


















 
5400 Glenwood Avenue, Suite 300 
Raleigh, North Carolina 27612 
tel: 919-325-3500 
fax: 919-781-5730 
 

 

July 29, 2009 
 
Mr. Ming-Tai Chao, P.E. 
Environmental Engineer II 
North Carolina Department of Environmental and Natural Resources 
Division of Waste Management 
Permitting Branch, Solid Waste Section 
1646 Mail Service Center 
Raleigh, NC 27699-1646 
 
Subject: Dare County 
 Dare County Construction and Demolition Landfill (C&DLF) 
  Permit to Construct Application  

Response to Comments 
  
Dear Mr. Chao: 

On behalf of Dare County, CDM is pleased to submit revisions to the Dare County 
Construction and Demolition Landfill Permit to Construction Application per your 
review comments received on March 6, 2009.  For your convenience, CDM has 
formatted this letter correspondence to present your comment followed immediately 
by our response in italics. 

Section One – Facility Plan 
1. (Section 1.3.1.4) Please describe the waste recycling program (recyclable 

wastes, such as white goods, concrete rubbles, scrap tires, scrap metals, 
cardboard box, etc.) conducting at the landfill facility and requiring waste 
segregated management. 

 
White goods and scrap metal are the only recyclables accepted at the C&D LF, and 
once accepted they are stockpiled in a designated area near the active cell of the 
landfill until the recyclables are collected by a local recycling company. 

 
2. Is the landfill facility located within a 100-year floodplain? Has the Dare 

County Board of Commissioners adopted a resolution to grant a variance to 
the Dare County’s flood hazard ordinance for the C&DLF facility in 
accordance with Rule .0536(c)(4)?  Please provide a copy of the resolution 
approving the variance. 
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Yes, it is in the 100-yr floodplain.  Included in the Facility Plan as Appendix A – 
Site Location Restrictions is a copy of the resolution approving the variance for the 
new cells at the Dare County C&D Facility. 

 
3. (Section 1.3.2.4 & Sheet D-2) There is discrepancy of the thickness of the 

final cover between this section and Detail E of Sheet D-2 and the Section 
1.3.3 and the Closure Plan.  Please clarify. 

 
The final cover thickness of 3 feet as identified in the Facility Plan and the Closure 
Plan are correct, and the final cover thickness shown in Detail E on Sheet D-2 has 
been revised to reflect the minimum final cover thickness of 3 feet as required per 
rules 0.543(c)(1)(B) and 0.543(c)(1)(C). 

 
4. (Section 1.3.2.6) The Table 3-3 mentioned in the section is likely a 

typographic error of Table 1-3.  Please clarify. 
 

The reference to Table 3-3 in Section 1.3.2.6 is a typographic error and should be 
deleted and revised to read Table 1-3. 

 
5. (Section 1.3.3.1.1, Page 1-8)  This section proposes” the closure cap post-

settlement surface slope must be between 5 to 25 percent.”  However, the 
figures in permit application document show the top surface slope of the 
final cap is 2 percent and side slope is 33.3 percent [3 (horizontal) to 1 
(vertical)].  Please clarify. 

 
The top surface slope has been revised to be no less than 5% on all figures and 
drawings, and the side slopes will be a maximum of 3 (horizontal) to 1 (vertical) as 
an accepted alternative per Rule 0.543(c)(3)(C).  Refer to Section 1, Paragraph 
1.1.1 – Final Cover System for supporting documentation regarding the 3 
(horizontal) to 1 (vertical) side slopes.  The supporting documentation is detailed 
further in Appendix B – Design Geotechnical Evaluation, which is part of Section 2 
– Engineering Plan. 

 
Section Two – Engineering Plan  
6. (Section 1.2) The section proposes that the post-settlement grades of the top 

surface slope will not be less than 5 percent (to prevent ponding).  But the 
Sheets SD-3 and C-4 show the top surface slope of the final cover of Cell 
No. 4 is 2 percent from crown to the edge of the top surface of the final 
cover.  Please clarify. 



 
Mr. Ming-Tai Chao 
July 29, 2009 
Page 3 
 
 

 

 
Sheets SD-3 and C-4 have been revised to show the top surface slope with a 
minimum slope of 5%.  

 
7. (Section 1.3, the first sentence) The Cell No. 3 mentioned in this section is 

apparently a typo of the Cell No. 4. Please correct the typographic error. 
 

The reference to Cell No. 3 in Paragraph 1.3 – Erosion and Sedimentation Control 
is a typographic error and should be deleted and revised to read Cell No. 4. 

 
8. (Section 1.3, on page 1-2) Please provide a copy of approval letter, issued by 

Division of Land Resources, Land Quality Section, of the Sedimentation and 
Erosion Control Permit Application. The approval letter shall be a portion 
of the Cell No.4 Permit to Construction Permit Application. 

 
A copy of the approval letter from the North Carolina Department of Environment 
and Natural Resources (NCDENR) Division of Land Resources, Land Quality 
Section, for the Sedimentation and Erosion Control Plan and Permit will be 
submitted to the NCDENR DWM upon approval from the NCDENR DLQ. 

 
9. (Section 2.1, the second paragraph) Please provide the soil loss calculations, 

which are not presented in Appendix A. 
 

The corresponding soil loss calculations for Cell No. 4 are included in Section 2 – 
Engineering Plan, Appendix A - Calculations. 

 
10. (Section 2.2) This section indicated that designs of site drainage structures 

and sediment ponds are based on a 25-year, 24-hour storm event.  
However, designs of drainage structures - filter basins and canal crossing in 
Appendix A are based on a 10-year storm event.  Please clarify. 

 
The site drainage structures have been revised to include a design based on a 25-
year, 24-hour storm event, and the revised calculations are attached. 

 
11. (Section 2.4, page 2-2) The pertinent documents of the location restrictions 

for the entire proposed C&D landfill expansion are not provided in Section 
1 – Facility Plan, Appendix B.  Please clarify. 

 
The site location restrictions are included in Section 1 – Facility Plan, Appendix A. 
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12. (Section B-2) The Sheet OP-6 is not available in the document.  Please 

provide the Sheet OP-6.   
 

The reference to Sheet OP-6 in Section B-2, Paragraph B-2.1 is a typographic error 
and should be revised to read OP-1. 

 
13. (Section B-6.3, page 6-1) The final cover thickness is 3 feet thick, not 2 feet, 

as described in Section 1.2 of the Engineering Plan.  Please correct the 
typographic error. 

 
The reference to a final cover thickness of 2 feet is a typographic error and a revised 
Section 1.2 of the Engineering Plan is included as part of the revised Permit to 
Construct. 

 
14. (Section B-6.4 & Appendix B-4) Has the presence of groundwater in the 

subsurface been considered in the slope stability analysis?  Please clarify. 
 

The presence of groundwater was considered for both slope stability and settlement 
analyses. The groundwater was assumed to be at the top of the existing ground 
surface (at the bottom of the 5-foot-thick compacted fill).    

 
15. (Section B-6.4 & Appendix B-4)  Please provide the input data summary 

sheets and summary of the analysis results from the slope stability 
modeling software SLOPE/W 2004.  
 
Input and output data summary sheets for slope stability analyses are included at 
the end of Appendix B in Section 2 – Engineering Plan. 

 
16. (Sections B-6.4.3 & B-6.4.4) Please provide Appendix D mentioned in both 

sections.  
 

Appendix D, should have been identified as Appendix B-4. Appendix title has been 
corrected to read Appendix B-4 throughout this report. Also, please note that the 
last sentence of section B-6.4.4 should read “The slope stability analyses are 
presented in Appendix B-4”, rather than ”The slope stability analyses, including 
estimated strength gain calculations are presented in Appendix D” as it currently 
reads.  
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Section Three - Construction Quality Control Plan (CQA Plan) 
17. The CQA Plan needs to specify material, construction procedures, QA/QC 

testing items, methods, and frequencies to ensure that the as-built 5- feet 
thick compacted landfill sugrade for Cell No. 4 meets the design 
requirements of material as described in Section 1.1 of the Engineering Plan 
and the minimum engineering parameters – unit weight 120 pcf and 
internal friction angle 35 degrees as described in Table 6-1 in Appendix B of 
the Engineering Plan.  

 
The CQA plan is updated to address the requirements for the compacted fill layer. 

 
18. Please provide material (pipe, fitting, backfill material) and construction 

specifications (including disposal deco water and soil cuttings) for installing 
perimeter gas probes and passive gas vents in the CQA Plan. 

 
Landfill gas vents will be constructed per the detail provided in the revised Closure 
Plan.  Perimeter gas wells will be constructed in accordance with the revised 
Operations Plan.  The revised Closure Plan and Operations Plan are included as 
part of the revised attached Permit to Construct.  

 
19. Please provide material and construction specifications for installing the 

erosion and sediment control measures as described in the Section 1.3 of the 
Engineering Plan and the Section 8 of the Operations Plan. 

 
Erosion and sediment control devices and measures will be installed and performed 
in accordance with the approved NCDENR Sedimentation and Erosion Control 
Plan and Permit. 

 
20. To meet the safety factor requirements of slope stability analysis described 

in the Section B-6 of Appendix B, the compacted soil used as landfill cap 
must have a unit weight greater than or equal to 120 pound per cubic feet 
and internal friction angle greater than or equal to 30 degree tested by 
ASTM method D4767.  Please make necessary revision in the Sections 4 and 
5 of the CQA Plan. 

 
The material properties and placement methods for low-permeability soil liner and 
vegetative cover specified in Sections 4 and 5 of the CQA plan, respectively, should 
meet or exceed the strength properties used in slope stability calculations for the 
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associated layers. The unit weights and strength properties for these layers are 
typical and conservative values based on literature for similar types of soil.  In 
addition, the strength properties of the low permeability soil liner will be tested in 
accordance with ASTM D4767.   

 
21. (Section 2) Please describe the responsibility and authorities of the 

owner/operator and the responsibility, qualification, and submittals of the 
quality control laboratory (QCL) mentioned in Sections 4.2 and 4.3 and 
surveyors who will conduct as-built final grade survey and confirm the 
thickness of each layer of the final soil cover system. 
 
A section on the Owner’s responsibility, qualifications, and submittals has been 
added under Section 2.5 in the attached revised Closure CQA Plan.  As identified 
in Section 2.1.1 of the CQA Plan, the Quality Control Laboratory (QCL) and the 
Surveyors are sub-contractors of the Contractor.  The Contractor is responsible for 
ensuring that the QCL and Surveyor’s responsibility, qualification, and submittals 
meet the intent of the Contractor. 

 
22. (Section 4.1) Please define the passing/failure criteria of the QA/QC testing 

of compaction effort – density and moisture content and internal friction 
angle. 

 
Initial passing/failure criteria for compaction effort, dry density, and moisture 
content will be based upon an acceptance zone developed by following the 
procedures described in Paragraph 4.2B.  For soil-bentonite mixes, the procedures 
described in Paragraph 4.2.C will be followed to determine the acceptance zone.  
The acceptance zone developed through testing described in Paragraph 4.2B&C will 
be confirmed in the field by the test pad program described in Paragraph 4.3.1. 

 
23. (Section 4.1 A) The acceptable soil types based on soil classification has two 

“CH.”  Please correct this typographic error. 
 

Paragraph 4.1.A has been revised and the revised Section 4 is included as part of 
the attached Closure CQA Plan.   

 
24. (Sections 4.1 A & 4.1 B) Please explain why the ASTM Method 2488 is 

proposing to be used for classifying soil type. If the soil index tests are 
proposed to run for this project, will the ASTM Method 2487 be more 
appropriate method for classifying soil type? 
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ASTM Method 2488 has been deleted from Paragraph 4.1.A, and soil classification 
will be performed as part of the conformance test per ASTM Method 2487. 

 
25. (Sections 4.1 A, 4.2 A, & 4.2 D) Please add the test for organic content (see 

Section 4.1 A) to the conformance test list in Section 4.2 A. The 
specifications of the test item, method and frequency stated in Section 4.2 D 
need to match those in the Section 4.2 A.  Please revise the Sections 4.2 A 
and 4.2 D accordingly. 

 
The revised Closure CQA Plan is attached as part of the revised Permit to 
Construct. 

 
26. (Section 4.2 A)  If the shear test (ASTM D4767) is not applicable to a low 

permeability soil liner consisting of the soil-bentonite mixture, please clarify 
what assurance is there, and how to confirm if the constructed liner has 
adequate shear strength, in term of an internal friction angle, exceeding the 
minimum engineering property stated in Section 4.1 A. 

 
Paragraph 4.2.A is intended to indicate that the soil component of the soil-bentonite 
mix will not be tested separately.  However, the soil-bentonite mix will be tested in 
accordance with ASTM D4767 to assure adequate shear strength (internal friction 
angle) of the soil liner.  As indicated in Paragraph 4.2.C, the procedures for 
determining an acceptance zone for both natural low permeability soil sources and 
soil bentonite mix soil liners is the same, except that the samples for soil bentonite 
will be extracted from a pug mill.  Paragraph 4.2.A will be revised to clarify. 
 

27. (Section 4.3.1) Please specify (i) the testing methods for testing in-place 
density and moisture at the test pad (ii) how to repair test holes. 
 
Testing methods and repair procedures are outlined in the attached Closure CQA 
Plan under Paragraph 4.4.1 – Field Quality Control. 

 
28. (Section 4.3.2)  Are there any requirements / specifications for the subgrade 

(12-inch-thick intermediate soil cover) preparation to be achieved and 
confirmed, accepted, & documented by the EFR or Engineer prior to 
installing soil liner? Please clarify. 
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Refer to Section 3 – Intermediate Cover, which has been included in the attached 
Closure CQA Plan. 

 
29. (Section 4.4.1)  To ensure the constructed soil liner has an internal friction 

angle greater than or equal to the criterion specified in Section 4.1, please 
add the QC testing of internal friction angle with adequate test frequency to 
this Section. 

 
QAL’s testing method and frequency for shear testing are added to Paragraph 
4.4.1.A.  The QCL may perform tests as needed.  However, only the results of the 
QAL’s tests will be recognized for determining the performance of the soil liner 
installation. 

 
30.  (Section 5.4) Please specify the minimum thickness of the constructed 

vegetative cover. 
 

A revised Section 5 – Vegetative Cover Material has been included in the attached 
Closure CQA Plan, which notes that a minimum of 6-inches of vegetative material 
must be placed over the low-permeability soil liner. 

 
31. The final acceptable zone, consisting moisture contents, dry unit weights 

and compaction for which hydraulic conductivities less then or equal to 1.0 
x 10-5 cm/sec and discussed in Sections 4.2 B or 4.2 C needs to be a portion 
of the CQA report.  Please add this to the Section 6. 

 
A revised Section 6 – Documentation, has been included in the attached Closure 
CQA Plan. 

 
Section Four - Operations Plan 
32. The Operations Plan needs include a contingency plan to address the 

management and handling procedures for the unexpected events & 
conditions including, but not limited to, equipment breakdown, spills, 
unusual traffic patterns, long-term power outages and natural disasters 
affecting operations.  Please clarify. 

 
Section 12 – Contingency Plan in the Operations Plan has been included as part of 
the revised attached Permit to Construct. 
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33. (Section 2.3) Please add the asbestos wastes to the list of acceptable wastes 
and also describe the provisions to manage the disposal of asbestos wastes 
at the C&DLF facility in accordance with Rules .0542(b) and (c).  

 
Non-friable asbestos waste has been added to Section 2.2 of Operations Plan and a 
Section discussing acceptable waste requiring special handling has been inserted 
after Section 2.2 and all subsequent sections in Section 2 have been renumbered.  
The new Section 2.3 – Acceptable Waste Requiring Special Handling includes the 
necessary provisions to manage the disposal of asbestos wastes at the facility.  

 
34. (Section 7.6) The scrap tires (Appendix C, Section 4 - The Operations Plan) 

and white goods (Facility Compliance Audit Report dated December 20, 
2007) are listed as a recyclable waste at the C&DLF. Therefore, the 
Operations Plan needs to address provisions to manage white goods, scrap 
tires, and other recyclable wastes (scrap metals, cardboard box, etc.), if 
present at the C&DLF.  The plan may include, but not limited to, the 
physical features of each type waste storage area, practices to prevent 
surface water from contacting wastes, the maximum allowable tonnage to 
be stored at any time at the facility, the estimated tonnage per month, the 
contact information of a contractor or recycler to handle, off-site 
transportation, and the frequency or schedule to remove the waste tires off-
site.  The temporary storage areas of the recyclable wastes must be shown 
on the site plan. 

 
Section 7.7 – Managing Recyclables has been included in the operations permit 
discussing managing recyclables. 

 
35. (Section 8) Please describe the approaches to dispose of the removed 

sediment from the filter basins. 
 

Sediment removed from the filter basins will be hauled to the borrow area, 
dewatered, and stockpiled. 

 
36. (Section 9) What are provisions in the Plan to ensure the C&DLF units not 

to violate the requirements stated in Rule .0542(I)(5)?  Please clarify. 
 

Rule .0542(I)(5) does not exist, is this a typographic error? 
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37. (Appendix A – Water Quality Monitoring Plan) The Section 3.1.2 proposes 
to abandon existing monitoring wells GW-6 & GW-7 prior to construction 
of new Cell No.4.  What are provisions there for well abandonment and 
notification in the monitoring plan?  Please clarify. 

 
The existing monitoring wells GW-6 and GW-7 will be abandoned prior to 
construction along with the existing piezometers in the planned Cell 4 area. All 
piezometers and groundwater wells will be abandoned per 15A NCAC 2C .0113. 
Well abandonment records (form GW-30) will be submitted to the SWS within 2 
weeks of abandonment. 

 
38. (Appendix B – Gas Control Plan) The Section 3 needs to describe the 

rationality to select the locations, spacings, and depths of perimeter gas 
wells/probes.  Please clarify. 
 
Section 3 has been revised to describe landfill gas monitoring well locations and 
planned depths. The revised Appendix B – Gas Control Plan is attached. 

 
39. (Appendix B – Gas Control Plan) Please describe the schedules for installing 

the proposed 12 perimeter methane monitoring wells and for initiating the 
quarterly monitoring program.  The well completion report could be 
submitted as a portion of the CQA report. Otherwise, the Gas Control Plan 
needs provide the schedule of the report submittal (The DWM suggests that 
within 30 days upon completion of wells).  The written report that is signed, 
sealed and dated by a Professional Engineer or Professional Geologist 
registered in the State of North Carolina includes, but not limited to, a 
scaled as-built drawing depicting the locations of the gas probes which are 
surveyed by surveyors register in the State of North Carolina, well 
construction records (completed GW-1form), well & boring logs, 
groundwater tables, and descriptions of any deviations from the original 
plan. The report will also describe the schedules for the first methane gas 
sampling event and the follow-up quarterly sampling events. 
 
The 12 proposed perimeter methane monitoring wells will be installed at the same 
time as the proposed groundwater monitoring wells (GW-16 and GW-17). 
Following installation, the proposed perimeter methane monitoring wells will be 
allowed to sit for a period of 24-hours before initial methane monitoring data are 
collected. Following the initial monitoring, subsequent landfill gas monitoring 
events will be on a quarterly basis. A well completion report with well construction 
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diagrams and surveyed well locations will be forwarded to the Division within 30 
days of well installation completion. 

 
40. (Appendix B – Gas Control Plan) Please provide the typical details of the 

proposed 12 perimeter gas probes on the figures.  
 

Perimeter gas wells will be constructed in accordance with the revised Operations 
Plan.  The revised Closure Plan and Operations Plan are included as part of the 
revised attached Permit to Construct. A typical methane monitoring well detail is 
provided on Figure 1 in Appendix B – Gas Control Plan. 

 
41. (Appendix C – Section 3.2) Please add the asbestos wastes to the list of 

acceptable wastes and add the wastewater treatment sludge to the list of the 
prohibit wastes.  

 
Non-friable Asbestos waste is included in Section – 4 Operation Plan under 
Section 2.2 – Acceptable Waste.  Septage and sludge as outlined in Section 3.2 item 
nos. 10 and 11 respectively are included in the list of prohibited waste at the Dare 
County Facility. 

 
42. (Appendix C – Section 6, 2nd paragraph, bullet item 2) Is there a Waste 

Screening Plan for the Subtitle D landfill placing at the C&DLF facility? Or 
is this referencing the Dare County MSW transfer station facility (permit # 
28-05T)?  Please Clarify. 

 
Section 6, 2nd paragraph, bullet item no. 2 has been revised to read, “determined to 
contain waste prohibited, as summarized in Section 3.2, from disposal in the C&D 
landfill and then is diverted to the Dare County Transfer Station; or”. 

43. (Appendix C – Section 7) What provisions are there to prevent the repeat 
violation of disposal of unauthorized wastes at the C&DLF facility?  

 
Refer to the last paragraph in Section 7.3 – Procedures of the Waste Acceptability 
Plan, Appendix C in the Operations Plan. 

 
44. (Appendix C – Section 7) Please provide the detail descriptions of the 

random inspection procedures including, but not limited to, inspection 
location, inspector’s qualification/ training requirement, random sample 
selection process, requirements for wastes isolation and containment, and 
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protocols for managing the found prohibit wastes (especially for hazardous 
wastes and PCB wastes). 

 
A revised Section 7 is included as part of Appendix C in the Operations Plan. 

 
45. (Appendix C – Section 9) Could the Contingency Plan be associated and 

consistent with the “Hazardous Waste Management Plan annexed to the 
Dare County Emergency Operation Plan 
(http://www.co.dare.nc.us/EmgyMgmt/eop.pdf).  Please clarify. 

 
The Contingency Plan is only included in the Dare County Cell No. 4 Permit to 
Construct. 

 
Section Five – Closure Plan 
46. (Section 1.1.1) The Closure Plan proposes the post-settlement grade of top 

surface slope will not be less than 5 percent.  However, the figures in permit 
application document show the top surface slope of the final cap is 2 
percent.  Please clarify. 

 
All figures and drawings will be revised to show the top surface slope with a 
minimum slope of 5%.  

 
47. (Section 1.1.1) The descriptions of slope stability of the final cover system in 

the last paragraph on Page1-1 are not consistent with those described in the 
Engineering Plan associated with Cell No.4 construction.  Please clarify. 

 
The last paragraph on page 1-1 in the Engineering Plan has been revised per 
comments received in reference to the Post-Closure Plan Permit Modification.  The 
revised Engineering Plan is part of the attached revised Permit to Construct and 
coincides with the Construction of Cap System section in the Closure Plan. 

 
48. (Section 1.3) It is likely a typographic error of the maximum available net 

air space in Cells 1 through 4.  Please verify. 
 

Section 1.3 has been revised and is included as part of this permit 
application. 

 
Figure 
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49. It appears that the buffer distance from the east side of the waste footprint 
to the center line of a canal is 260 feet, not 210 feet.  Please correct this 
typographic error on the figures –SD-1, SD-2, and C-1.  

 
The buffer distance from the east side of the waste footprint to the center line of the 
canal on Sheets SD-1, SD-2, and C-1 are a typographic errors and should read 260 
feet.  Revised Sheets SD-1, SD-2, and C-1 are included as part of the revised Permit 
to Construct. 

 
50. The Division’s record shows that the landfill property is recorded in Deed 

Book No. 530 Page No. 733.  The notes on Figures SD-1 & SD-2 are likely 
wrong.  Please make necessary correction. 

 
Sheets SD-1 and SD-2 have been revised to read Deed Book No. 530, Page No. 733.  
The revised Sheets SD-1 and SD-2 are included as part of the revised Permit to 
Construct. 

 
51. According to the Division’s Facility Compliance Audit Report dated 

December 20, 2007, white goods are received and temporarily stockpiled at 
the C&DLF facility.  The temporary storage areas of the recyclable wastes 
(including white goods areas) need to be present on Figures SD-1 & SD-2 
(see Comments 1, 32, & 33). 

 
Recyclables are received and stockpiled in accordance with Section 7.7 in the 
Operations Plan.  The recyclables stockpiles locations are not provided on the 
Sheets SD-1 and SD-2 because there move throughout the life of the cell.  They are 
generally located adjacent to the working cell inside the limits of the landfill. 

 
52. The Cell No. 3 (Phase 3) is the active cell; please correct the typographic 

errors on Figure OP-01 & OP-02.  
 

Sheets OP-1 and OP-2 have been revised to read, “ACTIVE CELL NO. 3 (PHASE 
III).”  The revised Sheets OP-1 and OP-2 are attached. 

 
53. Please add the note of the proposed Cell No. 4 to Sheet C-1. 

 
Sheet C-1 has been revised to include a note that reads, “PROPOSED CELL NO. 4 
(PHASE IV).”  The revised Sheet C-1 is attached. 
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54. On Sheets C-3 and C-4 the locations of the monitoring well GW-09 and 
piezometers P-3 & P-6 (Sheet C-3) and P-1 (Sheet C-4) are associated with 
Cell No. 3, not at Cell No.4.  Please add wells GW-06 & GW-07 to Sheet C-3 
and update the Note 5 by including abandoned monitoring wells inside the 
landfill cell. 

 
Revised Sheets C-3 and C-4 are included in the Engineering Plan as part of the 
revised attached Permit to Construct. 

 
55. The Detail E of Sheet D-2 shows the landfill base pad is typically 4 feet 

thick, which is different from the proposal, discussed in the Section 1.3.2.8 
that proposes to construct a 5-feet thick compacted pad accounting for 
settlement that may occur.  Please clarify. 

 
The reference to a 4 foot thick landfill base pad is incorrect and should read 5 feet 
thick.  Sheet D-2 has been revised and is included as part of the revised attached 
Permit to Construct. 

 
56. There are discrepancies of the gross capacity of Cells 1 & 2 between the 

tabulated data on Figure SD-2 and data on Figure OP-03.  The final grade 
lines shown Figures OP-01 & OP-02 are not consistent with these on Figure 
OP-03.  Please make necessary corrections. 

 
Revised facility and operations plan drawings have been included as part of this 
revised permit application. 

 
If you have any questions or need additional information, please do not hesitate to call me at 
(919) 787-5620. 

Very truly yours, 

 

 

W. Michael Brinchek, P.E. 
Project Manager 
Camp Dresser & McKee  
  
cc:  Ed Mussler, DWM 

Edward Mann, Dare County 
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Section 2 
Characterization Study 
 
2.1 Introduction 
Rule .0536 (c)(1) of the North Carolina Solid Waste Management Rules requires that a 
site characterization study including a 2,000-foot perimeter area measured from the 
proposed boundary of the landfill facility be submitted with the site study.  The study 
must include an aerial photograph taken within one year of the original submittal 
date, a report, and a local map.  The map and photograph must be at a scale of at least 
one inch equals 400 feet.  The characterization study must include a report and maps 
identifying the following: 

• The entire property proposed for the disposal site and any on-site easements;  

• Existing land use and zoning; 

• The location of residential structures and schools;  

• The location of commercial and industrial buildings, and other potential sources of 
contamination;  

• The location of potable wells and public water supplies; 

• Historic sites; 

• State nature and historic preserves; 

• The existing topography and features of the disposal site including: general surface 
water drainage patterns and watersheds, 100-year floodplains, perennial and 
intermittent streams, rivers and lakes; and 

• The classification of the surface water drainage from landfill site in accordance 15A 
NCAC 02B .0300. 

2.2 Proposed Disposal Site 
The proposed landfill facility site is shown on Figure 2-1.  The aerial photograph was 
obtained from the County.  There are no public utility easements within the 2,000-foot 
perimeter of the existing facility boundary.  

2.3 Existing Land Use and Zoning 
The C&D landfill property is owned by the County.  The site of the C&D landfill is 
cleared cropland that has a naturally high water table and is currently ditched and 
drained through a pumping station belonging to the US Fish and Wildlife Service 
(USFWS).  The artificial drainage system maintains the groundwater level 
approximately 1-2 feet below the ground surface during the wetter months of the 
year.  The non-cleared land on the 836 acre tract (approximately 311 acres) is Section 
404 wetlands.  However, the remaining 525 acres of cropland has been designated 
“prior converted cropland” and is not considered “wetlands”.  
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2.4 Residential Structures and Schools 
Based on NC OneMap program data (updated December 2006) from NCDENR 
Center for Geographic Information and Analysis (CGIA), there are no residential 
structures or schools within the 2,000-foot perimeter as shown on Figures 2-2.  The 
nearest school, Manteo Middle located in Manteo, is approximately 11 miles away 
from the facility boundary.  

2.5 Potential Sources of Contamination 
Based on the aerial photograph presented in Figure 2-1, there are no commercial or 
industrial buildings located within the 2,000-foot perimeter of the facility boundary.  
There were no existing buildings within the 2,000-foot perimeter prior to the C&D 
landfill facility.  From NC OneMap program data (updated October 2003) from 
NCDENR, CGIA, no nearby livestock farms (e.g. hog farms, etc.) were identified up- 
or down-gradient of the facility boundary.  

2.6 Potable Wells and Public Water Supplies  
Based on NC OneMap program data (updated May 2005) from NCDENR, CGIA, 
there are no potable wells or public water supply sources within 2,000 feet of the 
facility boundary.  The closest public water supply source is a camp ground well west 
of the Croatan Sound Bridge approximately 4 miles away from the facility boundary.  

2.7 Historic Sites 
Based on Figure 2-3 provided by the North Carolina Historic Sites Section website, 
there are no National Register buildings or sites within the 2,000-foot perimeter of the 
proposed facility boundary.  There are also no historic districts or zones within that 
area.  The closest National Register Historic Place is the Roanoke Island Festival Park 
which is approximately 11 miles northeast of the facility boundary. 

2.8 State Nature and Historic Preserves 
Based on NC OneMap program data (updated March 2006) from NCDENR, CGIA, 
there are no state nature or historic preserves within the 2,000-foot perimeter of the 
facility boundary.  The closest state nature preserve is the NC Wildlife Resources 
Commission Roanoke Island Marshlands approximately 10 miles away from the 
facility boundary. 

2.9 Topography and Features of the Disposal Site 
Section 3: Facility Plan drawings present the existing topography of the site.  The 
topography for the site is generally flat with elevations from 1.5 to 2.5 feet above 
mean sea level.  The highest elevations occur in the west-central to north-western 
areas of the site.  The lowest areas are located along the tree line on the eastern edge 
of the cleared area.  The typical surface gradient across the site is 0.2 feet per 1000 feet. 
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2.9.1 Surface Water Drainage Patterns 
As stated in Section 2.3, the USFWS operates a pump station to the west of the facility 
to maintain the groundwater level.  Therefore, surface water generally flows 
westward along channels parallel to Cub and Link Roads. 

2.9.2 Floodplains 
As stated in Section 1, the Dare County C&D landfill facility site has been previously 
approved as a MSW landfill facility and all landfill siting criteria have been met.  The 
Site Plan was approved in January 1993, but the County decided to construct a C&D 
landfill instead of the planned MSW landfill. 

Since the facility lies within a 100-year floodplain, the Dare County Board of 
Commissioners adopted a resolution on August 2, 2004 granting a variance to the 
County’s flood hazard ordinance for the facility (see Attachment 2-1).       

The Dare County Board of Commissioners have passed a revised resolution, dated 
August 2, 2004 issuing a variance to include the C&D landfill expansion in the 100-
year floodplain in accordance with N.C.G.S. 143-215.54A (see Attachment 2-1). 

2.9.3 Streams, Rivers, and Lakes 
There are no jurisdictional or waters-of-the-state within the 2,000-foot perimeter area. 

2.10 Classification of the Surface Water Drainage 
Based on the NCDENR Division of Water Quality NC Waterbodies Listed by County 
data (see Attachment 2-2), surface water drainage from the landfill site will eventually 
lead to the Long Shoal River (Page 6).  The current surface water classification is Class 
C and SW (Swamp Waters), which are not restrictive classifications for landfill siting. 
The Dare County C&D landfill operates under National Pollutant Discharge 
Elimination System (NPDES) General Permit NCG120000 and, therefore, is required 
to perform surface water monitoring and reporting.   
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drained through a pumping station belonging to the US Fish and Wildlife Service 
(USFWS).  The artificial drainage system maintains the groundwater level 
approximately 1-2 feet below the ground surface during the wetter months of the 
year.  The non-cleared land on the 836 acre tract (approximately 311 acres) is Section 
404 wetlands.  However, the remaining 525 acres of cropland has been designated 
“prior converted cropland” and is not considered “wetlands”.  

2.4 Residential Structures and Schools 
Based on NC OneMap program data (updated December 2006) from NCDENR 
Center for Geographic Information and Analysis (CGIA), there are no residential 
structures or schools within the 2,000-foot perimeter as shown on Figures 2-2.  The 
nearest school, Manteo Middle located in Manteo, is approximately 11 miles away 
from the facility boundary.  

2.5 Potential Sources of Contamination 
Based on the aerial photograph presented in Figure 2-1, there are no commercial or 
industrial buildings located within the 2,000-foot perimeter of the facility boundary.  
There were no existing buildings within the 2,000-foot perimeter prior to the C&D 
landfill facility.  From NC OneMap program data (updated October 2003) from 
NCDENR, CGIA, no nearby livestock farms (e.g. hog farms, etc.) were identified up- 
or down-gradient of the facility boundary.  

2.6 Potable Wells and Public Water Supplies  
Based on NC OneMap program data (updated May 2005) from NCDENR, CGIA, 
there are no potable wells or public water supply sources within 2,000 feet of the 
facility boundary.  The closest public water supply source is a camp ground well west 
of the Croatan Sound Bridge approximately 4 miles away from the facility boundary.  

2.7 Historic Sites 
Based on Figure 2-3 provided by the North Carolina Historic Sites Section website, 
there are no National Register buildings or sites within the 2,000-foot perimeter of the 
proposed facility boundary.  There are also no historic districts or zones within that 
area.  The closest National Register Historic Place is the Roanoke Island Festival Park 
which is approximately 11 miles northeast of the facility boundary. 

2.8 State Nature and Historic Preserves 
Based on NC OneMap program data (updated March 2006) from NCDENR, CGIA, 
there are no state nature or historic preserves within the 2,000-foot perimeter of the 
facility boundary.  The closest state nature preserve is the NC Wildlife Resources 
Commission Roanoke Island Marshlands approximately 10 miles away from the 
facility boundary. 
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2.9 Topography and Features of the Disposal Site 
Section 3: Facility Plan drawings present the existing topography of the site.  The 
topography for the site is generally flat with elevations from 1.5 to 2.5 feet above 
mean sea level.  The highest elevations occur in the west-central to north-western 
areas of the site.  The lowest areas are located along the tree line on the eastern edge 
of the cleared area.  The typical surface gradient across the site is 0.2 feet per 1000 feet. 

2.9.1 Surface Water Drainage Patterns 
As stated in Section 2.3, the USFWS operates a pump station to the west of the facility 
to maintain the groundwater level.  Therefore, surface water generally flows 
westward along channels parallel to Cub and Link Roads. 

2.9.2 Floodplains 
As stated in Section 1, the Dare County C&D landfill facility site has been previously 
approved as a MSW landfill facility and all landfill siting criteria have been met.  The 
Site Plan was approved in January 1993, but the County decided to construct a C&D 
landfill instead of the planned MSW landfill. 

Since the facility lies within a 100-year floodplain, the Dare County Board of 
Commissioners adopted a resolution on August 2, 2004 granting a variance to the 
County’s flood hazard ordinance for the facility (see Attachment 2-1).       

The Dare County Board of Commissioners have passed a revised resolution, dated 
August 2, 2004 issuing a variance to include the C&D landfill expansion in the 100-
year floodplain in accordance with N.C.G.S. 143-215.54A (see Attachment 2-1). 

2.9.3 Streams, Rivers, and Lakes 
There are no jurisdictional or waters-of-the-state within the 2,000-foot perimeter area. 

2.10 Classification of the Surface Water Drainage 
Based on the NCDENR Division of Water Quality NC Waterbodies Listed by County 
data (see Attachment 2-2), surface water drainage from the landfill site will eventually 
lead to the Long Shoal River (Page 6).  The current surface water classification is Class 
C and SW (Swamp Waters), which are not restrictive classifications for landfill siting. 
The Dare County C&D landfill operates under National Pollutant Discharge 
Elimination System (NPDES) General Permit NCG120000 and, therefore, is required 
to perform surface water monitoring and reporting.   
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Note: Waterbodies are listed in more than one county if they cross county lines.

 SpDes:

North Carolina Waterbodies Listed by County

DareCounty:

No Records Returned!
 

Search Parameters:

 Class:

Index#:
Desc:

Name:

02/26/07Report Date:

Records Found: 107

Prop. Class Basin Stream Index #DateCurr. ClassDescriptionName of Stream

Dare County

Pasquotank 3007/01/73SBAll waters south and 
east of a line running 
in a southerly 
direction from 
Horniblow Point (North 
end of Norfolk-Southern 
Railroad Bridge) to a 
point of land on the 
east side of Roanoke 
River (a line running 
along the railroad to 
the Chowan-Washington 
County Line, thence 
west along the 
Chowan-Washington 
County Line to the 
Bertie-Washington 
County Line, thence 
along the 
Bertie-Washington 
County Line to a point 
0.1 mile above the 
mouth of Roanoke River, 
thence south east 0.1 
mile to the east side 
of Roanoke River

ALBEMARLE SOUND

Pasquotank 30-104/06/61SCFrom source to Wright 
Memorial Bridge at 
Albemarle Sound

Currituck Sound

Pasquotank 30-1-1704/06/61SCFrom source to 
Currituck Sound

Jean Guite Creek

Pasquotank 30-16-(7)01/01/90SC;Sw,ORWFrom mouth of Northwest 
Fork to U. S. Hwy. 64

Alligator River

Pasquotank 30-16-1501/01/90C;Sw,ORWFrom source to 
Alligator River

Swan Creek (Swan 
Creek Lake)

Pasquotank 30-16-1601/01/90C;Sw,ORWFrom source to 
Alligator River

Whipping Creek 
(Whipping Creek 
Lake)

Pasquotank 30-16-2001/01/90SC;Sw,ORWFrom source to 
Alligator River

Milltail Creek

Pasquotank 30-16-20-101/01/90SC;Sw,ORWEntire BayBoat Bay
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Prop. Class Basin Stream Index #DateCurr. ClassDescriptionName of Stream

Pasquotank 30-16-20-201/01/90C;Sw,ORWFrom source to Milltail 
Creek

Sandy Ridge Gut 
(Sawyer Lake)

Pasquotank 30-16-(21.5)04/06/61SC;SwFrom U.S. Hwy. 64 to 
Albemarle Sound

Alligator River

Pasquotank 30-16-2304/06/61SC;SwEntire LakeEast Lake

Pasquotank 30-16-23-104/06/61SC;SwFrom source to East LakeThe Frying Pan

Pasquotank 30-16-23-204/06/61SC;SwFrom source to East LakeSouth Lake

Pasquotank 30-16-23-2-104/06/61SC;SwFrom source to South 
Lake

Northeast Prong 
South Lake

Pasquotank 30-16-23-2-1-104/06/61SC;SwFrom source to 
Northeast Prong South 
Lake

Liehue Gut

Pasquotank 30-16-23-2-204/06/61SC;SwFrom source to South 
Lake

Hooker Gut

Pasquotank 30-16-23-2-2-107/01/73C;SwFrom source to Hooker 
Gut

Billys Ditch

Pasquotank 30-16-23-2-304/06/61SC;SwFrom source to South 
Lake

Deer Creek

Pasquotank 30-16-23-2-404/06/61SC;SwEntire BayDeep Bay

Pasquotank 30-16-23-2-504/06/61SC;SwFrom source to South 
Lake

Broad Creek

Pasquotank 30-1704/06/61SCFrom source to 
Albemarle Sound

Tom Mann Creek

Pasquotank 30-1804/06/61SCFrom source to 
Albemarle Sound

Peter Mashoes 
Creek

Pasquotank 30-18-104/06/61SCFrom source to Peter 
Mashoes Creek

Gar Gut (Davis 
Pond)

Pasquotank 30-18-204/06/61SCFrom source to Peter 
Mashoes Creek

Spence Creek

Pasquotank 30-18-2-104/06/61SCFrom source to Spence 
Creek

Poster Gut

Pasquotank 30-1904/06/61SCEntire BayKitty Hawk Bay

Pasquotank 30-19-104/06/61SCFrom Kill Devil Hills 
Bridge north to Kitty 
Hawk Bay

Colington Creek

Pasquotank 30-19-204/06/61SCFrom source to Kitty 
Hawk Bay

Duck Pond Creek

Pasquotank 30-20-(1)08/01/90SBFrom a line running 
from a point of land on 
the southern side of 
mouth of Peter Mashoes 
Creek on Dare County 
mainland to Northwest 
Point on Roanoke Island 
to a line west to Reeds 
Point on the Dare 
County mainland

Croatan Sound
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Prop. Class Basin Stream Index #DateCurr. ClassDescriptionName of Stream

Pasquotank 30-20-(2)08/01/90SA;HQWFrom Northwest Point on 
Roanoke Island 
following a line west 
to Reeds Point on the 
Dare County mainland to 
a line running from a 
point of land just 
below Long Wretch Creek 
on Dare County mainland 
to the Southern tip of 
Smith Island south of 
Roanoke Island

Croatan Sound

Pasquotank 30-20-304/06/61SA;HQWFrom source to Croatan 
Sound

Spencer Creek

Pasquotank 30-20-3-104/06/61SCFrom source to Spencer 
Creek

Unnamed Canal at 
Manns Harbor

Pasquotank 30-20-404/06/61SA;HQWFrom source to Croatan 
Sound

Callaghan Creek

Pasquotank 30-20-504/06/61SA;HQWFrom source to Croatan 
Sound

Baum Creek

Pasquotank 30-20-604/06/61SA;HQWFrom source to Croatan 
Sound

Oyster Creek

Pasquotank 30-20-704/06/61SA;HQWEntire BayCedar Bush Bay

Pasquotank 30-20-804/06/61SA;HQWEntire Area of the Cut 
Through

Cut Through

Pasquotank 30-20-904/06/61SA;HQWEntire CreekHog I Creek

Pasquotank 30-20-1004/06/61SA;HQWFrom source to Croatan 
Sound

Long Wretch Creek

Pasquotank 30-20-1104/06/61SA;HQWEntire CreekSmith Creek

Pasquotank 30-2107/01/73SA;HQWFrom a line running 
from Northwest Point on 
Roanoke Island 
northward to Rhodoms 
Point on Colington 
Island, thence a line 
running eastward 
through Wright Memorial 
Monument, to a line 
running from the 
southern tip of Smith 
Island south of Roanoke 
Island to southern tip 
of Bodie Island at 
North Point.

Roanoke Sound

Pasquotank 30-21-104/06/61SCEntire BayBuzzard Bay

Pasquotank 30-21-1-104/06/61SCFrom Kill Devil Hills 
Bridge south to Buzzard 
Bay

Colington Creek

Pasquotank 30-21-204/06/61SCEntire BayOtis Cove

Pasquotank 30-21-304/06/61SCEntire BayShallowbag Bay

Pasquotank 30-21-3-1-(1)08/01/90SC;HQWFrom source to the 
narrows

Scarboro Creek
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Prop. Class Basin Stream Index #DateCurr. ClassDescriptionName of Stream

Pasquotank 30-21-3-1-(2)04/01/61SCFrom the narrows to 
Shallowbag Bay

Scarboro Creek

Pasquotank 30-21-3-208/01/90SC;HQWFrom source to 
Shallowbag Bay

Doughs Creek

Pasquotank 30-21-412/13/79SA;HQWThe waters surrounding 
the Island within 1,000 
feet from shore

Pond Island

Pasquotank 30-21-504/06/61SA;HQWFrom source to Roanoke 
Sound

Johns Creek

Pasquotank 30-21-5-104/06/61SA;HQWFrom source to Johns 
Creek

Sand Beach Creek

Pasquotank 30-21-604/06/61SA;HQWEntire CreekRockhall Creek

Pasquotank 30-21-704/06/61SA;HQWFrom source to Roanoke 
Sound

Broad Creek

Pasquotank 30-21-804/06/61SCFrom source to Roanoke 
Sound

Mill Landing 
Creek (Mill Creek)

Pasquotank 30-21-1004/06/61SA;HQWFrom source to Roanoke 
Sound

Georges Creek

Pasquotank 30-21-1104/06/61SA;HQWEntire BayLighthouse Bay

Pasquotank 30-21-1204/06/61SA;HQWEntire CreekBlossie Creek

Pasquotank 30-21-1304/06/61SCFrom source to Roanoke 
Sound

Motts Creek

Pasquotank 30-2204/06/61SA;HQWFrom Croatan and 
Roanoke Sounds to a 
line running from Sandy 
Point south of Stumpy 
Point Bay to the 
northeast tip of 
Ocracoke Island

Pamlico Sound

Pasquotank 30-22-104/06/61SA;HQWEntire InletOregon Inlet

Pasquotank 30-22-204/06/61SA;HQWEntire BayEagle Nest Bay

Pasquotank 30-22-304/06/61SA;HQWEntire BayGoat Island Bay

Pasquotank 30-22-404/06/61SA;HQWFrom source to Pamlico 
Sound

The Trench

Pasquotank 30-22-504/06/61SA;HQWEntire CreekPea Island Creek

Pasquotank 30-22-604/06/61SA;HQWEntire BayPea Island Bay

Pasquotank 30-22-704/06/61SA;HQWEntire BayTerrapin Creek Bay

Pasquotank 30-22-7-104/06/61SA;HQWFrom source to Terrapin 
Creek Bay

Terrapin Creek

Pasquotank 30-22-804/06/61SA;HQWEntire BayStumpy Point Bay

Pasquotank 30-22-8-109/01/74C;SwEntire Lake and 
connecting canal to 
Stumpy Point Bay

Back Lake

Pasquotank 30-22-904/06/61SA;HQWEntire area of Beach 
Slue

Beach Slue

Pasquotank 30-22-1004/06/61SA;HQWEntire CreekWreck Creek

Pasquotank 30-22-1104/06/61SA;HQWEntire BayRound Hammock Bay

Pasquotank 30-22-1204/06/61SA;HQWFrom source to Pamlico 
Sound

Pauls Ditch
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Pasquotank 30-22-1304/06/61SA;HQWFrom source to Pamlico 
Sound

Blackmar Gut

Pasquotank 30-22-1404/06/61SA;HQWFrom source to Pamlico 
Sound

North Drain

Pasquotank 30-22-1504/06/61SA;HQWFrom source to Pamlico 
Sound

Midgett Cove

Pasquotank 30-22-1604/06/61SA;HQWEntire BayClarks Bay

Pasquotank 30-22-1704/06/61SA;HQWEntire BayNo Ache Bay

Pasquotank 30-22-1804/06/61SA;HQWEntire BayGull Island Bay

Pasquotank 30-22-1904/06/61SA;HQWFrom source to Pamlico 
Sound

Phipps Cove

Pasquotank 30-22-2004/06/61SA;HQWFrom source to Pamlico 
Sound

The Drain

Pasquotank 30-22-2104/06/61SA;HQWFrom source to Pamlico 
Sound

Spencer Creek

Pasquotank 30-22-2204/06/61SA;HQWFrom source to Pamlico 
Sound

Mill Creek

Pasquotank 30-22-2304/06/61SA;HQWFrom source to Pamlico 
Sound

Peters Ditch

Pasquotank 30-22-2404/06/61SA;HQWFrom source to Pamlico 
Sound

Askins Creek

Pasquotank 30-22-2504/06/61SA;HQWFrom source to Pamlico 
Sound

Boat Creek

Pasquotank 30-22-2604/06/61SA;HQWFrom source to Pamlico 
Sound

Long Point Creek

Pasquotank 30-22-2704/06/61SA;HQWFrom source to Pamlico 
Sound

Cape Creek

Pasquotank 30-22-2804/06/61SA;HQWFrom source to Pamlico 
Sound

Brooks Creek

Pasquotank 30-22-2904/06/61SA;HQWFrom source to Pamlico 
Sound

Joe Saur Creek

Pasquotank 30-22-3004/06/61SA;HQWEntire BaySandy Bay

Pasquotank 30-22-30-104/06/61SA;HQWFrom source to Sandy BayThe Slash

Pasquotank 30-22-30-1-104/06/61SA;HQWEntire ponds and 
connecting streams to 
The Slash

Duck Ponds and 
Isaac Pond

Pasquotank 30-22-3104/06/61SA;HQWFrom source to Pamlico 
Sound

Austin Creek 
(Clubhouse Creek)

Pasquotank 30-22-3204/06/61SA;HQWFrom source to Pamlico 
Sound

Goose Creek

Pasquotank 30-2308/03/92WS-III;CAEntire LakeFresh Water Lake 
at Kill Devil 
Hills
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Section 5 
Location Restrictions 
 
5.1 Introduction 
Rule .0536 (b) states that new C&DLF unit(s) and lateral expansions must comply 
with the siting criteria set forth in Paragraph (c) of this Rule, Subparagraphs (4) 
through (10).  In order to demonstrate compliance with specific criteria for each of the 
respective location restrictions, documentation or approval by agencies other than the 
Division of Waste Management, Solid Waste Section may be required.  The scope of 
demonstrations including design and construction performance must be addressed in 
the site study.  The location restriction criteria include: 

• Floodplains; 

• Wetlands; 

• Unstable Area; 

• Cultural Resources; 

• State Nature and Historic Preserves;  

• Water  Supply Watersheds; and 

• Endangered and Threatened Species. 

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

5.2 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. 

As stated in Section 1, the facility is currently accepting and disposing of C&D waste 
per the 1993 approved Site Plan.  The facility is within the 100-year floodplain, but an 
August 2004 Dare County Board of Commissioners Resolution issued a variance to 
solid waste operations within the location restriction (see Attachment 5-1).     
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The Dare County Board of Commissioners have passed a revised resolution, dated 
August 2, 2004 issuing a variance to include the C&D landfill expansion in the 100-
year floodplain in accordance with N.C.G.S. 143-215.54A (see Attachment 5-1). 

5.3 Wetlands 

5.3.1 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 
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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 
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. 

5.3.2 Compliance Issues   
The site of the C&D landfill is cleared cropland.  The non-cleared land on the 836 acre 
tract (approximately 311 acres) is Section 404 wetlands.  However, the remaining 525 
acres of cropland has been designated “prior converted cropland” and is not 
considered “wetlands”. 

5.4 Unstable Area 

5.4.1 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). 

The North Carolina Solid Waste Rules define unstable areas (UAs) as locations which 
are susceptible to natural or human-induced events or forces capable of impairing the 
integrity of some or all of the landfill structural components responsible for 
preventing releases from a landfill.  These regulations describe UAs as characterized 
by localized or regional ground subsidence, settling of overburden (either slowly or 
very rapidly by catastrophic events), or by general slope failure. 

5.4.2 Compliance Issues 
Based on the site 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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5.5 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 5-3.   

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. 

5.6 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 5-4).  Based on the NHP correspondence and Section 2.7 of 
this report no state nature or historical preserves would be impacted by development 
within the facility boundary.   

5.7 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.  A list of Dare County 
watershed classification is provided in Attachment 2-2 of this appendix.   
 
Based on the classification list and NC OneMap program data (updated March 2007) 
from NCDENR, CGIA, the only classified water supply watershed in Dare County is 
the Fresh Water Lake (WS-III) at Kill Devil Hills which is approximately 13 miles 
northeast of the Dare County C&D landfill boundary.  Overall, the landfill site is not 
located in an area that will impact or discharge to a WS-I, WS-II, WS-III, WS-IV 
watershed.   
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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 
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 
currently operates under General Permit NCG120000 and, there, is required to 
perform surface water monitoring and reporting.   

5.8 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 NHP and US Fish and Wildlife Service (US FWS) offices to determine 
whether there was any documentation that endangered or threatened species existed 
within the site or its vicinity.  Correspondence with each agency is included in 
Attachments 5-4 and 5-5.     

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.  Based on 
the NHP response, there is no record of rare species within facility boundary.    
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Prop. Class Basin Stream Index #DateCurr. ClassDescriptionName of Stream

Pasquotank 99-(7)04/06/61SBThe waters of the 
Atlantic Ocean 
contiguous to that 
portion of Pasquotank 
River Basin that 
extends from the North 
Carolina-Virginia State 
Line to the northeast 
tip of Ocracoke Island.

Atlantic Ocean

Tar-Pamlico 29-(40.5)06/06/62SA;HQWFrom a line across 
Pamlico River from Roos 
Point to Persimmon Tree 
Point to Pamlico Sound 
and Pamlico Sound 
within a line beginning 
at Sandy Point and 
extending southerly to 
northeast tip of 
Ocracoke Island, thence 
along the Ocean Side of 
Ocracoke Island to its 
southwest tip, thence 
northwesterly to Little 
Propoise Point, 
exclusive of the ORW 
area described below

PAMLICO RIVER AND 
PAMLICO SOUND

Tar-Pamlico 29-73-(1)06/06/62C;SwFrom source to U.S. 
Hwy. 264

Long Shoal River

Tar-Pamlico 29-73-(2)06/06/62SA;HQWFrom U.S. Hwy. 264 to 
Pamlico Sound

Long Shoal River

Tar-Pamlico 29-73-406/06/62SA;HQWFrom source to Long 
Shoal River

Deep Creek

Tar-Pamlico 29-73-506/06/62SA;HQWFrom source to Long 
Shoal River

Muddy Creek

Tar-Pamlico 29-73-606/06/62SA;HQWFrom source to Long 
Shoal River

Clark Creek

Tar-Pamlico 29-7406/06/62SA;HQWEntire BayPains Bay

Tar-Pamlico 29-74-106/06/62SA;HQWFrom source to Pains BayPains Creek

Tar-Pamlico 29-7506/06/62SA;HQWEntire BayParched Corn Bay

Tar-Pamlico 29-7606/06/62SA;HQWEntire BaySandy Bay
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Section 1 
Analysis of the Facility Design – Overview 
 
The purpose of this section is to provide a brief description of the landfill subgrade 
and final cover for Cell 4 of the Dare County C&D landfill.   

