to
41.0 ft.Boring Terminated at 41.0 feet

(Auger Refusal)



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.

2962

2960

2958

2956

2954

2952

2950

2948

2946

2944

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

Observation Date

N = 0    20   40   60  80  100 BPF

ofPage 1 1
PZ-11s

Avery County C&D Expansion
Dietrich D-50 ATV HSA
12/19/07 12/19/07
Red Dog Drilling, Inc. Brian Boutin
Northwest side of Phase 1

2962.12
6.00
5.25
8.38

18.5 2/7/08

3.5

8.5

13.5

18.5

14
14
9

6
9
17

5
12
50/5

50/5

ML

MH

MH

7.0

14.5

CLAYEY SILT: micaceous; sl.
plastic; alluvial rock frags. and
boulders (massive mica
gneiss); tan to brown

SILT: finely laminated; highly
micaceous (mica gneiss); rock
frags. to 13.5 ft. (granite gneiss
with dark mineral inclusions);
relict rock texture with depth;
horizontal layering with sub-
vertical fractures; dark mineral
staining; tan, white, brown

PWR: Weathered mica gneiss;
silt with rock frags.; finely
laminated; micaceous; dense

Grout 0 to 4.5
ft.

Bentonite Seal
4.5 to 6.5 ft.

Sand Pack 6.5
to 18.5 ft.

0.010" Slotted
Screen 8.5 to
18.5 ft.

Boring Terminated at 18.5 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.

3128

3126

3124

3122

3120

3118

3116

3114

3112

3110

3108

3106

3104

3102

3100

3098

3096

3094

3092

3090

3088

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

Observation Date

N = 0    20   40   60  80  100 BPF

ofPage 1 2
PZ-12

Avery County C&D Expansion
Dietrich D-50 ATV HSA
01/10/08 01/11/08
Red Dog Drilling, Inc. Brian Boutin
North of landfill expansion area

3128.59
7.00
8.32
9.80

77.5 2/7/08

3.5

8.5

13.5

18.5

23.5

28.5

33.5

38.5

10
4
3

6
5
6

3
4
6

12
14
16

5
7
10

6
8
9

8
11
14

6
11
16

ML

ML

ML

MH

MH

MH

ML

MH

17.0

CLAYEY SILT: micaceous; sl.
plastic; rock frags. composed of
qtz., feldspar, mica, vf-f sand;
tan to brown

SILT: Saprolite; finely
laminated; highly micaceous;
rock frags., qtz, feldspar, mica;
relict rock texture and structure
with depth (mica gneiss);
approximately horizontal
layering with sub-vertical
fractures; dark mineral staining
and more abundant rock frags.
with depth; abundant white f-c
qtz. and feldspar from appr. 23
ft. to 35 ft. (highly weathered
granite gneiss); varies white to
red-brown to orange

Grout 0 to 63.5
ft.

Bulk sample taken from 0 to 15
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.

3086

3084

3082

3080

3078

3076

3074

3072

3070

3068

3066

3064

3062

3060

3058

3056

3054

3052

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

Observation Date

N = 0    20   40   60  80  100 BPF

ofPage 2 2
PZ-12

Avery County C&D Expansion
Dietrich D-50 ATV HSA
01/10/08 01/11/08
Red Dog Drilling, Inc. Brian Boutin
North of landfill expansion area

3128.59
7.00
8.32
9.80

77.5 2/7/08

43.5

73.5

77.5

8
18
22

25
50/5

50/1

MH

MH

MH74.0

SILT: Saprolite; finely
laminated; highly micaceous;
rock frags., qtz, feldspar, mica;
relict rock texture and structure
with depth (mica gneiss);
approximately horizontal
layering with sub-vertical
fractures; dark mineral staining
and more abundant rock frags.
with depth; abundant white f-c
qtz. and feldspar from appr. 23
ft. to 35 ft. (highly weathered
granite gneiss); varies white to
red-brown to orange

PWR: Weathered mica gneiss;
variably hard; tan to brown

Bentonite Seal
63.5 to 65.5 ft.

