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DESIGN HYDROGEOLOGIC REPORT – ADDENDUM, REVISION 2  
COLON MINE RECLAMATION STRUCTURAL FILL SITE 

1303 BRICKYARD ROAD 
SANFORD, NORTH CAROLINA 

 
 
1.0 INTRODUCTION          
 
Buxton Environmental, Inc., respectfully submits the Design Hydrogeologic Report – Addendum, 
Revision 2 prepared for the proposed Colon Mine Reclamation Structural Fill Site (RSFS) located at 
1303 Brickyard Road (address for the former adjacent off-site manufacturing facility for Cherokee 
Sanford Group, LLC and General Shale Brick, Inc.) in Sanford, North Carolina.  The subject property 
presently consists of Parcel No.: 9655-70-1612 (408.22 acres), which was consolidated from 5 parcels 
during the recent purchased by Green Meadow LLC, according to the Lee County GIS website.  The 
proposed Colon Mine RSFS consist of 118.7 acres, which is located on the northern ¼ of the entire 
parcel.  The primary purpose of this investigation is to provide detailed and localized hydrogeologic 
information for the engineering design of the proposed Colon Mine RSFS for coal combustion 
residuals and for the effective design of a water quality monitoring system.  The investigation was 
conducted in general accordance with North Carolina Department of Environment and Natural 
Resources, Division of Waste Management-Solid Waste Section (NCSWS) rules and guidelines; the 
General Assembly of North Carolina Session 2013-Senate Bill 729 (ratified) regarding coal 
combustion residuals; and the HDR Engineering, Inc. of the Carolinas (HDR) Hydrogeologic 
Investigation and Reporting Scope-of-Work, Task 3 dated July 2014 which was prepared for Charah, 
Inc.  The Design Hydrogeologic Report investigation was conducted by Buxton Environmental, Inc. on 
behalf of HDR.  Site location, site layout and proposed Colon Mine RSFS plan maps are provided in 
Figures 1, 2 and 3, respectively.  Photographic documentation is provided in Appendix A. 
 
The addendum, Revision 1, was prepared in response to comments presented in a December 19, 2014 
Permit Application – Completeness Review letter from the NCSWS (Appendix A1); to update general 
ownership and site configuration information; to update hydrogeologic information at the site; and to 
document the findings of additional soil boring/piezometer installation activities conducted along the 
northeastern and eastern edge of the site. The addendum, Revision 2 changes were made in response to 
requested changes to the Water Quality Monitoring Plan by Ms. Elizabeth Werner with the NCSWS 
during a February 20, 2015 conversation with Buxton Environmental, Inc. 
 
A summary of background information, and the methods and results of the Design Hydrogeologic 
Report – Addendum, Revision 2 investigation is provided below.  
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2.0 BACKGROUND INFORMATION        
 
The Colon Mine RSFS property is located in Lee County, approximately 5 miles north northeast of 
downtown Sanford, North Carolina.  The area immediately surrounding the site primarily consists of 
rural residential, wooded and agricultural property.  The northern side of the site is bounded by an 
intermittent tributary creek of Roberts Creek and the southeastern property boundary is bounded by the 
CSX Rail Road line.  The former clay mining area is located on the north central portion of Parcel No.: 
9655-70-1612.   Following cessation of on-site clay mining activities, deep erosional rills formed on 
the excavation side slopes, however, re-grading and seeding were recently conducted on the northeast 
side of the site.  A high tension overhead power line easement, which runs northwest to southeast, 
bisects the northern portion of the site.  The primary access to the subject property is via a dirt and 
brick gravel covered road that that intersects Brickyard Road approximately 1 mile to the southwest of 
the former mining area.  Entrance to the site is partially secured by a locked gate along Brickyard 
Road.  The northern ½ of the proposed Colon Mine RSFS area was heavily wooded property with 
numerous deer hunting trails and hunting stands (Figure 2). 
  
In order to determine the relative time frame of clay mining at the subject property, an aerial 
photograph review was conducted at the Lee County Geographical Information System (GIS) website. 
The 1996-1999 aerial photograph indicated that the proposed Colon Mine RSFS area was primarily 
wooded property with no clay mining at the subject area, and contained the power line easement.  The 
2002-2005 aerial photograph indicated the first evidence of clay mining and clay stockpiling at the site, 
with the infiltration of groundwater into Excavation #1 (small area) and Excavation #2 (large area).  
The 2006-2008 aerial photograph indicated continued mining, with continued infiltration of 
groundwater into Excavations #1 and #2.  The 2010 and 2013 aerial photographs indicated the mine 
area in its near current state.  The aerial photographs are provided in Appendix B. 
 
According to General Shale Brick, Inc. personnel, the subject property was utilized for clay mining for 
brick manufacturing until approximately 2008.  The main brick manufacturing facility was located 
approximately 1 mile southwest of the site at 1303 Brickyard Road and is currently unoccupied.   
 
A Preliminary Subsurface Exploration report, dated June 30, 2014, which was prepared by Geo Track 
Technologies, Inc., was reviewed to determine geotechnical characteristics of the subject property 
(Appendix C).  A total of (8) eight soil borings (SB-1 through SB-8) were advanced in May 2014.  
Auger refusal was encountered at all eight borings at depths ranging from 23.5 to 43.5 feet.  Depth to 
groundwater was estimated to range from 12.5 to 24 feet below grade, based on cave-in and/or 
observed groundwater.  Shallow perched water conditions were suspected to be present at the site.  
Geotechnical soil analyses conducted at soil borings SB-3 and SB-7 indicated that site soils generally 
consisted of Unified Soil Classification System (USCS) classifications of CL and SC. 
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3.0 SITE TOPOGRAPHY AND GEOGRAPHICAL SETTING 
 
According to the 1970 USGS topographic quadrangle, the topography of the Colon Mine site and 
immediately surrounding area can be characterized by moderately rolling hills, which are dissected by 
dendritic tributary creeks (Figure 1).  The northern ½ of the site generally slopes to the north northeast 
from a topographic high ridge/saddle of approximately 310 feet above sea level (asl) towards the 
intermittent tributary of Roberts Creek located approximately 250 feet asl along the northern property 
boundary.  The southern ½ of the site generally slopes to the southeast from the topographic high 
ridge/saddle of approximately 310 feet above sea level (asl) towards the headwaters Roberts Creek 
located approximately 260 feet asl on the southern side of the site. 
  
The basic topographic morphology of the proposed Colon Mine site has remained similar to the 1970 
USGS topographic map, with the exception of the former clay mining areas. 
  
On October 1, 2014, Buxton Environmental, Inc. conducted a cursory assessment of the depth of water 
in Excavation #2, in order to determine the approximate mining excavation depths.  Water levels in 
Excavation #2 remained relatively stable (ranging from 264.91 feet asl to 264.71 feet asl) during the 
Design Hydrogeologic Iinvestigation, and appear to represent the approximate average water table 
surface across the area.  The mining excavation depth below the water level ranged from 10 to 23 feet 
within 100 feet from the shoreline, and was 25 feet deep at the center of the excavation.  These 
excavation depths do not account for sediment runoff accumulation at the base.  Mining excavation 
above the water level and within the bounds of Excavation #2 appears to have ranged from 5 to 20 feet 
below original topography.  Mining excavation beyond the limits of Excavation #2 appears to have 
ranged from zero to 20 feet below original topography, with excavation cuts thickest immediately 
adjacent to Excavation #2 and tapering to zero cut approximately 400 feet to the northwest and 1,000 
feet to the northeast, respectively. 
  
According to information obtained from the Lee County GIS website (Appendix D), FEMA Flood 
Hazard Maps (3710965500J and 3710965400J) (Appendix D), and survey maps prepared by Lawrence 
Surveying for this project (Figure 3), the only on-site 100-year flood zone appears to be located along 
Roberts Creek on the southern side of the site.  The 100-year flood zone appears to correspond to the 
262 foot asl topographic contour line.  Based on this information, the proposed Colon Mine RSFS is 
located outside of the 100-year flood zone by approximately 6.78 vertical feet (ground elevation of PZ-
1 located on the southeast corner of the proposed Colon Mine RSFS is 268.78 feet asl).   
 
Buxton Environmental, Inc. understands that ClearWater recently conducted a wetland study of the 
proposed Colon Mine RSFS area.  Identified wetland areas are illustrated on Figure 3.  Wetland areas 
were primarily located along drainage ditches located on the northern and western sides of the site, and 
within the 100-year flood plain.  An isolated wetland was also identified along the southeast property 
boundary, approximately 550 feet southeast of PZ-8.  The report documenting the findings of the 
wetland study will be submitted by HDR. 
 