1.1 Landfill Subgrade 
The proposed landfill subgrade for Cell 4 is designed in conformance with Title 15A 
of the North Carolina Administrative Code, Subchapter 13B, Section .0540 (2) and will 
be constructed according to the following:   

 Post-settlement bottom elevations of waste will be a minimum four feet above the 
seasonal high ground-water table and the bedrock datum plane contours as 
established in Appendix C – Design Hydrogeological Report; and 

 In-situ or modified soils making up the upper two feet of separation will consist of 
the SC, SM, ML, CL, MH, or CH soils per Unified Soil Classification System. 

1.2 Final Cap System 
The final cap system has been designed to minimize the amount of stormwater 
infiltration into the landfill and to resist erosive forces.  The final cap system consists 
of the following layers (listed from top to bottom), which meet the requirements of 
Rule 0.543(c)(1): 

 An 18-inch erosion layer consisting of earthen material that is capable of sustaining 
native plant growth; and 

 An 18-inch low permeability barrier of earthen material with a permeability no 
greater than 1.0x10-5 cm per second. 

The post-settlement grades of the top surface slopes will not be less than 5 percent (to 
prevent ponding).   

Closure side slopes are designed at 3:1(Horizintal:Vertical) slopes for Cell 4 as 
provided in Appendix B – Design Geotechnical Evaluation.  Post-settlement slopes are 
expected to be less than 3:1.  Rule 0.543(c)(3)(C) allows for alternative side slopes 
(those greater than 25%) to be approved by the North Carolina Department of 
Environment and Natural Resources Solid Waste Section (NCDENR SWS) if the 
design is certified (by a licensed professional engineer in the State of North Carolina) 
to be stable, encourage runoff, and be safe to construct, operate and maintain. 

1.3 Erosion and Sediment Control 
Erosion control measures for Cell No. 4 are shown on the Grading Plan, Sheet C-3 and 
Detail Sheet D-1 of the Engineering Plans.  Measures include installation of silt fence 
and maintaining a 250-foot buffer to protect the canals adjacent to Link Road and Cub 
Road.  In addition, gravel and riprap filter basins will be constructed on the south end 
of the drainage ditches bordering the east and west sides of Cell No. 4.  Calculations 
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for the filter basins are included in Appendix A.  Temporary and permanent 
vegetation will be established at the site in accordance with the North Carolina 
Sediment and Erosion Control Manual. 

The filter basins have been designed in such a manner that releases will not overload 
downstream drainage features or damage adjacent property.  Sediment accumulated 
in the pond shall be removed as the sediment pool becomes filled (approximately two 
feet above the bottom of the basins).  Silt gages shall be installed in both basins.  
Ditches require frequent inspection for sediment buildup.  At a minimum, the 
sediment buildup should be assessed after all significant rain events. 

Temporary stormwater control devices such as silt fencing, etc. will be used during 
construction to control sediment laden stormwater runoff.  These devices will remain 
in use until construction has been completed, areas have been stabilized, and all 
stormwater is diverted into and controlled by the permanent stormwater control 
devices.  Prior to construction, the engineer will submit for approval  a Sedimentation 
and Erosion Control Permit Application to NCDENR Division of Land Resources, 
Land Quality Section prepared in accordance with the North Carolina Erosion and 
Sediment Control Planning and Design Manual, which will include all temporary 
stormwater control devices. 
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Section 2 
Analysis of the Facility Design - Summary 
 
2.1 Analytical Methods Used to Evaluate the Design 
The stormwater erosion and sedimentation controls and structures are designed in 
accordance with the North Carolina Erosion and Sediment Control Planning and 
Design Manual.  The entire set of design calculations for the erosion and 
sedimentation control system is contained in Appendix A of this Engineering Plan.  
The County will apply for an erosion and sediment control permit prior to 
construction. 

Soil loss calculations are included in Appendix A of this report addressing the 
vegetative cover soil layer’s resistance to erosion of the final cap system. 

The design geotechnical report is included in Appendix B and contains descriptions of 
the geotechnical methods used to analyze the design of the facility and associated 
calculations.  Calculations include cap component (slope) stability for the final cap 
system. 

2.2 Critical Conditions Evaluated and Assumptions  
Made   
The following assumptions and critical conditions were made to design the various 
landfill components: 

 A maximum horizontal acceleration of 0.10 g was used to perform the seismic slope 
stability analysis. 

 The 25-year, 24-hour storm event was assumed in the design of site drainage 
structures and sediment ponds. 

2.3 Technical References  
The following references were used for the design and evaluation of the different 
landfill components. 

 North Carolina Erosion and Sediment Control Planning and Design Manual 

 AutoCAD Civil 3D Design Software 

2.4 Location Restrictions 
Rule .0539(d)(1)(D) requires that a report be prepared and submitted demonstrating 
compliance with the location restrictions in Rule .0536.  Rule .0536(c)(4) through (10) 
requires documentation or approvals by agencies other than the Division of Solid 
Waste Management that demonstrate compliance with specific location criteria.   
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Pertinent documentation is included in Section 1 – Facility Plan, Appendix A: 
Location Restrictions for the entire proposed C&D landfill expansion. 
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Section 3 
Description of Materials and Construction 
Practices 
 
A detailed description of the materials and construction practices that will be used 
during the construction of the Dare County C&D landfill is provided in the 
Construction Quality Assurance (CQA) Plan.  The design calculations and evaluations 
used in determining material specifications are located in Appendices A through C of 
the Engineering Plan. 
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Appendix B-1 
Introduction 
 
B-1.1 Purpose 
Camp Dresser and McKee (CDM) has been retained to perform a site study for the 
expansion of the Dare County Construction and Demolition (C&D) Landfill located 
west of Mann’s Harbor, North Carolina.  A location of the site is shown in Figure 1-1.  
As part of the design services for the proposed expansion, CDM conducted a 
geotechnical subsurface investigation and performed geotechnical analyses as 
presented in this report. 

The purpose of CDM’s geotechnical work was to evaluate the existing subsurface 
conditions and perform geotechnical analyses for the proposed landfill configuration.  

B-1.2 Scope 
The scope of the geotechnical work for the C&D Landfill expansion includes the 
following; 

 Review available data and previous reports; 

 Conduct four (4) test borings to a depth of 100 feet below ground surface; 

 Perform laboratory tests on selected soil samples;  

 Estimate settlement based upon final proposed waste heights within the landfill; 

 Perform global slope stability analyses of the proposed landfill mass under static 
conditions; and 

 Prepare this report presenting the results of CDM’s analyses and data collected as 
part of the field and laboratory investigation. 

B-1.3 Elevation Datum 
Elevations noted herein are referenced to the North American Vertical Datum 
(NAVD) of 1988. 

B-1.4 Report Limitations 
This report has been prepared for specific application to the subject project in 
accordance with generally accepted geotechnical engineering practices.  No other 
warranty, expressed or implied, is made.  In the event that any changes in the nature, 
design, or location of structures are planned, the conclusions and preliminary 
recommendations presented in this report should not be considered valid, unless 
changes are reviewed and conclusions of this memorandum are modified or verified 
in writing. 
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The recommendations submitted in this report are based in part upon the data 
obtained from the referenced borings.  The nature and extent of variations between 
the explorations may not become evident until construction.  If variations then appear 
evident, it may be necessary to re-evaluate the recommendations of the report. 
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Appendix B-2 
Project Information and Site Description 
 
B-2.1 Project Information 
The Dare County C&D Landfill serves as the disposal site for all construction and 
demolition debris in Dare County, North Carolina. The total area of the landfill site is 
approximately 836 acres.  Three landfill cells (Cells No. 1, 2, and 3) have been 
constructed to date and Cell No. 3 is currently active.   

The intent of current investigation is to evaluate the design of the proposed expansion 
area.  Cell No. 4 will be constructed in between existing Cells No. 2 and No. 3 as 
shown in Sheet SD-2.  Construction of Cell No. 4 will include placement of 
approximately 5 feet of fill material over the entire Cell No. 4 footprint to reach base 
grades. Waste placement will begin after completion of fill placement.  Upon 
completion of Cell No. 4, the channels between each cell will be filled and the final 
grading with 2 percent slope will raise the crest elevation of the landfill to EL. 44.  At 
the end of the final grading, the landfill will have a maximum waste height of 40 feet 
and sideslopes graded at three horizontal to one vertical (3H:1V).  Sheet OP-1 shows 
the final grading of the proposed expansion area.  

B-2.2 Site Location and Description 
The existing facility is located on Cub Road in west of Mann’s Harbor, North 
Carolina.  Figure 1-1 in Appendix B-1 presents a site location map.  With the exception 
of the existing cells, the site is flat and currently used as farmland that was converted 
from wetlands.  
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Appendix B-3 
Field and Laboratory Investigation 
 
B-3.1 Geological Setting 
The site is located in the Coastal Plain Physiographic Province of eastern North 
Carolina. Coastal Plain consists of two subdivisions: the Tidewater region and the 
Inner Coastal Plain. The proposed landfill site is located within the Tidewater region, 
which is generally of low relief and contains swampy areas. The surficial deposits 
consist of undifferentiated marine and non-marine clastic sediments including fine to 
medium sand with common shell beds and minor amounts of silt and clay. In the 
proposed area the surficial deposits were found to be 67 to 78 feet thick. Yorktown 
formation underlies surficial deposits and the thickness of this formation ranges from 
300 to 500 feet.  

B-3.2 Previous Investigations 
A total of two (2) site investigations were performed prior to the current investigation 
at the landfill site.  The previous investigations were conducted on 1993 and 2004. the 
1993 report presented subsurface information and geotechnical analyses for Cells No. 
1 and 2 and the 2004 report provided information for Cell No. 3. Selected information 
from previous investigations that pertain to the current investigation is presented 
below.  

B-3.2.1 Geo-Hydro Investigation - 1993 
A geotechnical and hydrogeologic investigation was conducted by Geo-Hydro 
Engineers, Inc. in 1993 at Cells No. 1 and 2 of the Dare County C&D landfill.  As part 
of that investigation, a total of 12 borings were advanced (B-1/1a through B-6/6a) in 
the area of Cells No. 1 and 2. Six borings were advanced to 50 feet below ground 
surface (ft-bgs) and six borings were advanced to 7 ft-bgs. In addition, one boring was 
advanced to 30 ft-bgs in the borrow area. Piezometers were installed in each of the 
borings in Cells No. 1 and 2 areas with screening intervals ranging from 2 to 7 ft-bgs 
to 40 to 50 ft-bgs.  Geotechnical testing, in-situ hydraulic conductivity testing, and 
water level data were evaluated.  It was determined that the site was suitable for 
landfill development. 

Following construction of Cell No. 1, a groundwater Quality Monitoring Plan was 
developed.  Groundwater monitoring wells GW-1 through GW-8 were installed as 
part of this monitoring plan. Following the construction of Cell No. 2, wells GW-9 
through GW-12 were installed as per the revised groundwater quality monitoring 
plan.  The revised Groundwater Monitoring Plan also called for three additional wells 
(GW-13, GW-14, and GW-15) as landfill development progressed. 

B-3.2.2 CDM Investigation - 2004 
In December 2004, a hydrogeologic investigation at the Cell No. 3 area was completed 
by CDM.  A total of thirteen (13) boreholes were drilled at 11 locations during the 
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investigation.  Boreholes were drilled using direct push (GeoProbe ®) drilling 
techniques.  Two borings were advanced to 50 ft-bgs and the remaining were 
advanced to 8 to 12 feet-bgs.  Select soil samples were tested for grain-size analysis 
and USCS classification. 

Piezometers were installed in each of the 13 boreholes, providing three nested 
piezometer pairs: B-1s and existing monitoring well GW-9, P-2s and P-2, and P-8s and 
P-8. The screening intervals for the piezometers installed for this investigation ranged 
from 3 to 8 ft-bgs to 40 to 50 ft-bgs.  

Evaluation of the piezometer and the monitoring well groundwater elevation data in 
the Cell No. 3 area suggests that groundwater movement is generally from north to 
the south and west, with flow toward the drainage canal along Cub Road. 

B-3.3 Current CDM Investigation - 2007 
CDM conducted a geotechnical subsurface investigation for the proposed expansion 
during May 2007. The investigation included four geotechnical soil borings, labeled B-
101 through B-104. The depths of borings were ranged from 98.9 to 100 feet below 
ground surface (ft-bgs).  

B-3.3.1 Test Borings 
A total of four (4) soil test borings were drilled near the proposed Cell No. 4 location. 
All the borings were advanced to 98.9 to 100 ft-bgs using mud rotary with continuous 
Standard Penetration Test (SPT) split spoon sampling in the top ten feet below ground 
surface and at five-foot intervals thereafter.   

Borings were drilled by Fishburne Drilling, Inc. of Chesapeake, Virginia, between 
April 30 and May 1, 2007 using a CME 550 all-terrain-vehicle (ATV) via mud rotary. 

SPT samples were collected in accordance with ASTM D1586 (2-inch-diameter 
sampler driven 24 inches by blows from a 140-pound hammer falling freely for a 30-
inch drop).  The number of blows required to drive the sampler each 6-inch increment 
was recorded and the Standard Penetration Resistance (N-value) was determined as 
the sum of the blows over the 2nd and 3rd 6-inch-increments of the 24-inch drive.   

Pocket Penetrometer and Torvane tests were conducted in the field on selected split–
spoon samples.   

A total of eight (8) undisturbed soil samples were collected in accordance with ASTM 
D1452 (2.75-inch-diameter tube sampler).  These samples were collected as specified 
in ASTM D1452 by attaching an empty 30-inch-long, 3-inch-diameter galvanized steel 
thin-walled tube to the sampling rod, lowering it to the bottom of the hole and 
hydraulically pushing the tube into the undisturbed, unconsolidated formation below 
the bottom of the borehole.  After the tube was retrieved, the ends were sealed with 
paraffin wax and capped.  The Shelby Tubes were maintained in an upright position 
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and protected from shock and temperature extremes for delivery to the geotechnical 
laboratory.   

A CDM geotechnical engineer observed the test borings in the field and visually 
classified the soil samples in accordance with the Burmeister soil identification 
system.  The soil samples were also classified in accordance with the Unified Soil 
Classification System (USCS - ASTM D2488).   

Representative (disturbed) soil samples from the test borings were collected and 
stored in jars for review and laboratory testing.  A summary of subsurface conditions 
encountered in the borings is shown in Table 3-1.  The test boring logs for the current 
geotechnical investigation are presented in Attachment B-1. 

B-3.3.2 Laboratory Testing Program 
As a part of the current investigation, geotechnical laboratory testing was conducted 
on selected split–spoon (disturbed) and Shelby tube (undisturbed) samples collected 
in the test borings. The total number of tests conducted is as follows: 

 Fifteen (15) grain size analyses, sieve only, in accordance with ASTM D422; 

 Twenty (20) moisture contents in accordance with ASTM D2216;  

 Twelve (12) Atterberg limits in accordance with ASTM D4318;  

 Two (2) one-dimensional consolidation tests in accordance with ASTM D2435; 

 Two (2) two-point consolidated undrained strength triaxial tests in accordance with 
ASTM D4767; and 

 Three (3) one-point unconsolidated undrained strength triaxial tests in accordance 
with ASTM D2850. 

The summary of laboratory test results for the landfill expansion investigation is 
presented in Table 3-2.  The laboratory test results are contained in Attachment B-2.  



B-101 20.0 100.0 6.0 2.0 5.0 15.0 6.0 39.0 >27

B-102 20.0 98.9 7.2 2.8 3.0 15.0 5.0 40.0 >25.9

B-103 14.0 100.0 1.0 1.0 6.0 15.0 4.0 41.0 >32

B-104 14.0 100.0 0.8 1.2 16.0 7.0 4.0 49.0 >22

Note: 
1.  Elevations based on the North American Vertical Datum (NAVD) of 1988.

Abbreviations:
- Not Encountered

SP Poorly Graded Sand
SP-SM Poorly Graded Sand with Silt

SM Silty Sand
SC Clayey Sand
ML Silt 
CL Low Plasticity Clay

Table 3-1: Summary of Subsurface Conditions

Dare County C&D Cell No. 4

Manns Harbor, NC

ML/SM/SC CL/ML/SM

Approximate 
Ground Surface 
Elevation (ft) (1)

Total Drilling 
Depth  (ft) SP/SP-SM 

with Shell

Fill /  
Organic 
Topsoil

YorktownCL/ML
Boring No.

SP/SP-SM/SM

Approximate Strata Thickness (ft)

A



B-101 S-4 6.0-8.0 -- -- -- -- -- 37.8 --

B-101 S-5 8.0-10.0 0.0 46.0 54.0 NP NP 22.9 ML

B-101 S-9 28.0-30.0 0.0 53.5 46.5 -- -- 26.1 --

B-101 S-13 48.0-50.0 2.0 84.8 13.2 -- -- 16.0 --

B-101 S-17 68.0-70.0 0.0 84.3 15.7 -- -- 24.3 --

B-101 ST-2 75.0-77.0 0.0 11.3 88.7 27 7 34.7 CL/ML

B-102 S-4/B 7.2-8.0 0.0 24.6 75.4 33 11 24.7 CL

B-102 ST-1 8.0-10.0 0.0 63.8 36.2 23 9 18.4 SC

B-102 S-9 28.0-30.0 -- -- -- NP NP 31.6 --

B-102 ST-2 31.0-33.0 0.0 26.7 73.3 30 13 35.4 CL

B-102 S-12 43.0-45.0 0.0 100.0 -- -- -- 20.6 SP

B-102 S-17 68.0-70.0 0.0 82.9 17.1 -- -- 29.8 --

B-103 S-1/B 1.0-2.0 -- -- -- 43 21 36.7 CL

B-103 ST-1 2.0-4.0 0.0 84.9 15.1 NP NP 24.6 SM

B-103 S-2 4.0-6.0 -- -- -- -- -- 22.0 --

B-103 ST-2 25.0-27.0 0.0 20.7 79.3 32 16 38.1 CL

B-104 S-1/B 0.8-2.0 0.0 13.6 86.4 45 22 21.8 CL

B-104 S-5 13.0-15.0 -- -- -- 33 13 59.3 CL

B-104 ST-4 27.0-29.0 2.0 48.5 49.5 22 6 43.1 CL/ML

B-104 S-15 63.0-65.0 0.1 86.3 13.6 -- -- 24.0 --

B-102 ST-2 31.9-32.4 15.0 11.0 6.9 7.58 36.0

B-102 ST-2 32.4-32.9 30.0 17.0 10.5 8.28 36.2

B-103 ST-1 2.9-3.4 10.0 25.4 15.1 2.67 36.4

B-103 ST-1 3.4-3.9 20.0 64.1 38.7 2.25 37.2

q @ Rmax 

(psi)
Confining 

pressure (psi)

Sample 
Depth (ft) ε @ Rmax     

(%)

Consolidated Undrained Triaxial Test (5)

Sample 
No. p' @ Rmax 

(psi)

Test 
Boring 

Number f'          
(degrees)

Test 
Boring 

Number

Sample 
No.

Sample 
Depth (ft)

Moisture 
Content (%) (3) 

Gravel (%) Sand (%) LL (%) PI (%)

USCS 
Classification (4)

Grain Size Analysis (1) Atterberg Limits  (2) 

Fines (%)

Dare County C&D Cell No. 4

Manns Harbor, NC

Table 3-2: Summary of Laboratory Test Results

A



Unconsolidated 
Undrained 

Triaxial Test(8)

(cm/sec) (ft/day) e0 sc
' (psf) cc cr su (psf)

B-101 ST-1 5.0-7.0 -- -- -- -- --

B-101 ST-2 76.4-76.9 -- -- -- -- 18.95

B-102 ST-2 40.5-42.5 -- -- -- -- --

B-103 ST-1 2.4-2.9 -- -- -- -- 3.97

B-104 ST-1 3.7-3.9 0.68 4,200 0.048 0.009 --

B-104 ST-4 28.2-28.9 0.91 2,400 0.252 0.024 3.86

        Notes:

1. Grain size analysis tests were conducted in accordance with ASTM D422.

2. Atterberg Limit tests were conducted in accordance with ASTM D4318.

3. Moisture contents were determined in accordance with ASTM D2216.

4. USCS classifications were performed in accordance with ASTM D2488.

5. Consolidated Undrained Triaxial Tests were performed in accordance with ASTM D4767.

6. Flexible Wall Permeability Test was performed in accordance with ASTM D5084.

7. One Dimensional Consolidation Tests were performed in accordance with ASTM D2435.

8. Unconsolidated Undrained Triaxial Tests were performed in accordance with ASTM D2850.

Abbreviations:

--- Test Not Conducted

SP Poorly Graded Sand

SM Silty Sand

SC Sandy Clay

CL Lean Clay

LL Liquid Limit

PI Plasticity Index

S- Jar Sample

ST- Shelby Tube

Rmax Effective Principal Stress Ratio

p' Average Principal Effective Stress

q Deviator Stress

e0 Initial Void Ratio

sc
' Effective Preconsolidation Pressure

cc Compression Index

cr Recompression Index

su Undrained Shear Strength

Permeability (6)
Sample 

Depth (ft)

Table 3-2 (cont'd): Summary of Laboratory Test Results

Dare County C&D Cell No. 4

Manns Harbor, NC

Test 
Boring 

Number

Sample 
No.

Consolidation (7)

A
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Appendix B-4 
Subsurface Conditions 
 
B-4.1 General 
This section presents the generalized subsurface conditions of the Cell No. 4 and C&D 
Landfill expansion area investigation based upon the borings and field observations.  
The regional geology has been previously discussed in Section 3 of this report.   

B-4.2 Subsurface Soil Conditions 
Based upon the soil test borings, the site generally consists of the following strata in 
order of increasing depth: topsoil and organic silt; interbedded silt and clay; silty to 
clayey sand to silt; sand and sand with silt and shell fragments with interbedded clay 
and silt layers; and Yorktown formation. General cross sections of the borings are 
shown on Figures 4-1a and 4-1b and a summary of the subsurface conditions is 
provided in Table 3-1.  

B-4.2.1 Upper Silt and Clay Layer 
The upper portion of the surficial aquifer is formed by very soft to very stiff silt and 
clay layer with varying amounts of fine sand that has a thickness of 0.8 to 2.8 feet. 
This layer will be removed before placing the fill to the site. 

B-4.2.2 Upper Silty to Clayey Sand and Silt Layer 
A 3- to 16-foot-thick very loose to loose silty to clayey fine sand and stiff to very stiff 
silt layer with varying amounts of sand was encountered. At soil boring SPT-104, this 
layer was followed by a 5-foot-thick very soft clay layer with sand, which was not 
encountered in the remaining soil borings.    

B-4.2.3 Middle Sand and Sand with Silt and Shell Layer 
The next layer had a thickness of 7 to 15 feet of very loose to medium dense fine to 
medium sand with varying amounts of silt and shell fragments especially near the 
bottom of the layer. 

B-4.2.4 Middle Silt & Clay and Silty Sand Layer 
A 4- to 6-foot-thick very soft to medium stiff silt and clay layer with varying amounts 
of sand and loose silty fine sand was encountered below the previous layer. 

B-4.2.5 Lower Sand to Silty Sand Layer 
The last surficial layer overlaying the Yorktown formation was a 39- to 49-foot-thick 
very loose to dense fine to medium sand to silty sand layer with varying amounts of 
shell fragments mainly near the top of the layer.  

 
 



SM

CL/ML

SM

SP

SM

SP

ML

SM/ML

SP

ML/SM

ML

-80

7

FILL

24

B-101

7

26

6

6

21

4

17

38

14

4

15

22

11

2

10

5

18

14
30

B-102

28

Water Level

LI
TH

O
LO

G
Y

 &
 S

TR
A

TU
M

  D
A

R
E

 C
O

U
N

TY
.G

P
J 

 C
D

M
_C

O
R

P
.G

D
T 

 1
/2

3/
09

LEGEND

E
LE

V
A

TI
O

N
 (f

ee
t)

100

Camp Dresser & McKee

30

20

10

0

-10

-20

-30

-40

-50

-60

-70

Figure 4-1a
Dare County

C&D Landfill Cell No. 4
Manns Harbor, NC

26

0

USCS Low Plasticity
Sandy Clay

USCS Low Plasticity
Silty Clay

USCS Silty Sand

SM/ML

USCS Poorly-graded
Sand with Shell

USCS Poorly-graded
Sand

USCS Sandy Silt

USCS Silt

Fill (made ground)

Horizontal Scale (ft.)

SC/CL

SM

CL/ML

SM

SP

SP-SM

SP

SM

CL

SP-SM

SP

SP

SM

CL
SP

FILL

ML
>50

6

7

5

10

5

ML

8

18

46

6

11

21

4
8

33
16

13

9

11

3

46

3

5



SM

Figure 4-1b
Dare County

C&D Landfill Cell No. 4
Manns Harbor, NC

SP-SM

-90

SP

SP-SM

SP

CL

SM/ML

SP-SM

SP

SM

OL

CL/ML

8

CL

7

B-103

50

73

27

11

6

35

9

18

5

44

SM

26

14

9

6

7

12

4

3

2

SP

17

Camp Dresser & McKee

LEGEND

E
LE

V
A

TI
O

N
 (f

ee
t)

200Water Level

20

10

0

-10

-20

-30

-40

-50

-60

-70

-80

Horizontal Scale (ft.)

CL/ML

LI
TH

O
LO

G
Y

 &
 S

TR
A

TU
M

  D
A

R
E

 C
O

U
N

TY
.G

P
J 

 C
D

M
_C

O
R

P
.G

D
T 

 1
/2

3/
09

0

USCS Poorly-graded
Sand with Silt and Shell

USCS Poorly-graded
Sand with Shell

USCS Low Plasticity
Sandy Clay

SM/ML

USCS Poorly-graded
Sand with Silt

USCS Poorly-graded
Sand

USCS Silty Sand

USCS Low Plasticity
Clay

USCS Low Plasticity
Organic silt or clay

SC

SP

SM

SP

SP-SM

SM

CL/ML

SM

CL

SM

SM

SM

SP-SM

CL
OL

SM

SP-SM

7

30

7

39

7

15

23

CL/ML

34

7

5

25

3

B-104

24

7

12

5

3

0

3

SM/ML

SP-SM

12

0

4



Appendix B-4 
Subsurface Conditions 

 

A  4-4 

B-4.2.6 Yorktown 
Yorktown formation underlies the surficial deposits. This formation is mainly 
composed of clay, silt, clayey to silty fine sand, and shell fragments. The top of this 
formation ranged from EL. -54 to EL. -64.   

B-4.3 Groundwater Levels 
Groundwater levels measured in the near-by piezometers during the hydrogeologic 
investigation typically averaged about 2 feet  below ground surface. Based upon the 
groundwater contour map developed during this investigation, the seasonal high 
groundwater level is assumed to be at ground surface for design. Refer to the 
hydrogeologic report for further details. 

B-4.4 Expected Variation in Subsurface Conditions 
Interpretation of general soil conditions presented herein is based on soil and 
groundwater conditions observed at the test boring locations. However, subsurface 
conditions may vary between borehole locations. 

Water levels measured in monitoring wells/piezometers should not necessarily be 
considered to represent stabilized groundwater levels. Groundwater levels are 
expected to fluctuate with season, temperature, climate, construction in the area, and 
other factors. Actual conditions during construction may be different from those 
observed at the time of exploration. 



A  5-1 

 

Appendix B-5 
Settlement Analyses 
 
B-5.1 General 
CDM performed settlement analyses for final proposed geometry of the landfill to 
estimate the amount of settlement of foundation soils under the load from the 
proposed fill, waste, and final cap materials. Upon completion of Cell No. 4, the 
channels between each cell will be piggy-backed and the final grading with 2 percent 
slope will raise the crest elevation of the landfill from approximately EL. 34 to EL. 44.  
At the end of the final grading, the landfill will have a maximum waste height of 40 
feet. The foundation settlement analyses were calculated at the center of the landfill. 
The purpose of the foundation settlement analyses is to assure that the minimum 
specified separation of groundwater and the landfill is satisfied under post-settlement 
conditions. It is expected that some portion of the foundation settlement will occur 
during construction, however, settlements calculated are assumed to occur after 
landfill construction is complete.  The settlement analyses are described herein. 

B-5.2 Foundation Settlement Analyses 
The foundation soils at the site consist of compressible sands interbedded with silts 
and clays.  Total foundation settlement under the final loads will have two 
components; immediate (elastic) settlement of the sands and consolidation settlement 
of the compressible silts and clays.  Foundation settlements were calculated using the 
Schmertmann Method and SPT N-values for sands and consolidation testing results 
for compressible silts and clays.  Some of the elastic settlement of the sand is expected 
to occur during fill placement.  However, settlement during construction will be 
ignored in the determination of total settlement since the loads during fill placement 
are expected to be less than the final waste height load of the landfill.   

Based on test boring information and the regional geology, the design profile is 
assumed to consist of very loose to loose silty to clayey fine sand underlain by silt and 
low plasticity clay, underlain by loose sand with fines, underlain by very loose to 
medium dense fine to medium sand with varying amounts of silt and shell fragments, 
underlain by very soft to medium stiff silt and clay, underlain by very loose to dense 
fine to medium sand to silty sand.  Yorktown formation underlies the surficial 
deposits.  Design soil properties for the soil layers are based upon SPT N-values and 
laboratory testing, as shown in Table 5-1.  In the analyses, the Yorktown formation 
was modeled for two conditions.  First, it was assumed to be incompressible and not 
subject to settlement.  Second, the entire depth of the 500-foot thick formation was 
conservatively assumed to be compressible.  

Settlement was calculated for the center of the landfill under final waste loading from 
construction of Cell No. 4.  The final waste thickness in the center of the landfill will 
be approximately 40 feet and finished side slopes will be graded to 3H:1V.  Settlement 
was estimated to be on the order of 6 to 7 inches for the case where the Yorktown 
formation is incompressible and approximately 17 inches for when in it is assumed to



SM/SC 14.0 8.0 115 3 30 - - -

CL 6.0 2.0 110 - 28 0.96 0.207 0.021

SP/SP-SM 4.0 13.0 120 4 32 - - -

ML/CL/SM -9.0 5.0 110 3 29 0.91 0.252 0.024

SP/SM -14.0 38.0 120 12 34 - - -

Yorktown -52.0 500.0 120 25 - - - -

Notes: 

1. Average N-value for the each layer

2. Based upon one-dimensional consolidation test results and literature review

Abbreviations:

- Not Applicable

Table 5-1: Design Soil Properties
Dare County Cell No. 4

Manns Harbor, NC

Recompression 
Index, cr

2
Total Unit 

Weight (pcf)Soil Layer Approximate 
Elevation (ft)

Approximate 
Thickness  (ft)

Compression 
Index, cc

2N-value1 Effective Friction 
Angle, f' (degrees)

Initial Void 
Ratio, e0

2

A
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compressible.  It is reasonable to assume that settlement will be within the range of 
these two estimates, the average of which would be about 12 inches.  The settlement 
calculations are contained in Attachment B-3. 

The foundation soils will tend to settle differentially with the maximum settlement 
occurring in the center of the landfill.  However, the expected magnitudes of 
settlements will satisfy minimum groundwater-landfill separation requirements. 
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Appendix B-7 
Conclusions and Recommendations 
 
B-7.1 Conclusions 
Based on the results of the settlement analysis presented in Appendix B-5 and the 
slope stability analysis presented in Appendix B-6 we have the following conclusions: 

 The results of the foundation settlement analysis indicate that post-settlement 
grades will be adequate to provide the required separation from the seasonal high 
groundwater for the proposed waste heights. 

 The results of the global stability analysis indicate all cases exceed the long-term 
static slope stability requirements.    

B-7.2 Recommendations 
Prior to construction of the landfill, laboratory testing should be performed for the 
actual cap/cover soils materials proposed for use in the landfill.  Based upon these 
testing results, the material properties used in the stability analyses should be 
verified.  

The landfill should be operated in the same manner as the previous three cells.  The 
fill layer should be placed over the Cell No. 4 footprint to a thickness of 5 feet.  Fill 
should be placed in an even manner across the Cell No. 4, and additional fill may be 
placed after the initial 5 feet to reach base grades. Waste placement should also 
continue in an even manner, bringing the entire landfill up to finished grade at one 
time.   
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Attachment B-2 
Laboratory Test Results 



















































































































































































Attachment B-3 
Settlement Calculations 























Attachment B-4 
Stability Calculations 











SLOPE-W 
INPUT – OUTPUT DATA 



SLOPE/W 
Report generated using GeoStudio 2007, version 7.12. Copyright © 1991‐2008 GEO‐SLOPE International Ltd. 

File Information 
Revision Number: 19 
Last Edited By: Akbas, Ibrahim 
Date: 7/17/2009 
Time: 11:47:16 AM 
File Name: Dare‐Cell No. 4‐revised 071609.gsz 
Directory: P:\Dare County ‐ 17952\56960 Cell No. 4\Geotechnical\calculations\ 
Last Solved Date: 7/17/2009 
Last Solved Time: 11:47:23 AM 

Project Settings 
Length(L) Units: feet 
Time(t) Units: Seconds 
Force(F) Units: lbf 
Pressure(p) Units: psf 
Strength Units: psf 
Unit Weight of Water: 62.4 pcf 
View: 2D 

Analysis Settings 

SLOPE/W 
Kind: SLOPE/W 
Method: Spencer 
Settings 

Apply Phreatic Correction: No 
PWP Conditions Source: Piezometric Line 
Use Staged Rapid Drawdown: No 

SlipSurface 
Direction of movement: Right to Left 
Allow Passive Mode: No 
Slip Surface Option: Entry and Exit 
Critical slip surfaces saved: 10 
Optimize Critical Slip Surface Location: No 
Tension Crack 

Tension Crack Option: (none) 
FOS Distribution 

FOS Calculation Option: Constant 
Advanced 



Number of Slices: 30 
Optimization Tolerance: 0.01 
Minimum Slip Surface Depth: 0.1 ft 
Optimization Maximum Iterations: 2000 
Optimization Convergence Tolerance: 1e‐007 
Starting Optimization Points: 8 
Ending Optimization Points: 16 
Complete Passes per Insertion: 1 

Materials 

C&D Landfill 
Model: Mohr‐Coulomb 
Unit Weight: 65 pcf 
Cohesion: 0 psf 
Phi: 27.5 ° 
Phi‐B: 0 ° 
Pore Water Pressure  

Piezometric Line: 1 

Soil Layer 1  
Model: Mohr‐Coulomb 
Unit Weight: 115 pcf 
Cohesion: 0 psf 
Phi: 30 ° 
Phi‐B: 0 ° 
Pore Water Pressure  

Piezometric Line: 1 

Soil Layer 2  
Model: Mohr‐Coulomb 
Unit Weight: 110 pcf 
Cohesion: 0 psf 
Phi: 28 ° 
Phi‐B: 0 ° 
Pore Water Pressure  

Piezometric Line: 1 

Soil Layer 3 
Model: Mohr‐Coulomb 
Unit Weight: 120 pcf 
Cohesion: 0 psf 
Phi: 32 ° 
Phi‐B: 0 ° 
Pore Water Pressure  

Piezometric Line: 1 



Soil Layer 4 
Model: Mohr‐Coulomb 
Unit Weight: 110 pcf 
Cohesion: 0 psf 
Phi: 29 ° 
Phi‐B: 0 ° 
Pore Water Pressure  

Piezometric Line: 1 

Soil Layer 5 
Model: Mohr‐Coulomb 
Unit Weight: 120 pcf 
Cohesion: 0 psf 
Phi: 34 ° 
Phi‐B: 0 ° 
Pore Water Pressure  

Piezometric Line: 1 

Yorktown 
Model: Mohr‐Coulomb 
Unit Weight: 120 pcf 
Cohesion: 0 psf 
Phi: 32 ° 
Phi‐B: 0 ° 
Pore Water Pressure  

Piezometric Line: 1 

Compacted Fill 
Model: Mohr‐Coulomb 
Unit Weight: 120 pcf 
Cohesion: 0 psf 
Phi: 35 ° 
Phi‐B: 0 ° 

Soil Liner 
Model: Mohr‐Coulomb 
Unit Weight: 110 pcf 
Cohesion: 0 psf 
Phi: 19 ° 
Phi‐B: 0 ° 
Pore Water Pressure  

Piezometric Line: 1 

Vegetative Cover 
Model: Mohr‐Coulomb 
Unit Weight: 120 pcf 
Cohesion: 0 psf 



Phi: 30 ° 
Phi‐B: 0 ° 
Pore Water Pressure  

Piezometric Line: 1 

Slip Surface Entry and Exit 
Left Projection: Range 
Left‐Zone Left Coordinate: (1547.6227, 5.792433) ft 
Left‐Zone Right Coordinate: (1619.5186, 14.5062) ft 
Left‐Zone Increment: 4 
Right Projection: Range 
Right‐Zone Left Coordinate: (1625.3512, 16.4504) ft 
Right‐Zone Right Coordinate: (1760.5953, 37.120235) ft 
Right‐Zone Increment: 4 
Radius Increments: 4 

Slip Surface Limits 
Left Coordinate: (800, 0) ft 
Right Coordinate: (2350, 0) ft 

Piezometric Lines 

Piezometric Line 1 

Coordinates 

X (ft)  Y (ft) 

800  0 

1000  0 

1250  0 

1300  0 

1550  0 

1600  0 

1850  0 

1900  0 

2150  0 

2350  0 



Seismic Loads 
Horz Seismic Load: 0 
Vert Seismic Load: 0 

Regions 
Material  Points  Area (ft²) 

Region 1  Soil Layer 1   15,1,2,3,4,5,6,7,8,9  11500 

Region 2  Soil Layer 2   15,23,16,9  2300 

Region 3  Soil Layer 3  23,31,24,16  14950 

Region 4  Soil Layer 4  31,36,32,24  5750 

Region 5  Soil Layer 5  36,11,10,32  43700 

Region 6  Yorktown  11,18,17,10  115000 

Region 7  Soil Layer 1   1,25,20,15  2000 

Region 8  Soil Layer 2   20,21,23,15  400 

Region 9  Soil Layer 3  21,22,31,23  2600 

Region 10  Soil Layer 4  22,26,36,31  1000 

Region 11  Soil Layer 5  26,27,11,36  7600 

Region 12  Yorktown  27,19,18,11  20000 

Region 13  Soil Layer 1   8,28,29,9  2000 

Region 14  Soil Layer 2   9,16,30,29  400 

Region 15  Soil Layer 3  16,24,33,30  2600 

Region 16  Soil Layer 4  32,34,33,24  1000 

Region 17  Soil Layer 5  32,10,14,34  7600 

Region 18  Yorktown  10,17,35,14  20000 

Region 19  C&D Landfill  1,12,37,38,2  4824.5 

Region 20  C&D Landfill  47,39,40,41,48  4824.5 

Region 21  C&D Landfill  49,42,43,44,50  4799.2 

Region 22  C&D Landfill  7,45,46,13,8  4824.5 

Region 23  Compacted Fill  47,3,4,48  1250 

Region 24  Compacted Fill  48,49,5,4  250 

Region 25  Compacted Fill  49,5,6,50  1250 

Region 26  Soil Liner  53,51,49,48  75 

Region 27  Vegetative Cover  54,53,51,52  75 

Region 28  Soil Liner  49,51,55,42  130.5 

Region 29  Vegetative Cover  51,52,56,55  130.5 



Region 30  Soil Liner  55,57,59,44,43,42  114 

Region 31  Vegetative Cover  56,55,57,59,60,58  114 

Region 32  Soil Liner  59,61,50,44  130.5 

Region 33  Vegetative Cover  60,59,61,62  130.5 

Points 
X (ft)  Y (ft) 

Point 1  1000  0 

Point 2  1250  0 

Point 3  1300  0 

Point 4  1550  0 

Point 5  1600  0 

Point 6  1850  0 

Point 7  1900  0 

Point 8  2150  0 

Point 9  2150  ‐10 

Point 10  2150  ‐68 

Point 11  1000  ‐68 

Point 12  1090  30 

Point 13  2060  30 

Point 14  2350  ‐68 

Point 15  1000  ‐10 

Point 16  2150  ‐12 

Point 17  2150  ‐168 

Point 18  1000  ‐168 

Point 19  800  ‐168 

Point 20  800  ‐10 

Point 21  800  ‐12 

Point 22  800  ‐25 

Point 23  1000  ‐12 

Point 24  2150  ‐25 

Point 25  800  0 

Point 26  800  ‐30 

Point 27  800  ‐68 

Point 28  2350  0 



Point 29  2350  ‐10 

Point 30  2350  ‐12 

Point 31  1000  ‐25 

Point 32  2150  ‐30 

Point 33  2350  ‐25 

Point 34  2350  ‐30 

Point 35  2350  ‐168 

Point 36  1000  ‐30 

Point 37  1125  30.7 

Point 38  1160  30 

Point 39  1390  35 

Point 40  1425  35.7 

Point 41  1460  35 

Point 42  1687  34 

Point 43  1725  35.9 

Point 44  1763  34 

Point 45  1990  30 

Point 46  2025  30.7 

Point 47  1300  5 

Point 48  1550  5 

Point 49  1600  5 

Point 50  1850  5 

Point 51  1600  6.5 

Point 52  1600  8 

Point 53  1550  6.5 

Point 54  1550  8 

Point 55  1687  35.5 

Point 56  1687  37 

Point 57  1725  37.4 

Point 58  1725  38.9 

Point 59  1763  35.5 

Point 60  1763  37 

Point 61  1850  6.5 

Point 62  1850  8 



Critical Slip Surfaces 

 
Number  FOS  Center (ft) 

Radius 
(ft) 

Entry (ft)  Exit (ft) 

1  86  1.1 
(1449.98, 
637.418) 

646.916 
(1691.35, 

37.2173) 
(1601.47, 

8.49152) 

2  111  1.2 
(1500.64, 
515.424) 

514.831 
(1691.35, 

37.2173) 
(1619.52, 

14.5062) 

3  77  1.2 
(1603.77, 

41.403) 
32.992 

(1625.35, 
16.4504) 

(1601.47, 
8.49152) 

4  107  1.6  (1623.24, 67.88)  53.503 
(1658.24, 

27.4133) 
(1619.52, 

14.5062) 

5  82  1.6 
(1606.93, 

86.737) 
78.436 

(1658.24, 
27.4133) 

(1601.47, 
8.49152) 

6  87  1.7 
(1612.09, 
130.231) 

122.201 
(1691.35, 

37.2173) 
(1601.47, 

8.49152) 

7  112  1.7 
(1628.39, 
111.375) 

97.274 
(1691.35, 

37.2173) 
(1619.52, 

14.5062) 

8  76  1.7 
(1558.27, 
177.891) 

174.822 
(1625.35, 

16.4504) 
(1601.47, 

8.49152) 

9  81  1.7 
(1498.77, 
411.229) 

415.628 
(1658.24, 

27.4133) 
(1601.47, 

8.49152) 

10  101  1.7 
(1608.96, 

55.887) 
42.706 

(1625.35, 
16.4504) 

(1619.52, 
14.5062) 

Slices of Slip Surface: 86 

 

Slip 
Surfac

e 
X (ft)  Y (ft) 

PWP 
(psf) 

Base 
Normal 

Stress (psf) 

Frictional 
Strength (psf) 

Cohesiv
e 

Strengt
h (psf) 

1  86 
1602.891

5 
8.83612 

‐
551.3636

6 
14.323931  8.2699256  0 

2  86 
1605.724

5 
9.5320855 

‐
594.8108

7 
42.077336  24.293361  0 

3  86 
1608.557

5 
10.241623 

‐
639.0702

4 
68.140116  39.340714  0 

4  86  1611.390 10.964775  ‐ 92.521603  53.417373  0 



5  684.2045
7 

5  86 
1614.223

5 
11.701585 

‐
730.1729

7 
115.23602  66.531549  0 

6  86 
1617.056

5 
12.45211 

‐
777.0032

1 
136.28758  78.68567  0 

7  86 
1619.889

5 
13.2164 

‐
824.6882 

155.6908  89.888128  0 

8  86  1622.799  14.015895 
‐

874.5886
2 

175.44052  60.409016  0 

9  86  1625.785  14.851425 
‐

926.7217
8 

191.27434  65.861039  0 

10  86  1628.771  15.702425 
‐

979.8462
9 

205.46358  70.746784  0 

11  86  1631.757  16.56895 
‐

1033.888
6 

218.00719  75.065896  0 

12  86  1634.743  17.45107 
‐

1088.936
6 

228.91417  78.82147  0 

13  86 
1637.729

5 
18.34885 

‐
1144.980

7 
238.18726  82.01445  0 

14  86  1640.716  19.262355 
‐

1201.978
6 

245.8293  84.645816  0 

15  86  1643.702  20.191665 
‐

1259.953
4 

251.85009  86.718939  0 

16  86  1646.688  21.136845 
‐

1318.926
4 

256.24984  88.233897  0 

17  86  1649.674  22.097965 
‐

1378.919
259.03552  89.193083  0 



3 

18  86  1652.66  23.0751 
‐

1439.889
5 

260.21114  89.597882  0 

19  86  1655.646  24.06833 
‐

1501.857
4 

259.77774  89.44865  0 

20  86  1658.632  25.077735 
‐

1564.843
7 

257.74307  88.748056  0 

21  86  1661.618  26.103395 
‐

1628.836
8 

254.1088  87.496677  0 

22  86  1664.604  27.14539 
‐

1693.856
7 

248.88007  85.696281  0 

23  86  1667.59  28.2038 
‐

1759.922
1 

242.06222  83.348705  0 

24  86 
1670.576

5 
29.278715 

‐
1826.988

6 
233.65457  80.45372  0 

25  86  1673.563  30.370225 
‐

1895.107 
223.66323  77.013425  0 

26  86  1676.549  31.478415 
‐

1964.263 
212.09436  73.029945  0 

27  86  1679.535  32.603375 
‐

2034.443
3 

198.94832  68.503401  0 

28  86  1682.521  33.745205 
‐

2105.696
7 

184.22581  63.434032  0 

29  86  1685.507  34.904 
‐

2178.008
4 

167.93715  57.825397  0 

30  86  1689.173  36.352485 
‐

2268.306
6 

76.971931  44.439765  0 



Slices of Slip Surface: 111 

 

Slip 
Surfac

e 
X (ft)  Y (ft) 

PWP 
(psf) 

Base Normal 
Stress (psf) 

Frictional 
Strength (psf) 

Cohesiv
e 

Strengt
h (psf) 

1  111 
1620.775

5 
14.80781 

‐
924.0207

1 
13.20538  7.6241298  0 

2  111  1623.289  15.417715 
‐

962.0734
4 

38.730218  22.360902  0 

3  111  1625.803  16.041015 
‐

1000.968
6 

62.584173  36.132989  0 

4  111 
1628.316

5 
16.677765 

‐
1040.698

7 
84.772839  48.943621  0 

5  111  1630.83  17.328015 
‐

1081.257
5 

105.31599  60.804215  0 

6  111 
1633.343

5 
17.991815 

‐
1122.675

6 
124.21427  71.715141  0 

7  111  1635.857  18.66922 
‐

1164.945
2 

141.48012  81.683585  0 

8  111  1638.371  19.360285 
‐

1208.097
4 

157.12626  90.716891  0 

9  111  1640.809  20.04347 
‐

1250.705
7 

172.65986  59.451558  0 

10  111 
1643.171

5 
20.718025 

‐
1292.809

3 
183.72421  63.261317  0 

11  111  1645.534  21.4048 
‐

1335.654 
193.49781  66.626639  0 

12  111  1647.896  22.103845 
‐

1379.273
201.98116  69.54769  0 



7 

13  111 
1650.258

5 
22.81521 

‐
1423.660

2 
209.18287  72.027439  0 

14  111  1652.621  23.53895 
‐

1468.846
2 

215.09969  74.064761  0 

15  111 
1654.983

5 
24.275115 

‐
1514.783

8 
219.74077  75.662815  0 

16  111  1657.346  25.02377 
‐

1561.464
3 

223.10722  76.821976  0 

17  111 
1659.708

5 
25.78497 

‐
1609.001

4 
225.20062  77.542791  0 

18  111  1662.071  26.558765 
‐

1657.264
5 

226.02642  77.827138  0 

19  111  1664.433  27.345225 
‐

1706.325
8 

225.58654  77.675675  0 

20  111 
1666.795

5 
28.14441 

‐
1756.216

3 
223.88302  77.089106  0 

21  111  1669.158  28.95638 
‐

1806.886
5 

220.92213  76.069588  0 

22  111 
1671.520

5 
29.7812 

‐
1858.327

1 
216.70234  74.616601  0 

23  111  1673.883  30.618935 
‐

1910.607
4 

211.2303  72.732425  0 

24  111  1676.245  31.46965 
‐

1963.717
9 

204.50902  70.418102  0 

25  111 
1678.607

5 
32.333415 

‐
2017.608

196.53373  67.67199  0 



6 

26  111  1680.97  33.210305 
‐

2072.308 
187.31574  64.497981  0 

27  111 
1683.332

5 
34.100385 

‐
2127.844

8 
176.85078  60.894608  0 

28  111  1685.695  35.00373 
‐

2184.246
7 

165.1467  56.864568  0 

29  111  1686.938  35.48276 
‐

2214.089
1 

153.75221  88.768882  0 

30  111 
1688.086

5 
35.931575 

‐
2242.122

9 
115.15538  66.484991  0 

31  111 
1690.259

5 
36.78684 

‐
2295.491

1 
38.461818  22.205941  0 

Slices of Slip Surface: 77 

 

Slip 
Surfac

e 
X (ft)  Y (ft) 

PWP 
(psf) 

Base Normal 
Stress (psf) 

Frictional 
Strength 
(psf) 

Cohesiv
e 

Strengt
h (psf) 

1  77  1601.848  8.4697595 
‐

528.5138
1 

21.451726  12.38516  0 

2  77  1602.594  8.434699 
‐

526.3309
4 

61.804144  35.682639  0 

3  77  1603.34  8.4165545 
‐

525.1868
3 

98.139214  56.660702  0 

4  77  1604.086  8.4152985 
‐

525.1130
2 

130.70272  75.461248  0 

5  77 
1604.832

5 
8.430929 

‐
526.0964

8 
159.7081  92.207515  0 



6  77  1605.579  8.463469 
‐

528.1196
4 

185.34833  107.01091  0 

7  77 
1606.347

5 
8.5149855 

‐
531.3379

5 
198.50664  68.351317  0 

8  77 
1607.138

5 
8.586617 

‐
535.8016

3 
217.30082  74.822673  0 

9  77 
1607.929

5 
8.6775255 

‐
541.4777

7 
233.40186  80.366705  0 

10  77 
1608.720

5 
8.787873  ‐548.363  246.89957  85.01434  0 

11  77 
1609.511

5 
8.917858 

‐
556.4720

5 
257.86545  88.790195  0 

12  77 
1610.302

5 
9.067717 

‐
565.8247

9 
266.35285  91.71264  0 

13  77  1611.094  9.2377275 
‐

576.4325
6 

272.43399  93.806546  0 

14  77 
1611.885

5 
9.428212 

‐
588.3223

6 
276.17506  95.094701  0 

15  77 
1612.676

5 
9.639539 

‐
601.5108

1 
277.59977  95.585268  0 

16  77 
1613.467

5 
9.8721275 

‐
616.0153

4 
276.76349  95.297312  0 

17  77 
1614.258

5 
10.126452 

‐
631.8886

8 
273.71656  94.248169  0 

18  77 
1615.049

5 
10.40305 

‐
649.1560

4 
268.48112  92.445464  0 

19  77  1615.840 10.70252  ‐ 261.08825  89.899894  0 



5  667.8372
5 

20  77 
1616.631

5 
11.02554 

‐
687.9915

1 
251.55545  86.617486  0 

21  77 
1617.422

5 
11.372875 

‐
709.6651

3 
239.92278  82.612039  0 

22  77 
1618.213

5 
11.745375 

‐
732.9114

4 
226.20794  77.889639  0 

23  77  1619.005  12.144005 
‐

757.7847
9 

210.4092  72.449696  0 

24  77 
1619.796

5 
12.56985 

‐
784.3559

3 
192.55346  66.301473  0 

25  77 
1620.587

5 
13.024135 

‐
812.7035

6 
172.65397  59.449529  0 

26  77 
1621.378

5 
13.50825 

‐
842.9132

6 
150.72561  51.898988  0 

27  77  1622.221  14.059715 
‐

877.3277
8 

117.41327  67.788586  0 

28  77 
1623.115

5 
14.685275 

‐
916.3377

6 
86.510508  49.946865  0 

29  77  1624.01  15.35656 
‐

958.2148
4 

53.330002  30.790091  0 

30  77  1624.904  16.077225 
‐

1003.221
9 

17.941412  10.358479  0 

Slices of Slip Surface: 107 

 
Slip 

Surfac
X (ft)  Y (ft)  PWP (psf) 

Base Normal 
Stress (psf) 

Frictional 
Strength 

Cohesiv
e 



e  (psf)  Strengt
h (psf) 

