






Contents – Substantial Amendment and  
Phase 5 Permit to Construct Application 
Volume 1 of 2 

Part 1 Introduction 
 
Part 2 Site Hydrogeological Report 
 
Part 3 Facility Plan 

 Appendix A – Facility Plan Drawings 
 Appendix B – Location Restrictions 
 
Part 4 Local Government Approval 

Appendix A - Buncombe County Board of County Commissioners’  
 Project Approval 

 Appendix B – Legal Advertisement 
 Appendix C – Public Notice Letters 
 Appendix D – Public Notice Documentation 
 Appendix E – Delivery Confirmations 
 Appendix F – Public Meeting Sign-in Sheet 
 Appendix G – Zoning Letter 

Part 5 Engineering Plan 
 Appendix A – Calculations 
 Appendix B – Design Geotechnical Evaluation 
 Appendix C – Design Hydrogeological Report 
 Appendix D – Engineering Drawings 

Part 6 Construction Quality Assurance Plan 

Part 7 Operation Plan 
Appendix A – Groundwater and Surface Water Monitoring Plan 
Appendix B – NCDENR ACM Approval Letter 
Appendix C – Posi-shell Manufacturer’s Usage Guide 
Appendix D – Operation Drawings 

Part 8 Closure/Post-Closure Plan 
 Appendix A – Closure Construction Quality Assurance Plan 

 

 

 i 
 



 

Part 1 
Introduction 
1.1 Purpose of Permit Application 
Buncombe County (County) proposes to expand their existing construction and 
demolition (C&D) landfill to include areas to the northeast and west (see Facility 
Drawings).  The proposed increase of the C&D landfill capacity results in expanding 
the landfill which is considered a substantial amendment (see Attachment 1 for Solid 
Waste Section guidance letter).  In conjunction with the substantial amendment, 
requirements have been prepared to obtain a Permit to Construct for Phase 5.  This 
permit application includes: 

Permit Application Prepared in accordance with 
Substantial Amendment .0535 (c) 
      Part 2 – Site Hydrogeologic Report .0538 (a) 
      Part 3 – Facility Plan .0537 
      Part 4 – Local Government Approval .0536 (c)(11) 
Permit to Construct .0535 (a)(1) 
      Part 5 – Engineering Plan .0539 
      Part 6 – Construction Quality Assurance Plan .0541 
      Part 7 – Operation Plan .0542 
      Part 8 – Closure/Post-Closure Plan .0543 
 

1.2 Facility Location 
The Buncombe County Solid Waste Management Facility is located on NC 251 (Dixie 
Highway) in Alexander, North Carolina approximately 9 miles northwest of 
Asheville, North Carolina (see Figure 1-1).  A construction entrance is located on NC 
251.  Primary access for landfilling activities is from SR 1745 (Panther Branch Road).   

1.3 Solid Waste Management Rule Requirements 
The Substantial Amendment/Permit to Construct Application criteria and 
requirements established in Rules .0536, .0537, .0538, .0539, 0541, .0542, and .0543 of 
the North Carolina Solid Waste Management Rules, as directly related to the C&D 
landfill, are presented in Tables 1-1 through 1-8, respectively.  Following each 
criterion, a brief description of the location where the information is contained is 
provided. 

 

 

 

 

               A  1-1 

                                   



�����

�����

���������

���������

���	
��

����������

�������

��������������

���������

���������

��������������������	
�������������������������

����������	
�
����

����

��� 
!

"�
��
��
�#
$�

%�
�&'

(

��	���)	

*�����������)	

�$�����������)	

�������"���#$�

��
�
��

���
��

����	�������#$�

+��&',�-,�.

+��( 

��/�$������

���	�#����)	

)�����	��/

%�
��.

&

+��(!

"���������

%�
�&.

&

0�	���������#$�

#��	����������)	

/�1���#$�

+��&',�-,(!

��
��

��
��)

	

����������

%�$�*��������#$�

���������#$�

%��'

+���.,(!

%�
$�
*�
���

���
�#

$�

����

��2
���
)	

����
+�

�&'
,�
-

�� !

����	�)	

)�
��
��
	�
�/


������������	
�
�	�
�	��
��	��

%

�����3�&4�5�-!6!!!7

������
��������
������

� ������&�&
*����������2



Part 1 
Introduction 

 
Table 1-1 

Cross Reference Summary to Rule .0538 Requirements 

Rule and Criteria Location / Comment
15A NCAC 13B .0538 GEOLOGIC AND HYDROGEOLOGIC INVESTIGATIONS FOR C&DLF FACILITIES
(a)  Site Hydrogeologic Report. A permit applicant must conduct a hydrogeologic investigation and prepare 

a report. An investigation is required to assess the geologic and hydrogeologic characteristics of the 
proposed site to determine the suitability of the site for solid waste management activities, which areas 
of the site are most suitable for C&DLF units, and the general ground-water flow paths and rates for the 
uppermost aquifer. The report must provide an understanding of the relationship of the site ground-
water flow regime to local and regional hydrogeologic features with special emphasis on the 
relationship of C&DLF units to ground-water receptors (especially drinking water wells) and to ground-
water discharge features. Additionally, the scope of the investigation must include the general geologic 
information necessary to address compliance with the pertinent location restrictions described in Rule 
.0536 of this Section. The Site Hydrogeologic Report must provide, at a minimum, the following 
information: 

 

(1)  A report on local and regional geology and hydrogeology based on research of available 
literature for the area. This information is to be used in planning the field investigation. For sites 
located in piedmont or mountain regions, this report must include an evaluation of structurally 
controlled features identified on a topographic map of the area. 

• See Part 2, Page 1 

(2) A report on field observations of the site that includes information on the following: 
(A)  topographic setting, springs, streams, drainage features, existing or abandoned wells, rock 

outcrops, (including trends in strike and dip), and other features that may affect site 
suitability or the ability to effectively monitor the site; and 

(B)  ground-water discharge features. For a proposed site where the owner or operator does 
not control the property from any landfill unit boundary to the controlling, downgradient, 
ground-water discharge feature(s), additional borings, geophysics or other hydrogeological 
investigations may be required to characterize the nature and extent of groundwater flow; 
and 

(C)  the hydrogeological properties of the bedrock, if the uppermost ground-water flow is 
predominantly in the bedrock. Bedrock for the purpose of this rule is defined as material 
below auger refusal. 

• See Part 2, Page 3 
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Introduction 

 
Rule and Criteria Location / Comment

15A NCAC 13B .0538 GEOLOGIC AND HYDROGEOLOGIC INVESTIGATIONS FOR C&DLF FACILITIES
(3) Borings for which the numbers, locations, and depths are sufficient to provide an adequate 

understanding of the subsurface conditions and ground-water flow regime of the uppermost 
aquifer at the site. The number and depths of borings required will depend on the hydrogeologic 
characteristics of the site. At a minimum, there must be an average of one boring for each 10 
acres of the proposed landfill facility unless otherwise authorized by the Division. All borings 
intersecting the water table must be converted to piezometers or monitoring wells in accordance 
with 15A NCAC 02C .0108. 

• See Part 2 - Site Hydrogeologic Investigation, 
Page 4 

(4)  A testing program for the borings which describes the frequency, distribution, and type of 
samples taken and the methods of analysis (ASTM Standards or test methods approved by the 
Division) used to obtain, at a minimum, the following information: 

 (A)  standard penetration - resistance (ASTM D 1586); 
 (B)  particle size analysis (ASTM D 422); 
 (C)  soil classification: Unified Soil Classification System (USCS) (ASTM D 2487); 
 (D)  formation descriptions; and 
 (E)  saturated hydraulic conductivity, porosity, effective porosity, and dispersive characteristics 

 for each lithologic unit of the uppermost aquifer including the vadose zone. 

• See Part 2 - Site Hydrogeologic Investigation, 
Page 25 and Appendix B 

(5)  In addition to borings, other techniques may be used to investigate the subsurface conditions at 
the site, including but not limited to: geophysical well logs, surface geophysical surveys, and 
tracer studies. 

• See Part 2 - Site Hydrogeologic Investigation, 
Page 27 

(6)  Stratigraphic cross-sections identifying hydrogeologic and lithologic units, and stabilized water 
table elevations. 

• See Part 2 - Site Hydrogeologic Investigation, 
Page 27 

(7)  Water table information, including: 
(A)  tabulations of water table elevations measured at the time of boring, 24 hours, and 

stabilized readings for all borings (measured within a period of time short enough to avoid 
temporal variations in ground-water flow which could preclude accurate determination of 
ground-water flow direction and rate); 

(B)  tabulations of stabilized water table elevations over time in order to develop an 
understanding of seasonal fluctuations in the water table; 

(C)  an estimation of the long-term seasonal high water table based on stabilized water table 
readings, hydrographs of wells in the area, precipitation and other meteorological data, 
and streamflow measurements from the site frequent enough to demonstrate infiltration 
and runoff characteristics, and any other information available; and 

(D)  a discussion of any natural or man-made activities that have the potential for causing 
water table fluctuations, including but not limited to, tidal variations, river stage changes, 
flood pool changes of reservoirs, high volume production wells, and injection wells. 

• See Part 2 - Site Hydrogeologic Investigation, 
Page 35 
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Rule and Criteria Location / Comment

15A NCAC 13B .0538 GEOLOGIC AND HYDROGEOLOGIC INVESTIGATIONS FOR C&DLF FACILITIES
(8)  The horizontal and vertical dimensions of ground-water flow including flow directions, rates, and 

gradients. 
• See Part 2 - Site Hydrogeologic Investigation, 

Page 40 
(9)  Ground-water contour map(s) to show the occurrence and direction of ground-water flow in the 

uppermost aquifer and any other aquifers identified in the hydrogeologic investigation. The 
ground-water contours must be superimposed on a topographic map. The location of all borings 
and rock cores and the water table elevations or potentiometric data at each location used to 
generate the ground-water contours must be shown on the ground-water contour map(s). 

• See Part 2 - Site Hydrogeologic Investigation, 
Page 50 

(10)  A topographic map of the site locating soil borings with accurate horizontal and vertical control, 
which are tied to a permanent onsite benchmark. 

• See Part 2 - Site Hydrogeologic Investigation, 
Page 51 

(11)  Information for wells and water intakes within the site characterization study area, in accordance 
with Rule .0536(c) of this Section including: 
(A)  boring logs, construction records, field logs and notes, for all onsite borings, piezometers 

and wells; 
(B)  construction records, number and location served by wells, and production rates, for 

public water wells; and 
(C)  available information for all surface water intakes, including use and production rate. 

• See Part 2 - Site Hydrogeologic Investigation, 
Page 51 and Appendix A 

(12)  Identification of other geologic and hydrologic considerations including but not limited to: slopes, 
streams, springs, gullies, trenches, solution features, karst terranes, sinkholes, dikes, sills, faults, 
mines, ground-water discharge features, and ground-water recharge/discharge areas. 

• See Part 2 - Site Hydrogeologic Investigation, 
Page 51 

(13)  A report summarizing the geological and hydrogeological evaluation of the site that includes the 
following: 
(A)  a description of the relationship between the uppermost aquifer of the site to local and 

regional geologic and hydrogeologic features, 
(B)  a discussion of the ground-water flow regime of the site focusing on the relationship of 

C&DLF unit(s) to ground-water receptors and to ground-water discharge features, 
(C)  a discussion of the overall suitability of the proposed site for solid waste management 

activities and which areas of the site are most suitable for C&DLF units, and 
(D)  a discussion of the ground-water flow regime of the uppermost aquifer at the site and the 

ability to effectively monitor the C&DLF units in order to ensure early detection of any 
release of constituents to the uppermost aquifer. 

• See Part 2 - Site Hydrogeologic Investigation, 
Page 51 

(b)  Design Hydrogeologic Report • See Part 5, Appendix C 
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Rule and Criteria / CommentLocation 

15A NCAC 13B .0538 GEOLOGIC AND HYDROGEOLOGIC INVESTIGATIONS FOR C&DLF FACILITIES
(1)  A geological and hydrogeological report must be submitted in the application for the Permit to 

Construct. This report must contain the information required by Subparagraph (2) of this 
Paragraph. The number and depths of borings required must be based on the geologic and 
hydrogeologic characteristics of the landfill facility. At a minimum, there must be an average of 
one boring for each acre of the investigative area. The area of investigation must, at a minimum, 
be the area within the unit footprint and unit compliance boundary, unless otherwise authorized 
by the Division. The scope and purpose of the investigation is as follows: 
(A)  The investigation must provide adequate information to demonstrate compliance with the 

vertical separation and foundation standards set forth in Items (2) and (5) of Rule .0540 of 
this Section. 

(B)  The report must include an investigation of the hydrogeologic characteristics of the 
uppermost aquifer for the proposed phase of C&DLF development and any leachate 
management unit(s). The purpose of this investigation is to provide more detailed and 
localized data on the hydrogeologic regime for this area in order to design an effective 
water quality monitoring system. 

• See Part 5, Appendix C 
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Rule and Criteria / CommentLocation 
15A NCAC 13B .0538 GEOLOGIC AND HYDROGEOLOGIC INVESTIGATIONS FOR C&DLF FACILITIES

(2)  The Design Hydrogeologic Report must provide, at a minimum, the following information: 
(A)  the information required in Subparagraphs (a)(4) through (a)(12) of this Rule; 
(B)  the technical information necessary to determine the design of the monitoring system as 

required by Paragraph (b) of Rule .0544 of this Section; 
(C)  the technical information necessary to determine the relevant point of compliance as 

required by Part (b)(1)(B) of Rule .0544 of this Section; 
(D)  rock cores (for sites located in the piedmont or mountain regions) for which the numbers, 

locations, and depths are adequate to provide an understanding of the fractured bedrock 
conditions and ground-water flow characteristics of at least the upper 10 feet of the 
bedrock. Testing for the corings must provide, at a minimum, rock types, recovery values, 
rock quality designation (RQD) values, saturated hydraulic conductivity and secondary 
porosity values, and rock descriptions, including fracturing and jointing patterns, etc.; 

(E)  a ground-water contour map based on the estimated long-term seasonal high water table 
that is superimposed on a topographic map and includes the location of all borings and 
rock cores and the water table elevations or potentiometric data at each location used to 
generate the ground-water contours; 

(F)  a bedrock contour map (for sites located in piedmont or mountain regions) illustrating the 
contours of the upper surface of the bedrock that is superimposed on a topographic map 
and includes the location of all borings and rock cores and the top of rock elevations used 
to generate the upper surface of bedrock contours; 

(G)  a three dimensional ground-water flow net or several hydrogeologic cross-sections that 
characterize the vertical ground-water flow regime for this area; 

(H)  a report on the ground-water flow regime for the area including ground-water flow paths 
for both horizontal and vertical components of ground-water flow, horizontal and vertical 
gradients, flow rates, ground-water recharge areas and discharge areas; 

(I)  a report on the soils in the four feet immediately underlying the waste with relationship to 
properties of the soil. Soil testing cited in Subparagraph (a)(4) of this Rule must be used 
as a basis for this discussion; and 

(J)  a certification by a Licensed Geologist that all borings which intersect the water table at 
the site have been constructed and maintained as permanent monitoring wells in 
accordance with 15A NCAC 02C .0108, or that the borings will be properly abandoned in 
accordance with the procedures for permanent abandonment of wells as delineated in 
15A NCAC 02C .0113. All piezometers within the footprint area must be overdrilled to the 
full depth of the boring, prior to cement or bentonite grout placement, and the level of the 
grout within the boring must not exceed in height the elevation of the proposed 
basegrade. 

• See Part 5, Appendix C 
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Table 1-2 

Cross Reference Summary to Rule .0537 Requirements 

Rule and Criteria Location / Comment
15A NCAC 13B .0537 FACILITY PLAN FOR C&DLFS  
(d)  Facility Drawings.  The facility plan must include the following drawings:  
 (1) Site Development. The drawings which plot site development must be prepared on 

topographic maps representative of existing site conditions; the maps must locate or 
delineate the following: 
(A) Delineate the areal limits of all landfill units, and incorporate the buffer 

requirements set forth in Rule .0540(1);  
(B) Locate all solid waste management facilities and facility infrastructure, including 

landfill units; 
(C) Delineate the areal limits of grading, including borrow and stockpile areas; 
(D) Define phases of development, which do not exceed approximately five years of 

operating capacity; 
(E) Delineate proposed final contours for the C&DLF unit(s) and facility features for 

closure; and 
(F) Delineate physical features including floodplains, wetlands, unstable areas, and 

cultural resource areas as defined in Rule .0536. 

(A)  See Sheet SD-1.  
(B)  See Sheet SD-1. 
(C)  See Sheet SD-1.   
(D) See Sheet SD-2. 
(E) See Sheet SD-3. 
(F) See Sheet SD-1. 
  

 (2)          Landfill Operation. The following information related to the long-term operation of the 
C&DLF unit must be included in facility drawings: 
(A)        proposed transitional contours for each phase of development including      

operational grades for existing phase(s) and construction grading for the new 
phase; and 

(B)        stormwater segregation features and details for inactive landfill subcells, if 
included in the design or required. 

• See LO Sheets. 

 (3) Survey. A survey locating all property boundaries for the proposed landfill facility certified 
by an individual licensed to practice land surveying in the State of North Carolina. 

• See SD Sheets. 

(e)  Facility Report. The facility plan must include the following information:  
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Rule and Criteria Location / Comment

15A NCAC 13B .0537 FACILITY PLAN FOR C&DLFS  
(1)  Waste stream. A discussion of the characteristics of the wastes received at the facility 

and facility specific management plans must incorporate: 
 (A)  the types of waste specified for disposal; 
 (B)  average yearly disposal rates in tons and a representative daily rate that is 

 consistent with the local government approval in accordance with Rule .0536 of 
 this Section; 

 (C)  the area served by the facility; 
 (D)  procedures for segregated management at different on-site facilities; and 
 (E) equipment requirements for operation of the C&DLF unit(s). 

• See Section 2 of Part 3: Facility Plan. 

(2)  Landfill Capacity. An analysis of landfill capacity and soil resources must be performed. 
 (A)  The data and assumptions used in the analysis must be included with the facility 

 drawings and disposal rates specified in the facility plan and representative of 
 operational requirements and conditions. 

 (B)  The conclusions must provide estimates of gross capacity of the C&DLF unit; 
 gross capacity for each phase of development of the C&DLF unit; the estimated 
 operating life of all C&DLF units in years; and required quantities of soil for 
 landfill construction, operation, and closure; and available soil resources from 
 on-site. Gross capacity is defined as the volume of the landfill calculated from 
 the elevation of the initial waste placement through the top of the final cover, 
 including any periodic cover. 

• See Section 2 of Part 3: Facility Plan. 

(3)  Special engineering features. 
 (A)  Leachate management systems, if proposed by the applicant. The performance 

  of and design concepts for the leachate collection system within active areas of 
  the C&DLF unit(s) and any storm water segregation included in the engineering 
  design must be described. Normal operating conditions must be defined. A 
  contingency plan must be prepared for storm surges or other considerations 
  exceeding design parameters for the storage or treatment facilities. 

 (B) Containment and environmental control systems. A general description of the 
  systems designed for proper landfill operation, system components, and 
  corresponding functions must be provided. 

 (C) Base liner systems, if proposed by the applicant must be described. 
 (D)  Other device, components, and structures, if proposed by the applicant, must be 

  described. 

• Closure cap system, sedimentation and erosion 
control, and the landfill subgrade are described in 
Section 2 of Part 3: Facility Plan. 
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Table 1-3 
Cross Reference Summary to Rule .0536 (c)(11) Requirements 

Rule and Criteria Location / Comment 

15A NCAC 13B .0536 (c)(11) LOCAL GOVERNMENT APPROVALS FOR C&DLFS.  

(A)  Board approval of project. Approval may be in the form of either a resolution or a vote on a motion.  • See Section 2 of Part 4: Local Government 
Approval.

(B)  A permit applicant other than the unit of local government with jurisdiction over the proposed landfill 
site must obtain a franchise in accordance with N.C.G.S 130A-294(b1)(3) from each unit of local 
government in whose jurisdiction the site is located. A copy of the franchise must be submitted to the 
Division as part of the site study. 

• Not required since (A) has been provided. 

(C)  Prior to issuance of approval or a franchise, the jurisdictional local government(s) where the landfill is 
to be located shall hold at least one public meeting to inform the community of the proposed waste 
management activities as described in the proposed facility plan prepared in accordance with 
Subparagraph (2) of this Paragraph. The local government where the landfill is to be located shall 
provide a public notice of the meeting at least 30 days prior to the meeting. For purposes of this Part, 
public notice must include a legal advertisement placed in a newspaper or newspapers serving the 
county and provision of a news release to at least one newspaper serving the county. Public notice 
must include time, place, and purpose of the meetings required by this Part. The application for a 
franchise or other documentation as required by the appropriate local government(s), must be placed 
at a location that is accessible by the public. This location must be noted in the public notice. The 
permit applicant must notify the property owners of all property that shares a common border with the 
proposed facility by means of a U.S. Postal Service registered letter, return receipt requested. The 
notice must give the date, time and place of the public meeting, and must describe the facility plan 
for the landfill, including the areal location and final elevation of all waste disposal units, the type and 
amount of waste to be disposed at the landfill, any other waste management activities to be 
conducted at the facility, and the proposed location of the entrance to the facility. Mailings must be 
postmarked a minimum of 30 days prior to the public meeting which is being noticed. The applicant 
must provide documentation of the content and mailing of the notices in the site study. 

• See Section 3 of Part 4: Local Government 
Approval. 

(D) Public notice of the meeting must be documented in the site study. A tape recording or a written 
transcript of the meeting, all written material submitted representing community concerns, and all 
other relevant written material distributed or used at the meeting must be submitted as part of the 
site study. 

• See Section 3 of Part 4: Local Government 
Approval. 

(E)  A letter from the unit of local government(s) having zoning jurisdiction over the site which states that 
the proposal meets all the requirements of the local zoning ordinance, or that the site is not zoned, 
must be submitted to the Division as part of the site study. 

• See Section 4 of Part 4: Local Government 
Approval. 
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Table 1-4 

Cross Reference Summary to Rule .0539 Requirements 

Rule and Criteria Location / Comment 

15A NCAC 13B .0539 ENGINEERING PLAN FOR C&DLF FACILITIES  

(d)  An engineering report must contain: 
(1)  A summary of the facility design that includes: 

(A)  a discussion of the analytical methods used to evaluate the design, 
(B)  definition of the critical conditions evaluated and assumptions made, 
(C)  a list of technical references used in the evaluation, and 
(D)  completion of any applicable location restriction demonstrations in accordance with 

Rule .0536. 

• See Section 3 of Part 5: Engineering Plan. 

(2)  A description of the materials and construction practices that conforms to the requirements set 
forth in Rule .0540. 

• See Section 4 of Part 5: Engineering Plan. 

(3)  A copy of the Design Hydrogeologic Report prepared in accordance with Paragraph (b) of 
Rule .0538. 

• See Appendix C of Part 5: Engineering Plan. 

(e)  Engineering drawings must illustrate: 

(1)  existing conditions: site topography, features, existing disposal areas, roads, and buildings; • See Sheet EP-1 

(2)  grading plans: proposed limits of excavation, subgrade elevations, intermediate grading for 
partial construction; 

• See Sheet EP-3 

(3)  stormwater segregation system, if required: location and detail of features; • Not required for design 

(4)  cap system: base and top elevations, landfill gas devices, infiltration barrier, surface water 
removal, protective and vegetative cover, and details; 

• See EP Sheets 

(5)  temporary and permanent sedimentation and erosion control plans; • See Sheets EP-2, EP-7, and EP-8 

(6)  vertical separation requirement estimates including: 
(A)  Cross-sections, showing borings, which indicate existing ground surface elevations, 

base grades, seasonal high ground-water level, estimated long-term seasonal high 
ground-water level in accordance with Part (b)(2)(E) of Rule .0538, and bedrock level in 
accordance with Part (b)(2)(F) of Rule .0538; and 

(B)  A map showing the existing ground surface elevation and base grades. The map must 
include labeled boring locations which indicate seasonal high ground-water level, 
estimated long term high ground-water level in accordance with Part (b)(2)(E) of Rule 
.0538, and bedrock level in accordance with Part (b)(2)(F) of Rule .0538. 