Sand Pack
65.5 to 77.5 ft.

0.010" Slotted
Screen 67.5 to
77.5 ft.

Auger Refusal at 77.5 feet

No SPT samples taken from
48.5 through 68.5 feet (due to
technical difficulties), but drilling
characteristics were noted to be
consistent throughout this
interval



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.

3140

3138

3136

3134

3132

3130

3128

3126

3124

3122

3120

3118

3116

3114

3112

3110

3108

3106

3104

3102

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

Observation Date

N = 0    20   40   60  80  100 BPF

ofPage 1 3
PZ-13d

Avery County C&D Expansion
Dietrich D-50 ATV HSA
01/09/08 01/09/08
Red Dog Drilling, Inc. Brian Boutin
North of landfill expansion

3141.21
12.00
10.37
12.26

88.0 2/7/08

3.5

8.5

13.5

18.5

23.5

28.5

33.5

38.5

4
4
8

3
3
3

4
2
4

7
7
9

4
7
9

5
5
7

2
3
5

9
18
25

ML

MH

MH

MH

MH

MH

ML

MH

7.0

CLAYEY SILT: micaceous; sl.
plastic; rock frags. composed of
qtz. feldspar, f-c sand; brown

SILT: Saprolite; finely
laminated; highly micaceous;
rock frags., qtz, feldspar, mica;
relict rock texture and structure
with depth (mica gneiss);
approximately horizontal
layering with sub-vertical
fractures; dark mineral staining
and more abundant rock frags.
with depth; increased clay
content from appr. 33 to 37 ft.;
tan to brown

Grout 0 to 74.0
ft.



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.

3100

3098

3096

3094

3092

3090

3088

3086

3084

3082

3080

3078

3076

3074

3072

3070

3068

3066

3064

3062

3060

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

Observation Date

N = 0    20   40   60  80  100 BPF

ofPage 2 3
PZ-13d

Avery County C&D Expansion
Dietrich D-50 ATV HSA
01/09/08 01/09/08
Red Dog Drilling, Inc. Brian Boutin
North of landfill expansion

3141.21
12.00
10.37
12.26

88.0 2/7/08

43.5

48.5

53.5

58.5

63.5

68.5

73.5

78.5

17
30
40

50/6

50/1

50/4

37
50/3

50/3

50/3

50/3

MH

MH

MH

MH

MH

MH

MH

MH

48.0

SILT: Saprolite; finely
laminated; highly micaceous;
rock frags., qtz, feldspar, mica;
relict rock texture and structure
with depth (mica gneiss);
approximately horizontal
layering with sub-vertical
fractures; dark mineral staining

PWR: Weathered mica gneiss;
silt with rock frags.; finely
laminated; micaceous; very
dense and variably hard;
laminations appr. 45 deg.

Bentonite Seal
74.0 to 76.0 ft.



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.

3058

3056

3054

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

Observation Date

N = 0    20   40   60  80  100 BPF

ofPage 3 3
PZ-13d

Avery County C&D Expansion
Dietrich D-50 ATV HSA
01/09/08 01/09/08
Red Dog Drilling, Inc. Brian Boutin
North of landfill expansion

3141.21
12.00
10.37
12.26

88.0 2/7/08

PWR Sand Pack
76.0 to 88.0 ft.

0.010" Slotted
Screen 78.0 to
88.0 ft.Boring Terminated at 88.0 feet

(Auger Refusal)



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.