No obvious naturally occurring springs or creeks with actively flowing water recharged by the 
subsurface aquifer were observed within the proposed Colon Mine RSFS fill boundary during the 
assessment.  
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4.0 REGIONAL GEOLOGIC AND HYDROGEOLOGIC SETTING 
 
4.1 Regional Geology 
 
The site is located within the Piedmont Physiographical Province of North Carolina, which is a 
northeast-southwest trending region extending from New York to Alabama.     
 
The subject site is located in the Triassic Basin Belt of the Piedmont Physiographic Province, 
according to the 1985 North Carolina Geologic Map prepared by the North Carolina Geological 
Survey (Figure 4).  The Triassic Period is generally recognized to have occurred from approximately 
208 to 245 million years ago.  The basement rocks of the Triassic Basin Belt primarily include 
conglomerate, sandstone, mudstone, limestone, coal and shale.  The subject property is located within 
the Pekin Formation (TRCP), which contains conglomerate, sandstone and mudstone.  The Triassic 
Basin is bounded by felsic metavolcanic rock (CZfv) within the Carolina Slate Belt approximately 1.5 
miles to the northwest; and is contacted by biotite gneiss and schist (CZbg) of the Raleigh Belt along a 
normal fault and Middendorf Formation (Km) of the upper Coastal Plain, approximately 4 miles to the 
southeast.  Triassic Basin formations have been intruded by north northwest-south southeast trending 
igneous diabase dikes during the Jurassic Period (~144 to 208 million years ago), and contain 
northeast-southwest trending normal faults, however, none of these were indicated to exist at the 
subject site on the 1985 geologic map.     
 
According to the Field Guide to the Geology of the Durham Triassic Basin (Bain and Harvey, 1977), 
the Triassic Basin formed in a rift valley (tectonic plates spread apart) following the formation of the 
Appalachian Mountains (colliding plates).  The rifting event produced graben style normal faults, 
caused by tensional forces, and the basin was filled in with poorly sorted alluvial fan, braided stream 
and shallow water lake deposits.  
 
In the Piedmont, the bedrock is typically overlain by a mantle of weathered rock (residuum/saprolite), 
which has an average thickness of approximately 25 feet.  The residuum/saprolite consists of varying 
amounts of unconsolidated clays, silts and sands, with lesser amounts of rock fragments.  Due to the 
range of the parent rock composition and the variable susceptibility to weathering of each rock type, 
the residuum/saprolite ranges widely in color, texture and thickness.  Generally, the residuum/saprolite 
is thickest near interstream divides (ridges) and thins toward stream beds.  In profile, the 
residuum/saprolite normally grades from clayey soils near the land surface to sandier partially 
weathered rock above the competent bedrock.   
 
4.2 Regional Hydrogeology 
 
The occurrence and movement of groundwater in the Piedmont Physiographic Province is within two 
separate but interconnected water-bearing zones that typically comprise one aquifer.  A shallow water-
bearing zone occurs within the residuum/saprolite and a deeper zone within the underlying bedrock. 
 
Groundwater in the residuum/saprolite zone occurs in the interstitial pore spaces between the 
individual grains comprising the residuum/saprolite.  Groundwater in this zone is typically under water 
table conditions and generally flows from topographic highs to topographic lows.  The occurrence and 
movement of groundwater in the underlying bedrock zone is controlled by joints and fractures within 
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the bedrock.  Groundwater within this deeper zone may occur under confined or semi-confined 
conditions, depending on the extent of fracturing at the saprolite/bedrock interface.  Deeper 
groundwater movement is typically controlled by the distribution of openings in the bedrock and can 
be variable. 
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5.0 DRILLING ACTIVITIES 
 
Buxton Environmental, Inc. prepared a Health & Safety Plan, dated July 15, 2014.  Prior to site entry, 
each drilling personnel was briefed on and signed/dated the Health and Safety Plan, which was 
maintained on-site.  In addition, each drilling personnel signed a mining waiver provided by General 
Shale Brick, Inc.  The Health and Safety Plan is provided in Appendix E.  
  
5.1  Initial Soil Boring/Piezometer Installation and Rock Coring 
 
From July 15 through August 29, 2014, Mr. Ross Klingman, P.G. (North Carolina Geologist License 
No.: 1266) with Buxton Environmental, Inc. conducted the oversight of initial drilling activities at the 
proposed Colon Mine RSFS area.  During these activities, fourteen (14) shallow and intermediate 
depth stand-alone soil borings/piezometers (PZ-1, PZ-5, PZ-6, PZ-7, PZ-8, PZ-10, PZ-11, PZ-12, PZ-
13, PZ-14, PZ-16, PZ-18, PZ-19 and PZ-20);  five (5) nested shallow and intermediate depth soil 
boring/piezometer pairs were installed in the same boring (PZ-2s and PZ-2, PZ-3s and PZ-3, PZ-9s and 
PZ-9, PZ-15s and PZ-15, PZ-17s and PZ-17); and one (1) nested intermediate and deep soil 
boring/piezometer pair (PZ-4 and PZ-4D) were installed.  Rock coring activities were conducted at PZ-
4D.  Additional rock coring was not conducted due to drilling difficulties caused by inconsistencies of 
the layered rock and the general absence of shallow competent rock across the site.  In addition, the 
layered rock exposure (produced during mining activities) on the northwest side Excavation #2 was 
able to be utilized for more detailed on-site rock characterization.  These activities were conducted to 
determine geologic and hydrogeologic conditions at the site.  The soil boring and piezometer locations 
are provided in Figure 3.    
  
The drilling activities were conducted by Mr. Mark Seiler (NC Well Contractor Certification No.: 
2789A) with Red Dog Drilling of Midland, North Carolina; Mr. Robert Cassell (NC Well Contractor 
Certification No.:  4143A) with Summit Engineering & Construction Services, Inc. of Charlotte, North 
Carolina; Mr. Johnny Burr (NC Well Contractor Certification No.: 3098A) with Geologic Exploration, 
Inc. of Statesville, North Carolina; and Mr. Tommy Bolyard (NC Well Contractor Certification No.:  
3307) with Environmental Drilling & Probing, LLC of Charlotte, North Carolina.  Drilling methods 
primarily consisted of hollow-stem auger drilling (6-inch outer diameter/2 1/4-inch inner diameter or 8-
inch outer diameter/4 1/4-inch inner diameter) with split-spoon sampling technology.  Rock coring and 
installation of piezometer PZ-4D was conducted with hollow-stem auger (10-inch outer diameter/6 1/4-
inch inner diameter), mud-rotary drilling (5 5/8–inch boring diameter), and non-directional rock coring 
(HQ 3 5/8–inch boring diameter).  The type of drilling utilized was contingent upon site geologic 
conditions and the type of information needed.   
 
During the drilling activities, one-hundred fifty-four (154) spilt-spoon Standard Penetration Tests 
(SPT) (American Society for Testing Materials (ASTM D 1586)) and seven (7) undisturbed thin-
walled “Shelby Tube” soil samples (ASTM D 1587) were collected.  Additional “Shelby Tubes” were 
not collected, due to generally high blow counts below 10 foot depth and they did not appear warranted 
to further characterize the upper lithologic zones.  Split-spoon soil samples were generally collected at 
each boring at 0-1.5 feet and 3.5-5 feet, then at 5-foot intervals to the terminus of the boring.  SPT 
blow counts were recorded every 6-inches in three increments (18-inch total) over the 24-inch length 
of the split-spoon sampler.  Blow counts for the second and third 6-inch increments are added together 
to determine Standard Penetration Resistance (N).  The “Shelby Tubes” were collected by pushing 3-
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inch diameter by 3-foot long thin-wall sample tubes into undisturbed soil.  Drilling cave-in was 
cleaned out of the “Shelby Tube” and each end of the tube was sealed with drillers bees wax, capped, 
secured with duct-tape, labeled and stored in a vertical position to preserve the sample.  The lithology 
of the each soil sample was logged in the field by Mr. Ross Klingman, P.G with Buxton 
Environmental, Inc. in general accordance with ASTM D 653 standards (included moisture content, 
Munsell (2000) soil color, density or consistency, grain size, plasticity, cohesion and geologic unit).  
ASTM standard protocols are provided in Appendix F.   
 