• See Part 2: Site Hydrogeological Report and 
Appendix C of Part 5: Engineering Plan 
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Rule and Criteria Location / Comment 

15A NCAC 13B .0539 ENGINEERING PLAN FOR C&DLF FACILITIES  
(f)  The engineering plan must also describe and illustrate additional engineering features and details 

including, if proposed by the applicant, the cap system, leachate collection system and base liner 
system. Cap systems, leachate collection systems and base liner systems must be designed in 
accordance with NC Solid Waste Management Rules 15A NCAC 13B .1620 and .1621. 

• See Part 5: Engineering Plan. 
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Table 1-5 
Cross Reference Summary to Rule .0541 Requirements 

Rule and Criteria Location / Comment 

15A NCAC 13B .0541 CONSTRUCTION QUALITY ASSURANCE FOR C&DLF FACILITIES  
(b)  For construction of each cell, the CQA plan must include at a minimum: 

(1)  Responsibilities and authorities. The plan must establish responsibilities and authorities for the 
construction management organization. A pre-construction meeting must be conducted prior to 
beginning construction of the initial cell, or as required by the permit. The meeting must 
include a discussion of the construction management organization, respective duties during 
construction, and periodic reporting requirements for test results and construction activities; 

(2)  Inspection activities. A description of all field observations, tests and equipment that will be 
used to ensure that the construction meets or exceeds all design criteria established in 
accordance with Rules .0539, .0540 and Rule .0543 Paragraph (d); 

(3)  Sampling strategies. A description of all sampling protocols, sample size and frequency of 
sampling must be presented in the CQA plan; 

(4)  Documentation. A description of reporting requirements for CQA activities; and 
(5)  Progress and troubleshooting meetings. A plan for holding daily and monthly troubleshooting 

meetings. The proceedings of the meetings must be documented. 

(1) See Sections 2 and 3 of Part 6: Construction Quality 
Assurance Plan. 

(2) See Section 4 of Part 6: Construction Quality 
Assurance Plan. 

(3) See Section 4 of Part 6: Construction Quality 
Assurance Plan. 

(4) See Section 5 of Part 6: Construction Quality 
Assurance Plan. 

(5) See Section 3 of Part 6: Construction Quality 
Assurance Plan. 
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Table 1-6 
Cross Reference Summary to Rule .0542 Requirements 

Rule and Criteria Location / Comment 

15A NCAC 13B .0542 OPERATION PLAN AND REQUIREMENTS FOR C&DLF FACILITIES  
(b)  Operation Plan. The owner or operator of a C&DLF unit must prepare an operation plan for each 

phase of landfill development. The plan must include drawings and a report defining the information 
as identified in this Rule. 
(1)  Operation drawings. Drawings must be prepared for each phase of landfill development. 

The drawings must be consistent with the engineering plan and prepared in a format which 
is useable for the landfill operator. The operation drawings must illustrate the following: 
(A) existing conditions including the known limits of existing disposal areas; 
(B)  progression of operation including initial waste placement, daily operations, yearly 

contour transitions, and final contours; 
(C)  stormwater controls for active and inactive subcells, if required; 
(D)  special waste handling areas, such as asbestos disposal area, within the C&DLF 

unit; 
(E)  buffer zones, noting restricted use; 
(F)  stockpile and borrow operations; and 
(G)  other solid waste activities, such as tire disposal or storage, yard waste storage, 

white goods storage, recycling pads, etc. 

(A) See Sheet OP-1 
(B) See Sheets OP-2 through OP-5 
(C) See OP Sheets 
(D) See Sheets OP-2 through OP-5 
(E) See Sheet OP-1 
(F) See Sheet OP-1 
(G) See Sheet OP-1 

 

(2)  Operation Plan Description. The owner and operator of any C&DLF unit must maintain and 
operate the unit in accordance with the operation plan as described in Paragraphs (c) 
through (l) of this Rule. 

 

(c)  Waste Acceptance and Disposal Requirements. • See Section 2 of Part 7: Operation Plan. 

(d)  Wastewater treatment sludge must not be accepted for disposal. • See Section 2 of Part 7: Operation Plan. 

(e)  Waste Exclusions. • See Section 2 of Part 7: Operation Plan. 

(f)  Cover material requirements. • See Section 3 of Part 7: Operation Plan. 

(g)  Spreading and Compacting requirements. • See Section 4 of Part 7: Operation Plan. 

(h)  Disease vector control. • See Section 5 of Part 7: Operation Plan. 

(i)  Air Criteria and Fire Control. • See Section 6 of Part 7: Operation Plan. 

(j)  Access and safety requirements. • See Section 7 of Part 7: Operation Plan. 

(k)  Erosion and sedimentation control requirements. • See Section 8 of Part 7: Operation Plan. 

A  1-14 



Section 1 
Introduction 

 

A  1-15 

Rule and Criteria Location / Comment 

15A NCAC 13B .0542 OPERATION PLAN AND REQUIREMENTS FOR C&DLF FACILITIES  

(l)  Drainage control and water protection requirements. • See Section 9 of Part 7: Operation Plan. 

(m)  Survey for Compliance. • See Section 10 of Part 7: Operation Plan. 

(n)  Operating Record and Recordkeeping requirements. • See Section 11 of Part 7: Operation Plan. 
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Table 1-7 
Cross Reference Summary to Rule .0543 Requirements 

Rule and Criteria Location / Comment 

15A NCAC 13B .0543 CLOSURE AND POST-CLOSURE REQUIREMENTS FOR C&DLF FACILITIES  
(d)  Closure plan contents. The owner and operator must prepare a written closure plan that describes 

the steps necessary to close all C&DLF units at any point during their active life in accordance with 
the cap system requirements in Paragraph (c) of this Rule. The closure plan, at a minimum, must 
include the following information: 
(1)  a description of the cap system and the methods and procedures to be used to install the 

cap that conforms to the requirements set forth in Paragraph (c) of this Rule; 
• See Section 2 and Appendix A of Part 8: 

Closure/Post-Closure Plan. 
(2)  an estimate of the largest area of the C&DLF unit requiring the specified cap system at any 

time during the active life 
• See Section 2 of Part 8: Closure/Post-Closure Plan. 

(3)  an estimate of the maximum inventory of wastes on-site over the active life of the landfill 
facility; 

• See Section 2 of Part 8: Closure/Post-Closure Plan. 

(4)  a schedule for completing all activities necessary to satisfy the closure criteria; and • See Section 2 of Part 8: Closure/Post-Closure Plan. 

(5)  the cost estimate for closure activities as required under Rule .0546. • See Section 2 of Part 8: Closure/Post-Closure Plan. 
(f)  Post-closure plan contents. The owner and operator of all C&DLF units must submit a written post-

closure plan that includes, at a minimum, the following information: 
 

(1)  a description of the monitoring and maintenance activities required for each C&DLF unit, and 
the frequency at which these activities must be performed; 

• See Section 3 of Part 8: Closure/Post-Closure Plan. 

(2)  name, address, and telephone number of the person or office responsible for the facility 
during the post-closure period; 

• See Section 3 of Part 8: Closure/Post-Closure Plan. 

(3)  a description of the planned uses of the property during the post-closure period; and • See Section 3 of Part 8: Closure/Post-Closure Plan. 
(4)  the cost estimate for post-closure activities required under Rule .0546. • See Section 3 of Part 8: Closure/Post-Closure Plan. 
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Table 1-8 
Cross Reference Summary to Rule .0544 Requirements 

Rule and Criteria Location / Comment 

15A NCAC 13B .0544 MONITORING PLANS AND REQUIREMENTS FOR C&DLF FACILITIES  
(a)  A Monitoring Plan must be submitted that contains the following information and must apply to all 

C&DLF units. The Monitoring Plan must be prepared in accordance with this Rule. 
(b)  Ground-water monitoring plan • See Appendix A of Part 7: Operation Plan. 

(c)  Surface water monitoring plan. • See Appendix A of Part 7: Operation Plan. 

(d)  Gas control plan. • See Section 11 of Part 7: Operation Plan. 

(e)  A waste acceptability program. • See Section 11 of Part 7: Operation Plan. 
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North Carolina Department of Environment and Natural Resources 

Dexter R. Matthews, Director                                       Division of Waste Management                          Michael F. Easley, Governor 
                                                                                     William G. Ross Jr., Secretary 

Document ID No. 4477 

2090 US Highway 70, Swannanoa, North Carolina  28778 
Phone (828) 296-4500 \ FAX (828) 299-7043 \ Internet  http://wastenotnc.org 

An Equal Opportunity / Affirmative Action Employer – Printed on Dual Purpose Recycled Paper 

SOLID WASTE SECTION 
 

May 12, 2008 
 
Mr. Jerry Mears 
Buncombe County – Solid Waste Manager 
85 Panther Branch Road 
Alexander, North Carolina 28701 
 
Subject: Proposed C&D Phase Addition Application Clarification 
 Buncombe County Solid Waste Management Facility 
 Permit No. 11-07 
 Buncombe County 
 
Dear Mr. Mears: 
 
This letter is intended to further clarify several permitting requirements pertaining to the addition of a new 
Construction and Demolition (C&D) Debris Landfill phase at the existing Municipal Solid Waste (MSW) 
Landfill Facility. 
 
I would first like to clarify the matter of the permit being an amendment or substantial amendment.  Based on 
a review of the original facility plan with Mr. Kenton Yang, the proposed area for the new C&D landfill is 
outside of the original planned C&D area.  This being the case, the proposed area has not been presented to 
public scrutiny and has not received local government approval.   For this reason the facility change will be 
considered a substantial amendment.  Therefore, you must submit a complete application containing a 
comprehensive facility plan per North Carolina Administrative Code Title 15A Subchapter 13B.0537 and 
local government approval per North Carolina Administrative Code Title 15A Subchapter 13B.053(c)(11). 
 
In addition, I would like to clarify the submissions to satisfy North Carolina Administrative Code Title 15A 
Subchapter 13B.0547.  Buncombe County plans to continue operating the existing C&D landfill past July 1, 
2008.  Therefore, you are required to submit a closure and post-closure plan and financial responsibility 
documentation prior to July 1, 2008.  These documents must be prepared in accordance with North Carolina 
Administrative Code Title 15A Subchapter 13B.0543 and Subchapter 13B.0546, respectively.  The application 
for the new phase, referenced above, must be submitted 120 days prior to the expiration date of the existing 
permit or 180 days prior to start of construction for the new phase.  
 
Finally, I would like to clarify the permitting fee requirements.  The closure and post-closure plan and the 
financial responsibility documentation require the submission of a permit modification fee.  The application 
for the new C&D phase, since it is a substantial amendment, will require the submission of a new permit fee.   



May 12, 2008 
Mr. Jerry Mears, Buncombe County 
Permit #11-07 
Page 2 of 2 
 
The new permit fee for this application is consistent with what the Division has charged other facilities given 
the same circumstances.  In both cases, the permit fee amount will be based on the C&D rate structure in 
North Carolina General Statute Article 9 Chapter 130A-295.8.  If you should have any questions regarding the 
permit fees please contact Ms. Ellen Lorscheider, Planning & Program Management Branch Head, at (919) 
508-8499. 
 
Should you have any other questions regarding this matter please contact me at (828) 296-4703. 
 
      Sincerely, 

      
      Allen Gaither 
      Environmental Engineer 
 
Cc: Mr. Kenton Yang, P.E. Camp, Dresser & McKee 5400 Glenwood Avenue, Suite 300 Raleigh, North Carolina 27612 
 Kristy Smith, Buncombe County Solid Waste, 81 Panther Branch, Alexander, NC 28701 
 Ed Mussler – SWS/Raleigh 

Brain Wootton – SWS/Raleigh 
 Deb Aja – SWS/ARO 
 Bill Wagner – SWS/ARO 



Buncombe County,  
North Carolina 
 
Buncombe County Solid Waste 
Management Facility  
 
C&D Landfill Expansion 
Part 2: Site Hydrogeologic Investigation 
April 2009 
 

 

 

 

 

 



A i 
 
P:\Buncombe - 6447\65973 C&D Substantial Amdmt\Reports\Permit to Construct and Sub Amdmt\Site Hydro\Part 2 SHR TOC.doc 

Contents 

Part 2 
Site Hydrogeologic Investigation 
 

2.1 Local and Regional Geology and Hydrogeology ................................................. 2-1 
 2.1.1 Regional Geology ..................................................................................... 2-1 
 2.1.2 Regional Hydrogeology .......................................................................... 2-3 
2.2 Field Observations .................................................................................................... 2-3 

2.2.1 Topographic Setting .................................................................................. 2-3 
2.2.2 Springs, Streams and Drainage Features ............................................... 2-4 
2.2.3 Groundwater Discharge Features ........................................................... 2-4 

2.3 Borings ....................................................................................................................... 2-4 
2.3.1 Previous Investigations ............................................................................ 2-5 
2.3.2 Current Investigation .............................................................................. 2-10 
 2.3.2.1 Borehole Drilling ..................................................................... 2-10 
 2.3.2.2 Piezometer Installations ......................................................... 2-12 
 2.3.2.3 Water Level Measurements ................................................... 2-15 
 2.3.2.4 Well Surveying ........................................................................ 2-15 

2.4 Site Geology ............................................................................................................. 2-15 
2.4.1 Alluvium ................................................................................................... 2-17 
2.4.2 Saprolite .................................................................................................... 2-17 
2.4.3 Partially Weathered Rock ....................................................................... 2-18 
2.4.4 Bedrock ..................................................................................................... 2-18 

2.5 Testing Program ..................................................................................................... 2-25 
2.5.1 Standard Penetration Testing ................................................................ 2-25 
2.5.2 Particle Size Analysis and Unified Soil Classification ........................ 2-25 
2.5.3 Formation Descriptions .......................................................................... 2-25 
2.5.4 Geotechnical Laboratory Testing .......................................................... 2-26 
2.5.5 Dispersive Characteristics ...................................................................... 2-26 

2.6 Other Investigative Techniques ............................................................................ 2-27 
2.7 Stratigraphic Cross-Sections ................................................................................. 2-27 
2.8 Water Table Information ....................................................................................... 2-35 

2.8.1 Stabilized Water Table Elevations ......................................................... 2-35 
2.8.2 Estimated Seasonal High Water Table ................................................. 2-39 

2.9 Horizontal and Vertical Dimension of Groundwater Flow .............................. 2-40 
 2.9.1 Groundwater Flow .................................................................................. 2-46 
  2.9.1.1 Horizontal Groundwater Flow ............................................. 2-48 
  2.9.1.2 Vertical Groundwater Flow ................................................... 2-51 
2.10 Groundwater Contour Map .................................................................................. 2-51 
2.11 Topographic Map of Site ....................................................................................... 2-52 
2.12 Logs, Notes and Records ....................................................................................... 2-52 



Table of Contents 
Site Hydrogeologic Investigation 

A ii 
 
P:\Buncombe - 6447\65973 C&D Substantial Amdmt\Reports\Permit to Construct and Sub Amdmt\Site Hydro\Part 2 SHR TOC.doc 

2.13 Geologic and Hydrogeologic Considerations .................................................... 2-52 
2.14 Report Summary ..................................................................................................... 2-52 
 2.14.1 Hydrogeologic Conceptual Model ........................................................ 2-52 
  2.14.1.1 Precipitation and Groundwater Recharge ........................... 2-52 
  2.14.1.2 Surface Water Interactions and Groundwater Discharge . 2-53 
 2.14.2 Site Suitability .......................................................................................... 2-54 
 2.14.3 Water Quality Monitoring Plan Considerations ................................. 2-55 
2.15 References ................................................................................................................ 2-55 

Appendices 
Appendix A Bore Logs and Well Construction Diagrams 
Appendix B Geotechnical Laboratory Data 
Appendix C DENR/USGS Hydrographs 
Appendix D Field Notes 
Appendix E Slug Test Data 



Table of Contents 
Site Hydrogeologic Investigation 

 

A  iii 
 
P:\Buncombe - 6447\65973 C&D Substantial Amdmt\Reports\Permit to Construct and Sub Amdmt\Site Hydro\Part 2 SHR Sheets Figures and Tables.doc 

Sheets 

Sheet 2-1 Site Map ................................................................................................................ 2-2 
Sheet 2-2 Bedrock Contour Map ...................................................................................... 2-24 
Sheet 2-3 Potentiometric Contour Map ........................................................................... 2-38 
Sheet 2-4 Seasonal High Groundwater Contour Map .................................................. 2-41 
Sheet 2-5 Long-term Seasonal High Groundwater Contour Map .............................. 2-42 
 

Tables 

Table 2-1 Summary of Piezometer and Monitoring Well Completion Data ............. 2-13 
Table 2-2 Summary of Lithological Data ........................................................................ 2-20 
Table 2-3 Summary of Rock Core Observations ............................................................ 2-23 
Table 2-4 Summary of Geotechnical Testing Results .................................................... 2-28 
Table 2-5 Groundwater Elevations .................................................................................. 2-36 
Table 2-6 Annual Precipitation Data - Asheville Airport ............................................. 2-43 
Table 2-7 Calculated Hydraulic Conductivity Values .................................................. 2-49 
Table 2-8 Summary of Calculated Groundwater Flow Velocities ............................... 2-50 
 

Figures 

Figure 2-1 Cross-Section A-A’ ............................................................................................ 2-30 
Figure 2-2 Cross-Section B-B’ ............................................................................................. 2-31 
Figure 2-3 Cross-Section C-C’ ............................................................................................ 2-32 
Figure 2-4 Cross-Section D-D’ ............................................................................................ 2-33 
Figure 2-5 Cross-Section E-E’ ............................................................................................. 2-34 
Figure 2-6 Average Monthly Precipitation - Asheville Airport .................................... 2-44 
Figure 2-7 Average Annual Precipitation - 1995 to 2007 ................................................ 2-45 



A  2-1 

P:\Buncombe - 6447\65973 C&D Substantial Amdmt\Reports\Permit to Construct and Sub Amdmt\Site Hydro\Part 2.doc 

Part 2 
Site Hydrogeologic Investigation 
Rule .0538(a) of the North Carolina Solid Waste Management Rules require that a 
Geological and Hydrogeological Study be prepared for inclusion in a Site Plan 
Application for Construction and Demolition Debris (C&D) Landfills. This document 
is intended to fulfill all of the requirements set forth in this rule and to provide each 
form of documentation that is specified. 

The Geological and Hydrogeological Study presented herein is designed to address 
the applicable Solid Waste Management Rules for the Site Plan Application for the 
proposed Buncombe County C&D Landfill Expansion. This report compiles 
information from all field activities to date, summarizes data from previously 
submitted documents and subsequent investigation activities to provide a 
comprehensive characterization of the geology and hydrogeology at the proposed 
C&D Landfill facility expansion site. 

The current and proposed C&D Landfill expansion is located in the western portion 
of the approximately 557-acre parcel of land owned by Buncombe County in 
Alexander, North Carolina. The proposed landfill facility boundary footprint is 35 
acres, of which approximately 15 acres is occupied by the existing C&D landfill. The 
C&D Landfill facility expansion site and investigation areas are shown on Sheet 2-1. 

This report will discuss and provide information regarding local and regional geology 
and hydrogeology, field observations, borings, geotechnical testing, cross-sections, 
water table information, groundwater flow, and a report summary, as required in 
Rule .0538(a). 

2.1 Local and Regional Geology and Hydrogeology 
2.1.1 Regional Geology 
The site is located within the Blue Ridge Physiographic Province. The surrounding 
terrain does not exhibit a strong preferential orientation, which is typical of the Blue 
Ridge Province. The Geologic Map of North Carolina (NCGS 1985) indicates that the 
area is underlain by northeasterly-trending banded metamorphic rocks of 
Precambrian age comprised of migmatitic gneiss. This unit consists of biotite-
hornblende gneiss interlayered with biotite-granite gneiss and is described as being 
pinkish grey to light grey, massive to well foliated, and granite to quartz monzonite in 
composition. Throughout this report, the gneisses are referred in tandem as 
undifferentiated gneiss. Discontinuous layers and lenses of equigranular and massive 
to well foliated amphibolite are also present in the area. Other rocks of localized 
extent mapped in the region consist of a variety of metamorphosed intrusive and 
extrusive igneous rocks, metasedimentary rocks, calcium silicate rocks (calcium 
bearing silicate rocks formed by metamorphosis of impure limestone or dolomite) and 
relict granulite facies rock. Quartz veins and pegmatitic intrusives are also commonly 
found within the metamorphic rocks. No major faults or other major structural 
discontinuities have been mapped at the site or the surrounding area (CDM 1993). 
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Soils overlying the bedrock units in the region consist of residual, colluvial, and 
alluvial materials, collectively known as regolith. The residual soils (saprolite) are 
derived from the in-place chemical weathering of the bedrock materials and typically 
exhibit the relic mineral fabric of the rock from which they are derived. They are 
generally fine grained, with texture related to the degree of weathering. The transition 
from saprolite to bedrock is generally gradational, with the degree of bedrock 
weathering decreasing with depth. Colluvial materials occur on side slopes and 
within the small drainages. This colluvium consists of materials derived from slopes 
and upland areas that have been redeposited by a variety of mass-wasting processes 
such as soil creep or slope wash. Alluvial soils occur along the larger drainage 
features and typically consist of sorted interbeds of silt, sand, and gravel. 

2.1.2 Regional Hydrogeology 
Groundwater within the Blue Ridge Province generally occurs in the pore spaces of 
the soil materials, near the bedrock/regolith interface and/or within bedrock 
fractures. The groundwater system is recharged by infiltrated precipitation falling on 
interstream (upland) areas. A portion of this water moves through the soil materials 
and is discharged to nearby springs and streams in adjacent valleys. Another portion 
migrates through the soil materials and into fractures within the bedrock to the 
saturated zone. This groundwater continues to move through these fractures, 
depending upon the degree of interconnection, to adjacent valleys where it is 
discharged. 

Groundwater production wells in Buncombe County are reported to have an average 
yield of 10.3 gallons per minute or 0.069 gallons per minute per foot of well 
(NCWWAR 1970). Effective porosity has been reported by Heath (1980) to be 
approximately 0.1 percent for fractured bedrock materials in the area. Fractures in the 
region below a depth of 300 to 400 feet tend not to be water bearing (Heath 1980). 
However, groundwater production at greater depths has been reported in many areas 
(Daniel 1987). This implies that, while groundwater is most readily produced from the 
upper 300 feet, more localized zones of significant production may occur at greater 
depths in some locations. 

2.2 Field Observations 
This section discusses the field observations made during current and previous 
investigations at the Buncombe County C&D Landfill expansion including 
topographic setting, springs, streams, drainage features, and groundwater discharge 
features. 

2.2.1 Topographic Setting 
The entire landfill site (C&D and Subtitle D) encompasses an area of approximately 
557 acres located in Buncombe County, about 9 miles northwest of the city of 
Asheville, North Carolina. The Site is bounded on the south by the French Broad 
River, which is the major surface water drainage feature in the area. Blevin Branch, 
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Panther Branch and Flat Creek, respectively, bound the north, west and east sides of 
the Site and are tributary to the French Broad River. The area is characterized by 
moderate to steep slopes separating narrow hills and ridges from small incised 
secondary drainages (locally known as hollows). Elevations range from 1,740 feet msl 
up to more than 2,150 feet msl at the tops of some hills. 