3140

3138

3136

3134

3132

3130

3128

3126

3124

3122

3120

3118

3116

3114

3112

3110

3108

3106

3104

3102

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

Observation Date

N = 0    20   40   60  80  100 BPF

ofPage 1 1
PZ-13i

Avery County C&D Expansion
Dietrich D-50 ATV HSA
01/10/08 01/10/08
Red Dog Drilling, Inc. Brian Boutin
North of landfill expansion

3140.92
8.00
7.02
9.05

40.0 2/7/08

3.5

8.5

13.5

18.5

23.5

28.5

33.5

38.5

4
4
8

3
3
3

4
2
4

7
7
9

4
7
9

5
5
7

2
3
5

9
18
25

ML

MH

MH

MH

MH

MH

ML

MH

7.0

CLAYEY SILT: micaceous; sl.
plastic; rock frags. composed of
qtz. feldspar, f-c sand; brown

SILT: Saprolite; finely
laminated; highly micaceous;
rock frags., qtz, feldspar, mica;
relict rock texture and structure
with depth (mica gneiss);
approximately horizontal
layering with sub-vertical
fractures; dark mineral staining
and more abundant rock frags.
with depth; increased clay
content from appr. 33 to 37 ft.;
tan to brown

Grout 0 to 26.0
ft.

Bentonite Seal
26.0 to 28.0 ft.

Sand Pack
28.0 to 40.0 ft.

0.010" Slotted
Screen 30.0 to
40.0 ft.

Boring Terminated at 40.0 feet

Undisturbed (Shelby tube)
sample taken from 18 to 20 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.

3140

3138

3136

3134

3132

3130

3128

3126

3124

3122

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

Observation Date

N = 0    20   40   60  80  100 BPF

ofPage 1 1
PZ-13s

Avery County C&D Expansion
Dietrich D-50 ATV HSA
01/10/08 01/10/08
Red Dog Drilling, Inc. Brian Boutin
North of proposed landfill exp'n

3141.38
8.00
6.42
8.85

20.0 2/7/08

3.5

8.5

13.5

18.5

4
4
8

3
3
3

4
2
4

7
7
9

ML

MH

MH

MH

7.0

CLAYEY SILT: micaceous; sl.
plastic; rock frags. composed of
qtz. feldspar, f-c sand; brown

SILT: Saprolite; finely
laminated; highly micaceous;
rock frags., qtz, feldspar, mica;
relict rock texture and structure
with depth (mica gneiss);
approximately horizontal
layering with sub-vertical
fractures; dark mineral staining
and more abundant rock frags.
with depth; tan to brown

Grout 0 to 6.0
ft.

Bentonite Seal
6.0 to 8.0 ft.

Sand Pack 8.0
to 20.0 ft.

0.010" Slotted
Screen 10.0 to
20.0 ft.

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.

2878

2876

2874

2872

2870

2868

2866

2864

2862

2860

2858

2856

2854

2852

2850

2848

2846

2844

2842

2840

2838

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

Observation Date

N = 0    20   40   60  80  100 BPF

ofPage 1 2
MW-1d

Avery County C&D Landfill Expansion
Dietrich D-50 ATV HSA/NQWL Core
12/12/07 12/13/07
Red Dog Drilling, Inc. Brian Boutin
Immediately south of Phase 2

2878.64
10.0
8.33
9.38

64.7 2/7/08

3.5

8.5

13.5

18.5

23.5

28.5

33.5

38.5

9
50/2

2
1
3

2
4
4

10
8
10

9
12
17

10
18
27

20
50/6

50/4

ML

MH

MH

MH

MH

MH

MH

MH

7.0

34.0

CLAYEY SILT: micaceous; sl.
plastic; rock frags. up to 1.5"
dia.; moist; dk. brown

SILT: trace to little f-vf sand;
highly micaceous; finely
laminated; weathered feldspar,
qtz, mica, rock frags; dark
mineral staining below 10 ft.;
relict mineral banding appr.
horizontal; tan to dk. brown

PWR: Weathered mica gneiss;
silt with rock frags.; very finely
laminated; micaceous; very
dense and variably hard

Grout 0 to 50.0
ft.



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.