The shallow and intermediate depth stand-alone piezometers (PZ-1, PZ-5, PZ-6, PZ-7, PZ-8, PZ-10, 
PZ-11, PZ-12, PZ-13, PZ-14, PZ-16, PZ-18, PZ-19 and PZ-20) were constructed with 10-foot sections 
of 2-inch diameter, Schedule 40, 0.01-foot mill slotted PVC well screen; an appropriate length of 2-
inch diameter, Schedule 40 PVC riser pipe; with a sand pack around the screen; a minimum of 2-feet 
of hydrated bentonite above the sand pack; and grout (cement and sodium bentonite) above the 
bentonite seal to the ground surface.  The piezometers were completed at grade with a concrete well 
pad and lockable steel stand-up cover.  However, piezometers PZ-10, PZ-13 and PZ-14 were 
anticipated to be dry immediately following the drilling activities and were equipped only with a 
locked well caps (no pads or stand-up covers installed).      
 
Nested shallow and intermediate depth piezometers (PZ-2s and PZ-2, PZ-3s and PZ-3, PZ-9s and PZ-
9, PZ-15s and PZ-15, PZ-17s and PZ-17) were installed in the same boring.  The intermediate 
piezometers were constructed with 10-foot sections of 2-inch diameter, Schedule 40, 0.01-foot mill 
slotted PVC well screen; an appropriate length of 2-inch diameter, Schedule 40 PVC riser pipe; with a 
sand pack around the screen; hydrated bentonite seal above the sand pack to near the base of the 
shallow piezometer; and a 1-foot thick sand pack above the bentonite to prevent the bentonite oozing 
upward.  The shallow piezometers were constructed immediately above the 1-foot sand pack and were 
equipped with a 10-foot section of 2-inch diameter, Schedule 40, 0.01-foot mill slotted PVC well 
screen; an appropriate length of 2-inch diameter, Schedule 40 PVC riser pipe; with a sand pack around 
the screen; a minimum of 2-feet of hydrated bentonite above the sand pack; and grout above the 
bentonite seal to the ground surface.  The piezometers were completed at grade with a concrete well 
pad and lockable steel stand-up cover.   
 
The deep stand-alone piezometer (PZ-4D) was constructed with a 5-foot section of 2-inch diameter, 
Schedule 40, 0.01-foot mill slotted PVC well screen; an appropriate length of 2-inch diameter, 
Schedule 40 PVC riser pipe; with a sand pack around the screen; a minimum of 2-feet of hydrated 
bentonite above the sand pack; and grout above the bentonite seal to the ground surface.  The 
piezometers were completed at grade with a concrete well pad and lockable steel stand-up cover.   
 
Water levels were obtained to the nearest 0.01 foot with a depth-to-water meter approximately 1 hour 
and 24 hours following installation.  
 
Non-directional rock coring activities were conducted at PZ-4D from 45 to 55 feet below grade 
utilizing a five foot long HQ sized (3 5/8-inch outer diameter) core barrel equipped with a diamond bit.  
Prior to conducting rock coring activities, the boring was advanced from 35 to 45 feet below grade 
with mud-rotary drilling with a roller cone bit (5 5/8-inch outer diameter), in order to confirm 
competent rock.  The rock core was advanced in two 5-foot runs for a total of 10 feet.  The rock core 
was logged in the field and at the office of Buxton Environmental, Inc.  Rock core characterization 



 

 Page 8 
  

included rock type (based on mineral composition and texture); extent of weathering; fracture size, 
frequency and orientation; recovery; and Rock Quality Designation (RQD).  The methods for 
determining RQD were developed by D.U. Deere, 1964 (Appendix F). 
 
Following installation, each piezometer was developed until it was relatively free of sediment with a 
Proactive® Monsoon pump.  The pump was rented from Enviro-Equipment, Inc. located in Pineville, 
North Carolina.   
 
The drilling activities were conducted in accordance with North Carolina Department of Environment 
and Natural Resources (NCDENR) Well Construction Standards (15A NCAC 02C .0108).  Each 
piezometer was equipped with a permanently affixed well tag indicating the well contractor name and 
driller certification number, date of well completion, total depth of well, screen length and well 
identification number.  Well Construction Records and boring logs are provided in Appendix G. 
 
Following completion of the permitting process and prior to construction of the proposed Colon Mine 
RSFS, all borings and piezometers (not utilized as permanent monitor wells) should be appropriately 
abandoned in accordance with NCDENR Well Construction Standards (15A NCAC 2C Rule .0113).  
Copies of abandonment records and/or well construction records should be forwarded to the NCSWS.  
 
5.2  Additional Soil Boring/Piezometer Installation  
 
On December 4, 2014, Mr. Ross Klingman, P.G. (North Carolina Geologist License No.: 1266) with 
Buxton Environmental, Inc. conducted the oversight of additional drilling activities at the proposed 
Colon Mine RSFS area.  During these activities, three (3) shallow depth stand-alone soil 
borings/piezometers (PZ-21, PZ-22 and PZ-23) were installed to determine additional geologic and 
hydrogeologic conditions along the northeastern and eastern edge of the site.  The piezometer locations 
are provided in Figure 3.  
 
The drilling activities were conducted by Mr. Robert Cassell (NC Well Contractor Certification No.:  
4143A) with Summit Engineering & Construction Services, Inc. of Charlotte, North Carolina.  Drilling 
methods consisted of hollow-stem auger drilling (8-inch outer diameter/4 1/4-inch inner diameter) with 
split-spoon sampling technology.   
 
During the drilling activities, a total of twenty (20) spilt-spoon Standard Penetration Tests (SPT) 
(American Society for Testing Materials (ASTM D 1586)) were collected from PZ-21, PZ-22 and PZ-
23 as specified above in Section 5.1.  The lithology of the each soil sample was logged in the field by 
Buxton Environmental, Inc. in general accordance with ASTM D 653 standards (included moisture 
content, Munsell (2000) soil color, density or consistency, grain size, plasticity, cohesion and geologic 
unit). 
 
The piezometers were constructed with 10-foot sections of 2-inch diameter, Schedule 40, 0.01-foot 
mill slotted PVC well screen; an appropriate length of 2-inch diameter, Schedule 40 PVC riser pipe; 
with a sand pack around the screen; a minimum of 2-feet of hydrated bentonite above the sand pack; 
and grout (cement and sodium bentonite) above the bentonite seal to the ground surface.  The 
piezometers were completed at grade with a concrete well pad and lockable steel stand-up cover.  
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Water levels were obtained to the nearest 0.01 foot with a depth-to-water meter approximately 1 hour 
and 24 hours following installation.  
 
The piezometers were dry following installation, therefore, were not immediately developed. 
Groundwater levels at PZ-21, PZ-22 and PZ-23 are stabilizing as of the date of this report.   
 
The drilling activities were conducted in general accordance with NCDENR Well Construction 
Standards (15A NCAC 02C .0108).  Well Construction Records and boring logs are provided in 
Appendix G. 
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6.0 GEOTECHNICAL LABORATORY ANALYSES 
 
In order to quantify soil characteristics at the proposed Colon Mine RSFS, seven (7) undisturbed thin-
walled “Shelby Tube” soil samples, nineteen (19) selected bagged split-spoon soil samples, and two 
(2) bulk samples (for potential clay liner use) were submitted for geotechnical laboratory testing at 
Summit Engineering & Construction Services, Inc. located in Charlotte, North Carolina. 
 
The undisturbed thin-walled “Shelby Tube” soil samples were analyzed for grain size with hydrometer 
(ASTM D 422), specific gravity (ASTM D 854), saturated hydraulic conductivity (permeability) 
(ASTM D 2850), total porosity (ASTM D 5084) and Atterberg Limits (plastic limit (PL), liquid limit 
(LL) and plastic index (PI)) (ASTM D 4318) (if needed to determine United Soil Classification System 
(USCS) classification for clayey soils).  The bagged split-spoon soil samples were analyzed for grain 
size with hydrometer (ASTM D 422) and Atterberg Limits (PL, LL and PI) (ASTM D 4318) (if needed 
to determine USCS classification for clayey soils).  Based on the laboratory analyses, each of the 
undisturbed “Shelby Tube” and bag soil samples were assigned an USCS classification (ASTM D 
2487).  In addition, effective porosity (i.e. specific yield) was estimated by plotting grain size 
distribution data in a textural classification triangle (Johnson, 1967) for each undisturbed “Shelby 
Tube” and bagged soil sample.  A summary of geotechnical laboratory results including lithologic unit, 
USCS classification, grain size distribution, specific gravity, hydraulic conductivity, total porosity, 
effective porosity and Atterberg Limits are provided in Table 1 and in boring logs (Appendix G).  
Geotechnical laboratory data sheets are presented in Appendix H.  
 