1  107  1620.205  14.467225 
‐

902.7365
9 

38.385772  22.162036  0 

2  107  1621.5765  14.406925 
‐

899.0198
2 

110.24285  63.64874  0 

3  107  1622.948  14.38187 
‐

897.4002
9 

174.29041  100.62662  0 

4  107  1624.3165  14.39189 
‐

898.0606 
217.07282  74.744166  0 

5  107  1625.6815  14.436835 
‐

900.8923
3 

261.23609  89.950798  0 

6  107  1627.0465  14.51672 
‐

905.8308
6 

300.10443  103.33424  0 

7  107  1628.4115  14.6317 
‐

912.9942
7 

333.87734  114.96319  0 

8  107  1629.7225  14.774725 
‐

921.9675
6 

364.51515  189.75457  0 

9  107  1630.9795  14.94337 
‐

932.4998
3 

375.06218  195.24501  0 

10  107  1632.2365  15.142515 
‐

944.9105
4 

383.23376  199.49887  0 

11  107  1633.4935  15.372505 
‐

959.2157
6 

389.09683  202.55099  0 

12  107  1634.7505  15.63375 
‐

975.5741
3 

392.72336  204.43884  0 

13  107  1636.008  15.92672 
‐

993.8207
394.16794  205.19084  0 



8 

14  107  1637.2655  16.25196 
‐

1014.084
3 

393.50464  204.84555  0 

15  107  1638.5225  16.61008 
‐

1036.477
2 

390.76014  203.41685  0 

16  107  1639.7795  17.001775 
‐

1060.938
9 

386.00505  200.94151  0 

17  107  1641.0365  17.42783 
‐

1087.464
5 

379.25475  197.42753  0 

18  107  1642.2935  17.889125 
‐

1116.250
8 

370.56226  192.9025  0 

19  107  1643.5505  18.386645 
‐

1147.311
4 

359.95699  187.38175  0 

20  107  1644.8075  18.92149 
‐

1180.704
8 

347.46311  180.87785  0 

21  107  1646.0645  19.494905 
‐

1216.449
3 

333.11342  173.40787  0 

22  107  1647.3215  20.10828 
‐

1254.731
7 

316.92915  164.98287  0 

23  107  1648.5785  20.763175 
‐

1295.613
2 

298.92353  155.60974  0 

24  107  1649.8355  21.46135 
‐

1339.158
8 

279.1306  145.30619  0 

25  107  1651.034  22.16805 
‐

1383.283
7 

259.42378  89.326771  0 

26  107  1652.174  22.881095 
‐

1427.751
226.93195  78.138938  0 



3 

27  107  1653.314  23.63499 
‐

1474.793
1 

191.82396  66.050285  0 

28  107  1654.454  24.43187 
‐

1524.539
9 

154.09267  53.058361  0 

29  107  1655.828  25.45896 
‐

1588.619
9 

97.400436  56.234168  0 

30  107  1657.436  26.744935 
‐

1668.888
1 

32.867474  18.976045  0 

Slices of Slip Surface: 82 

 

Slip 
Surfac

e 
X (ft)  Y (ft) 

PWP 
(psf) 

Base Normal 
Stress (psf) 

Frictional 
Strength 
(psf) 

Cohesiv
e 

Strengt
h (psf) 

1  82  1602.468  8.434943 
‐

526.3359 
55.116733  31.821661  0 

2  82  1604.454  8.347007 
‐

520.8380
5 

158.4958  91.507593  0 

3  82 
1606.609

5 
8.3109175 

‐
518.6171

9 
240.47442  82.801983  0 

4  82 
1608.934

5 
8.335921 

‐
520.1715

9 
323.7765  111.48519  0 

5  82  1611.036  8.414905 
‐

525.0895
4 

390.03947  203.0417  0 

6  82  1612.914  8.536028 
‐

532.6228
2 

418.33692  217.77242  0 

7  82 
1614.792

5 
8.702539 

‐
543.0371

9 
442.58776  230.39661  0 



8  82  1616.671  8.914729 
‐

556.3004
6 

462.9656  241.00464  0 

9  82  1618.549  9.172973 
‐

572.4100
6 

479.59548  249.66161  0 

10  82  1620.427  9.4777335 
‐

591.4025
3 

492.61166  256.4374  0 

11  82  1622.305  9.829563 
‐

613.3524
8 

502.13144  261.39308  0 

12  82 
1624.183

5 
10.229115 

‐
638.3168

8 
508.24878  264.57757  0 

13  82  1626.062  10.677135 
‐

666.2312
2 

511.06126  266.04165  0 

14  82  1627.94  11.17449 
‐

697.2696
6 

510.64884  265.82696  0 

15  82  1629.818  11.722165 
‐

731.4796
5 

507.09098  263.97486  0 

16  82  1631.696  12.321265 
‐

768.8312
9 

500.44506  260.51521  0 

17  82 
1633.574

5 
12.97305 

‐
809.5199

5 
490.78461  255.4863  0 

18  82  1635.453  13.678925 
‐

853.5533
6 

478.14859  248.9084  0 

19  82  1637.331  14.44048 
‐

901.0985
5 

462.59828  240.81342  0 

20  82  1639.209  15.2595 
‐

952.1776
2 

444.17002  231.22028  0 



21  82  1641.087  16.13798 
‐

1007.000
3 

422.90081  220.14823  0 

22  82 
1642.965

5 
17.078175 

‐
1065.660

5 
398.82704  207.61622  0 

23  82  1644.844  18.08262 
‐

1128.364
6 

371.97815  193.63957  0 

24  82  1646.722  19.154185 
‐

1195.221
5 

342.37996  178.23173  0 

25  82  1648.6  20.296125 
‐

1266.458
3 

310.06532  161.40979  0 

26  82  1650.478  21.512135 
‐

1342.337
5 

275.05187  143.18294  0 

27  82 
1652.354

5 
22.80528 

‐
1423.051

9 
232.68715  80.120612  0 

28  82 
1654.229

5 
24.180285 

‐
1508.844

5 
166.82882  57.443769  0 

29  82 
1655.935

5 
25.503885 

‐
1591.432

8 
95.695361  55.249742  0 

30  82  1657.472  26.76595 
‐

1670.185
8 

32.155831  18.565178  0 

Slices of Slip Surface: 87 

 

Slip 
Surfac

e 
X (ft)  Y (ft)  PWP (psf) 

Base 
Normal 

Stress (psf) 

Frictional 
Strength 
(psf) 

Cohesiv
e 

Strengt
h (psf) 

1  87  1603.3255  8.3584295 
‐

521.5585
2 

106.64531  61.571699  0 



2  87  1607.184  8.14465 
‐

508.2195
7 

287.15177  98.874283  0 

3  87  1610.6885  8.046801 
‐

502.1357
8 

423.01298  220.20662  0 

4  87  1613.681  8.0491225 
‐

502.2598
7 

486.99026  253.51108  0 

5  87  1616.6735  8.1247775 
‐

506.9911
2 

543.65557  283.00917  0 

6  87  1619.666  8.2739025 
‐

516.2772
4 

593.35196  308.87948  0 

7  87  1622.6585  8.4967675 
‐

530.2147
9 

636.41088  331.29453  0 

8  87  1625.6515  8.7937785 
‐

548.7471
4 

673.082  350.38431  0 

9  87  1628.644  9.165482 
‐

571.9314
3 

703.5667  366.25364  0 

10  87  1631.6365  9.612569 
‐

599.8362 
728.11571  379.03305  0 

11  87  1634.629  10.135882 
‐

632.4738
4 

746.863  388.79227  0 

12  87  1637.6215  10.73642  ‐669.963  760.05606  395.66014  0 

13  87  1640.6145  11.41536 
‐

712.3285
2 

767.79286  399.68766  0 

14  87  1643.607  12.174055 
‐

759.6625
3 

770.21968  400.95099  0 

15  87  1646.5995  13.01405 
‐

812.0855
7 

767.46478  399.51687  0 



16  87  1649.5925  13.937115 
‐

869.6788
8 

759.60945  395.42765  0 

17  87  1652.585  14.94524 
‐

932.5726 
746.78321  388.75073  0 

18  87  1655.5775  16.04068 
‐

1000.938
7 

729.0711  379.53039  0 

19  87  1658.57  17.225985 
‐

1074.886
3 

706.54725  367.80522  0 

20  87  1661.5625  18.50401 
‐

1154.638
8 

679.27837  353.60994  0 

21  87  1664.5555  19.87798 
‐

1240.393
1 

647.32693  336.97707  0 

22  87  1667.548  21.35153 
‐

1332.334
9 

610.69566  317.90804  0 

23  87  1670.5405  22.92877 
‐

1430.767
2 

569.51331  296.46987  0 

24  87  1673.5335  24.614355 
‐

1535.931
8 

523.77132  272.65809  0 

25  87  1676.526  26.413565 
‐

1648.208
9 

473.48423  246.48029  0 

26  87  1679.5185  28.332425 
‐

1767.953
2 

418.75435  217.98972  0 

27  87  1682.511  30.377845 
‐

1895.580
3 

359.5584  187.17426  0 

28  87  1685.5035  32.55779 
‐

2031.597
6 

295.96357  154.06888  0 

29  87  1687.2175  33.85211  ‐ 255.55317  133.03256  0 



2112.336
1 

30  87  1688.435  34.82175 
‐

2172.881
6 

193.92863  66.774982  0 

31  87  1690.3905  36.41953 
‐

2272.579
4 

62.40477  36.029411  0 

Slices of Slip Surface: 112 

 

Slip 
Surfac

e 
X (ft)  Y (ft)  PWP (psf) 

Base Normal 
Stress (psf) 

Frictional 
Strength 
(psf) 

Cohesiv
e 

Strengt
h (psf) 

1  112  1620.443  14.4304 
‐

900.4554
3 

54.968816  31.736261  0 

2  112  1622.291  14.2965 
‐

892.0876
8 

159.97209  92.359932  0 

3  112  1624.241  14.194555 
‐

885.7589
1 

243.57883  83.870918  0 

4  112  1626.293  14.12854 
‐

881.6344
3 

329.93932  113.60722  0 

5  112  1628.5125  14.107825 
‐

880.3482
9 

410.47872  213.6817  0 

6  112  1630.9  14.14004 
‐

882.3179
6 

457.65795  238.24165  0 

7  112  1633.2875  14.23092 
‐

888.0198
1 

499.19214  259.86298  0 

8  112  1635.6745  14.38063 
‐

897.3453
9 

535.30775  278.66358  0 

9  112  1638.0615  14.589445  ‐ 566.25047  294.77134  0 



910.3773
7 

10  112  1640.449  14.85775 
‐

927.1409
8 

592.19805  308.27879  0 

11  112  1642.8365  15.18604 
‐

947.6004
9 

613.29946  319.26349  0 

12  112  1645.2235  15.57493 
‐

971.8663
7 

629.75753  327.83102  0 

13  112  1647.6105  16.025165 
‐

999.9864
5 

641.70451  334.05022  0 

14  112  1649.9975  16.537625 
‐

1031.943
4 

649.24297  337.9745  0 

15  112  1652.385  17.11332 
‐

1067.858
7 

652.52842  339.68479  0 

16  112  1654.7725  17.753415 
‐

1107.822
4 

651.60567  339.20444  0 

17  112  1657.1595  18.459245 
‐

1151.852
4 

646.61399  336.60594  0 

18  112  1659.5465  19.232325 
‐

1200.088
4 

637.58417  331.90531  0 

19  112  1661.934  20.07436 
‐

1252.625
6 

624.64169  325.16788  0 

20  112  1664.3215  20.987275 
‐

1309.587
3 

607.80855  316.40511  0 

21  112  1666.7085  21.97325 
‐

1371.116
2 

587.12619  305.63855  0 

22  112  1669.0955  23.034735  ‐ 562.73158  292.93952  0 



1437.360
5 

23  112  1671.483  24.174485 
‐

1508.499
8 

534.55451  278.27147  0 

24  112  1673.8705  25.395615 
‐

1584.691
3 

502.70515  261.69174  0 

25  112  1676.2575  26.70166 
‐

1666.195 
467.20997  243.21412  0 

26  112  1678.6445  28.09661 
‐

1753.235
1 

428.06008  222.83397  0 

27  112  1681.032  29.58502 
‐

1846.109
5 

385.29157  200.5701  0 

28  112  1683.4195  31.17211 
‐

1945.145
7 

338.96789  176.45551  0 

29  112  1685.8065  32.863865 
‐

2050.705 
289.07609  150.48349  0 

30  112  1687.186  33.877645 
‐

2113.970
6 

256.83795  133.70137  0 

31  112  1688.394  34.819685 
‐

2172.736
3 

195.28215  67.241037  0 

32  112  1690.381  36.419055 
‐

2272.569
4 

62.662114  36.177988  0 

Slices of Slip Surface: 76 

 

Slip 
Surfac

e 
X (ft)  Y (ft) 

PWP 
(psf) 

Base Normal 
Stress (psf) 

Frictional 
Strength 
(psf) 

Cohesiv
e 

Strengt
h (psf) 

1  76 
1601.872

5 
8.594008 

‐
536.2611

7 
3.3844087  1.9539893  0 



2  76  1602.668  8.800974 
‐

549.1801
9 

9.9034724  5.7177724  0 

3  76  1603.464  9.0119445 
‐

562.3438
7 

15.942645  9.2044903  0 

4  76  1604.26  9.226935 
‐

575.7623
9 

21.502144  12.414269  0 

5  76  1605.056  9.44596 
‐

589.4333
2 

26.585515  15.349155  0 

6  76  1605.852  9.6690355 
‐

603.3424
9 

31.192987  18.009279  0 

7  76  1606.648  9.896179 
‐

617.5237
2 

35.328466  20.396899  0 

8  76  1607.444  10.127405 
‐

631.9503
9 

38.991093  22.511518  0 

9  76  1608.24  10.36273 
‐

646.6322
4 

42.184913  24.355471  0 

10  76 
1609.035

5 
10.602175 

‐
661.5787

5 
44.909204  25.928341  0 

11  76  1609.831  10.845755 
‐

676.7751
7 

47.166923  27.231836  0 

12  76  1610.627  11.093485 
‐

692.2309
2 

48.959897  28.26701  0 

13  76  1611.423  11.345385 
‐

707.9552
2 

50.28882  29.034264  0 

14  76  1612.219  11.60148 
‐

723.9332
4 

51.155654  29.534731  0 



15  76  1613.015  11.861785 
‐

740.1740
7 

51.562433  29.769585  0 

16  76  1613.811  12.12632 
‐

756.6865
6 

51.50887  29.73866  0 

17  76  1614.607  12.39511 
‐

773.4558
4 

50.998343  29.443907  0 

18  76  1615.403  12.668165 
‐

790.4906 
50.03072  28.88525  0 

19  76 
1616.198

5 
12.94551 

‐
807.7994

3 
48.608327  28.064031  0 

20  76  1616.994  13.227175 
‐

825.3790
2 

46.732384  26.980955  0 

21  76  1617.79  13.513175 
‐

843.2259 
44.403006  25.636088  0 

22  76  1618.586  13.80353 
‐

861.3366
7 

41.622762  24.030913  0 

23  76  1619.382  14.09827 
‐

879.7312
9 

38.393112  22.166273  0 

24  76  1620.178  14.397415 
‐

898.3941
3 

34.714421  20.04238  0 

25  76  1620.974  14.70099  ‐917.345  30.587159  17.659504  0 

26  76  1621.77  15.00902 
‐

936.5681
2 

26.01422  15.019317  0 

27  76  1622.566  15.32153 
‐

956.0595
4 

20.996248  12.122189  0 

28  76 
1623.361

5 
15.638545 

‐
975.8502

1 
15.532814  8.9678743  0 

29  76  1624.157  15.960095  ‐ 9.6274368  5.5584032  0 



995.9124
4 

30  76  1624.953  16.286205 
‐

1016.253
5 

3.2796497  1.8935066  0 

Slices of Slip Surface: 81 

 

Slip 
Surfac

e 
X (ft)  Y (ft) 

PWP 
(psf) 

Base Normal 
Stress (psf) 

Frictional 
Strength 
(psf) 

Cohesiv
e 

Strengt
h (psf) 

1  81  1602.421  8.7351735 
‐

545.0589
8 

8.0464012  4.6455919  0 

2  81  1604.313  9.2272235 
‐

575.7781
6 

23.544849  13.593625  0 

3  81  1606.205  9.728794 
‐

607.0702
2 

37.901684  21.882548  0 

4  81  1608.097  10.239922 
‐

638.9805
7 

51.120485  29.514426  0 

5  81  1609.989  10.76064 
‐

671.4536
5 

63.204024  36.490861  0 

6  81 
1611.881

5 
11.29099 

‐
704.5351

3 
74.16079  42.816752  0 

7  81  1613.774  11.83101 
‐

738.2703 
83.989229  48.491204  0 

8  81  1615.666  12.380735 
‐

772.5522
6 

92.698156  53.519306  0 

9  81  1617.558  12.94021 
‐

807.4767
6 

100.29141  57.903272  0 

10  81  1619.45  13.50947 
‐

842.9875
106.76797  61.642518  0 



6 

11  81 
1621.342

5 
14.08856 

‐
879.1292 

112.13707  64.742369  0 

12  81  1623.235  14.67753 
‐

915.8953
5 

116.39798  67.202403  0 

13  81  1625.127  15.27642 
‐

953.2291
9 

119.5602  69.028116  0 

14  81  1627.019  15.88527 
‐

991.2253
6 

121.61839  70.216413  0 

15  81  1628.911  16.50413 
‐

1029.876
9 

122.58743  70.775883  0 

16  81  1630.803  17.133045 
‐

1069.077
1 

122.46229  70.703639  0 

17  81 
1632.695

5 
17.772065 

‐
1108.968

7 
121.24811  70.00263  0 

18  81  1634.588  18.42124 
‐

1149.494
8 

118.94529  68.673093  0 

19  81  1636.48  19.08062 
‐

1190.647
2 

115.56428  66.721067  0 

20  81  1638.372  19.75026 
‐

1232.419
4 

111.10093  64.144154  0 

21  81  1640.264  20.430205 
‐

1274.852
9 

105.56607  60.948599  0 

22  81  1642.156  21.12051 
‐

1317.939
4 

98.955827  57.132174  0 

23  81 
1644.048

5 
21.821235 

‐
1361.621

1 
91.276494  52.698509  0 



24  81  1645.941  22.532435 
‐

1406.038
6 

82.529644  47.648512  0 

25  81  1647.833  23.25417 
‐

1451.083
5 

72.721909  41.986014  0 

26  81  1649.725  23.986495 
‐

1496.747
7 

61.845416  35.706468  0 

27  81  1651.617  24.72947 
‐

1543.119
8 

49.917092  28.819646  0 

28  81 
1653.509

5 
25.483155 

‐
1590.141 

36.929491  21.321252  0 

29  81  1655.402  26.247615 
‐

1637.851
6 

22.888705  13.2148  0 

30  81  1657.294  27.02292 
‐

1686.240
8 

7.7970805  4.5016465  0 

Slices of Slip Surface: 101 

 

Slip 
Surfac

e 
X (ft)  Y (ft) 

PWP 
(psf) 

Base Normal 
Stress (psf) 

Frictional 
Strength (psf) 

Cohesiv
e 

Strengt
h (psf) 

1  101  1619.616  14.531235 
‐

906.7371
7 

0.82674267  0.4773201  0 

2  101  1619.81  14.581795 
‐

909.9072
4 

2.4192389  1.3967482  0 

3  101 
1620.004

5 
14.63333 

‐
913.1444

5 
3.8943539  2.2484063  0 

4  101  1620.199  14.685845 
‐

916.3982 
5.2526534  3.0326208  0 

5  101 
1620.393

5 
14.73935 

‐
919.7181

6.4942274  3.7494439  0 



9 

6  101  1620.588  14.793845 
‐

923.1524
6 

7.6200167  4.3994187  0 

7  101 
1620.782

5 
14.84933 

‐
926.6014

2 
8.6298932  4.9824712  0 

8  101  1620.977  14.905815 
‐

930.1141 
9.5247356  5.4991087  0 

9  101  1621.171  14.9633 
‐

933.6890
1 

10.304934  5.9495563  0 

10  101 
1621.365

5 
15.02179 

‐
937.3748 

10.970411  6.3337695  0 

11  101  1621.56  15.081295 
‐

941.0719
3 

11.522086  6.6522795  0 

12  101 
1621.754

5 
15.14181 

‐
944.8291

1 
11.959918  6.9050619  0 

13  101  1621.949  15.203345 
‐

948.6942
7 

12.284858  7.0926662  0 

14  101  1622.143  15.265905 
‐

952.5682
6 

12.496404  7.2148022  0 

15  101 
1622.337

5 
15.32949 

‐
956.5484

1 
12.595547  7.2720427  0 

16  101  1622.532  15.39411 
‐

960.5841
5 

12.582794  7.2646795  0 

17  101 
1622.726

5 
15.45977 

‐
964.6748

5 
12.458192  7.1927407  0 

18  101  1622.921  15.526475 
‐

968.8679
9 

12.221805  7.0562622  0 

19  101  1623.115 15.594225  ‐ 11.8742  6.8555725  0 



5  973.0651
5 

20  101  1623.31  15.663025 
‐

977.3623
4 

11.415964  6.59101  0 

21  101  1623.504  15.73289 
‐

981.7102
7 

10.84674  6.2623684  0 

22  101 
1623.698

5 
15.80382 

‐
986.1555

9 
10.167632  5.8702853  0 

23  101  1623.893  15.87582 
‐

990.6491
4 

9.378807  5.4148568  0 

24  101 
1624.087

5 
15.948895 

‐
995.1892

9 
8.4799613  4.8959079  0 

25  101  1624.282  16.02305 
‐

999.8233
1 

7.4717875  4.3138386  0 

26  101 
1624.476

5 
16.098295 

‐
1004.549

3 
6.354989  3.6690546  0 

27  101  1624.671  16.174635 
‐

1009.317
8 

5.1288576  2.9611473  0 

28  101  1624.865  16.25208 
‐

1014.128
8 

3.7944857  2.1907473  0 

29  101 
1625.059

5 
16.33063 

‐
1019.027 

2.351828  1.3578285  0 

30  101  1625.254  16.41029 
‐

1024.011
5 

0.80116052  0.46255024  0 
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Project Settings 
Length(L) Units: feet 
Time(t) Units: Seconds 
Force(F) Units: lbf 
Pressure(p) Units: psf 
Strength Units: psf 
Unit Weight of Water: 62.4 pcf 
View: 2D 

Analysis Settings 

SLOPE/W 
Kind: SLOPE/W 
Method: Spencer 
Settings 

Apply Phreatic Correction: No 
PWP Conditions Source: Piezometric Line 
Use Staged Rapid Drawdown: No 

SlipSurface 
Direction of movement: Right to Left 
Allow Passive Mode: No 
Slip Surface Option: Entry and Exit 
Critical slip surfaces saved: 10 
Optimize Critical Slip Surface Location: No 
Tension Crack 

Tension Crack Option: (none) 
FOS Distribution 

FOS Calculation Option: Constant 
Advanced 



Number of Slices: 30 
Optimization Tolerance: 0.01 
Minimum Slip Surface Depth: 0.1 ft 
Optimization Maximum Iterations: 2000 
Optimization Convergence Tolerance: 1e‐007 
Starting Optimization Points: 8 
Ending Optimization Points: 16 
Complete Passes per Insertion: 1 

Materials 

C&D Landfill 
Model: Mohr‐Coulomb 
Unit Weight: 65 pcf 
Cohesion: 0 psf 
Phi: 27.5 ° 
Phi‐B: 0 ° 
Pore Water Pressure  

Piezometric Line: 1 

Soil Layer 1  
Model: Mohr‐Coulomb 
Unit Weight: 115 pcf 
Cohesion: 0 psf 
Phi: 30 ° 
Phi‐B: 0 ° 
Pore Water Pressure  

Piezometric Line: 1 

Soil Layer 2  
Model: Mohr‐Coulomb 
Unit Weight: 110 pcf 
Cohesion: 0 psf 
Phi: 28 ° 
Phi‐B: 0 ° 
Pore Water Pressure  

Piezometric Line: 1 

Soil Layer 3 
Model: Mohr‐Coulomb 
Unit Weight: 120 pcf 
Cohesion: 0 psf 
Phi: 32 ° 
Phi‐B: 0 ° 
Pore Water Pressure  

Piezometric Line: 1 



Soil Layer 4 
Model: Mohr‐Coulomb 
Unit Weight: 110 pcf 
Cohesion: 0 psf 
Phi: 29 ° 
Phi‐B: 0 ° 
Pore Water Pressure  

Piezometric Line: 1 

Soil Layer 5 
Model: Mohr‐Coulomb 
Unit Weight: 120 pcf 
Cohesion: 0 psf 
Phi: 34 ° 
Phi‐B: 0 ° 
Pore Water Pressure  

Piezometric Line: 1 

Yorktown 
Model: Mohr‐Coulomb 
Unit Weight: 120 pcf 
Cohesion: 0 psf 
Phi: 32 ° 
Phi‐B: 0 ° 
Pore Water Pressure  

Piezometric Line: 1 

Compacted Fill 
Model: Mohr‐Coulomb 
Unit Weight: 120 pcf 
Cohesion: 0 psf 
Phi: 35 ° 
Phi‐B: 0 ° 

Soil Liner 
Model: Mohr‐Coulomb 
Unit Weight: 110 pcf 
Cohesion: 0 psf 
Phi: 119 ° 
Phi‐B: 0 ° 
Pore Water Pressure  

Piezometric Line: 1 

Vegetative Cover 
Model: Mohr‐Coulomb 
Unit Weight: 120 pcf 
Cohesion: 0 psf 



Phi: 30 ° 
Phi‐B: 0 ° 
Pore Water Pressure  

Piezometric Line: 1 

Slip Surface Entry and Exit 
Left Projection: Range 
Left‐Zone Left Coordinate: (906.5768, 5) ft 
Left‐Zone Right Coordinate: (1031.1348, 18.378266) ft 
Left‐Zone Increment: 8 
Right Projection: Range 
Right‐Zone Left Coordinate: (1049.7319, 24.5773) ft 
Right‐Zone Right Coordinate: (1177.9847, 39.759694) ft 
Right‐Zone Increment: 8 
Radius Increments: 8 

Slip Surface Limits 
Left Coordinate: (800, 5) ft 
Right Coordinate: (2350, 5) ft 

Piezometric Lines 

Piezometric Line 1 

Coordinates 

X (ft)  Y (ft) 

800  0 

1000  0 

1250  0 

1300  0 

1550  0 

1600  0 

1850  0 

1900  0 

2150  0 

2350  0 



Seismic Loads 
Horz Seismic Load: 0 
Vert Seismic Load: 0 

Regions 
Material  Points  Area (ft²) 

Region 
1 

C&D Landfill  38,12,14,13,45,44,43,42,41,40,39  36504.5 

Region 
2 

Soil Layer 1   16,1,2,3,4,5,6,7,8,9  11500 

Region 
3 

Soil Layer 2   16,24,17,9  2300 

Region 
4 

Soil Layer 3  24,32,25,17  14950 

Region 
5 

Soil Layer 4  32,37,33,25  5750 

Region 
6 

Soil Layer 5  37,11,10,33  43700 

Region 
7 

Yorktown  11,19,18,10  115000 

Region 
8 

Soil Layer 1   1,26,21,16  2000 

Region 
9 

Soil Layer 2   21,22,24,16  400 

Region 
10 

Soil Layer 3  22,23,32,24  2600 

Region 
11 

Soil Layer 4  23,27,37,32  1000 

Region 
12 

Soil Layer 5  27,28,11,37  7600 

Region 
13 

Yorktown  28,20,19,11  20000 

Region 
14 

Soil Layer 1   8,29,30,9  2000 

Region 
15 

Soil Layer 2   9,17,31,30  400 

Region 
16 

Soil Layer 3  17,25,34,31  2600 



Region 
17 

Soil Layer 4  33,35,34,25  1000 

Region 
18 

Soil Layer 5  33,10,15,35  7600 

Region 
19 

Yorktown  10,18,36,15  20000 

Region 
20 

Compacted 
Fill 

46,26,1,2,3,4,5,6,7,8,29,47,45,44,43,42,41,40,39,38,59,58  7750 

Region 
21 

Soil Liner  59,56,38  3.375 

Region 
22 

Vegetative 
Cover 

58,59,56,57  10.125 

Region 
23 

Soil Liner  38,12,48,56  135 

Region 
24 

Vegetative 
Cover 

57,56,48,49  135 

Region 
25 

Soil Liner  12,14,13,52,50,48  1455 

Region 
26 

Vegetative 
Cover 

49,48,50,52,53,51  1455 

Region 
27 

Soil Liner  52,13,45,54  135 

Region 
28 

Vegetative 
Cover 

53,52,54,55  135 

Points 
X (ft)  Y (ft) 

Point 1  1000  0 

Point 2  1250  0 

Point 3  1300  0 

Point 4  1550  0 

Point 5  1600  0 

Point 6  1850  0 

Point 7  1900  0 

Point 8  2150  0 

Point 9  2150  ‐10 

Point 10  2150  ‐68 



Point 11  1000  ‐68 

Point 12  1090  35 

Point 13  2060  35 

Point 14  1575  44.7 

Point 15  2350  ‐68 

Point 16  1000  ‐10 

Point 17  2150  ‐12 

Point 18  2150  ‐168 

Point 19  1000  ‐168 

Point 20  800  ‐168 

Point 21  800  ‐10 

Point 22  800  ‐12 

Point 23  800  ‐25 

Point 24  1000  ‐12 

Point 25  2150  ‐25 

Point 26  800  0 

Point 27  800  ‐30 

Point 28  800  ‐68 

Point 29  2350  0 

Point 30  2350  ‐10 

Point 31  2350  ‐12 

Point 32  1000  ‐25 

Point 33  2150  ‐30 

Point 34  2350  ‐25 

Point 35  2350  ‐30 

Point 36  2350  ‐168 

Point 37  1000  ‐30 

Point 38  1000  5 

Point 39  1250  5 

Point 40  1300  5 

Point 41  1550  5 

Point 42  1600  5 

Point 43  1850  5 

Point 44  1900  5 

Point 45  2150  5 

Point 46  800  5 



Point 47  2350  5 

Point 48  1090  36.5 

Point 49  1090  38 

Point 50  1575  46.2 

Point 51  1575  47.7 

Point 52  2060  36.5 

Point 53  2060  38 

Point 54  2150  6.5 

Point 55  2150  8 

Point 56  1000  6.5 

Point 57  1000  8 

Point 58  991  5 

Point 59  995.5  5 

Critical Slip Surfaces 

 
Number  FOS  Center (ft) 

Radius 
(ft) 

Entry (ft)  Exit (ft) 

1  200  1.5 
(964.365, 
340.711) 

336.724 
(1112.77, 

38.4555) 
(991.164, 

5.05454) 

2  451  1.5 
(844.406, 
925.49) 

931.284 
(1129.08, 

38.7815) 
(995.767, 

6.58908) 

3  613  1.5 
(914.024, 
730.972) 

724.828 
(1129.08, 

38.7815) 
(1016.11, 

13.3689) 

4  532  1.5 
(872.877, 
832.234) 

833.79 
(1129.08, 

38.7815) 
(1001.08, 

8.35946) 

5  281  1.5 
(971.085, 
317.449) 

312.91 
(1112.77, 

38.4555) 
(991.644, 

5.21477) 

6  362  1.6 
(977.516, 
294.286) 

289.386 
(1112.77, 

38.4555) 
(991.754, 

5.25131) 

7  406  1.7 
(885.601, 
446.479) 

452.703 
(1049.73, 

24.5773) 
(1007.44, 

10.479) 

8  415  1.7 
(857.677, 
556.211) 

565.901 
(1065.2, 

29.7337) 
(1007.54, 

10.5148) 

9  424  1.7 
(829.732, 
665.949) 

679.12 
(1080.67, 

34.8902) 
(1007.62, 

10.539) 

10  658  1.7  (969.496,  249.43  (1065.2,  (1031.14, 



260.072)  29.7337)  18.3783) 

Slices of Slip Surface: 200 

 

Slip 
Surfac

e 
X (ft)  Y (ft) 

PWP 
(psf) 

Base 
Normal 

Stress (psf) 

Frictional 
Strength 
(psf) 

Cohesiv
e 

Strengt
h (psf) 

1  200  992.69875  5.1841795 
‐

323.4931
4 

46.861004  27.055213  0 

2  200  995.7691  5.457617 
‐

340.5590
5 

138.11417  79.740256  0 

3  200  998.65215  5.739383 
‐

358.1368
6 

192.80176  ‐347.82359  0 

4  200  1001.986  6.100617 
‐

380.6908
8 

269.54866  ‐486.27865  0 

5  200  1006.02  6.5792375 
‐

410.5322
8 

371.60584  193.44575  0 

6  200  1010.1165  7.1155045 
‐

443.9973
1 

422.57013  219.97608  0 

7  200  1014.213  7.703029 
‐

480.6589
7 

469.57798  244.44682  0 

8  200  1018.3095  8.342082 
‐

520.5539
8 

512.69892  266.89417  0 

9  200  1022.4065  9.0329615 
‐

563.6670
6 

551.95706  287.33066  0 

10  200  1026.503  9.7759935 
‐

610.0271
7 

587.40336  305.78283  0 

11  200  1030.5995  10.57153 
‐

659.6590
619.11547  322.29111  0 



6 

12  200  1034.696  11.41995 
‐

712.6071
6 

647.10202  336.85999  0 

13  200  1038.7925  12.32166 
‐

768.8634
1 

671.42231  349.52033  0 

14  200  1042.8895  13.277105 
‐

828.4865
3 

692.11454  360.29203  0 

15  200  1046.986  14.28676 
‐

891.5057
4 

709.19586  369.184  0 

16  200  1051.0825  15.351125 
‐

957.9214
6 

722.71037  376.21921  0 

17  200  1055.179  16.47074 
‐

1027.775
9 

732.68167  381.40994  0 

18  200  1059.2755  17.646185 
‐

1101.127
9 

739.15975  384.78221  0 

19  200  1063.372  18.878065 
‐

1177.983 
742.17433  386.3515  0 

20  200  1067.4685  20.167025 
‐

1258.432
8 

741.71175  386.1107  0 

21  200  1071.5655  21.513765 
‐

1342.467
6 

737.83191  384.09098  0 

22  200  1075.662  22.919025 
‐

1430.140
4 

730.57511  380.31333  0 

23  200  1079.7585  24.383575 
‐

1521.539
6 

719.91577  374.76443  0 

24  200  1083.855  25.908245 
‐

1616.676
6 

705.87961  367.45767  0 



25  200  1087.9515  27.49392 
‐

1715.619
3 

688.54113  358.43182  0 

26  200  1092.0275  29.132775 
‐

1817.895
1 

632.15655  329.07987  0 

27  200  1096.082  30.82515 
‐

1923.484
2 

537.59231  279.85284  0 

28  200  1100.1365  32.580175 
‐

2032.996
8 

440.77341  229.45212  0 

29  200  1104.1915  34.398925 
‐

2146.503
3 

341.76502  177.91161  0 

30  200  1107.8815  36.10762 
‐

2253.126
1 

363.04144  ‐654.94409  0 

31  200  1111.1585  37.67317 
‐

2350.810
8 

74.749257  43.156504  0 

Slices of Slip Surface: 451 

 

Slip 
Surfac

e 
X (ft)  Y (ft) 

PWP 
(psf) 

Base Normal 
Stress (psf) 

Frictional 
Strength 
(psf) 

Cohesiv
e 

Strengt
h (psf) 

1  451  997.8836  6.9426995 
‐

433.2340
3 

40.995515  23.668772  0 

2  451 
1002.471

5 
7.7219715 

‐
481.8526

7 
128.04345  73.925923  0 

3  451  1007.397  8.5838665 
‐

535.6336
2 

221.39871  ‐399.41384  0 

4  451  1012.305  9.4699265 
‐

590.9282
4 

305.39409  ‐550.94552  0 



5  451  1016.972  10.337031 
‐

645.0371 
351.67089  183.06828  0 

6  451  1021.398  11.182705 
‐

697.8116
9 

390.07625  203.06084  0 

7  451  1025.824  12.05061 
‐

751.9541
8 

426.91478  222.23777  0 

8  451  1030.25  12.94081 
‐

807.5003
9 

462.18787  240.59978  0 

9  451  1034.676  13.85336 
‐

864.4418
3 

495.89731  258.1478  0 

10  451  1039.102  14.788335 
‐

922.7915
3 

528.06698  274.89427  0 

11  451  1043.528  15.745805 
‐

982.5404
6 

558.69905  290.84031  0 

12  451  1047.954  16.725835 
‐

1043.701 
587.77359  305.97556  0 

13  451  1052.38  17.728505 
‐

1106.263
5 

615.33718  320.32426  0 

14  451  1056.806  18.75389 
‐

1170.239
8 

641.37043  333.87631  0 

15  451 
1061.231

5 
19.802065 

‐
1235.641

6 
665.87622  346.63322  0 

16  451  1065.657  20.873105 
‐

1302.480
2 

688.85766  358.5966  0 

17  451  1070.083  21.967095 
‐

1370.744
3 

710.33983  369.77951  0 

18  451  1074.509  23.08412 
‐

1440.444
730.32621  380.18376  0 



6 

19  451  1078.935  24.224265 
‐

1511.591
3 

748.79858  389.79987  0 

20  451  1083.361  25.387615 
‐

1584.194 
765.7826  398.64119  0 

21  451  1087.787  26.57426 
‐

1658.240
8 

781.28254  406.70995  0 

22  451  1092.064  27.74284 
‐

1731.144
1 

756.06642  393.58327  0 

23  451  1096.192  28.891915 
‐

1802.856
7 

690.52176  359.46288  0 

24  451 
1100.320

5 
30.061495 

‐
1875.828

1 
624.05715  324.86359  0 

25  451  1104.449  31.25166 
‐

1950.092
5 

556.65756  289.77758  0 

26  451  1108.577  32.462495 
‐

2025.662
4 

488.33222  254.20966  0 

27  451  1112.705  33.694085 
‐

2102.502
3 

419.06692  218.15243  0 

28  451 
1116.833

5 
34.946515 

‐
2180.669

3 
348.91729  181.63484  0 

29  451 
1121.469

5 
36.37939 

‐
2270.002

6 
304.47361  ‐549.28494  0 

30  451 
1126.558

5 
37.98118 

‐
2370.108

2 
81.030749  46.783125  0 

Slices of Slip Surface: 613 
Slip  X (ft)  Y (ft)  PWP (psf)  Base Normal  Frictional  Cohesiv



Surfac
e 

Stress (psf)  Strength 
(psf) 

e 
Strengt
h (psf) 

1  613  1018.1305  13.66255 
‐

852.5356
6 

44.782269  25.855055  0 

2  613  1022.1775  14.261605 
‐

889.9133 
132.58057  76.545425  0 

3  613  1026.364  14.906355 
‐

930.1573
7 

219.57431  ‐396.12255  0 

4  613  1030.6905  15.59854 
‐

973.3531
8 

303.07648  ‐546.76444  0 

5  613  1034.759  16.27313 
‐

1015.448
9 

353.96031  184.26008  0 

6  613  1038.5685  16.92717 
‐

1056.254
7 

391.75135  203.93284  0 

7  613  1042.378  17.602155 
‐

1098.372
8 

427.98744  222.79616  0 

8  613  1046.188  18.298145 
‐

1141.794
9 

462.74682  240.89075  0 

9  613  1049.998  19.015205 
‐

1186.539
1 

496.03065  258.21721  0 

10  613  1053.8075  19.75339 
‐

1232.622
2 

527.78834  274.74922  0 

11  613  1057.617  20.51277 
‐

1279.984
1 

558.07307  290.51445  0 

12  613  1061.427  21.29342 
‐

1328.718
6 

586.91219  305.52715  0 

13  613  1065.237  22.0954  ‐ 614.25604  319.76145  0 



1378.764
5 

14  613  1069.0465  22.918785 
‐

1430.137
7 

640.13247  333.23187  0 

15  613  1072.856  23.763655 
‐

1482.853
8 

664.54389  345.93965  0 

16  613  1076.666  24.630085 
‐

1536.927
6 

687.51834  357.89939  0 

17  613  1080.476  25.51815 
‐

1592.323 
709.03324  369.09934  0 

18  613  1084.2855  26.427935 
‐

1649.104
9 

729.11689  379.55423  0 

19  613  1088.095  27.359525 
‐

1707.236
5 

747.77276  389.26586  0 

20  613  1091.778  28.28057 
‐

1764.707 
730.71241  380.38481  0 

21  613  1095.334  29.189745 
‐

1821.449
9 

678.28257  353.09156  0 

22  613  1098.8905  30.11814 
‐

1879.375
2 

624.96295  325.33512  0 

23  613  1102.447  31.065835 
‐

1938.498
9 

570.70738  297.09146  0 

24  613  1106.003  32.03291 
‐

1998.864
4 

515.57881  268.39334  0 

25  613  1109.559  33.019445 
‐

2060.406
6 

459.5319  239.21716  0 

26  613  1113.115  34.02552 
‐

2123.193
6 

402.6024  209.58154  0 



27  613  1116.671  35.05122 
‐

2187.187
6 

344.74575  179.46328  0 

28  613  1121.1455  36.37291 
‐

2269.737 
303.66241  ‐547.8215  0 

29  613  1126.459  37.97918 
‐

2369.967
7 

81.451203  47.025874  0 

Slices of Slip Surface: 532 

 

Slip 
Surfac

e 
X (ft)  Y (ft) 

PWP 
(psf) 

Base Normal 
Stress (psf) 

Frictional 
Strength 
(psf) 

Cohesiv
e 

Strengt
h (psf) 

1  532 
1003.254

5 
8.704013 

‐
543.1196

4 
44.563721  25.728876  0 

2  532 
1007.607

5 
9.4049255 

‐
586.8680

3 
131.94498  76.178471  0 

3  532 
1012.112

5 
10.155668 

‐
633.7181

8 
220.07485  ‐397.02554  0 

4  532 
1016.769

5 
10.958025 

‐
683.7764

8 
303.63745  ‐547.77646  0 

5  532 
1021.183

5 
11.74293 

‐
732.7481

8 
352.76011  183.63529  0 

6  532  1025.354  12.50776 
‐

780.4829
8 

391.01938  203.5518  0 

7  532 
1029.524

5 
13.294545 

‐
829.5887

2 
427.68787  222.64022  0 

8  532 
1033.695

5 
14.103345 

‐
880.0572

4 
462.81407  240.92576  0 

9  532  1037.866 14.93423  ‐ 496.37589  258.39693  0 



5  931.9034
3 

10  532  1042.037  15.787265 
‐

985.1183
9 

528.42202  275.07909  0 

11  532 
1046.207

5 
16.662525 

‐
1039.739

6 
558.90724  290.94869  0 

12  532 
1050.378

5 
17.560075 

‐
1095.757

5 
587.88058  306.03126  0 

13  532  1054.549  18.47999 
‐

1153.162
4 

615.32104  320.31586  0 

14  532 
1058.719

5 
19.42235 

‐
1211.943

7 
641.23091  333.80368  0 

15  532 
1062.890

5 
20.387225 

‐
1272.161

6 
665.65999  346.52066  0 

16  532  1067.061  21.3747 
‐

1333.781 
688.54076  358.43163  0 

17  532 
1071.231

5 
22.38486 

‐
1396.814

7 
709.94675  369.57489  0 

18  532 
1075.402

5 
23.41779 

‐
1461.273

8 
729.85774  379.93989  0 

19  532 
1079.573

5 
24.473575 

‐
1527.146

5 
748.27739  389.52855  0 

20  532  1083.744  25.5523 
‐

1594.467
3 

765.20978  398.343  0 

21  532 
1087.914

5 
26.654065 

‐
1663.222

7 
780.65855  406.38512  0 

22  532  1092.067  27.77388 
‐

1733.092
755.65781  393.37056  0 



9 

23  532  1096.201  28.91164 
‐

1804.082
3 

690.51802  359.46093  0 

24  532 
1100.334

5 
30.072315 

‐
1876.509

1 
624.33162  325.00647  0 

25  532  1104.468  31.256005 
‐

1950.382
3 

557.0861  290.00067  0 

26  532  1108.602  32.462815 
‐

2025.687
8 

488.81589  254.46145  0 

27  532  1112.736  33.692845 
‐

2102.433
7 

419.48587  218.37052  0 

28  532 
1116.869

5 
34.946205 

‐
2180.650

5 
349.13077  181.74598  0 

29  532  1121.501  36.38003 
‐

2270.178
2 

304.73714  ‐549.76035  0 

30  532  1126.571  37.98143 
‐

2369.957
1 

81.022337  46.778268  0 

Slices of Slip Surface: 281 

 

Slip 
Surfac

e 
X (ft)  Y (ft) 

PWP 
(psf) 

Base 
Normal 

Stress (psf) 

Frictional 
Strength 
(psf) 

Cohesiv
e 

Strengt
h (psf) 

1  281  994.5498  5.4332725 
‐

339.0354
6 

93.652176  54.070109  0 

2  281  998.72765  5.7646125 
‐

359.7101
5 

181.70659  ‐327.80736  0 

3  281  1001.871  6.0624475 
‐

378.2933
253.75647  ‐457.7888  0 



1 

4  281  1005.796  6.476682 
‐

404.1357
7 

379.57744  197.59551  0 

5  281  1009.9035  6.962689 
‐

434.4742
3 

434.42592  226.14782  0 

6  281  1014.011  7.50389 
‐

468.2503
9 

484.86596  252.40525  0 

7  281  1018.1185  8.1005745 
‐

505.4743
9 

530.96353  276.40212  0 

8  281  1022.226  8.753065 
‐

546.2000
3 

572.76426  298.1622  0 

9  281  1026.3335  9.461716 
‐

590.4043
8 

610.34173  317.7238  0 

10  281  1030.441  10.226914 
‐

638.1550
6 

643.79632  335.13915  0 

11  281  1034.5485  11.049085 
‐

689.4667
6 

673.13659  350.41273  0 

12  281  1038.656  11.92869 
‐

744.3483
3 

698.42233  363.57565  0 

13  281  1042.7635  12.866225 
‐

802.8504
3 

719.74055  374.67322  0 

14  281  1046.871  13.86223 
‐

864.9932
6 

737.11031  383.71534  0 

15  281  1050.9785  14.91728 
‐

930.8381
1 

750.5787  390.72654  0 

16  281  1055.086  16.03199 
‐

1000.390
760.19581  395.73289  0 



9 

17  281  1059.1935  17.20703 
‐

1073.721
2 

766.016  398.76269  0 

18  281  1063.301  18.443115 
‐

1150.842
8 

768.02728  399.8097  0 

19  281  1067.4085  19.741  ‐1231.83  766.33819  398.93041  0 

20  281  1071.516  21.1015 
‐

1316.725
1 

760.9226  396.11123  0 

21  281  1075.6235  22.52548 
‐

1405.581
4 

751.82794  391.37685  0 

22  281  1079.731  24.013865 
‐

1498.465
2 

739.10706  384.75478  0 

23  281  1083.8385  25.56764 
‐

1595.428
9 

722.77118  376.25086  0 

24  281  1087.946  27.187855 
‐

1696.512
2 

702.81496  365.86231  0 

25  281  1092.055  28.87621 
‐

1801.877
2 

643.20543  334.83155  0 

26  281  1096.165  30.63394 
‐

1911.551
9 

544.81961  283.61514  0 

27  281  1100.2755  32.461785 
‐

2025.611
1 

444.06912  231.16775  0 

28  281  1104.386  34.36111 
‐

2144.136
8 

341.00161  177.5142  0 

29  281  1108.0475  36.11095 
‐

2253.326
9 

318.21023  ‐574.06646  0 

30  281  1111.2135  37.674275  ‐ 74.05125  42.753509  0 



2350.865
6 

Slices of Slip Surface: 362 

 

Slip 
Surfac

e 
X (ft)  Y (ft) 

PWP 
(psf) 

Base 
Normal 

Stress (psf) 

Frictional 
Strength 
(psf) 

Cohesiv
e 

Strengt
h (psf) 

1  362  994.48525  5.411749 
‐

337.6960
2 

94.751887  54.705027  0 

2  362  998.6083  5.673901 
‐

354.0507
3 

183.29945  ‐330.68097  0 

3  362  1001.5515  5.904901 
‐

368.4792
2 

254.05538  ‐458.32803  0 

4  362  1005.0775  6.223152 
‐

388.3141
8 

384.38265  200.09694  0 

5  362  1009.027  6.628454 
‐

413.6140
6 

441.49871  229.82968  0 

6  362  1012.977  7.088649 
‐

442.3251
2 

494.11062  257.21771  0 

7  362  1016.927  7.6040015 
‐

474.4882
9 

542.28308  282.2947  0 

8  362  1020.877  8.174809 
‐

510.1144
3 

586.10969  305.10939  0 

9  362  1024.827  8.801405 
‐

549.2095
7 

625.66282  325.69945  0 

10  362  1028.777  9.4841575 
‐

591.7995
7 

660.9936  344.09149  0 

11  362  1032.727  10.22347  ‐ 692.15736  360.31431  0 



637.9548
1 

12  362  1036.677  11.01979 
‐

687.6395
9 

719.26204  374.42412  0 

13  362  1040.6265  11.873595 
‐

740.9126 
742.32094  386.42782  0 

14  362  1044.576  12.78541 
‐

797.8002
2 

761.37538  396.34693  0 

15  362  1048.526  13.7558 
‐

858.3714
2 

776.52008  404.23077  0 

16  362  1052.476  14.785375 
‐

922.6139 
787.77973  410.09217  0 

17  362  1056.426  15.874795 
‐

990.5811 
795.20756  413.95886  0 

18  362  1060.376  17.02476 
‐

1062.341
8 

798.81218  415.8353  0 

19  362  1064.326  18.23603 
‐

1137.931
3 

798.65546  415.75371  0 

20  362  1068.276  19.50942 
‐

1217.398
5 

794.80318  413.74835  0 

21  362  1072.2255  20.845795 
‐

1300.782
3 

787.22997  409.80598  0 

22  362  1076.175  22.24608 
‐

1388.156
4 

776.01094  403.96573  0 

23  362  1080.125  23.71127 
‐

1479.582
6 

761.15546  396.23245  0 

24  362  1084.075  25.242425 
‐

1575.131
6 

742.70191  386.62614  0 

25  362  1088.025  26.840675  ‐ 720.67114  375.15765  0 



1674.858
5 

26  362  1092.087  28.556585 
‐

1781.929
6 

657.77403  342.41549  0 

27  362  1096.261  30.395595 
‐

1896.681
7 

554.82368  288.82293  0 

28  362  1100.4355  32.314015 
‐

2016.384
5 

449.26865  233.87445  0 

29  362  1104.61  34.31361 
‐

2141.171
2 

341.15398  177.59352  0 

30  362  1108.239  36.114775 
‐

2253.567
1 

335.85983  ‐605.90717  0 

31  362  1111.277  37.675545 
‐

2350.945
3 

73.392402  42.373123  0 

Slices of Slip Surface: 406 

 

Slip 
Surfac

e 
X (ft)  Y (ft) 

PWP 
(psf) 

Base Normal 
Stress (psf) 

Frictional 
Strength (psf) 

Cohesiv
e 

Strengt
h (psf) 

1  406  1008.142  10.677185 
‐

666.2583
4 

4.0750232  2.3527157  0 

2  406  1009.552  11.076075 
‐

691.1353
1 

11.93097  6.8883486  0 

3  406 
1010.961

5 
11.479895 

‐
716.3260

3 
19.21335  11.092833  0 

4  406  1012.371  11.888665 
‐

741.8685
6 

25.924884  14.967739  0 

5  406  1013.781  12.3024  ‐ 32.066226  18.513444  0 



767.6928
2 

6  406  1015.191  12.721115 
‐

793.7975
1 

37.638779  21.730759  0 

7  406  1016.601  13.14482 
‐

820.2481
3 

42.643941  24.620491  0 

8  406  1018.011  13.57353 
‐

846.9753
5 

47.082524  27.183108  0 

9  406 
1019.420

5 
14.00726 

‐
874.0439 

50.956644  29.419832  0 

10  406  1020.83  14.446025 
‐

901.4521
9 

54.267192  31.331178  0 

11  406  1022.24  14.889845 
‐

929.1304
7 

57.015747  32.918057  0 

12  406  1023.65  15.33873 
‐

957.1443
3 

59.203927  34.181403  0 

13  406  1025.06  15.792695 
‐

985.4902
7 

60.831283  35.120958  0 

14  406  1026.47  16.25176 
‐

1014.099
9 

61.900945  35.738527  0 

15  406 
1027.879

5 
16.71594 

‐
1043.105

3 
62.413263  36.034314  0 

16  406  1029.289  17.185255 
‐

1072.368
6 

62.368628  36.008544  0 

17  406  1030.699  17.65972 
‐

1101.955
6 

61.770251  35.663071  0 

18  406  1032.109  18.13935 
‐

1131.864 
60.617307  34.997419  0 



19  406  1033.519  18.62416 
‐

1162.157 
58.911624  34.012642  0 

20  406  1034.929  19.11417 
‐

1192.699
4 

56.655232  32.709913  0 

21  406 
1036.338

5 
19.609405 

‐
1223.621

4 
53.848037  31.089179  0 

22  406  1037.748  20.109875 
‐

1254.854
2 

50.491447  29.15125  0 

23  406  1039.158  20.615595 
‐

1286.395
3 

46.586205  26.896558  0 

24  406  1040.568  21.12659 
‐

1318.307
1 

42.134377  24.326294  0 

25  406  1041.978  21.64288 
‐

1350.522 
37.136193  21.440591  0 

26  406  1043.388  22.164485 
‐

1383.035
7 

31.592489  18.239932  0 

27  406 
1044.797

5 
22.691425 

‐
1415.912

8 
25.505553  14.725638  0 

28  406  1046.207  23.22371 
‐

1449.149
5 

18.875019  10.897497  0 

29  406  1047.617  23.76137 
‐

1482.676
6 

11.701925  6.7561098  0 

30  406  1049.027  24.304425 
‐

1516.623
8 

3.9882814  2.3026353  0 

Slices of Slip Surface: 415 

 