2836

2834

2832

2830

2828

2826

2824

2822

2820

2818

2816

2814

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

Observation Date

N = 0    20   40   60  80  100 BPF

ofPage 2 2
MW-1d

Avery County C&D Landfill Expansion
Dietrich D-50 ATV HSA/NQWL Core
12/12/07 12/13/07
Red Dog Drilling, Inc. Brian Boutin
Immediately south of Phase 2

2878.64
10.0
8.33
9.38

64.7 2/7/08

43.5

48.5

50/3

50/2

MH

MH
49.5

52.7

57.7

62.7

GNEISS: Core Run #1:  layered
with sandstone; REC = 84%,
RQD = 22%

GNEISS: Core Run #2:   hard,
competent; subhorizontal
fractures; more fractured and
weathered at bottom of run.
REC = 95%, RQD = 65%

GNEISS: Core Run #3:
distinct subhorizontal mineral
banding; relict sed. eatures;
more competent near bottom;
REC = 93%, RQD = 60%

GNEISS: Core Run #4:  REC =
100%, RQD = 62.5%

PWR: Same as above, auger
refusal at 49.5 feet

Bentonite Seal
50.0 to 52.0 ft.

Sand Pack
52.0 to 64.7 ft.

0.010" Slotted
Screen 54.7 to
64.7 ft.



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.

2866

2864

2862

2860

2858

2856

2854

2852

2850

2848

2846

2844

2842

2840

2838

2836

2834

2832

2830

2828

2826

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

Observation Date

N = 0    20   40   60  80  100 BPF

ofPage 1 2
MW-2d

Avery County C&D Landfill Expansion
Dietrich D-50 ATV HSA/NQWL Core
12/14/07 12/17/07
Red Dog Drilling, Inc. Brian Boutin
Immediately south of Phase 1

2866.10
9.0
2.68
4.60

46.0 2/7/08

3.5

8.5

13.5

18.5

23.5

28.5

4
2
3

12
13
22

15
20
27

50/5

50/6

50/1

ML

MH

MH

MH

MH

MH

8.5

17.0

31.0

34.0

39.0

CLAYEY SILT: micaceous; sl.
plastic; alluvial rock frags. and
boulders from appr. 5 to 8.5 ft.;
moist; tan to brown

SILT: trace to little f-vf sand;
highly micaceous; finely
laminated; weathered feldspar,
qtz, mica, rock frags; dark
mineral staining; relict mineral
banding appr. horizontal; tan to
dk. brown

PWR: Weathered mica gneiss;
silt with rock frags.; little f-m
sand; very finely laminated;
micaceous; very dense and
variably hard; rock frags. more
abundant with depth

GNEISS: Core Run #1:   highly
micaceous; weathered mica
gneiss; appr. horiz. laminations;

GNEISS: Core Run #2:   as
above; highly weathered;
subhorizontal fractures; 6" layer
of metabasalt. REC = 75%,
RQD = 8%

GNEISS: Core Run #3:   as
above; relict sed. features

Grout 0 to 32.0
ft.

Bentonite Seal
32.0 to 34.0 ft.

Sand Pack
34.0 to 46.0 ft.

Auger refusal at 31.0 ft.



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.

2824

2822

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

Observation Date

N = 0    20   40   60  80  100 BPF

ofPage 2 2
MW-2d

Avery County C&D Landfill Expansion
Dietrich D-50 ATV HSA/NQWL Core
12/14/07 12/17/07
Red Dog Drilling, Inc. Brian Boutin
Immediately south of Phase 1

2866.10
9.0
2.68
4.60

46.0 2/7/08

44.0

GNEISS: Core Run #3
continued (see above);
REC = 85%, RQD = 25%

GNEISS: Core Run #4:
REC = 50%, RQD = 17.0%

0.010" Slotted
Screen 36.0 to
46.0 ft.



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.