The bulk soil samples were analyzed for grain size with hydrometer (ASTM D 422), specific gravity 
(ASTM D 854), re-molded saturated hydraulic conductivity (permeability), optimum moisture content 
and compaction tests (ASTM D698), total porosity and Atterberg Limits (plastic limit (PL), liquid limit 
(LL) and plastic index (PI)) (ASTM D 4318).  Geotechnical laboratory data sheets are presented in 
Appendix H. 
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7.0 EXCAVATION WATER AND SURFACE WATER MONITORING LOCATIONS 
 
On July 28, 2014, Buxton Environmental, Inc. established two (2) excavation water monitoring stakes 
(STK-1 and STK-2) and three (3) surface water monitoring stakes (STK-3, STK-4 and STK-5) at the 
site, in order to assist with preparation of groundwater flow maps and to assess the impacts of surface 
water on the groundwater aquifer.  STK-1 was installed at the edge of Excavation #1 located adjacent 
to piezometer PZ-1; STK-2 was installed at the edge of Excavation #2 located adjacent to piezometers 
PZ-2s and PZ-2; and STK-3, STK-4 and STK-5 were installed along the center line of the intermittent 
tributary of Roberts Creek located along the northern property boundary.    
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8.0 SURVEY ACTIVITIES    
 
Following completion of the initial piezometer installation by Buxton Environmental, Inc., the top-of-
casing and ground surface elevations, and the horizontal locations of piezometers (PZ-1 through PZ-
20) were surveyed by Lawrence Surveying of Monroe, North Carolina. The top-of-stake and ground 
surface elevation, and the horizontal locations of excavation water stakes STK-1 and STK-2 were 
determined.  The horizontal locations of STK-3, STK-4 and STK-5 were determined.  The horizontal 
locations of Geo Track Technologies, Inc. soil borings B-1, B-3, B-6, B-7 and B-8 were also 
determined by Lawrence Surveying.  Available survey information is provided in Figure 3 and Table 
2.    
 
On December 15, 2014, Lawrence Surveying determined the top-of-casing and ground surface 
elevations, and the horizontal locations for piezometers (PZ-21 through PZ-23).  The top-of-stake 
elevation was also determined at STK-3.  Available survey information is provided in Figure 3 and 
Table 2.  
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9.0 SITE GEOLOGY AND HYDROGEOLOGY – COLON MINE RSFS  
 
9.1 Groundwater, Excavation Water and Surface Water Level Gauging Activities  
 
Initial Gauging Activities 
 
On July 28 and 29, 2014, August 8, 2014, August 21, 2014, September 3, and October 31, 2014, 
Buxton Environmental, Inc. conducted groundwater level gauging at piezometers (PZ-1 through PZ-
18) and water stake locations (STK-1 through STK-5), in order to determine water levels conditions at 
the Colon Mine site.  Groundwater gauging was only conducted at piezometers PZ-19 and PZ-20 on 
September 3 and October 31, 2014, since they were installed on August 29, 2014.  The water levels 
were obtained to the nearest 0.01 foot with a depth-to-water meter.  Several piezometers, including PZ-
2s and PZ-10, appeared to be still stabilizing three months following installation, due to very slow 
aquifer conditions.  Piezometer PZ-12 has remained dry since installation on July 22, 2014.  All of the 
piezometers are vented to allow water levels to adjust.  Surface water stakes STK-4 and STK-5, which 
are located along the upper reaches of the intermittent tributary on the northern property boundary, 
have remained dry during the investigation.  Groundwater gauging data is provided in Table 2. 
 
Excavation water level elevations at Excavation #1 and #2 appear to represent the expected average 
water table surface (which reflects average horizontal and vertical gradient changes across the exposed 
water area), based on a comparison of water level elevations at STK-1 (Excavation #1) and STK-2 
(Excavation #2) relative to water levels at adjacent piezometers and anticipated projected gradients 
across the site.  Water levels in Excavation #2 remained relatively stable (ranging from 264.91 feet asl 
to 264.71 feet asl) during the Design Hydrogeologic investigation.  Excavation water levels at 
Excavation #1 and #2 would be expected to vary slightly with time, based on changing weather 
conditions, however, no substantial changes in water levels were observed during this investigation, 
even though numerous heavy rain events occurred during this time. 
 
The groundwater, excavation water and surface water levels were obtained to assist with 
hydrogeologic assessment at the proposed Colon Mine RSFS including, groundwater flow direction, 
hydraulic gradients and seasonal and long-term high groundwater level determinations. 
 
Additional Gauging Activities 
 
On December 21, 2014, Buxton Environmental, Inc. conducted additional groundwater level gauging 
at piezometers (PZ-1 through PZ-23) and water stake locations (STK-1 through STK-5), in order to 
determine current water levels conditions at the Colon Mine site.  The water levels were obtained to 
the nearest 0.01 foot with a depth-to-water meter.  Based on a re-evaluation of available data, water 
levels collected at PZ-2s during this and previous activities appear to represent stabilized conditions. 
Groundwater levels at PZ-10 appear to have stabilized, based on recent declining recharge rates 
between gauging events.  In addition, shallow nested piezometer PZ-17s, which has historically been 
dry, indicated water during this event.  Piezometer PZ-12 has remained dry since installation on July 
22, 2014.  Groundwater levels at newly installed piezometers PZ-21, PZ-22 and PZ-23 appear to be 
stabilizing.  Surface water stakes STK-3, STK-4 and STK-5, which are located along the intermittent 
tributary on the northern property boundary, were dry during the gauging event.  Groundwater gauging 
data is provided in Table 2. 
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9.2 Slug and Recovery Test Activities to Determine Hydraulic Conductivity 
 
On August 21, 2014, Buxton Environmental, Inc. conducted rising head slug tests at piezometers PZ-1, 
PZ-4, PZ-4D, PZ-9s, PZ-9 and PZ-15, in order to determine hydraulic conductivity.  Prior to 
conducting the slug tests, static water levels were obtained at each piezometer to the nearest 0.01 foot 
with a depth-to-water meter.  The slug tests were conducted by lowering one disposable PVC bailer 
attached to new nylon rope below the water level at each piezometer.  Water levels were allowed to 
equilibrate to near static conditions.  A slug of water was then removed from the piezometer by 
withdrawing the bailer and water levels were measured with time. 
 
From July 21 through October 31, 2014, rising water levels have been collected at piezometer PZ-10 as 
part of routine water level gauging activities at the site.  Groundwater recharge at piezometer PZ-10 
was still occurring as of October 31, 2014.  The historical recovery data at the piezometer was 
complied and utilized to determine a hydraulic conductivity estimate, utilizing slug test methods.  
 
The slug and recovery test data was evaluated utilizing AQTESOLV software developed by 
Hydrosolve, Inc. (2007) and in accordance with the methods developed by Bouwer and Rice in 1976 
and 1987 (update).  The Bouwer-Rice method was developed to determine the hydraulic conductivity 
of the aquifer immediately surrounding the screened portion of partially or fully penetrating wells in 
unconfined aquifers.  The slug and recovery test data, and corresponding hydraulic conductivity results 
are presented in Appendix I.   The slug and recovery test results are summarized below.  
 
Piezometer  Hydraulic Conductivity (cm/sec)  
 
PZ-1    5.629 x 10-5 
PZ-4    2.700 x 10-6 
PZ-4D    5.523 x 10-7 
PZ-9s    5.425 x 10-7 
PZ-9    6.828 x 10-7 
PZ-10    6.051 x 10-8 
PZ-15    6.738 x 10-5 
 
9.3 Seasonal High Groundwater Level Determination 
 
The seasonal high groundwater level determination was conducted by evaluating 1) stabilized 
groundwater elevations at the Colon Mine site from July 28 to December 21, 2014; 2) historical 
monthly median groundwater levels at two USGS wells including NC-126 (Chapel Hill), and NC-194 
(Marston); 3) monthly precipitation totals for 2014 from the Raleigh-Durham Airport; and 4) 
precipitation totals in 2014 for North Carolina (as reported by the NOAA, National Climatic Data 
Center website). 
 