There are active C&D and Subtitle D Landfills at the facility in addition to several 
borrow areas. The C&D landfill property is surrounded by forest to the west, north 
and south and developed residential areas to the east. The remaining areas are used 
for C&D and Subtitle D Landfill and related borrow activities. 

2.2.2 Springs, Streams and Drainage Features 
There are several springs on the property, however, no springs were observed within 
the proposed site expansion footprint. The Site is bounded on the south by the French 
Broad River, which is the major surface water drainage feature in the area. Blevin 
Branch, Panther Branch and Flat Creek, respectively, bound the north, west and east 
sides of the Site and are tributary to the French Broad River. 

2.2.3 Groundwater Discharge Features 
Typically, springs at the head of the drainage features represented saprolite discharge, 
and may also indicate bedrock discharge points. No groundwater discharge points 
(seeps or springs) were observed in the proposed expansion area. Groundwater in 
deeper bedrock is most likely discharging directly to Blevin Branch, Panther Branch 
and the French Broad River off the site. 

The geologic cross sections included in previous Design Hydrogeologic Reports 
(CDM 1995a, 2004, 2005) suggested that discharge occurs on the western boundary of 
the current C&D Area into Panther Branch, and to a lesser extent north to Blevin 
Branch, and ultimately into the French Broad River. It is possible that Panther Branch 
may be a discharge point for only the shallow bedrock groundwater system, given the 
downward hydraulic gradients found at other areas throughout the Site. Deeper 
bedrock groundwater may discharge at a longer distance from the Site, most likely 
the French Broad River. 

2.3 Borings 
Rule .0538(a)(3) requires a sufficient number of borings to provide an adequate 
understanding of subsurface conditions and groundwater flow of the uppermost 
aquifer at the site. The proposed Buncombe County C&D Facility expansion site 
consists of approximately 35 acres to be utilized as landfill. This section discusses 
boring installation and piezometer construction followed by site specific subsurface 
conditions and findings. 

The following section details the drilling methods used to install borings and 
piezometers and collect geologic and hydrogeologic data for the proposed C&D 
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Landfill expansion investigation and includes information collected during this and 
previous investigations. 

2.3.1 Previous Investigations 
Law Environmental, Inc. initially investigated the site in 1990 (Law 1991). The 
investigation consisted of seventeen exploratory soil test borings using hollow-stem 
augers at twelve locations. Split spoon soil samples were collected at regular intervals 
using standard penetration test methods (ASTM D-1586). Groundwater was not 
encountered in any of the borings during drilling. Two borings that were left open 
overnight also did not accumulate groundwater. No permanent piezometers or 
monitoring wells were constructed. The report cited an absence of perennial surface 
water features and a small drainage area entering the site as advantages for landfill 
development, but identified limited excavation depth, lack of low permeability soils, 
and soil workability problems as potential constraints. 

Phase I Investigation 
In November 1992, a Site Plan Application (CDM 1992) was submitted on behalf of 
Buncombe County to the North Carolina Division of Solid Waste Management - Solid 
Waste Section (SWS). A Geological and Hydrogeological Evaluation as per SWS Rule 
.1623(a) was included as Section 4 of that report. The evaluation presented results of a 
Phase I investigation encompassing the 557-acre proposed Buncombe County Landfill 
site (the Site).  During this Phase I investigation, three 20-foot coring holes and 38 
hollow-stem auger borings were drilled, and 19 piezometers were installed. Split 
spoon soil samples were collected at 5-foot intervals while the auger borings were 
drilled. Blow counts required to accomplish sample collection were also recorded.  
Collected soil samples were analyzed for geotechnical properties, including soil 
classification (25 samples), grain size distribution (25 samples), Atterberg Limits (10 
samples), standard proctor compaction (seven samples), natural moisture content 
(seven samples), porosity (14 samples), and hydraulic conductivity (seven samples 
undisturbed, seven samples remolded). The rock cores were examined and 
descriptions recorded for fracture frequency and orientation, general mineralogy, 
rock quality designation, and other properties. 

Water level measurements were taken in the piezometers at the time of completion, at 
24 hours and at least seven days after installation. Piezometer measuring points were 
surveyed to state plane coordinates and mean sea level elevation. Falling head 
permeability tests (slug tests) were performed in five piezometers to obtain hydraulic 
conductivity data. Most of the piezometers installed were dry due to auger refusal 
encountered before reaching groundwater. A comprehensive literature search was 
also conducted during the Phase I evaluation. This search identified reference 
materials and mapping done by others to characterize the geology and hydrogeology 
of the site, as well as the surrounding region. The report concluded that the site 
appeared to be suitable for landfill development. 
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Phase II Investigation 
In 1993, additional field activities were conducted to address SWS comments 
provided by letter dated April 29, 1993, concerning the Site Hydrogeologic Report. 
The results of these additional field activities were presented in the Response to 
Completeness Review (RCR) Site Plan Application (CDM 1993). As part of that 
document, GEI Consultants, Inc. (GEI) conducted a lineament/fracture trace analysis, 
a geophysical investigation, and a Phase II Geological/Hydrogeological Site 
Evaluation. The lineament/fracture trace analysis and geophysical investigation 
included lineament analyses on maps and aerial photographs, a fracture trace analysis 
of rock outcroppings within the Site, and a very low frequency (VLF) geophysical 
survey of the Site. 

The Phase II Geological/Hydrogeological Site Evaluation was subsequently 
conducted and included the drilling of boreholes at 27 locations. Some of the boring 
locations were selected based on the results of the VLF survey. Multiple drilling 
techniques were often used at each location. Thirteen locations were investigated 
using hollow-stem augers with split spoon sampling as well as air rotary/hammer 
drilling, four locations by hollow-stem auger with split spoon sampling and rock 
coring, nine locations by air rotary/hammer drilling only, and one location by all 
three methods. One permanent piezometer was installed at each of the 27 locations.  
Water levels were measured in each piezometer at the time of installation, at 24 hours 
and at least seven days after installation. Eight of the piezometers were installed 
adjacent to borings drilled during the Phase I investigation that yielded no water. 
Piezometer measuring points were surveyed to state plane coordinates and mean sea 
level elevation. Water levels were also measured in the piezometers installed during 
the Phase I investigation. Six slug tests and/or recovery tests were performed in five 
piezometers to obtain additional hydraulic conductivity data. 

The Site Hydrogeologic Report as required under Rule .1623(a), consisting of Section 4 
of the Site Plan Application (CDM 1992) and the Response to Completeness Review, 
Site Plan Application (CDM 1993), has been previously submitted to the SWS. Data 
and information in these documents have been reproduced in this report only to the 
extent necessary to support the Geological and Hydrogeological Study required for 
the C&D Landfill expansion. 

Phase III Investigation 
In March 1995, a Permit To Construct Application (CDM, 1995a) was submitted to the 
SWS. The Design Hydrogeologic Report was included as Appendix G of the report. 
The Phase III investigation focused on the area within and around the Subtitle D 
landfill Cells 1-3. The Cell 1-3 Area extended beyond the cell boundaries and past 
adjacent topographic divides in order to sufficiently characterize the hydrogeologic 
regime beneath Cells 1-3.  

Over 71 boreholes were drilled at 39 locations during the Phase III investigation. Air 
rotary hammer drilling was used for 44 borings, three boreholes were cored, and 24 
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boreholes were drilled using hollow-stem auger drilling techniques. Geotechnical 
samples were collected during hollow-stem auger drilling at nine locations within the 
Cell 1-3 Area, and blow counts were taken at all 24 auger locations. 

Piezometers were installed in 39 boreholes at 29 locations, making a total of nine 
nested well pairs. Observation wells were installed in eight boreholes, and two 
pumping wells were constructed. Water level measurements were taken at each of the 
piezometers at time of boring, and at 24 hours at least seven days after boring. 
Piezometer measuring points were surveyed to state plane coordinates and mean sea 
level elevation. Slug testing was performed in 10 piezometers to obtain additional 
hydraulic conductivity data. Two pumping tests were performed in two hollows 
within the Cell 1-3 Area to further characterize the groundwater system. 

Additional information on the site hydrogeology and the water quality monitoring 
plan was presented in two Response to Comments letters dated June, 1995 and 
August, 1995 (CDM, 1995b and 1995c). 

Monitoring Well Installation - Cells 1-3 
After construction of Cells 1-3, thirteen groundwater monitoring wells and two 
methane gas monitoring wells were installed around the perimeter of Cells 1-3, in 
accordance with the approved Water Quality Monitoring Plan for the Subtitle D 
landfill. A discussion of the field activities and the results of the initial baseline 
sampling event were presented in the Water Quality Monitoring System Installation 
and Initial Sampling Report (CDM 1996).   

All the groundwater monitoring wells were installed using air rotary drilling methods 
since groundwater was located at or below the top of bedrock. The methane gas 
monitoring wells were installed using hollow-stem auger methods. Slug tests were 
conducted on all wells following development to obtain hydraulic conductivity data. 
One round of groundwater samples were collected from the thirteen monitoring wells 
and the three surface water locations and submitted for laboratory analysis of the 
Appendix I constituents list.  

Phase IV Investigation 
The Phase IV investigation focused on the area within and surrounding the existing 
Phase I and II C&D landfill. Since the current C&D landfill is located within the 
confines of a single drainage basin, the investigation focused on the area within the 
drainage feature. Sheet 1-1 delineates this area of focused investigation as well as the 
location of Cells 1-3 and previously installed piezometers. 

Nineteen boreholes were drilled at ten locations during the Phase IV investigation. 
Air rotary hammer drilling was used for nine borings and ten boreholes were drilled 
using hollow-stem auger drilling techniques. Geotechnical samples were collected 
during hollow-stem auger drilling at seven locations and blow counts were taken at 
all 10 auger locations. 
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Piezometers were installed in twelve boreholes at nine locations, making a total of 
three nested well pairs. Water level measurements were taken at each of the 
piezometers at time of boring, and at 24 hours, and at least seven days after boring.  
Piezometer measuring points were surveyed to state plane coordinates and mean sea 
level elevation. 

Monitoring Well Installation – Phase I C&D 
Installation of two monitoring wells for the C&D landfill (MW-9 and MW-9d) was 
completed in October of 1997. The wells are located within the drainage feature, 
down-gradient of the existing C&D landfill. The wells were slug tested for estimation 
of hydraulic conductivity after development, surveyed to state plane coordinates and 
mean sea level elevation, and sampled. Borelogs, slug test and initial sampling results 
were forwarded to the SWS in a letter report dated July 2, 1998. 

Additional Geologic Investigation 
During permitting of the existing C&D landfill, the SWS expressed concerns 
regarding the complexity of the geology in the western portion of the landfill. To 
address these concerns, CDM contracted Gram, Inc. to perform a geologic mapping 
study of the area. A letter report by Gram, Inc. (January 11, 1999) was forwarded to 
the SWS and included in the Phase 3 Construction and Demolition Debris Landfill 
Permit Application (CDM, October 2000). 

Phase V Investigation 
The Phase V investigation focused on the Phase III expansion area of the C&D landfill 
adjacent to the south and east of the existing C&D landfill. Since the C&D landfill 
expansion was located within the confines of a single drainage basin, the C&D 
investigation focused on the area within the drainage divides. The Phase 3 
Construction and Demolition Debris Landfill Permit Application was submitted to the 
SWS in October 2000. 

Seven boreholes were drilled at five locations during the Phase V investigation. Air 
rotary hammer drilling was used for installation of all piezometers. Hollow-stem 
auger drilling was used for geologic description at each location prior to piezometer 
installation. Rock coring was performed at one location (B-519). Standard penetration 
tests (blow counts) were taken at all 5 auger locations. 

Piezometers were installed in seven boreholes at five locations, making a total of two 
nested well pairs. Water level measurements were taken at each of the piezometers at 
time of boring, and at 24 hours, and at least seven days after boring. Piezometer 
measuring points were surveyed to state plane coordinates and mean sea level 
elevation. 

Additional Phase V Investigation 
The Additional Phase V investigation also focused on the Phase III expansion area of 
the C&D landfill. Based on comments by the SWS, additional information regarding 
bedrock and groundwater flow in the fractured bedrock was needed. 
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Twelve piezometers and one pumping well were installed at thirteen locations during 
the additional investigation. Air rotary hammer drilling was used for installation of 
all piezometers and the pumping well. Hollow-stem auger drilling was used for 
geologic description and locating the top of bedrock at each location, with the 
exception of the pumping well. Rock coring was performed at two locations.  
Standard penetration tests (blow counts) were taken at all 12 auger locations. 

Water level measurements were taken at each of the piezometers at time of boring, 
and at 24 hours, and at least seven days after boring. Piezometer measuring points 
were surveyed to state plane coordinates and mean sea level elevation. 

Following the completion of the air rotary and hollow stem auger work, the 
piezometers were allowed to equilibrate for a period of two weeks. The pumping well 
was fitted with a 4-inch submersible pump and a pump test was performed. During 
the pump test, groundwater measurements were collected from all of the piezometers 
within the Phase III C&D landfill area. The pump test was allowed to run for a period 
of 56 hours. After stopping the test, groundwater elevation measurements were 
collected from the piezometers to estimate recharge rates. 

Following submission of the additional investigation data in January 2002, the SWS 
determined that the Phase III C&D Landfill expansion site was not suitable for landfill 
development. As an alternative, it was decided that C&D landfill expansion was 
practical west of the existing Phase I and II C&D landfill. 

A field investigation was performed in March 2002 to determine the depth to bedrock 
and/or groundwater in order to obtain the data necessary to design the expansion. 
Ten hollow stem auger borings were advanced in the proposed landfill expansion 
site. Borings were advanced using 2¼ inch inside diameter hollow stem augers and 
standard split spoon sampling techniques down to auger refusal. The depth to auger 
refusal was assumed to the top of bedrock. Blow counts, sample descriptions, and 
auger refusal depths were noted for each boring. Following completion, each boring 
was left open for an extended period (in some cases, overnight) to provide for 
monitoring of groundwater levels. In all cases, groundwater was not encountered. 
The boreholes were backfilled with a bentonite/cement grout. The boring locations 
were surveyed by a North Carolina registered surveyor for northing and easting 
coordinates and ground elevation. 

Phase VI Investigation 
The Phase VI investigation focused on the Subtitle D Cell 6 area and the Phase IV 
expansion area of the C&D landfill adjacent to the existing Phase I and II C&D 
landfill. Results of the Cell 6 investigation were submitted to the SWS in the Design 
Hydrogeologic Report in December 2004. 

Since the proposed C&D landfill expansion is located within the confines of a single 
drainage basin, the C&D investigation focused on the area within the drainage 
divides. Thirteen boreholes were drilled at 13 locations during the Phase VI 
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investigation. Seven borings were converted to temporary piezometers for 
groundwater elevation measurements while the remaining borings were used to 
collect lithologic and geotechnical data only. Air rotary hammer drilling was used for 
installation of all piezometers. Hollow-stem auger drilling was used for lithologic and 
geotechnical data collection at all borings. Rock coring was performed at one location 
(B-601). Standard penetration tests (blow counts) were taken at all locations. 

Water level measurements were taken at each of the piezometers at time of boring, 
and at 24 hours, and at least seven days after boring. Piezometer measuring points 
were surveyed to state plane coordinates and mean sea level elevation. 

Following SWS approval and permit issuance, two monitoring wells (MW-14/14d) 
were installed downgradient of the Phase IV landfill. 

2.3.2 Current Investigation 
The Phase VII investigation focused on the proposed expansion facility plan area 
adjacent to the existing Phases of the active C&D landfill. The proposed facility plan 
boundaries include two individual drainage basins on either side of the existing active 
C&D landfill. The investigation focused on the area within the two drainages.  

Eighteen boreholes were drilled at 15 locations during the Phase VII investigation. All 
borings were converted to temporary piezometers for groundwater elevation 
measurements and lithologic and geotechnical data was collected at each location. Air 
rotary hammer drilling was used for installation of all piezometers. Hollow-stem 
auger drilling was used for lithologic and geotechnical data collection at all borings. 
Rock coring was performed at three locations (B-619d, B-623, and B-627d). Standard 
penetration tests (blow counts) were taken at all locations. 

Water level measurements were taken at each of the piezometers at time of boring, 
and at 24 hours, and at least seven days after boring. Piezometer measuring points 
were surveyed to state plane coordinates and mean sea level elevation. 

2.3.2.1 Borehole Drilling 
Borehole drilling methods included air rotary, hollow-stem auger, and conventional 
rock coring. An onsite hydrogeologist or geotechnical engineer observed the drilling 
operations and logged the borings. Boring logs from this investigation are provided in 
Appendix A.  

Air Rotary Drilling 
Air rotary drilling, utilizing a Schram truck-mounted rig, was conducted at 18 
locations within the proposed landfill expansion facility boundary. The air rotary 
boreholes were drilled solely for the purpose of piezometer installation in bedrock. 
Lithologic samples were collected continuously using a shovel to observe the cuttings 
blown from the bottom of the hole. Grain size of the cuttings was observed to be a 
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function of the properties of the rock being drilled. Potable water was occasionally 
added to suppress drilling dust. Logs of the borings are presented in Appendix A. 

Fractures or soft spots were noted during drilling by observing the drill rods and by 
listening to the drill chatter. Fractures were often indicated by the sudden drop of the 
drill rod and a pause in the chatter from the percussion bit. Coarser drill cuttings 
and/or clay were often noted in samples associated with fracture zone observations. 

The bedrock boreholes typically targeted the first water-bearing zones appropriate for 
piezometer installation. Air lift yield aquifer tests were periodically performed as 
described below to determine whether groundwater had been encountered, and to 
estimate the groundwater yield. Upon reaching the desired depth of the blow test, the 
drill string was retracted 20 feet from the bottom of the hole. After waiting five to ten 
minutes, the string was lowered to the bottom of the hole and the on-board air 
compressor was used to blow air through the drill string at the bottom of the hole, 
blowing water up and out of the top of the borehole. After allowing a sufficient 
period to remove accumulated water from the hole and dry out any added water, the 
amount of water being discharged at the surface was noted. Water production varied 
from none, to a fine mist, to a stream of water flowing from the boring. The observed 
rate of water production is generally related to the amount of water yielded from the 
formation to the hole. The observed rate of water production can be also affected by 
the depth of immersion of the drill string into the water column, the amount of time 
the boring has been allowed to sit prior to blowing, and the length of time the 
blowing occurs. In some cases pressure from the air discharge can inhibit movement 
of water from the formation into the borehole, depending upon the location of the 
discharge interval relative to the drill bit.  

The air rotary drilled boreholes were developed by blowing water out of the hole 
using the drill string placed at the bottom of the hole until the boring was 
substantially free of cuttings. 

Often when a substantial fracture was encountered during drilling, water would be 
observed at the surface during the drilling operation. This was interpreted to indicate 
the presence a water-bearing feature such as fracture(s) or weathered zone, and the 
borehole would be terminated soon after. 

Hollow-Stem Auger Drilling 
Hollow-stem auger drilling was conducted at all locations, including those at which 
air rotary drilling was performed, to obtain lithologic information. All hollow-stem 
auger borings were advanced to the top of the bedrock (auger refusal). 

Hollow-stem auger drilling was done from an ATV-mounted CME 750 drill rig using 
6-inch outer diameter augers. Lithologic information was obtained through split 
spoon sampling at 5-foot intervals as outlined in ASTM D-1586. Blow counts were 
noted during the driving of the split spoon sampler, and the sample was examined by 
the field geologist or geotechnical engineer and described for color, grain size, USCS 
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code, texture, and moisture content. The field descriptions were entered into the field 
logbook or dedicated field log sheets. Hollow-stem auger borehole logs are provided 
in Appendix A. The depth of the first encountered blow count of 50 within a 6-inch 
interval was used to define the top of partially weathered rock (PWR), and the depth 
of auger refusal was used to define the top of bedrock. 

Rock Coring 
The CME 750 rig used for HSA drilling was also used for rock coring. During this 
investigation, three locations in the proposed expansion facility area (B-619d, B-623, B-
627d) were cored. Standard rock coring techniques were utilized as described below.  
An HQ size double tube core barrel was attached to the bottom of the drill string and 
lowered to the bottom of the borehole. The desired coring interval was drilled using a 
carbide-toothed bit and clear, potable water. When the desired interval had been 
penetrated, the entire core barrel and attached drill string were retrieved from the 
hole. The inner sample tube was extracted from the outer barrel and the core sample 
was then extruded and placed into a box labeled with the core ID and depth intervals. 

The rock core was described in the field and the percent recovery, rock quality 
designation (RQD), and frequency of fractures were noted. Observed fracture infilling 
or coatings, gross mineralogy, and other notable characteristics were also recorded. 
The RQD was determined by dividing the total length of rock fragment longer than 
four inches over the total core length. Logs of the core borings are contained in 
Appendix A and discussed further in Section 2.4.4. 

2.3.2.2 Piezometer Installations 
As discussed in Section 2.3.2, 18 piezometers were installed during the current 
investigation in the proposed expansion area. The piezometer locations are shown on 
Sheet 2-1 along with those installed during the previous phases. A summary of 
piezometer and well completion data for the C&D area borings and selected borings 
from the Subtitle D area is provided in Table 2-1. 

All piezometers installed during this investigation were screened in bedrock, with the 
exception of B-619, B-624, and B-627 which were installed across the 
bedrock/PWR/saprolite boundary. Completion diagrams are provided along with 
the borehole logs in Appendix A. Piezometers installed in bedrock targeted the first 
significant water-bearing zone for completion, as indicated by the air-lift testing 
during air rotary drilling (Section 2.3.2.1). 