Slip 
Surfac

e 
X (ft)  Y (ft) 

PWP 
(psf) 

Base Normal 
Stress (psf) 

Frictional 
Strength (psf) 

Cohesiv
e 

Strengt



h (psf) 

1  415  1008.505  10.78055 
‐

672.7110
7 

6.0651317  3.5017054  0 

2  415  1010.427  11.31566 
‐

706.1196
5 

17.755698  10.251257  0 

3  415  1012.349  11.85808 
‐

739.9517
9 

28.59205  16.507627  0 

4  415  1014.271  12.407835 
‐

774.2546
5 

38.576731  22.272286  0 

5  415  1016.193  12.96495 
‐

809.0252 
47.711358  27.546166  0 

6  415  1018.115  13.52944 
‐

844.2604 
55.999613  32.331392  0 

7  415  1020.037  14.10133 
‐

879.9064
5 

63.442187  36.628364  0 

8  415  1021.959  14.68065 
‐

916.0607
9 

70.041456  40.438454  0 

9  415 
1023.880

5 
15.267415 

‐
952.6699 

75.794803  43.76015  0 

10  415  1025.802  15.86165 
‐

989.7797
6 

80.714597  46.600594  0 

11  415  1027.724  16.463385 
‐

1027.337
3 

84.798376  48.958365  0 

12  415  1029.646  17.072645 
‐

1065.339
1 

88.043774  50.832096  0 

13  415  1031.568  17.689455 
‐

1103.830
8 

90.463324  52.229024  0 

14  415  1033.49  18.313835 
‐

1142.759
92.044945  53.142174  0 



9 

15  415  1035.412  18.945815 
‐

1182.220
7 

92.801258  53.578831  0 

16  415  1037.334  19.585425 
‐

1222.111 
92.730243  53.537831  0 

17  415  1039.256  20.232685 
‐

1262.526 
91.834854  53.020878  0 

18  415 
1041.177

5 
20.88763 

‐
1303.411

1 
90.113104  52.026825  0 

19  415  1043.099  21.55029 
‐

1344.714
1 

87.57307  50.560335  0 

20  415  1045.021  22.220685 
‐

1386.577
9 

84.212966  48.620378  0 

21  415  1046.943  22.89885 
‐

1428.900
7 

80.03609  46.208858  0 

22  415  1048.865  23.58481 
‐

1471.676
4 

75.040757  43.324802  0 

23  415  1050.787  24.2786 
‐

1515.000
3 

69.235359  39.973053  0 

24  415  1052.709  24.98025 
‐

1558.768
8 

62.613533  36.14994  0 

25  415  1054.631  25.68979 
‐

1603.027 
55.183778  31.860369  0 

26  415  1056.553  26.407255 
‐

1647.818
7 

46.943861  27.103051  0 

27  415  1058.475  27.13267 
‐

1693.089
8 

37.896529  21.879571  0 

28  415 
1060.396

5 
27.866075 

‐
1738.836

28.043194  16.190746  0 



4 

29  415  1062.318  28.6075 
‐

1785.101 
17.385306  10.037411  0 

30  415  1064.24  29.356975 
‐

1831.879
4 

5.9244461  3.4204806  0 

Slices of Slip Surface: 424 

 

Slip 
Surfac

e 
X (ft)  Y (ft) 

PWP 
(psf) 

Base Normal 
Stress (psf) 

Frictional 
Strength (psf) 

Cohesiv
e 

Strengt
h (psf) 

1  424 
1008.834

5 
10.87193 

‐
678.3955

2 
8.1204649  4.6883526  0 

2  424 
1011.269

5 
11.54258 

‐
720.2403

7 
23.770979  13.724181  0 

3  424 
1013.704

5 
12.222985 

‐
762.6982

3 
38.276035  22.098679  0 

4  424  1016.14  12.91318 
‐

805.7647 
51.639231  29.813924  0 

5  424 
1018.575

5 
13.613195 

‐
849.4754 

63.86351  36.871614  0 

6  424 
1021.010

5 
14.32306 

‐
893.7465

3 
74.953031  43.274153  0 

7  424 
1023.445

5 
15.04281  ‐938.653  84.910941  49.023354  0 

8  424 
1025.880

5 
15.77248 

‐
984.1895

9 
93.736461  54.118771  0 

9  424 
1028.315

5 
16.5121 

‐
1030.352

5 
101.43692  58.564636  0 

10  424 
1030.750

5 
17.261705 

‐
1077.136 

108.01564  62.36286  0 

11  424  1033.185 18.02133  ‐ 113.47225  65.513236  0 



5  1124.535
8 

12  424 
1035.620

5 
18.791005 

‐
1172.547

1 
117.81432  68.020129  0 

13  424  1038.056  19.57077 
‐

1221.203
4 

121.04156  69.88338  0 

14  424 
1040.491

5 
20.360665  ‐1270.5  123.15398  71.102983  0 

15  424 
1042.926

5 
21.160725 

‐
1320.430

8 
124.15933  71.683422  0 

16  424 
1045.361

5 
21.970985 

‐
1370.991

2 
124.05783  71.624819  0 

17  424 
1047.796

5 
22.791485 

‐
1422.175

5 
122.85359  70.929554  0 

18  424 
1050.231

5 
23.622265 

‐
1474.017

1 
120.55091  69.600098  0 

19  424 
1052.666

5 
24.463365 

‐
1526.509

4 
117.1463  67.634448  0 

20  424 
1055.101

5 
25.314825 

‐
1579.646

7 
112.64818  65.037454  0 

21  424 
1057.536

5 
26.17669 

‐
1633.424 

107.05345  61.807338  0 

22  424  1059.972  27.049 
‐

1687.872
8 

100.37065  57.949023  0 

23  424 
1062.407

5 
27.93179 

‐
1742.947

9 
92.600737  53.463061  0 

24  424 
1064.842

5 
28.82511 

‐
1798.682

6 
83.74486  48.350117  0 



25  424 
1067.277

5 
29.72901 

‐
1855.107

7 
73.800355  42.608655  0 

26  424 
1069.712

5 
30.64353 

‐
1912.140

8 
62.780176  36.246152  0 

27  424 
1072.147

5 
31.568715 

‐
1969.888

5 
50.67806  29.258992  0 

28  424 
1074.582

5 
32.50461 

‐
2028.269

1 
37.499919  21.650588  0 

29  424 
1077.017

5 
33.451265  ‐2087.35  23.247088  13.421713  0 

30  424  1079.453  34.40873 
‐

2147.087
9 

7.921881  4.5737001  0 

Slices of Slip Surface: 658 

 

Slip 
Surfac

e 
X (ft)  Y (ft) 

PWP 
(psf) 

Base Normal 
Stress (psf) 

Frictional 
Strength (psf) 

Cohesiv
e 

Strengt
h (psf) 

1  658 
1031.702

5 
18.52449 

‐
1155.893

9 
4.8287607  2.7878863  0 

2  658  1032.838  18.81978 
‐

1174.327
1 

14.129914  8.1579099  0 

3  658 
1033.973

5 
19.120785 

‐
1193.108

3 
22.746046  13.132436  0 

4  658  1035.109  19.427525 
‐

1212.235
5 

30.678871  17.712454  0 

5  658  1036.245  19.740025 
‐

1231.788
8 

37.931152  21.899561  0 

6  658  1037.380 20.058305  ‐ 44.505852  25.695466  0 



5  1251.597
3 

7  658  1038.516  20.38238 
‐

1271.824
7 

50.405014  29.101348  0 

8  658 
1039.651

5 
20.712285 

‐
1292.468

5 
55.631754  32.119008  0 

9  658  1040.787  21.048045 
‐

1313.356
6 

60.187565  34.749307  0 

10  658 
1041.922

5 
21.389675 

‐
1334.737

8 
64.074831  36.993621  0 

11  658  1043.058  21.737205 
‐

1356.439
9 

67.296923  38.853897  0 

12  658 
1044.193

5 
22.09066 

‐
1378.458

5 
69.854727  40.330645  0 

13  658  1045.329  22.450065 
‐

1400.873 
71.750907  41.425405  0 

14  658 
1046.464

5 
22.815455 

‐
1423.681

9 
72.988409  42.139877  0 

15  658  1047.6  23.18685 
‐

1446.877
8 

73.567465  42.474196  0 

16  658  1048.736  23.56428 
‐

1470.374
6 

73.492008  42.430631  0 

17  658 
1049.871

5 
23.947775 

‐
1494.334 

72.763438  42.009991  0 

18  658  1051.007  24.33736 
‐

1518.668
5 

71.382499  41.212705  0 

19  658 
1052.142

5 
24.73307 

‐
1543.371

4 
69.353255  40.04112  0 



20  658  1053.278  25.13494 
‐

1568.441
1 

66.675957  38.495382  0 

21  658 
1054.413

5 
25.542995 

‐
1593.869

3 
63.353178  36.576975  0 

22  658  1055.549  25.957265 
‐

1619.735
7 

59.387003  34.287102  0 

23  658 
1056.684

5 
26.37779 

‐
1645.951

7 
54.777872  31.626019  0 

24  658  1057.82  26.8046 
‐

1672.593
6 

49.528834  28.595486  0 

25  658 
1058.955

5 
27.23773 

‐
1699.658 

43.64149  25.196426  0 

26  658  1060.091  27.67722 
‐

1727.053
5 

37.116594  21.429276  0 

27  658  1061.227  28.1231 
‐

1754.858
6 

29.956008  17.295109  0 

28  658 
1062.362

5 
28.575405 

‐
1783.066

8 
22.162467  12.795506  0 

29  658  1063.498  29.03418 
‐

1811.754
1 

13.736409  7.9307197  0 

30  658 
1064.633

5 
29.49946 

‐
1840.749 

4.6792895  2.701589  0 
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Appendix C 
Design Hydrogeologic Investigation 
Rule .0539(d)(3) of the North Carolina Solid Waste Management Rules requires that a 
Design Hydrogeologic Report be prepared in accordance with the requirements set 
forth in Rule .0538(b). This document is intended to fulfill all of the specified criteria 
delineated in this rule. 

1 Purpose and Scope 
The Design Hydrogeologic Report presented herein is designed to address the 
applicable Solid Waste Management Rules for the Permit to Construct for Cell 4 of the 
Dare County C&D Landfill Facility. The report compiles information from all field 
activities that have been conducted to date, summarizing data from previously 
submitted documents, as well as subsequent investigation activities, to provide a 
comprehensive characterization of the geology and hydrogeology at the landfill site. 
The goal of this investigation is to provide sufficient technical information to design a 
Water Quality Monitoring Plan for Cell 4 as specified in Rule .0538(b)(2). 

1.1 Report Contents 
Section 1 of the Design Hydrogeologic Report discusses the purpose and scope of the 
report, summarizes previous and current investigation activities, and provides a 
cross-reference between each applicable regulatory requirement set forth in Rule 
.0538(b) and corresponding sections of this report. Section 2 presents a summary of 
the methodologies used in this field investigation, as well as data collection and 
evaluation activities. Section 3 presents the results of this field investigation and data 
analysis activities. Conclusions derived from this and previous investigations are 
presented in Section 4, along with a discussion of hydrogeologic factors affecting the 
landfill design and development of the Water Quality Monitoring Plan. 

1.2 Previous Investigations 
Borehole drilling was accomplished in several phases by CDM and others utilizing 
hollow stem auger, mud-rotary and direct push (GeoProbe®) methods. 

A geotechnical and hydrogeologic investigation was conducted by Geo-Hydro 
Engineers, Inc. in 1993 at Cell 1 and Cell 2 of the Dare County C&D landfill. As part of 
that investigation, a total of 12 borings were advanced (B-1/1a through B-6/6a). Six 
borings were advanced to 50 feet and 6 borings were advanced to 7 feet. Piezometers 
were installed at each of the Cells 1 and 2 locations. Geotechnical testing, in-situ 
hydraulic conductivity testing, and water level data were evaluated. It was 
determined that the site was suitable for landfill development and Cells 1 and 2 of the 
Dare County C&D Landfill were constructed. 

Following construction of Cell 1, groundwater monitoring wells GW-1 through GW-8 
were installed by others. Wells GW-4 and GW-5 has since been abandoned. 
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Following construction of Cell 2 wells GW-9 through GW-12 were installed by others 
per the revised groundwater quality monitoring plan. 

Drilling for Cell 3 was conducted by CDM in December 2004. An onsite geologist 
observed all drilling operations and logged the borings. Drilling was accomplished 
with a GeoProbe® utilizing direct push technology. Boreholes and piezometers 
installed during the Cell 3 Design Hydrogeologic Investigation were identified as P-1, 
P-2d, P-2s, P-3, P-4, P-5, P-6, P-7, P-8d, P-8s, P-9, P-10, and P-11. The letter “s” 
designates the shallow piezometer, and “d” designates the deep piezometer in a 
nested pair. Soil samples were collected and analyzed for grain-size, USCS 
classification, and estimated effective porosity. These piezometers were abandoned 
prior to Cell 3 construction. 

Following construction of Cell 3 wells GW-13 through GW-15 were installed per the 
groundwater quality monitoring plan. Select soil samples were collected and 
analyzed for USCS classification, hydraulic conductivity, and estimated effective 
porosity. Following installation, the wells were slug tested in order to determine 
horizontal hydraulic conductivity. 

Drilling for revised facility plan was conducted by CDM in May 2007. An onsite 
geologist or geotechnical engineer observed all drilling operations and logged the 
borings. Drilling was accomplished with both mud-rotary and GeoProbe techniques. 

Four deep geotechnical boreholes (B-101 through B-104) were extended to depths of 
100 feet into the Yorktown Confining Unit with mud-rotary. Following drilling, the 
boreholes were abandoned according to 15A NCAC 02C rules. The deep geotechnical 
borings were advanced using a CME 550 all-terrain vehicle drill rig utilizing mud 
rotary drilling techniques with split spoon sampling and Standard Penetration 
Testing (SPT). Samples were examined by the field geotechnical engineer and 
described for color, grain size, texture, and moisture content. The field descriptions 
were entered into the field log book.  

In addition to the deep geotechnical borings, 12 shallow piezometers were installed 
with a GeoProbe ®. Samples were collected in several borings to verify shallow 
lithology. GeoProbe drilling was done utilizing a track-mounted probe, creating 
nominal two-inch diameter boreholes. Lithological information was obtained through 
continuous four-foot direct push cores. Blow counts were not collected with this type 
of sampler. The sample was examined by the field geologist and described for color, 
grain size, texture, and moisture content. The field descriptions were entered into the 
field log book. Generally, the borings were sampled only to verify existing site 
lithology data obtained during previous investigations. The main goal of the 
GeoProbe® borings was to facilitate temporary piezometer installation for water table 
elevation data and verify lithology obtained from previous investigations. 

All GeoProbe® borings were completed with 1-inch piezometers. Piezometers 
installed during the current investigation were identified as B-401, B-402s, B-402d, B-
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403, B-404, B-405, B-501, B-502s, B-502d, B-801, B-802, and B-803. The letter “s” 
designates the shallow piezometer and “d” the deeper piezometer in a nested pair. 

1.3 Current Investigation 
The Cell 4 investigation focused on the proposed Cell 4 expansion area adjacent to the 
existing closed Cell 2 and active Cell 3 of the active C&D landfill. Six boreholes (B-503, 
-503d, -504, -505, -506, -506d) were drilled at 4 locations during this investigation. The 
boring locations were selected to complement existing borings and lithologic 
information in the Cell 4 area. All borings were converted to temporary piezometers 
for groundwater elevation measurements and lithologic and geotechnical data was 
collected at each location. Mud rotary drilling was used for installation of all 
piezometers. Standard penetration tests (blow counts) were collected at each location 
during the current investigation. 

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. 

Boring locations from this and previous investigations are provided on Sheet 1. 
Boring logs from this and previous investigations (where available) are provided in 
Appendix A. Copies of the field notes from this investigation are provided in 
Appendix B. 

2 Methodology 
This section presents the methodology and data reduction used during the Cell 4 
C&D Landfill hydrogeologic field investigations. As described in Section 1.3, the 
current investigation included borehole drilling, piezometer installation, water level 
measurements, and well surveying. 

2.1 Drilling Methods 
The following section details the drilling methods used to install borings and 
piezometers and collect geologic and hydrogeologic data for the Cell 4 C&D landfill 
expansion. 

2.1.1 Borehole Drilling 
Borehole drilling for this investigation was accomplished with mud-rotary 
techniques. Boring locations are provided on Sheet 1. Boring logs from the Cell 4 area 
investigation are provided in Appendix A. Boreholes and piezometers installed in the 
Cell 4 expansion during this and the previous investigation are identified by 500-
series numbers. Only logs for borings from previous investigations relevant to the 
Cell 4 expansion area are included in Appendix A. 

Mud rotary drilling was conducted at all locations during the current investigation to 
obtain lithologic information and piezometer installation. Mud rotary drilling was 
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done from an ATV-mounted CME 550 drill rig creating a nominal 4-inch diameter 
boring. 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 code, texture, and 
moisture content. The field descriptions were entered into the field logbook. Borehole 
logs are provided in Appendix A. 

Geotechnical samples collected during mud rotary drilling included jar samples and 
undisturbed (Shelby tubes) samples. Jar samples were collected by placing split spoon 
samples in glass jars. Jar samples were analyzed as described in Section 2.6. The 
laboratory results are discussed in Section 3.2 and the raw data is provided in 
Appendix C. 

Undisturbed Shelby tubes were collected as specified in ASTM D-1587 by attaching an 
empty 2-foot long, 3-inch diameter galvanized steel tube to the drilling rods, lowering 
it to the bottom of the auger hole and hydraulically pushing the tube into the 
undisturbed formation below the borehole bottom. After the tube was retrieved, the 
ends were sealed with melted paraffin wax and capped. The sample tubes were 
maintained in an upright position and protected from shock and temperature 
extremes until delivered to the laboratory. Undisturbed Shelby tubes were analyzed 
as described in Section 2.6. The laboratory results are discussed in Section 3.2.4 and 
the data is provided in Appendix B. 

2.2 Piezometer Installations 
As discussed in Section 1.3, 6 piezometers were installed at 4 locations during the 
current investigation in the Cell 4 area. The piezometer locations are shown on Sheet 1 
along with those installed in and around the Cell 4 area during previous 
investigations. Table 1 provides a summary of piezometer completion data for the 
recently installed piezometers and piezometers installed during previous 
investigations that were relevant to the Cell 4 investigation. 

Following completion of each mud rotary boring, a piezometer was installed. The 
piezometers were constructed of 2-inch diameter PVC casing, with 10 to 20 feet of 
0.010-inch slot PVC screen and bottom cap. A filter pack consisting of #2 silica sand 
was placed around the well screen to a minimum of 2 feet above the top of screen. The 
piezometer annulus above the filter pack was then sealed with 3/8-inch hydrated 
bentonite pellets to land surface. Locking steel protective covers with a 3-foot by 3-
foot concrete pad were installed over all piezometers. 





000000Table 1
Summary of Monitoring Well and Piezometer Completion Data

Dare County Construction and Demolition Landfill 
Cell 4

Design Hydrogeologic Investigation

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

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

B-1 Sep-93 HSA Surficial 1.96 50 10-20 8 6 2.0
B-1a Sep-93 HSA Surficial 1.96 7 2-7 2 1 2.0
B-2 Sep-93 HSA Surficial 3.17 50 40-50 38 36 2.0
B-2a Sep-93 HSA Surficial 1.83 7 2-7 2 1 2.0
B-3 Sep-93 HSA Surficial 3.92 50 40-50 38 36 2.0
B-3a Sep-93 HSA Surficial 2.08 7 2-7 2 1 2.0
B-4 Sep-93 HSA Surficial 2.68 50 40-50 38 36 2.0
B-4a Sep-93 HSA Surficial 1.15 7 2-7 2 1 2.0
B-5 Sep-93 HSA Surficial 3.07 50 10-20 8 6 2.0
B-5a Sep-93 HSA Surficial 2.51 7 2-7 2 1 2.0
B-6 Sep-93 HSA Surficial 3.32 50 25-30 23 21 2.0
B-6a Sep-93 HSA Surficial 1.96 7 2-7 2 1 2.0

GW-1 11/28/1994 HSA Surficial 1.61 -0.04 10 10-20 -10.04 -20.04 8 7 2.0
GW-2 11/29/1994 HSA Surficial 1.55 -0.25 20 10-20 -10.25 -20.25 8 7 2.0
GW-3 11/29/1994 HSA Surficial 1.74 0.10 20 10-20 -9.9 -19.9 8 7 2.0
GW-4 11/29/1994 HSA Surficial 3.7 2.14 20 10-20 -7.86 -17.86 8 7 2.0
GW-5 11/29/1994 HSA Surficial 4.04 2.08 20 10-20 -7.92 -17.92 8 7 2.0
GW-6 11/29/1994 HSA Surficial 3.15 0.31 20 10-20 -9.69 -19.69 8 2 2.0
GW-7 11/29/1994 HSA Surficial 2.36 0.42 20 10-20 -9.58 -19.58 8 7 2.0
GW-8 11/28/1994 HSA Surficial 2.90 1.13 20 10-20 -8.87 -18.87 8 7 2.0
GW-9 8/14/2002 HSA Surficial 3.59 0.90 20 3-20 -1.10 -19.10 1.5 1 2.0
GW-10 8/13/2002 HSA Surficial 2.87 1.58 20 3-20 -0.42 -18.42 2 1 2.0
GW-11 8/12/2002 HSA Surficial 3.56 1.64 20 3-20 -0.36 -18.36 2 1 2.0
GW-12 8/13/2002 HSA Surficial 2.80 0.33 20 3-20 -1.67 -19.67 1.5 1 2.0
GW-13 1/24/2006 HSA Surficial 2.96 0.65 20 5-20 -4.35 -19.35 3 1 6 2.0
GW-14 1/24/2006 HSA Surficial 2.96 0.41 20 5-20 -4.59 -19.59 3 1 6 2.0
GW-15 1/24/2006 HSA Surficial 3.17 0.82 20 5-20 -4.18 -19.18 3 1 6 2.0

P-1 12/8/2004 GeoProbe Surficial 3.42 0.95 8 3.0-8.0 -2.1 -7.1 2.0 0.0 2.0 1.0
P-2 12/8/2004 GeoProbe Surficial 3.71 0.73 50 40.0-50.0 -39.27 -49.27 30.0 0.0 2.0 1.0
P-2s 12/8/2004 GeoProbe Surficial 3.23 0.84 8 3.0-8.0 -2.16 -7.16 2.0 0.0 2.0 1.0
P-3 12/8/2004 GeoProbe Surficial 3.84 0.57 12 7.0-12.0 -6.43 -11.43 3.0 0.0 2.0 1.0
P-4 12/8/2004 GeoProbe Surficial 3.63 0.35 12 7.0-12.0 -6.65 -11.65 3.0 0.0 2.0 1.0
P-5 12/9/2004 GeoProbe Surficial 4.29 0.85 12 7.0-12.0 -6.15 -11.15 3.0 0.0 2.0 1.0
P-6 12/8/2004 GeoProbe Surficial 3.68 0.26 12 7.0-12.0 -6.74 -11.74 3.0 0.0 2.0 1.0
P-7 12/9/2004 GeoProbe Surficial 3.34 0.02 12 7.0-12.0 -6.98 -11.98 3.0 0.0 2.0 1.0
P-8 12/9/2004 GeoProbe Surficial 7.33 3.68 50 42.0-47.0 -38.32 -43.32 14.0 0.0 2.0 1.0
P-8s 12/9/2004 GeoProbe Surficial 6.94 3.66 10 5.0-10.0 -1.34 -6.34 3.0 0.0 2.0 1.0
P-9 12/9/2004 GeoProbe Surficial 6.09 2.76 12 7.0-12.0 -4.24 -9.24 3.0 0.0 2.0 1.0
P-10 12/9/2004 GeoProbe Surficial 3.88 0.50 12 7.0-12.0 -6.50 -11.50 3.0 0.0 2.0 1.0
P-11 12/9/2004 GeoProbe Surficial 5.15 1.77 12 7.0-12.0 -5.23 -10.23 3.0 0.0 2.0 1.0

B-101 4/30/2007 Mud Rotary Geotechnical Boring NA 8.24 100
B-102 5/1/2007 Mud Rotary Geotechnical Boring NA 7.39 99
B-103 5/1/2007 Mud Rotary Geotechnical Boring NA -0.07 100
B-104 5/1/2007 Mud Rotary Geotechnical Boring NA 0.69 100
B-401 5/1/2007 GeoProbe Surficial 2.23 1.93 15 5.0-15.0 -3.07 -13.07 3.0 0.0 2.0 1.0
B-402d 5/1/2007 GeoProbe Surficial 5.99 5.99 31 26.0-31.0 -20.01 -25.01 24.0 0.0 2.0 1.0
B-402s 5/1/2007 GeoProbe Surficial 6.26 6.05 15 5.0-15.0 1.05 -8.95 3.0 0.0 2.0 1.0
B-403 5/1/2007 GeoProbe Surficial 6.15 6.15 15 5.0-15.0 1.15 -8.85 3.0 0.0 2.0 1.0
B-404 5/1/2007 GeoProbe Surficial 8.72 5.87 15 5.0-15.0 0.87 -9.13 3.0 0.0 2.0 1.0
B-405 5/1/2007 GeoProbe Surficial 7.55 7.33 15 5.0-15.0 2.33 -7.67 3.0 0.0 2.0 1.0

B-501 5/1/2007 GeoProbe Surficial 3.14 0.45 15 5.0-15.0 -4.55 -14.55 3.0 0.0 2.0 1.0
B-502d 5/1/2007 GeoProbe Surficial 0.44 0.44 31 26.0-31.0 -25.56 -30.56 24.0 0.0 2.0 1.0
B-502s 5/1/2007 GeoProbe Surficial 0.50 0.50 15 5.0-15.0 -4.50 -14.50 3.0 0.0 2.0 1.0
B-503 9/3/2008 Mud Rotary Surficial 3 56 1 13 20 10 0 20 0 8 87 18 87 8 0 0 0 3 0 2 0

A 000000Table 1.xlsx
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2.3 Water Level Measurements 
Water level measurements were taken using an electronic water level meter with an 
accuracy of 0.01 feet. Water level measurements were taken relative to the north side 
of the top of each PVC well casing (TOC = top of casing). Water levels were 
monitored both during and after the piezometer completion. Water levels were 
collected after piezometer completion, when possible, 24 hours after completion, and 
at least seven days after completion. Measurement of water levels at precise time 
periods after completion was not always possible due to conflicts with other drilling 
operations and the expedited nature of the field investigation. However, adequate 
measurements were taken for the purposes of the installation and this investigation. 
Water level measurements are discussed in Section 3.3. 

2.4 Piezometer Surveying 
All of the newly installed piezometers were surveyed to the TOC measuring point 
and to ground surface by Quible Associates, Inc. Northing and easting coordinates 
were reported in the State Plane coordinate system, and elevations were surveyed to 
mean sea level (msl). 

2.5 Slug Tests 
Slug testing was performed on five newly installed piezometers within the Cell 4 area 
(B-503, -503d, -505, -506, -506d). Both slug-in (displacement) and slug-out (recovery) 
tests were conducted at each piezometer using a stainless steel solid slug and a 
transducer/data logger. The transducer/data logger was lowered to approximately 
10 to 15 feet below the water level in the piezometer, taped into place, and a reference 
water level was collected. Immediately after starting the data logger, the slug was 
lowered to approximately 1.5 to 2 feet below the water surface and taped into place. 
The data logger was then monitored until water levels stabilized. The data logger was 
then re-started for the slug-out test and the slug was immediately withdrawn from 
the piezometer. The data logger was monitored until the water level stabilized. 

The data was then analyzed using the Bouwer and Rice method (Bouwer, 1989) to 
estimate horizontal hydraulic conductivity. Slug test results are discussed in Section 
3.3. 

2.6 Geotechnical Testing 
Undisturbed Shelby tube, jar samples and bulk samples collected during this 
investigation were analyzed for various geotechnical properties by Geotechnics 
geotechnical laboratory in Raleigh, North Carolina. The testing program consisted of 
analyses for grain size distribution, soil classification, Atterberg limits, porosity and 
in-situ hydraulic conductivity. Laboratory geotechnical data from the samples 
collected during this investigation in the Cell 4 area are presented in Appendix C. 
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Geotechnical data for samples collected during this and previous investigations in the 
Cell 4 area is discussed in Section 3.2. 

3 Current Investigation Results 
This section presents the results of the Cell 4 area investigation which included 
borehole drilling, geotechnical testing, piezometer installations, water level 
measurements, and aquifer characterization (slug testing). The regional geology and 
hydrogeology have been previously discussed (CDM 2005), and, therefore, will not be 
re-iterated in this report. The site geology is discussed in Section 3.1. Laboratory 
testing results are discussed in Section 3.2. The site hydrogeology is evaluated in 
detail in Section 3.3 and includes water level results, potentiometric surface mapping, 
and slug test analysis. 

3.1 Site Geology 
Based on this and previous subsurface investigations by CDM and others at the 
existing C&D landfill, the surficial geology at the site was found to be composed of 
five layered surficial sediment units. The uppermost unit was found to consist of 
topsoil and organic silt and extended to depths ranging from eight-inches to two-feet 
below land surface. Below the topsoil and organic silt, a layer of dark gray to mottled, 
silty fine sand was encountered. The thickness of the silty fine sand layer generally 
ranged from 1.5 to 7 feet. Below the silty fine sand, a layer of medium gray fine to 
medium sand was encountered. This layer was typically found to be about 20 feet 
thick and extending to depths of about 25 feet below land surface. Some zones of silty 
sand, coarse sand, and clay were encountered within this layer. The next layer 
encountered was a dark gray sand and silt or clay layer. The sand and silt/clay layer 
was found to be about five to seven feet thick and extended to about 32 feet below 
land surface. Beneath the sand and silt layer, a layer of gray, moderate to well sorted 
fine to medium sand and shell was encountered. This layer, on average, was found to 
extend to about 63 feet below land surface. Below the sand and shell, the Yorktown 
confining unit was encountered. The Yorktown Confining Unit was found to be at 
least 30 feet thick at the site. 

3.2 Testing Program 
Table 2 summarizes the results of the geotechnical testing performed on samples in 
and around the proposed Cell 4 C&D area during this and previous investigations. 
The following sections discuss 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 at the expansion site. 



Table 2
Summary of Geotechnical Testing Results

Dare County Construction and Demolition Landfill 
Cell 4

Design Hydrogeologic Report
Estimated Undisturbed Remolded

Boring No. Depth Surficial Sample USCS Natural Porosity Effective Hydraulic Hydraulic
(feet) Layer Type Classification Moisture (%) Porosity Conductivity Conductivity Liquid Plastic Plasticity

Content (%) (cm/sec) (cm/sec) Limit Limit Index

B-1 4 2 SS 21.7 32
B-1 15 3 SS 27.7 28
B-1 25 4 UD 35.4 48.6 7.40E-07 25 21 4
B-2 25 4 UD 29.1 32 23 9
B-2 45 5 SS 21.5 20
B-3 25 4 UD 30.3 46.3 4.80E-06
B-3 50 5 SS 15.7 23
B-4 4 2 SS 21.5 31
B-4 10 3 SS 20.1 25
B-4 25 4 SS 44.2 32 23 9
B-4 45 5 SS 19.1 17
B-5 15 3 SS 28.6 26
B-5 25 4 UD 37.0 50.7
B-5 45 5 SS 20.6 20
B-6 8 3 SS 22.6 28
B-6 25 4 UD 32.5 47.1
B-7 6 3 SS 23.3
Bulk 1 1-5 Bulk 35.6 3.40E-05
Bulk 2 1-5 Bulk 36.5 6.70E-06

P-2 8-12 3 Bag SM 24.7 25 NP NP NP
P-2 24-28 4 Bag ML 38.7 18 NP NP NP
P-2 44-48 5 Bag SP-SM 19.1 38 NP NP NP
P-5 2-4 2 Bag CL 39.0 15 39 19 20
P-8 5-7 3 Bag CL-ML 25.1 17 28 22 6
P-8 12-16 3 Bag SM 20.2 32 NP NP NP
P-8 24-28 4 Bag SM 34.1 32 NP NP NP
P-8 32-36 5 Bag SP-SM 22.0 38 NP NP NP

GW-13 2-4 2 SS SM 23.3 25 NP NP NP
GW-13 24-26 4 UD ML 31.7 43 22 3.6E-06 NP NP NP
GW-14 5-7 3 SS SP-SM 20.7 33 NP NP NP
GW-14 13-15 3 SS SM 21.4 30
GW-14 8-10 3 UD SP 25.0 40 35 7.9E-04 NP NP NP
GW-15 8-10 3 SS SM 24.6 21 NP NP NP
GW-15 13-15 3 SS SM 69.7 12 NP NP NP
GW-15 18-20 3 SS SM 24.4 23

B-101 75-77 YCU UD CL-ML 34.7 46.5 1.2E-05 27 20 7
B-101 6-8 3 SS 37.8
B-101 8-10 2 SS ML 22.9 NP NP NP
B-101 28-30 5 SS SM 26.1
B-101 48-50 5 SS SM 16.0
B-101 68-70 5 SS SM 24.3
B-102 7-8 2 SS CL 24.7 33 22 11
B-102 8-10 2 UD SC 18.4 23 14 9
B-102 28-30 5 SS SP 31.6 NP NP NP
B-102 31-33 4 UD CL 35.4 32.8 5.5E-07 30 17 13
B-102 43-45 5 SS SP 20.6
B-102 68-70 5 SS SM 29.8
B-103 1-2 1 SS CL 36.7 43 22 21
B-103 2-4 1 UD SM 24.6 39.9 NP NP NP
B-103 4-6 2 SS 22.0
B-103 25-27 4 UD CL 38.1 32 16 16
B-104 1-2 1 SS CL 21.8 45 23 22
B-104 2-4 1 UD SC 20.6 40.8 10 1.7E-07 55 27 28
B-104 13-15 3 SS 33 20 13
B-104 25-27 4 UD CL 37.3 51.5 2 1.6E-06 27 16 11
B-104 27-29 4 UD SC-SM 43.1 56.1 2.1E-06 22 16 6
B-104 63-65 5 SS SM 24.0
B-402s 10-15 3 Bag SM 25.8 27 19 18 1
B-501 1-4 1 Bag CL 29.2 8 44 21 23
B-502 4.5-18 3 Bag SM 25.7 35 NP NP NP
B-502 18-25 3-4 Bag SC 33.0 25 24 13 11
B-801 1.5-5 1 Bag SC 27.8 17 41 17 24

B-503d 28-30 4 SS CL 41.3 5 30 17 13
B-503d 43-45 4 SS SP-SM 20.6 35 NP NP NP
B-504 13-15 3 SS SM 29.8 25 NP NP NP
B-504 18-20 3-4 SS SM 24.7 12 19 17 2
B-505 3-5 1 SS SM 27.6 20 NP NP NP
B-505 8-10 2 SS SP-SM 28.2 40 NP NP NP
B-505 2-4 1 UD ML 24.7 42.0 15 2.3E-04 NP NP NP
B-506 23-25 4 UD SM 34.6 48.1 27 5.7E-07 NP NP NP
B-506d 38-40 5 SS SP-SM 21.8 35 NP NP NP
B-506d 48-50 5 SS SM 25.7 30 NP NP NP
Average 27.9 36.8 23.8 9.51E-05 2.04E-05
Geometric Mean 26.9 35.0 20.6 4.06E-06 1.51E-05

Table includes borings from Cells 1 and 2 (B-1 through B-7) performed and collected by others. All Cells 1 and 2 Data from Geo-Hydro Reports (11/17/93 and 8/11/94).
Boreholes in bold in Proposed Cell 4 footprint.
USCS - Unified Soil Classification System
UD - Undisturbed Sample (Shelby Tube)
YCU - Yorktown Confining Unit
Blank Not Calculated
Estimated Effective Porosity from Johnson, 1967.

Cell 4 Investigation - September 2008

Atterberg Limits

Cells 1-2

Cell 3

Cell 3 Monitoring Wells

Facility Expansion Investigation - April 2007

A Table 2.xlsx
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3.2.1 Standard Penetration Testing 
Standard Penetration Testing (SPT), in accordance with ASTM Standard D1586, was 
conducted at each boring location during this investigation (B-503 through B-506). 
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. 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 are 
presented on the boring logs in Appendix A. 

3.2.2 Particle Size Analysis and Unified Soil Classification 
Within the proposed Cell 4 area, 10 split-spoon, 4 Shelby Tube and 3 bulk samples 
were submitted for laboratory analysis for grain size, USCS classification, natural 
moisture content, and Atterberg limits. USCS classifications ranged from CL to SM. 
Natural moisture content values ranged from 20.3% in B-503d (43-45) to 41.3% in B-
503d (28-30). 

A summary of the geotechnical laboratory results is provided on Table 2. Copies of 
the laboratory data for the samples collected from the Cell 4 area during this and 
previous investigations are provided in Appendix C. 

3.2.3 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 
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 for the current investigation are 
provided in Appendix B. 

3.2.4 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 2 Shelby Tube 
samples collected from the Cell 4 area during this investigation. Porosity values in the 
Shelby Tube samples ranged from 42% in B-505 (2-4) to 48.1% in B-506 (23-25) and 
undisturbed hydraulic conductivity values ranged from 2.3x10-4 cm/sec in B-505 
sample to 5.7x10-7 cm/sec in the B-506 sample.  
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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 all samples collected during this investigation 
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 5% in the medium 
depth clay (B-503d 28-30) to 40% in the shallow fine sands (B-505 8-10). 

3.2.5 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 
 
For this estimation, an average horizontal hydraulic conductivity value of 1.4x10-3 
cm/sec (4.1 ft/day) was used. This value represents the average K of the piezometers 
installed in the Cell 4 area during the current investigation, based on slug test 
analyses. An average hydraulic gradient of 0.002 ft/ft was used. This value represents 
measurements collected on October 20, 2008 from piezometers installed in the Cell 4 
area during the current investigation. An average effective porosity of 24% was used. 
This value represents the average estimated effective porosity from all samples 
collected from the surficial aquifer. 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 0.85 ft was determined. Assuming that transverse dispersivity is 10% 
of longitudinal dispersivity, transverse dispersivity was estimated at 0.08 ft. 
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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. 

3.3 Site Hydrogeology 
Results of investigation activities designed to characterize the hydrogeology beneath 
the area are presented in this section. These activities included water level 
measurements and aquifer slug testing. 

3.3.1 Water Level Measurements 
Water level measurements collected from the existing monitoring wells and 
piezometers installed in and around the Cell 4 area are provided in Table 3. In 
addition to available historic data, these include measurements at the time of boring, 
24 hours after installation, September 4, 2008, October 8, 2008, and October 20, 2008. 
The water level measurements taken during the October 20, 2008 event were used to 
construct the potentiometric contour map presented on Sheet 2. 

Water levels in most existing monitoring wells and piezometers are within 2 feet of 
land surface. In the Cell 4 area, depths to groundwater below land surface on October 
20, 2008 ranged from 0.08 ft in B-506d to 2.89 ft in B-503d. Since installation of the new 
piezometers (B-503 through B-506), water table elevations appear to have remained 
fairly constant. 

3.3.1.1 Horizontal and Vertical Gradients 
Horizontal Gradients 
Sheet 1 presents a potentiometric surface contour map for the proposed Cell 4 area. 
The map was constructed from water level data collected on October 20, 2008. The 
potentiometric surface is interpolated from data from piezometers screened at various 
monitoring interval depths. The contour map shows that the potentiometric surface, 
like the natural topography is relatively flat. Based on the readings collected October 
20, 2008, groundwater flow is generally toward the southern canal along Cub Road. 

During the current investigation, the horizontal gradient in the shallow portion of the 
surficial aquifer from piezometer B-506 towards the Cub Road canal (B-503) was 
approximately 0.0004 ft/ft. The horizontal gradient in the deeper portion of the 
surficial aquifer from piezometer B-506d towards the Cub Road canal (B-503d) was 
approximately 0.0006 ft/ft. These horizontal gradients correlate well with previous 
investigations at the site. 

Vertical Gradients 
Vertical gradient data is evaluated by comparing water levels from nested piezometer 
sets. During the previous investigation in the Cell 4 area, a nested pair was installed at 
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location B-502s/502. During the current investigation in the Cell 4 area, nested pairs 
were installed at locations B-503/503d and B-506/506d. 

The vertical gradient of the piezometer sets is calculated as the difference in water 
level elevation, divided by the vertical distance from the saturated midpoint of the 
screen of the shallow piezometer to the saturated midpoint of the screen of the deeper 
piezometer. Since the shallow screens were fully saturated, the screen midpoint 
elevation was used for determining the vertical gradient. 

Historical vertical gradients from B-502s/502 were calculated using the groundwater 
elevation data collected on June 7, 2007. Vertical gradients for the current 
investigation were calculated using the groundwater elevation data collected on 
October 20, 2008. The Table below provides groundwater elevation data, saturated 
screen midpoint separation, and calculated vertical gradient. Negative numbers 
indicate a downward gradient and positive numbers indicate an upward gradient. 

Vertical Gradient Calculations 

Well Nest 

Shallow 
Groundwater 

Elevation 
(MSL) 

Deep 
Groundwater 

Elevation 
(MSL) 

Groundwater 
Elevation 

Difference 
(ft) 

Shallow 
Screen 

Midpoint 
(MSL) 

Deep 
Screen 

Midpoint 
(MSL) 

Screen 
Midpoint 

Separation 
(ft) 

Calculated 
Vertical 
Gradient 

(ft/ft) 

B-502s/502(1) -0.35 -0.71 -0.36 -9.5 -28.06 18.56 -0.019 

B-503/503d -1.53 -1.64 -0.24 -13.87 -43.82 29.95 -0.008 

B-506/506d -0.66 -0.55 +0.11 -15.48 -45.47 29.99 +0.003 

(1) - Groundwater elevation data from June 7, 2007. 

The historic vertical gradient at B-502s/502 was -0.019 ft/ft, the vertical gradient at B-
503/503d was -0.008 ft/ft and the vertical gradient at B-506/506d was +0.003 ft/ft. 
The slight upward vertical gradient at the B-506 location indicates that the 
groundwater is discharging from the deeper portion to the shallow portion in this 
area, however it is likely that the entire area serves as both a recharge and discharge 
area depending on the amount of precipitation. 

Graphic presentations of the vertical groundwater flow are provided on the 
hydrogeologic cross-sections (Figure 1 and 2). The groundwater flow nets indicate 
that while there is some vertical flow, the dominant flow component at the site is 
horizontal toward the large canal along Cub Road. 

3.3.1.2 Temporal Trends 
Table 3 summarizes water level measurements collected on a nominal basis from all 
of the piezometers completed during this and previous investigations. Because most 
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of the piezometers have been abandoned, the water levels are presented for the 
discussion of temporal trends only. 



Table 3
Water Level Measurements

Dare County Construction and Demolition Landfill 
Cell 4

Design Hydrogeologic Investigation

Well Top of Casing Ground Depth to water Water Level Water Level Water Level Water Level Water Level Water Level Water Level Water Level Water Level
Elevation Elevation (BGS) (MSL) (MSL) (MSL) (MSL) (MSL) (MSL) (MSL) (MSL) (MSL)

(MSL) (MSL) Initial Initial 12/8/2004 12/9/2004 1/13/2005 5/2/2007 6/7/2007 9/4/2008 10/8/2008 10/20/2008
P-1 3.42 0.95 5.73 -2.31 -1.10 -0.73
P-2 3.71 0.73 5.25 -1.54 -1.08 -0.73
P-2s 3.23 0.84 5.20 -1.97 -1.07 -0.74
P-3 3.84 0.57 4.93 -1.09 -1.01 -0.67
P-4 3.63 0.35 4.75 -1.12 -1.02 -0.65
P-5 4.29 0.85 5.40 -1.11 -1.03 -0.62
P-6 3.68 0.26 4.80 -1.12 -1.07 -0.59
P-7 3.34 0.02 4.42 -1.08 -0.96 -0.48
P-8 7.33 3.68 9.60 -2.27 -1.72 -0.36
P-8s 6.49 3.66 10.50 -4.01 -1.54 -0.94
P-9 6.09 2.76 7.20 -1.11 -0.91 -0.51

P-10 3.88 0.50 5.10 -1.22 -0.74 -0.36
P-11 5.15 1.77 5.70 -0.55 -0.55 -0.20
B-401 2.26 1.93 3.5 -1.57 -1.55 -1.34 -- -- --
B-402s 6.26 6.05 5.5 0.55 1.76 2.58 -- -- --
B-402 5.99 5.99 5.5 0.49 -1.33 -0.96 -- -- --
B-403 6.15 6.15 6.5 -0.35 -0.90 -- -- -- --
B-404 8.72 5.87 6.0 -0.13 -0.91 -0.56 -- -- --
B-405 7.55 7.33 5.5 1.83 1.38 -0.24 -- -- --
B-501 3.14 0.45 3.0 -2.55 -1.65 -0.51 -- -- --

B-502s 0.50 0.50 3.0 -2.50 -1.05 -0.35 -- -- --
B-502 0.44 0.44 3.0 -2.56 -0.96 -0.71 -- -- --
B-503 3.56 1.13 2.0 -0.87 -1.72 -1.53 -1.47

B-503d 3.84 1.18 2.0 -0.82 -1.77 -1.64 -1.71
B-504 3.19 0.36 2.0 -1.64 -1.15 -0.93 -0.90
B-505 3.91 0.95 4.0 -3.05 -1.41 -1.14 -0.95
B-506 2.46 -0.48 2.0 -2.48 -0.65 -0.76 -0.66

B-506d 2.56 -0.47 2.0 -2.47 -0.75 -0.57 -0.55
B-801 0.55 0.32 2.5 -2.18 -1.18 -0.53 -- -- --
B-802 0.44 0.00 4.0 -4.00 -1.70 -0.68 -- -- --
B-803 0.05 -0.20 2.5 -2.70 -1.50 -0.63 -- -- --
GW-1 1.61 -0.04 NM NM -1.25 -0.36 -0.74 -0.76 -0.60
GW-2 1.55 -0.25 -0.97 -0.45 -1.90 -0.77 -1.41 -1.52 -1.35
GW-3 1.74 0.10 -2.13 -1.48 -3.35 -1.85 -2.79 -2.67 -2.50
GW-6 3.15 0.31 -0.95 -0.47 -1.71 -0.61 -1.40 -1.26 -1.03
GW-7 2.36 0.42 -0.82 -0.37 -1.52 -0.59 -1.13 -1.15 -0.92
GW-8 2.90 1.13 -0.20 0.08 -0.33 -0.04 -0.22 -0.27 -0.21
GW-9 3.59 0.90 -0.94 -1.01 -0.70 -1.82 -0.60 -3.37 -2.60 -3.01
GW-10 2.87 1.58 -2.08 -1.54 -3.05 -2.24 -2.68 -2.89 -2.84
GW-11 3.56 1.64 -1.86 -1.21 -2.16 -0.85 -1.70 -2.01 -2.13
GW-12 2.80 0.33 -1.36 -0.52 -2.35 -1.14 -1.78 -1.76 -1.51
GW-13 2.96 0.65 -2.10 -0.56 -1.28 -1.14 -0.91
GW-14 2.96 0.41 -1.97 -0.55 -1.52 -1.18 -0.99
GW-15 3.17 0.82 -1.86 -0.25 -1.56 -1.14 -0.88

BTOC - Below Top of Casing
BGS - Below Ground Surface
MSL - Mean Sea Level
NM - Not Measured
Blanks indicate no data collected.
Bold/Italic piezometers abandoned in August 2005

A Table 3.xlsx





A (South) A' (North)

B-503/503d B-501 B-504 B-502/502d B-505 GW-6 B-103 GW-7 B-506/506d

-1
00

.0
-5

0.
0

0.
0

E
le

va
tio

n 
(ft

 M
S

L)

-1
00

.0
-5

0.
0

0.
0

E
le

va
tio

n 
(M

S
L)

0 200 400 600 800 1,000 1,200 1,400 1,600 1,800 2,000
feet feet

Cross-Section A-A'

-1.47

-1.71

-0.90
-0.95

-1.03 -0.92
-0.66

-0.55

Yorktown Confining Unit Yorktown Confining Unit

Upper Yorktown Aquifer

Fine to medium sand and shell Fine to medium sand and shell

Fine sand, discontinuous silt streaks

Fine sand, discontinuous silt streaks

Sandy silt Sandy siltSandy silt

TopsoilSilt/Clay

Piezometer Screened Interval with Groundwater Elevation

Cement Grout Backfill

Water Table Measured October 20, 2008 (dashed where inferred)

NM

NM

NM

Note: Dominant Groundwater Flow is Parallel to Section, South toward Cub Canal

Figure 1
Cross-Section A-A'

Dare County C&D Landfill - Cell 4
Design Hydrogeologic InvestigationA

Vertical Exageration = 6x
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Figure 2
Cross-Section B-B'

Dare County C&D Landfill - Cell 4
Design Hydrogeologic InvestigationA
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Since 1994, the average annual precipitation at the Manteo Airport in Manteo, North 
Carolina is approximately 50 inches. From January 1994 to May 2007, the average 
monthly precipitation ranged from a low of 2.86 inches in April to a high of 5.95 
inches in August. Long-term monthly precipitation summary statistics are provided 
in Table 4 and Figure 3. 

The precipitation data indicate that peak rainfall for this area would be expected to 
occur in the summer between June and September. Due to the shallow nature of the 
groundwater table, response to precipitation events would likely occur rapidly. 
Precipitation during the summer months generally falls in large amounts over short 
periods of time, which results in increased runoff and decreased amount of 
precipitation available for infiltration. Therefore, lower groundwater levels would 
also occur during this time due to less precipitation infiltration and the increased loss 
of water by evapotranspiration. 

Above normal amounts of rainfall also occur during February and March. Since 
precipitation in the late winter/early spring months generally occurs as a slow, steady 
rainfall and evapotranspiration is minimal, more precipitation is available for 
infiltration. It would be expected that the seasonal high water table would occur in 
late winter to early spring (January to March) in response to precipitation and 
decreased evapotranspiration during this period. 

Across the site, stabilized groundwater levels are typically within 2 feet of natural 
ground surface. Due to the shallow nature of the water table, natural land surface will 
be designated as the seasonal high and long-term seasonal high water table. 

3.3.2 Slug Test Results 
Several in-situ hydraulic conductivity (slug) tests were performed by others during 
the siting and design for Cells 1 and 2. Horizontal hydraulic conductivity values 
ranged from 3.7x 10-5 cm/sec (0.1 ft/day) to 5.0x10-4 cm/sec (1.4 ft/day) in the 
shallow fine to medium sand layer, and from 2.1x10-5 cm/sec (0.06 ft/day) to 3.2x10-5 
cm/sec (0.09 ft/day) in the deeper medium sand with shell layer. One slug test 
performed in the sand and silt layer at 25 to 30 feet below land surface had results of 
1.9x10-6 cm/sec (0.005 ft/day) (Geo-Hydro, 1993). The average hydraulic conductivity 
for all of the tests was 1.0x10-4 cm/sec (0.3 ft/day) and the geometric mean value was 
2.9x10-5 cm/sec (0.08 ft/day) (Geo-Hydro, 1993, 1994). 



Table 4
Annual Precipitation Data - Manteo Airport Station

Dare County C&D Landfill
Manns Harbor, North Carolina

Year JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC ANNUAL
1994 6.2 0.9 6.89 0.95 3.37 3.33 7.84 4.53 3.3 5.19 4.8 2.39 49.69
1995 4.17 6.2 2.68 1.82 2.53 6.35 0.51 4.94 2.81 3.84 3.09 3.37 42.31
1996 5.31 2.12 6 2.57 1.4 9.62 9.32 6.74 7.71 3.6 4.16 2.71 61.26
1997 2.85 2 3.18 2.75 2.11 2.73 2.31 3.27 4.56 2.13 3.63 4.65 36.17
1998 7.49 6.25 6.41 0 0 4.03 5.85 4.53 5.41 1.05 1.53 6.55 49.1
1999 3.85 1.95 3.28 2.04 3.99 5.51 2.95 9.6 10.39 5.8 1.92 1.42 52.7
2000 5.23 2.4 1.58 4.07 7.57 9.38 7.59 6.15 5.11 0.4 3.19 3.82 56.49
2001 1.58 2.59 4.33 1.7 1.76 6.43 1.88 4.19 1.25 1.2 0.25 0.73 27.89
2002 3.75 1.79 8.64 1.57 2.4 1.8 7.02 7.59 6.12 4.49 4.23 4.02 53.42
2003 3.11 6.03 4.53 6.91 7.01 4.03 7.29 6.5 9.18 5.19 1.87 5.1 66.75
2004 1.46 3.23 2.47 3.57 5.51 6.37 4.5 11.85 4.23 1.43 2.79 4.2 51.61
2005 2.81 2.95 2.83 4.88 5.64 8.07 9.66 3.06 1.37 6.44 2.37 3.27 53.35
2006 3.84 1.41 1.35 3.15 6.76 4.29 4.18 4.41 7.61 2.47 6.56 4.56 50.59
2007 4.34 2.08 3.05 4.1 2.26 6.98 4.21 2.76 1.6 1.57 1.34 3.44 37.73
2008 2.99 5.22 1.93 7.68 1.63 1.05 6.62 2.98 6.57 0.91 M M 37.58

Average 3.93 3.14 3.94 3.18 3.60 5.33 5.45 5.54 5.15 3.05 2.98 3.59 48.88
M - Missing Data
Source - Climatological Data - Annual Summary North Carolina

MONTHLY PRECIPITATION (inches)

A Table 4.xlsx



Figure 3
Average Monthly Precipitation Data

Manteo Airport, Dare County, North Carolina
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A summary of the slug test results conducted during the initial hydrogeologic 
investigation by Geo-Hydro is provided below: 

Piezometer Screen Depth Lithologic Unit 
Hydraulic 

Conductivity 
(cm/sec) 

B-1 10-20 fine to medium sand 3.7 x 10-5 

B-2 40-50 medium sand with shell 2.1 x 10-5 

B-3 40-50 medium sand with shell 2.6 x 10-5 

B-4 40-50 medium sand with shell 3.2 x 10-5 

B-5 10-20 fine to medium sand 5.0 x 10-4 

B-6 25-30 fine sand and silt 1.9 x 10-6 

From Geo-Hydro (Appendix B, Table 2) (1993) 

Following installation of the revised groundwater monitoring network, slug tests 
were also performed on monitoring wells GW-9 through GW-12. Horizontal 
hydraulic conductivity values ranged from 3.56 x 10-4 cm/sec (1.0 ft/day) in GW-10 to 
8.97 x 10-4 cm/sec (2.5 ft/day) in GW-9 (Tetra Tech, 2002). 