A re-evaluation of the on-site groundwater high was conducted utilizing groundwater high elevations 
collected at single stand-alone shallow or intermediate depth piezometers, and the shallow nested pair 
piezometers, which possessed stabilized water levels for all six (6) gauging events conducted from July 
28 & 29, 2014 through December 21, 2014.  Piezometers meeting the criteria included PZ-1, PZ-4, PZ-
5, PZ-6, PZ-7, PZ-9s PZ-11, PZ-15s and PZ-16.  The groundwater high distribution was a follows: 
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July 28 & 29, 2014 (3 highs), August 8, 2014 (1 high), August 21, 2014 (2 highs), September 3, 2014 
(0 highs, this groundwater low is utilized to hyphenate the two groups), October 31, 2014 (1 high) and 
December 21, 2014 (2 highs).  Based on this information, the general on-site groundwater high is 
interpreted to have occurred during the time-span from July 28 until August 21, 2014 (6 groundwater 
highs out of a total of 9), since no one groundwater gauging event contained a predominate number of 
groundwater level highs. 
 
A review of historical groundwater level data at two USGS wells including NC-126 (Chapel Hill, 
located 26 miles north) and NC-194 (Marston, located 45 miles southwest) was conducted to 
determine historical monthly median groundwater highs (Appendix J).  These wells were selected due 
to their relative proximity to the site and long gauging histories.  The NC-126 well is installed into 
crystalline rock of the Piedmont to a depth of 48 feet below grade and ground surface is located 511.50 
feet asl.  Monthly groundwater levels have been collected from March 1948 to December 17, 2013 (65 
years).  The monthly median groundwater high at NC-126 occurs in June of each year (41.03 feet 
below grade), which is 0.94 feet higher than monthly median groundwater levels in August of each 
year.  The NC-194 well is installed into Coastal Plain sediments to a depth of 39 feet below grade and 
ground surface is located 433 feet asl.  Monthly groundwater levels have been collected from 
November 1993 to April 23, 2014 (21 years).  The monthly median groundwater high at NC-194 
occurs in May of each year (30.83 feet below grade), which is 0.66 feet higher than monthly median 
groundwater levels in August of each year.  Based on this information, it appears that historical 
seasonal high groundwater levels typically occur from May to June (late spring to early summer), with 
a median departure of less than 1 foot from the seasonal groundwater high until the August of each 
year. 
 
A review of monthly precipitation totals was obtained from January through December 21, 2014 at the 
Raleigh-Durham Airport (located approximately 30 miles northeast of the site) from the National 
Weather Service and NOAA website (Appendix K).  The graph indicates below average precipitation 
in January and February; above average precipitation from March to May (up to 2.3 inches above 
average); slightly below average precipitation in June; well above average precipitation in July (8.96 
inches above average); above average precipitation in August and September (up to 2.61 inches above 
average); below average precipitation in October 2014, above average in November; and below 
average for the first 21 days of December.  These same trends were also reflected in the precipitation 
totals in 2014 for North Carolina (as reported by the NOAA, National Climatic Data Center website) 
(Appendix M).  Precipitation totals and trends at the Colon Mine site are anticipated to be similar to 
the Raleigh-Durham airport, due to their relatively close proximity and since weather patterns typically 
migrate in a northeastward direction (placing them in a similar weather pattern).     
    
Based on this evaluation and considering the exceptionally rainy July (as reported at the Raleigh-
Durham Airport) and above average rainy summer (as reported by NOAA for North Carolina), the 
water levels encountered on from July 28 until August 21, 2014 at the Colon Mine RSFS have been 
interpreted to represent a reasonable seasonal groundwater high time-frame for the site.  
 
9.4 Seasonal High - Shallow & Intermediate Groundwater Potentiometric Map 
 
The highest groundwater elevation data collected from July 28 until December 21, 2014 for the 
shallowest available piezometers was utilized to create a Seasonal High - Shallow & Intermediate 
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Groundwater Potentiometric Map (Figure 5).  This approach was utilized with intent to create a 
reasonable seasonal high groundwater potentiometric surface at the site, which takes all the gauging 
data into account.  In addition, the excavation water elevation recorded on July 28 & 29, 2014 at STK-
2 at Excavation #2 was utilized to assist with the groundwater potentiometric map.  
 
Several inferences were made to create a complete and more realistic depiction of groundwater 
surfaces across the site.  The inferences included: 1) water levels at the Excavation #1 2 represent the 
average water table across the area (264.91’ on July 28 & 29, 2014); 2) groundwater levels at the five 
(5) drainage features located along the north and west side of the site would be anticipated to be 5 feet 
below topographic grade; and 3) groundwater levels at the isolated wetland located along the southeast 
property boundary would be anticipated to be 5 feet below the 272’ topographic grade (267’).  These 
inferences are supported by stabilized water level observations at remaining on-site piezometers, 
excavation water and surface water levels, horizontal hydraulic gradient trends, and were intended to 
be conservative in nature.  The 5 foot correction appeared appropriate along drainage features and the 
wetland area, since the two shallowest depths to water across the entire site during the investigation 
were 5.41 feet below grade at PZ-1 on July 28 & 29, 2014, and 5.44 feet below grade at PZ-19 on 
September 3, 2014.  As further support for the 5 foot correction along drainage features and wetland 
area, piezometers PZ-11 and PZ-16 are installed immediately adjacent to drainage features, and the 
shallowest depths to water were 8.45 feet and 8.33 feet below grade, respectively, during this 
investigation.  
 
The predominant shallow & intermediate groundwater flow direction across the proposed Colon Mine 
RSFS appears to generally mirror surface topography with groundwater flow to the northeast and 
northwest on the northern ½ of the site toward the intermittent tributary creek on the northern property 
boundary; and to the to the southeast and southwest towards the Excavations #1 and #2 and the 
headwaters of Roberts Creek on the southern ½ of the site.  
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9.5 Hydraulic Gradients  
 
Average horizontal hydraulic gradients were determined across the site utilizing the Seasonal High - 
Shallow & Intermediate Groundwater Potentiometric Map (Figure 5).   A horizontal hydraulic gradient 
of 0.02 ft/ft was observed from PZ-14 (topographic high) to PZ-1 (topographic low) on the southern ½ 
of the site; and a horizontal topographic gradient of 0.03 ft/ft was observed from PZ-14 (topographic 
high) to PZ-11 (topographic low) on the northern ½ of the site.  Horizontal hydraulic gradients in the 
immediate vicinity of selected piezometers are provided in Table 4.   
  
Vertical hydraulic gradients observed on August 21, 2014 for stabilized nested piezometers PZ-2s and 
PZ-2, PZ-3s and PZ-3, PZ-4 and PZ-4D, PZ-9s and PZ-9, and PZ-15s and PZ-15 are summarized 
below.   
 
Nested Piezometer Location    Vertical Hydraulic Gradient (August 21, 2014) 
 
PZ-2s and PZ-2  East Edge of Excavation #2 0.23 ft/ft upward (consistent upward) 
PZ-3s and PZ-3  Ridge on East Side  0.05 ft/ft upward (consistent upward) 
PZ-4 and PZ-4D   Ridge Saddle (center site)       0.04 ft/ft upward (consistent upward) 
PZ-9s and PZ-9  Northeast Slope   0.07 ft/ft downward (transitioned upward to downward) 
PZ-15s and PZ-15 Head of Drainage Feature  0.05 ft/ft downward (transitioned upward to downward) 
 
Vertical hydraulic gradients observed on December 21, 2014 for stabilized nested piezometers PZ-3s 
and PZ-3, PZ-4 and PZ-4D, PZ-9s and PZ-9, PZ-15s and PZ-15, and PZ-17s and PZ-17 are 
summarized below.   
 
Nested Piezometer Location    Vertical Hydraulic Gradient (December 21, 2014) 
 
PZ-2s and PZ-2  East Edge of Excavation #2 0.17 ft/ft upward (consistent upward) 
PZ-3s and PZ-3  Ridge on East Side  0.05 ft/ft upward (consistent upward) 
PZ-4 and PZ-4D   Ridge Saddle (center site)       0.18 ft/ft upward (consistent upward) 
PZ-9s and PZ-9  Northeast Slope   0.06 ft/ft downward (transitioned upward to downward) 
PZ-15s and PZ-15 Head of Drainage Feature  0.38 ft/ft downward (transitioned upward to downward) 
PZ-17s and PZ-17 Side Slope on West   0.18 ft/ft downward  
 
Downward vertical hydraulic gradients are generally associated with groundwater recharge zones 
(generally located in topographically elevated areas on ridges and side slopes) and upward vertical 
hydraulic gradients are generally associated with groundwater discharge zones (topographic lows near 
creeks/streams/rivers).   
 
Based on groundwater gauging data collected from July 28 to December 21, 2014, vertical hydraulic 
gradients at nested piezometers PZ-9s and PZ-9, and PZ-15s and PZ-15 transitioned from upward 
vertical gradients to downward vertical gradients in late July and early August 2014.  This transition in 
vertical gradient appears to be the result of stabilization to prevailing hydraulic or environmental 
factors (i.e., precipitation, evapotranspiration rates and/or barometric pressures).  
 