 



Table 2-1
Summary of Piezometer and Monitoring Well Completion Data

 Buncombe County Construction and Demolition Landfill Facility Expansion
Site Hydrogeologic Investigation

Monitoring Top of Ground Top Top
Completion Drilling Interval PVC Surface Borehole Screen of of Borehole Casing

Well Date Method Lithology Elevation Elevation Depth Interval Sand Seal Diam Diam
(feet msl) (feet msl) (feet bgs) (feet bgs) (feet bgs) (feet bgs) (inches) (inches)

B-129 8/19/1992 Core Bedrock 2015.06 2013.30 42.0 37.0-42.0 - 17.0 3.0 2.0
B-227 11/23/1993 Air Bedrock 1853.80 1851.80 23.0 13.0-23.0 8.0 6.0 6.0 2.0
B-234 11/16/1993 Air Bedrock 2094.66 2092.70 80.0 70.0-80.0 68.0 66.0 6.0 2.0
B-236 11/18/93 Air Bedrock 2051.88 2049.98 61.0 46.0-61.0 44.0 42.0 6.0 2.0
B-238 11/16/1993 Air Bedrock 2041.82 2041.40 144.0 129.0-144.0 127.0 125.0 6.0 2.0
B-250 11/16/93 Air Bedrock 2076.23 2074.90 182.0 167-182 165.0 163.0 6.0 2.0
B-335 10/18/94 Air Bedrock 2074.68 2071.60 101.0 91.0-101.0 85.0 83.0 6.0 2.0
B-361 10/18/94 Air Bedrock 2018.19 2015.30 96.0 85.5-95.5 83.0 81.0 6.0 2.0
B-364 10/18/94 Air Bedrock 2011.14 2008.40 100.0 90.0-100.0 86.5 84.0 6.0 2.0
B-365 10/26/94 Air Bedrock 1872.89 1870.30 140.0 90.0-100.0 78.0 74.0 6.0 2.0
MW-4 10/10/1996 Air Bedrock 1944.35 1942.48 25.0 9.0-24.0 7.0 5.0 8.0 2.0
MW-4d 10/11/1996 Air Bedrock 1944.64 1942.79 55.0 45.0-55.0 43.0 40.0 6.0 2.0
MW-5 10/9/1996 Air Bedrock 1977.12 1975.39 50.0 35.0-50.0 33.0 31.0 6.0 2.0
MW-5d 10/10/1996 Air Bedrock 1976.92 1975.31 81.0 71.0-81.0 68.5 66.5 6.0 2.0
MW-6 10/8/1996 Air Bedrock 1987.34 1985.39 50.0 35.0-50.0 27.0 24.5 6.0 2.0
MW-7 10/4/1996 Air Bedrock 2022.83 2020.72 61.0 41.0-57.0 40.0 38.0 6.0 2.0
MW-9 10/9/1997 Air Bedrock 1966.54 1963.70 25.8 10.8-25.8 8.0 6.0 6.0 2.0
MW-9d 10/9/1997 Air Bedrock 1966.34 1963.60 39.5 34.5-39.5 31.5 29.0 6.0 2.0
MW-12 6/25/2002 Air Saprolite/Bedrock 1947.39 1944.71 17.0 7.0-17.0 5.0 3.0 6.0 2.0
MW-12d 6/25/2002 Air Bedrock 1947.10 1944.28 37.0 27.0-37.0 25.0 23.0 6.0 2.0
MW-14 4/5/2006 Air PWR/Bedrock 1952.78 1949.8 49.0 39.0-49.0 35.5 33.0 6.0 2.0
MW-14d 4/5/2006 Air Bedrock 1953.77 1950.5 88.0 78.0-88.0 74.5 71.5 6.0 2.0
B-401 3/13/1997 Air Bedrock 1949.58 1947.90 16.0 11.0-16.0 9.5 7.5 6.0 2.0
B-402 3/13/1997 Air Bedrock 1972.29 1970.04 17.5 12.5-17.5 10.5 8.5 6.0 2.0
B-402H 3/17/1997 HSA Saprolite 1972.78 1970.42 10.5 5.0-10.0 3.0 1.5 8.0 2.0
B-403 3/13/1997 Air Bedrock 2019.14 2016.48 30.0 25.0-30.0 23.0 21.0 6.0 2.0
B-404 3/12/1997 Air Bedrock 2031.06 2028.50 20.0 15.0-20.0 13.0 11.0 6.0 2.0
B-404H 3/18/1997 HSA Saprolite 2030.54 2028.50 13.5 5.0-11.0 3.0 1.5 8.0 2.0
B-405 3/12/1997 Air Bedrock 2048.57 2045.49 37.0 27.0-37.0 24.0 22.0 6.0 2.0
B-406 3/13/1997 Air Bedrock 2040.69 2037.00 76.0 66.0-76.0 64.0 62.0 6.0 2.0
B-407 3/13/1997 Air Bedrock 2051.25 2048.53 39.0 29.0-39.0 26.0 24.0 6.0 2.0
B-407H 3/20/1997 HSA Saprolite 2051.22 2048.03 15.0 10.0-15.0 8.0 6.0 8.0 2.0
B-408 3/11/1997 Air Bedrock 2099.07 2096.43 94.0 84.0-94.0 77.0 75.0 6.0 2.0
B-409 3/11/1997 Air Bedrock 2067.67 2065.36 60.0 50.0-60.0 47.5 45.5 6.0 2.0
B-515 4/29/1999 Air Saprolite/Bedrock 2031.78 2028.40 31.5 21.5-31.5 19.5 17.5 6.0 2.0
B-516 5/3/1999 Air Bedrock 1993.68 1990.74 25.6 15.6-25.6 13.6 11.6 6.0 2.0
B-517 5/4/1999 Air Bedrock 2079.04 2076.16 70.0 60.0-70.0 58.0 56.0 6.0 2.0
B-517d 5/4/1999 Air Bedrock 2078.80 2075.55 85.0 75.0-85.0 73.0 71.0 6.0 2.0
B-518 5/4/1999 Air Saprolite/Bedrock 2005.54 2002.53 10.0 5.0-10.0 4.5 2.5 6.0 2.0
B-518d 10/10/2001 Air Bedrock 2005.21 2002.49 25.0 15.0-25.0 14.0 12.0 6.0 2.0
B-519 5/3/1999 Air Saprolite/Bedrock 1958.36 1955.54 10.5 5.5-10.5 4.5 2.5 6.0 2.0
B-519d 5/3/1999 Air Bedrock 1959.11 1956.24 101.0 91.0-101.0 89.0 87.0 6.0 2.0
B-520 10/10/2001 Air Bedrock 2044.17 2041.53 85.0 75.0-85.0 70.0 68.0 6.0 2.0
B-521 10/11/2001 Air Bedrock 2005.18 2002.64 52.0 42.0-52.0 39.0 37.0 6.0 2.0
B-522 10/10/2001 Air Bedrock 2058.81 2055.14 80.0 60.0-70.0 45.0 43.0 6.0 2.0
B-523 10/10/2001 Air Bedrock 2080.42 2077.76 137.0 117.0-137.0 116.0 114.0 6.0 2.0
B-524 10/8/2001 Air Bedrock 2101.58 2098.63 88.0 78.0-88.0 76.0 74.0 6.0 2.0
B-525 10/8/2001 Air Bedrock 2061.44 2058.74 53.0 43.0-53.0 40.0 38.0 6.0 2.0
B-526 10/11/2001 Air Bedrock 1972.51 1969.51 38.0 28.0-38.0 25.0 23.0 6.0 2.0
B-527 10/11/2001 Air Bedrock 1976.56 1973.66 32.0 22.0-32.0 20.0 18.0 6.0 2.0
B-528 10/11/2001 Air Bedrock 1950.28 1947.66 62.0 52.0-62.0 49.0 47.0 6.0 2.0
B-529 10/11/2001 Air Bedrock 1962.31 1959.58 26.0 16.0-26.0 14.0 13.0 6.0 2.0
B-530 10/10/2001 Air Bedrock 2045.01 2042.24 100.0 80.0-100.0 78.0 76.0 6.0 2.0
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Table 2-1
Summary of Piezometer and Monitoring Well Completion Data

 Buncombe County Construction and Demolition Landfill Facility Expansion
Site Hydrogeologic Investigation

Monitoring Top of Ground Top Top
Completion Drilling Interval PVC Surface Borehole Screen of of Borehole Casing

Well Date Method Lithology Elevation Elevation Depth Interval Sand Seal Diam Diam
(feet msl) (feet msl) (feet bgs) (feet bgs) (feet bgs) (feet bgs) (inches) (inches)

Pumping Well 10/12/2001 Air Bedrock 1955.22 1953.52 110.0 Open -- -- 6.0 6.0
B-600 9/27/2004 Air Bedrock 2055.38 2052.74 65.0 55.0-65.0 47.0 44.0 6.0 2.0
B-601 9/27/2004 Air Bedrock 2056.24 2053.61 117.0 107.0-117.0 102.0 97.0 6.0 2.0
B-602 10/5/2004 Air Bedrock 1978.36 1975.52 46.0 36.0-46.0 33.0 30.0 6.0 2.0
B-603 10/5/2004 Air Bedrock 2013.61 2010.97 80.0 70.0-80.0 67.0 64.0 6.0 2.0
B-605 10/6/2004 Air Saprolite/Bedrock 1956.65 1953.98 26.0 16.0-26.0 13.0 10.0 6.0 2.0
B-606 10/6/2004 Air Bedrock 2027.09 2024.28 75.0 65.0-75.0 62.0 59.0 6.0 2.0
B-609 10/6/2004 Air Bedrock 1955.19 1952.18 80.0 70.0-80.0 68.0 65.0 6.0 2.0
B-614 6/10/2008 Air Bedrock 2047.20 2043.80 42.0 32.0-42.0 30.0 28.0 6.0 2.0
B-615 6/12/2008 Air Bedrock 2023.40 2021.60 51.0 41.0-51.0 40.0 38.0 6.0 2.0
B-616 6/11/2008 Air Bedrock 1984.90 1981.50 31.0 21.0-31.0 20.5 18.5 6.0 2.0
B-617 6/12/2008 Air Bedrock 2008.70 2005.40 61.0 51.0-61.0 49.0 47.0 6.0 2.0
B-618 6/12/2008 Air Bedrock 1987.20 1985.50 50.0 40.0-50.0 38.5 36.5 6.0 2.0
B-619 6/10/2008 Air Saprolite/PWR 1965.70 1963.50 14.0 4.0-14.0 3.5 2.0 6.0 2.0
B-619d 6/10/2008 Air Bedrock 1966.70 1963.40 30.0 20.0-30.0 17.0 15.0 6.0 2.0
B-620 6/11/2008 Air Bedrock 1940.90 1937.90 51.5 41.5-51.5 41.0 39.0 6.0 2.0
B-621 6/11/2008 Air Bedrock 1975.80 1972.50 45.0 35.0-45.0 34.0 32.0 6.0 2.0
B-622 6/18/2008 Air Bedrock 2006.40 2003.10 46.0 36.0-46.0 34.0 32.0 6.0 2.0
B-623 6/13/2008 Air Bedrock 2027.40 2025.20 99.0 89.0-99.0 88.0 86.0 6.0 2.0
B-624 6/18/2008 Air Saprolite/Bedrock 1980.50 1977.20 20.0 10.0-20.0 8.0 6.0 6.0 2.0
B-624d 6/18/2008 Air Bedrock 1980.40 1977.10 40.0 30.0-40.0 28.0 26.0 6.0 2.0
B-625 6/13/2008 Air Bedrock 2054.40 2051.90 62.0 52.0-62.0 51.5 49.5 6.0 2.0
B-626 6/17/2008 Air Bedrock 1981.30 1979.70 57.0 47.0-57.0 45.0 43.0 6.0 2.0
B-627 6/17/2008 Air PWR/Bedrock 1883.00 1880.10 18.0 8.0-18.0 11.0 9.0 6.0 2.0
B-627d 6/17/2008 Air Bedrock 1882.80 1880.30 124.0 114.0-124.0 112.0 110.0 6.0 2.0
B-628 6/12/2008 Air Bedrock 1990.30 1987.90 63.5 53.5-63.5 52.0 50.0 6.0 2.0
Notes: 
Piezometers in bold located in proposed Facility expansion areas during current or previous investigations.
Piezometers in italics have been abandoned during previous construction/investigation activities.
--Pumping Well is located in former Phase III area and is completed with 6-inch PVC casing from 0 - 20 ft. bls, and open hole in bedrock from 20 - 110 ft. bls.
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The piezometers were constructed of 2-inch diameter PVC casing, with 10-feet of 
0.010-inch slotted screen. A filter pack consisting of #2 coarse sand was placed around 
the well screen to a minimum of 2 feet above the top of the screen. The piezometer 
annulus above the filter pack was then sealed with a minimum 2 feet of 3/8-inch 
bentonite pellets, which were hydrated with potable water (if above groundwater). 
The bentonite was given a period of at least several hours to set up prior to grouting. 
The remainder of the annulus was completed with portland cement/bentonite grout 
tremmied into place. The piezometers were finished with locking steel protective 
covers and a 3-foot by 3-foot concrete pad. 

2.3.2.3 Water Level Measurements 
Water level measurements were made using an electronic water level meter with 
accuracy to 1/100 of a foot. Water level measurements were taken relative to a 
permanent reference point marked at the top of each PVC well casing (TOC). Water 
levels were monitored both during and after the completion of the piezometer. Water 
level measurements were made, to the extent possible, immediately after piezometer 
completion, at least seven days after boring, and monthly thereafter. Water level 
measurements are discussed in Section 2.8. 

2.3.2.4 Well Surveying 
Ed Holmes and Associates, Inc. conducted the surveying. All of the newly installed 
piezometers and borings were surveyed to the TOC measuring point and to ground 
surface. Northing and easting coordinates were reported in the State Plane coordinate 
system, and elevations were surveyed to mean sea level (msl). 

2.4 Site Geology 
The Buncombe County landfill site area has been preliminarily mapped by the North 
Carolina Geological Survey (Wiener 1970). This mapping shows that the site is 
underlain to a large degree by granite gneiss and biotite gneiss. The North Carolina 
Geological Survey did not differentiate a part of the central portion of the proposed 
landfill site during this mapping effort. Exploratory drilling in this area has shown it 
to also be underlain by gneiss. Marble and calc-silicate units have been mapped in a 
small area near the French Broad River along the southern boundary of the site. Each 
of these materials was observed in outcrop during reconnaissance at the site (CDM 
1993). A narrow band of calc-silicate rock was also mapped within the vicinity of the 
C&D Landfill although current and past field investigations did not confirmed this. If 
present, this unit likely consists of small compositional distinctions relative to 
adjacent materials. Exploratory activities in this portion of the site have not identified 
any significant differences in engineering and hydrologic properties that could be 
associated with this unit relative to the surrounding gneiss. A small east-west 
trending diorite dike was mapped along the bottom of Blevin Branch just north of the 
east half of the Cell 1-3 Area. This structure is truncated by a younger granite gneiss 
unit that comprises much of the bedrock underlying the proposed landfill site. This 
infers that this unit was not emplaced along a zone of recent structural weakness. The 
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reported dike location lies beyond the limits of any proposed landfill development, 
and diorite intrusions were not observed in any of the exploratory borings at the site. 

Further mapping at the site was performed in November 1998 at the outcrop/road cut 
at the entrance to the facility and in the exposed bedrock within the Phase I and II 
C&D area. During this investigation, it was determined that the dominant lithology in 
the area is migmatic biotite hornblende gneiss. Layers of amphibolite were found with 
the gneiss as dikes or small pods within the gneiss. Although present in the area, no 
calc-silicate rocks, granitic rocks, meta-sedimentary rocks, or marble were observed in 
the road cut or exposures at the C&D site (GRAM, 1999). 

The migmatic biotite gneiss and interlayered amphibolite sequence is common in the 
Blue Ridge of North Carolina. The parent rocks were likely igneous in origin and 
apparent lithology differences are simply chemical differences between the parent 
rocks. The amphibolite has a higher percentage of mafic minerals than the gneiss, 
which indicates that the parent rock of the amphibolite was more mafic than the 
parent rock of the gneiss (GRAM, 1999).  

Structural Geology 
Foliation attitude measurements were collected during the 1970 mapping effort and 
supplemented during the 1993 field reconnaissance and 1998 field mapping. They 
indicate that foliation generally strikes between N 0° and N 40° east and dips 60° to 
90° southeasterly. This generally coincides with the dominant structural fabric 
inferred by the regional mapping. Variations from the normal foliation orientation 
were observed in small areas of outcrop throughout the site, and appear to be related 
to localized deformation associated with the metamorphism of the rock mass or 
disturbance of the observation area by mass wasting. 

Photolineament trends at the site and adjacent areas compiled from aerial 
photographs (CDM 1993) identified three prominent lineament directions. One 
direction trends N 10° to 30° east and is believed to be associated with the dominant 
structural fabric of the region as well as foliation of the rock mass. Most of the 
photolineaments within the site also appeared to be associated with the first pattern.  
The other lineament trends are east west and North 52° west. 

Measurements of fracture orientations were also recorded from observed 
outcroppings during reconnaissance of the site (CDM 1993) and during the additional 
geologic investigation (GRAM, 1999). Analysis of these measurements indicated two 
major trends to be present at the site. These are North 50° east and North 15° west. 
Secondary sets of fracturing range from North 35° west to North 85° west. A strong 
association between the orientation of fractures and foliation was not apparent in the 
outcrops. 

Possible faulting was observed along the road cut at the entrance road. This faulting is 
representative of post-tectonic movement. The possible faults are likely of limited 
displacement extent, and were not observed within the C&D area (GRAM, 1999). 
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A very low frequency (VLF) electromagnetic geophysical survey was also conducted 
at the Site (CDM 1993) for the purpose of identifying anomalous conductive features, 
which could represent zones of preferential groundwater occurrence and/or 
movement. Specifically, many of the photolineaments described above were 
evaluated by the survey. The survey identified nine features of potential interest at 
depths of 30 to 50 meters (98 to 164 feet). Many of these features as well as the 
photolineaments were targeted by exploratory borings drilled during the subsequent 
investigations. 

Drilling Observations 
Three major lithologic distinctions have been made at the C&D Landfill expansion 
area based on observations from the subsurface investigations. These are saprolite, 
partially weathered rock (PWR), and bedrock. In addition, small localized areas of 
alluvium or colluvium were encountered near the drainage features. Descriptions of 
each material encountered at specific boring locations are provided in the boring logs 
contained in Appendix A. Each of these units is discussed in the following sections of 
the report. Table 2-2 lists all of the borings drilled at the C&D Landfill, and the depths 
at which the above geologic units were encountered.  

2.4.1 Alluvium 
Alluvium was present in small localized areas within or adjacent to the drainage 
features. Where present, the alluvium was found to be of limited thickness and 
overlaid PWR or bedrock. The alluvium ranged in grain size from clayey silt to poorly 
sorted sands. 

2.4.2 Saprolite 
Saprolite (saprolitic soils) is the uppermost unit present at the site and is present at 
most locations except small areas where bedrock outcrops at the ground surface or 
depth to bedrock is shallow, and within most surface drainage features. These soils 
are derived from the in-place chemical weathering of bedrock materials, and are 
characterized by the presence of relict mineral fabric from the original rock mass.  

These soils are typically finer near the surface where weathering is more advanced, 
and become more dense and coarser in texture as weathering decreases with depth.  

Near the surface, they are generally comprised of fine sandy silt, or sandy silt with 
clay, with silty clay or silty sand present at some locations. They grade to silty sand or 
very sandy silt with depth. Hard rock fragments are commonly present in this lower 
portion of the saprolite, which become larger and more frequent with depth. The 
contact with the underlying partially weathered rock (PWR) or bedrock is typically 
gradational. These soils are typically red/brown or light to dark brown in color and 
usually micaceous with some areas being very micaceous. Locally grey, dark grey or 
green/grey colors are present, and appear to correlate with an abundance of mafic 
minerals in the rock mass from which they were derived. Thin zones of light brown or 
orange/tan lean clay are also present locally. As noted in Section 2.3.2.1, for the 
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purposes of this investigation, the base of the saprolite unit has been defined as the 
depth at which soil penetration using a split spoon sampler is greater than 50 blows 
per 6 inches. This definition is used to permit consistent identification of the 
soil/PWR contact. 

Across the entire C&D Landfill area, saprolite was observed to range in thickness 
from not present at borings B-606, -607, -620, -and -626 to greater than 51.5 feet at B-
250, and averaged about 11 feet. The unit was generally thicker beneath hills and 
ridges than side slopes or drainages. Within the proposed C&D Landfill expansion 
facility area, the saprolite ranges from not present (B-620 and 626) to 19 feet in 
thickness (B-615, -618, and 623) and averages about 9 feet in thickness. The saprolitic 
soils were typically moist but none were observed to be saturated. 

2.4.3 Partially Weathered Rock 
At most locations, the saprolite transitionally grades in to the parent bedrock from 
which it is derived. This transition zone has been designated the PWR unit. It is 
characterized by deeply weathered bedrock material that can be penetrated by 
hollow-stem augers but requires more than 50 blows to advance a split spoon sampler 
6 inches. The PWR consists of reddish brown, brown, white, or yellow/orange silty 
sand with some intervals of sandy silt. Hard, but weathered, rock fragments were also 
present at many locations. Local areas of tan to cream coloration are also present as 
well as grey/green materials derived from mafic rich rocks. 

Within the proposed C&D Landfill expansion facility area, the PWR unit ranged from 
1.5 feet (B-619 and 627) to 10 feet (B-618 and 623), and averaged about 5 feet in 
thickness. Overall, PWR thickness across the entire Buncombe County site ranges 
from absent where saprolite directly overlies bedrock to more than 44 feet, but within 
the existing and proposed expansion areas of the C&D landfill, the average PWR 
thickness is around 6 feet. 

The PWR was observed to be dry or only slightly moist at most locations. Saturated 
conditions were observed in the PWR at only a few locations (B-619 and 627) within 
the proposed expansion area. 

2.4.4 Bedrock 
Bedrock beneath the entire site consists of foliated and banded hornblende biotite 
(undifferentiated) gneiss and granitic gneiss and, to a lesser extent, amphibolite and 
biotite or quartz biotite schist. The undifferentiated gneiss is light grey in color where 
unweathered, and generally comprises 60 to 95 percent of the rock mass. The more 
mafic foliation planes and bands consist of hornblende or other amphibole minerals 
and/or biotite, are dark grey/green to black in color, and are generally more strongly 
foliated, especially where biotite is prevalent. Locally, these minerals compose most of 
the rock mass, and are only interbanded with granitic minerals. Accessory minerals 
consist of pyroxenes, pyrite, and quartz. Quartz veins are also indicated by the 
presence of white quartz float on the ground surface at some locations and were 
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occasionally observed in some of the exploratory borings. The quartz was sometimes 
observed to contain vugs (cavities) and exhibit the familiar crystalline structure. 

Weathering in the bedrock is highly variable and generally decreases with depth. 
However, at many locations, some zones are completely decomposed to soil-like 
materials similar to those described for the PWR unit, but occur within or beneath 
intervals of more competent material. Similarly, engineering and hydrologic 
properties (i.e., porosity) are probably much the same in these intervals as those 
within the PWR unit. 

Observations from the rock cores collected during the current investigation from 
borings B-619d, B-623, and B-627d generally showed a moderate to highly fractured 
top 5 to 10 feet of bedrock that becomes increasingly competent with depth. Recovery 
values ranged from 40 to 100 percent and RQD values ranged from 10 to 85 percent in 
the expansion area. 

Observations from core samples collected during this and previous investigations in 
both the C&D and Subtitle D landfill areas indicate that the bedrock is variably 
fractured. RQD values of the recovered cores ranged from 0 percent up to 100 percent, 
and averaged 47 percent. Recovery values ranged from 0 percent to 100 percent and 
averaged 68 percent. In general, recovery and RQD values increased with depth. A 
summary of the rock core observations from the entire site is presented in Table 2-3. 

Based on observation of the cores, a conservative effective porosity of about 1 to 5 
percent has been estimated for the competent bedrock material. This estimated 
effective porosity is higher than the 0.1 percent value estimated by Heath (1980) for 
bedrock aquifers in granite gneiss in the Blue Ridge Province. Fracture density in 
bedrock generally decreases with depth. Site estimates were made from shallow 
bedrock cores, and Heath's estimate was for bedrock aquifer systems as a whole, 
therefore the Site estimate for effective porosity is correspondingly higher than 
Heath's 0.1 percent value. 

Although oxidation was frequently observed to parallel foliation planes, fractures 
were not generally observed to be closely oriented with the foliation, except in the 
upper portion of the core. This is consistent with fracture orientation measurements 
made in surface outcroppings as previously discussed (CDM 1993, GRAM 1999). The 
fractures were mostly open and oxidized. Some were filled with orange clay. 