In addition, CDM performed slug tests on monitoring wells GW-13, -14, and -15 as 
part of the Water Quality Monitoring Plan for Cell 3. Slug test rising head (recovery) 
results indicated that hydraulic conductivity ranged from 1.0x10-4 cm/sec (0.28 
ft/day) in GW-13 to 3.9x10-4 cm/sec (1.12 ft/day) in GW-14. 

During the current investigation, CDM performed slug tests on piezometers B-503, B-
503d, B-505, B-506, and B-506d. Slug test recovery results indicated that hydraulic 
conductivity in the shallow piezometers ranged from 6.4x10-4 cm/sec (1.80 ft/day) in 
B-505 to 2.6x10-3 cm/sec (7.51 ft/day) in B-503. Recovery results in the deeper 
piezometers indicated hydraulic conductivity values ranging from 6.0x10-4 cm/sec 
(1.70 ft/day) in B-503d to 1.6x10-3 cm/sec (4.55 ft/day) in B-506d. The results of the 
slug tests completed by CDM during this and previous investigations are presented 
on Table 5. Slug test curves and sample calculations from the current investigation are 
provided in Appendix D. 



Table 5
Calculated Hydraulic Conductivity Values

Dare County Construction and Demolition Landfill
Cell 4

Design Hydrogeologic Investigation

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

MW-13 Slug In 20 fine to medium sand 2.96E-05 1.48E-04 0.21 7.52E-05
MW-13 Slug Out 20 fine to medium sand 3.94E-05 1.97E-04 0.28 1.00E-04
MW-14 Slug In 20 fine to medium sand 1.72E-04 8.62E-04 1.24 4.38E-04
MW-14 Slug Out 20 fine to medium sand 1.55E-04 7.77E-04 1.12 3.95E-04
MW-15 Slug In 20 fine to medium sand 1.45E-04 7.25E-04 1.04 3.68E-04
MW-15 Slug Out 20 fine to medium sand 1.15E-04 5.73E-04 0.83 2.91E-04
B-503 Slug -In 20 fine to medium sand 6.14E-04 3.07E-03 4.42 1.56E-03
B-503 Slug Out 20 fine to medium sand 1.04E-03 5.22E-03 7.51 2.65E-03
B-503d Slug In 50 medium sand with shell 2.69E-04 1.35E-03 1.94 6.84E-04
B-503d Slug Out 50 medium sand with shell 2.36E-04 1.18E-03 1.70 5.99E-04
B-505 Slug In 25 fine to medium sand 3.65E-04 1.82E-03 2.63 9.26E-04
B-505 Slug Out 25 fine to medium sand 2.51E-04 1.25E-03 1.80 6.36E-04
B-506 Slug In 20 fine to medium sand 9.91E-04 4.95E-03 7.13 2.52E-03
B-506 Slug Out 20 fine to medium sand NM NM NM NM

B-506d Slug In 50 medium sand with shell 6.82E-04 3.41E-03 4.91 1.73E-03

B-506d Slug Out 50 medium sand with shell 6.32E-04 3.16E-03 4.55 1.61E-03

Average Cell 4 Area - Shallow 6.53E-04 3.26E-03 4.70 1.66E-03

Average Cell 4 Area - Deep 4.55E-04 2.27E-03 3.27 1.16E-03

Average C&D Facility Area 3.83E-04 1.91E-03 2.75 9.72E-04

P:\Dare County - 17952\56960 Cell No. 4\Reports\Permit to Construct\Final Engineering Plan\Appendix C - Design Hydro\Table 5.xlsx
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3.4 Hydrogeologic Conceptual Model 
Stratigraphic cross-sections identifying hydrogeologic units and stabilized water table 
elevations within the proposed Cell 4 area are provided in Figures 1 and 2. Cross-
section references for are provided on Sheet 1. 

Marine deposited surficial soils were encountered in all borings at the proposed 
landfill site and extend to an average thickness of about 60 feet. The surficial soils 
range in color and grain size from dark gray clay and silt to greenish gray medium 
sand, with mixtures of shell, silt and sand. These surficial soils have been deposited as 
material from low energy shallow bay environments and floodplain alluvium. 

Based on site drilling information and information gathered during the literature 
search, the surficial soils are underlain by the Yorktown confining unit. The Yorktown 
confining unit typically consists of a series of discontinuous clay and silt beds with 
varying amounts of fine sand and shells, and was found to extend from about 63 feet 
below land surface to 85 feet below land surface. 

The potentiometric contour map shows a flat water table surface with the major 
component of flow towards the south and west in a semi-radial pattern. The major 
influences to groundwater flow direction are topography and the east-west trending 
canals, particularly the southern-most canal along Cub road. Water flows in these 
canals to a larger canal along the western property boundary. The water is then 
pumped from the canal to the US Fish and Wildlife waterfowl preserve south of the 
Dare County C&D Landfill site. Flow direction in the canals is provided on Sheet 1. 

The pump station is owned by the US Fish and Wildlife Service (USFWS) but is fueled 
and serviced by the USFWS, the County, and the adjacent landowner. The pump was 
originally installed for agricultural purposes and has been in place for approximately 
20 years. There are no records indicating how much water is pumped, but according 
to landfill personnel, pump usage depends on water level in the ditch and/or the time 
of year. 

Current and historic vertical gradient data indicate that generally, there is a 
downward gradient in the interior of the site and an upward gradient near the canals, 
indicating that the canals act as discharge points and the area to be landfilled is 
mostly a recharge area. The hydrogeologic cross-sections and flow nets provided on 
Figures 1 and 2 indicate that although there is a component of downward movement 
in the surficial aquifer, the major component of groundwater flow is horizontal, with 
discharge to the canals. 

3.4.1 Precipitation and Groundwater Recharge 
In the Coastal Plain, infiltration from rainfall provides the bulk of the recharge to the 
underlying aquifers. The surficial aquifer transmits water laterally to streams, and in 
this case canals, and also serves as a source bed holding the water that eventually 
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migrates downward to the underlying Yorktown aquifer. In the case of the Yorktown 
aquifer, recharge is also from incised streams and rivers and from subcropping 
aquifers below. 

Recharge to the surficial aquifer depends on precipitation rates and infiltration 
capacities of the surficial soils. Locally, recharge is slow and moves laterally through 
the surficial aquifers to the canals and surrounding swamps. All of these points serve 
as both recharge and discharge points depending on season, amount of precipitation, 
and time. 

The most significant recharge to the Yorktown aquifer is downward percolation of 
water through the surficial aquifer and confining unit. While the downward gradients 
indicated the potential for downward flow, the cross-sections and flow nets indicated 
that the dominant flow is lateral toward the canals, indicating that most groundwater 
migrating downward through the surficial aquifer will flow laterally and ultimately 
upward to the discharge points. Recharge and discharge to and from the Yorktown 
aquifer also occurs where the confining unit is incised by streams and rivers, and also 
by movement to and from the deeper confined aquifers. 

3.4.2 Groundwater Flow 
Across the site, the water table generally occurs within 1 to 3 feet below land surface. 
Surficial groundwater moves in a somewhat radial pattern from the recharge areas in 
the north and central portions of the site and is intercepted by the man-made canals 
surrounding the area. Based on the groundwater contour map provided on Sheet 2, 
groundwater flow is south and west towards the larger Cub Road canal. 

3.4.2.1 Groundwater Velocity 
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  

Average linear flow velocity estimates are provided in Table 6. Average groundwater 
flow velocity in the entire surficial aquifer at the site was approximately 0.008 ft/day. 

The hydraulic conductivity was obtained from the slug test data presented in Table 5. 
The hydraulic gradient values were estimated using the potentiometric contour map 
from October 20, 2008 data. The effective porosity values for the soils were estimated 
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based on the lithologic descriptions applied to the soil classification triangle which 
illustrate the relationship between grain size and specific yield values (Johnson, 1967). 
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The estimated effective porosity values for all geotechnical samples with grain size 
analysis results are presented on Table 2. The average values were based on the 
effective porosity results from all samples. 

3.4.3 Surface Water Interactions and Groundwater Discharge 
No springs were observed at the site. There are no streams on the site, however, there 
are two man-made canals running east-west that drain off-site to wetlands. These 
canals intercept shallow groundwater and also collect surface water run-off from the 
site and smaller north-south drainage ditches during precipitation events or periods 
of high groundwater.  

Across the site and within the Cell 4 area, the water table generally occurs within 1 to 
3 feet below natural land surface. Observations from this and previous investigations 
indicate that similar to topography, surficial groundwater moves in a somewhat 
radial pattern from the recharge areas in the north and central portions of the site 
toward the south-west and is intercepted by the man-made canals surrounding the 
area. During periods of precipitation and seasonal high conditions, the smaller 
irrigation ditches also intercept the top of the water table. 

4 Conclusions 
This section presents conclusions based upon site investigation activities to date.  
These conclusions include considerations regarding the landfill design and 
considerations for the water quality monitoring plan. 

The surficial aquifer is primarily made up of low to average permeability fine sand 
and silt with layers of silty to clayey sand and fine sand with shell hash. The surficial 
aquifer is approximately 60 feet thick and is underlain by the Yorktown confining 
unit. The major groundwater discharge feature for the surficial aquifer is the canal 
along Cub Road to the south and west. Water from the canal flows and is pumped to 
the waterfowl refuge to the south of the site. 

There are no domestic water wells within 1000-feet of the site; however, there is a well 
at the existing landfill scale-house that is used for sanitary purposes. This well 
withdraws water from the underlying Yorktown aquifer. 

Across the site, the water table generally occurs within 1 to 3 feet below land surface. 
Surficial groundwater moves in a somewhat radial pattern from the recharge areas in 
the north and central portions of the site and is intercepted by the man-made canals 
surrounding the area. Based on the groundwater contour map provided on Sheet 2, 
groundwater flow is south and west towards the larger Cub Road canal. 

The geology and hydrogeology of the site provide suitable conditions for expansion 
of the County’s C&D landfill for the following reasons: 
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 Flow within the surficial aquifer is mainly horizontal, with the discharge occurring 
at the main canal. As expected, the interior of the site serves as a recharge area, as 
seen by the downward vertical gradients. However, the cross-sections, flow nets, 
and groundwater contour map indicate that the majority of surficial groundwater 
flow is toward the Cub Road canal. 

 Groundwater flow is controlled by features which allow for effective monitoring.  
There is an existing monitoring well and surface water monitoring network in 
place. There are currently three existing surface water monitoring points within the 
Cub Road canal, which serves as the main groundwater discharge at the site. Due 
the relative flatness of the water table, the semi-radial flow pattern, and the 
dominant horizontal flow toward the canals, the site can be effectively monitored 
with single shallow wells and comprehensive surface water monitoring. 

There currently are 3 C&D landfill cells at the site; Cells 1 and 2 are closed and Cell 3 
is active. 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. 

4.1 Landfill Construction Considerations 
Based on the findings of presented in this report and previous reports, the Cell 4 C&D 
Landfill area is considered to be suitable for expansion of the Dare County Facility. 
Similar to previous investigations for adjacent Cell 3, the following issues should be 
considered in the landfill design. 

 The existing ground surface will serve as the Seasonal High Water Table and 
separation between the base of the landfill will be constructed as such. 

 After construction of the landfill, groundwater recharge will decrease due to the 
placement of the lower permeability separation material, improved run-off control, 
thus, reduced precipitation available for infiltration and the later placement of the 
landfill cap. This reduction in groundwater recharge will 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, which will in turn decrease the 
groundwater flow velocity. 

4.2 Water Quality Monitoring Plan Considerations 
The overall C&D Landfill expansion area groundwater system is composed of a 
shallow, flat water table surface. The Cell 4 area can be easily monitored with one 
shallow monitoring well completed near the south canal, in addition to the existing 
monitoring well and surface water network. 
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The groundwater flow patterns at the proposed C&D Landfill Cell 4 are dictated by 
and are a direct reflection of surface topography. Groundwater within the Cell 4 area 
generally flows from north to south, toward the southern canal along Cub Road. 

4.3 Piezometer Abandonment 
All borings intersecting groundwater at the site during the current investigation have 
been constructed and maintained as permanent monitoring wells in accordance with 
NCAC 02C .0108. 

Rule .0538(b)(2)(J) requires that all borings at the site not converted to permanent 
monitoring wells shall be properly abandoned in accordance with the NCAC 02C 
.0113. All piezometers and the existing monitoring wells (GW-6 and GW-7) within the 
landfill footprint will be overdrilled to the full depth of the boring and abandoned 
with cement or bentonite. In addition, all wells installed during previous 
investigations that have not been converted to permanent monitoring wells will also 
be overdrilled and abandoned. Well abandonment records will be submitted 
following abandonment. 

5 References 
ASTM (American Society of Testing and Materials).  Annual Book of Standards. 

Brown, P. et.al. 1985.  Geologic Map of North Carolina.  North Carolina Geological 
Survey, Raleigh, North Carolina. 

CDM. 1998. Dare County-Wide Study – Draft Report. May 28. 

CDM. 2005. Dare County Construction and Demolition Landfill – Cell No. 3 
Construction and Demolition Landfill Permit Application. May (revised). 

Driscoll, F.G.  1986.  Groundwater and Wells.  2nd Edition.  pp. 252-260. 

Geo-Hydro, Inc.. 1993. Report of Geotechnical Evaluation and Hydrogeologic Site 
Assessment. Proposed Construction and Demolition Landfill Site. Dare County, 
North Carolina.  November 17. 

Geo-Hydro, Inc.. 1994. Response to DENR Comments. Dare County C&D Landfill. 
Dare County, North Carolina. August 11. 

Geo-Hydro, Inc.. 1994. Dare County C&D Landfill Monitoring Wells. Dare County, 
North Carolina. December 6. 

Heath, Ralph C.  1980.  Basic Elements of Ground-Water Hydrology With References 
to Conditions in North Carolina.  U.S. Geological Survey Water Resources 
Investigations.  Open-File Report 80-44. 



Appendix C 
Design Hydrogeologic Investigation 

 

A  30 

P:\Dare County - 17952\56960 Cell No. 4\Reports\Permit to Construct\Final Engineering Plan\Appendix C - Design Hydro\Design Hydro Final (uncombined)\Design Hydrogeologic Investigation.docx 

Johnson, A.I.  1967.  Specific Yields for Geologic Materials.  USGS Water Supply Paper 
1662-D. 

Lautier, Jeff C.  September, 1998.  Hydrogeologic Framework and Ground Water 
Resources of the North Albemarle Region, North Carolina.  Division of Water 
Resources, North Carolina Department of Environment and Natural Resources. 

Terra Tech. 2002. Dare County C&D Landfill Site. Dare County, North Carolina. 
October 8. 

Winner, M.D. and R.W. Coble.  1989.  Hydrogeologic Framework of the North 
Carolina Coastal Plain Aquifer System.  USGS Open File Report 87-690, Raleigh, 
North Carolina. 



Appendix A 
Borelogs 



































0

-5

-10

-15

FIELD BOREHOLE LOG
BOREHOLE NO.:
TOTAL DEPTH:

PROJECT INFORMATION DRILLING INFORMATION
PROJECT:

SITE LOCATION:

JOB NO.:

GEOLOGIST:

PROJECT MANAGER:

DATE DRILLED:

DRILLING CO.:

DRILLER:

RIG TYPE:
METHOD OF DRILLING:

SAMPLING METHODS:

HAMMER WT./DROP

Depth Soil
Symbol

Soil Description Sample Blows/6" (recovery)
Boring

Completion
Well

Description

Page 1 of 1Notes:

A

Locking, above-
grade protective
cover

Bentonite

#2 Silica sand filter
pack

Screen from 5' to 15'
bls

1-inch Schedule 40
PVC riser and screen

SAND: Moist, brown, fine to medium
sand, some silt, topsoil.

CLAY AND SILT: Moist to wet, mottled,
little fine sand. increasing sand content
with depth.

SAND: Wet, gray, fine to medium, trace
silt.

Site Hydrogeologic Study

Dare County C&D Landfill

17952-56960

Dan Forbes

Mat Colone

May 1, 2007

Probe Technology, Inc.

Adam Burnie

GeoProbe 6610 DT

Direct Push Sampler

Direct Push

N/A

B-501
15'
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DATE DRILLED:

DRILLING CO.:

DRILLER:

RIG TYPE:
METHOD OF DRILLING:

SAMPLING METHODS:

HAMMER WT./DROP

Depth Soil
Symbol

Soil Description Sample Blows/6" (recovery)
Boring

Completion
Well

Description

Page 1 of 1Notes:

A

Locking, above-
grade protective
cover

Bentonite

#2 Silica sand filter
pack

Screen from 26' to
31' bls

1-inch Schedule 40
PVC riser and screen

SAND: Moist, brown, fine to medium
sand, some silt, topsoil.CLAY AND SILT: Moist to wet, mottled,
little fine sand. increasing sand content
with depth.

SAND: Wet, gray, fine to medium, trace
silt.

SAND: Wet, gray, fine to medium sand
with silt and some shell fragments.

SILTY SAND: Wet, gray fine sand, little
shell fragments.

Site Hydrogeologic Study

Dare County C&D Landfill

17952-56960

Dan Forbes

Mat Colone

May 1, 2007

Probe Technology, Inc.

Adam Burnie

GeoProbe 6610 DT

Direct Push Sampler

Direct Push

N/A

B-502d
31'
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TOTAL DEPTH:

PROJECT INFORMATION DRILLING INFORMATION
PROJECT:

SITE LOCATION:

JOB NO.:

GEOLOGIST:

PROJECT MANAGER:

DATE DRILLED:

DRILLING CO.:

DRILLER:

RIG TYPE:
METHOD OF DRILLING:

SAMPLING METHODS:

HAMMER WT./DROP

Depth Soil
Symbol

Soil Description Sample Blows/6" (recovery)
Boring

Completion
Well

Description

Page 1 of 1Notes:

A

Locking, above-
grade protective
cover

Bentonite

#2 Silica sand filter
pack

Screen from 5' to 15'
bls

1-inch Schedule 40
PVC riser and screen

SAND: Moist, brown, fine to medium
sand, some silt, topsoil.

CLAY AND SILT: Moist to wet, mottled,
little fine sand. increasing sand content
with depth.

SAND: Wet, gray, fine to medium, trace
silt.

Site Hydrogeologic Study

Dare County C&D Landfill

17952-56960

Dan Forbes

Mat Colone

May 1, 2007

Probe Technology, Inc.

Adam Burnie

GeoProbe 6610 DT

Direct Push Sampler

Direct Push

N/A

B-502s
15'
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BOREHOLE NO.:
TOTAL DEPTH:

PROJECT INFORMATION DRILLING INFORMATION
PROJECT:

SITE LOCATION:

JOB NO.:

GEOLOGIST:

PROJECT MANAGER:

DATE DRILLED:

DRILLING CO.:

DRILLER:

RIG TYPE:
METHOD OF DRILLING:

SAMPLING METHODS:

HAMMER WT./DROP

Depth Soil
Symbol

Soil Description Sample Blows/6" (recovery)
Boring

Completion
Well

Description

Page 1 of 1Notes:

A

Locking, above-
grade protective
cover

Bentonite

#2 Silica sand filter
pack

Screen from 10' to
20' bls

2-inch Schedule 40
PVC riser and screen

TOPSOIL: Moist, brown, fine to medium
sand, some silt, topsoil.
CLAY AND SILT: Moist to wet, gray,
mottled, little fine sand. increasing sand
content with depth.

SAND: Wet, gray, fine to medium, trace
silt.

SILT: Wet, gray, trace very fine sand.

SAND: Wet, gray, fine sand.

3-6-5-3 (16")

2-2-2-2 (14")

1-WOH (20")

6-9-9-9 (14")

Cell 4 Expansion

Dare County C&D Landfill

17952-56960

Dan Forbes

Mat Colone

September 3, 2008

Fishburne Drilling

Tim Donahue

CME-550

Mud-Rotary

Standard Split Spoon

140 lb

B-503
20'
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JOB NO.:

GEOLOGIST:

PROJECT MANAGER:

DATE DRILLED:

DRILLING CO.:

DRILLER:

RIG TYPE:
METHOD OF DRILLING:

SAMPLING METHODS:

HAMMER WT./DROP

Depth Soil
Symbol

Soil Description Sample Blows/6" (recovery)
Boring

Completion
Well

Description

Page 1 of 2Notes:

A

Locking, above-
grade protective
cover

Bentonite

Bentonite

2-inch Schedule 40
PVC riser and screen

TOPSOIL: Moist, brown, fine to medium
sand, some silt, topsoil.
CLAY AND SILT: Moist to wet, gray,
mottled, little fine sand. increasing sand
content with depth.

SAND: Wet, gray, fine to medium, trace
silt.

SILT: Wet, gray, trace very fine sand.

SAND: Wet, gray, fine sand.

SANDY SILT: Wet, gray, fine sand, trace
 clay.

3-6-5-3 (16")

2-2-2-2 (14")

1-WOH (20")

6-9-9-9 (14")

1-2-1-2 (20")

Cell 4 Expansion

Dare County C&D Landfill

17952-56960

Dan Forbes

Mat Colone

September 3, 2008

Fishburne Drilling

Tim Donahue

CME-550

Mud-Rotary

Standard Split Spoon

140 lb

B-503d
50'
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SITE LOCATION:
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PROJECT MANAGER:

DATE DRILLED:

DRILLING CO.:

DRILLER:

RIG TYPE:
METHOD OF DRILLING:

SAMPLING METHODS:

HAMMER WT./DROP

Depth Soil
Symbol

Soil Description Sample Blows/6" (recovery)
Boring

Completion
Well

Description

Page 2 of 2Notes:

A

#2 Silica sand filter
pack

Screen from 40' to
50' bls

SAND: Wet, gray, fine to medium sand
with shell fragments.

1-1-1-1 (22")

3-2-3-4 (22")

8-11-11-10 (16")

8-7-8-8 (20")

5-4-3-4 (24")

Cell 4 Expansion

Dare County C&D Landfill

17952-56960

Dan Forbes

Mat Colone

September 3, 2008

Fishburne Drilling

Tim Donahue

CME-550

Mud-Rotary

Standard Split Spoon

140 lb

B-503d
50'
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PROJECT:

SITE LOCATION:

JOB NO.:

GEOLOGIST:

PROJECT MANAGER:

DATE DRILLED:

DRILLING CO.:

DRILLER:

RIG TYPE:
METHOD OF DRILLING:

SAMPLING METHODS:

HAMMER WT./DROP

Depth Soil
Symbol

Soil Description Sample Blows/6" (recovery)
Boring

Completion
Well

Description

Page 1 of 1Notes:

A

Locking, above-
grade protective
cover

Bentonite

#2 Silica sand filter
pack

Screen from 5' to 25'
bls

2-inch Schedule 40
PVC riser and screen

TOPSOIL: Moist, brown, fine to medium
sand, some silt, topsoil.
CLAY AND SILT: Moist to wet, gray,
mottled, little fine sand. increasing sand
content with depth.

SAND: Wet, gray, fine to medium, trace
silt.

SILT: Wet, gray, trace very fine sand.

SAND: Wet, gray, fine sand.

SANDY SILT: Wet, gray, trace clay,
some fine sand.

6-6-3-4 (20")

1-1-1-1 (12")

1-WOH (12")

3-4-3-3 (20")

2-2-2-2 (20")

Cell 4 Expansion

Dare County C&D Landfill

17952-56960

Dan Forbes

Mat Colone

September 3, 2008

Fishburne Drilling

Tim Donahue

CME-550

Mud-Rotary

Standard Split Spoon

140 lb

B-504
25'
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PROJECT:

SITE LOCATION:

JOB NO.:

GEOLOGIST:

PROJECT MANAGER:

DATE DRILLED:

DRILLING CO.:

DRILLER:

RIG TYPE:
METHOD OF DRILLING:

SAMPLING METHODS:

HAMMER WT./DROP

Depth Soil
Symbol

Soil Description Sample Blows/6" (recovery)
Boring

Completion
Well

Description

Page 1 of 1Notes:

A

Locking, above-
grade protective
cover

Bentonite

#2 Silica sand filter
pack

Screen from 5' to 25'
bls

2-inch Schedule 40
PVC riser and screen

TOPSOIL: Moist, brown, fine to medium
sand, some silt, topsoil.
CLAY AND SILT: Moist to wet, gray,
mottled, little fine sand. increasing sand
content with depth.

SAND: Wet, gray, fine to medium, trace
silt.

SILT: Wet, gray, trace very fine sand.

SAND: Wet, gray, fine sand.

SANDY SILT: Wet, gray, trace clay,
some fine sand.

SAND: Wet, gray, fine sand. Some shell
fragments, little silt.

Shelby Tube
(2-4)

1-1-1-3 (16")

3-5-4-6 (20")

3-4-5-5 (20")

1-1-1-2 (24")

2-5-5-2 (20")

2-3-4-6 (18")

Cell 4 Expansion

Dare County C&D Landfill

17952-56960

Dan Forbes

Mat Colone

September 3, 2008

Fishburne Drilling

Tim Donahue

CME-550

Mud-Rotary

Standard Split Spoon

140 lb

B-505
25'



0

-5

-10

-15

-20

FIELD BOREHOLE LOG
BOREHOLE NO.:
TOTAL DEPTH:

PROJECT INFORMATION DRILLING INFORMATION
PROJECT:

SITE LOCATION:

JOB NO.:

GEOLOGIST:

PROJECT MANAGER:

DATE DRILLED:

DRILLING CO.:

DRILLER:

RIG TYPE:
METHOD OF DRILLING:

SAMPLING METHODS:

HAMMER WT./DROP

Depth Soil
Symbol

Soil Description Sample Blows/6" (recovery)
Boring

Completion
Well

Description

Page 1 of 1Notes:

A

Locking, above-
grade protective
cover

Bentonite

#2 Silica sand filter
pack

Screen from 10' to
20' bls

2-inch Schedule 40
PVC riser and screen

TOPSOIL: Moist, brown, fine to medium
sand, some silt, topsoil.
CLAY AND SILT: Moist to wet, gray,
mottled, little fine sand. increasing sand
content with depth.

SAND: Wet, gray, fine to medium, trace
silt.

SANDY SILT: Wet, gray, fine sand, trace
 clay.

5-9-5-3 (16")

4-4-3-3 (18")

2-2-3-2 (16")

3-6-4-5 (20")

Cell 4 Expansion

Dare County C&D Landfill

17952-56960

Dan Forbes

Mat Colone

September 2, 2008

Fishburne Drilling

Tim Donahue

CME-550

Mud-Rotary

Standard Split Spoon

140 lb

B-506
20'
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GEOLOGIST:

PROJECT MANAGER:

DATE DRILLED:

DRILLING CO.:

DRILLER:

RIG TYPE:
METHOD OF DRILLING:

SAMPLING METHODS:

HAMMER WT./DROP

Depth Soil
Symbol

Soil Description Sample Blows/6" (recovery)
Boring

Completion
Well

Description

Page 1 of 2Notes:

A

Locking, above-
grade protective
cover

Bentonite

2-inch Schedule 40
PVC riser and screen

TOPSOIL: Moist, brown, fine to medium
sand, some silt, topsoil.
CLAY AND SILT: Moist to wet, gray,
mottled, little fine sand. increasing sand
content with depth.

SAND: Wet, gray, fine to medium, trace
silt.

SANDY SILT: Wet, gray, fine sand, trace
 clay.

Shelby Tube
(23-25)

5-9-5-3 (16")

4-4-3-3 (18")

2-2-3-2 (16")

3-6-4-5 (20")

2-2-2-2 (24")

Cell 4 Expansion

Dare County C&D Landfill

17952-56960

Dan Forbes

Mat Colone

September 2, 2008

Fishburne Drilling

Tim Donahue

CME-550

Mud-Rotary

Standard Split Spoon

140 lb

B-506d
50'
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HAMMER WT./DROP
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Symbol
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Completion
Well
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Page 2 of 2Notes:

A

Bentonite

#2 Silica sand filter
pack

Screen from 40' to
50' bls

SAND: Wet, gray, fine to medium sand
with shell fragments.

3-3-6-6 (24")

3-3-2-3 (20")

5-6-6-7 (22")

6-9-13-13 (20")

3-2-3-4 (23")

Cell 4 Expansion

Dare County C&D Landfill

17952-56960

Dan Forbes

Mat Colone

September 2, 2008

Fishburne Drilling

Tim Donahue

CME-550

Mud-Rotary

Standard Split Spoon

140 lb

B-506d
50'















Appendix B 
Field Notes





























Appendix C 
Geotechnical Lab Data 























































































































Appendix D 
Slug Tests 



Slug Test Calculations
Dare County Construction and Demolition Landfill

Well ID

Boring 
Depth 

(ft)

Boring 
Depth 

(inches) Lw rw A B C H Le 1.1/ln(Lw/rw) A+B ln((H-lw)/rw) or C ln(Re/rw) rc t yo yt K (in/sec) K (ft/min) K (ft/day) K (cm/sec)
B-503 Slug In 20 240 177 3 2.8 0.4 2.3 837 120 0.269770668 3.2 5.393627546 2.4715 1.5 118 2.28 0.1 6.1E-04 3.07E-03 4.42 1.6E-03
B-503 Slug Out 20 240 177 3 2.8 0.4 2.3 837 120 0.269770668 3.2 5.393627546 2.4715 1.5 122 2.43 0.01 1.0E-03 5.22E-03 7.51 2.6E-03
B-503D Slug In 50 600 533 3 2.8 0.4 2.3 833 120 0.212358937 3.2 4.605170186 3.0535 1.5 358 2.9 0.1 2.7E-04 1.35E-03 1.94 6.8E-04
B-503D Slug Out 50 600 533 3 2.8 0.4 2.3 833 120 0.212358937 3.2 4.605170186 3.0535 1.5 400 2.7 0.1 2.4E-04 1.18E-03 1.70 6.0E-04
B-505 Slug In 25 300 236 3 3.9 0.6 3.5 836 240 0.251991909 3.2 5.298317367 3.1425 1.5 123 2.1 0.1 3.6E-04 1.82E-03 2.63 9.3E-04
B-505 Slug Out 25 300 236 3 3.9 0.6 3.5 836 240 0.251991909 3.2 5.298317367 3.1425 1.5 182 2.21 0.1 2.5E-04 1.25E-03 1.80 6.4E-04
B-506 Slug In 20 240 203 3 2.8 0.4 2.3 863 120 0.260997876 3.2 5.393627546 2.5263 1.5 130 2.3 0.01 9.9E-04 4.95E-03 7.13 2.5E-03
B-506D Slug In 50 600 560 3 2.8 0.4 2.3 860 120 0.210352217 3.2 4.605170186 3.0724 1.5 225 2.06 0.01 6.8E-04 3.41E-03 4.91 1.7E-03
B-506D Slug Out 50 600 560 3 2.8 0.4 2.3 860 120 0.210352217 3.2 4.605170186 3.0724 1.5 220 1.25 0.01 6.3E-04 3.16E-03 4.55 1.6E-03

5.6E-04 2.8E-03 4.1 1.4E-03
Notes:
Equation used for partially penetrating piezometers:

ln Re/rw = [1.1/ln (Lw/rw ) + (A+B ln[(H-Lw)/rw]/(Le/rw ]-1 

K = (rc
2 ln(Re/rw)/2Le) (1/t) (ln yo/yt)

Equation used for fully penetrating deep piezometers (screened at top of bedrock):
ln Re/rw  = [1.1/ln (Lw/rw ) + C/(Le/rw ]-1

K = (rc2 ln(Re/rw)/2Le) (1/t) (ln yo/yt)

Where:
rc = radius of the unscreened part of the well where the head is rising 
rw =  horizontal distance from well center to undisturbed aquifer    
Re = radial distance over which the difference in head, ho, is dissipated in the flow system of the aquifer
Le = length of the saturated gravel pack or open section of the well
yo = displacement in the well at time to = 0
yt = dispacement in the well at time t > to
Lw = head in the well before slug test
A = dimensionless parameter which is a function of d/rw 
B = dimensionless parameter which is a function of d/rw 
C = dimensionless parameter which is a function of d/rw      
H = saturated thickness of the aquifer
t =  time (seconds)
K = hydraulic conductivity (units given above)

All measurements of length (e.g., radius, distance, head, thickness) are in inches unless specified otherwise.
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Term Units
2rc Inches 3
2rW Inches 6
Lw Feet 14.7
Le Feet 10
H* Feet 70
y0 Feet 2.28
t0 Seconds 0
yt Feet 0.1
t Seconds 118

Term Units

Input Data

5.21E-05

Hydraulic Conductivity in Feet/Minute
3.12E-03

Hydraulic Conductivity in Feet/Day
4.50E+00

* - Assumed value

Water TableWater Table

2rc

y

Calculations

Solutions

2 516

Hydraulic Conductivity in Feet/Second

A
 B-503 Slug In

Dare County C&D Landfill

Term Units
Le/rW Feet/Foot 40.00
A None 2.780
B None 0.430
C None 2.336

1 y0

t yt

Where

2rw

lnS
cr

ee
n

Impermeable

Lw

Le

HB
or

eh
ol

e

B
or

eh
ol

e

Le/rW

K = 
rc

2 ln(Re/rW)
2Le

ln(Re/rW) = {

ln(Re/rW) = {
1.1

+
C

} -1ln(LW/rW) Le/rW

For partial penetration or the equation below for full penetration

General Equations

ln(Re/rW)partial penetration =

ln(Re/rW)full penetration =
3.045

2.516

2.516

} -1
1.1

ln(LW/rW)
+

A + B ln[(H - LW)/rW]

A
 B-503 Slug In

Dare County C&D Landfill
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In-Situ Inc. MiniTroll Pro

Report genera 9/5/2008 8:47:45
Report from fi ...\SN08812 2008-09-04 102017 B-503 In.bin
Win-Situｮ Ver 4.57.5.0

Serial number 8812
Firmware Vers 3.09
Unit name: 

Test name: B-503 In

Test defined o 9/4/2008 10:19:26
Test started o 9/4/2008 10:20:17
Test stopped o 9/4/2008 10:53:05

Data gathered using Logarithmic testing
   Maximum timSeconds.
   Number of d 121

TOTAL DATA 121

Channel number [1]
  MeasuremenTemperature
  Channel name:

Channel number [2]
  MeasuremenPressure
  Channel name:
  Sensor Rang 30 PSIG.
  Sensor Offse0.000 psi
  Specific grav 1

Chan[1] Chan[2]
Temperatu Pressure

  Date   Time   ET (sec) Fahrenheit Feet H2O yt (ft)
-------- -------- ------------ --------------- ---------------

9/4/2008 10:20:17 0 67.86 6.809 1.289
9/4/2008 10:20:17 0.3 67.88 8.729 3.209
9/4/2008 10:20:17 0.6 67.9 8.325 2.805
9/4/2008 10:20:18 0.9 67.9 8.191 2.671
9/4/2008 10:20:18 1.2 67.9 7.945 2.425
9/4/2008 10:20:18 1.5 67.9 7.798 2.278
9/4/2008 10:20:19 1.8 67.93 7.763 2.243
9/4/2008 10:20:19 2.1 67.93 7.191 1.671
9/4/2008 10:20:19 2.4 67.93 7.925 2.405
9/4/2008 10:20:19 2.7 67.93 7.653 2.133
9/4/2008 10:20:20 3 67.93 7.673 2.153
9/4/2008 10:20:20 3.3 67.93 7.636 2.116
9/4/2008 10:20:20 3.6 67.93 7.61 2.09
9/4/2008 10:20:21 3.9 67.93 7.591 2.071
9/4/2008 10:20:21 4.2 67.93 7.559 2.039
9/4/2008 10:20:21 4.5 67.93 7.54 2.02
9/4/2008 10:20:22 4.8 67.93 7.516 1.996
9/4/2008 10:20:22 5.1 67.93 7.495 1.975
9/4/2008 10:20:22 5.4 67.93 7.475 1.955
9/4/2008 10:20:22 5.7 67.93 7.45 1.93
9/4/2008 10:20:23 6 67.93 7.434 1.914
9/4/2008 10:20:23 6.4 67.93 7.41 1.89
9/4/2008 10:20:23 6.7 67.9 7.389 1.869
9/4/2008 10:20:24 7.1 67.93 7.365 1.845
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9/4/2008 10:20:24 7.5 67.93 7.34 1.82
9/4/2008 10:20:25 8 67.93 7.316 1.796
9/4/2008 10:20:25 8.4 67.93 7.291 1.771
9/4/2008 10:20:26 8.9 67.9 7.265 1.745
9/4/2008 10:20:26 9.5 67.9 7.24 1.72
9/4/2008 10:20:27 10 67.9 7.212 1.692
9/4/2008 10:20:27 10.6 67.9 7.185 1.665
9/4/2008 10:20:28 11.3 67.9 7.158 1.638
9/4/2008 10:20:29 11.9 67.88 7.13 1.61
9/4/2008 10:20:29 12.6 67.88 7.101 1.581
9/4/2008 10:20:30 13.4 67.88 7.073 1.553
9/4/2008 10:20:31 14.2 67.88 7.038 1.518
9/4/2008 10:20:32 15 67.88 7.013 1.493
9/4/2008 10:20:33 15.9 67.88 6.981 1.461
9/4/2008 10:20:34 16.8 67.86 6.948 1.428
9/4/2008 10:20:35 17.8 67.86 6.916 1.396
9/4/2008 10:20:36 18.9 67.86 6.883 1.363
9/4/2008 10:20:37 20 67.86 6.85 1.33
9/4/2008 10:20:38 21.2 67.86 6.848 1.328
9/4/2008 10:20:39 22.4 67.86 6.785 1.265
9/4/2008 10:20:41 23.8 67.86 6.748 1.228
9/4/2008 10:20:42 25.2 67.86 6.715 1.195
9/4/2008 10:20:43 26.7 67.86 6.678 1.158
9/4/2008 10:20:45 28.2 67.88 6.644 1.124
9/4/2008 10:20:47 29.8 67.88 6.605 1.085
9/4/2008 10:20:48 31.5 67.88 6.576 1.056
9/4/2008 10:20:50 33.3 67.88 6.525 1.005
9/4/2008 10:20:52 35.2 67.88 6.494 0.974
9/4/2008 10:20:54 37.3 67.88 6.455 0.935
9/4/2008 10:20:56 39.5 67.9 6.423 0.903
9/4/2008 10:20:59 41.8 67.9 6.38 0.86
9/4/2008 10:21:01 44.3 67.9 6.316 0.796
9/4/2008 10:21:04 46.9 67.93 6.251 0.731
9/4/2008 10:21:06 49.7 67.93 6.189 0.669
9/4/2008 10:21:09 52.6 67.95 6.134 0.614
9/4/2008 10:21:12 55.7 67.95 6.085 0.565
9/4/2008 10:21:16 59 67.97 6.036 0.516
9/4/2008 10:21:19 62.5 68 5.994 0.474
9/4/2008 10:21:23 66.2 68.02 5.955 0.435
9/4/2008 10:21:27 70.1 68.04 5.918 0.398
9/4/2008 10:21:31 74.3 68.06 5.883 0.363
9/4/2008 10:21:35 78.7 68.11 5.854 0.334
9/4/2008 10:21:40 83.4 68.15 5.823 0.303
9/4/2008 10:21:45 88.4 68.2 5.798 0.278
9/4/2008 10:21:50 93.7 68.27 5.775 0.255
9/4/2008 10:21:56 99.3 68.31 5.752 0.232
9/4/2008 10:22:02 105.2 68.38 5.735 0.215
9/4/2008 10:22:08 111.5 68.45 5.716 0.196
9/4/2008 10:22:15 118.1 68.52 5.701 0.181
9/4/2008 10:22:22 125.1 68.58 5.686 0.166
9/4/2008 10:22:29 132.6 68.65 5.676 0.156
9/4/2008 10:22:37 140.5 68.72 5.661 0.141
9/4/2008 10:22:46 148.9 68.76 5.652 0.132
9/4/2008 10:22:55 157.8 68.83 5.641 0.121
9/4/2008 10:23:04 167.2 68.9 5.634 0.114
9/4/2008 10:23:14 177.2 68.95 5.626 0.106
9/4/2008 10:23:25 187.8 69.01 5.619 0.099
9/4/2008 10:23:36 199 69.06 5.612 0.092
9/4/2008 10:23:48 210.9 69.08 5.606 0.086
9/4/2008 10:24:00 223.5 69.13 5.599 0.079
9/4/2008 10:24:14 236.8 69.15 5.593 0.073
9/4/2008 10:24:28 250.9 69.17 5.587 0.067
9/4/2008 10:24:43 265.8 69.19 5.585 0.065
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9/4/2008 10:24:58 281.6 69.22 5.586 0.066
9/4/2008 10:25:15 298.4 69.22 5.582 0.062
9/4/2008 10:25:33 316.2 69.22 5.58 0.06
9/4/2008 10:25:52 335 69.22 5.59 0.07
9/4/2008 10:26:12 354.9 69.22 5.646 0.126
9/4/2008 10:26:33 376 69.24 5.619 0.099
9/4/2008 10:26:55 398.4 69.24 5.598 0.078
9/4/2008 10:27:19 422.1 69.24 5.58 0.06
9/4/2008 10:27:44 447.2 69.26 5.629 0.109
9/4/2008 10:28:11 473.8 69.29 5.584 0.064
9/4/2008 10:28:39 502 69.29 5.565 0.045
9/4/2008 10:29:09 531.9 69.29 5.557 0.037
9/4/2008 10:29:40 563.5 69.29 5.549 0.029
9/4/2008 10:30:14 597 69.26 5.545 0.025
9/4/2008 10:30:49 632.5 69.24 5.541 0.021
9/4/2008 10:31:27 670.1 69.22 5.539 0.019
9/4/2008 10:32:07 709.9 69.17 5.536 0.016
9/4/2008 10:32:49 752.1 69.13 5.534 0.014
9/4/2008 10:33:34 796.8 69.06 5.533 0.013
9/4/2008 10:34:21 844.2 69.01 5.531 0.011
9/4/2008 10:35:11 894.4 68.95 5.53 0.01
9/4/2008 10:36:04 947.5 68.9 5.528 0.008
9/4/2008 10:37:01 1003.8 68.83 5.527 0.007
9/4/2008 10:38:00 1063.4 68.76 5.525 0.005
9/4/2008 10:39:03 1126.6 68.7 5.526 0.006
9/4/2008 10:40:10 1193.5 68.65 5.524 0.004
9/4/2008 10:41:21 1264.4 68.58 5.525 0.005
9/4/2008 10:42:36 1339.5 68.52 5.523 0.003
9/4/2008 10:43:56 1419 68.45 5.524 0.004
9/4/2008 10:45:20 1503.3 68.38 5.525 0.005
9/4/2008 10:46:49 1592.6 68.31 5.523 0.003
9/4/2008 10:48:24 1687.1 68.24 5.524 0.004
9/4/2008 10:50:04 1787.2 68.18 5.525 0.005
9/4/2008 10:51:50 1893.3 68.11 5.525 0.005
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Term Units
2rc Inches 3
2rW Inches 6
Lw Feet 14.7
Le Feet 10
H* Feet 70
y0 Feet 2.43
t0 Seconds 0
yt Feet 0.01
t Seconds 122

Term Units

Input Data

8.85E-05

Hydraulic Conductivity in Feet/Minute
5.31E-03

Hydraulic Conductivity in Feet/Day
7.65E+00

* - Assumed value

Water TableWater Table

2rc

y

Calculations

Solutions

2 516

Hydraulic Conductivity in Feet/Second

A
B-503 Slug Out

Dare County C&D Landfill

Term Units
Le/rW Feet/Foot 40.00
A None 2.780
B None 0.430
C None 2.336

1 y0

t yt

Where

2rw

lnS
cr

ee
n

Impermeable

Lw

Le

HB
or

eh
ol

e

B
or

eh
ol

e

Le/rW

K = 
rc

2 ln(Re/rW)
2Le

ln(Re/rW) = {

ln(Re/rW) = {
1.1

+
C

} -1ln(LW/rW) Le/rW

For partial penetration or the equation below for full penetration

General Equations

ln(Re/rW)partial penetration =

ln(Re/rW)full penetration =
3.045

2.516

2.516

} -1
1.1

ln(LW/rW)
+

A + B ln[(H - LW)/rW]

A
B-503 Slug Out

Dare County C&D Landfill
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Dare County C&D Landfill
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In-Situ Inc. MiniTroll Pro

Report genera 9/5/2008 8:48:25
Report from fi ...\SN08812 2008-09-04 105424 B-503 Out.bin
Win-Situｮ Ver 4.57.5.0

Serial number 8812
Firmware Vers 3.09
Unit name: 

Test name: B-503 Out

Test defined o 9/4/2008 10:54:01
Test started o 9/4/2008 10:54:24
Test stopped o 9/4/2008 11:12:07

Data gathered using Logarithmic testing
   Maximum timSeconds.
   Number of d 110

TOTAL DATA 110

Channel number [1]
  MeasuremenTemperature
  Channel name:

Channel number [2]
  MeasuremenPressure
  Channel name:
  Sensor Rang 30 PSIG.
  Sensor Offse0.000 psi
  Specific grav 1

Chan[1] Chan[2]
Temperatu Pressure

  Date   Time   ET (sec) Fahrenheit Feet H2O yt (ft)
-------- -------- ------------ --------------- ---------------

9/4/2008 10:54:24 0 68.02 5.379 0.061
9/4/2008 10:54:24 0.3 68.04 3.011 2.429
9/4/2008 10:54:24 0.6 68.04 3.055 2.385
9/4/2008 10:54:25 0.9 68.06 3.144 2.296
9/4/2008 10:54:25 1.2 68.06 3.226 2.214
9/4/2008 10:54:25 1.5 68.06 3.236 2.204
9/4/2008 10:54:26 1.8 68.06 3.283 2.157
9/4/2008 10:54:26 2.1 68.09 3.326 2.114
9/4/2008 10:54:26 2.4 68.09 3.364 2.076
9/4/2008 10:54:27 2.7 68.09 3.393 2.047
9/4/2008 10:54:27 3 68.09 3.428 2.012
9/4/2008 10:54:27 3.3 68.09 3.458 1.982
9/4/2008 10:54:27 3.6 68.09 3.485 1.955
9/4/2008 10:54:28 3.9 68.09 3.512 1.928
9/4/2008 10:54:28 4.2 68.09 3.54 1.9
9/4/2008 10:54:28 4.5 68.09 3.565 1.875
9/4/2008 10:54:29 4.8 68.09 3.591 1.849
9/4/2008 10:54:29 5.1 68.09 3.616 1.824
9/4/2008 10:54:29 5.4 68.09 3.638 1.802
9/4/2008 10:54:30 5.7 68.09 3.663 1.777
9/4/2008 10:54:30 6 68.09 3.685 1.755
9/4/2008 10:54:30 6.4 68.09 3.712 1.728
9/4/2008 10:54:31 6.7 68.11 3.738 1.702
9/4/2008 10:54:31 7.1 68.09 3.765 1.675
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9/4/2008 10:54:31 7.5 68.11 3.794 1.646
9/4/2008 10:54:32 8 68.11 3.822 1.618
9/4/2008 10:54:32 8.4 68.11 3.853 1.587
9/4/2008 10:54:33 8.9 68.11 3.884 1.556
9/4/2008 10:54:33 9.5 68.11 3.914 1.526
9/4/2008 10:54:34 10 68.11 3.949 1.491
9/4/2008 10:54:34 10.6 68.09 3.984 1.456
9/4/2008 10:54:35 11.3 68.09 4.019 1.421
9/4/2008 10:54:36 11.9 68.09 4.053 1.387
9/4/2008 10:54:36 12.6 68.09 4.088 1.352
9/4/2008 10:54:37 13.4 68.06 4.127 1.313
9/4/2008 10:54:38 14.2 68.06 4.162 1.278
9/4/2008 10:54:39 15 68.06 4.203 1.237
9/4/2008 10:54:40 15.9 68.06 4.242 1.198
9/4/2008 10:54:41 16.8 68.04 4.281 1.159
9/4/2008 10:54:42 17.8 68.04 4.324 1.116
9/4/2008 10:54:43 18.9 68.02 4.365 1.075
9/4/2008 10:54:44 20 68.02 4.406 1.034
9/4/2008 10:54:45 21.2 68.02 4.449 0.991
9/4/2008 10:54:46 22.4 68 4.492 0.948
9/4/2008 10:54:48 23.8 67.97 4.533 0.907
9/4/2008 10:54:49 25.2 67.95 4.576 0.864
9/4/2008 10:54:51 26.7 67.95 4.617 0.823
9/4/2008 10:54:52 28.2 67.93 4.658 0.782
9/4/2008 10:54:54 29.8 67.9 4.697 0.743
9/4/2008 10:54:55 31.5 67.88 4.738 0.702
9/4/2008 10:54:57 33.3 67.86 4.777 0.663
9/4/2008 10:54:59 35.2 67.84 4.816 0.624
9/4/2008 10:55:01 37.3 67.84 4.855 0.585
9/4/2008 10:55:03 39.5 67.79 4.892 0.548
9/4/2008 10:55:06 41.8 67.77 4.929 0.511
9/4/2008 10:55:08 44.3 67.75 4.964 0.476
9/4/2008 10:55:11 46.9 67.72 4.999 0.441
9/4/2008 10:55:14 49.7 67.68 5.033 0.407
9/4/2008 10:55:16 52.6 67.66 5.063 0.377
9/4/2008 10:55:20 55.7 67.61 5.092 0.348
9/4/2008 10:55:23 59 67.59 5.121 0.319
9/4/2008 10:55:26 62.5 67.54 5.148 0.292
9/4/2008 10:55:30 66.2 67.5 5.173 0.267
9/4/2008 10:55:34 70.1 67.45 5.198 0.242
9/4/2008 10:55:38 74.3 67.41 5.219 0.221
9/4/2008 10:55:43 78.7 67.36 5.24 0.2
9/4/2008 10:55:47 83.4 67.32 5.257 0.183
9/4/2008 10:55:52 88.4 67.27 5.276 0.164
9/4/2008 10:55:58 93.7 67.2 5.291 0.149
9/4/2008 10:56:03 99.3 67.16 5.305 0.135
9/4/2008 10:56:09 105.2 67.09 5.316 0.124
9/4/2008 10:56:15 111.5 67.05 5.329 0.111
9/4/2008 10:56:22 118.1 66.98 5.338 0.102
9/4/2008 10:56:29 125.1 66.93 5.348 0.092
9/4/2008 10:56:36 132.6 66.89 5.355 0.085
9/4/2008 10:56:44 140.5 66.82 5.364 0.076
9/4/2008 10:56:53 148.9 66.77 5.37 0.07
9/4/2008 10:57:02 157.8 66.73 5.377 0.063
9/4/2008 10:57:11 167.2 66.68 5.381 0.059
9/4/2008 10:57:21 177.2 66.64 5.388 0.052
9/4/2008 10:57:32 187.8 66.59 5.39 0.05
9/4/2008 10:57:43 199 66.57 5.397 0.043
9/4/2008 10:57:55 210.9 66.52 5.401 0.039
9/4/2008 10:58:07 223.5 66.5 5.403 0.037
9/4/2008 10:58:21 236.8 66.48 5.408 0.032
9/4/2008 10:58:35 250.9 66.43 5.412 0.028
9/4/2008 10:58:50 265.8 66.41 5.415 0.025
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9/4/2008 10:59:05 281.6 66.41 5.415 0.025
9/4/2008 10:59:22 298.4 66.39 5.419 0.021
9/4/2008 10:59:40 316.2 66.37 5.419 0.021
9/4/2008 10:59:59 335 66.37 5.423 0.017
9/4/2008 11:00:19 354.9 66.37 5.423 0.017
9/4/2008 11:00:40 376 66.37 5.425 0.015
9/4/2008 11:01:02 398.4 66.34 5.427 0.013
9/4/2008 11:01:26 422.1 66.34 5.427 0.013
9/4/2008 11:01:51 447.2 66.37 5.429 0.011
9/4/2008 11:02:18 473.8 66.37 5.431 0.009
9/4/2008 11:02:46 502 66.37 5.431 0.009
9/4/2008 11:03:16 531.9 66.39 5.433 0.007
9/4/2008 11:03:47 563.5 66.39 5.433 0.007
9/4/2008 11:04:21 597 66.39 5.433 0.007
9/4/2008 11:04:56 632.5 66.41 5.435 0.005
9/4/2008 11:05:34 670.1 66.43 5.435 0.005
9/4/2008 11:06:14 709.9 66.43 5.435 0.005
9/4/2008 11:06:56 752.1 66.46 5.437 0.003
9/4/2008 11:07:41 796.8 66.46 5.437 0.003
9/4/2008 11:08:28 844.2 66.48 5.438 0.002
9/4/2008 11:09:18 894.4 66.48 5.436 0.004
9/4/2008 11:10:11 947.5 66.5 5.436 0.004
9/4/2008 11:11:08 1003.8 66.52 5.436 0.004
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Term Units
2rc Inches 3
2rW Inches 6
Lw Feet 44.4
Le Feet 10
H* Feet 69
y0 Feet 2.9
t0 Seconds 0
yt Feet 0.1
t Seconds 358