The near vertical fractures observed in the partially weathered rock and layered rock at the site appear 
to be the principal mechanism interconnecting the shallow, intermediate and deeper portions of the 
aquifer at the site.   The upward vertical hydraulic gradient increased at PZ-4 and PZ4D, and the 
downward vertical gradient increased at PA-15s and PZ-15 from August 21 to December 21, 2014, due 
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to prevailing hydraulic or environmental factors.  An aquifer pumping test would be required to 
determine the extent of vertical connectivity between the upper and lower portions of the aquifer.  
Based on water levels at on-site nested piezometers and drilling observation, no evidence of obvious 
perched water or artesian conditions were observed at the site. 
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9.6 Average Linear Groundwater Velocity  
 
Average linear groundwater velocities were calculated at piezometers PZ-1, PZ-2s, PZ-4, PZ-4D, PZ-
6, PZ-7, PZ-9s, PZ-9, PZ-10, PZ-11 and PZ-15 using the following equation developed by Darcy 
(1856) (as described in Fetter (1988)).: 
 

V
x
 =  K/n x dh/dl 

 
Where:  V

x
  = average linear groundwater velocity (ft/day) 

  K   = hydraulic conductivity (ft/day) (derived from slug tests or laboratory analyses) 
  n    = total porosity (unitless) 
  dh/dl  = horizontal hydraulic gradient (ft/ft) in the vicinity of the respective well 
 
Average linear groundwater velocities ranged from 0.000023 ft/day (0.0084 ft/year) at piezometer PZ-
10 to 0.05 ft/day (18.62 ft/year) at piezometer PZ-15.   
 
Average linear groundwater velocity estimates (including lithologic unit, USCS classification, 
hydraulic conductivity, horizontal hydraulic gradient, effective porosity and groundwater flow 
direction information) are provided in Table 4.   
 
9.7 Estimated Long-Term High Groundwater Level Determination 
 
The estimated long-term high ground water level for the Colon Mine RSFS was determined by 
evaluating historical groundwater elevation data at the Lee County Landfill (Permit No.: 53-01) and an 
evaluation of historical precipitation data from 1895 to 2014 obtained from the NOAA Satellite and 
Information Service website. 
 
Lee County Landfill is located at 331 Landfill Road in Lemon Springs, North Carolina, approximately 
11.5 miles south southeast of the Colon Mine RSFS site.  According to the 1985 Geologic Map of 
North Carolina, the Lee County Landfill is within the Middendorf Formation (Cretaceous Period, ~65 
to 144 million years ago), which is located in the upper Coastal Plain Physiographical Province, with 
sediments primarily consisting of sand, sandstone and mudstone.  The groundwater gauging data was 
obtained from monitoring reports available at the NCSWS website and electronic files obtained from 
their Freedom of Information (FOI) department.  Groundwater gauging data was available for ten (10) 
wells including MW-4, MW-5, MW-6, MW-7, MW-9, MW-10, MW-11, MW-12, MW-13 and MW-
14 from September 12, 1995 to April 10, 2014 (approximately 19 year time-span) (Table 3).  The 
monitor well installation depths range from 13.30 to 40.40 feet below grade, and boring logs for MW-
4, MW-5 and MW-6 indicated primarily sandy clay and clayey sand sediments, which are similar with 
piezometer depth and soil characteristics observed at the Colon Mine site.  A summary of historical 
groundwater elevation data, including graphed data, pertinent groundwater sampling reports, boring 
logs and well construction records are provided in Appendix L.  
  
According to a graph of historical precipitation for North Carolina from 1895 to 2014 obtained from 
the NOAA Satellite and Information Service website, the single most monthly average precipitation 
occurred in late 1999 (13+ inches), with 2003 experiencing the most precipitation ever recorded based 
on a 1-year moving average (Appendix M).  This rainy period corresponds to a period of historical 
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groundwater high elevations observed at Lee County Landfill, which occurred from 1998 to 2003. 
  
Based on this information and the close proximity to the site, the Lee County Landfill appeared to be a 
suitable site to estimate long-term high groundwater levels for the Colon Mine RSFS. 
   
A reasonable conservative estimated long-term groundwater high correction factor for the Colon Mine 
RSFS site was determined with historical groundwater elevation data at the Lee County Landfill by the 
following method.  A geometric mean of +3.5 feet (groundwater elevation correction factor) was 
calculated by taking the difference in historical groundwater high elevations (which occurred from 
1998 to 2003) from groundwater elevations obtained on October 1, 2013 (second most recent water 
level readings) for the 10 monitor wells at the Lee County Landfill.  The above approach appeared 
more conservative than utilizing the most recent gauging data collected on April 10, 2014, by which a 
geometric mean groundwater correction factor of +0.75 feet would be applied (with the 10 well data 
set having minimum difference of 0.1 foot at MW-13 and a maximum difference of 2.21 feet at MW-
11).  Above average precipitation which occurred during the summer of 2014, as outlined in Section 
9.3, would be expected to have elevated the water levels observed at the Lee County Landfill in April 
2014 even further, resulting in a long-term groundwater high correction factor less than +0.75 feet.   
 
Based on this evaluation, Buxton Environmental, Inc. would recommends that a +3.5 foot correction 
factor  be uniformly applied to the Seasonal High - Shallow & Intermediate Groundwater 
Potentiometric Map (Figure 5) to generate an estimated long-term high groundwater potentiometric 
surface for the Colon Mine RSFS site.  
 
9.8 Site Geologic Units 
 
The geology of the proposed Colon Mine RSFS area can be subdivided into six lithologic units, which 
include fill, flood plain, soil horizon, residuum, partially weathered rock and layered rock.  These 
geologic units generally grade downward from a soil horizon, to residuum, to partially weathered rock 
and finally layered rock.  The fill materials were only identified in the road bed and berm located 
around the south and east sides of the Excavation #1 and #2.  The flood plain sediments were only 
identified at PZ-2 located adjacent to Roberts Creek on the southeast side of the site.  The summary of 
the site geologic units is based on boring logs PZ-1 through PZ- 23(Appendix G) and is provided 
below. 
  
Fill 
 
The fill materials were only identified in the road bed and berm located around the south and east sides 
of the Excavations #1 and #2.  The fill material generally consisted of mottled red, brown or yellow; 
fine to coarse sandy silty clay with brick fragments, gravel and roots. 
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Flood Plain 
 
The flood plain sediments were only identified at PZ-2 located adjacent to the headwaters of Roberts 
Creek on the southeast side of the site.  The flood plain sediments are associated with the adjacent 
Roberts Creek.  The flood plain sediments can be generally characterized by a mottled light gray; 
coarse quartz sandy clayey silt.  The flood plain sediments were only approximately 5 feet thick at PZ-
2 and had been deposited above partially weathered rock.  Based on geotechnical laboratory data, the 
flood plain sediments consisted of USCS group symbol CH and had a hydraulic conductivity value of 
6.23 x 10-5 cm/sec. 
 
Soil Horizon 
 
The soil horizon can generally be characterized by mottled yellowish, brown, orange and red color 
consisting of fine to coarse sandy clayey silt, silty clay and clayey sand with gravel.  Root structures 
were common.  The soil horizon at the site is formed from the continued weathering and biologic 
reworking of residuum, and ranges from 2 to 10 feet in thickness.  Based on geotechnical laboratory 
data, the soil horizon consisted of USCS group symbols SC-SM, CL and CH, and had hydraulic 
conductivity values ranging from 2.42 x 10-6 cm/sec to 1.35 x 10-7 cm/sec.  
 
Residuum 
 
The residuum can generally be characterized by a red, reddish brown or purple color with black and 
white specks and stringers, primarily consisting of fine sandy clayey silt and silty clays which often 
contain a horizontal fissile characteristic (breaks in horizontal sheets).  The residuum generally retains 
the remnant texture, structure and mineral content of the rock from which it was formed, and ranges 
from 5 to 20 feet in thickness.  The residuum has a Standard Penetration Resistance (N) of less than 
100 blows per foot.  Based on geotechnical laboratory data, the residuum consisted of USCS group 
symbols SM, SC and CL.  Hydraulic conductivity values ranged from 6.01 x 10-6 cm/sec to 2.43 x 10-7 
cm/sec, according to geotechnical laboratory and slug test data (for wells screened solely in residuum).  
 