Table 2-2
Summary of Lithological Data

Buncombe County Construction and Demolition Landfill Facility Expansion
Site Hydrogeologic Investigation

Surveyed
Ground Depth Depth

Borehole Surface to PWR to Bedrock
Elevation PWR Elevation Bedrock Elevation
(feet msl) (feet bgs) (feet msl) (feet bgs) (feet msl)

CD-1 2021.49 4.0 2017.5 13.0 2008.5
CD-2 2021.95 3.5 2018.5 16.0 2006.0
CD-3 2017.54 3.5 2014.0 8.5 2009.0
CD-4 2015.95 9.0 2007.0 20.0 1996.0
CD-5 2015.55 4.0 2011.6 18.5 1997.1
CD-6 2015.40 3.5 2011.9 12.0 2003.4
CD-7 2011.85 8.5 2003.4 13.0 1998.9
CD-8 1996.27 4.5 1991.8 19.0 1977.3
CD-9 1969.61 8.5 1961.1 17.0 1952.6
CD-10 1968.48 8.5 1960.0 12.0 1956.5
B-1 2090.0 19.0 2071.0 19.0 2071.0
B-1A 2070.0 16.0 2054.0 25.0 2045.0
B-4 2040.0 12.0 2028.0 18.7 2021.3
B-5 1895.0 3.0 1892.0 8.0 1887.0
B-5A 1900.0 6.0 1894.0 10.0 1890.0
B-6 2020.0 28.0 1992.0 33.6 1986.4
B-7 2000.0 3.0 1997.0 6.0 1994.0
B-7A 2010.0 3.0 2007.0 6.0 2004.0
B-8 ND 12.0 2037.0 25.0 2024.0
B-8A ND 8.0 2033.0 21.0 2020.0
BC-127 1851.8 10.0 1841.8 12.0 1839.8
B-227 - - - - -
BC-128 1942.2 10.0 1932.2 16.5 1925.7
BC-129 2013.3 15.0 1998.3 22.0 1991.3
BC-133 2092.5 9.0 2083.5 22.5 2070.0
BC-134 2092.7 35.0 2057.7 38.0 2054.7
B-234 - - - - -
BC-135 ND 15.0 2057.0 17.5 2054.5
B-335 0.0 - - - -
BC-136 ND 10.0 2040.0 20.5 2029.5
B-236 2050.0 - - - -
BC-137 1922.0 3.0 1919.0 9.0 1913.0
B-138 2041.4 25.0 2016.4 69.0 1972.4
B-238 - - - -
B-250 2074.9 51.5 2023.4 51.5 2023.4
B-358 1956.6 5.0 1951.6 10.0 1946.6
B-359 2045.5 36.0 2009.5 45.0 2000.5
B-360H 1974.4 11.0 1963.4 14.0 1960.4
B-360 1977.5 - - - -
B-360A 1977.1 - - - -
B-361 2015.3 13.0 2002.3 27.0 1988.3
B-362H 1956.7 11.0 1945.7 21.0 1935.7
B-362 1959.0 - - - -
B-364 2008.4 3.0 2005.4 15.5 1992.9
B-365 1870.3 4.0 1866.3 5.0 1865.3
B-366 1929.9 - - - -
B-366A 1930.8 3.0 1927.8 5.5 1925.3
B-367 1943.9 9.0 1934.9 11.5 1932.4
B-367A 1944.6
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Table 2-2
Summary of Lithological Data

Buncombe County Construction and Demolition Landfill Facility Expansion
Site Hydrogeologic Investigation

Surveyed
Ground Depth Depth

Borehole Surface to PWR to Bedrock
Elevation PWR Elevation Bedrock Elevation
(feet msl) (feet bgs) (feet msl) (feet bgs) (feet msl)

B-401 1947.5 4.5 1943.0 5.5 1942.0
B-402 1970.4 3.5 1966.9 10.5 1959.9
B-403 2016.4 12.0 2004.4 22.5 1993.9
B-404 2028.3 8.0 2020.3 13.5 2014.8
B-405 2045.5 16.0 2029.5 22.5 2023.0
B-406 2037.0 18.5 2018.5 39.5 1997.5
B-407 2048.0 18.0 2030.0 30.0 2018.0
B-408 2096.4 38.0 2058.4 47.0 2049.4
B-409 2065.4 9.0 2056.4 15.5 2049.9
B-410 2048.9 19.0 2029.9 26.0 2022.9
MW-9/9d 1963.3 3.5 1959.8 9.5 1953.8
MW-12/12d 1947.4 5.0 1942.4 15.0 1932.4
MW-14/14d 1950.7 25.0 1925.7 33.0 1917.7
B-515 2028.4 14.0 2014.4 22.5 2005.9
B-516 1990.7 3.5 1987.2 8.0 1982.7
B-517 2076.2 33.5 2042.7 38.0 2038.2
B-517d 2075.6 33.5 2042.1 38.0 2037.6
B-518 2002.5 8.5 1994.0 10.0 1992.5
B-518d 2002.5 8.5 1994.0 10.0 1992.5
B-519 1955.5 8.5 1947.0 9.0 1946.5
B-519d 1956.2 8.5 1947.7 9.0 1947.2
B-520 2041.5 8.5 2033.0 15.0 2026.5
B-521 2002.6 3.5 1999.1 8.5 1994.1
B-522 2055.1 10.0 2045.1 17.0 2038.1
B-523 2077.8 13.5 2064.3 18.5 2059.3
B-524 2098.6 14.5 2084.1 61.0 2037.6
B-525 2058.7 9.5 2049.2 23.5 2035.2
B-526 1969.5 3.5 1966.0 4.0 1965.5
B-527 1973.7 19.0 1954.7 23.0 1950.7
B-528 1947.7 7.5 1940.2 8.0 1939.7
B-529 1959.6 3.5 1956.1 5.0 1954.6
B-530 2042.2 4.0 2038.2 6.5 2035.7
B-600 2052.7 13.5 2039.2 21.0 2031.7
B-601 2053.6 4.0 2049.6 20.0 2033.6
B-602 1975.5 9.0 1966.5 10.5 1965.0
B-603 2011.0 9.0 2002.0 19.0 1992.0
B-604 1955.2 4.5 1950.7 5.5 1949.7
B-605 1954.0 12.0 1942.0 13.0 1941.0
B-606 2024.3 0.0 2024.3 23.0 2001.3
B-607 2019.4 0.0 2019.4 6.0 2013.4
B-608 1991.7 4.0 1987.7 17.0 1974.7
B-609 1952.2 9.0 1943.2 11.5 1940.7
B-613 1951.7 3.5 1948.2 12.5 1939.2
B-614 2043.8 8.5 2035.3 11.5 2032.3
B-615 2021.6 19.0 2002.6 21.5 2000.1
B-616 1981.5 10.0 1971.5 12.0 1969.5
B-617 2005.4 5.5 1999.9 13.5 1991.9
B-618 1985.5 19.0 1966.5 29.0 1956.5
B-619 1963.5 13.0 1950.5 14.5 1949.0
B-619d 1963.4 13.0 1950.4 14.5 1948.9
B-620 1937.9 0.0 1937.9 3.5 1934.4
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Table 2-2
Summary of Lithological Data

Buncombe County Construction and Demolition Landfill Facility Expansion
Site Hydrogeologic Investigation

Surveyed
Ground Depth Depth

Borehole Surface to PWR to Bedrock
Elevation PWR Elevation Bedrock Elevation
(feet msl) (feet bgs) (feet msl) (feet bgs) (feet msl)

B-621 1972.5 5.0 1967.5 11.5 1961.0
B-622 2003.1 9.0 1994.1 12.0 1991.1
B-623 2025.2 19.5 2005.7 29.5 1995.7
B-624 1977.2 4.5 1972.7 9.5 1967.7
B-624d 1977.1 4.5 1972.6 9.5 1967.6
B-625 2051.9 4.5 2047.4 7.5 2044.4
B-626 1979.7 0.0 1979.7 7.5 1972.2
B-627 1880.1 9.5 1870.6 11.0 1869.1
B-627d 1880.3 9.5 1870.8 11.0 1869.3
B-628 1987.9 4.5 1983.4 11.5 1976.4

ND = Not Determined
Depth to bedrock defined by auger refusal.
PWR = Partially weathered rock, determined by a blow count of 50 for 6 inches.
Piezometers in bold installed in proposed C&D Facility expansion area.
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Table 2-3
Summary of Rock Core Observations

Buncombe County Construction and Demolition Landfill Facility Expansion
Site Hydrogeologic Investigation

Boring Core Run
Depth Recovery RQD Material Description
(feet) (%) (%)

Cell 3 (Subtitle D Landfill)
B-314C 33.5-37.5 85 42 Granite (Undifferentiated) Gneiss, soft, weathered

37.5-47.0 99 94 Granite (Undifferentiated) Gneiss
Cell 4 (Subtitle D Landfill)

BC-107A 56.4-61.4 15 0 Biotite Quartz Schist
61.4-66.4 20 0 Biotite Quartz Schist
66.4-71.4 25 0 66.4-67.5 - Biotite Quartz Schist, 67.5-71.4 - Amphibolite
71.4-46.4 15 0 Biotite Quartz Schist

B-503B 48.5-53.5 58 40 Undifferentiated Gneiss, w/bioite, feldspar, and some quartz, migmatic, very fractured to 58.5'
53.5-58.5 98 23.7 Undifferentiated Gneiss
58.5-63.5 100 90 Undifferentiated Gneiss
63.5-68.5 100 70 Undifferentiated Gneiss

Cell 5 (Subtitle D Landfill)
B-514B 18-20 85 37 Undifferentiated Gneiss, w/bioite, horneblend, feldspar, and some quartz

20-25 87 81 Undifferentiated Gneiss
25-30 98 86 Undifferentiated Gneiss
30-35 93 59 Undifferentiated Gneiss
35-38 67 46 Undifferentiated Gneiss

Cell 6 (Subtitle D Landfill)
B-702 30-40 94 Granitic Gneiss with biotite, feldspar, and quartz. Small quartz veins (~6") at 31.5' and 35.5'.
B-704 39-49 46 Granitic Gneiss with biotite, feldspar, and quartz. Soft, very fractured.
B-707 19-29 83 Granititc Gneiss with biotite, feldspar, and quartz. Increasing RQD with depth

C&D Landfill Phase 1 and 2
MW-9/9d 9.5-19.5 57 39 Undifferentiated Gneiss, w/ biotite, quartz, and feldspar (granitic texture)

19.5-24.5 35 7 Undifferentiated Gneiss, w/ biotite, and hornblende 
24.5-29.5 90 74 Undifferentiated Gneiss w/ biotite, horneblende, some plagioclase

C&D Landfill Expansion Phase 3
B-519d 9.0-14.0 37 25 Undifferentiated Gneiss, w/ plagioclase (60%), quartz (20%), and biotite (20%), trace hornblende

14-19 100 100 Undifferentiated Gneiss, w/ biotite (10-20%), and hornblende (<10%), pyrite @ 17.8'
19-24 100 100 Undifferentiated Gneiss
24-29 100 77 Undifferentiated Gneiss, migmatic, distinct foliation

B-521 8.5-18.5 67 55 Fractured, Undifferentiated Gneiss
B-530 6.5-16.5 28 27 Very Fractured, Undifferentiated Gneiss

16.5-21.5 27 31 Very Fractured, Undifferentiated Gneiss
C&D Landfill Expansion Phase 4

B-601 20-30 30 4 Very Fractured, Undifferentiated Gneiss w/ biotite, quartz, and feldspar (granitic texture)
C&D Landfill Expansion Phase 5

B-619d 15.5-20.5 88 56 Moderately fractured, foliated, horizontal to moderate dipping, Undifferentiated Gneiss (granitic texture)
20.5-25.5 95 85 Slightly fractured, foliated, horizontal to moderate dipping, Undifferentiated Gneiss (granitic texture)

B-623 31.5-36.5 40 10 Very fractured, foliated, horizontal to moderate dipping, Undifferentiated Gneiss (quartz/biotite)
36.5-41.5 68 37 Very fractured, foliated, horizontal to moderate dipping, Undifferentiated Gneiss (quartz/biotite)

B-627d 11.5-16.5 100 60 Moderately fractured, Undifferentiated Gneiss (quartz/feldspar/hornblende/mica). Granitic texture.
16.5-21.5 80 72 Slightly fractured, foliated, Undifferentiated Gneiss (quartz/feldspar/hornblende/mica). Granitic texture
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Depth from the ground surface to the top of the bedrock unit within the proposed 
C&D Landfill expansion facility area ranged from 3.5 feet in B-620 up to 29.5 feet in B-
623. The average bedrock depth was approximately 14 feet over the proposed Landfill 
expansion area. The depth to bedrock is generally relatively shallow in drainage 
features, and somewhat to significantly deeper beneath upland areas. Sheet 2-2 is a 
contour map of the bedrock surface developed from depth to bedrock measurements 
observed in the exploratory borings drilled throughout the proposed C&D landfill 
expansion site from this and previous investigations. It shows that the bedrock 
surface over most of the C&D Landfill area is a subdued reflection of surficial 
topography. 

2.5 Testing Program 
Rule .0538(a)(4)(A through E) requires a testing program for the borings which 
describes the frequency, distribution, and type of samples taken and the methods of 
analysis used to obtain the following information: Standard Penetration (SPT), 
particle size, soil classification (USCS), formation descriptions, and saturated 
hydraulic conductivity, porosity, effective porosity, and dispersive characteristics for 
each unit of the uppermost aquifer. 

2.5.1 Standard Penetration Testing 
Standard Penetration Testing (SPT), in accordance with ASTM Standard D1586, was 
conducted at all boring locations during this investigation. SPT’s were conducted over 
2-foot intervals, typically every 5-feet from ground surface to the termination of the 
boring. Blow counts were recorded for every 6-inches and recorded. In addition to 
SPT’s, pocket penetrometer or Torvane readings were collected on select intervals in 
boring B-616. The split spoon sample was placed in a sealed glass jar and labeled by 
boring number, sample number, depth interval, and blow count. Blow counts and 
pocket penetrometer or Torvane readings (where applicable) are presented on the 
boring logs in Appendix A. 

2.5.2 Particle Size Analysis and Unified Soil Classification 
Twenty split-spoon and 5 Shelby Tube samples were submitted for laboratory 
analysis for grain size, USCS classification, natural moisture content, and Atterberg 
limits. USCS classifications ranged from CH in B-623 (1-3) to SM in all but 5 samples. 
Natural moisture content values ranged from 4.5% in B-617 (8.5-10) to 39.1% in B-623 
(1-3).  

A summary of the geotechnical laboratory results is provided on Table 2-4. Copies of 
the laboratory data for the samples collected from the current investigation are 
provided in Appendix B. 

2.5.3 Formation Descriptions 
Formation descriptions were made in the field during drilling by an on-site geologist 
or geotechnical engineer. Formation descriptions were made according to moisture 
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content, consistency, color, and grain size. Alterations to the field descriptions, where 
necessary, were made according to the geotechnical laboratory results. Boring logs are 
provided in Appendix A. Copies of the field notes are provided in Appendix C. 

2.5.4 Geotechnical Laboratory Testing 
The following section provides laboratory analysis data for hydraulic conductivity, 
porosity, and effective porosity. 

Porosity and hydraulic conductivity values were obtained from 4 Shelby Tube and 3 
remolded samples collected during this investigation. Porosity values in the Shelby 
Tube samples ranged from 28.3% in B-627 (1-3) to 50.7% in B-623 (1-3) and 
undisturbed hydraulic conductivity values ranged from 6.10x10-8 cm/sec in B-623 (1-
3) to 5.50x10-6 cm/sec in B-618 (7-9). Permeability values in the remolded samples 
ranged from 2.50x10-7 cm/sec in B-618 to 3.20x10-6 cm/sec in B-619. 

Porosity values were calculated from the initial void ratio by using the equation: 

n= e/(1+e) 

where: 
n = porosity 
e = void ratio 

Values for effective porosity (ne) for these samples were estimated based on the grain 
size analyses applied to the soil classification triangle which illustrates the 
relationship between grain size and specific yield values (Johnson, 1967). Estimated 
effective porosity values ranged from 8% in the shallow clay (B-619 4-5) to 27% in the 
weathered saprolite (B-614 3.5-5.5 and B-615 4-6). Table 2-4 presents a summary of the 
results of the geotechnical laboratory testing for this and previous investigations. 

2.5.5 Dispersive Characteristics 
Estimates were made for longitudinal and transverse dispersivity for uppermost 
aquifer at the site, which in this case is the saturated PWR and shallow fractured 
bedrock. Using an equation provided by the Solid Waste Section, longitudinal 
dispersivity (Dl) was estimated by the following calculation: 

Dl= C x L x Kdh 
 nedl   
 
where:  

C = Constant (0.1) 
 L = Length to compliance boundary 
 K = hydraulic conductivity 
 dh/dl = hydraulic gradient 
 ne = effective porosity 
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For this estimation, an average hydraulic conductivity value of 5.8x10-4 cm/sec (1.65 
ft/day) was used. This value represents the average K of the piezometers installed 
during the current investigation, based on slug test analyses. An average hydraulic 
gradient of 0.2 ft/ft was used. This value represents measurements collected from 
piezometers installed in the expansion areas during the current investigation. An 
average effective porosity of 20% was used. This value represents the average 
estimated effective porosity from samples collected from the PWR and a conservative 
assumed effective porosity of 10% (Heath’s estimates are 0.1%). A length of 250 feet 
was used. This value represents the distance from the edge of waste to the compliance 
boundary. 

Using the estimations and calculation described above, an average longitudinal 
dispersivity of 80 ft was determined. Assuming that transverse dispersivity is 10% of 
longitudinal dispersivity, transverse dispersivity was estimated at 8 ft. 

Longitudinal dispersivity was also estimated using an EPA calculator. Assuming a 
plume length of 250 feet, longitudinal dispersivity ranged from 0.41 ft to 1500 ft. And 
by using the formula from Xu and Eckstein (1995) on the EPA site, assuming a plume 
length of 250 feet, a longitudinal dispersivity of 12.5 ft was determined. Therefore, 
transverse dispersivity ranges from 0.041 ft to 150 ft. 

These calculations are intended for unconsolidated materials. As discussed 
throughout this report, groundwater flow in bedrock is complex. Groundwater 
movement in bedrock is in the fractures and is limited by degree of fracturing, size of 
fractures, and interconnectedness of fractures. 

2.6 Other Investigative Techniques 
Rule .0538(a)(5) provides an option to discuss other techniques, other than borings, 
used to investigate the subsurface conditions at the site. The additional techniques 
include but are not limited to: geophysical well logs, surface geophysical surveys, and 
tracer studies. For this investigation, none of the above mentioned methods were 
used. However, during previous investigations, techniques including very low 
frequency (VLF) geophysical surveys (CDM 1993), geologic mapping (CDM, October 
2000), and pump testing (CDM, January 2002). 

2.7 Stratigraphic Cross Sections 
Rule .0538(a)(6) requires stratigraphic cross-sections identifying hydrogeologic and 
lithologic units and stabilized water table elevations. Figures 2-1 through 2-5 provide 
hydrogeologic cross-sections with flow nets for sections A-A’, B-B’, C-C’, D-D’, and E-
E’. Cross-section references for are provided on Sheet 2-1. 



Table 2-4
Summary of Geotechnical Testing Results

Buncombe County Construction and Demolition Landfill Facility Expansion
Site Hydrogeologic Investigation

Undisturbed Remolded Moisture Atterberg Limits
Boring No. Depth Lithology Sample USCS Natural Volume Porosity Effective Hydraulic Hydraulic Density

(feet) Type Classification Moisture Percent (%) Porosity Conductivity Conductivity Relationship Liquid Plastic Plasticity
Content Water (%) (cm/sec) (cm/sec) (pcf) Limit Limit Index

BC-133 10.0-15.0 PWR Bag SM
BC-133 21.5-22.5 PWR Bag SM
BC-135 0-5.0 Saprolite Bag SM
BC-138 14.0-19.0 Saprolite Bag SM
BC-138 19.0-19.7 Saprolite UD SM 30.4 43.0 5.30E-07
B-360 9.0-11.0 Regolith UD ML 26.4 41.2 2.90E-07
B-362 1.0-3.0 Saprolite UD SM 26.6 45.3 7.40E-05
B-362 9.4-11.4 Regolith UD SM 44.0
P-403 4.0-6.0 Saprolite UD CL-ML 98 34.0 1.50E-06 28 21 7
P-403 0.0-11.0 Saprolite Bag SC 37 24 13
P-404 0.0-13.0 Saprolite Bag SC-SM 25 21 4
P-405 0.0-12.0 Saprolite Bag CL 2.10E-07 38 24 14
P-406 22.0-22.7 Saprolite UD SM 52 46.0 32 NP -
P-406 0.0-20.0 Saprolite Bag SM 4.80E-06 32 29 3
P-407 10.0-11.0 Saprolite UD SC 88 44.0 9.50E-08 37 24 13
P-407 0.0-10.0 Saprolite Bag SC 34 18 16
P-408 0.0-11.0 Saprolite Bag SM 43 32 11
B-502A 18.5-20.0 Saprolite UD SM 19.5 51.8 2.00E-04 45 NP -
B-509A 7.0-9.0 Saprolite UD ML 15.2 48.9 9.90E-06 47 45 2
B-513A 12.0-14.0 Saprolite UD CL 21.5 22.2 1.50E-07 35 23 12
B-514A 10.0-12.0 Saprolite UD ML 20.0 65.7 1.20E-07 35 30 5
B-519B 3.5-5.0 Saprolite UD SM-SC 13.4 64.6 1.50E-05 28 22 6
B-600 5.0-7.0 Saprolite UD SM 15.3 39.7 2.00E-07 NP NP -
B-605 8.5-10 Saprolite Bag SM 5.2 NP NP -
B-608 13.5-15.0 PWR Bag SM 6.5 NP NP -
B-614 3.5-5.5 Saprolite Jar SM 12.3 27 25 25 0
B-615 4.0-6.0 Saprolite Jar SM 10.5 27 37 30 7
B-615 13.5-15.5 Saprolite UD SM 8.5 37.0 1.60E-06 33 25 8
B-615 14.0-15.0 Saprolite Jar SC-SM 16.4 26 24 20 4
B-616 2.5-4.5 Saprolite UD SC 16.9 33 20 13
B-617 8.5-10.0 PWR Jar SM 4.5 24 34 30 4
B-618 7.0-9.0 Saprolite UD SM 11.1 40.0 5.50E-06 36 32 4
B-618 9.0-11.0 Saprolite Jar SM 11.7 23 32 31 1
B-618 24.0-26.0 PWR Jar SM 8.9 21 28 25 3
B-618 Bulk ML 48.0 2.50E-07 91.0
B-619 4.0-5.0 Saprolite Jar CL 16.2 8 34 19 15
B-619 5.0-6.0 Saprolite Jar SM 11.2 22 NP NP -
B-619 9.0-11.0 Saprolite Jar SM 13.7 21 27 24 3
B-619 Bulk SM 34.2 3.20E-06 115.0

A Page 1 of 2
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Table 2-4
Summary of Geotechnical Testing Results

Buncombe County Construction and Demolition Landfill Facility Expansion
Site Hydrogeologic Investigation

Undisturbed Remolded Moisture Atterberg Limits
Boring No. Depth Lithology Sample USCS Natural Volume Porosity Effective Hydraulic Hydraulic Density

(feet) Type Classification Moisture Percent (%) Porosity Conductivity Conductivity Relationship Liquid Plastic Plasticity
Content Water (%) (cm/sec) (cm/sec) (pcf) Limit Limit Index

B-620 0.0-2.0 Alluvium Jar ML 15.1 16 21 20 1
B-621 0.0-2.0 Saprolite UD SM 11.5 32 24 8
B-621 9.0-11.0 PWR Jar SM 5.5 26 24 23 1
B-622 9.0-11.0 PWR Jar SM 10.9 22 NP NP -
B-622 Bulk SM 33.2 1.20E-06 117.1
B-623 1.0-3.0 Saprolite UD CH 38.7 50.7 6.10E-08 73 34 39
B-623 4.0-6.0 Saprolite Jar SM 29.8 24 48 33 15
B-623 14.0-16.0 Saprolite Jar SM 17.7 22 43 30 13
B-623 24.0-26.0 PWR Jar SM 6.0 20 NP NP -
B-624 0.0-2.0 Saprolite Jar SM 23.8 12 42 34 8
B-624 4.0-6.0 PWR Jar SM 6.4 21 NP NP -
B-625 4.0-5.0 PWR Jar SM 6.5 18
B-626 0.0-1.0 Saprolite Jar ML 16.8 15 30 23 7
B-626 3.0-5.0 Saprolite Jar SM 8.2 20 27 24 3
B-627 1.0-3.5 Alluvium UD -- 13.3 28.3 3.30E-06 - - -
Average 14.9 43.1 20.8 2.08E-05 1.93E-06
Geometric Mean 13.0 41.8 20.0 1.46E-06 9.93E-07

Table includes borings from C&D and applicable adjacent Subtitle D sites.
Piezometers in bold located within proposed C&D Facility expansion areas.
USCS - Unified Soil Classification System
UD - Undisturbed Sample (Shelby Tube)
PWR - Partially weathered rock
** - Remolded
-   Not Calculated

A Page 2 of 2
Table 2-4.xlsx



Figure 2-1
Cross-Section A - A'

Buncombe County C&D Landfill Facility Expansion
Site Hydrogeologic Investigation
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Buncombe County C&D Landfill Facility Expansion
Site Hydrogeologic Investigation
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A
Figure 2-3

Cross-Section C - C'
Buncombe County C&D Landfill Facility Expansion

Site Hydrogeologic Investigation
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A
Figure 2-4

Cross-Section D - D'
Buncombe County C&D Landfill Facility Expansion

Site Hydrogeologic Investigation
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A
Figure 2-5

Cross-Section E - E'
Buncombe County C&D Landfill Facility Expansion

Site Hydrogeologic Investigation
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2.8 Water Table Information 
Rule .0538(a)(7)(A through D) requires tabulations of stabilized water table elevations, 
an estimate of seasonal high water table, and a discussion of any activities that have 
the potential for causing water table fluctuations. 