Term Units

Input Data

2.22E-05

Hydraulic Conductivity in Feet/Minute
1.33E-03

Hydraulic Conductivity in Feet/Day
1.92E+00

* - Assumed value

Water TableWater Table

2rc

y

Calculations

Solutions

3 020

Hydraulic Conductivity in Feet/Second

A
 B-503D Slug In

Dare County C&D Landfill

Term Units
Le/rW Feet/Foot 40.00
A None 2.780
B None 0.430
C None 2.336

1 y0

t yt

Where
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2 ln(Re/rW)
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ln(Re/rW) = {

ln(Re/rW) = {
1.1

+
C

} -1ln(LW/rW) Le/rW

For partial penetration or the equation below for full penetration

General Equations

ln(Re/rW)partial penetration =

ln(Re/rW)full penetration =
3.693

3.020
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A + B ln[(H - LW)/rW]
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In-Situ Inc. MiniTroll Pro

Report genera 9/5/2008 8:49:04
Report from fi ...\SN08812 2008-09-04 111535 B-503D In.bin
Win-Situｮ Ver 4.57.5.0

Serial number 8812
Firmware Vers 3.09
Unit name: 

Test name: B-503D In

Test defined o 9/4/2008 11:14:52
Test started o 9/4/2008 11:15:35
Test stopped o 9/4/2008 11:44:04

Data gathered using Logarithmic testing
   Maximum timSeconds.
   Number of d 119

TOTAL DATA 119

Channel number [1]
  MeasuremenTemperature
  Channel name:

Channel number [2]
  MeasuremenPressure
  Channel name:
  Sensor Rang 30 PSIG.
  Sensor Offse0.000 psi
  Specific grav 1

Chan[1] Chan[2]
Temperatu Pressure

  Date   Time   ET (sec) Fahrenheit Feet H2O yt (ft)
-------- -------- ------------ --------------- ---------------

9/4/2008 11:15:35 0 63.74 12.502 0.122
9/4/2008 11:15:35 0.3 63.76 13.631 1.251
9/4/2008 11:15:36 0.6 63.76 15.596 3.216
9/4/2008 11:15:36 0.9 63.79 15.276 2.896
9/4/2008 11:15:36 1.2 63.79 15.182 2.802
9/4/2008 11:15:37 1.5 63.81 15.167 2.787
9/4/2008 11:15:37 1.8 63.81 15.144 2.764
9/4/2008 11:15:37 2.1 63.81 15.14 2.76
9/4/2008 11:15:37 2.4 63.81 15.111 2.731
9/4/2008 11:15:38 2.7 63.81 15.083 2.703
9/4/2008 11:15:38 3 63.81 15.055 2.675
9/4/2008 11:15:38 3.3 63.81 15.053 2.673
9/4/2008 11:15:39 3.6 63.81 15.043 2.663
9/4/2008 11:15:39 3.9 63.81 15.03 2.65
9/4/2008 11:15:39 4.2 63.81 15.02 2.64
9/4/2008 11:15:40 4.5 63.81 15.012 2.632
9/4/2008 11:15:40 4.8 63.81 15.002 2.622
9/4/2008 11:15:40 5.1 63.81 14.992 2.612
9/4/2008 11:15:40 5.4 63.81 14.981 2.601
9/4/2008 11:15:41 5.7 63.81 14.973 2.593
9/4/2008 11:15:41 6 63.81 14.963 2.583
9/4/2008 11:15:41 6.4 63.81 14.955 2.575
9/4/2008 11:15:42 6.7 63.81 14.943 2.563
9/4/2008 11:15:42 7.1 63.81 14.93 2.55
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9/4/2008 11:15:43 7.5 63.81 14.92 2.54
9/4/2008 11:15:43 8 63.81 14.906 2.526
9/4/2008 11:15:44 8.4 63.81 14.894 2.514
9/4/2008 11:15:44 8.9 63.81 14.881 2.501
9/4/2008 11:15:45 9.5 63.81 14.869 2.489
9/4/2008 11:15:45 10 63.79 14.851 2.471
9/4/2008 11:15:46 10.6 63.79 14.828 2.448
9/4/2008 11:15:46 11.3 63.76 14.82 2.44
9/4/2008 11:15:47 11.9 63.76 14.806 2.426
9/4/2008 11:15:48 12.6 63.76 14.792 2.412
9/4/2008 11:15:48 13.4 63.76 14.767 2.387
9/4/2008 11:15:49 14.2 63.76 14.765 2.385
9/4/2008 11:15:50 15 63.74 14.739 2.359
9/4/2008 11:15:51 15.9 63.74 14.718 2.338
9/4/2008 11:15:52 16.8 63.74 14.704 2.324
9/4/2008 11:15:53 17.8 63.74 14.684 2.304
9/4/2008 11:15:54 18.9 63.74 14.665 2.285
9/4/2008 11:15:55 20 63.72 14.643 2.263
9/4/2008 11:15:56 21.2 63.72 14.623 2.243
9/4/2008 11:15:58 22.4 63.72 14.6 2.22
9/4/2008 11:15:59 23.8 63.72 14.578 2.198
9/4/2008 11:16:00 25.2 63.72 14.555 2.175
9/4/2008 11:16:02 26.7 63.69 14.531 2.151
9/4/2008 11:16:03 28.2 63.69 14.511 2.131
9/4/2008 11:16:05 29.8 63.69 14.486 2.106
9/4/2008 11:16:07 31.5 63.69 14.459 2.079
9/4/2008 11:16:08 33.3 63.69 14.435 2.055
9/4/2008 11:16:10 35.2 63.69 14.408 2.028
9/4/2008 11:16:12 37.3 63.67 14.38 2
9/4/2008 11:16:15 39.5 63.67 14.353 1.973
9/4/2008 11:16:17 41.8 63.67 14.323 1.943
9/4/2008 11:16:19 44.3 63.67 14.292 1.912
9/4/2008 11:16:22 46.9 63.67 14.262 1.882
9/4/2008 11:16:25 49.7 63.67 14.225 1.845
9/4/2008 11:16:28 52.6 63.67 14.194 1.814
9/4/2008 11:16:31 55.7 63.67 14.157 1.777
9/4/2008 11:16:34 59 63.67 14.123 1.743
9/4/2008 11:16:38 62.5 63.67 14.086 1.706
9/4/2008 11:16:41 66.2 63.67 14.045 1.665
9/4/2008 11:16:45 70.1 63.67 14.008 1.628
9/4/2008 11:16:49 74.3 63.67 13.969 1.589
9/4/2008 11:16:54 78.7 63.69 13.924 1.544
9/4/2008 11:16:58 83.4 63.69 13.883 1.503
9/4/2008 11:17:03 88.4 63.69 13.845 1.465
9/4/2008 11:17:09 93.7 63.72 13.801 1.421
9/4/2008 11:17:14 99.3 63.72 13.752 1.372
9/4/2008 11:17:20 105.2 63.72 13.714 1.334
9/4/2008 11:17:27 111.5 63.74 13.662 1.282
9/4/2008 11:17:33 118.1 63.76 13.615 1.235
9/4/2008 11:17:40 125.1 63.76 13.564 1.184
9/4/2008 11:17:48 132.6 63.79 13.517 1.137
9/4/2008 11:17:56 140.5 63.81 13.459 1.079
9/4/2008 11:18:04 148.9 63.81 13.259 0.879
9/4/2008 11:18:13 157.8 63.83 13.351 0.971
9/4/2008 11:18:22 167.2 63.88 13.293 0.913
9/4/2008 11:18:32 177.2 63.9 13.262 0.882
9/4/2008 11:18:43 187.8 63.94 13.215 0.835
9/4/2008 11:18:54 199 63.97 13.17 0.79
9/4/2008 11:19:06 210.9 63.97 13.127 0.747
9/4/2008 11:19:19 223.5 63.99 13.082 0.702
9/4/2008 11:19:32 236.8 64.01 13.036 0.656
9/4/2008 11:19:46 250.9 64.03 12.993 0.613
9/4/2008 11:20:01 265.8 64.06 12.952 0.572
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9/4/2008 11:20:17 281.6 64.08 12.911 0.531
9/4/2008 11:20:33 298.4 64.12 12.87 0.49
9/4/2008 11:20:51 316.2 64.15 12.833 0.453
9/4/2008 11:21:10 335 64.19 12.794 0.414
9/4/2008 11:21:30 354.9 64.24 12.758 0.378
9/4/2008 11:21:51 376 64.31 12.725 0.345
9/4/2008 11:22:13 398.4 64.35 12.694 0.314
9/4/2008 11:22:37 422.1 64.4 12.663 0.283
9/4/2008 11:23:02 447.2 64.46 12.634 0.254
9/4/2008 11:23:29 473.8 64.51 12.607 0.227
9/4/2008 11:23:57 502 64.56 12.582 0.202
9/4/2008 11:24:27 531.9 64.6 12.559 0.179
9/4/2008 11:24:59 563.5 64.62 12.536 0.156
9/4/2008 11:25:32 597 64.65 12.519 0.139
9/4/2008 11:26:08 632.5 64.65 12.501 0.121
9/4/2008 11:26:45 670.1 64.67 12.484 0.104
9/4/2008 11:27:25 709.9 64.65 12.47 0.09
9/4/2008 11:28:07 752.1 64.65 12.458 0.078
9/4/2008 11:28:52 796.8 64.62 12.446 0.066
9/4/2008 11:29:39 844.2 64.6 12.436 0.056
9/4/2008 11:30:29 894.4 64.58 12.428 0.048
9/4/2008 11:31:23 947.5 64.56 12.42 0.04
9/4/2008 11:32:19 1003.8 64.53 12.414 0.034
9/4/2008 11:33:18 1063.4 64.49 12.409 0.029
9/4/2008 11:34:22 1126.6 64.46 12.405 0.025
9/4/2008 11:35:29 1193.5 64.42 12.401 0.021
9/4/2008 11:36:39 1264.4 64.37 12.397 0.017
9/4/2008 11:37:55 1339.5 64.35 12.396 0.016
9/4/2008 11:39:14 1419 64.31 12.394 0.014
9/4/2008 11:40:38 1503.3 64.26 12.392 0.012
9/4/2008 11:42:08 1592.6 64.22 12.389 0.009
9/4/2008 11:43:42 1687.1 64.19 12.387 0.007
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Term Units
2rc Inches 3
2rW Inches 6
Lw Feet 44.4
Le Feet 10
H* Feet 69
y0 Feet 2.7
t0 Seconds 0
yt Feet 0.1
t Seconds 400

Term Units

Input Data

1.94E-05

Hydraulic Conductivity in Feet/Minute
1.17E-03

Hydraulic Conductivity in Feet/Day
1.68E+00

* - Assumed value

Water TableWater Table

2rc

y

Calculations

Solutions

3 020

Hydraulic Conductivity in Feet/Second

A
 B-503D Slug Out

Dare County C&D Landfill

Term Units
Le/rW Feet/Foot 40.00
A None 2.780
B None 0.430
C None 2.336

1 y0

t yt

Where

2rw

lnS
cr

ee
n

Impermeable
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or
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e

Le/rW

K = 
rc

2 ln(Re/rW)
2Le

ln(Re/rW) = {

ln(Re/rW) = {
1.1

+
C

} -1ln(LW/rW) Le/rW

For partial penetration or the equation below for full penetration

General Equations

ln(Re/rW)partial penetration =

ln(Re/rW)full penetration =
3.693

3.020

3.020

} -1
1.1

ln(LW/rW)
+

A + B ln[(H - LW)/rW]

A
 B-503D Slug Out

Dare County C&D Landfill
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In-Situ Inc. MiniTroll Pro

Report genera 9/5/2008 8:49:48
Report from fi ...\SN08812 2008-09-04 114505 B-503D Out.bin
Win-Situｮ Ver 4.57.5.0

Serial number 8812
Firmware Vers 3.09
Unit name: 

Test name: B-503D Out

Test defined o 9/4/2008 11:44:36
Test started o 9/4/2008 11:45:05
Test stopped o 9/4/2008 12:05:48

Data gathered using Logarithmic testing
   Maximum timSeconds.
   Number of d 113

TOTAL DATA 113

Channel number [1]
  MeasuremenTemperature
  Channel name:

Channel number [2]
  MeasuremenPressure
  Channel name:
  Sensor Rang 30 PSIG.
  Sensor Offse0.000 psi
  Specific grav 1

Chan[1] Chan[2]
Temperatu Pressure

  Date   Time   ET (sec) Fahrenheit Feet H2O yt (ft)
-------- -------- ------------ --------------- ---------------

9/4/2008 11:45:05 0 64.15 7.579 4.771
9/4/2008 11:45:05 0.3 64.17 9.441 2.909
9/4/2008 11:45:05 0.6 64.17 9.452 2.898
9/4/2008 11:45:06 0.9 64.19 9.499 2.851
9/4/2008 11:45:06 1.2 64.19 9.536 2.814
9/4/2008 11:45:06 1.5 64.19 9.653 2.697
9/4/2008 11:45:07 1.8 64.19 9.665 2.685
9/4/2008 11:45:07 2.1 64.22 9.685 2.665
9/4/2008 11:45:07 2.4 64.22 9.704 2.646
9/4/2008 11:45:08 2.7 64.22 9.72 2.63
9/4/2008 11:45:08 3 64.22 9.734 2.616
9/4/2008 11:45:08 3.3 64.22 9.749 2.601
9/4/2008 11:45:08 3.6 64.22 9.761 2.589
9/4/2008 11:45:09 3.9 64.22 9.775 2.575
9/4/2008 11:45:09 4.2 64.22 9.783 2.567
9/4/2008 11:45:09 4.5 64.22 9.794 2.556
9/4/2008 11:45:10 4.8 64.22 9.804 2.546
9/4/2008 11:45:10 5.1 64.22 9.814 2.536
9/4/2008 11:45:10 5.4 64.24 9.824 2.526
9/4/2008 11:45:11 5.7 64.22 9.832 2.518
9/4/2008 11:45:11 6 64.24 9.84 2.51
9/4/2008 11:45:11 6.4 64.24 9.849 2.501
9/4/2008 11:45:12 6.7 64.24 9.857 2.493
9/4/2008 11:45:12 7.1 64.24 9.867 2.483
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9/4/2008 11:45:12 7.5 64.24 9.877 2.473
9/4/2008 11:45:13 8 64.24 9.887 2.463
9/4/2008 11:45:13 8.4 64.24 9.898 2.452
9/4/2008 11:45:14 8.9 64.24 9.906 2.444
9/4/2008 11:45:14 9.5 64.24 9.918 2.432
9/4/2008 11:45:15 10 64.22 9.928 2.422
9/4/2008 11:45:15 10.6 64.22 9.939 2.411
9/4/2008 11:45:16 11.3 64.22 9.949 2.401
9/4/2008 11:45:17 11.9 64.22 9.961 2.389
9/4/2008 11:45:17 12.6 64.22 9.973 2.377
9/4/2008 11:45:18 13.4 64.22 9.984 2.366
9/4/2008 11:45:19 14.2 64.19 9.996 2.354
9/4/2008 11:45:20 15 64.19 10.008 2.342
9/4/2008 11:45:21 15.9 64.19 10.025 2.325
9/4/2008 11:45:22 16.8 64.19 10.039 2.311
9/4/2008 11:45:23 17.8 64.19 10.053 2.297
9/4/2008 11:45:24 18.9 64.19 10.07 2.28
9/4/2008 11:45:25 20 64.19 10.086 2.264
9/4/2008 11:45:26 21.2 64.19 10.102 2.248
9/4/2008 11:45:27 22.4 64.17 10.121 2.229
9/4/2008 11:45:29 23.8 64.17 10.139 2.211
9/4/2008 11:45:30 25.2 64.17 10.16 2.19
9/4/2008 11:45:32 26.7 64.17 10.18 2.17
9/4/2008 11:45:33 28.2 64.17 10.199 2.151
9/4/2008 11:45:35 29.8 64.17 10.219 2.131
9/4/2008 11:45:36 31.5 64.17 10.242 2.108
9/4/2008 11:45:38 33.3 64.15 10.264 2.086
9/4/2008 11:45:40 35.2 64.15 10.289 2.061
9/4/2008 11:45:42 37.3 64.12 10.314 2.036
9/4/2008 11:45:44 39.5 64.12 10.34 2.01
9/4/2008 11:45:47 41.8 64.12 10.367 1.983
9/4/2008 11:45:49 44.3 64.1 10.396 1.954
9/4/2008 11:45:52 46.9 64.1 10.424 1.926
9/4/2008 11:45:55 49.7 64.08 10.455 1.895
9/4/2008 11:45:57 52.6 64.08 10.486 1.864
9/4/2008 11:46:01 55.7 64.06 10.519 1.831
9/4/2008 11:46:04 59 64.06 10.553 1.797
9/4/2008 11:46:07 62.5 64.03 10.586 1.764
9/4/2008 11:46:11 66.2 64.01 10.623 1.727
9/4/2008 11:46:15 70.1 64.01 10.66 1.69
9/4/2008 11:46:19 74.3 63.99 10.699 1.651
9/4/2008 11:46:24 78.7 63.97 10.74 1.61
9/4/2008 11:46:28 83.4 63.94 10.779 1.571
9/4/2008 11:46:33 88.4 63.92 10.82 1.53
9/4/2008 11:46:39 93.7 63.9 10.865 1.485
9/4/2008 11:46:44 99.3 63.88 10.911 1.439
9/4/2008 11:46:50 105.2 63.83 10.954 1.396
9/4/2008 11:46:56 111.5 63.81 11.003 1.347
9/4/2008 11:47:03 118.1 63.79 11.048 1.302
9/4/2008 11:47:10 125.1 63.76 11.098 1.252
9/4/2008 11:47:17 132.6 63.72 11.147 1.203
9/4/2008 11:47:25 140.5 63.69 11.196 1.154
9/4/2008 11:47:34 148.9 63.65 11.246 1.104
9/4/2008 11:47:43 157.8 63.63 11.295 1.055
9/4/2008 11:47:52 167.2 63.58 11.349 1.001
9/4/2008 11:48:02 177.2 63.56 11.4 0.95
9/4/2008 11:48:13 187.8 63.51 11.452 0.898
9/4/2008 11:48:24 199 63.49 11.503 0.847
9/4/2008 11:48:36 210.9 63.45 11.557 0.793
9/4/2008 11:48:48 223.5 63.42 11.606 0.744
9/4/2008 11:49:02 236.8 63.38 11.653 0.697
9/4/2008 11:49:16 250.9 63.35 11.705 0.645
9/4/2008 11:49:31 265.8 63.31 11.75 0.6
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9/4/2008 11:49:46 281.6 63.29 11.799 0.551
9/4/2008 11:50:03 298.4 63.24 11.843 0.507
9/4/2008 11:50:21 316.2 63.22 11.888 0.462
9/4/2008 11:50:40 335 63.17 11.929 0.421
9/4/2008 11:51:00 354.9 63.15 11.97 0.38
9/4/2008 11:51:21 376 63.11 12.007 0.343
9/4/2008 11:51:43 398.4 63.08 12.042 0.308
9/4/2008 11:52:07 422.1 63.06 12.077 0.273
9/4/2008 11:52:32 447.2 63.04 12.11 0.24
9/4/2008 11:52:59 473.8 63.02 12.137 0.213
9/4/2008 11:53:27 502 62.99 12.164 0.186
9/4/2008 11:53:57 531.9 62.97 12.191 0.159
9/4/2008 11:54:28 563.5 62.95 12.215 0.135
9/4/2008 11:55:02 597 62.95 12.236 0.114
9/4/2008 11:55:37 632.5 62.92 12.25 0.1
9/4/2008 11:56:15 670.1 62.92 12.269 0.081
9/4/2008 11:56:55 709.9 62.92 12.285 0.065
9/4/2008 11:57:37 752.1 62.9 12.295 0.055
9/4/2008 11:58:22 796.8 62.9 12.306 0.044
9/4/2008 11:59:09 844.2 62.9 12.316 0.034
9/4/2008 11:59:59 894.4 62.9 12.324 0.026
9/4/2008 12:00:52 947.5 62.9 12.33 0.02
9/4/2008 12:01:49 1003.8 62.92 12.336 0.014
9/4/2008 12:02:48 1063.4 62.92 12.34 0.01
9/4/2008 12:03:51 1126.6 62.92 12.342 0.008
9/4/2008 12:04:58 1193.5 62.95 12.344 0.006
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Term Units
2rc Inches 3
2rW Inches 6
Lw Feet 19.7
Le Feet 20
H* Feet 70
y0 Feet 2.1
t0 Seconds 0
yt Feet 0.1
t Seconds 123

Term Units
Calculations

Solutions

2 929

Hydraulic Conductivity in Feet/Second

y

Water TableWater Table

2rc

Input Data

2.83E-05

Hydraulic Conductivity in Feet/Minute
1.70E-03

Hydraulic Conductivity in Feet/Day
2.45E+00

* - Assumed value

A
  B-505 Slug In

Dare County C&D Landfill

Term Units
Le/rW Feet/Foot 80.00
A None 3.852
B None 0.624
C None 3.465

1 y0

t yt

Where

2rw For partial penetration or the equation below for full penetration

General Equations

ln(Re/rW)partial penetration =

ln(Re/rW)full penetration =
3.387

2.929

2.929

} -1
1.1

ln(LW/rW)
+

A + B ln[(H - LW)/rW]

ln(Re/rW) = {
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} -1ln(LW/rW) Le/rW
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In-Situ Inc. MiniTroll Pro

Report genera 9/5/2008 8:50:38
Report from fi ...\SN08812 2008-09-04 121511 B-505 In.bin
Win-Situｮ Ver 4.57.5.0

Serial number 8812
Firmware Vers 3.09
Unit name: 

Test name: B-505 In

Test defined o 9/4/2008 12:14:25
Test started o 9/4/2008 12:15:11
Test stopped o 9/4/2008 12:40:33

Data gathered using Logarithmic testing
   Maximum timSeconds.
   Number of d 117

TOTAL DATA 117

Channel number [1]
  MeasuremenTemperature
  Channel name:

Channel number [2]
  MeasuremenPressure
  Channel name:
  Sensor Rang 30 PSIG.
  Sensor Offse0.000 psi
  Specific grav 1

Chan[1] Chan[2]
Temperatu Pressure

  Date   Time   ET (sec) Fahrenheit Feet H2O yt (ft)
-------- -------- ------------ --------------- ---------------

9/4/2008 12:15:11 0 65.26 13.018 0.008
9/4/2008 12:15:11 0.3 65.28 13.022 0.012
9/4/2008 12:15:11 0.6 65.3 15.782 2.772
9/4/2008 12:15:11 0.9 65.3 15.733 2.723
9/4/2008 12:15:12 1.2 65.3 15.691 2.681
9/4/2008 12:15:12 1.5 65.3 15.624 2.614
9/4/2008 12:15:12 1.8 65.3 15.587 2.577
9/4/2008 12:15:13 2.1 65.32 15.461 2.451
9/4/2008 12:15:13 2.4 65.32 15.348 2.338
9/4/2008 12:15:13 2.7 65.3 15.177 2.167
9/4/2008 12:15:14 3 65.3 15.106 2.096
9/4/2008 12:15:14 3.3 65.32 15.072 2.062
9/4/2008 12:15:14 3.6 65.3 15.033 2.023
9/4/2008 12:15:14 3.9 65.3 14.988 1.978
9/4/2008 12:15:15 4.2 65.3 14.973 1.963
9/4/2008 12:15:15 4.5 65.3 14.923 1.913
9/4/2008 12:15:15 4.8 65.3 14.864 1.854
9/4/2008 12:15:16 5.1 65.3 14.834 1.824
9/4/2008 12:15:16 5.4 65.3 14.801 1.791
9/4/2008 12:15:16 5.7 65.3 14.734 1.724
9/4/2008 12:15:17 6 65.3 14.764 1.754
9/4/2008 12:15:17 6.4 65.3 14.721 1.711
9/4/2008 12:15:17 6.7 65.3 14.711 1.701
9/4/2008 12:15:18 7.1 65.3 14.691 1.681
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9/4/2008 12:15:18 7.5 65.3 14.672 1.662
9/4/2008 12:15:19 8 65.3 14.65 1.64
9/4/2008 12:15:19 8.4 65.3 14.629 1.619
9/4/2008 12:15:20 8.9 65.3 14.607 1.597
9/4/2008 12:15:20 9.5 65.3 14.584 1.574
9/4/2008 12:15:21 10 65.26 14.558 1.548
9/4/2008 12:15:21 10.6 65.26 14.534 1.524
9/4/2008 12:15:22 11.3 65.26 14.507 1.497
9/4/2008 12:15:22 11.9 65.23 14.483 1.473
9/4/2008 12:15:23 12.6 65.23 14.459 1.449
9/4/2008 12:15:24 13.4 65.23 14.432 1.422
9/4/2008 12:15:25 14.2 65.21 14.406 1.396
9/4/2008 12:15:26 15 65.21 14.379 1.369
9/4/2008 12:15:26 15.9 65.21 14.353 1.343
9/4/2008 12:15:27 16.8 65.21 14.326 1.316
9/4/2008 12:15:28 17.8 65.19 14.298 1.288
9/4/2008 12:15:29 18.9 65.19 14.271 1.261
9/4/2008 12:15:31 20 65.17 14.243 1.233
9/4/2008 12:15:32 21.2 65.17 14.214 1.204
9/4/2008 12:15:33 22.4 65.17 14.185 1.175
9/4/2008 12:15:34 23.8 65.17 14.157 1.147
9/4/2008 12:15:36 25.2 65.14 14.128 1.118
9/4/2008 12:15:37 26.7 65.14 14.102 1.092
9/4/2008 12:15:39 28.2 65.12 14.076 1.066
9/4/2008 12:15:40 29.8 65.12 14.051 1.041
9/4/2008 12:15:42 31.5 65.12 14.029 1.019
9/4/2008 12:15:44 33.3 65.1 14.006 0.996
9/4/2008 12:15:46 35.2 65.1 13.978 0.968
9/4/2008 12:15:48 37.3 65.08 13.953 0.943
9/4/2008 12:15:50 39.5 65.08 13.929 0.919
9/4/2008 12:15:52 41.8 65.05 13.909 0.899
9/4/2008 12:15:55 44.3 65.05 13.888 0.878
9/4/2008 12:15:57 46.9 65.03 13.866 0.856
9/4/2008 12:16:00 49.7 65.03 13.846 0.836
9/4/2008 12:16:03 52.6 65.01 13.827 0.817
9/4/2008 12:16:06 55.7 65.01 13.807 0.797
9/4/2008 12:16:10 59 64.99 13.791 0.781
9/4/2008 12:16:13 62.5 64.99 13.775 0.765
9/4/2008 12:16:17 66.2 64.96 13.761 0.751
9/4/2008 12:16:21 70.1 64.94 13.746 0.736
9/4/2008 12:16:25 74.3 64.94 13.732 0.722
9/4/2008 12:16:29 78.7 64.92 13.718 0.708
9/4/2008 12:16:34 83.4 64.92 13.704 0.694
9/4/2008 12:16:39 88.4 64.89 13.692 0.682
9/4/2008 12:16:44 93.7 64.89 13.679 0.669
9/4/2008 12:16:50 99.3 64.87 13.665 0.655
9/4/2008 12:16:56 105.2 64.85 13.653 0.643
9/4/2008 12:17:02 111.5 64.85 13.641 0.631
9/4/2008 12:17:09 118.1 64.83 13.627 0.617
9/4/2008 12:17:16 125.1 64.83 13.615 0.605
9/4/2008 12:17:23 132.6 64.8 13.601 0.591
9/4/2008 12:17:31 140.5 64.8 13.586 0.576
9/4/2008 12:17:39 148.9 64.78 13.572 0.562
9/4/2008 12:17:48 157.8 64.76 13.554 0.544
9/4/2008 12:17:58 167.2 64.76 13.538 0.528
9/4/2008 12:18:08 177.2 64.74 13.52 0.51
9/4/2008 12:18:18 187.8 64.74 13.505 0.495
9/4/2008 12:18:30 199 64.71 13.485 0.475
9/4/2008 12:18:41 210.9 64.69 13.467 0.457
9/4/2008 12:18:54 223.5 64.69 13.449 0.439
9/4/2008 12:19:07 236.8 64.67 13.435 0.425
9/4/2008 12:19:21 250.9 64.67 13.414 0.404
9/4/2008 12:19:36 265.8 64.65 13.398 0.388
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9/4/2008 12:19:52 281.6 64.65 13.38 0.37
9/4/2008 12:20:09 298.4 64.65 13.359 0.349
9/4/2008 12:20:27 316.2 64.62 13.343 0.333
9/4/2008 12:20:46 335 64.62 13.323 0.313
9/4/2008 12:21:05 354.9 64.62 13.306 0.296
9/4/2008 12:21:27 376 64.6 13.288 0.278
9/4/2008 12:21:49 398.4 64.6 13.272 0.262
9/4/2008 12:22:13 422.1 64.58 13.254 0.244
9/4/2008 12:22:38 447.2 64.58 13.239 0.229
9/4/2008 12:23:04 473.8 64.58 13.223 0.213
9/4/2008 12:23:33 502 64.56 13.242 0.232
9/4/2008 12:24:02 531.9 64.56 13.221 0.211
9/4/2008 12:24:34 563.5 64.56 13.203 0.193
9/4/2008 12:25:08 597 64.56 13.186 0.176
9/4/2008 12:25:43 632.5 64.56 13.176 0.166
9/4/2008 12:26:21 670.1 64.56 13.164 0.154
9/4/2008 12:27:00 709.9 64.53 13.154 0.144
9/4/2008 12:27:43 752.1 64.53 13.146 0.136
9/4/2008 12:28:27 796.8 64.53 13.138 0.128
9/4/2008 12:29:15 844.2 64.51 13.132 0.122
9/4/2008 12:30:05 894.4 64.51 13.128 0.118
9/4/2008 12:30:58 947.5 64.49 13.124 0.114
9/4/2008 12:31:54 1003.8 64.49 13.12 0.11
9/4/2008 12:32:54 1063.4 64.46 13.116 0.106
9/4/2008 12:33:57 1126.6 64.46 13.112 0.102
9/4/2008 12:35:04 1193.5 64.44 13.11 0.1
9/4/2008 12:36:15 1264.4 64.44 13.108 0.098
9/4/2008 12:37:30 1339.5 64.44 13.106 0.096
9/4/2008 12:38:50 1419 64.42 13.104 0.094
9/4/2008 12:40:14 1503.3 64.42 13.102 0.092
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Term Units
2rc Inches 3
2rW Inches 6
Lw Feet 19.7
Le Feet 20
H* Feet 70
y0 Feet 2.21
t0 Seconds 0
yt Feet 0.1
t Seconds 182

Term Units
Calculations

Solutions

2 929

Hydraulic Conductivity in Feet/Second

y

Water TableWater Table

2rc

Input Data

1.95E-05

Hydraulic Conductivity in Feet/Minute
1.17E-03

Hydraulic Conductivity in Feet/Day
1.68E+00

* - Assumed value

A
 B-505 Slug Out

Dare County C&D Landfill

Term Units
Le/rW Feet/Foot 80.00
A None 3.852
B None 0.624
C None 3.465

1 y0

t yt

Where

2rw For partial penetration or the equation below for full penetration

General Equations

ln(Re/rW)partial penetration =

ln(Re/rW)full penetration =
3.387

2.929

2.929

} -1
1.1

ln(LW/rW)
+

A + B ln[(H - LW)/rW]

ln(Re/rW) = {
1.1

+
C

} -1ln(LW/rW) Le/rW

Le/rW

K = 
rc

2 ln(Re/rW)
2Le

ln(Re/rW) = {
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In-Situ Inc. MiniTroll Pro

Report genera 9/5/2008 8:51:15
Report from fi ...\SN08812 2008-09-04 124218 B505 OUT.bin
Win-Situｮ Ver 4.57.5.0

Serial number 8812
Firmware Vers 3.09
Unit name: 

Test name: B505 OUT

Test defined o 9/4/2008 12:41:28
Test started o 9/4/2008 12:42:18
Test stopped o 9/4/2008 12:55:58

Data gathered using Logarithmic testing
   Maximum timSeconds.
   Number of d 106

TOTAL DATA 106

Channel number [1]
  MeasuremenTemperature
  Channel name:

Channel number [2]
  MeasuremenPressure
  Channel name:
  Sensor Rang 30 PSIG.
  Sensor Offse0.000 psi
  Specific grav 1

Chan[1] Chan[2]
Temperatu Pressure

  Date   Time   ET (sec) Fahrenheit Feet H2O yt (ft)
-------- -------- ------------ --------------- ---------------

9/4/2008 12:42:18 0 64.4 11.515 1.555
9/4/2008 12:42:18 0.3 64.44 10.278 2.792
9/4/2008 12:42:18 0.6 64.44 10.366 2.704
9/4/2008 12:42:19 0.9 64.44 10.382 2.688
9/4/2008 12:42:19 1.2 64.46 10.404 2.666
9/4/2008 12:42:19 1.5 64.46 10.446 2.624
9/4/2008 12:42:20 1.8 64.46 10.551 2.519
9/4/2008 12:42:20 2.1 64.46 10.633 2.437
9/4/2008 12:42:20 2.4 64.46 10.686 2.384
9/4/2008 12:42:20 2.7 64.46 10.737 2.333
9/4/2008 12:42:21 3 64.49 10.766 2.304
9/4/2008 12:42:21 3.3 64.49 10.784 2.286
9/4/2008 12:42:21 3.6 64.49 10.798 2.272
9/4/2008 12:42:22 3.9 64.49 10.809 2.261
9/4/2008 12:42:22 4.2 64.49 10.856 2.214
9/4/2008 12:42:22 4.5 64.49 10.929 2.141
9/4/2008 12:42:23 4.8 64.49 10.956 2.114
9/4/2008 12:42:23 5.1 64.49 10.98 2.09
9/4/2008 12:42:23 5.4 64.49 11.054 2.016
9/4/2008 12:42:23 5.7 64.49 11.082 1.988
9/4/2008 12:42:24 6 64.49 11.087 1.983
9/4/2008 12:42:24 6.4 64.49 11.101 1.969
9/4/2008 12:42:24 6.7 64.49 11.117 1.953
9/4/2008 12:42:25 7.1 64.49 11.134 1.936
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9/4/2008 12:42:25 7.5 64.49 11.15 1.92
9/4/2008 12:42:26 8 64.49 11.166 1.904
9/4/2008 12:42:26 8.4 64.51 11.184 1.886
9/4/2008 12:42:27 8.9 64.51 11.203 1.867
9/4/2008 12:42:27 9.5 64.51 11.221 1.849
9/4/2008 12:42:28 10 64.49 11.24 1.83
9/4/2008 12:42:28 10.6 64.49 11.26 1.81
9/4/2008 12:42:29 11.3 64.49 11.283 1.787
9/4/2008 12:42:30 11.9 64.49 11.305 1.765
9/4/2008 12:42:30 12.6 64.46 11.328 1.742
9/4/2008 12:42:31 13.4 64.46 11.35 1.72
9/4/2008 12:42:32 14.2 64.46 11.375 1.695
9/4/2008 12:42:33 15 64.46 11.399 1.671
9/4/2008 12:42:34 15.9 64.46 11.428 1.642
9/4/2008 12:42:35 16.8 64.46 11.453 1.617
9/4/2008 12:42:36 17.8 64.46 11.483 1.587
9/4/2008 12:42:37 18.9 64.46 11.512 1.558
9/4/2008 12:42:38 20 64.46 11.54 1.53
9/4/2008 12:42:39 21.2 64.46 11.571 1.499
9/4/2008 12:42:40 22.4 64.46 11.604 1.466
9/4/2008 12:42:42 23.8 64.46 11.636 1.434
9/4/2008 12:42:43 25.2 64.46 11.669 1.401
9/4/2008 12:42:44 26.7 64.46 11.704 1.366
9/4/2008 12:42:46 28.2 64.46 11.737 1.333
9/4/2008 12:42:48 29.8 64.46 11.771 1.299
9/4/2008 12:42:49 31.5 64.46 11.81 1.26
9/4/2008 12:42:51 33.3 64.46 11.847 1.223
9/4/2008 12:42:53 35.2 64.44 11.884 1.186
9/4/2008 12:42:55 37.3 64.44 11.925 1.145
9/4/2008 12:42:57 39.5 64.44 11.966 1.104
9/4/2008 12:43:00 41.8 64.44 12.004 1.066
9/4/2008 12:43:02 44.3 64.44 12.049 1.021
9/4/2008 12:43:05 46.9 64.44 12.09 0.98
9/4/2008 12:43:07 49.7 64.44 12.133 0.937
9/4/2008 12:43:10 52.6 64.44 12.176 0.894
9/4/2008 12:43:13 55.7 64.44 12.217 0.853
9/4/2008 12:43:17 59 64.44 12.262 0.808
9/4/2008 12:43:20 62.5 64.42 12.305 0.765
9/4/2008 12:43:24 66.2 64.44 12.348 0.722
9/4/2008 12:43:28 70.1 64.44 12.391 0.679
9/4/2008 12:43:32 74.3 64.44 12.432 0.638
9/4/2008 12:43:36 78.7 64.44 12.474 0.596
9/4/2008 12:43:41 83.4 64.44 12.515 0.555
9/4/2008 12:43:46 88.4 64.46 12.556 0.514
9/4/2008 12:43:51 93.7 64.46 12.595 0.475
9/4/2008 12:43:57 99.3 64.46 12.632 0.438
9/4/2008 12:44:03 105.2 64.46 12.67 0.4
9/4/2008 12:44:09 111.5 64.46 12.705 0.365
9/4/2008 12:44:16 118.1 64.46 12.738 0.332
9/4/2008 12:44:23 125.1 64.46 12.768 0.302
9/4/2008 12:44:30 132.6 64.46 12.801 0.269
9/4/2008 12:44:38 140.5 64.49 12.827 0.243
9/4/2008 12:44:47 148.9 64.49 12.854 0.216
9/4/2008 12:44:56 157.8 64.51 12.878 0.192
9/4/2008 12:45:05 167.2 64.51 12.901 0.169
9/4/2008 12:45:15 177.2 64.51 12.921 0.149
9/4/2008 12:45:26 187.8 64.51 12.94 0.13
9/4/2008 12:45:37 199 64.51 12.956 0.114
9/4/2008 12:45:49 210.9 64.49 12.973 0.097
9/4/2008 12:46:01 223.5 64.49 12.985 0.085
9/4/2008 12:46:15 236.8 64.46 12.997 0.073
9/4/2008 12:46:29 250.9 64.46 13.005 0.065
9/4/2008 12:46:44 265.8 64.44 13.014 0.056
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9/4/2008 12:46:59 281.6 64.42 13.02 0.05
9/4/2008 12:47:16 298.4 64.4 13.029 0.041
9/4/2008 12:47:34 316.2 64.4 13.035 0.035
9/4/2008 12:47:53 335 64.37 13.037 0.033
9/4/2008 12:48:13 354.9 64.37 13.041 0.029
9/4/2008 12:48:34 376 64.37 13.045 0.025
9/4/2008 12:48:56 398.4 64.4 13.047 0.023
9/4/2008 12:49:20 422.1 64.37 13.051 0.019
9/4/2008 12:49:45 447.2 64.35 13.051 0.019
9/4/2008 12:50:12 473.8 64.33 13.054 0.016
9/4/2008 12:50:40 502 64.31 13.056 0.014
9/4/2008 12:51:10 531.9 64.26 13.056 0.014
9/4/2008 12:51:41 563.5 64.22 13.059 0.011
9/4/2008 12:52:15 597 64.17 13.059 0.011
9/4/2008 12:52:50 632.5 64.19 13.059 0.011
9/4/2008 12:53:28 670.1 64.19 13.059 0.011
9/4/2008 12:54:08 709.9 64.19 13.061 0.009
9/4/2008 12:54:50 752.1 64.22 13.061 0.009
9/4/2008 12:55:35 796.8 64.26 13.063 0.007
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Term Units
2rc Inches 3
2rW Inches 6
Lw Feet 16.9
Le Feet 10
H* Feet 72
y0 Feet 2.3
t0 Seconds 0
yt Feet 0.01
t Seconds 130

Term Units

Input Data

8.41E-05

Hydraulic Conductivity in Feet/Minute
5.05E-03

Hydraulic Conductivity in Feet/Day
7.27E+00

* - Assumed value

Water TableWater Table

2rc

y

Calculations

Solutions

2 574

Hydraulic Conductivity in Feet/Second

A
 B-506 Slug In

Dare County C&D Landfill

Term Units
Le/rW Feet/Foot 40.00
A None 2.780
B None 0.430
C None 2.336

1 y0

t yt

Where

2rw

lnS
cr

ee
n

Impermeable

Lw

Le
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ol
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e

Le/rW

K = 
rc

2 ln(Re/rW)
2Le

ln(Re/rW) = {

ln(Re/rW) = {
1.1

+
C

} -1ln(LW/rW) Le/rW

For partial penetration or the equation below for full penetration

General Equations

ln(Re/rW)partial penetration =

ln(Re/rW)full penetration =
3.130

2.574

2.574

} -1
1.1

ln(LW/rW)
+

A + B ln[(H - LW)/rW]

A
 B-506 Slug In

Dare County C&D Landfill
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In-Situ Inc. MiniTroll Pro

Report genera 9/5/2008 8:45:16
Report from fi ...\SN08812 2008-09-04 085501 B-506 In.bin
Win-Situｮ Ver 4.57.5.0

Serial number 8812
Firmware Vers 3.09
Unit name: 

Test name: B-506 In

Test defined o 9/4/2008 8:53:52
Test started o 9/4/2008 8:55:01
Test stopped o 9/4/2008 9:17:57

Data gathered using Logarithmic testing
   Maximum timSeconds.
   Number of d 115

TOTAL DATA 115

Channel number [1]
  MeasuremenTemperature
  Channel name:

Channel number [2]
  MeasuremenPressure
  Channel name:
  Sensor Rang 30 PSIG.
  Sensor Offse0.000 psi
  Specific grav 1

Chan[1] Chan[2]
Temperatu Pressure

  Date   Time   ET (sec) Fahrenheit Feet H2O
-------- -------- ------------ --------------- ---------------yt (ft)

9/4/2008 8:55:01 0 66.3 16.876 2.566
9/4/2008 8:55:02 0.3 66.34 15.747 1.437
9/4/2008 8:55:02 0.6 66.34 15.879 1.569
9/4/2008 8:55:02 0.9 66.34 16.163 1.853
9/4/2008 8:55:03 1.2 66.37 15.759 1.449
9/4/2008 8:55:03 1.5 66.37 15.985 1.675
9/4/2008 8:55:03 1.8 66.37 16.849 2.539
9/4/2008 8:55:04 2.1 66.37 17.221 2.911
9/4/2008 8:55:04 2.4 66.39 15.313 1.003
9/4/2008 8:55:04 2.7 66.39 16.326 2.016
9/4/2008 8:55:04 3 66.39 16.751 2.441
9/4/2008 8:55:05 3.3 66.39 16.367 2.057
9/4/2008 8:55:05 3.6 66.39 16.232 1.922
9/4/2008 8:55:05 3.9 66.39 16.334 2.024
9/4/2008 8:55:06 4.2 66.39 16.298 1.988
9/4/2008 8:55:06 4.5 66.39 16.234 1.924
9/4/2008 8:55:06 4.8 66.39 16.234 1.924
9/4/2008 8:55:07 5.1 66.39 16.195 1.885
9/4/2008 8:55:07 5.4 66.39 16.155 1.845
9/4/2008 8:55:07 5.7 66.39 16.13 1.82
9/4/2008 8:55:07 6 66.39 16.095 1.785
9/4/2008 8:55:08 6.4 66.39 16.063 1.753
9/4/2008 8:55:08 6.7 66.41 16.032 1.722
9/4/2008 8:55:09 7.1 66.39 15.997 1.687
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9/4/2008 8:55:09 7.5 66.41 15.96 1.65
9/4/2008 8:55:09 8 66.39 15.926 1.616
9/4/2008 8:55:10 8.4 66.41 15.887 1.577
9/4/2008 8:55:10 8.9 66.41 15.852 1.542
9/4/2008 8:55:11 9.5 66.41 15.813 1.503
9/4/2008 8:55:11 10 66.39 15.773 1.463
9/4/2008 8:55:12 10.6 66.39 15.732 1.422
9/4/2008 8:55:13 11.3 66.37 15.695 1.385
9/4/2008 8:55:13 11.9 66.37 15.658 1.348
9/4/2008 8:55:14 12.6 66.37 15.624 1.314
9/4/2008 8:55:15 13.4 66.37 15.583 1.273
9/4/2008 8:55:16 14.2 66.37 15.546 1.236
9/4/2008 8:55:16 15 66.37 15.507 1.197
9/4/2008 8:55:17 15.9 66.37 15.473 1.163
9/4/2008 8:55:18 16.8 66.37 15.407 1.097
9/4/2008 8:55:19 17.8 66.34 15.412 1.102
9/4/2008 8:55:20 18.9 66.34 15.367 1.057
9/4/2008 8:55:21 20 66.34 15.324 1.014
9/4/2008 8:55:23 21.2 66.34 15.285 0.975
9/4/2008 8:55:24 22.4 66.34 15.246 0.936
9/4/2008 8:55:25 23.8 66.34 15.205 0.895
9/4/2008 8:55:27 25.2 66.34 15.181 0.871
9/4/2008 8:55:28 26.7 66.34 15.156 0.846
9/4/2008 8:55:30 28.2 66.34 15.13 0.82
9/4/2008 8:55:31 29.8 66.34 15.085 0.775
9/4/2008 8:55:33 31.5 66.34 15.054 0.744
9/4/2008 8:55:35 33.3 66.34 15.021 0.711
9/4/2008 8:55:37 35.2 66.34 14.987 0.677
9/4/2008 8:55:39 37.3 66.32 14.954 0.644
9/4/2008 8:55:41 39.5 66.32 14.924 0.614
9/4/2008 8:55:43 41.8 66.34 14.891 0.581
9/4/2008 8:55:46 44.3 66.32 14.856 0.546
9/4/2008 8:55:48 46.9 66.32 14.83 0.52
9/4/2008 8:55:51 49.7 66.32 14.817 0.507
9/4/2008 8:55:54 52.6 66.32 14.799 0.489
9/4/2008 8:55:57 55.7 66.32 14.77 0.46
9/4/2008 8:56:00 59 66.32 14.744 0.434
9/4/2008 8:56:04 62.5 66.32 14.715 0.405
9/4/2008 8:56:08 66.2 66.32 14.685 0.375
9/4/2008 8:56:12 70.1 66.3 14.658 0.348
9/4/2008 8:56:16 74.3 66.3 14.634 0.324
9/4/2008 8:56:20 78.7 66.3 14.62 0.31
9/4/2008 8:56:25 83.4 66.3 14.599 0.289
9/4/2008 8:56:30 88.4 66.3 14.577 0.267
9/4/2008 8:56:35 93.7 66.28 14.552 0.242
9/4/2008 8:56:41 99.3 66.28 14.53 0.22
9/4/2008 8:56:47 105.2 66.3 14.513 0.203
9/4/2008 8:56:53 111.5 66.28 14.499 0.189
9/4/2008 8:57:00 118.1 66.3 14.485 0.175
9/4/2008 8:57:07 125.1 66.3 14.472 0.162
9/4/2008 8:57:14 132.6 66.3 14.456 0.146
9/4/2008 8:57:22 140.5 66.3 14.442 0.132
9/4/2008 8:57:30 148.9 66.28 14.43 0.12
9/4/2008 8:57:39 157.8 66.28 14.42 0.11
9/4/2008 8:57:49 167.2 66.28 14.409 0.099
9/4/2008 8:57:59 177.2 66.25 14.401 0.091
9/4/2008 8:58:09 187.8 66.23 14.393 0.083
9/4/2008 8:58:20 199 66.23 14.385 0.075
9/4/2008 8:58:32 210.9 66.21 14.379 0.069
9/4/2008 8:58:45 223.5 66.21 14.373 0.063
9/4/2008 8:58:58 236.8 66.19 14.369 0.059
9/4/2008 8:59:12 250.9 66.16 14.368 0.058
9/4/2008 8:59:27 265.8 66.16 14.364 0.054
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9/4/2008 8:59:43 281.6 66.16 14.359 0.049
9/4/2008 9:00:00 298.4 66.14 14.358 0.048
9/4/2008 9:00:18 316.2 66.14 14.356 0.046
9/4/2008 9:00:36 335 66.12 14.354 0.044
9/4/2008 9:00:56 354.9 66.12 14.352 0.042
9/4/2008 9:01:17 376 66.12 14.348 0.038
9/4/2008 9:01:40 398.4 66.14 14.347 0.037
9/4/2008 9:02:04 422.1 66.16 14.347 0.037
9/4/2008 9:02:29 447.2 66.16 14.343 0.033
9/4/2008 9:02:55 473.8 66.12 14.344 0.034
9/4/2008 9:03:23 502 66.14 14.343 0.033
9/4/2008 9:03:53 531.9 66.14 14.341 0.031
9/4/2008 9:04:25 563.5 66.12 14.339 0.029
9/4/2008 9:04:58 597 66.07 14.338 0.028
9/4/2008 9:05:34 632.5 66.05 14.312 0.002
9/4/2008 9:06:12 670.1 66.05 14.316 0.006
9/4/2008 9:06:51 709.9 66.03 14.32 0.01
9/4/2008 9:07:34 752.1 65.98 14.322 0.012
9/4/2008 9:08:18 796.8 65.94 14.327 0.017
9/4/2008 9:09:06 844.2 65.94 14.327 0.017
9/4/2008 9:09:56 894.4 65.94 14.329 0.019
9/4/2008 9:10:49 947.5 65.94 14.335 0.025
9/4/2008 9:11:45 1003.8 65.89 14.331 0.021
9/4/2008 9:12:45 1063.4 65.87 14.34 0.03
9/4/2008 9:13:48 1126.6 65.87 14.36 0.05
9/4/2008 9:14:55 1193.5 65.82 14.363 0.053
9/4/2008 9:16:06 1264.4 65.82 14.348 0.038
9/4/2008 9:17:21 1339.5 65.82 14.353 0.043
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Term Units
2rc Inches 3
2rW Inches 6
Lw Feet 46.7
Le Feet 10
H* Feet 72
y0 Feet 2.06
t0 Seconds 0
yt Feet 0.01
t Seconds 225

Term Units
Calculations

Solutions

3 036

Hydraulic Conductivity in Feet/Second

y

Water TableWater Table

2rc

Input Data

5.62E-05

Hydraulic Conductivity in Feet/Minute
3.37E-03

Hydraulic Conductivity in Feet/Day
4.85E+00

* - Assumed value

A
B-506D Slug In

Dare County C&D Landfill

Term Units
Le/rW Feet/Foot 40.00
A None 2.780
B None 0.430
C None 2.336

1 y0

t yt

Where

2rw For partial penetration or the equation below for full penetration

General Equations

ln(Re/rW)partial penetration =

ln(Re/rW)full penetration =
3.721

3.036

3.036

} -1
1.1

ln(LW/rW)
+

A + B ln[(H - LW)/rW]

ln(Re/rW) = {
1.1

+
C

} -1ln(LW/rW) Le/rW

Le/rW

K = 
rc

2 ln(Re/rW)
2Le

ln(Re/rW) = {

Impermeable
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In-Situ Inc. MiniTroll Pro

Report genera 9/5/2008 8:46:07
Report from fi ...\SN08812 2008-09-04 093210 B-506D In.bin
Win-Situｮ Ver 4.57.5.0

Serial number 8812
Firmware Vers 3.09
Unit name: 

Test name: B-506D In

Test defined o 9/4/2008 9:31:32
Test started o 9/4/2008 9:32:10
Test stopped o 9/4/2008 9:46:27

Data gathered using Logarithmic testing
   Maximum timSeconds.
   Number of d 107

TOTAL DATA 107

Channel number [1]
  MeasuremenTemperature
  Channel name:

Channel number [2]
  MeasuremenPressure
  Channel name:
  Sensor Rang 30 PSIG.
  Sensor Offse0.000 psi
  Specific grav 1

Chan[1] Chan[2]
Temperatu Pressure

  Date   Time   ET (sec) Fahrenheit Feet H2O
-------- -------- ------------ --------------- ---------------yt (ft)