Partially Weathered Rock 
 
The partially weathered rock can generally be characterized by a red and weak red color with white 
and black stingers, primarily consisting of quartz and phyllite gravely clayey silt, silt and clayey silty 
sand with quartz and phyllite gravel which often contain a horizontal fissile characteristic.  Vertical to 
horizontal manganese filled fractures were often observed.  The partially weathered rock generally 
retains the remnant texture, structure and mineral content of the rock from which it was formed, and 
ranges from 15 to 30 feet in thickness.  Partially weathered rock has a Standard Penetration Resistance 
(N) of 100 blows per foot or greater and can generally be drilled with standard hollow-stem auger 
drilling technology.  Based on geotechnical laboratory data, the partially weathered rock consisted of 
USCS group symbols SM, SC and CL.  Hydraulic conductivity values ranged from 5.629 x 10-5 cm/sec 
to 7.154 x 10-8 cm/sec, according slug or recovery test data (for wells screened solely in partially 
weathered rock).  
 
 



 

 Page 22 
  

Layered Rock 
 
Based on rock coring activities conducted at nested piezometer PZ-4D and visual inspection of the 
layered rock exposure located on the northwest side of Excavation #2, layered rock at the site is 
primarily composed of mudstone, muddy sandstone, and muddy sandy conglomerate and/or 
fanglomerate (angular to rounded quartz, and rounded flat disc-shaped phyllite gravel and cobbles).  
The layered rock generally occurs as horizontally oriented and relatively thin intermittent layers 
(especially within the upper 20 feet of contacting layered rock) across the site, based on rock coring 
and the horizontal fissile nature of residuum and partially weathered rock.  However, the layered rock 
exposure to the northwest of Excavation #2 indicated a strike orientation of N 50o E with a 10o dip to 
the southeast, which appears to be the result of an isolated alluvial fan wedge deposit.  Several 
manganese stained fracture planes were observed parallel to the 10o rock contact planes, along with 
numerous near vertical fractures.  The near vertical fractures were generally oriented N 10o E and N 
60o W at the layered rock exposure.  Rock Quality Designation (RQD) values at PZ-4D ranged from 
poor to very poor (39.2% to 23.3%).  The occurrence of layered rock at the site was generally defined 
by auger refusal.  Based on slug test activities, the hydraulic conductivity of the layered rock at deep 
piezometer PZ-4D was 5.523 x 10-7 cm/sec. 
   
The near vertical fractures observed in the partially weathered rock and layered rock at the site appear 
to be the principal mechanism interconnecting the shallow, intermediate and deeper portions of the 
aquifer at the site.  
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10.0 NATURAL AND MAN-MADE ACTIVITES AFFECTING THE WATER TABLE 
 
As part of the investigation, natural and man-made activities which could affect the water table at the 
proposed landfill area were evaluated.   
 
 Natural Activities Affecting Water Table 
 
The primary natural processes affecting water table levels at the site appears to be: 1) short-term (daily 
to monthly) precipitation which was reflected during the six groundwater gauging events conducted 
from July to December 2014;  2) seasonal precipitation/evapotranspiration trends (causing yearly 
fluctuations); and 3) sustained periods of rain or drought (causing longer-term trends). 
 
 Man-Made Activities Affecting Water Table 
 
Man-made activities which could potentially affect the water table at the proposed Colon Mine RSFS 
include structural fill areas, associated storm water structures, clay mining and potential water supply 
well pumping activities. 
 
The installation of the impermeable geosynthetic liner at the base of the proposed Colon RSFS is 
anticipated to deprive the aquifer of normal groundwater recharge, resulting in a gradual lowering of 
the water table within and immediately adjacent to site.   
 
The construction of storm water structures immediately adjacent to the proposed Colon Mine RSFS 
would result in localized elevated water levels during rainy periods, as a result of increased 
groundwater recharge potential.   
 
Continued clay mining within the footprint of the Colon Mine RSFS footprint could cause slight 
temporary increases in groundwater table levels.  
 
During this investigation, Buxton Environmental, Inc. conducted a water supply well survey within a 
500 foot perimeter beyond the proposed Colon Mine RSFS.  No water supply wells were identified 
during the survey.  However, the surrounding area has historically been utilized for rural residential 
and agricultural use, therefore, water supply wells could be present beyond the search area at adjacent 
properties.  Low volume pumping from potential surrounding residential wells would not be expected 
to substantially impact shallow water levels at the site, due to the unconfined nature of the water-table 
aquifer.  According to the information obtained from the Lee County GIS website, municipal water 
supply is available to the entire area surrounding site (Appendix D).  
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11.0 OTHER GEOLOGIC AND HYDROGEOLOGIC CONSIDERATIONS 
 
Other geologic and hydrogeologic considerations including earthquakes, which have not been 
previously mentioned in the report were evaluated.  
 
According to an Earthquake Epicenters in North Carolina and Portions of Adjacent States (1698-
1997) map obtained from the North Carolina Geological Survey website, no earthquake epicenters 
were identified within the immediate area of the site (Appendix N).  The probability of an earthquake 
occurring with a magnitude of greater than or equal to 4.75 within the next 100 years at the site is 
between 0.01 (1%) and 0.02 (2%), based on the August 25, 2014 Earthquake Probability Map 
downloaded from the USGS website (Appendix N).   
 
Based on this information, earthquake activity does not appear to pose an imminent threat to the 
proposed Colon Mine RSFS.   
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12.0 VERTICAL SEPARATION AND FOUNDATION STANDARDS 
 
The vertical separation and foundation standard as required by the General Assembly of North 
Carolina Session 2013 – Senate Bill 729 (ratified) regarding coal combustion residuals will be 
discussed in detail in the engineering design report being prepared by HDR.  Vertical settlement 
calculations will be submitted by HDR.  
 
The General Assembly of North Carolina Session 2013-Senate Bill 729 (ratified) regarding coal 
combustion residuals, requires that the bottom of ash (top of liner) be a minimum of 4 feet above the 
seasonal high groundwater table.  The proposed bottom of ash (top of liner), which will be established 
by HDR, will meet or exceed these requirements.  Buxton Environmental, Inc. recommends a 
minimum separation of 4.5 feet at the Colon Mine RSFS, based on seasonal high and long-term high 
groundwater evaluations. 
  
The Seasonal High - Shallow & Intermediate Groundwater Potentiometric Map with Proposed Top of 
Liner Grades is provided in Figure 6. (Revised)
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13.0 WATER QUALITY MONITORING PLAN 
  
The Water Quality Monitoring Plan is provided in Appendix P.  
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1.0 WATER QUALITY MONITORING PLAN 
 
Water quality monitoring will be conducted at the proposed Colon Mine RSFS, in accordance with 
NCSWS rules and guidance documents, General Assembly of North Carolina Session 2013-Senate Bill 
729 (ratified) regarding coal combustion residuals, and requested changes to the Water Quality 
Monitoring Plan by Ms. Elizabeth Werner with the NCSWS during a February 20, 2015 conversation 
with Buxton Environmental, Inc.  The water quality monitoring plan has been prepared to effectively 
provide early detection of any release of hazardous constituents, as to be protective of human health 
and the environment.  Applicable NCSWS regulatory rules will be followed if a release of hazardous 
constituents is confirmed, however, required assessment and/or corrective measures have not been 
specifically outlined in this plan. 
 
The monitoring activities will also be conducted in general accordance with NCSWS memorandums 
dated October 27, 2006, February 23, 2007 and October 16, 2007 concerning changes to laboratory 
detection limits and reporting requirements, and the Solid Waste Section Guidelines for Groundwater, 
Soil and Surface Water Sampling dated April 2008. 
 
In developing the proposed water quality monitoring plan, we have considered structural fill 
configuration, waste stream, surrounding land use, site geologic and hydrogeologic characteristics 
(including but not limited to aquifer thickness, groundwater flow rate and direction, lithology, 
hydraulic conductivity, porosity and effective porosity).  Supporting documentation concerning these 
considerations has been previously addressed in the Design Hydrogeologic Report.    
 
1.1 Groundwater Points of Compliance  
 
Buxton Environmental, Inc. proposes to conduct shallow groundwater quality monitoring at nine (9) 
permanent shallow compliance monitor wells (MW-1 through MW-9) (Figure 7).  The wells will 
include the eight (8) downgradient/sidegradient compliance wells and one (1) upgradient background 
well (MW-3) (topographic high saddle along power line on near southwest corner of the site).  
Piezometers PZ-1 (MW-1) and PZ-7 (MW-2), which were installed during the Design Hydrogeologic 
investigation, will be utilized as compliance wells. The monitor wells will be generally installed at the 
review boundary (125 feet off the fill boundary) (where room allows); or ½ the distance from the fill 
boundary to the property boundary where the fill boundary is less than 250 feet off the property 
boundary.  The permanent compliance wells should be completed prior to issuance of the Permit to 
Operate.  
 