2.8.1 Stabilized Water Table Elevations 
Water level measurements collected from the piezometers installed during the current 
investigation are provided in Table 2-5. These include measurements at the time of 
boring, 24 hours after installation, June 18, 2008, July 17, 2008. The water level 
measurements taken during the June 18, 2008 event were used to construct the 
potentiometric contour map presented on Sheet 2-3. In addition to the current 
investigation piezometers, historic data from previous investigations are also 
included. 

Table 2-5 also includes the highest recorded elevations for the piezometers and the 
monitoring wells installed during previous investigations. For the 200-series 
piezometers, this includes water level measurements dating back to November 1993. 
For the 300-series piezometers, water level measurements date back to February 1995 
(CDM 1995a). For the 400-series piezometers, this includes water level measurements 
dating from March 1997 (CDM 1997). The 500-series piezometers date back to 1999 
(CDM, October 2000). In most cases, piezometers from previous investigations have 
been abandoned. 

Water levels in most piezometers are below the top of bedrock. Saturated conditions 
above the bedrock surface were encountered in piezometers B-619s and B-627s in the 
current investigation areas. Both are located in areas of low-lying topography near the 
drainage features, and are within the proposed C&D Landfill expansion area. The 
deeper piezometer at the B-627 location also has pieziometric elevations above the 
bedrock surface. 

In general, the initial water table measurements were obtained 24-hours after 
installation. Stabilized water table readings for the current piezometers were collected 
again on June 18, 2008 and July 17, 2008. Since installation, water table elevations 
remained fairly constant; however, elevations in three piezometers have varied 
significantly. The water table elevation in B-615 decreased almost 3.5 feet between 
readings and elevations in piezometers B-625 and B-627d increased by approximately 
5.5 and 9 feet respectively between readings. The reading collected from B-627d on 
July 17, 2008 was approximately 2.4 feet above ground surface. Water table elevations 
are presented in Table 2-5. 



Table 2-5
Groundwater Elevations

 Buncombe County Construction and Demolition Landfill Facility Expansion
Site Hydrogeologic Investigation

Top of Ground Groundwater Groundwater Groundwater Groundwater Groundwater Groundwater Groundwater Groundwater Groundwater Groundwater Groundwater Groundwater Groundwater Estimated Estimated
PVC Surface Elevation Elevation Elevation Elevation Elevation Elevation Elevation Elevation Elevation Elevation Elevation Elevation Elevation Seasonal Long-Term

Well Elevation Elevation @TOB @ 24 hours 4/30/1997 5/5/1999 9/13/1999 10/29/2001 3/7/2002 6/26/2002 10/14/2004 3/3/2005 6/18/2008 7/17/2008 8/12/2008 High Seasonal
(feet msl) (feet msl) (feet msl) (feet msl) (feet msl) (feet msl) (feet msl) (feet msl) (feet msl) (feet msl) (feet msl) (feet msl) (feet msl) (feet msl) (feet msl) Elevation High

B-227 1853.80 1851.8 1845.48 1845.01 1843.55 1843.75 1843.64 1843.64 1843.60 1849.48 1851.8
B-234 2094.66 2092.7 2044.55 2044.51 2042.41 2034.18 2034.71 2034.55 2034.43 2048.55 2051.55
B-335 2074.68 2071.6 2016.77 NM NM NM 2017.8** 2020.8
B-236 2051.88 2050.0 2008.84 NM NM NM 2009.4 2012.4
B-361 2018.19 2015.3 1961.70 1961.61 1961.33 NM 1959.74 1960.01 1958.88 1965.70 1968.7
B-364 2011.14 2008.4
B-365 1872.89 1870.3 1861.31
MW-4 1944.35 1942.5 1932.50 1930.92 1929.88 1928.86 1929.94 1935.49 1929.71 1935.49 1938.5
MW-4d 1944.64 1942.8 1931.69 1929.90 1927.67 1926.96 1928.68 1934.60 1928.93 1934.60 1937.6
MW-5 1977.12 1975.4 1939.89 1939.61 NM 1937.97 1938.44 1942.05 1939.75 1942.05 1945.1
MW-5d 1976.92 1975.3 1939.56 1938.37 NM 1936.41 1936.93 1940.48 1937.67 1940.48 1943.5
MW-6 1987.34 1985.4 1957.68 1957.43 1957.07 1954.18 1954.80 1960.13 1956.16 1960.13 1963.1
MW-7 2022.83 2020.7 1974.33 1974.47 1974.11 1970.20 1970.59 1974.45 1975.1 1978.1
MW-9 1966.54 1963.5 1950.97 1950.25 1951.65 1951.14 1953.28 1953.28 1956.3
MW-9d 1966.34 1963.3 1950.80 1950.08 1951.52 1951.03 1953.15 1953.15 1956.2
MW-12 1947.39 1944.7 1931.7 1933.54 1940.41 1934.34 1933.79 1933.20 1944.41 1944.7
MW-12d 1947.10 1944.3 1918.3 1930.98 1939.67 1932.66 1932.59 1931.31 1943.67 1944.3
MW-14 1952.78 1949.8 1909.8 1918.86 1919.36 1918.59 1923.36 1926.4
MW-14d 1953.77 1950.5 1869.5 1919.54 1919.86 1919.24 1923.86 1926.9
B-401 1949.58 1947.9 1936.0 1941.14 1940.22 NM NM 1940.22** 1943.2**
B-402 1972.29 1970.0 ND 1964.96 1964.48 NM NM 1964.48** 1967.5**
B-402H 1972.78 1970.4 ND 1967.66 1967.56 NM NM 1967.56** 1970.4**
B-403 2019.14 2016.5 1988.5 1988.62 1988.75 NM NM 1988.76** 1991.8**
B-404 2031.06 2028.5 2010.5 2022.33 2024.02 NM NM 2024.02** 2027.0**
B-404H 2030.54 2028.5 ND 2025.19 2022.97 NM NM 2022.97** 2026.0**
B-405 2048.57 2045.5 2011.5 2023.81 2024.21 NM NM 2024.21 2027.2
B-406 2040.69 2037.0 ND 1971.36 1968.44 NM NM 1968.44** 1971.4**
B-407 2051.25 2048.5 2020.5 2045.38 2045.45 NM NM 2045.45 2048.5
B-407H 2051.22 2048.0 ND 2044.64 2045.79 NM NM 2045.79 2048.8
B-408 2099.07 2096.4 2019.4 2027.70 2027.04 2020.80 NM 2027.04 2030
B-409 2067.67 2065.4 2010.4 2014.62 2015.53 2014.97 2014.36 2012.39 2015.53 2018.5
B-515 2031.78 2028.4 1997.4 2007.11 2007.12 2007.16 2005.61 2003.53 2007.28 2007.28 2010.2
B-516 1993.68 1990.7 1966.1 1965.73 1988.57 1986.46 1980.76 1979.08 1983.49 1988.57 1990.7
B-517 2079.04 2076.2 2009.2 2010.47 2010.47 2022.41 2019.96 2018.45 NM 2022.41 2025.4
B-517d 2078.80 2075.6 1991.6 2007.68 2007.68 2022.16 2019.33 2017.90 NM 2022.16 2025.2
B-518 2005.54 2002.5 1994.5 1999.49 1999.49 1999.11 1999.26 1998.10 1999.05 1999.49 2002.5
B-518d 2005.21 2002.5 1987.5 1988.53 1987.62 1985.71 1990.24 1990.24 1993.2
B-519 1958.36 1955.5 1946.4 1946.25 1951.17 1947.62 1947.65 1947.46 1951.90 1951.17 1954.2
B-519d 1959.11 1956.2 1 1 1 1 1956.97 1956.53 1956.61 1* 1*

B-520 2044.17 2041.5 1959.5 1980.91 1983.27 1982.02 1986.77 1986.77 1989.3
B-521 2005.18 2002.6 1952.6 1964.71 1965.18 1964.88 1973.21 1973.21 1976.2
B-522 2058.81 2055.1 DRY 1995.11 2012.98 2010.61 2014.88 2014.88 2017.9
B-523 2080.42 2077.8 DRY 1967.42 2022.28 2021.03 2022.26 2022.28 2025.3
B-524 2101.58 2098.6 2012.6 2024.30 2023.88 2022.69 NM 2024.3 2027.3
B-525 2061.44 2058.7 2005.7 2019.39 2020.15 2017.01 NM 2020.15 2023.2
B-526 1972.51 1969.5 1931.5 1959.06 1959.43 1958.51 1964.93 1964.93 1967.9
B-527 1976.56 1973.7 1943.7 1951.40 1951.29 1950.34 1958.17 1958.17 1961.2
B-528 1950.28 1947.7 1886.7 1906.93 1909.57 1908.90 1911.26 1911.26 1914.3
B-529 1962.31 1959.6 1933.6 1938.61 1938.79 1937.36 1938.01 1938.79 1941.8
B-530 2045.01 2042.2 DRY 1964.41 1980.46 1977.87 1983.19 1983.19 1986.2
Pumping Well 1955.22 1953.5 1855.5 1 1 1 1 1 1

A Page 1 of 2 Table 2-5.xlsx



Table 2-5
Groundwater Elevations

 Buncombe County Construction and Demolition Landfill Facility Expansion
Site Hydrogeologic Investigation

Top of Ground Groundwater Groundwater Groundwater Groundwater Groundwater Groundwater Groundwater Groundwater Groundwater Groundwater Groundwater Groundwater Groundwater Estimated Estimated
PVC Surface Elevation Elevation Elevation Elevation Elevation Elevation Elevation Elevation Elevation Elevation Elevation Elevation Elevation Seasonal Long-Term

Well Elevation Elevation @TOB @ 24 hours 4/30/1997 5/5/1999 9/13/1999 10/29/2001 3/7/2002 6/26/2002 10/14/2004 3/3/2005 6/18/2008 7/17/2008 8/12/2008 High Seasonal
(feet msl) (feet msl) (feet msl) (feet msl) (feet msl) (feet msl) (feet msl) (feet msl) (feet msl) (feet msl) (feet msl) (feet msl) (feet msl) (feet msl) (feet msl) Elevation High

B-600 2055.38 2052.7 1992.7 2011.61 2010.90 2011.61 2014.6
B-601 2056.24 2053.6 1953.6 1962.15 1963.26 1963.26 1966.3
B-602 1978.36 1975.5 1933.5 1951.83 1955.74 1955.74 1958.7
B-603 2013.61 2011.0 1936.0 1953.21 1953.48 1953.48 1956.5
B-605 1956.60 1954.0 1931.0 1939.20 1942.76 1942.76 1945.8
B-606 2027.09 2024.3 1952.3 1953.48 1952.62 1951.51 1951.30 1951.14 1957.48 1960.5
B-609 1955.19 1952.2 1884.2 1921.83 1923.44 1919.76 1920.12 1919.45 1927.44 1930.4
B-614 2047.20 2043.8 2001.8 2004.73 2004.73 2003.69 2003.05 2008.73 2011.7
B-615 2023.40 2021.6 1988.1 1987.69 1987.69 1984.45 1981.60 1991.69 1994.7
B-616 1984.90 1981.5 1969.5 1969.49 1969.49 1968.93 1967.99 1973.49 1976.5
B-617 2008.70 2005.4 1960.4 1960.42 1960.42 1960.08 1959.54 1964.42 1967.4
B-618 1987.20 1985.5 1940.5 1940.73 1940.73 1940.45 1940.33 1944.73 1947.7
B-619 1965.70 1963.5 1953.5 1953.86 1953.86 1953.67 1952.88 1957.86 1960.9
B-619d 1966.70 1963.4 1951.4 1951.75 1951.75 1951.73 1951.32 1955.75 1958.8
B-620 1940.90 1937.9 1889.9 1891.20 1891.20 1890.69 1890.63 1895.20 1898.2
B-621 1975.80 1972.5 1937.5 1937.93 1937.93 1937.80 1937.66 1941.93 1944.9
B-622 2006.40 2003.1 1988.6 1990.90 1991.90 1992.59 1991.11 1996.59 1999.6
B-623 2027.40 2025.2 1940.6 1940.22 1940.22 1939.73 1939.45 1944.22 1947.2
B-624 1980.50 1977.2 DRY DRY DRY DRY DRY 1968.00 1970.0
B-624d 1980.40 1977.1 1943.9 1947.19 1947.19 1948.60 1945.32 1952.60 1955.6
B-625 2054.40 2051.9 2004.4 2004.75 2004.75 2010.27 2010.37 2014.37 2017.4
B-626 1981.30 1979.7 1933.0 1932.53 1932.53 1931.63 1931.65 1936.53 1939.5
B-627 1883.00 1880.1 1875.2 1875.17 1875.17 1875.10 1873.45 1879.17 1880.1
B-627d 1882.80 1880.3 1873.8 1873.72 1873.72 1882.68 1882.78 1880.30 1880.3
B-628 1990.30 1987.9 1933.9 1933.66 1933.66 1934.48 1932.70 1938.48 1941.5
Piezometers in bold are located within proposed C&D Facility expansion areas.
ND - Not Determined
NM - Not Measured (well abandoned)
TOB - Time of boring
* - Groundwater elevation measured during previous investigations.
** - Groundwater elevation represents highest elevation after well stabilization.
1 - Piezometer demonstrates artesian characteristics.
1* - Piezometer demonstrated artesian characteristics until the installation of the 6" pumping well, approximately 50 feet downgradient.
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2.8.2 Estimated Seasonal High Water Table 
Table 2-5 summarizes water level measurements collected on a nominal basis from all 
of the piezometers completed during this and previous investigations. Because most 
of the piezometers have been abandoned, the water levels are presented for the 
discussion of temporal trends only. 

In general, bedrock, and not the elevation of the water table, is the limiting factor in 
determining the landfill base grades. The water table occurs in PWR only in 
topographic low areas (drainage features). Fill will be placed in these low areas to 
ensure proper separation and maintain manageable slopes. Therefore, separation 
from the seasonal high water table is not an issue for most of the site. 

An evaluation of seasonal fluctuations in the water table elevations in the piezometers 
installed during previous investigations indicated that the seasonal high water levels 
typically occurred in late March to early May (CDM, October 2000). Based on the 
groundwater elevations collected from the monitoring wells and existing piezometers, 
it appears that the data collected on June 18, 2008 represents seasonal high water table 
for the monitoring wells, unless otherwise noted. However, due to the current 
drought status in the region, it is likely that the elevations are still lower than normal. 

There are several existing piezometers in and adjacent to the current investigation 
area that were installed during previous investigations. Three wells in particular (B-
227, B-234, and B-361) have data going back more than ten years.  

In order to estimate long-term seasonal high levels, CDM reviewed historic 
groundwater levels from several inactive and active wells in the USGS and NCDENR 
Division of Water Resources groundwater level monitoring networks in the vicinity of 
the landfill or similar terrain and depth. Well names, locations, depths and 
monitoring zones are provided in the table below (CDM, December 2004). 

NCDENR – Division of Water Resources Inactive Groundwater Level Monitoring 
Network 

Quad Name County Total Depth Monitoring Zone 

M 84P1 Swannanoa Buncombe 99 Bedrock 

Q 85N1 Hendersonville Henderson 48 Bedrock 

P 84G2 Hendersonville Henderson 44 Saprolite 

M 90T1 Canton Watershed RS 1 Haywood 35 Saprolite 
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USGS Groundwater Climate Response Network 

Designation Name County Total Depth Monitoring Zone 

NC-40 Champion Well Haywood 18.5 Saprolite/Bedrock 

NC-144 Blantyre Well Transylvania 58 Saprolite 

 

Hydrographs and well statistics were compared for all of these wells; particularly 
maximum water levels compared to minimum water levels. The average difference 
between the maximum recorded highs and the maximum recorded lows for all of 
these wells were about 8 feet. In this case, the maximum value would be 4 feet above 
the mean. 

In the case of the newly installed Buncombe County C&D piezometers, there is 
insufficient data to determine an average groundwater level; however, based on the 
groundwater elevations recorded since installation, the groundwater data collected at 
the site in June 2008 are most likely representative of average levels. 

In order to construct an estimated seasonal high potentiometric contour map, a 
conservative value of 4 feet was added to the highest recorded elevation (in most 
cases the June 18, 2008 data). A review of monthly statistics from the Champion Well 
and the Blantyre Well indicate that an average value of 3 feet above the mean value is 
typical for the seasonal high. 

The Estimated Seasonal High values for the existing monitoring wells and 
piezometers are included on Table 2-5. Copies of the hydrographs and well statistical 
data for the USGS and NCDENR wells are included in Appendix C. Table 2-6 and 
Figure 2-6 present monthly precipitation totals from January 1995 to July 2008 at the 
Asheville Airport. Figure 2-7 provides a graphic view of yearly precipitation totals 
from 1995 to 2007. A seasonal high groundwater contour map is provided on Sheet 2-
4 and a long-term seasonal high groundwater contour map is provided on Sheet 2-5. 

2.9 Horizontal and Vertical Dimension of Groundwater 
Flow 
Rule .0538(a)(8) requires a discussion on the horizontal and vertical dimension of 
groundwater flow, including flow directions, rates, and gradients. 







Table 2-6
Annual Precipitation Data - Asheville Airport

Buncombe County Construction and Demolition Landfill Facility Expansion
Site Hydrogeologic Investigation

YEAR JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC Annual Total
1995 7.09 2.93 2.46 1.01 6.05 8.91 3.66 9.27 2 7.26 3.69 1.55 55.88
1996 7.29 2.78 3.43 2.01 2.59 3.57 4.88 6.73 5.26 0.7 4.48 3.98 47.70
1997 4.49 5.29 5.49 5.32 2.94 8.37 3 1.38 4.92 3.94 1.65 3.02 49.81
1998 10 6.4 3.77 8.73 2.28 3.68 2.02 2.3 1.66 1.8 2.8 3.12 48.56
1999 6.43 3.37 2.85 2.45 2.54 4.44 3.89 3.4 2.22 3.34 3.34 2.02 40.29
2000 3.19 2.37 3.87 5.17 1.31 2.81 2.88 4.46 3.33 0 4.29 2.44 36.12
2001 2.68 2.75 5.02 1.35 2.54 2.97 5.54 3.24 4.37 0.63 1.43 2.35 34.87
2002 3.66 1.33 4.38 1.77 3.43 6.19 2.05 2.12 6.09 3.17 4.28 6.41 44.88
2003 1.25 4.5 4.41 5.26 8.37 6.16 10.88 6.86 3.03 2.36 3.93 2.8 59.81
2004 0.83 4.2 2.02 2.95 3.23 7.39 4.68 3.79 13.71 1.11 5.02 3.44 52.37
2005 2 2.57 3.33 2.86 1.65 10.09 10.26 5.71 0.34 1.2 3.74 3.51 47.26
2006 3.58 2.55 0.91 4.58 1.69 5.16 2.81 7.12 7.8 2.93 4.52 4.64 48.29
2007 3.35 1.45 4.29 1.77 0.96 2.91 4.85 2.84 3.4 3.02 1.49 4.06 34.39
2008 2.56 3.79 4.51 2.84 1.33 0.85 4.02 3.79 -- -- -- -- --

Average 4.17 3.31 3.62 3.43 2.92 5.25 4.67 4.50 4.47 2.42 3.44 3.33 46.17

Source - Climatological Data - Annual Summary North Carolina

A Table 2-6.xlsx



Figure 2-6
Average Monthly Precipitation

Asheville Airport
Asheville, North Carolina
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Figure 2-7
Average Annual Precipitation

1995 to 2007
Asheville Airport

Asheville, North Carolina
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2.9.1 Groundwater Flow 
Over most locations, the saturated zone lies within the bedrock beneath the saprolite 
and PWR hydrogeologic units. At some locations, the saturated zone is within the 
saprolite and/or PWR. The saturation found in these areas likely represents water 
that has infiltrated in surrounding areas, and then has moved laterally, possibly on 
the bedrock surface, until it accumulated in the lower elevation area. Within the 
overburden materials, the zone of highest conductance usually lies immediately 
above the bedrock surface, due to the lesser amounts of clay minerals in this interval 
than at the ground surface. 

Downward gradients were identified well nests B-619 and B-627. Water within the 
saturated zone of the PWR must therefore generally either move laterally or 
downward. If laterally moving water intersects the ground surface before it finds a 
path permitting further downward migration, it will be discharged as surface water.  
No springs or seeps were noted in the investigation area. Cross-sections from this and 
previous investigations indicate that groundwater in the lower portion of the 
drainage features moves laterally along the PWR/bedrock interface (CDM, October 
2000, June 2005). 

Since the PWR is only locally saturated, the bedrock groundwater system is the 
primary water-bearing unit of concern for the site. The bulk of groundwater flow 
within the Blue Ridge Province is in the upper several hundred feet, due to the 
decrease in fracturing and thus bedrock permeability with depth (Freeze and Cherry 
1979). Bedrock fracture flow is complex, with flow dependent upon fracture size, 
orientation, the degree of infilling, and interconnectedness. Localized weathered 
zones will also affect bedrock fracture flow. Since bedrock fracture flow systems 
cannot be characterized by direct observation, indirect methods must be utilized.  

Aquifer hydraulic conductivity and transmissivity values derived from slug and 
pumping tests during this and previous investigations have indicated that the 
saturated PWR and fractured bedrock aquifer system is homogeneous. Slug tests were 
performed on select piezometers within the current investigation areas. In addition, 
data from slug tests conducted during previous investigations in and around the 
current C&D and existing Subtitle D area were also reviewed. Given the lithologically 
similar conditions found at the proposed expansion areas and the active C&D Landfill 
and the Subtitle D area, this data would likely be representative of the hydraulic 
conductivity expected at the proposed C&D Landfill facility expansion.  