9/4/2008 9:32:10 0 65.82 16.154 2.064
9/4/2008 9:32:10 0.3 65.85 16.142 2.052
9/4/2008 9:32:10 0.6 65.87 16.129 2.039
9/4/2008 9:32:11 0.9 65.87 16.113 2.023
9/4/2008 9:32:11 1.2 65.89 16.086 1.996
9/4/2008 9:32:11 1.5 65.89 16.068 1.978
9/4/2008 9:32:12 1.8 65.89 16.051 1.961
9/4/2008 9:32:12 2.1 65.89 16.033 1.943
9/4/2008 9:32:12 2.4 65.89 16.015 1.925
9/4/2008 9:32:13 2.7 65.89 16 1.91
9/4/2008 9:32:13 3 65.89 15.984 1.894
9/4/2008 9:32:13 3.3 65.91 15.967 1.877
9/4/2008 9:32:13 3.6 65.91 15.951 1.861
9/4/2008 9:32:14 3.9 65.91 15.935 1.845
9/4/2008 9:32:14 4.2 65.91 15.92 1.83
9/4/2008 9:32:14 4.5 65.91 15.904 1.814
9/4/2008 9:32:15 4.8 65.91 15.89 1.8
9/4/2008 9:32:15 5.1 65.91 15.877 1.787
9/4/2008 9:32:15 5.4 65.91 15.861 1.771
9/4/2008 9:32:16 5.7 65.91 15.847 1.757
9/4/2008 9:32:16 6 65.91 15.835 1.745
9/4/2008 9:32:16 6.4 65.91 15.816 1.726
9/4/2008 9:32:17 6.7 65.91 15.802 1.712
9/4/2008 9:32:17 7.1 65.91 15.784 1.694
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9/4/2008 9:32:17 7.5 65.91 15.765 1.675
9/4/2008 9:32:18 8 65.94 15.747 1.657
9/4/2008 9:32:18 8.4 65.91 15.726 1.636
9/4/2008 9:32:19 8.9 65.91 15.706 1.616
9/4/2008 9:32:19 9.5 65.94 15.685 1.595
9/4/2008 9:32:20 10 65.91 15.659 1.569
9/4/2008 9:32:20 10.6 65.89 15.637 1.547
9/4/2008 9:32:21 11.3 65.89 15.61 1.52
9/4/2008 9:32:22 11.9 65.89 15.586 1.496
9/4/2008 9:32:22 12.6 65.89 15.561 1.471
9/4/2008 9:32:23 13.4 65.89 15.533 1.443
9/4/2008 9:32:24 14.2 65.89 15.504 1.414
9/4/2008 9:32:25 15 65.89 15.477 1.387
9/4/2008 9:32:26 15.9 65.89 15.447 1.357
9/4/2008 9:32:27 16.8 65.89 15.416 1.326
9/4/2008 9:32:28 17.8 65.89 15.385 1.295
9/4/2008 9:32:29 18.9 65.89 15.353 1.263
9/4/2008 9:32:30 20 65.89 15.32 1.23
9/4/2008 9:32:31 21.2 65.89 15.287 1.197
9/4/2008 9:32:32 22.4 65.89 15.253 1.163
9/4/2008 9:32:34 23.8 65.89 15.218 1.128
9/4/2008 9:32:35 25.2 65.89 15.183 1.093
9/4/2008 9:32:37 26.7 65.89 15.146 1.056
9/4/2008 9:32:38 28.2 65.89 15.112 1.022
9/4/2008 9:32:40 29.8 65.89 15.075 0.985
9/4/2008 9:32:41 31.5 65.89 15.04 0.95
9/4/2008 9:32:43 33.3 65.89 15.003 0.913
9/4/2008 9:32:45 35.2 65.89 14.967 0.877
9/4/2008 9:32:47 37.3 65.89 14.928 0.838
9/4/2008 9:32:49 39.5 65.89 14.889 0.799
9/4/2008 9:32:52 41.8 65.89 14.852 0.762
9/4/2008 9:32:54 44.3 65.89 14.811 0.721
9/4/2008 9:32:57 46.9 65.91 14.772 0.682
9/4/2008 9:33:00 49.7 65.91 14.736 0.646
9/4/2008 9:33:02 52.6 65.91 14.699 0.609
9/4/2008 9:33:06 55.7 65.91 14.66 0.57
9/4/2008 9:33:09 59 65.91 14.625 0.535
9/4/2008 9:33:12 62.5 65.94 14.588 0.498
9/4/2008 9:33:16 66.2 65.94 14.554 0.464
9/4/2008 9:33:20 70.1 65.94 14.521 0.431
9/4/2008 9:33:24 74.3 65.94 14.486 0.396
9/4/2008 9:33:29 78.7 65.96 14.457 0.367
9/4/2008 9:33:33 83.4 65.96 14.425 0.335
9/4/2008 9:33:38 88.4 65.98 14.396 0.306
9/4/2008 9:33:44 93.7 65.98 14.367 0.277
9/4/2008 9:33:49 99.3 66 14.341 0.251
9/4/2008 9:33:55 105.2 66.03 14.316 0.226
9/4/2008 9:34:01 111.5 66.03 14.293 0.203
9/4/2008 9:34:08 118.1 66.05 14.271 0.181
9/4/2008 9:34:15 125.1 66.05 14.252 0.162
9/4/2008 9:34:22 132.6 66.07 14.234 0.144
9/4/2008 9:34:30 140.5 66.09 14.217 0.127
9/4/2008 9:34:39 148.9 66.09 14.203 0.113
9/4/2008 9:34:48 157.8 66.12 14.188 0.098
9/4/2008 9:34:57 167.2 66.14 14.176 0.086
9/4/2008 9:35:07 177.2 66.16 14.163 0.073
9/4/2008 9:35:18 187.8 66.16 14.153 0.063
9/4/2008 9:35:29 199 66.19 14.145 0.055
9/4/2008 9:35:41 210.9 66.21 14.136 0.046
9/4/2008 9:35:53 223.5 66.21 14.13 0.04
9/4/2008 9:36:07 236.8 66.23 14.126 0.036
9/4/2008 9:36:21 250.9 66.23 14.12 0.03
9/4/2008 9:36:36 265.8 66.25 14.115 0.025
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9/4/2008 9:36:51 281.6 66.28 14.111 0.021
9/4/2008 9:37:08 298.4 66.28 14.109 0.019
9/4/2008 9:37:26 316.2 66.3 14.107 0.017
9/4/2008 9:37:45 335 66.3 14.103 0.013
9/4/2008 9:38:05 354.9 66.3 14.103 0.013
9/4/2008 9:38:26 376 66.3 14.101 0.011
9/4/2008 9:38:48 398.4 66.32 14.1 0.01
9/4/2008 9:39:12 422.1 66.32 14.098 0.008
9/4/2008 9:39:37 447.2 66.34 14.098 0.008
9/4/2008 9:40:04 473.8 66.34 14.098 0.008
9/4/2008 9:40:32 502 66.34 14.098 0.008
9/4/2008 9:41:02 531.9 66.34 14.098 0.008
9/4/2008 9:41:33 563.5 66.37 14.098 0.008
9/4/2008 9:42:07 597 66.37 14.096 0.006
9/4/2008 9:42:42 632.5 66.37 14.096 0.006
9/4/2008 9:43:20 670.1 66.37 14.096 0.006
9/4/2008 9:44:00 709.9 66.37 14.096 0.006
9/4/2008 9:44:42 752.1 66.37 14.096 0.006
9/4/2008 9:45:27 796.8 66.39 14.096 0.006
9/4/2008 9:46:14 844.2 66.39 14.096 0.006
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Term Units
2rc Inches 3
2rW Inches 6
Lw Feet 46.7
Le Feet 10
H* Feet 72
y0 Feet 1.25
t0 Seconds 0
yt Feet 0.01
t Seconds 220

Term Units

Input Data

5.20E-05

Hydraulic Conductivity in Feet/Minute
3.12E-03

Hydraulic Conductivity in Feet/Day
4.50E+00

* - Assumed value

Water TableWater Table

2rc

y

Calculations

Solutions

3 036

Hydraulic Conductivity in Feet/Second

A
B-506D Slug Out

Dare County C&D Landfill

Term Units
Le/rW Feet/Foot 40.00
A None 2.780
B None 0.430
C None 2.336

1 y0

t yt

Where

2rw
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In-Situ Inc. MiniTroll Pro

Report genera 9/5/2008 8:47:02
Report from fi ...\SN08812 2008-09-04 094730 B-506D Out.bin
Win-Situｮ Ver 4.57.5.0

Serial number 8812
Firmware Vers 3.09
Unit name: 

Test name: B-506D Out

Test defined o 9/4/2008 9:47:10
Test started o 9/4/2008 9:47:30
Test stopped o 9/4/2008 10:05:13

Data gathered using Logarithmic testing
   Maximum timSeconds.
   Number of d 110

TOTAL DATA 110

Channel number [1]
  MeasuremenTemperature
  Channel name:

Channel number [2]
  MeasuremenPressure
  Channel name:
  Sensor Rang 30 PSIG.
  Sensor Offse0.000 psi
  Specific grav 1

Chan[1] Chan[2]
Temperatu Pressure

  Date   Time   ET (sec) Fahrenheit Feet H2O
-------- -------- ------------ --------------- ---------------yt (ft)

9/4/2008 9:47:30 0 66.39 14.098 0.002
9/4/2008 9:47:31 0.3 66.43 13.572 0.528
9/4/2008 9:47:31 0.6 66.43 12.852 1.248
9/4/2008 9:47:31 0.9 66.43 12.863 1.237
9/4/2008 9:47:31 1.2 66.46 12.875 1.225
9/4/2008 9:47:32 1.5 66.46 12.886 1.214
9/4/2008 9:47:32 1.8 66.46 12.896 1.204
9/4/2008 9:47:32 2.1 66.46 12.906 1.194
9/4/2008 9:47:33 2.4 66.46 12.914 1.186
9/4/2008 9:47:33 2.7 66.46 12.922 1.178
9/4/2008 9:47:33 3 66.48 12.928 1.172
9/4/2008 9:47:34 3.3 66.48 12.937 1.163
9/4/2008 9:47:34 3.6 66.48 12.943 1.157
9/4/2008 9:47:34 3.9 66.48 12.949 1.151
9/4/2008 9:47:34 4.2 66.48 12.955 1.145
9/4/2008 9:47:35 4.5 66.48 12.961 1.139
9/4/2008 9:47:35 4.8 66.48 12.965 1.135
9/4/2008 9:47:35 5.1 66.48 12.971 1.129
9/4/2008 9:47:36 5.4 66.48 12.975 1.125
9/4/2008 9:47:36 5.7 66.48 12.982 1.118
9/4/2008 9:47:36 6 66.48 12.986 1.114
9/4/2008 9:47:37 6.4 66.48 12.992 1.108
9/4/2008 9:47:37 6.7 66.5 12.998 1.102
9/4/2008 9:47:37 7.1 66.5 13.004 1.096
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9/4/2008 9:47:38 7.5 66.48 13.01 1.09
9/4/2008 9:47:38 8 66.5 13.016 1.084
9/4/2008 9:47:39 8.4 66.5 13.022 1.078
9/4/2008 9:47:39 8.9 66.5 13.028 1.072
9/4/2008 9:47:40 9.5 66.5 13.034 1.066
9/4/2008 9:47:40 10 66.48 13.039 1.061
9/4/2008 9:47:41 10.6 66.48 13.047 1.053
9/4/2008 9:47:42 11.3 66.48 13.053 1.047
9/4/2008 9:47:42 11.9 66.48 13.061 1.039
9/4/2008 9:47:43 12.6 66.46 13.07 1.03
9/4/2008 9:47:44 13.4 66.46 13.078 1.022
9/4/2008 9:47:44 14.2 66.46 13.084 1.016
9/4/2008 9:47:45 15 66.46 13.094 1.006
9/4/2008 9:47:46 15.9 66.46 13.102 0.998
9/4/2008 9:47:47 16.8 66.46 13.112 0.988
9/4/2008 9:47:48 17.8 66.46 13.123 0.977
9/4/2008 9:47:49 18.9 66.46 13.133 0.967
9/4/2008 9:47:50 20 66.46 13.143 0.957
9/4/2008 9:47:51 21.2 66.46 13.155 0.945
9/4/2008 9:47:53 22.4 66.46 13.166 0.934
9/4/2008 9:47:54 23.8 66.46 13.18 0.92
9/4/2008 9:47:55 25.2 66.43 13.192 0.908
9/4/2008 9:47:57 26.7 66.46 13.206 0.894
9/4/2008 9:47:58 28.2 66.43 13.219 0.881
9/4/2008 9:48:00 29.8 66.43 13.233 0.867
9/4/2008 9:48:02 31.5 66.43 13.245 0.855
9/4/2008 9:48:04 33.3 66.43 13.262 0.838
9/4/2008 9:48:05 35.2 66.43 13.276 0.824
9/4/2008 9:48:08 37.3 66.43 13.295 0.805
9/4/2008 9:48:10 39.5 66.43 13.311 0.789
9/4/2008 9:48:12 41.8 66.43 13.327 0.773
9/4/2008 9:48:15 44.3 66.43 13.348 0.752
9/4/2008 9:48:17 46.9 66.41 13.364 0.736
9/4/2008 9:48:20 49.7 66.41 13.385 0.715
9/4/2008 9:48:23 52.6 66.41 13.403 0.697
9/4/2008 9:48:26 55.7 66.41 13.423 0.677
9/4/2008 9:48:29 59 66.41 13.444 0.656
9/4/2008 9:48:33 62.5 66.39 13.467 0.633
9/4/2008 9:48:36 66.2 66.39 13.489 0.611
9/4/2008 9:48:40 70.1 66.39 13.509 0.591
9/4/2008 9:48:45 74.3 66.37 13.532 0.568
9/4/2008 9:48:49 78.7 66.37 13.555 0.545
9/4/2008 9:48:54 83.4 66.34 13.579 0.521
9/4/2008 9:48:59 88.4 66.34 13.6 0.5
9/4/2008 9:49:04 93.7 66.32 13.625 0.475
9/4/2008 9:49:10 99.3 66.32 13.649 0.451
9/4/2008 9:49:15 105.2 66.32 13.671 0.429
9/4/2008 9:49:22 111.5 66.3 13.696 0.404
9/4/2008 9:49:28 118.1 66.28 13.719 0.381
9/4/2008 9:49:35 125.1 66.28 13.741 0.359
9/4/2008 9:49:43 132.6 66.25 13.764 0.336
9/4/2008 9:49:51 140.5 66.25 13.787 0.313
9/4/2008 9:49:59 148.9 66.23 13.809 0.291
9/4/2008 9:50:08 157.8 66.23 13.83 0.27
9/4/2008 9:50:17 167.2 66.21 13.85 0.25
9/4/2008 9:50:27 177.2 66.19 13.871 0.229
9/4/2008 9:50:38 187.8 66.19 13.889 0.211
9/4/2008 9:50:49 199 66.16 13.908 0.192
9/4/2008 9:51:01 210.9 66.14 13.927 0.173
9/4/2008 9:51:14 223.5 66.12 13.943 0.157
9/4/2008 9:51:27 236.8 66.12 13.957 0.143
9/4/2008 9:51:41 250.9 66.09 13.974 0.126
9/4/2008 9:51:56 265.8 66.07 13.986 0.114
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9/4/2008 9:52:12 281.6 66.07 14.001 0.099
9/4/2008 9:52:29 298.4 66.05 14.011 0.089
9/4/2008 9:52:46 316.2 66.05 14.021 0.079
9/4/2008 9:53:05 335 66.03 14.03 0.07
9/4/2008 9:53:25 354.9 66.03 14.038 0.062
9/4/2008 9:53:46 376 66 14.046 0.054
9/4/2008 9:54:09 398.4 66 14.053 0.047
9/4/2008 9:54:32 422.1 66 14.059 0.041
9/4/2008 9:54:57 447.2 66 14.063 0.037
9/4/2008 9:55:24 473.8 66 14.069 0.031
9/4/2008 9:55:52 502 66 14.071 0.029
9/4/2008 9:56:22 531.9 66 14.075 0.025
9/4/2008 9:56:54 563.5 66 14.079 0.021
9/4/2008 9:57:27 597 66.03 14.081 0.019
9/4/2008 9:58:03 632.5 66.03 14.083 0.017
9/4/2008 9:58:40 670.1 66.05 14.085 0.015
9/4/2008 9:59:20 709.9 66.05 14.085 0.015
9/4/2008 10:00:02 752.1 66.07 14.087 0.013
9/4/2008 10:00:47 796.8 66.09 14.086 0.014
9/4/2008 10:01:34 844.2 66.09 14.088 0.012
9/4/2008 10:02:25 894.4 66.12 14.086 0.014
9/4/2008 10:03:18 947.5 66.09 14.088 0.012
9/4/2008 10:04:14 1003.8 66.09 14.088 0.012
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Section 1 
Introduction 
 
The purpose of this Operations Plan is to provide the Dare County C&D Landfill staff 
with a manual that will serve as a guide for safe and efficient operation of the C&D 
Landfill, including Cell No. 4 that is proposed for construction.  This Operations Plan 
has been prepared in accordance with the North Carolina Solid Waste Rule 15A 
NCAC 13B .0542, Operation Plan and Requirements for C&D Landfill Facilities, and 
therefore addresses the following issues.  

 Waste Acceptance and Disposal Requirements 
 Cover Material Requirements 
 Spreading and Compacting Requirements 
 Disease Vector Control 
 Air Criteria and Fire Control 
 Access and Safety Requirements 
 Erosion and Sedimentation Control Requirements 
 Drainage Control and Water Protection Requirements 
 Survey for Compliance 
 Operating Record and Recordkeeping Requirements 

 
Additionally, Table 1 is provided to summarize all required documents or 
documentation (record keeping) to be included in the operating record which must be 
maintained by the County and retained at the facility.  The operating record may be 
inserted into a 3-ring binder located at the scale house or main administration 
building.  It is the intent that Table 1 is clearly and visually posted to ensure direction 
on record keeping.   
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Table -1 
Dare County C&D Landfill 

Operating Record Requirements 
 

Required Record Keeping Rule 
Reference 

in Ops 
Plan 

Action 

INCOMING WASTE 

Attempted disposal of any 
prohibited wastes .0542 2.5 Report to NCDENR within 24 hrs and 

keep report on file 
Attempted disposal of any waste 
from outside the permitted service 
area 

.0542 2.5 Report to NCDENR within 24 hrs and 
keep report on file 

Records of random waste 
inspections .0544 11.1 Note date and result and include in 

Operating Record  
Amounts by weight of solid waste 
received at the C&D landfill, 
include county of generation 

-- 11.1 Include in Operating Record monthly 
totals 

DISPOSAL OPERATIONS 

Placement of cover material .0542 3.1 Note date and time and include in 
Operating Record 

Open burning requests .0542 6.2 
Note date of approval and approving 
DWM personnel and include in 
Operating Record 

Fire and explosion notification .0542 6.4 
Report to NCDENR verbally within 24 
hrs and written by 15 days and keep 
notification on file 

GROUNDWATER AND SURFACE WATER MONITORING 

Groundwater and surface water 
monitoring reports .0544 App. A Semi-annual, include current reports 

in Operating Record 

METHANE (LFG) MONITORING 

Methane (LFG) monitoring reports .0544 App. B Quarterly, include forms in Operating 
Record. 

Exceedance in methane levels – 
required action within 7 

days following detection
.0544 App. B 

Include in Operating Record detected 
levels and description of steps to 
protect human health 

Exceedance in methane levels – 
required action within 60 days 

following detection
.0544 App. B Include in Operating Record a 

remediation plan for gas releases  
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Table -1 (Continued) 
Dare County C&D Landfill 

Operating Record Requirements 
 

Required Record Keeping Rule 
Reference 

in Ops 
Plan 

Action 

TRAINING 

Certifications of training  .0544 11.1 Include in Operating Record 
Training procedures .0544 11.1 Include in Operating Record 

MISCELLANOUS 

Audit records, compliance 
records and inspection reports .0542 11.1 Include in Operating Record 

CLOSURE/POST-CLOSURE 

Any closure or post-closure 
monitoring, testing, or 
analytical data 

.0543 11.1 Note date and result and include in 
Operating Record 

REQUIRED APPROVED DOCUMENTS TO BE INCLUDED IN THE OPERATING RECORD 

Current Operations Plan and Monitoring Plan in accordance with Rules .0542 & .0544 
Current Engineering Plan required by Rule .0539 
Current Permit to Construct and Permit to Operate 
Current cost estimates and financial assurance documentation 
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Section 2 
Waste Acceptance and Disposal 
Requirements  
 
2.1 Waste Definitions 
Agricultural Waste - waste material produced from raising of plants and animals, 
including animal manures, bedding plant stalks, hulls, and vegetative matter. 

Asbestos Waste - any waste material that is determined to contain asbestos. 

Asphalt - in accordance with G.S. 130-294 (m). 

Blood Product - all bulk blood and blood products. 

Commercial Solid Waste - all types of solid waste generated by retail stores, offices, 
restaurants, warehouses, and other non-manufacturing activities, excluding 
residential waste. 

Construction or Demolition Debris - solid waste resulting solely from construction, 
remodeling, repairs or demolition operations on pavement, buildings, or other 
structures, but does not include inert debris, land-clearing debris or yard debris. 

Hazardous Waste - any solid waste that is defined as hazardous in 15A NCAC 13A 
261.3 and that is not excluded from regulation as a hazardous waste from 
conditionally exempt small quantity generators as defined within 15A NCAC 13A 
261.5. 

Hot Load - when a waste hauling vehicle is transporting solid waste that is burning or 
smoldering, it is referred to as a hot load. 

Household Waste - any solid waste derived from households including hotels and 
motels, bunkhouses, ranger stations, crew quarters, campgrounds, picnic grounds, 
and day-use recreation areas. 

Industrial Solid Waste - solid waste generated by manufacturing processes that is not 
a hazardous waste regulated under Subtitle C of RCRA.  Such waste may include, but 
is not limited to, waste resulting from the following manufacturing processes:  electric 
power generation; fertilizer/agricultural chemicals;  food and related products/by-
products; inorganic chemicals; iron and steel manufacturing; leather and leather 
products; nonferrous metals manufacturing/foundries; organic chemicals; plastics 
and resins manufacturing; pulp and paper industry; rubber and miscellaneous plastic 
products; stone, glass, clay, and concrete products; textile manufacturing; 
transportation equipment; and water treatment.  This term does not include mining 
waste or oil and gas waste. 
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Inert Debris - any solid waste which consists solely of material such as concrete, 
brick, concrete block, uncontaminated soil, rock, and gravel. 

Infectious Waste - any solid waste capable of producing an infectious disease.  These 
types of waste include microbiological waste, pathological waste, blood products, and 
sharps. 

Land-Clearing Debris - solid waste which is generated solely from land clearing 
activities such as stumps and trees trunks. 

Liquid Hydrocarbons - as defined under Article 21A of Chapter 143 of the North 
Carolina General Statutes: except that any such oils or other liquid hydrocarbons that 
meet the criteria for hazardous waste under the Federal Resource Conservation and 
Recovery Act (P.L. 94-580) as amended. 

Liquid Waste - any waste material that is determined to contain free liquid by 
Method 9095 (Paint Filter Test). 

Microbiological Waste - includes cultures and stocks of etiologic agents.  The term 
includes cultures of specimens from medical, pathological, pharmaceutical, research, 
commercial, and industrial laboratories. 

Oils - As defined under Article 21A of Chapter 143 of the North Carolina General 
Statutes: except that any such oils that meet the criteria for hazardous waste under the 
Federal Resource Conservation and Recovery Act (P.L. 94-580) as amended. 

Pathological Waste - includes:  human tissue, organs, body parts, secretions, and 
excretions, blood, and body fluids that are removed during surgery and autopsies; the 
carcasses and body parts of all animals that were exposed to pathogens in research, 
were used in the production of biological or in the in-vitro testing of pharmaceuticals, 
or that died of known or suspected infectious disease. 

Polychlorinated Biphenyls (PCB) - defined as any of several compounds that are 
produced by replacing hydrogen atoms in biphenyl with chlorine.  PCB's were most 
frequently used as an additive to oil or other liquid in situations where heat is 
involved.  PCB's have been used in paints and lubricants, however the most common 
application was in electric transformers. 

Radioactive Waste - any waste that contains radioactivity as defined by the North 
Carolina Radiation Protection Act, G.S. 104E-1 through 104E-23.  Radioactivity is 
defined as the property possessed by some elements of spontaneously emitting alpha 
or beta rays and sometimes gamma rays by the disintegration of the nuclei of atoms. 

Sharps - includes needles, syringes with attached needles, capillary tubes, slides and 
cover slips, and scalpel blades. 
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Spoiled Food - any food which has been removed from sale by the United States 
Department of Agriculture, North Carolina Department of Agriculture, Food and 
Drug Administration, or any other regulatory agency having jurisdiction in 
determining that food is unfit for consumption.  

Treatment or Processing Waste - any waste that is a residual solid from a wastewater 
treatment or pretreatment facility. 

Tires - rubber tires from vehicles.  

White Goods - any inoperative and discarded refrigerators, freezers, ranges, washers, 
dryers, water heaters, and other large domestic commercial appliances. 

Yard Trash - solid waste resulting from landscaping and yard maintenance such as 
brush, grass, tree limbs, and similar vegetative material.  

2.2 Acceptable Waste 
In accordance with Rule .0542(c)(1), a C&D landfill shall only accept those solid 
wastes which it is permitted to dispose of.  In accordance with the current Permit to 
Operate (dated November 30, 2006), the Dare County C&D Landfill is permitted to 
dispose of the following using normal operating procedures (as defined previously): 

 Construction or Demolition Debris; 

 Inert Debris; 

 Land-Clearing Debris; 

 Asphalt; and  

 Scrap Tires. 

 Asbestos (Non-Friable Asbestos Only) 

2.3 Prohibited Wastes 
The following wastes will be prohibited from disposal at the Dare County C&D 
Landfill: 

 Wastewater treatment sludge; 

 Containers such as tubes, drums, barrels, tanks, cans, and bottles unless they are 
empty and perforated to ensure that no liquid, hazardous or municipal solid waste 
is contained within; 

 Garbage as defined in G.S. 130A-290(a)(7); 

 Hazardous waste as defined in G.S. 130A-290(a)(8); 

 Industrial solid waste; 

 Liquid waste; 
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 Medical waste as defined in G.S. 130A-290(a)(18); 

 Municipal solid waste as defined in G.S. 130A-290(a)(18a); 

 Polychlorinated biphenyls (PCB) wastes as defined in 40CFR 761; 

 Radioactive waste as defined in G.S. 104E-5(14); 

 Septage as defined in G.S. 130A-290(a)(32); 

 Sludge as defined in G.S. 130A-290(a)(34); 

 Special wastes as defined in G.S. 130A-290(a)(40); 

 White goods as defined in G.S. 130A-290(a)(44); and 

 Yard trash as defined in G.S. 130A-290(a)(45). 

The following wastes cannot be received if separate from C&D landfill waste: 

 Lamps or bulbs including but not limited to halogen, incandescent, neon or 
fluorescent; 

 Lighting ballast or fixtures; 

 Thermostats and light switches; 

 Batteries including but not limited to those from exit and emergency lights and 
smoke detectors;  

 Lead pipes;  

 Lead roof flashing;  

 Transformers;  

 Capacitors; and  

 Copper chrome arsenate (CCA) and creosote treated woods. 

Waste accepted for disposal in the C&D landfill shall be readily identifiable as C&D 
waste and shall not have been shredded, pulverized, or processed to such an extent 
that the composition of the original waste cannot be readily ascertained. 

The County shall not knowingly dispose any type or form of C&D waste that is 
generated within the boundaries of a unit of local government that by ordinance: 

 Prohibits generators or collectors of C&D waste from disposing that type or form of 
C&D waste. 

 Requires generators or collectors of C&D waste to recycle that type or form of C&D 
waste. 

2.4 Receiving Prohibited Waste 
The Dare County C&D Landfill shall only accept those solid wastes that it is 
permitted to receive.  The County will notify the North Carolina Department of 
Environment and Nature Resources Division of Waste Management (NCDENR 
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DWM) within 24 hours of attempted disposal of any waste the C&D landfill is not 
permitted to receive.   

A report shall be prepared of any attempted delivery of waste of which the landfill is 
not permitted to receive, including waste from outside the permitted landfill service 
area.  The report will be forwarded to: 

Department of Environment and Natural Resources 
Division of Waste Management 
Solid Waste Section 
1646 Mail Service Center 
Raleigh, North Carolina 27699-1646 

2.5 Waste Screening Program 
Dare County has adopted a waste screening program at their C&D landfill facility for 
detecting and preventing the disposal of MSW, hazardous waste, and liquid waste.  
This program includes: 

 Random inspection of incoming loads or other comparable procedures. 

 Records of inspection. 

 Training of facility personnel to recognize hazardous and liquid waste. 

 Development of a contingency plan to properly manage any identified hazardous 
and liquid waste addressing identification, removal, storage, and final disposition 
of the waste. 

Since Cell No. 4 will be located within the same property as the Dare County C&D 
Landfill, the existing waste screening program can be effectively used. 
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Section 3 
Cover Material Requirements 
 
3.1 Daily Cover 
In accordance with Rule .0542(f), the County shall cover disposed C&D waste with six 
inches of earthen material (or alternative cover material (ACM) approved by the Solid 
Waste Section (SWS)) when the waste disposal area exceeds one-half acre and at least 
once weekly.  Cover shall be placed at more frequent intervals if necessary, to control 
disease vectors, fires, odors, blowing litter, and scavenging.  A notation of the date 
and time of the cover placement must be recorded in the operating record.   

In accordance with Rule .0542(f)(2), 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, shall be covered and stabilized with vegetative ground 
cover or other stabilizing material. 

3.2 Alternative Cover 
Dare County does not intend to utilize any alternative daily cover materials at this 
time.  If, in the future, the County chooses to utilize an alternative daily cover, an 
application will be submitted for review by the North Carolina Solid Waste Section. 
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Section 4 
Spreading and Compacting of Waste 
 
The primary goals of Cell No. 4 waste placement are to (1) maximize the mass of 
waste landfilled through compaction, (2) minimize erosion and sedimentation impact 
to the surrounding and disposal areas, and (3) comply with all operating rules and 
regulations of the North Carolina Solid Waste Section for C&D landfills.  

4.1 Working Area  
In accordance with Rule .0542(g)(1), the County shall restrict solid waste into the 
smallest area feasible (working face).  The working face is defined as where waste is 
unloaded, inspected, spread, compacted, and ultimately covered with cover material.  
The working face shall be wide enough to prevent a backlog of vehicles waiting to 
unload and to allow adequate working space for landfill equipment.  At a maximum, 
the width of the working face shall not exceed 100 feet. 

4.2 Compaction  
Per Rule .0542(g)(2), solid waste shall be compacted as densely as practical into cells. 
Proper waste spreading and compaction is necessary both to conserve the capacity of 
the disposal areas and to minimize future settlement.  C&D waste will be unloaded, 
inspected for unacceptable items, and spread on the working face.  Each layer shall be 
compacted with a dozer.  

4.3 Controlling Wind Blown Material  
In accordance with Rule .0542(g)(3), appropriate methods such as fencing and diking 
shall be provided as needed within the landfill area to confine solid waste which is 
subject to be blown by the wind.  At the conclusion of each day of operation, all 
windblown material at the landfill site shall be collected and returned to the working 
face. 

4.4 Filling Sequence 
Yearly operational grades are provided per rule .0542(b1)(B) on Sheets OP-1to OP-3. 
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Section 5 
Disease Vector Control 
 
In accordance with Rule .0542(h), the County shall prevent or control on-site 
populations of disease vectors using techniques appropriate for the protection of 
human health and the environment.  Disease vectors are defined as any rodent, flies, 
mosquitoes, or other animals or insects, capable of transmitting disease to humans. 

Effective vector control measures shall be applied when necessary.  Control of vectors 
will be maintained by application of well-compacted cover material over the 
compacted solid waste that promotes drainage.  This will protect against migration of 
vectors into and from the landfill.  Stagnant ponding water should be prevented to 
control mosquito breeding.  Filling in low spots should be performed regularly, and if 
necessary, County mosquito control or a licensed exterminator shall be employed to 
control vectors.  
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Section 6 
Air Criteria and Fire Control 
 
6.1 State Implementation Plan 
In accordance with Rule .0542(i)(1), the County shall ensure that units do not violate 
any applicable requirements developed under a State Implementation Plan (SIP) 
approved or promulgated by the U.S. EPA Administrator pursuant to Section 110 of  

6.2 Open Burning of Waste 
Per Rule .0542(i)(2), open burning of solid waste, except for the approved burning of 
land clearing debris generated on-site or debris from emergency clean-up operations, 
is prohibited at the C&D landfill.  Prior to any burning, a request shall be sent to the 
NCDENR DWM for review.  The DWM will determine if the burning to be approved 
is one of the two types of burning as described above.  A notation of the date of 
approval and the name of the Division personnel who approved the burning shall be 
included in the operating record. 

6.3 Fire Protection Equipment 
In accordance with Rule .0542(i)(3), equipment shall be provided to control accidental 
fires and arrangements shall be made with the local fire protection agency to 
immediately provide fire-fighting services when needed.  Fires that break out close to 
the surface of the fill area should be dug out and smothered with cover material.  
Deep fires should be smothered out by placing moist soil on the surface and by 
constructing soil barriers around the fire.  Where the smothering technique fails, the 
burning material shall be excavated and smothered or quenched with water once the 
burning material is brought to the surface.  Water is usually not effective unless it can 
be directly applied to the burning material. 

6.4 Fire and Explosion Notification 
Per Rule .0542(i)(4), fires and explosions that occur at a C&D landfill require verbal 
notice to the DWM within 24 hours and written notification within 15 days.  Written 
notification shall include the suspected cause of fire or explosion, the response taken 
to manage the incident, and the action(s) to be taken to prevent the future occurrence 
of fire or explosion.  Verbal and written notification shall be submitted to: 

Department of Environment and Natural Resources 
Division of Waste Management 
Solid Waste Section 
1646 Mail Service Center 
Raleigh, North Carolina 27699-1646 
(919) 733-4810 
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Section 7 
Access and Safety Requirements 
 
7.1 Landfill Access and Safety 
In accordance with 15A NCAC 13B . 0542(j)(1), the Dare County C&D Landfill must 
be adequately secured by means of gates, chains, berms, fences and other security 
measures approved by the Division of Solid Waste Management to prevent 
unauthorized entry. 

The property is located in a relatively remote area of mainland Dare County and is 
bounded to the east by US Hwy 264 and by the Alligator River National Wildlife 
Refuge, which is under the administration of the US Fish and Wildlife Service 
(USFWS) on the remaining sides.  Access to the C&D disposal area from US Hwy 264 
is provided by a constructed canal crossing that connects Cub Road with US Hwy 264.  
Secondary access to the site is provided by Link Road, however this access remains 
closed to the public.  Primary access to the C&D disposal area is provided by way of  
Cub Road. 

The eastern ends of Link Road and Cub Road cross a drainage canal before they 
connect to US Hwy 264.  Because of the canal and adjacent forested wetlands, there 
are no other access points to the site from US Hwy 264 and additional fencing is not 
required.   

An access gate is currently located at the entrance of Cub and Link Road and is locked 
when the site is closed.  All vehicles disposing of waste at the facility will enter and 
leave through the access control gate at Cub Road.  A gate attendant house is located 
immediately inside the gate on the southern edge of Cub Road.  All vehicles carrying 
waste to the landfill must first be weighed at the scale house before disposing at the 
landfill.   

Access from the western side of the site is limited because all adjacent properties are 
in the wildlife refuge and the nearest public access (other than Link Road and Cub 
Road) is approximately five miles away.  An access gate is at the western end of Link 
Road.  This gate belongs to the USFWS and is locked at all times when not in use to 
prevent unauthorized access to the wildlife refuge. 

7.2 Attendant 
In accordance with 15A NCAC 13B .0542(j)(2), an attendant shall be on duty at the site 
at all times while the facility is open for public use to ensure compliance with 
operational requirements. 
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A full-time attendant will be located in the scale house during operating hours.  The 
attendant will verify compliance with operation requirements.  In addition, a Facility 
Supervisor will be present on-site at all times during operation. 

7.3 Access Road 
In accordance with 15A NCAC 13B .0542(j)(3), the access road to the site shall be of all 
weather construction and maintained in good condition.  The all weather access roads 
at the site include Link Road, Cub Road and the access roads from Link and Cub 
Road to each of the disposal cells, which are paved with compacted crushed stone.  
Potholes, ruts, and debris on the roads will receive immediate attention in order to 
avoid damage to vehicles and maintain all weather access.  Access roads will be 
regraded as necessary to maintain positive slope for adequate drainage. 

7.4 Dust Control 
Per Rule .0542(j)(4), dust control measures shall be implemented when necessary.   
Minimum dust control will include a water truck for wetting of dusty roads.  
Sprinklers are also used along some portions of the landfill perimeter access road.  
Petroleum products shall not be used for dust control. 

7.5 Signs 
In accordance with Rule .0542(j)(5), a sign providing information on disposal 
procedures, the hours during which the site is open for public use, the permit number 
and other pertinent information specified in the permit conditions is posted at the site 
entrance at Cub Road. 

In accordance with Rule .0542(j)(6), signs shall be clearly posted stating that no liquid, 
hazardous and municipal solid waste can be disposed in the C&D landfill.  

In accordance with Rule .0542(j)(7), traffic signs or markers are provided to promote 
an orderly traffic pattern to and from the discharge area and to maintain efficient 
operating conditions.  

7.6 Waste Removal Scavenging Policy 
Per Rule .0542(j)(8), the removal of solid waste from the C&D landfill is prohibited. 

7.7 Managing Recyclables 
The only recyclables accepted at the Dare County C&D LF are white goods and scrap 
metal.  Upon arrival of these materials at the scale house they are inspected, and if 
they are deemed acceptable recyclable materials they are directed to a stockpile area 
near the working face of the active C&D landfill phase.  Periodically a local recycling 
collection company collects the recyclables for processing and recycling.  Recyclables 
are not stockpiled under a covered structure, however the stockpile area is always 
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adjacent to the working are in each active phase thus proper drainage is established to 
prevent standing water from developing. 
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Section 8 
Erosion and Sediment Control 
Requirements 
 
8.1 Control of Sediment  
In accordance with Rule .0542(k)(1), adequate sediment control measures shall be 
utilized to capture and control sediment in order to prevent sediment from impacting 
wetlands and off-site properties. 

Erosion control measures for Cell No. 4 are shown on the Grading Plan, Sheet C-3 and 
Detail Sheet D-1 of the Engineering Plan.  Measures include maintaining a 250-foot 
buffer to protect the canals adjacent to Link Road and Cub Road.  In addition, gravel 
and riprap filter basins will be constructed on the south end of the drainage ditches 
bordering the east and west sides of Cell No. 4.  Calculations for the filter basins are 
included in the Engineering Plan.  Temporary and permanent vegetation will be 
established at the site in accordance with the Engineering Plan. 

The filter basins have been designed in such a manner that releases will not overload 
downstream drainage features or damage adjacent property.  Sediment accumulated 
in the filter basins shall be removed as the filter basins becomes filled with sediment 
(approximately two feet above the bottom of the basins).  Silt gages shall be installed 
in both basins.  Ditches require frequent inspection for sediment buildup.  At a 
minimum, the sediment buildup should be assessed after all significant rain events.  
All sediment removed will be transported to the borrow area, dewatered, and 
stockpiled. 

8.2 On-Site Erosion Control 
1) Per Rule .0542(k)(2), adequate erosion control measures consisting of vegetative 

cover, materials, structures or devices shall be utilized to prevent excessive on-site 
erosion of the C&D landfill. 

2) Erosion control measures shall include: 

A. Disturbing as little area as practical at any one time for landfilling operations. 

B. Seeding/Mulching of all disturbed areas commencing as soon as practically 
possible.   

C. Employing erosion netting or sod on steep slopes and other erosion prone 
areas. 

D. Use of earthen berms, hay bales, silt fences, riprap or equivalent devices 
down-gradient of disturbed areas, stockpiles, drainage pipes inlets and outlets 
and at intervals along grassed waterways, until such time as permanent 
vegetation is established. 
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E. Placement of riprap at the inlets and outlets of stormwater piping. 

 

8.3 Vegetative Cover 
In accordance with Rule .0542(k)(3), vegetative ground cover sufficient to restrain 
erosion shall be accomplished as directed by appropriate state or local agency upon 
completion of any phase of C&D landfill development consistent with Rule 
.0543(c)(5). 

Riprap, hay bales, or other acceptable temporary methods of erosion control may be 
required until permanent cover is established.  Mulching, until a vegetative cover is 
established, can stabilize areas where final grade has been reached.  Soil mulching can 
be achieved using wood chips, straw, hay, asphalt emulsion, jute matting, and 
synthetic fibers.  Mulches allow for greater water retention; reduce the amount of 
runoff; retain seeds, fertilizer, and lime in place; and, improve soil moisture and 
temperature conditions. 

Temporary seeding shall be applied in accordance with the NC Erosion and Sediment 
Control Planning and Design Manual, June 2006.  
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Section 10 
Survey for Compliance 
 
In accordance with Rule .0542(m), within 60 days of the County's receipt of the 
DWM's written request, the County shall conduct a survey of the active or closed 
portions of the C&D landfill in order to determine whether operations are being 
conducted in accordance with the approved design and operational plans.  The 
County shall report the results of such survey, including a map produced by the 
survey, to the DWM within 90 days of receipt of the DWM's request.  The survey shall 
be performed by a land surveyor registered in North Carolina. 
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Section 11 
Operating Record and Record Keeping 
Requirements 
 
11.1 Regulatory Requirements 
In accordance with Rule .0542(n)(1), the county shall record and retain at the facility 
or alternative location near the facility the following information as it becomes 
available: 

 Records of random waste inspections, monitoring results, certifications of training, 
and training procedures required by Rule .0544; 

 Amounts by weight of solid waste received at the C&D landfill, include county of 
generation; 

 Any demonstration, certification, finding, monitoring, testing, or analytical data 
required by Rules .0544 through .0545; 

 Any closure or post-closure monitoring, testing, or analytical data as required by 
Rule .0543; 

 Any cost estimates and financial assurance documentation required by Rule .0546; 

 Notation of date and time of placement of cover material; and 

 All audit records, compliance records and inspection reports. 

11.2 Operating Record 
Per Rule .0542(n)(2), all information contained in the operating record must be 
furnished to the Division according to the permit or upon request, or be made 
available for inspection by the Division. 

The operating record must also include: 

(A)  A copy of the approved operation plan required by this Rule and the engineering    
plan required by Rule .0539; 

(B)   A copy of the current Permit to Construct and Permit to Operate; and 

(C)  The Monitoring Plan, in accordance with Rule .0544 of this Section, included as 
appendices to the Operation Plan. 
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Section 12 
Contingency Plan 
The purpose of this contingency plan is to provide a general operations overview in 
the event of unforeseen conditions at the landfill.  This is for general purposes and 
should be evaluated with each event to determine the most appropriate means and 
methods for dealing with the situation.   

12.1 Equipment Breakdown 

In the event of equipment malfunction, the County will either Transfer all waste off-
site via the transfer station until equipment is properly restored or provide rental 
equipment necessary to perform the daily landfill operations, until the repairs are 
made. 

12.2 Unusual Traffic Patterns 

Landfill traffic is controlled at the gate.  Should a period of unusual traffic volume 
occur, traffic will be controlled at the gate to ensure the landfill working surface is not 
impacted.  All traffic patterns inside the landfill gate will be properly marked to direct 
traffic accordingly once through the gate. 

12.3 Natural Disasters 

In the event of a natural disaster temporary staffing and rental equipment will be 
provided at the facility to maintain normal operating conditions.  In addition, if waste 
volume cannot be handled at the C&DLF, waste will be diverted through the transfer 
station as necessary.     

12.4 Power Outages 

In the event a power outage occurs the landfill will have a contract with a local 
equipment rental company to provide the necessary generator(s) to maintain landfill 
scale house operations.  Power outages are not expected to impact other filling 
operations.  

12.5 Accidental Spills 

In the event an accidental spill occurs the spill will be contained and all landfill 
operations will be shifted to another area within the landfill or C&D waste will be 
transferred until operations can return to the C&DLF.  

 



Operations Plan Drawings 
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Appendix A 
Water Quality Monitoring Plan 
 
1 Purpose 
The purpose of this Water Quality Monitoring Plan is to address the requirements in 
Rule .0544(b) and (c) to present a plan for groundwater and surface water monitoring 
for the proposed Dare County C&D Landfill Cell 4 expansion. This Water Quality 
Monitoring Plan is an addendum to the Revised Plan for Cell 3 which was submitted 
to the Solid Waste Section by CDM in May 2005 with the Cell 3 Permit to Construct 
Application. This Water Quality Monitoring Plan includes information on the 
expansion of the existing groundwater monitoring network, surface water monitoring 
plan, sampling and analysis requirements, and detection monitoring requirements. 
The groundwater monitoring network was designed based on information obtained 
from recent and previous subsurface investigations and a review of literature 
pertaining to regional geology and groundwater resources. 

1.1 Scope 
The Water Quality Monitoring Plan includes the following elements, in accordance 
with Rule .0544: 

 Design and installation of a groundwater monitoring system, based on site-specific 
information, to yield groundwater samples from the aquifer that represents the 
quality of the background groundwater that has not been affected by landfill 
activities or other man-made activities. 

  Design and installation of groundwater monitoring system, based on site-specific 
information, to yield groundwater samples from the aquifer that represent the 
quality of groundwater passing the relevant point of compliance. 

  Monitor wells designed and constructed in accordance with the applicable North 
Carolina Well Construction Standards as found in 15A NCAC 2C. 

  A Sampling and Analysis Plan that includes procedures and techniques for sample 
collection, sample preservation and shipment, analytical procedures, chain-of-
custody procedures, and quality assurance and quality control. 

2 Geologic Setting 
The Dare County Construction and Demolition Landfill property is located 
approximately 2.5 south of the intersection of US-64 and US-264 near Manns Harbor, 
North Carolina and encompasses an area of approximately 836 acres. With the 
exception of the landfill cells, the site is flat with natural ground elevations generally 
ranging from 0 feet msl to 4 feet msl. The C&D landfill property is surrounded by 
cultivated farmland with some wooded areas. There are several irrigation ditches 
trending from north to south across the property that discharge to larger east-west 
trending canals on either side of the property. 
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The Dare County C&D Landfill is located in the Coastal Plain Physiographic 
Province. The Coastal Plain of North Carolina is approximately 90 to 150 miles wide 
from the Atlantic Ocean westward to its boundary with the Piedmont province. The 
western boundary is generally known as the Fall Line and is recognized as zones of 
rapids in streams, indicating a change of gradient as the streams pass from crystalline 
basement rocks to Coastal Plain sediments (Winner and Coble, 1989). The Coastal 
Plain consists of two subdivisions: The Tidewater region and the Inner Coastal Plain. 
The proposed landfill site is located within the Tidewater region. Land surface 
altitudes in the area range from mean sea level (msl) to 10 feet above msl. The 
Tidewater region is generally of low relief and contains swampy areas. 

The site is located within the Pasquotank (Albermarle Sound) River Basin. Most of the 
proposed Cell 4 area is currently used as farmland that was converted from wetlands. 

2.1 Geology 
Sediments of the Coastal Plain range from clay to gravel with lesser amounts of 
marine limestone overlying the crystalline basement rocks. In Dare County, depth to 
the basement rock is approximately 6,000 feet below land surface. The numbers of 
individual sedimentary beds of the Coastal Plain increase towards the east, have an 
easterly dip, and tend to thicken towards the east (Winner and Coble, 1989). 

The proposed Cell 4 site is directly underlain by post-Miocene aged surficial deposits 
and the Yorktown Formation of Pliocene age. The surficial deposits consist of 
undifferentiated marine and non-marine clastic sediments including very fine to 
medium grained quartz sand with common shell beds and minor amounts of 
interbedded silt and clay. Thickness of the surficial deposits in this area range from 70 
feet to greater than 100 feet, with the thickness increasing towards the east (CDM, 
1998). In the proposed landfill area, the surficial sediments were found to be 
approximately 65 feet thick. 

Typically, the Yorktown formation underlies the surficial deposits. West of the 
Tidewater Region, the Yorktown formation is thin, but thickens eastward at an 
approximate rate of 7 feet per mile, and in Dare County, North Carolina, thickness 
can exceed 500 feet (Winner and Coble, 1989). The Yorktown formation is composed 
largely of fine sand, silty and clayey sand, and clay and is characterized by shells and 
indurated shell beds throughout. Coarser sand and shell beds are not uncommon to 
the east, but fine sand is the dominant material (Winner and Coble, 1989). At the 
proposed landfill site, sediments of the Yorktown confining unit formation were 
encountered at depths of about 65 feet below land surface and typically extended to 
depths of 85 to 90 feet. 

Based on the previous Cell 1&2 investigation by others and subsequent subsurface 
investigations completed by CDM in 2004, 2007 and 2008, the geology at the site was 
found to be composed of 5 layered surficial sediment units. The uppermost unit was 
found to consist of topsoil and organic silt and extended to depths ranging from 8-
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inches to 2-feet below land surface. Below the topsoil and organic silt, a layer of 
mottled silty fine sand was encountered.  At the Cell 4 site, the thickness of the silty 
fine sand layer ranged from 1.5 to 2 feet. Below the silty fine sand, a layer of medium 
gray fine to medium sand was encountered. This layer was generally found to be 
about 19 feet thick and extended to a depth of about 24 feet below land surface. Some 
zones of silty sand and coarse sand were encountered within this layer. The next layer 
encountered was a dark gray sand and silt layer. The sand and silt layer was found to 
be about 5 to 7 feet thick and extended to about 32 feet below land surface. Beneath 
the sand and silt layer, a layer of gray, moderate to well sorted fine to medium sand 
and shell was encountered. This layer was found to extend to approximately 65 feet 
below land surface. This layer extended to the top of the Yorktown Confining Unit 
clays (CDM, 2005). 

2.2 Hydrogeology 
The hydrogeology of the region consists of a series of younger aquifers and confining 
units overlying Cambrian age basement rocks. For the purposes of this report, only 
the surficial aquifer and the Yorktown aquifer will be discussed. The Yorktown 
aquifer and confining unit are comprised of the upper part of the Pungo River, 
Yorktown and Chowan River formations. The surficial aquifer is primarily made up 
of Quaternary age surficial deposits. 

Surficial Aquifer 
Generally, the surficial aquifer within the Coastal Plain consists of Quaternary age 
deposits near land surface that were deposited in a marginal marine environment, 
and is mostly made up of shelly, silty sands and thin clay beds. The thickness of the 
aquifer is variable and ranges from 10 feet in the western portions of the Coastal Plain 
to more than 100 feet in Camden, Currituck, and Dare Counties (Lautier, 1998). The 
surficial aquifer at the proposed landfill site was found to be approximately 60 feet 
thick. 

This unit is of major importance to the hydrology of the area because it extends over a 
large part of the Coastal Plain and infiltration from rainfall provides the bulk of 
recharge to the underlying aquifers. The surficial aquifer transmits water laterally to 
canals and swamps and serves as a source bed holding the water that migrates 
downward to the underlying aquifers. The recharge to the surficial aquifer depends 
on how quickly rainfall can infiltrate into the aquifer. Recharge rates depend on the 
capacity of the soils to allow water to migrate downward through the unsaturated 
zone (Winner and Coble, 1989). 

Yorktown Confining Unit 
The Yorktown confining unit consists of a series of discontinuous clay and silt beds 
that vary considerably in stratigraphic position between the Chowan River and the 
upper part of the Yorktown formation (Lautier, 1998). The Yorktown aquifer and its 
confining unit are entirely overlain by the surficial aquifer in this area and receive 
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some recharge from it. The Yorktown is a leaky aquifer that is in direct contact with 
streams that have channeled into it or with their alluvial deposits (Lautier, 1998). 

The Yorktown confining unit overlies the Yorktown aquifer and serves as the 
hydrogeologic boundary between the Yorktown aquifer and the surficial aquifer. The 
average thickness of the Yorktown confining unit is about 22 feet. Westward toward 
the Fall Line, the confining unit averages about 13 feet thick and eastward near the 
coast about 40 feet and reaches thicknesses up to 70 feet in some areas (Winner and 
Coble, 1989). Geophysical logs from test wells installed by CDM in Manns Harbor 
showed confining unit thicknesses around 60 feet (CDM, 1998). 

Yorktown Aquifer 
The Yorktown aquifer is the uppermost confined aquifer in the area, and is 
principally comprised of the Chowan River and Yorktown formations. The Yorktown 
aquifer is separated into subaquifers due to its complex, discontinuous nature of 
deposition (Lautier, 1998). The Yorktown aquifer is described as fine to medium 
grained shelly, clayey sands that were deposited in a shallow marine shelf setting. 
The Yorktown aquifer is confined regionally by a series of confining beds which do 
not comprise a single unit, since these beds vary significantly in stratigraphic position 
(Lautier, 1998). Thickness of the Yorktown aquifer varies from less than 20 feet thick 
in areas to the west where erosion by stream channels has occurred to greater than 
300 feet thick in eastern Dare County. 

Winner and Coble (1989) estimated the average hydraulic conductivity for the 
Yorktown aquifer to be about 22 feet/day. Lautier (1998) reported hydraulic 
conductivity values ranging from 0.226 to 98 ft/day. 

Individual private wells are the only source of water supply currently existing in the 
area surrounding the site. The nearest water supply is greater than 500 feet in any 
direction from the landfill. Supply wells in the area are generally completed in the 
upper Yorktown aquifer at depths ranging from 130 to 200 feet below land surface. 

Based on data from the new and existing piezometers and monitoring wells in and 
around the expansion area, the major groundwater recharge feature at the site is 
precipitation. Surface drainage at the site is predominately governed by the canals to 
the north and south of the site. These canals trend in an east/west direction toward 
the canal along US-264. There are also two smaller ditches on the east and west of the 
Cell 4 site that discharge surface water to the southern canal along Cub Road. All of 
the drainage features at the site are man-made. The topography of the expansion area 
is flat with no discernable topographic features. 

3 Proposed Groundwater Monitoring Network 
This section presents the proposed groundwater monitoring network for the Area.  
Section 3.1 presents proposed monitoring well locations, Section 3.2 discusses 
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monitoring well installation and construction specifications, and Section 3.3 discusses 
hydraulic conductivity testing of the monitoring wells. 