1.2 Compliance Monitor Well Construction 
 
The compliance monitor wells should be constructed in a manner in which shallow groundwater 
quality and hydrogeologic characteristics can be adequately monitored.   
 
The monitor wells will be installed by advancing a soil boring into the upper portion of the shallow 
aquifer.  The wells will be constructed with 10 foot sections of 2-inch diameter mill slotted PVC screen 
attached to an appropriate length of 2-inch diameter PVC casing.  A sand pack will be placed in the 
annual space of the boring to approximately 2-feet above the well screen, an approximately 2-foot 
thick bentonite seal will be placed above the sand, and the remaining annual space will be filled to 
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grade with bentonite grout.  The wells will be completed at grade with a 3 x 3 foot x 6-inch thick 
concrete pad and lockable stand-up cover.  Three well guard posts will be placed around each well to 
protect the well from vehicle damage.  The proposed compliance monitor wells will be completed in 
accordance with North Carolina Well Construction Standards (15A NCAC 02C .0108).  A typical 
compliance well construction diagram is provided in Appendix O of the Design Hydrogeologic Report. 
 
Following the completion activities, each well will be developed to the fullest extent possible.   
 
Following installation of new compliance wells, borings logs and Well Construction Records (Form 
GW-1b) should be submitted to the NCSWS in hard copy and electronic format (pdf).  Boring logs and 
Well Construction Records for currently installed compliance wells PZ-1/MW-1 and PZ-7/MW-2 are 
provided in Appendix G of the Design Hydrogeologic Report. 
 
1.3 Surface Water Sampling Locations  
 
Surface water sampling is proposed to be conducted at two locations, including the intermittent 
tributary of Roberts Creek located to the immediate northeast of the site (SW-1) and the head waters of 
Roberts Creek to the southeast of the site (SW-2) (Figure 7).   Off-site access agreements may be 
required. 
 
1.4 Leachate Sampling Location 
 
Buxton Environmental, Inc. understands that leachate from the Colon Mine RSFS will collect into 
three (3) sumps, which will then be pumped into an aboveground holding tank.  One (1) composite 
leachate sample is proposed to be conducted from the aboveground holding tank, in order to determine 
site specific characteristics of the leachate. 
 
1.5 Background Groundwater and Surface Water Monitoring Activities, with Statistical 

Groundwater Evaluation 
 
A minimum of eight (8) independent background groundwater monitoring events should be conducted 
at the nine (9) proposed compliance wells.  Ms. Elizabeth Werner with the NCSWS indicated during 
the February 20, 2015 telephone conversation with Buxton Environmental, Inc. that only 1 initial 
independent background groundwater sampling event would be necessary, prior to placement of coal 
combustion residuals. A minimum of one background sampling event should be conducted at the two 
surface water sample locations.  The initial background groundwater and surface water monitoring 
events should be conducted prior to issuance of the Permit to Operate. 
  
At each compliance monitor well, groundwater level measurements will be made to within 0.01 of a 
foot with a depth to water electrode.   
 
The purging and sampling of the wells will be conducted with low flow sampling techniques specified 
in the Solid Waste Section Guidelines for Groundwater, Soil and Surface Water Sampling dated April 
2008.   Field parameters including temperature, pH, specific conductance, temperature, dissolved 
oxygen and turbidity will be collected until field parameters have stabilized within specific tolerances 
for three consecutive readings.   
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The groundwater and surface water samples will be analyzed for Appendix III constituents (including 
additional Appendix I metals outlined in 40 CFR Part 258 and in general accordance with applicable 
NCSWS guidance and Senate Bill 729).  For quality control purposes, one trip blank and one 
equipment blank will be analyzed for Appendix III constituents (including additional Appendix I 
metals outlined in 40 CFR Part 258 and in general accordance with applicable NCSWS guidance and 
Senate Bill 729).  The laboratory analyses will be conducted by a North Carolina certified laboratory in 
accordance with Level I (standard) QA/QC procedures.  Sample collection, handling and storage will 
be conducted in general accordance with accepted protocol, including chain-of-custody documentation. 
 
The eight (8) background monitoring events will be conducted over a 1 year period of time with an 
approximately 1.5 month spacing commencing immediately following issuance of the Permit to 
Construct.  The initial independent background groundwater sampling event will be conducted prior to 
issuance of the Permit to Operate and placement of coal combustion residuals. 
 
Statistical Groundwater Evaluation  
 
A statistical evaluation of the background groundwater data will be conducted in accordance with 
NCSWS rules utilizing the basic method outlined below. 
 
In order to determine the most appropriate statistical method to evaluate the groundwater data, a 
Shipiro-Wilk Test was first conducted to determine the normality (distribution) of the data.  Based on 
the distribution (parametric or non-parametric) and percentage of detected target constituents at the 
site, the Kruskal-Wallis Test and/or the Wilcoxon Rank-Sum Test for Two Groups would likely be 
utilized to evaluate the background groundwater data.  However, other approved statistical methods 
could be employed to more adequately analyze the data if needed, based on the groundwater analytical 
results. 
 
The background groundwater and surface water sampling with statistical evaluation report will be 
submitted within 90 days of completion of the eighth (8th) and final background sampling event.  
 
1.6 Semi-Annual Groundwater, Surface Water and Leachate Monitoring, with Statistical 

Groundwater Evaluation 
 
Semi-annual groundwater, surface water and leachate monitoring activities will be conducted at the 
site.  These activities are anticipated to be conducted in April and October of each year during the 
active life and post-closure period of the proposed Colon Mine RSFS.   
 
At each compliance monitor well, groundwater level measurements will be made to within 0.01 of a 
foot with a depth to water electrode.   
 
The low flow purging and sampling of the wells should be conducted as specified in the Solid Waste 
Section Guidelines for Groundwater, Soil and Surface Water Sampling dated April 2008.  Field 
parameters including temperature, pH, specific conductance, temperature, dissolved oxygen and 
turbidity will be collected until field parameters have stabilized within specific tolerances for three 
consecutive readings.   
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The groundwater, surface water and leachate samples will be analyzed for Appendix III constituents 
(including additional Appendix I metals outlined in 40 CFR Part 258 and in general accordance with 
applicable NCSWS guidance and Senate Bill 729).  The leachate sample will also be analyzed for 
biologic oxygen demand (BOD), chemical oxygen demand (COD), total dissolved solids (TDS), 
sulfate, nitrate and phosphate.  For quality control purposes, one trip blank and one equipment blank 
will be analyzed for Appendix III constituents (including additional Appendix I metals outlined in 40 
CFR Part 258 and in general accordance with applicable NCSWS guidance and Senate Bill 729) .  The 
laboratory analyses are proposed to be conducted by a North Carolina certified laboratory in 
accordance with Level I (standard) QA/QC procedures.  Sample collection, handling and storage will 
be conducted in general accordance with accepted protocol, including chain-of-custody documentation. 
 
Statistical Evaluation of Historical Groundwater Quality Data  
 
A statistical evaluation of historical groundwater quality data will be conducted in accordance with 
NCSWS rules utilizing the basic method outlined below. 
 
Based on the distribution (parametric or non-parametric) and percentage of detected target constituents 
at the site, the Kruskal-Wallis Test and/or the Wilcoxon Rank-Sum Test for Two Groups would likely 
be utilized to evaluate the historical groundwater data.  However, other approved statistical methods 
could be employed to more adequately analyze the data if needed, based on the groundwater analytical 
results. 
 
Following receipt of the analytical data, a groundwater, surface water and leachate monitoring report 
with statistical evaluation of groundwater will be prepared in general accordance NCSWS guidelines.  
The report will include an executive summary, methods, results, conclusions and recommendations, 
tables of gauging and sample results, groundwater flow rates and groundwater flow direction map.  
The report will be prepared by a North Carolina Professional Geologist or Engineer.   
 
A copy of the report should be submitted to the NCSWS within 120 days of the sampling date.  The 
owner or operator shall notify the NCSWS of any exceedance of NCSWS, Groundwater Protection 
Standards (NCGPS’s) within 14 days of this finding.  An Assessment Monitoring Program will be 
required to be implemented within 90 days following an exceedance of the NCGPS, unless a 
successful alternate source demonstration can be made justifying an alternate cause of the exceedance. 
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