Within the current investigation areas, slug tests were performed on piezometers B-
615, -617, -619d, -625, and -627s. All of the tested piezometers are screened in bedrock, 
with the exception of B-627s which is screened across the PWR/bedrock contact.  
Using slug-out (recovery) data, hydraulic conductivity (K) values ranged from 0.23 
ft/day in B-619d to 3.28 ft/day in B-627s. The average K for all piezometers in the 
proposed facility expansion areas was 1.65 ft/day. These values are similar to those 
seen in the existing C&D landfill and from pump testing in adjacent areas. A 
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summary of calculated K values is provided on Table 2-7. Calculations and graphs for 
the K values are provided in Appendix E.  

It should be noted that the hydraulic conductivities from slug testing in bedrock 
represent vertically averaged values, as the actual hydraulic conductivity will vary 
throughout the well monitoring interval with variable fracturing of the bedrock 
(CDM 1995a, CDM 1996, CDM, October 2000, CDM, June 2005). 

Within the current C&D area, hydraulic conductivity (K) values were 0.14 ft/day in 
MW-9 and 0.55 ft/day in MW-9d and 3.08 and 3.88 ft/day in MW-14 and MW-14d, 
respectively. Wells MW-9, -9d, and -14d are screened within bedrock and MW-14 is 
screened across the PWR/bedrock interface. Across the entire Buncombe County site, 
saprolite/PWR hydraulic conductivity (K) values ranged from 0.02 ft/day in B-119 to 
1.28 ft/day in B-513. Hydraulic conductivities within the bedrock unit ranged from 
0.02 ft/day in B-252 up to 47 ft/day in B-372. 

Two long-term pumping tests were conducted in the two drainage features in Cells 1-
3. Further discussion of the pump tests is contained in the Design Hydrogeologic 
Report (CDM, 1995a). Assuming a saturated thickness of 100 feet, the pumping test 
hydraulic conductivities ranged from 0.015 to 52 ft/day in the two drainage features 
in Cells 1-3. These ranges agree well with the slug test hydraulic conductivities. This 
wide range in hydraulic conductivity values is due primarily to the varied nature of 
the bedrock fractures. At locations where a major fracture was encountered, hydraulic 
conductivities were very high, and likewise, in areas in which only minor or no 
fractures were encountered, hydraulic conductivities were comparatively low. The 
fractures appear to be sufficiently interconnected beneath Cells 1-3, and similar 
conditions would be expected in the C&D Landfill area. Pumping test results yielded 
some similarities in drawdown response in groups of observation wells, indicating 
fracture interconnection.   

A third long-term pumping test was performed in the proposed Phase III C&D 
expansion area, southeast of the existing C&D landfill. Similar results were seen in the 
analysis of the C&D landfill pump test and the two pump tests conducted in the 
Subtitle D Landfill Cells 1-3, in that similarities in drawdown were seen between 
some of the observation wells and the pumping well. Based on the results of the 
pumping test, hydraulic conductivity values within the bedrock aquifer ranged from 
0.07 ft/day to 31.68 ft/day and averaged 6 ft/day. These ranges agreed well with the 
hydraulic conductivity values obtained from slug tests (0.02 ft/day to 47 ft/day) and 
the values obtained from the pump tests conducted in the Cells 1-3 area (0.015 ft/day 
to 52 ft/day). The results of the pump test completed during the investigation at the 
Phase III C&D Landfill expansion were discussed further in the Additional 
Hydrogeologic Investigation Report (CDM, January 2002). 
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2.9.1.1 Horizontal Groundwater Flow 
Sheet 2-3 presents a potentiometric surface contour map for the entire C&D Landfill 
expansion area. This map was constructed from water level data collected during the 
June 18, 2008 event. The potentiometric surface is interpolated from data from 
piezometers screened in both bedrock and overburden. The contour map shows that 
the potentiometric surface, similar to the bedrock surface is a subdued reflection of 
surface topography. Topographic divides are generally also groundwater divides and 
groundwater flow converges into the main drainage features in the proposed C&D 
facility expansion areas. Groundwater flows radially away from topographically high 
areas.  On the steep slopes, the hydraulic gradient steepens. 

In the proposed C&D Landfill facility expansion areas, groundwater flows away from 
the topographic high points in the vicinity of piezometers B-614 and B-622 toward the 
secondary and primary drainage features. The ridges bracketing the drainage features 
in both portions of the proposed C&D Landfill facility expansion form hydraulic 
divides, such that groundwater flow within each area is confined to the central 
drainage feature at each portion. The gradient from the top of the ridge in the 
proposed northern expansion (B-614) down the drainage feature (B-620) as measured 
on June 18, 2008 was 0.16 ft/ft. The gradient from the top of the ridge in the proposed 
western expansion (B-622) down the drainage feature (B-627d) as measured on July 
18, 2008 was also 0.16 ft/ft. Gradient values across the investigation areas averaged 
approximately 0.15 ft/ft. 

Using the calculated hydraulic conductivity values from slug testing and horizontal 
hydraulic gradient information, groundwater velocity values can be calculated. The 
average linear velocity of groundwater flow was calculated using the following 
formula: 

 Vx =  Kdh 
 nedl 

Where, 
Vx = average linear velocity 
K = hydraulic conductivity 
dh/dl = hydraulic gradient 
ne = effective porosity  

The average linear flow velocity is provided in Table 2-8. Average groundwater flow 
velocity at the site was 1.54 ft/day and ranged from 0.19 ft/day in B-619d to 2.77 
ft/day in B-625. 

The hydraulic conductivity was obtained from the slug test data presented in Table 2-
7. The hydraulic gradient values were estimated using the potentiometric contour 
map from June 18, 2008 data. The effective porosity values were estimated based on 
average values for PWR and the discussion of fractured bedrock in Section 2.1.3. 

 



Table 2-7
Calculated Hydraulic Conductivity Values

Buncombe County Construction and Demolition Landfill Facility Expansion
Site Hydrogeologic Investigation

Boring Depth Aquifer Monitored K K K K
Well ID (ft) Interval (in/sec) (ft/min) (ft/day) (cm/sec)

B-615 Slug In 51 Bedrock 3.36E-04 1.68E-03 2.42 8.54E-04
B-615 Slug Out 51 Bedrock 1.80E-04 9.01E-04 1.30 4.58E-04
B-617 Slug In 61 Bedrock 3.81E-05 1.90E-04 0.27 9.67E-05
B-617 Slug Out 61 Bedrock 9.70E-05 4.85E-04 0.70 2.46E-04
B-619d Slug In 30 Bedrock 3.84E-05 1.92E-04 0.28 9.74E-05
B-619d Slug Out 30 Bedrock 3.13E-05 1.56E-04 0.23 7.94E-05
B-625 Slug In 62 Bedrock 4.15E-04 2.07E-03 2.99 1.05E-03
B-625 Slug Out 62 Bedrock 2.77E-04 1.38E-03 1.99 7.02E-04
B-625re Slug In 62 Bedrock 1.94E-04 9.69E-04 1.39 4.92E-04
B-625re Slug Out 62 Bedrock 2.67E-04 1.33E-03 1.92 6.77E-04
B-627s Slug In 18 Saprolite/Bedrock 4.28E-04 2.14E-03 3.08 1.09E-03
B-627s Slug Out 18 Saprolite/Bedrock 4.55E-04 2.28E-03 3.28 1.16E-03

MW-9 Slug In* 26 Bedrock 2.00E-05 1.00E-04 0.14 5.08E-05
MW-9 Slug Out* 26 Bedrock 2.00E-05 1.00E-04 0.14 5.08E-05
MW-9d Slug In* 40 Bedrock 8.00E-05 4.00E-04 0.55 2.03E-04
MW-9d Slug Out* 40 Bedrock 7.00E-05 3.50E-04 0.50 1.78E-04
MW-14 Slug Out* 49 PWR/Bedrock 4.28E-04 2.14E-03 3.08 1.09E-03

MW-14d Slug Out* 88 Bedrock 4.55E-04 2.28E-03 3.28 1.16E-03

Average Facility Expansion Area 2.30E-04 1.15E-03 1.65 5.83E-04

Average Existing C&D Area Monitoring Wells 1.79E-04 8.94E-04 1.28 4.54E-04

* Monitoring wells at existing C&D landfill.

Table 2-7.xlsx



Table 2-8
Summary of Calculated Groundwater Flow Velocities

Buncombe County Construction and Demolition Landfill Facility Expansion
Site Hydrogeologic Investigation

Horizontal Estimated
Piezometer Designation Gradient (1) Effective

(ft/ft) Porosity (2) Maximum Minimum Average Maximum Minimum Average

B-615 0.15 0.15 2.42 1.3 1.86 2.42 1.30 1.86
B-617 0.10 0.15 0.7 0.27 0.49 0.47 0.18 0.32
B-619d 0.11 0.15 0.28 0.23 0.26 0.21 0.17 0.19
B-625 0.19 0.15 2.99 1.39 2.19 3.79 1.76 2.77
B-627s 0.16 0.2 3.28 3.08 3.18 2.62 2.46 2.54
(1) Horizontal Gradient calculated from July 2008 potentiometric contours and distances on Sheet 2-3.
(2)- A conservative average value of 15% was used based on bedrock estimates by Heath and average PWR values from Johnson Soil Triangle (Table 2-4).
(3)-Values from calculated Hydraulic Conductivity calculations provided on Table 2-7.

Hydraulic Conductivity (3) (ft/day) Average Linear Velocity (ft/day)

A Table 2-8.xlsx
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2.9.1.2 Vertical Groundwater Flow 
Vertical gradient data is evaluated through the examination of water levels from 
nested piezometer sets B-619 and B-627 in the proposed facility expansion areas, and 
MW-12 and MW-14 at the existing C&D area. Vertical gradients are calculated as the 
difference in water level elevation between two nested piezometers, divided by the 
vertical distance from the saturated midpoint of the sand filter pack of the shallower 
well to the saturated midpoint of the sand filter pack in the deeper well. 

The July 17, 2008 water level elevations indicated the presence of a downward 
gradient (indicated by a negative gradient value) at well nests B-619 and MW-12, and 
upward gradients at nests B-627 and MW-14. The downward gradients indicate that 
areas serve as recharge areas and groundwater is moving from the PWR to the 
bedrock. The upward gradients indicate that groundwater is discharging from the 
bedrock to the PWR, however, there were no seeps or springs visible near the well 
nests.  

The vertical gradients from the July 17, 2008 water levels at the B-619, B-627, MW-12 
and MW-14 nests are presented below: 

Well 
Nest 

Shallow 
Groundwater 

Elevation 
(MSL) 

Deep 
Groundwater 

Elevation 
(MSL) 

Groundwater 
Elevation 

Difference 
(ft) 

Shallow 
Screen 

Saturated 
Midpoint 

(MSL) 

Deep 
Screen 

Saturated 
Midpoint 

(MSL) 

Screen 
Midpoint 

Separation 
(ft) 

Calculated 
Vertical 
Gradient 

(ft/ft) 

B-619 1953.67 1951.73 -1.94 1951.58 1939.90 11.6 -0.166 

B-627 1875.10 1882.68 +7.58 1867.60 1762.30 105.3 +0.072 

MW-12 1933.79 1932.59 -1.20 1930.7 1913.3 17.4 -0.068 

MW-14 1919.36 1919.86 +0.50 1907.6 1869.3 38.3 +0.013 

 

2.10 Groundwater Contour Map 
Rule .0538(a)(9) requires a groundwater contour map to show the occurrence and 
direction of groundwater flow in the uppermost aquifer and any other aquifers 
identified in the hydrogeologic investigation. Sheet 2-3 presents a groundwater 
contour map based on groundwater elevation data collected from the existing 
piezometers and groundwater monitoring wells screened in the PWR and shallow 
fractured bedrock. The groundwater contour map was generated using the 
groundwater data collected on July 17, 2008. A discussion of the groundwater flow 
was presented in Section 2.9. 
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2.11 Topographic Map of the Site 
Rule .0538(a)(10) requires a topographic map of the site with boring locations. Sheet 2-
1 provides a topographic map with boring and monitoring well locations (existing 
and abandoned), current landfill cells, surface water drainage features, and cross-
section references. 

2.12 Logs, Notes and Records 
Rule .0538(a)(11) requires boring logs, field notes, well construction records, and 
piezometer completion records. Appendix A contains bore logs and well construction 
reports for the existing and abandoned piezometers and groundwater monitoring 
wells. Appendix D contains copies of the field logs from the current Site 
Hydrogeologic Investigation. Piezometer construction details are also provided on 
Table 2-1. 

2.13 Geologic and Hydrologic Considerations 
Rule .0538(a)(12) requires identification of other geologic and hydrologic 
considerations. No features of consequence, other than those presented previously, 
were found during this investigation. 

2.14 Report Summary 
Rule .0538(a)(13)(A – D) requires a discussion summarizing the geologic and 
hydrogeologic evaluation of the site. 

2.14.1 Hydrogeologic Conceptual Model 
This section presents a discussion of the hydrogeologic regime at the proposed C&D 
Landfill facility expansion area based on the results of this and previous site 
investigation activities. The conceptual model is divided into three sections: 
precipitation and groundwater recharge, groundwater flow, and surface water 
interactions and groundwater discharge. 

2.14.1.1 Precipitation and Groundwater Recharge 
Factors affecting infiltration of precipitation include the rate of precipitation, slope, 
soil texture, and vegetative cover. Much of the C&D Landfill facility expansion area is 
comprised of steep slopes that inhibit infiltration. Areas of lower relief such as the flat 
hilltops and drainage bottoms are expected to be the locations of greatest recharge.  
Areas covered by forest litter are also expected to enhance infiltration. Forest litter 
currently covers almost the entire proposed C&D Landfill expansion areas. These 
factors will most likely influence the amount of infiltration to the greatest extent 
during periods of extended precipitation.   

As previously discussed, the average monthly precipitation at the site does not vary 
greatly over the year.  However, precipitation during the summer months typically 
occurs as sporadic high intensity events of short duration, which leads to runoff.  In 
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addition, plant evapotranspiration in the summer leads to higher removal of soil 
moisture and decreases the potential for deep infiltration. Winter precipitation occurs 
as events of longer duration and lesser intensity, therefore infiltration and 
groundwater recharge should be greater in the winter months than in the summer.  
Approximately 5 to 10 inches per year of precipitation (13 to 26 percent of average 
annual precipitation) are expected to result in groundwater recharge, based on typical 
regional recharge values. 

Precipitation that infiltrates into the ground will seep downward as wetting fronts 
following precipitation. These wetting fronts will follow the path of least resistance 
through zones of relatively higher conductivity in the saprolite and PWR. Upon 
reaching a less permeable surface such as the top of hard, unfractured bedrock, the 
water will spread laterally until it finds another relatively higher conductivity 
pathway downward such as a weathered zone or a fracture, or until it is discharged to 
the surface water system. These discharges are generally intermittent, and occur in the 
secondary drainage features following precipitation events. As saturation is not 
generally observed within the overburden materials, the fractured bedrock material is 
apparently capable of transmitting water at a rate exceeding infiltration except in local 
areas. Previous slug test and pumping tests results also indicated that the fractured 
bedrock materials were often more permeable than the saprolite and PWR units 
(CDM 1995a). 

Over most locations, the saturated zone lies within the bedrock beneath the saprolite 
and PWR hydrogeologic units. At some locations, the saturated zone is within the 
saprolite and/or PWR. The saturation found in these areas likely represents water 
that has infiltrated in surrounding areas, and then has moved laterally, possibly on 
the bedrock surface, until it accumulated in the lower elevation area. Within the 
overburden materials, the zone of highest conductance usually lies immediately 
above the bedrock surface, due to the lesser amounts of clay minerals in this interval 
than at the ground surface. 

2.14.1.2 Surface Water Interactions and Groundwater Discharge 
No groundwater discharge points (seeps or springs) were observed in the proposed 
expansion areas. Groundwater in deeper bedrock is most likely discharging directly 
to Panther Branch and the French Broad River off the site. 

The geologic cross sections included in the Design Hydrogeologic Report (CDM 
1995a) suggested that discharge occurs on the western boundary of the current C&D 
Area into Panther Branch and ultimately into the French Broad River. It is possible 
that Panther Branch may be a discharge point for only the shallow bedrock 
groundwater system, given the downward hydraulic gradients found at other areas 
throughout the Site. Deeper bedrock groundwater may discharge at a longer distance 
from the Site, most likely the French Broad River. 
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2.14.2 Site Suitability 
Based on the geologic and hydrogeologic data collected during this and previous 
investigations at the Buncombe County C&D Landfill site, the areas identified to the 
north and west of the existing C&D landfill appear to be suitable for further C&D 
landfill development. Across both investigation areas, the average depth to bedrock is 
approximately 14 feet. The average depth to groundwater varies, but was typically 
about 35 feet below land surface. Bedrock depth was typically deeper along the ridges 
and shallower on the side-slopes in the drainage bottoms where erosion and mass 
wasting has removed the overburden. Conversely, groundwater depth was typically 
deeper along the ridges and shallower on the side-slopes and drainage bottoms. 

 Saturated conditions within the saprolite or PWR are only locally present in the low 
elevation areas discussed above. These areas can be easily monitored with one 
nested pair of wells completed further down the drainage feature. 

 The proposed footprints of the proposed C&D Landfill facility expansion will be 
located within individual drainage basins. Groundwater within these basins 
generally flows from areas of higher topography to areas of lower topography 
converging toward the central secondary drainage feature and ultimately 
discharging at the primary discharge features. This flow can be easily monitored 
with wells completed in the drainage features near the base of the landfill. 

 Based on the results of this and previous investigations, the shallow bedrock 
groundwater system underlying most of the Site apparently discharges into 
Panther or Blevin branch in the west and northern portions. In the proposed C&D 
expansion areas, discharge of the shallow bedrock aquifer system in the northern 
expansion appears to be to Blevin Branch and ultimately to the French Broad River 
and discharge of the shallow bedrock aquifer system in the western expansion 
appears to be to Panther Branch and ultimately the French Broad River.  

 The proposed expansion areas bracket the existing C&D landfill. An approved 
Water Quality Monitoring Network is already in place at the site. A review of 
historic water quality data from the existing network showed no detected volatile 
organic compounds above applicable groundwater standards. 

The following issues should be considered in the landfill design: 

 The separation between the base of the proposed landfill and the water table 
surface is not a site concern, except in the northern portions of the proposed 
footprints, near the secondary drainage features. Within the rest of the landfill 
footprint, the groundwater occurs within shallow fractured bedrock. 

 After construction of the landfill, groundwater recharge will decrease due to 
improved run-off control, thus, reduced precipitation available for infiltration, and 
the later placement of the landfill cap. This reduction in groundwater recharge will 
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cause a lowering in the water table surface, however, no change of direction of 
groundwater flow is anticipated. With the decrease in the water table surface, a 
decrease in the hydraulic gradient beneath the landfill will occur. This will decrease 
the groundwater velocity. 

2.14.3 Water Quality Monitoring Plan Considerations 
The overall C&D Landfill groundwater system is largely composed of a complex 
fractured bedrock aquifer system with a saturated overburden aquifer near the base 
of the drainage features. The aquifer behaves as a single unit between the 
bedrock/saprolite/PWR media.  

Investigations at both sites focused on the secondary drainage features and associated 
ridges. The ridges act as groundwater divides and therefore, confine groundwater to 
single drainages. This single-valley confined drainage and the presence of upward 
gradients and saturated PWR offer favorable conditions for monitoring for early 
detection of a release with nested pairs of groundwater wells in addition to surface 
water sampling. 

There were no springs or seeps identified within the proposed facility expansion 
boundary, however, past investigations have identified springs in the drainage 
features further down-gradient from the boundary of the western portion. These 
springs will serve as excellent monitoring points. 

 Saturated PWR and shallow bedrock groundwater and can be effectively 
monitored between the proposed landfill expansion areas and the smaller primary 
drainage features (Blevin and Panther Branch) and the French Broad River with one 
pair of nested wells near the base of the landfill within the secondary drainage 
features. The PWR well will target the saturated zone just above the bedrock and 
the bedrock will target the shallowest significant water bearing zone observed 
during well installation activities. 

 Down-gradient groundwater discharge in the forms of springs, seeps, and streams 
will be added to the Water Quality Monitoring Plan to further monitor the sites. 
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Section 1 
Facility Drawings 
A set of facility drawings have been prepared in compliance with Rule .0537 (d).  
These drawings include conceptual site development and landfill operation sheets 
and are included in Appendix A. 

1.1 Site Development 
Three drawings were prepared on topographic maps representative of existing site 
conditions.  The first drawing, Sheet SD-1, contains a topographical survey of the 
entire site representative of existing site conditions locating all property boundaries 
for the proposed landfill facility certified by an individual licensed to practice land 
surveying in the State of North Carolina.  Also included is the following: 

• areal limits of all solid waste management facilities and facility infrastructure, 
including landfill units and buffer requirements set forth in 15A NCAC 13B 
.0540(1);  

• areal limits of borrow and stockpile; and 

• any physical features referenced in Rule 15A NCAC 13B .0536 (Location 
Restrictions). 

Sheet SD-2 illustrates the phases of development and areal limits of grading.  Sheet 
SD-3 depicts the proposed final contours for the C&D landfill unit and facility feature 
for closure. 

1.2 Landfill Operation 
Landfill Operation Sheets 1-5 show the proposed transitional contours and 
construction grading for the new phases.  Five drawings were prepared detailing the 
long-term operation of the C&D landfill unit.  Proposed transitional contours and 
final grades for each phase of development (Phases 5 through 8) are shown on 
Drawings LO-1 through LO-5.   
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Section 2 
Facility Report 
This facility report contains characteristics of the waste stream to be received at the 
landfill facility and of the landfill capacity as required by Rule .0537(e). 

2.1 Waste Stream 
Per Rule .0537(e)(1), a discussion of the characteristics of the waste received at the 
facility and facility specific management plans is as follows. 

2.1.1 Types of Waste Specified for Disposal 
From the Permit to Operate – Asbestos Modification, dated March 5, 2008, the County 
is permitted to dispose of construction or demolition debris, inert debris, land-
clearing debris, and asphalt in accordance with the corresponding General Statute.  
The C&D landfill is also permitted to dispose of asbestos waste in accordance with 
Rule .0542(c) and must be managed per 40 CFR 61. 

Waste, listed in Rule .0542(e), may not be accepted for disposal including, but not 
limited to yard trash, municipal solid waste, and liquid or industrial wastes.   

The County will continue to dispose of waste types as specified in the current Permit 
to Operate. 

2.1.2 Disposal Rates 
Table 2-1 presents yearly disposal rates as provided by the County scale house and 
includes a representative daily rate assuming 284 operating days (365 days - 52 
Sundays - 26 Saturdays (half days) - 3 holidays).  It is anticipated that the annual 
amount of waste to be disposed will be approximately 63,000 tons of C&D waste per 
year (222 tons per day).   
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Table 2-1 – Disposal Rates 

FY1 Tons Disposed Daily Rate (tons/day) 

98-99 30,898 109 

99-00 43,147 152 

00-01 43,370 153 

01-02 24,238 85 

02-03 8,209 29 

03-04 29,889 105 

04-05 39,252 138 

05-06 58,730 207 

06-07 66,388 234 

07-08 62,849 222 

 1Fiscal year is from July to June. 
 
2.1.3 Areas Served by the Facility 
The Buncombe County C&D landfill will serve only waste streams originating from 
Buncombe County.  Buncombe County, approximately 659 square miles in area, 
includes the incorporated municipalities of Asheville, Biltmore Forest, Black 
Mountain, Montreat, Weaverville, and Woodfin. 

2.1.4 Segregated Management 
The Buncombe County Solid Waste Management Facility staff place a high priority on 
proper management of incoming waste.  The same level of concern and effort is put 
forth for the operation of the C&D landfill.  Waste screening and segregation 
procedures are included in the Operation Plan. 