2910

2908

2906

2904

2902

2900

2898

2896

2894

2892

2890

2888

2886

2884

2882

2880

2878

2876

2874

2872

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

Observation Date

N = 0    20   40   60  80  100 BPF

ofPage 1 1
MW-3d

Avery County C&D Expansion
Dietrich D-50 ATV HSA
12/18/07 12/18/07
Red Dog Drilling, Inc. Brian Boutin
West-central side of Phase 1

2911.87
14.00
11.45
12.65

41.0 2/7/08

3.5

8.5

13.5

18.5

23.5

28.5

33.5

38.5

5
9
27

3
6
7

7
16
16

32
22
29

14
50/3

50/4

50/4

50/0

ML

ML

MH

MH

MH

MH

MH

MH

12.0

24.0

SANDY SILT: highly
micaceous; some vf-f sand;
alluvial rock frags. and boulders
throughout section; dark brown

SILT: finely laminated; highly
micaceous; tr. f-m sand; rock
frags., qtz, feldspar, mica; relict
rock texture and structure with
depth (mica gneiss);
approximately horizontal
layering with sub-vertical
fractures; dark mineral staining
and more abundant rock frags.
with depth; tan, orange-brown,
brown

PWR: Weathered mica gneiss;
silt with rock frags.; abundant
vf-f sand from 28.5 to 30 ft.;
finely laminated; micaceous;
very dense and variably hard;
numerous qtz and gneiss frags.
near base of section

Grout 0 to 27.0
ft.

Bentonite Seal
27.0 to 29.0 ft.

Sand Pack
29.0 to 41.0 ft.

0.010" Slotted
Screen 31.0 to
41.0 ft.

Boring Terminated at 41.0 feet
(Auger Refusal)



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.

3032

3030

3028

3026

3024

3022

3020

3018

3016

3014

3012

3010

3008

3006

3004

3002

3000

2998

2996

2994

2992

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

Observation Date

N = 0    20   40   60  80  100 BPF

ofPage 1 2
MW-4d

Avery County C&D Expansion
Dietrich D-50 ATV HSA
12/12/07 12/12/07
Red Dog Drilling, Inc. Brian Boutin
Immediately north of landfill

3032.53
20.00
16.88
20.85

73.0 2/7/08

3.5

8.5

13.5

18.5

23.5

28.5

33.5

38.5

32
27
11

2
2
4

4
4
10

1
2
4

8
5
6

3
4
5

7
6
6

4
5
10

MH

MH

MH

MH

MH

MH

MH

MH

SILT: Saprolite; finely
laminated; highly
micaceous;rock frags., qtz,
feldspar, mica; relict rock
texture and structure with depth
(mica gneiss); approximately
horizontal layering with sub-
vertical fractures; dark mineral
staining and more abundant
rock frags. with depth; tan to
brown

Grout 0 to 58.0
ft.



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.

2990

2988

2986

2984

2982

2980

2978

2976

2974

2972

2970

2968

2966

2964

2962

2960

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

Observation Date

N = 0    20   40   60  80  100 BPF

ofPage 2 2
MW-4d

Avery County C&D Expansion
Dietrich D-50 ATV HSA
12/12/07 12/12/07
Red Dog Drilling, Inc. Brian Boutin
Immediately north of landfill

3032.53
20.00
16.88
20.85

73.0 2/7/08

43.5

48.5

53.5

58.5

63.5

68.5

73.5

7
14
17

10
22
30

13
28
37

50/5

50/1

50/2

50/0

MH

MH

MH

MH

MH

MH

55.0

SILT: Saprolite; finely
laminated; highly
micaceous;rock frags., qtz,
feldspar, mica; relict rock
texture and structure with depth
(mica gneiss); approximately
horizontal layering with sub-
vertical fractures; dark mineral
staining and more abundant
rock frags. with depth; tan to
brown

PWR: Weathered mica gneiss;
silt with rock frags.; finely
laminated; micaceous; very
dense and variably hard

Bentonite Seal
58.0 to 60.0 ft.

Sand Pack
60.0 to 73.0 ft.

0.010" Slotted
Screen 63.0 to
73.0 ft.

Boring Terminated at 73.5 feet
(Auger Refusal)
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