2.1.5 Landfill Equipment 
Equipment currently owned by the County and utilized at the C&D landfill includes 
the following: 

• 1 – 390-E Trashmaster 
• 1 – D-6 CAT Dozer 
• 1 – Waste Screening Vehicle (Ford F-150 Truck) 

              A  2-2 



Section 2 
Facility Report 

 
No additional equipment purchases are anticipated as a result of expanding the C&D 
disposal capacity. 

2.2 Landfill Capacity 
2.2.1 Gross Capacity  
AutoCAD Civil 3D 2008 software was used to estimate the gross capacity between the 
base grades and the top of the proposed final cover grades for the proposed C&D 
landfill.  The gross capacity (waste and daily, intermediate, and final cover) of the 
landfill is approximately 1.7 million cubic yards (cy). 

2.2.2 Phased Gross Capacity 
AutoCAD Civil 3D 2008 software was used to estimate the phased gross capacity and 
is presented in Table 2-2. 

Table 2-2 – Phased Gross Capacity 

Phase Gross Capacity (cy) 

5 285,500 

6 607,700 

7 612,600 

8 159,700 

Total 1,665,500 

 

2.2.3 Soil Required for Landfill Construction  
Soil is required for landfill construction to install access/haul roads, stormwater 
control measures, and, when necessary, to establish the required minimum four feet 
separation between the bottom elevation of waste and seasonal high groundwater 
table and the bedrock datum plane contours.  For the Buncombe County C&D 
landfill, seasonal high groundwater table is below bedrock, so the bedrock contours 
govern the four feet separation when applicable. 

2.2.4 Soil Required for Final Cover  
The final cover material volume required to construct the three-foot thick cover 
system for each phase is determined by delineating final slopes (see Table 3-3). 

Required Final Cover = Final Cover Area x 3-foot Thick Cover System 
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2.2.5 Soil Required for Operations 
It is anticipated that the County will use an alternative cover material for the required 
weekly cover.  An intermediate, stabilizing material will be used for areas which will 
not have additional wastes placed on them for three months or more, but where final 
termination of disposal operations has not occurred.  When the County resumes 
disposal in these areas, they will scrap off the intermediate cover and use it for the 
final cover once areas are at final grades. 

2.2.6 Net Capacity 
Table 3-3 present the net capacity available for C&D debris disposal is calculated as: 

Net Capacity = Gross Capacity – Final Cover  

2.2.7 C&D Landfill Operating Life 
The first step in calculating the operating life of each C&D landfill phase is to convert 
available net airspace to available C&D debris tonnage.  From the July 2008 Airspace 
Analysis Report, the C&D in-place density is 0.65 tons per cubic yard (cy) (the 
calculated in-place density includes operational soils).  Available tonnage is calculated 
as: 

Available Tonnage = Net Capacity x 0.65 tons/ cy 

The approximate average disposal rate for the C&D landfill for the past three fiscal 
years is 63,000 tons per year from Table 2-1.  An average disposal rate of 63,000 tons 
per year is used in the following calculation.  Table 2-3 presents the estimated 
operating life for the C&D disposal unit is, therefore, calculated as: 

Operating Life = Available Tonnage/Average Disposal Rate 

Table 2-3 – Operating Life 

Phase 
Final Cover 
Area (acre) 

Soil Required for 
Final Cover (cy) 

Available Net 
Airspace (cy) 

Operating Life 
(yrs) 

5 10.7 51,800 233,700 2.4 

6 5.9 28,600 579,100 6.0 

7 7.7 37,300 575,300 5.9 

8 5.4 26,200 133,600 1.4 

TOTAL   1,521,700 16 
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2.2.8 Net Balance of On-site Soils 
Earthwork fill volume associated with the construction of each phase of the C&D 
landfill was estimated based on the proposed base grades and governing four feet of 
separation.  A volume computation, using AutoCAD Civil 3D 2008, resulted in an 
even cut/fill soil balance for the construction of Phase 5.  Phase 6 soil balance during 
construction was calculated to be a soil surplus of approximately 104,000 cy.  Phases 7 
and 8 are vertical expansions and will not require soil for construction.  Table 2-4 
presents the net soil required for construction and closure of each phase and was 
calculated by the following: 

Fill + Final Cover = Net Soil Required 

Table 2-4 – Net Soils Balance 

Phase 
Net Soil Required (yd3) 

Construction Final Cover TOTAL 

5 0 51,800 51,800 

6 -104,000 28,600 -75,400 

7 0 37,300 37,300 

8 0 26,200 26,200 

 

Soil materials for construction of the landfill base and cap will be obtained from the 
on-site borrow areas as presented on Sheet SD-1.  The current borrow source area is 
being exhausted and the County proposes to move into the proposed borrow source 
area as delineated on Sheet SD-1 on contingency of North Carolina Department of 
Environment and Natural Resources, Solid Waste Section (NCDENR SWS) approval.  
The proposed borrow source area has a potential soil volume of approximately 
645,000 cy.  Assuming a swell factor of 1.25 the loose soil volume is approximately 
806,000 cy.  Also, assuming the County using 300 cy of soil a day, working 284 days 
per year, the proposed borrow source life is approximately 9 to 10 years. 

As stated, the proposed borrow source area will provide adequate soil for operations 
and final cover for the proposed C&D landfill expansion. 
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2.3 Special Engineering Features 
2.3.1 Containment and Environmental Control Systems 
2.3.1.1 Closure Cap System 
A closure cap will be designed and constructed when portions of the C&D landfill are 
at closure grades to reduce the infiltration and erosion per Rule .0543 (c)(1).  The cap 
system will be 3-foot thick and be designed and constructed to: 

(A)  have a permeability less than or equal to soils underlying the landfill, or 
the permeability specified for the final cover in the effective permit, or a 
permeability no greater than 1.0 x 10-5 cm/sec, whichever is less; 

(B)  minimize infiltration through the closed C&DLF unit by the use of a low-
permeability barrier that contains a minimum 18 inches of earthen 
material; and 

(C)  minimize erosion of the cap system and protect the low-permeability 
barrier from root penetration by use of an erosion layer that contains a 
minimum of 18 inches of earthen material that is capable of sustaining 
native plant growth.  

A gas venting or collection system will be installed below the low-permeability 
barrier to minimize pressures exerted on the barrier. 

2.3.1.2 Sedimentation and Erosion Control 
A Sedimentation and Erosion Control Plan will be submitted for approval to the 
NCDENR, Land Quality Section before construction of each phase.  Internal 
stormwater berms will be utilized to minimize the amount of stormwater that comes 
in contact with waste.  Temporary erosion control measures, such as silt fences, fast 
germinating vegetation, rock check dams, etc. will be installed as necessary to reduce 
the amount of sedimentation and erosion during construction activities. 

2.3.1.3 Landfill Subgrade 
Per Rule .0540 (2), each proposed phase will be constructed so that the post-settlement 
bottom elevation of waste is a minimum of four feet above the seasonal high 
groundwater table as established in the Design Hydrogeological Report (see Part 5 of 
this report).  Additionally, per Rule .0540 (2)(b), on-site soils will be used to construct 
the upper two feet of separation since they meet and/or exceed the required soil 
classifications. 
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Section 1  
Location Restrictions 
Rule .0539 (d)(1)(D) of the North Carolina Solid Waste Management Rules requires 
that a report be prepared and submitted demonstrating compliance with the location 
restriction criteria in Rule .0536.  Rule .0536 requires documentation or approvals by 
agencies other than the Division of Waste Management, Solid Waste Section that 
demonstrate compliance with specific location criteria.  It is the intent of this section 
to provide location restriction demonstration for the C&D landfill facility plan.  The 
location restrictions include: 

• Floodplains; 

• Wetlands; 

• Unstable areas; 

• Cultural resources; 

• State nature and historic preserve; 

• Water supply watersheds; and 

• Endangered and threatened species. 

CDM has reviewed available information pertaining to location restriction criteria 
relative to the proposed Buncombe County C&D landfill expansion.  The following 
sections summarize the findings.  

1.1 Floodplains 
Rule .0536(c)(4), floodplain location restrictions, states:   

(A)  C&DLF units or constructed embankments used to construct a C&DLF unit 
must not be located in a 100-year floodplain unless a variance for the facility 
has been issued in accordance with N.C.G.S. 143-215.54A. 

(B)  C&DLF units must not be located in floodplains unless the owners or 
operators demonstrate that the unit will not restrict the flow of the flood, 
reduce the temporary water storage capacity of the floodplain, or result in 
washout of solid waste so as to pose a hazard to human health and the 
environment. 

Based on floodplain maps for the Buncombe County area, no portion of the 
Buncombe County property resides in the 100-year floodplain (see Attachment A).  
Areas around the French Broad River and Flat Creek are denoted as AE; area 
inundated by 100-year flooding, before flood elevation have been determined.  
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1.2 Wetlands 
1.2.1 Regulatory Background 
Rule .0536 (c)(5) requires that new C&DLF units or lateral expansions must not be 
located in wetlands, unless the owner or operator can make the following 
demonstrations to the Division: 

(A)  Where applicable under Section 404 of the Clean Water Act or applicable 
State wetlands laws, the presumption that a practicable alternative to the 
proposed landfill facility is available which does not involve wetlands is 
clearly rebutted. 

(B)  The construction and operation of the C&DLF unit(s) will not cause or 
contribute to violations of any applicable State water quality standards and 
will not violate any applicable toxic effluent standard or prohibition under 
Section 307 of the Clean Water Act. 

(C)  The construction and operation of the C&DLF unit(s) will not jeopardize the 
continued existence of endangered or threatened species or result in the 
destruction or adverse modification of a critical habitat, protected under the 
Federal Endangered Species Act of 1973.  The construction and operation of 
the C&DLF unit(s) will not violate any requirement under the Marine 
Protection, Research, and Sanctuaries Act of 1972 for the protection of a 
marine sanctuary. 

(D)  The construction and operation of the C&DLF unit(s) will not cause or 
contribute to significant degradation of wetlands. 

(E)  The owner or operator must demonstrate the integrity of the C&DLF unit(s) 
and its ability to protect ecological resources by addressing the following 
factors: (1) erosion, stability, and migration potential of native wetland soils, 
muds and deposits used to support the C&DLF unit; (2) erosion, stability, and 
migration potential of dredged and fill materials used to support the C&DLF 
unit; the volume and chemical nature of the waste managed in the C&DLF 
unit; (3) impacts on fish, wildlife, and other aquatic resources and their 
habitat from release of the solid waste; (4) the potential effects of catastrophic 
release of waste to the wetland and the resulting impacts on the environment; 
and (5) any additional factors, as necessary, to demonstrate that ecological 
resources in the wetland are sufficiently protected to the extent required 
under Section 404 of the Clean Water Act or applicable State wetlands laws. 

(F)  The owner or operator must demonstrate that steps have been taken to 
attempt to achieve no net loss of wetlands (as defined by acreage and 
function) by first avoiding impacts to wetlands to the maximum extent 
practicable as required by Part (c)(5)(A) – (D) of this Rule, then minimizing 
unavoidable impacts to the maximum extent practicable, and finally 
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offsetting remaining unavoidable wetland impacts through all appropriate 
and practicable compensatory mitigation actions (e.g., restoration of existing 
degraded wetlands or creation of man-made wetlands). 

(G)  The owner or operator must also demonstrate that sufficient information is 
available to make a reasonable determination with respect to each of the 
demonstrations required by this Rule. 

1.2.2 Compliance Issues 
CDM and the US Army Corps of Engineers (USACE) conducted a site visit on 
October 28, 2008 to determine if drainage features located north of each expansion site 
were jurisdictional, as subject to regulations under the Clean Water Act.  
Jurisdictional waters were determined and the County prepared and submitted a 
Preconstruction Notification (PCN), which served as a joint application for a Section 
404 Permit from USACE and a 401 Water Quality Certification from the North 
Carolina Division of Water Quality (NCDWQ).   Included as Attachment B are the 
PCN form and the approval letters. 

1.3 Unstable Areas 
1.3.1 Regulatory Background 
Rule .0536 (c)(6) states that owners and operators of new C&DLF unit(s) and lateral 
expansions proposed for location in an unstable area must demonstrate that 
engineering measures have been incorporated in the C&DLF unit's design to ensure 
that the integrity of any structural components of the C&DLF unit will not be 
disrupted.  The owner and operator must consider the following factors, at a 
minimum, when determining whether an area is unstable: 

(A)  On-site or local soil conditions that may result in significant differential 
settling; 

(B)  On-site or local geologic or geomorphologic features; and 

(C)  On-site or local human-made features or events (both surface and 
subsurface). 

1.3.2 Compliance Issues 
Based on the site and design hydrogeological and geotechnical investigation 
completed for this report and previously approved reports, the geological and soil 
conditions that are presumed to be throughout the site are not prone to unstable 
conditions. 
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1.4 Cultural Resources 
Rule .0536 (c)(7) states that a new C&DLF unit or lateral expansion must not damage 
or destroy a property of archaeological or historical significance which has been listed 
or determined eligible for a listing in the National Register of Historic Places.   

Correspondence with the State Historic Preservation Office in the Department of 
Cultural Resources is included in Attachment C.   

Based on the correspondence, there is no documentation that significant cultural 
resources exist within or in the vicinity of the site.  No cultural resources are expected 
to be adversely affected by the C&D landfill development. 

1.5 State Nature and Historic Preserves 
Rule .0536 (c)(8)  states that a new C&DLF unit or lateral expansion must not have an 
adverse impact, considering the purposes for designation of the Preserve lands and 
the location, access, size and operation of the landfill, on any lands included in the 
State Nature and Historic Preserve. 

The NC Natural Heritage Program (NHP) was contacted to determine if any state 
natural preserves exist within or in the vicinity of the proposed C&D landfill 
expansion (see Attachment D).  Based on the NHP correspondence, no state nature or 
historical preserves would be impacted by development within the facility boundary. 

1.6 Water Supply Watersheds 
Rule .0536 (c)(9)(A) states that a new C&DLF unit or lateral expansion must not be 
located in the critical area of a water supply watershed, or in the watershed for a 
stream segment classified as WS-I, or in watersheds of other water bodies which 
indicate that no new landfills are allowed in accordance with the rules codified at 15A 
NCAC 02B Section .0200 entitled "Classifications and Water Quality Standards 
Applicable To Surface Waters Of North Carolina."   

The State has classified all surface waters and watersheds throughout the state as 
required by 15A NCAC 2B .0311 as referenced by Rule 2B .0200.  These classifications 
are made available by NCDENR Division of Water Quality.     
 
Based on the classification list and NC OneMap program data and on-line map (used 
on April 2009) from NCDENR, CGIA, the proposed site is not located in an area that 
will impact or discharge to a WS-1, WS-II, WS-III, or WS-IV watershed.  Therefore, the 
proposed location is in compliance with Water Supply Watershed rules.   

Rule .0536 (c)(9)(B) states that any new C&DLF unit or lateral expansion, which 
proposes to discharge leachate to surface waters must obtain a National Pollution 
Discharge Elimination System (NPDES) Permit from the Division of Environmental 
Management pursuant to Section 402 of the United States Clean Water Act, must not 
be located within watersheds classified as WS-II or WS-III, or in watersheds of other 
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water bodies which indicate that no new discharging landfills are allowed, in 
accordance with the rules codified at 15A NCAC 02B Section .0200. 

The C&D landfill facility is not located within any of these classified watersheds and 
will not discharge leachate into any surface water locations and therefore is not 
expected to apply for a NPDES permit.  

1.7 Endangered and Threatened Species 
Rule .0536 (c)(10) states that a new C&DLF unit or lateral expansion must not 
jeopardize the continued existence of endangered or threatened species or result in 
the destruction or adverse modification of a critical habitat, protected under the 
Federal Endangered Species Act of 1973. 

CDM contacted US Fish and Wildlife Service (US FWS) office to determine whether 
there was any documentation that endangered or threatened species existed within 
the site or its vicinity.  Correspondence with the US FWS is included in Attachment E.     

Based on the US FWS, there are no federally-listed endangered or threatened species, 
their formally designated critical habitat, or species currently proposed for listing 
under the Endangered Species Act within the proposed facility boundary.   
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Section 1 
Purpose 
As part of the substantial amendment requirements, see Rule .0535(c)(2), local 
government approval documents are required.  Per Rule .0536(c)(11), local 
government approval for this project requires the following: 

• Rule .0536(c)(11)(A) – project approval of the governing board (see Section 2); 

• Rule .0536(c)(11)(C) and (D) – one public meeting to inform the community of 
the project and public notice and meeting documentation (see Section 3); and 

• Rule .0536(c)(11)(E) – a letter from the unit of local government having zoning 
jurisdiction over the site which states that the project meets all the 
requirements of the local zoning ordinance (see Section 4). 
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Section 2 
Board Approval 
Per Rule .0537(c)(11)(A), project approval by the governing board, Buncombe County 
Board of County Commissioners, is required.  This approval was obtain on the April 
21, 2009 Commissioners’ Meeting and is provided as Appendix A as a vote on a 
resolution. 
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Section 3 
Public Meeting 
Per Rule .0537(c)(11)(C), one (1) public meeting to inform the community of the 
project is required.  The public meeting was held on March 31, 2009 at 7:00 PM in 
Asheville, North Carolina. 

3.1 Public Notice 
Public notice of the meeting was provided 30 days prior to the public meeting in the 
form of a legal advertisement placed in the Asheville Citizen-Times (see Appendix B). 

Also required was the notification of the property owners of all property that share a 
common border with the landfill property.  Table 3-1 and Figure 1 present all the 
adjacent property owners.  Appendix C includes public notice letters to all thirty-
three (33) adjacent property owners.  Appendix D includes the public notice 
documentation that was provided with the public notice letters.  As required by Rule 
.0537(c)(11)(C), FedEx® delivery confirmations and US Postal Service return receipts 
are provided in Appendix E. 

3.1.1 Public Response 
A number of property owners contacted CDM during the 30-day period.  This 
information is presented in Table 3-1. 

3.1.2. Public Meeting Documentation 
Per Rule .0537(c)(11)(D), public meeting documentation is included as a digital WAV 
file in the CD-R in the front cover of this permit application with the PDF of the 
permit.  The sign-in sheet is included in Appendix F. 
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Buncombe County 
C&D Landfill Expansion

Table 3-1 - Adajcent Property Owners

OWNER DELIVERY CONTACT MAIN CONCERN COMMENT
BRYAN FAYE R & EUGENE FedEx - Yes
BUCHANAN BOBBY & KIM FedEx - Yes Call - 03/02 Is County taking property?

BULLMAN VELMA R FedEx - Yes
CORNWELL CLARA RENEE FedEx - Yes Call - 03/06 Is County taking property?

DEBRUHL ALAN FedEx - Yes
FRISBY JR MORRIS FedEx - Yes

GREEN MARY A FedEx - Yes Call - 02/27 Is County taking property?
GUNTHER MARIAH A FedEx - Yes Call - 03/02 Is County taking property?

HONEYCUTT LISA-JOY -- Call - 03/04 Is County taking property? Email as well, located in Hawaii, no confirmation
JACQUE RAYMOND F ET AL FedEx - Yes

JOHNSON JAMES E & GERTRUDE A TE FedEx - Yes
LUNSFORD ALVA FedEx - Yes

MASSEY HASKELL L & KATHLEEN FedEx - Yes Call - 03/02 Offered to sell
MASSEY RAY EDWARD FedEx - Yes

MASSEY WINSTON W & ROSA L FedEx - Yes Call - 03/12 Offered to sell
NELSON DOUGLAS L & CATHY L MCEVOY FedEx - Yes

NORTON CATHERINE (LE) FedEx - Yes
NORTON JR JOSEPH & JOANNA FedEx - Yes

RAY STACY C & JEFFREY S BOWEN FedEx - Yes
REGGI JENNY GAY FedEx - Yes

ROBINSON STEVEN E & NADINE W FedEx - Yes Call - 03/02 Is County taking property?
SHETLEY JENNINGS B (LE) & DANNIEL S FedEx - Yes

TEASDALE ALAN RAY & MAGGIE MADELINE FedEx - Yes Call - 03/25 Is County taking property?
THOMPSON WANDA SHOOK FedEx - Yes

WOODSON VIRGINIA G FedEx - Yes

BAILEY LOUISE L & EARL USPS - Yes
CYPRESS CO AT FRENCH BROAD LLC USPS - Yes

PHILLIPS BECKY R & SHARON R BANNER USPS - Yes
ROBERTS GARY J & LEISA B USPS - Yes
SZABO ZACHARY D & SARA USPS - Yes

COBB STEVEN C & VALERIE K FedEx - Returned
ROBERTS REVA N FedEx - Returned

DEBRUHL DARRELL & KATHY USPS - Returned

ROBERTA GOFORTH -- Call - 03/03 Is County taking property? Not an adjacent property owner
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Section 4 
Local Zoning Ordinance 
Per Rule .0537(c)(11)(E), a letter from the local government, Buncombe County Board 
of County Commissioners, is required that states that the project meets all the 
requirements of the local zoning ordinance.  The zoning letter is included in 
Appendix G. 
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RESOLUTION NO.09-04-08 
 

RESOLUTION APPROVING THE EXPANSION OF 
THE CONSTRUCTION & DEMOLITION (C&D) LANDFILL 

---------------------------------------------------------------------------------------------------------------------------------------------------
- 

WHEREAS, the County of Buncombe is committed to achieving the waste reduction goals identified in the 
Buncombe County Solid Waste Management Plan and improving the health and safety of all 
citizens by disposing of waste in the most effective and efficient manner possible; and 

 
WHEREAS, construction and demolition debris consists of treated paint or wood, sheetrock, concrete, 

blocks, bricks, and clean dirt, and represents approximately 24% of the waste stream generated 
by Buncombe County and its municipalities; 

 
WHEREAS, since 1998, the Buncombe County Solid Waste Department has operated a Construction and 

Demolition (C&D) landfill area at the Buncombe County Solid Waste Management Facility and 
Landfill on Panther Branch Road, which emphasizes reducing and recycling construction and 
debris materials to conserve landfill space thereby fostering markets for recovered and recycled 
materials; and 

 
WHEREAS, the existing C&D landfill is expected to reach capacity in approximately two years, and the 

Board of Commissioners recognizes the need to expand the C&D landfill at its Solid Waste 
Management Facility; and 

  
WHEREAS, in accordance with requirements set forth in 15A NCAC 13B .0536(11), the Buncombe County 

Board of Commissioners has informed the community about the proposed expansion, obtained 
input, and provided assurance that the site meets local zoning requirements; and 

 
WHEREAS, the design and operation of the C&D landfill expansion will comply with 15A NCAC 13B .0536 

through 0.544, and the expansion otherwise complies with all other applicable County laws and 
ordinances; and 

 
WHEREAS, the Board supports the expansion of the C&D landfill in order to continue offering an 

environmentally sound and effective option for managing the residual materials from 
construction and demolition waste. 

 
NOW, THEREFORE, BE IT RESOLVED by the Board of Commissioners for the County of Buncombe as 
follows: 
 

1. That the Board hereby endorses and approves the expansion of the Construction and 
Demolition (C&D) landfill area at the Buncombe County Solid Waste Management 
Facility and Landfill and authorizes the execution and submission of the necessary 
permits required to expand the C&D landfill area and other documents as may be 
necessary to complete the expansion project. 

 
2. That this Resolution shall be effective upon its adoption. 

 
Adopted this 21st day of April, 2009. 

 
ATTEST:       BOARD OF COMMISSIONERS 

FOR THE COUNTY OF BUNCOMBE 
 
________________________________    By: ______________________________ 
Kathy Hughes, Clerk to the Board              David Gantt, Chairman 
 
APPROVED AS TO FORM: 
 
 
_____________________________ 

hughesk
Kathy Hughes

hughesk
David Gantt

hughesk
Joe Connolly
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