3.1 Monitoring Well Locations 
3.1.1 Existing Monitoring Well Network 
The current monitoring system consists of the background well (GW-1) and 
compliance wells GW-2, GW-3, GW-6, GW-7, GW-8, GW-9, GW-10, GW-11, GW-12, 
GW-13, GW-14, and GW-15. GW-1 serves as the background well for the entire 
facility. Monitoring wells GW-2, -3, -11, and -12 monitor Cell 1. Monitoring wells GW-
6, -7, -8, and -10 monitor Cell 2. Monitoring wells GW-9, GW-13, -14, and -15 monitor 
Cell 3. 

Monitoring wells GW-1 through GW-8 were installed in November 1994. Two 
monitoring wells (GW-4 and GW-5) were abandoned during Cell 1 construction. 
Monitoring wells GW-9, -10, -11, and -12 were installed in August 2002. Wells GW-13, 
-14, and -15 were installed in January 2006. 

3.1.2 Proposed Monitoring Well Network Expansion 
The SWS regulations require that upgradient monitoring well(s) be located so that 
groundwater samples collected from the uppermost aquifer provide an indication of 
background groundwater quality. Upgradient well MW-1 has already been installed 
to monitor background water quality for the entire site. Existing and proposed well 
locations are shown on Sheet 1. 

The downgradient monitoring wells must represent groundwater quality at the 
relevant point of compliance.  The wells must be located in similar geologic units so 
that upgradient and downgradient groundwater quality data can be compared.  

This Plan for the Cell 4 Expansion is provided as an addendum to the May 2005 
Revised Water Quality Monitoring Plan. 

Existing monitoring wells GW-6 and GW-7 are located within the proposed Cell 4 
footprint and will be abandoned prior to construction of the new Cell. 

For clarification, the following nomenclature will be used for the proposed 
monitoring wells for the proposed Cell 4: 

GW-16 
Proposed monitoring well GW-16 will be located 125’ north of the proposed Cell 4 
area. The well will be screened from 5 to 20 feet below land surface. 

GW-17 
Proposed monitoring well GW-17 will be located 125’ south of the proposed Cell 4 
area. The well will be screened from 5 to 20 feet below land surface. 
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The current groundwater and surface water monitoring system along with the 
proposed C&D Expansion Monitoring Well locations is shown on Sheet 1. This sheet 
shows the existing Cells 1 - 3 and the proposed Cell 4 and the relationship of the 
existing and proposed monitor wells to the cells. The location of the current 
background well (MW-1) is also shown on Sheet 1. Table 1 lists the existing and 
proposed monitoring well network, in addition to the approximate depth of 
completion for the proposed wells, and the rationale for each location. 

3.2 Monitoring Well Installation and Construction 
The new monitoring wells will be constructed in accordance with standard industry 
procedures and will meet the requirements of 15A NCAC 2C. An example of a typical 
monitoring well is shown on Figure 1. All monitoring wells will be installed in the 
shallow surficial sands, above the fine sand and silt layer. The monitoring wells will 
be installed by advancing the borehole through the water table using hollow-stem 
auger or mud rotary techniques. Soil samples will be collected at five-foot intervals 
with a split spoon sampler in accordance with ASTM D-1586. Soil lithology will be 
described in the field by an onsite geologist to develop a borehole log. 

The monitoring wells will be constructed using 2-inch ID PVC well casing with 
threaded flush joints. The monitoring wells will be constructed with 15 feet of 0.010-
inch slot screen at the end of the casing string placed so that a sufficient bentonite seal 
and grout seal can be placed. The PVC casing string will extend approximately three 
feet above ground surface. A sand pack will be placed around the screen interval to a 
maximum of two feet above the top of the screen. A two foot thick bentonite seal 
consisting of hydrated bentonite pellets will be placed on top of the sand to 
hydraulically seal the completion interval. The remainder of the annulus will be 
sealed with a bentonite-Portland cement grout to ground surface. A protective outer 
casing with a lockable cap will be placed over the PVC casing and into the grout, 
extending 2.5 to 3 feet below ground surface. 

Following completion, the monitor wells will be developed to remove the residual 
effects of drilling. The wells will be developed using a combination of surging and 
overpumping. All drilling and downhole equipment will be decontaminated by steam 
cleaning between borings. Well development equipment will be decontaminated by 
washing in a non-phosphate detergent solution followed by a potable water rinse, 
then a distilled water rinse, and allowed to air dry.  

The horizontal location of all new monitor wells will be surveyed to State Plane 
Coordinates by a Registered Land Surveyor to the nearest 0.1 foot. The vertical control 
or elevation of the top of PVC casing (the well measuring point) will be surveyed to 
the nearest 0.01 foot accuracy to mean sea level (msl). The height of the well 
measuring point above ground surface will be measured. 



Table 1
Groundwater and Surface Water Monitoring System Details

Dare County Construction and Demolition Landfill Cell 4 Expansion

EXISTING GROUNDWATER MONITORING WELLS FOR CELLS 1 - 3

Drilling Screen Interval
Well Method Depth (feet) Rationale

GW-1 HSA 10-20 Background Well
GW-2 HSA 10-20 Upgradient of existing Cell 1
GW-3 HSA 10-20 Upgradient of existing Cell 1
GW-6 HSA 10-20 Downgradient of existing Cell 2 in proposed Cell 4 area - will be abandoned.
GW-7 HSA 10-20 Downgradient of existing Cell 2 in proposed Cell 4 area - will be abandoned.
GW-8 HSA 5-20 Upgradient of existing Cell 2
GW-9 HSA 5-20 Downgradient of existing Cell 3

GW-10 HSA 2-20 Downgradient of existing Cell 2
GW-11 HSA 2-20 Downgradient of existing Cell 1
GW-12 HSA 2-20 Downgradient of existing Cell 1
GW-13 HSA 5-20 Downgradient of existing Cell 3
GW-14 HSA 5-20 Downgradient of existing Cell 3
GW-15 HSA 5-20 Downgradient of existing Cell 3

PROPOSED GROUNDWATER MONITORING WELLS FOR C&D EXPANSION (CELL 4)

Anticipated
Drilling Screen Interval

Well Method Depth (feet) Rationale
GW-16 HSA 5-20 Upgradient of proposed Cell 4.
GW-17 HSA 5-20 Downgradient of proposed Cell 4 along preferred flow path.

EXISTING SURFACE WATER SAMPLING LOCATIONS

Location Rationale
SW-1 Up-gradient location, within Cub Road canal.
SW-2 Downgradient of existing Cell 2, within Cub Road canal.
SW-3 Downgradient of existing Cell 3, within Cub Road canal.

Notes:
All proposed monitoring wells will be installed using hollow stem augers
**  The screen interval depths are actual.  Anticipated depths will depend on subsurface conditions.

A Table 1.xls



Dare County C&D Landfill Cell 4 Expansion
Water Quality Monitoring Plan

4" Steel, Locking Protective Cover

Depth Finished Grade
3'x3'x6" Concrete Pad

Portland Type I Cement Grout
2' Bentonite Seal

5 2" Schedule 40 PVC Blank Casing

6" +/- Borehole Diameter

10
Silica Sand Filter Pack

2" Schedule 40 PVC 0.010 inch Slotted Well Screen

20 Threaded, PVC End-Cap

Notes:
Stick-up will extend between 2.5 and 3 feet above finished grade.
Silica sand filter pack will extend at least 2 feet above top of screen elevation.
Anticipated screen length of 15 feet for all wells.

A
Figure 1

Typical Type II Groundwater Monitoring Well 
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3.3 Hydraulic Conductivity Testing 
Following installation and development of the new monitor wells, the hydraulic 
conductivity of the aquifer material surrounding each well will be determined by 
conducting slug falling head and/or recovery tests on each well. During drilling 
operations, samples will be collected for laboratory testing of grain size in order to 
estimate effective porosity. Hydraulic conductivity and estimated effective porosity, 
along with horizontal gradient, will be used to calculate groundwater flow velocities. 

4 Surface Water Quality Monitoring Plan 
There are currently three surface water sampling locations at the site (SW-1, SW-2, 
and SW-3). No additional surface water sampling locations are proposed at this time.  
The existing surface water sampling locations are shown on Sheet 1. 

5 Sampling and Analysis Plan 
Rule .0544 states that the owner/operator must provide, as part of the groundwater 
monitoring program, a groundwater and surface water sampling and analysis (S&A) 
plan. The S&A plan should be designed to provide accurate results of groundwater 
quality at the upgradient and downgradient sampling locations. The S&A plan will 
address the following subjects: 

 Groundwater sample collection 

 Sample preservation and shipment 

 Analytical procedures 

 Chain-of-custody 

 Quality assurance/quality control (QA/QC) 

5.1 Groundwater and Surface Water Sample Collection 
Upon completion of well construction, development, and a well stabilization period, 
the sampling plan will be instituted. Groundwater samples will be collected from the 
newly installed monitoring wells. The proposed frequency of sampling will include 
one sample to be collected from each newly installed monitoring well prior to the Cell 
4 receiving waste and one additional sample within six months of issuance of the 
Permit To Operate, during the normal semi-annual sampling for the existing wells 
and surface water locations. Groundwater samples from each of the monitoring wells 
and surface water samples will be collected as part of the required semi-annual events 
thereafter. 

The following sampling procedures will be performed for all monitoring wells (new 
and existing) during each sampling event. 
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Static Water Level Measurements 
Static water level elevations will be measured prior to any purging or sampling 
activities. Static water level data will be used to monitor changes in site hydrogeologic 
conditions. The following measurements will be recorded in a dedicated field book 
prior to sample collection: 

  Height of the well measuring point above ground surface 

  Depth of water in the well from the TOC measuring point (to the nearest 0.01 foot) 

  Total depth of the well 

  Height of the water column in the well casing 

An electronic water level indicator will be used to accurately measure water 
elevations to within 0.01 foot within the same day in as short a period of time as 
possible. Each well will have a permanent, easily identified reference point from 
which all water level measurements will be taken. The reference point will be marked 
and the elevation surveyed by a North Carolina Registered Land Surveyor.  

Detection of Immiscible Layers 
USEPA's Technical Manual for Solid Waste Disposal Facility Criteria outlines 
specifications for groundwater sampling and analysis. One of these specifications 
outlines the establishment of provisions for detecting immiscible fluids, if applicable. 
Typically, immiscible fluids are categorized as either, (1) light, non-aqueous phase 
liquids (L-NAPLs), or (2) dense, non-aqueous phase liquids (D-NAPLs). L-NAPLs are 
more commonly referred to as "floaters" due to their relatively lighter specific gravity, 
while D-NAPLs are typically referred to as "sinkers" due to their relatively denser 
specific gravity.  

In most instances, the probability of immiscible fluids being present and subsequently 
detected in groundwater monitoring wells surrounding C&D landfills is somewhat 
remote because chemical products (such as industrial solvents) are not accepted for 
storage or disposal at C&D waste management facilities. However, for those rare 
instances where a separate immiscible phase is believed to be present, EPA suggests 
that provisions for detecting these types of fluids should be developed. 

The following procedure is proposed to address these concerns in the event that the 
SWS ever requires this test to be performed. In those instances where the monitoring 
well's screened interval encompasses the water table surface, the ability to detect and 
sample light nonaqueous phase liquids (LNAPLs) prior to implementation of routine 
groundwater sampling activities may exist. To accomplish this objective, a 
transparent teflon bailer will be lowered into the well to just below the water table 
surface. The bailer will then be removed from the well and the contents examined to 
identify if any immiscible fluids are present. If any immiscible fluids are determined 
to be potentially present, an interface probe is proposed to be used. The depth of the 
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light phase immiscible layer as determined by the interface probe will then be 
recorded in a field logbook. The interface probe will continue to be lowered until it 
intersects the groundwater table surface. The depth of the organic/water interface 
zone also will be recorded.  From these two measurements, the thickness of the light 
phase immiscible layer can be readily determined. 

The potential presence of dense phase immiscible layer will be determined by the 
examination of laboratory analytical results. Analytical results above a percentage of a 
given chemicals solubility limit can indicate the potential presence of DNAPLs. 

As mentioned above, monitoring for immiscible phase fluids is not envisioned to be 
performed during typical sampling events, but is provided here to document how the 
test will be performed if the SWS requires it at a future date. 

Monitoring Well Evacuation 
Following measurement of the static water level in all of the wells, individual wells 
will be purged of all stagnant water. The stagnant water, which is not representative 
of true aquifer conditions, will be removed to ensure that fresh formation water can 
be sampled. A minimum of three well casing volumes will be removed prior to 
sampling. The volume for 2-inch diameter wells will be calculated using the following 
equation: one well volume in gallons equals the height of the water column (in feet) 
times 0.1632 (slightly less than 0.5 gallons per foot water for 3 casing volumes). 
During the well purging process, field measurements (pH, temperature, specific 
conductance, turbidity, dissolved oxygen, and oxidation/reduction potential) will be 
collected at regular intervals, and reported in a tabular format. The well will be 
purged until field measurements stabilize within approximately 10 percent between 
subsequent readings or until the well goes dry. Stabilization of these measurements 
will indicate that fresh formation water is present. Field measurements of pH, 
temperature, conductivity, dissolved oxygen, and oxidation/reduction potential will 
be obtained by using a YSI 556 Multi-parameter meter or equivalent. Turbidity 
measurements will be collected with a Lamont meter or equivalent. 

If a well is purged to dryness, the samples will be collected after a sufficient volume of 
water has entered to allow collection of the sample. Wells will be purged using 
laboratory decontaminated Teflon bailers with new nylon rope or an acceptable 
pumping device approved by the SWS. Field measurements collected during purging 
activities will be recorded in the field logbook. 

Sample Collection 
After purging activities are complete, groundwater samples will be collected for 
laboratory analysis. Each well will be sampled using a new, laboratory 
decontaminated Teflon bailer equipped with new nylon rope. Bailers will be used for 
one well only. Field decontamination of bailers will not be permitted. Both 
groundwater and surface water samples will be analyzed for North Carolina SWS 
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Appendix I Volatile Organic Compounds (VOC) and metals, mercury, manganese, 
iron, alkalinity, chloride, sulfate, and Total Dissolved Solids. 

The bailers will be lowered slowly into the well to minimize sample agitation. Sample 
water will be placed directly into sample bottles provided by the analytical 
laboratory, using the following method: 

1. Retrieve bailer and slowly transfer sample water to the appropriate sample 
container.  The bailer should not be allowed to touch the sample container. 

2. The sample container for the volatile organic compounds should be filled first, 
leaving no headspace or air bubbles. The container should then be tightly 
sealed. The sample container will come pre-preserved from the laboratory. 

3. The sample bottles for the wet chemistry parameters (alkalinity, chloride, 
sulfate, and Total Dissolved Solids) should then be filled. These containers 
should be filled to the bottle shoulder. Preservative, where applicable, will be 
added by the laboratory prior to shipping. 

4. The sample container for the metals (including iron, manganese and mercury) 
should then be filled last. This container should be filled to the bottle shoulder. 
The sample bottle will come pre-preserved from the laboratory. 

Surface water samples will be obtained from areas of minimal turbulence and 
aeration. The following procedure will be implemented regarding sampling of surface 
waters: 

1. Hold the bottle near the bottom with one hand, and with the other, remove the 
cap. 

2. Push the sample container slowly into the water and tilt up towards the 
current to fill. A depth of about six inches is satisfactory. Avoid breaching the 
surface while filling the container. 

3. The container should be moved slowly, in a lateral direction, if there is little 
current movement. 

4. If the canal depths are too shallow to allow submersion of the sample 
container, a pool may be scooped out of the channel bottom and allowed to 
clear prior to sampling. 

5. Lift the container from the water and place the uncontaminated cap on the 
container. 

The wells and surface water stations will be sampled in the order of potential for 
increasing contamination levels beginning with the upgradient (background) 
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sampling locations. The individual water samples will be collected and bottled in the 
order of parameter volatility. The collection order for the samples will be as follows: 

 Volatile organic compounds (VOCs), 

  Wet chemistry parameters (alkalinity, chloride, sulfate, Total Dissolved Solids). 

 Total metals (including iron, manganese, and mercury). 

The samples will be transferred from the sampling equipment directly into a pre-
preserved sample container provided by the laboratory. Field filtering of samples is 
not permitted. There will be a specific size and type of container provided for each 
constituent to be analyzed. For VOC analysis, the containers provided will be pre-
preserved 40-ml glass vials. For metals analysis, the samples will be collected in pre-
preserved 500-ml HDPE bottles. Chloride, sulfate, alkalinity and TDS will be collected 
in unpreserved 500-ml HDPE bottles. Extra containers will be provided in case of 
accidental breakage. 

All field personnel will wear protective latex disposable gloves in order to prevent 
extrinsic contamination from clothing, body oils, dirt, and other various 
contaminants. Sample documentation requirements to ensure sample integrity, will 
include sample locations, date and time of sample collection, proper analysis, and 
preservative (if applicable). 

5.2 Sample Preservation and Shipment 
In order to ensure sample integrity, preservation and shipment procedures will be 
carefully monitored.  Generally, ice and chemical additives will be used as sample 
preservatives, as recommended by the commercial laboratory.  For VOC analysis, 
hydrochloric acid will be used as the preservation method as well as maintaining the 
samples at a temperature of 4°C.  Nitric acid will be used as the preservative for 
samples needing metals analysis.   

If the analytical laboratory is located some distance from the site, samples shall be 
shipped via a 24-hour delivery service to ensure holding times are not exceeded.  
Shipment of samples will be coordinated with the laboratory.  Proper storage and 
transport conditions must be maintained in order to preserve the integrity of the 
sample.  Once taken, samples will be placed on ice and cooled to a temperature of 
4°C.  Samples are to be packed in coolers to maintain temperature and inhibit 
breakage or accidental spills.   

Custody seals will be placed on the outside of the cooler, to detect tampering of the 
samples.  The laboratory shall immediately notify the owner/operator of any samples 
that arrive with custody seals broken. 
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5.3 Analytical Procedures 
The samples taken from each well and from the surface water sampling locations will 
be analyzed for the constituents listed in 40 CFR Part 258, Appendix I.  The analytical 
procedures for the indicated parameters will be conducted using the following 
methods: 

Analysis    EPA Method Number 

Volatile organic compounds  8260 

Total metals    6010 

Mercury    7470 

Chloride    300.0 

Sulfate     300.0 

Alkalinity    SM 2320B 

Total Dissolved Solids  SM 2540C 

5.4 Chain of Custody 
It is imperative that an accurate record of sample collection, transport, analysis, and 
disposal be maintained and documented.  Therefore, chain-of-custody procedures 
will be instituted and followed throughout the sampling program.  It is necessary to 
establish documentation to trace sample possession from the time of collection until 
disposal.  The chain-of-custody program shall include the following requirements: 

  Samples shall be accompanied by a chain-of-custody record that notes the date and 
time of collection as well as sampling personnel. 

  All samples shall be properly labeled to prevent misidentification of samples. 

  Field notes shall be included to provide pertinent information about each sample. 

  A sample analysis sheet shall accompany all samples to the laboratory. 

  Sample custody seals shall be used to indicate any tampering of samples. 

  All records pertaining to the shipment of a sample shall be retained (freight bills, 
post office receipts, and bills of lading). 

The laboratory shall not accept samples for analysis without a correctly prepared 
chain-of-custody form.  The laboratory shall be responsible for maintaining chain-of-
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custody of the sample(s) from time of receipt to disposal.  The chain-of-custody form 
shall be signed by each individual who possesses the samples. 

To prevent sample misidentification, a label will be affixed to each sample container 
in a manner as to prevent the label from becoming dislodged during transport. The 
sample labels will contain the following information: 

  Sample identification number 

  Name and signature of sample collector 

  Date and time of collection 

  Place of collection 

  Parameters requested 

 Sample preservative. 

In addition the container itself should be labeled with the sample identification 
number, at a minimum, to allow for identification should the label fall off. 

5.5 Quality Assurance/Quality Control 
The reliability and validity of the field and analytical laboratory data will be 
monitored as part of the QA/QC program used in the laboratory.  Field duplicates 
and sample blanks will be collected to check sampling protocol and to account for any 
changes that occur after sampling.  The QA/QC program will stipulate the use of 
standards, laboratory blanks, and duplicates for identification of matrix interferences. 

Field Duplicates 
Field duplicates provide a measure of field and laboratory precision.  Field duplicates 
will be collected from identical locations using proper sampling procedures.  The 
duplicate samples will be collected at a frequency of one per day per sampling event. 

Equipment Rinsate Blanks 
To evaluate the effectiveness of the decontamination procedures, equipment rinsate 
blanks will be collected.  The sample will be collected by passing distilled water 
through the sampling equipment after decontamination has been completed.  
Equipment blanks will be collected at a minimum of one per day of groundwater 
sampling activities. 

Trip Blanks 
A trip blank shall be prepared to account for any sample contamination that may 
occur during transport to and from the site.  The sample will be prepared in the 
laboratory with deionized or distilled water and shall accompany the sample 
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shipping container to the field.  The trip blank shall remain unopened until receipt by 
the lab for analysis.  One trip blank per sampling event will be collected. 
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Section 1 
Introduction 
Landfill gas (LFG) is a natural by-product of the anaerobic decomposition of 
landfilled bio-degradable waste.  LFG can present a danger to human health and the 
environment and therefore must be monitored.  For these reasons, LFG is regulated 
by Federal and North Carolina state legislation.  This Plan describes the systems and 
programs needed to fulfill federal and state regulations concerning LFG.  In addition, 
this Plan describes the characteristics of LFG and its migration patterns; and provides 
alternative methods to control and destroy its harmful components.  This additional 
background information is presented in the Plan to insure it is readily available 
should a situation occur that requires information and action beyond that described in 
this Plan.  Since this plan is for the C&D landfill, it is noted that LFG generation is 
expected to be minimal based on the lack of organic matter in the waste stream. 

1.1 Purpose 
This Plan fulfills the requirements set forth in Rule .0544(d) for monitoring and 
controlling LFG.  This Plan:  

• describes the necessary LFG monitoring systems,  

• sets forth the monitoring procedures and programs, and  

• identifies the actions needed if levels of methane exceed regulatory limits.   

1.2 General Characteristics of LFG and Methane 
Generation 

LFG can be an energy resource as well as a source of environmental pollution.  The 
methane content is what makes LFG valuable as an energy resource.  LFG is 
composed of approximately 50 percent methane in contrast to natural gas which 
consists of approximately 95 percent methane.  LFG programs which focus on 
recovering gas as an energy resource include collection and extraction systems used 
to maximize its recovery.  What makes LFG a source of environmental pollution is its 
odor, its potentially explosive properties, and its contribution to global warming.  
LFG programs which focus on the environmental hazards of landfill gas include 
collection systems to monitor the migration of gas and control or neutralize its 
environmental impacts.  

LFG is composed of 50 to 55 percent methane (CH4); 45 to 50 percent carbon dioxide 
(CO2); and, less than one percent non-methane organic compounds.  These individual 
gases remain co-mingled and do not naturally separate.  

1.2.1 Decomposition Rate and Volume 
The decomposition of bio-degradable waste begins with aerobic decomposition that 
typically lasts three to 18 months until the oxygen in the municipal solid waste (MSW) 
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landfill is depleted.  Following this, the anaerobic phase begins which results in LFG 
production.  This anaerobic phase continues until all of the carbon-based materials are 
broken down or oxygen is reintroduced.     

A reintroduction of oxygen does not stop the production of LFG, it only inhibits it.  
The volume of LFG generated over the life of a landfill is a function of the total 
volume of organic waste in the landfill as influenced by age, moisture, compaction, 
and pH. 

1.2.2 LFG Migration 
The production of LFG creates a positive pressure within the landfill that forces the 
gas to migrate. LFG is lighter than air and moves upward unless there is a barrier.  
LFG will move laterally along the path of least resistance or lowest pressure.  LFG 
migration is a function of soil conditions, hydrogeologic conditions, and weather 
conditions.  LFG moves through porous soils, along underground pipes, and through 
trenches.  In some cases the LFG migration path can be observed at the surface 
through observations of stressed vegetation.  In these instances LFG replaces the 
oxygen in root structures and eventually destroys the plants. 

If tightly capped, LFG will move downward or laterally.  Unless LFG is collected, it 
may migrate laterally, off the landfill site.  If the MSW landfill does not have an 
impermeable cover cap, LFG may migrate upward, through the MSW landfill surface 
and cause odor and air quality problems.  The lining and capping of an MSW landfill 
does not effect the production of gas, it improves the potential to collect and control it.
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Section 2 
Regulatory Background 
Because of the real and potential dangers from LFG and the methane in landfill gas, to 
the public health and safety and to the environment, existing state regulations require 
owners of C&D landfills to monitor and control it.   

2.1 C&D Landfills and North Carolina Regulations 
Methane gas is explosive when present within the range of 5 to 15 percent by volume 
in air.  When present in concentrations greater than 15 percent, the mixture will not 
explode.  The 5 percentage mixture is referred to as the Lower Explosive Limit (LEL) 
while the 15 percentage concentration is referred to as the Upper Explosive Limit 
(UEL).  The State of North Carolina, through its 15A NCAC 13B .0544(d)(1), requires 
owners or operators of all C&D landfills to ensure that the facility: 

A)  Does not exceed 25 percent of the LEL for methane in facility structures;  

B)   Does not exceed the LEL at the facility property boundary; and 

C) Does not release methane gas or other explosive gases in any concentration 
that can be detected in offsite structures. 

The LEL means the lowest percent by volume of a mixture of explosive gases in air 
that will propagate a flame at 25 C and atmospheric pressure. 

Rule .0544(d)(2) requires that a routine methane monitoring program be implemented 
to insure that these standards are met.  The type of monitoring will be determined 
based on soil conditions, hydrogeologic conditions under and surrounding the 
facility, hydraulic conditions on and surrounding the facility, the location of facility 
structures and property boundaries, and the location of all off-site structures adjacent 
to property boundaries.  Additionally, frequency of monitoring shall be quarterly. 

Rule .0544(d)(3) requires that if methane or explosive gas levels exceed the specified 
limits, the owner or operator must: 

A)  Immediately take all necessary steps to ensure the protection of human health 
and notify the Division; 

B)  Within seven days of detection, place in the operating record the methane or 
explosive gas levels detected and a description of the steps taken to protect 
human health; 

C)  Within 60 days of detection, implement a remediation plan for the methane or 
explosive gas releases, place a copy of the plan in the operating record, and 
notify the Division that the plan has been implemented.  The plan must 
describe the nature and extend of the problem and the proposed remedy. 
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Section 3 
LFG Monitoring Program 
The LFG monitoring program includes a schedule for reading or monitoring LFG 
emission levels at designated locations on a regular basis and a system for reporting 
the concentration levels.  

The requirements for regularly reading the emission levels, and the plan for actions if 
readings exceed safe levels should, at a minimum, be based on compliance with state 
regulations.  The plan that is recommended in this report exceeds the regulatory 
criteria to further protect the health and safety of nearby residents. 

3.1 Frequency of Routine Monitoring 
Rule .0544(d)(2) states that a quarterly methane monitoring program be implemented.   

3.2 Staffing 
Monitoring should consist of having a trained technician use calibrated equipment 
designed to monitor methane at on-site structures on the landfill property and in 
locations near the C&D landfill. 

The job of monitoring the methane levels will require a trained staff person.  
Available options include training an existing staff person, hiring a special contractor, 
or hiring part-time staff to perform this task.   

3.3 Monitoring Procedures 
Each regular quarterly monitoring procedure shall begin by checking methane levels 
in the scale-house and any occupied structure on the landfill site.  Next, the non-
occupied buildings at the landfill shall be checked.  Finally, monitoring wells around 
the C&D landfill shall be checked. Currently there are no methane monitoring wells at 
the facility. Planned well locations for the facility are provided on Sheet 1. 

Proposed wells M-1 through M-12 will be used to monitor for LFG migration.  The 
methane monitoring wells will be constructed with 2-inch diameter schedule 40 PVC 
with 5 feet of 0.010-inch slotted screen with a #2 sand filter pack extending 1 foot 
above the top of the screen. A 1 to 2-foot thick bentonite seal will be placed on top of 
the sand filter pack and hydrated. The remainder of the borehole annulus will be 
completed with a Portland cement/bentonite grout. Given the shallow depth to the 
groundwater table at the Dare County C&D Landfill site, the bottom of the screened 
interval shall extend 2 –feet into the groundwater table.  
 
All methane monitoring wells will be constructed in accordance with the North 
Carolina Well Construction Standards described in 15A NCAC 2C and will be 
completed with locking above grade protective covers and 2-foot by 2-foot concrete 
pads. Following installation, the wells will be surveyed to State Plane coordinates. 
Figure 1includes a typical detail of a methane monitoring well detail.  
 





Locking Protective Cover

Finished Grade
2'x2'x6" Concrete Pad

6" Diameter Borehole

1' Bentonite Seal

#3 Silica Sand Filter Pack

2" Schedule 40 PVC 0.010 inch Slotted Well Screen

Notes:Notes:
Stick-up will extend between 2.5 and 3 feet above finished grade.
Silica sand filter pack will extend at least 1 feet above top of screen elevation.
Well depth will vary upon depth to groundwater.
Anticipated construction depth to 7-feet below land surface with 5 feet of screen.

A
Figure 1

Typical Methane Monitoring Well Detail
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If the methane levels detected within on-site buildings are greater than 25 percent of 
the LEL, the technician shall immediately follow the actions presented in Section 4.1 
of this report.  If methane levels detected at the monitoring wells exceeds the LEL, the 
technician shall immediately follow the action plan presented in Section 4.2. 

3.4 Record Keeping 
All readings will be recorded on a standard methane monitoring log form.  A sample 
methane monitoring log is provided at the end of this section.  These forms will be 
reviewed and initialed by the landfill supervisor or the County's environmental 
consultant and then placed in the landfill operating records.  These quarterly methane 
monitoring logs will remain on file at the landfill with other landfill records.  These 
readings should be available for review by EPA and the State upon request.  
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METHANE MONITORING LOG FORM 
(this report must be completed quarterly) 

Dare County C&D Landfill 
Dare County, North Carolina 

Technician Name: _________________________________ 

Date:  (mo/day/year) _________________________________ 

General weather conditions: _____________________________ 

Temperature: _________________________________ 

Barometric condition pressure: _________________________ 

MONITORING INSTRUCTIONS 

1. Measure methane levels within structures on the landfill property.  The landfill 
gas reading must not exceed 25% of the methane lower explosive limit (L.E.L).  If 
methane measurements exceed 25% of the L.E.L., contact the landfill supervisor 
and follow the outlined plan in Appendix B of the operations manual. 

2. Measure methane levels at all two groundwater monitoring wells located around 
the C&D landfill boundaries.  The landfill gas reading must not exceed 100% of 
the methane L.E.L.  If methane measurements exceed 100% of the L.E.L., contact 
the landfill supervisor and follow the outlined plan in Appendix B of the 
operations manual. 

3. Complete the entire data sheet located on the next page. 

4. If methane levels exceed the above-mentioned levels at any monitoring location, 
report the measurements to the County for further action as described in the Gas 
Control Plan – C&D Landfill. 

5. File this methane monitoring log sheet in the landfill office in the appropriate 
record keeping section with other landfill records. 
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METHANE MONITORING DATA SHEET 
 

Monitoring Locations 
% L.E.L. 
Reading 

Within Compliance 
Landfill Supervisor 

Contacted 
Monitoring Point 
within Structure Yes No Yes No 

Scale house       

Transfer Station       

M-1       

M-2       

M-3       

M-4       

M-5       

M-6       

M-7       

M-8       

M-9       

M-10       

M-11       

M-12       

Comments and Observations: 
 
 
 

Landfill Supervisor Actions Taken: 
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Section 4 
Contingency Plan 
The North Carolina Solid Waste Management Rules, .0544(d)(3), require a 
contingency plan for action if methane levels exceed the regulatory concentration 
limits.  The plan for action includes the specific step by step actions needed should 
regulatory limits be detected. 

4.1 Actions if Regulatory Limits Detected in Structures 
If any structures on the landfill property measures a methane level equal to or more 
than 25 percent of the LEL the following actions should be taken:  

• the building should be immediately evacuated; 

• the landfill supervisor should be immediately contacted; 

• all individuals in and around the structure should be ordered to immediately stop 
smoking; 

• all space heaters and similar appliances should be immediately disconnected from 
their power source; 

• all doors and windows in the structure which gave the reading should be opened 
to permit the methane to escape; 

• as a precautionary measure, the landfill operator will open doors and windows in 
all structures on the landfill property; and 

• equipment used to take the readings should be tested immediately to verify it was 
giving accurate readings. 

The technician will then proceed to take readings at all groundwater monitoring wells 
used for the C&D landfill LFG monitoring.  All levels should be verified and recorded 
in the methane monitoring log book.  This information, including the verification that 
the equipment is providing accurate readings, the current readings, and the levels at 
all monitoring locations for the previous three quarters should be provided to the 
County's landfill supervisor.  The Dare County landfill supervisor will make the 
decision to return to business as usual; temporarily evacuate the site; or follow the 
plan proposed in Section 4.3. 

4.2 Actions if Regulatory Limits Detected at Monitoring 
Wells 

If any of the methane monitoring wells measure a level equal to or more than the LEL 
as defined by in the Rules, the technician should: 

• immediately contact the landfill supervisor; and 
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• recheck the methane levels inside the facility structures.  If levels are close to or 
exceed 25 percent of the LEL the actions in Section 4.1 should be followed. 

Once it is verified that levels inside the buildings are safe, the technician should check 
and record readings at all remaining monitoring wells for the C&D landfill.  The 
equipment used to take the readings should be tested to verify it is giving accurate 
readings.   

This information, the current readings, and the levels for the previous three quarters 
should be provided to the Dare County landfill supervisor who will make the 
decision to: return to business as usual; temporarily evacuate the site; or, follow the 
plan proposed in Section 4.3. 

4.3 C&D Compliance Action Plan 
If upon verification as described in Sections 4.1 and 4.2, the methane monitoring 
levels are equal to or exceed the regulatory limits as defined by state regulations, the 
following actions are proposed to comply with state regulations as well as protect the 
health and safety of the individuals at or near the C&D landfill. 

4.3.1 Immediate Action 
If methane levels exceed the specified limits, the landfill operator or the landfill 
supervisor will take immediate action to ensure the protection of human health and 
safety.  This will include: 

• evacuate all buildings on the site; 

• open all doors and windows in buildings on the landfill site; 

• notify the Dare County Manager Office's about the concentration levels; 

• if warranted by the degree of intensity of the methane concentration, check the 
methane levels in structures near the landfill yet outside the facility boundary; 

• if warranted by the degree of intensity of the methane concentration, evacuate the 
landfill area or evacuate the area adjacent to the landfill; 

• notify the Division about the reading; 

• begin to identify or narrow down the source of the methane causing the readings 
exceeding the regulatory limits (i.e. the path that the methane is taking to the 
monitoring location); 

• begin to identify the extent of the methane problem; and 

• as appropriate, begin to take corrective action to control the methane levels in 
building at the landfill site, at the boundaries to the landfill, and at the landfill site.  
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4.3.2 Actions Within Seven Days 
If methane levels exceed the regulatory limits, the County must, within seven days, 
place in the operating record the gas levels detected and a description of the steps 
taken to protect human health. 

It is also suggested that at this time, the operator begin to develop a plan which: 

• describes the nature and extent of the problem and 

• proposes a remedy for the problem. 

4.3.3 Actions Within Sixty Days 
If methane levels exceed the specified limits, the County must take the following 
actions within 60 days: 

• implement a remediation plan for the methane gas release; 

• place a copy of the plan in the operating record of the landfill; and 

• notify the Division that the plan has been implemented. 

4.4 Public Relations and Information 
As with any potentially dangerous situation, it is important to keep the public, public 
service agencies, and the media informed.  False information, inaccurate information, 
or the lack of information concerning potential explosions at a public facility could 
create panic.   

If the County Manager determines that a potentially dangerous situation exists, it is 
recommended that a one page explanation of the situation be written and distributed 
to all homes and businesses within a one-half mile radius of the landfill.  This should 
be done within the first two to four hours of making the determination that a 
potential danger to human health and safety exists. 

It is recommended that the County Manager appoint one individual to provide 
information to: the media; the police authorities with jurisdiction in the area; and area 
medical facilities.  Area hospitals and police departments may receive calls once the 
local media releases the story.  Centralizing the flow of information will avoid 
conflicting information and inaccurate information.  Providing detailed and honest 
facts about the situation being under control is critical.   
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Section 5 
Options for Controlling LFG 
This section presents several options which may be implemented by Dare County 
should methane readings exceed regulatory levels.  It is presented in this Plan to 
insure that the information is readily available to the County if needed.  

If regular LFG monitoring demonstrates levels that exceed the regulatory limits, the 
state requires actions by the owner to eliminate the problem.  Remedial options to 
eliminate the problem include controlling the migration path or controlling the release 
of the LFG into the environment. 

5.1 Migration Control Techniques 
Four techniques which can be used for controlling the migration of LFG include: 

• impermeable physical barriers 

• passive removal system 

• active removal system 

• air injection or air dikes 

5.1.1 Impermeable Physical Barriers 
An impermeable physical barrier, such as a landfill liner or a vertical impermeable 
barrier, can be installed to impede and ultimately stop the migration of LFG.  This 
type of a barrier also helps to contain the gas thereby facilitating its collection. 

5.1.2 Passive Removal System 
A passive removal system generally provides a safe path of least resistance for 
migrating LFG to exit the landfill.  Passive removal systems include open air ditches 
or passive venting wells installed in porous gravel trenches.  These systems are 
designed to rely on the difference between the internal landfill pressure and the 
atmospheric pressure to control the migration path that the LFG takes. 

5.1.3 Active Removal System 
An active removal system requires the installation of a connected system of collection 
pipes, wells, trenches, well heads, collection headers, storage tanks, blowers, or 
compressors.  Active removal systems include the use of a mechanized device 
(usually a gas compressor) to induce a vacuum in the well or trench to draw-out the 
LFG.  Active systems include both positive and negative pressure extraction.  Active 
systems are similar to a gas removal system for recovery projects.  Installation of an 
active removal system may enable the gas control system to be integrated into a 
recovery system at a future date.  
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5.1.4 Air Injection 
Air injection, or the creation of "air dikes" was first tried in Monterey Park, California 
in 1980.  In this control technique, air is injected into the ground and distributed 
through a perforated screen. This technique is used to stop the migration of the 
methane through very saturated soils when use of a vacuum extraction system would 
pull in water.   

The injection of air into a landfill as a technique for controlling LFG migration is 
potentially dangerous and not recommended.  The introduction of air or oxygen into 
a landfill may create a number of problems such as subsurface landfill fires.  
Additionally, it could affect the percentage of methane content in the LFG, making it 
more explosive.  The introduction of air will ultimately result in only temporarily 
slowing the production of methane by interrupting the anaerobic condition and not 
provide a long term solution.  It could also cause the methane to migrate to a more 
potentially dangerous location. 

5.2 Environmental Control Techniques 
In addition to controlling the migration of LFG, it is possible and may be necessary to 
control its negative environmental effects by controlling its release into the 
environment.  Two methods for accomplishing this control are through its recovery 
and use as an energy source or by burning the LFG through flares.  

5.2.1 Control through LFG Recovery Systems 
Recovering LFG for use as an energy source virtually eliminates its release into the 
atmosphere.  A LFG recovery system requires the installation of a collection system 
and a system to pipe the gas to a user or to a generator which can turn the gas into an 
energy source.  

There are two common types of LFG collection system designs, vertical and 
horizontal.  The appropriate system is based on the way the landfill was constructed 
to be filled, vertically with lifts, or horizontally.  A horizontal collection system is best 
used for landfills filled in a horizontal pattern.  A vertical collection system is best 
used in landfills designed to be filled vertically or vertically with lifts.  Both systems 
involve installing perforated pipes surrounded by rocks or gravel. Horizontal systems 
install the pipes in trenches.  Vertical systems install the pipes in wells or manholes. A 
horizontal system does not lend itself to a high vacuum recovery operation.  This 
system is best installed as the horizontal layers are completed, before the landfill is 
completed.  Vertical systems can be installed either when the landfill is operating or 
after it is closed. 

While LFG recovery systems are expensive to install and operate, some income may 
be generated from the sell of the gas or the energy produced from the system. 
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5.2.2 Control through Flaring LFG 
A second method of controlling the release of LFG into the environment is by 
destroying it by flaring it as it is released from the MSWLF.  Like recovering LFG for 
use as an energy source, flaring LFG also requires a collection system.  However, the 
collection system need not be as elaborate a system as is needed for gas recovery.    

In order for the flares used to destroy the harmful components in LFG, they must 
burn the LFG for: 

• an adequate period of time (.25 to five seconds);  

• at an adequate temperature (300 to 500 degrees above its auto ignition 
temperature) to insure complete destruction of trace elements; and,  

• with sufficient turbulence, (i.e. with a uniform mix of gas and air).   

Four types of flares are typically used throughout the United States:  open flares, 
enclosed flares, invisible flares, and emission control enclosed flares.  

• Open Flares, also called pipe flares, function like candles.  They are often used 
with a passive recovery system and are ignited manually.  One problem typically 
associated with them is that they may blow out with a strong wind. 

• Enclosed flares are designed to hide the flame and protect it from blowing out in a 
strong wind. 

• Invisible flares extend 20 to 30 feet above the landfill surface and are designed to 
create a "flame envelope."  This design may not permit an adequate gas and air 
mix. 

• Emission control enclosed flares rise 35 to 50 feet above the landfill surface. They 
are designed with an air damper to control both LFG and air flow.  These are the 
most effective in the destruction of NMOC.
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Section 1  
Introduction 
 
The Waste Acceptability Plan sets forth the procedures and programs implemented 
by the solid waste management staff of Dare County (County) to identify and prevent 
the disposal of unauthorized wastes in the C&D landfill in accordance with the 
Operating Plan.  This plan also presents the procedures and policies established by 
the County that comply with state regulations requiring random waste screening by 
owners of C&D landfills.  

The County manages the storage, collection, and disposal of solid wastes in 
accordance with state regulations and in a manner that protects the public health, 
safety, and welfare of the residents of Dare County.  Some of the standard operating 
procedures at the landfill are designed to insure that unauthorized wastes, as defined 
by state and county regulations, are not landfilled. 

Current County programs and procedures fulfill some state and federal regulations 
for waste screening to detect or prevent landfilling of prohibited or unauthorized 
solid wastes.  Some of these programs and facilities include:  

 Hazardous waste awareness certification training for all landfill staff; and 

 County owned and operated drop-off facilities for lead acid batteries, yard wastes, 
white goods, and whole scrap tires.
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Section 2 
Overview of Waste Acceptability Plan 
 
The Waste Acceptability Plan presents the standard operating procedures at the 
County C&D landfill.  It presents the procedures and contingency plan that the 
County will implement to comply with applicable State and Federal regulations. 

The Waste Acceptability Plan: 

 identifies the state regulatory authority for prohibiting the disposal of industrial, 
hazardous, liquid, municipal solid waste, and excluded waste in the C&D landfill; 

 identifies and defines the wastes to which waste acceptability applies;  

 describes the required training for facility personnel;  

 presents the procedures, decisions, and actions which will be taken if a waste load 
is suspected of containing a waste covered by this plan or is found to contain such a 
waste; 

 explains how records of inspections will be kept and how notification of the proper 
authorities will take place if prohibited waste is discovered; and 

 clarifies the financial and legal responsibility of the County and the waste hauler 
who brings the prohibited waste to the C&D landfill.
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Section 3 
Regulatory Background 
 
State and county regulations each prohibit certain categories of waste from being 
landfilled.  This section presents the regulatory authority prohibiting certain 
categories of waste from being landfilled and the requirement for waste screening. 

3.1 State Regulations 
North Carolina State Solid Waste Management Rules 15A NCAC 13B .0544 (e) require 
that owners and operators of all C&D landfill units to implement a program at the 
facility for detecting and preventing the disposal of industrial, hazardous, liquid, 
municipal solid waste, and excluded waste.  This program must include: 

 random inspections of incoming loads; 

 records of any inspections; 

 training of facility personnel to recognize industrial, hazardous, liquid, municipal 
solid waste, and excluded waste; and 

 a contingency plan to properly manage any identified industrial, hazardous, liquid, 
municipal solid waste, or excluded waste.  The plan will address identification, 
removal, storage and final disposition of the waste. 

3.2 Materials Prohibited From C&D Landfilling 
By North Carolina regulations, a C&D landfill shall only accept for landfilling those 
wastes which it is permitted to receive.  According to Rule .0542 (e) the following 
wastes are prohibited from disposal at a C&D landfill unit: 

(1)  Containers such as tubes, drums, barrels, tanks, cans, and bottles unless they are 
empty and perforated to ensure that no liquid, hazardous or municipal solid 
waste is contained therein,  

(2)  Garbage as defined in G.S. 130A-290(a)(7),  

(3)  Hazardous waste as defined in G.S. 130A-290(a)(8), to also include hazardous 
waste from conditionally exempt small quantity generators,  

(4)  Industrial solid waste unless a demonstration has been made and approved by 
the Division that the landfill meets the requirements of Rule .0503(2)(d)(ii)(A),  

(5)  Liquid wastes,  

(6) Medical waste as defined in G.S. 130A-290(a)(18),  

(7)  Municipal solid waste as defined in G.S. 130A-290(a)(18a),  

(8)  Polychlorinated biphenyls (PCB) wastes as defined in 40 CFR 761,  

(9)  Radioactive waste as defined in G.S. 104E-5(14),  

(10)  Septage as defined in G.S. 130A-290(a)(32),  
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(11)  Sludge as defined in G.S. 130A-290(a)(34),  

(12)  Special wastes as defined in G.S. 130A-290(a)(40),  

(13)  White goods as defined in G.S. 130A-290(a)(44), and  

(14)  Yard trash as defined in G.S. 130A-290(a)(45). 

(15)  The following wastes cannot be received if separate from C&D landfill waste: 
lamps or bulbs including but not limited to halogen, incandescent, neon or 
fluorescent; lighting ballast or fixtures; thermostats and light switches; batteries 
including but not limited to those from exit and emergency lights and smoke 
detectors; lead pipes; lead roof flashing; transformers; capacitors; and copper 
chrome arsenate (CCA) and creosote treated woods 

3.3 County Regulations 
The County only accepts, for disposal, materials it is permitted to receive by the state 
solid waste operating permit.   

The County reserves the right to turn away any waste hauling vehicle containing 
materials it is not permitted to accept based on federal or state regulations and which 
in its judgement require special handling and cannot safely be managed by the 
operating staff of the Dare County C&D landfill.  
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Section 4 
Applicability 
 
The Waste Acceptability Plan and related programs apply to all wastes as included in 
the current NCDENR Permit to Operate as permitted to be disposed of in the C&D 
landfill.  Asbestos is included as an acceptable waste per NCDENR Permit to Operate 
dated December 18, 2006 (see Attachment 1). 

This plan prohibits the disposal of wastes as outlined in Section 3.2.  Scrap tires are 
not included in this waste acceptability plan primarily because of recycling efforts to 
achieve waste reduction.  
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Section 5 
Training 
 
A responsible individual certified in landfill operations shall be on-site at all times 
during operating hours of the facility and while open for public use.  The Solid Waste 
Inspector has been instructed in the procedures, as described in this plan, to follow if 
industrial, hazardous, liquid, municipal or excluded waste, as outlined in Section 3.2, 
is identified or suspected in a waste load received at the landfill.
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Section 6 
General Waste Acceptance Procedures 
 
As part of the standard operating procedures at the Dare County C&D Landfill, all 
drivers of incoming loads are questioned about the content and source of their waste 
load.  Scale house operators and landfill staff, trained per Section 5 to recognize 
wastes prohibited from being disposed in the C&D landfill, have the authority to: 

 detain a waste load from entering the facility; 

 request additional information from the driver about the waste load; 

 temporarily prohibit the waste load from being deposited at the working face; 
and/or  

 contact the landfill supervisor who has the authority to reject the waste load. 

 
The general waste acceptance procedure begins with a visual observation by landfill 
staff and questioning of the driver as to the contents of the waste load.  Depending on 
the satisfactory answering of these questions and the judgement of the landfill staff, 
the load is either: 
 

 determined to contain permitted C&D waste as stated in the current operating 
permit and is directed to the C&D landfill; or 

 
 determined to contain waste prohibited, as summarized in Section 3.2, from 

disposal in the C&D landfill and then is diverted to the Dare County Transfer 
Station; or  

 
 the landfill supervisor is contacted for a further screening. 

 
If the load is dumped or unloaded onto the C&D landfill working face and is found to 
contain industrial, hazardous, liquid, municipal or excluded waste as summarized in 
Section 3.2, the party who brought the waste to the landfill will be required to cover 
all costs associated with removal, treatment, and safe disposal of that waste load as 
well as any contaminated soil and surrounding natural features which occurred 
because of the unloading of the prohibited waste.  Verification of proper disposal of 
the waste and any additional and reasonable testing of the soil and water in the 
disposal area necessary to insure that no contamination remains, are the legal and 
financial responsibility of the party who brought the waste to the landfill. 
 



 

A  7-1 

 

Section 7 
Random Inspections of Incoming Loads 
 
While all loads entering the C&D landfill are visually screened by landfill staff, they 
are generally not inspected in detail.  Therefore random inspections are used to 
provide a reasonable means to adequately control the receipt of prohibited wastes.   

7.1 Selecting Loads for Sampling 
Waste loads will be selected for screening based on some of the general principals of 
statistical random sampling.  In selecting a statistically random sample, it is necessary 
to first identify or define the entire population from which the sample could be 
selected.  Then it is necessary to give each individual member of that population an 
equal chance of being selected as a sample.  It is also important to have approximately 
80 to 100 usable samples as the basis for any conclusions made about the entire 
population.  While there is no legal requirement that the waste loads selected for 
screening be "a random" sample, it is important to the overall validity of the program 
that the time and money spent by the County for this mandated screening program be 
cost effective.   

It is typical that waste is collected from most commercial, industrial, manufacturing, 
and institutions on a weekly basis, therefore it is probable that if all waste loads for 
any one week were sampled, each load would have an equal chance of being selected.  
However, the composition of waste loads vary throughout the year and therefore 
sampling should occur throughout the year. 

The following annual schedule provides a basic format for selecting waste loads for 
random screening.  This schedule is only recommended and may be varied: 

 50 waste loads will be screened over a 12 month period; 

 2 to 4 waste loads per day will be randomly selected over a three day period in each 
of four seasons;   

 during the 12 month period each of the six days that the C&D landfill is open for 
operation will be a sampling day at least twice except for Saturday which only 
needs to be a sampling day at least once during the year; 

 of the 50 load total, a minimum of 10 will be industrial waste loads, a minimum of 
10 manufacturing waste loads, and a minimum of 20 will be business or 
commercial loads; 

 the exact days and loads to be sampled will remain random to reduce any attempts 
to avoid being sampled. 

If after compiling a full year of random sampling, the County determines that less 
than 5 percent of the loads selected in the random screening contain any prohibited 
materials, the frequency of the random screenings can be reduced to 40 random 
screenings per year phased as described above.  
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7.2 Screening the Waste Loads 
Waste loads selected for random screening will be directed to an area adjacent to the 
working face of the C&D landfill where the driver will be questioned about the loads 
contents before it is deposited onto the screening area.  The random inspection form 
will be completed for all loads selected for screening.  Upon answering the necessary 
questions for the waste screening form and unloading the waste load, the driver and 
truck may be released.  Because this load has been randomly selected for waste 
screening, this release of the driver and vehicle is not intended to imply the County 
accepts the waste load.  

The waste will be spread over the area for easy visual observation using a front end 
loader or similar piece of equipment.  Only trained waste screening personnel, 
wearing protective safety equipment should come in physical contact with the waste 
contained in the load selected for screening.  

Upon verification that the C&D waste passes the screening and is acceptable, the 
County will officially accept it for disposal.  It is then transferred by landfill staff to 
the working face of the C&D landfill for disposal. 

7.3 Procedures 
If a waste load is suspected of containing prohibited materials, the County Solid 
Waste Inspector and waste hauler are to be immediately contacted by telephone and 
requested to send an authorized representative to the site of the waste load.  The 
driver and truck are released as soon as they have adequately completed their 
sections on the random inspection form and the waste hauler has been reached.  
Based on the discretion of the landfill manager the Dare County Emergency 
Management can be contacted to come to the site and determine if the materials are 
prohibited wastes.  The following will be completed based on the determination: 

 The wastes are determined to be permitted for disposal in the C&D landfill under 
current operating permit; the County absorbs the cost for the testing. 

 If the wastes are found to be either industrial, liquid, or municipal solid waste,  the 
hauler will be billed for the testing and be required to immediately remove the 
wastes and transport to the working face of the Subtitle D landfill.  The hauler will 
also be required to cover all costs associated with site clean-up and verification that 
the C&D landfill screening area is safe. 

 If the wastes are found to be hazardous, the hauler will be billed for the testing and 
demonstrate to the County and the State that it was disposed of properly.  The 
hauler will also be required to cover all costs associated with site clean-up and 
verification that the C&D landfill screening area is safe. 

If the wastes are not removed within 24 hours, as required by the County, the County 
shall have the wastes removed and disposed of properly and bill the waste hauler for 
all the costs associated with their removal and site cleanup and repair. 
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Within one business day the County will confirm in writing via certified mail to the 
NCDENR and the waste hauler, the attempted illegal disposal of prohibited waste, 
the actions taken by the County, and the disposition of the waste.  If a hauler is found 
to have attempted to dispose of prohibited materials in the C&D landfill, future 
additional waste screening for that hauler may be required.  This additional screening 
could include screening every load of the hauler who has been previously found to be 
in violation.  The County also reserves the right to refuse all future waste loads from a 
hauler found to be in violation.  
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Section 8 
Records of Inspections 
 
Figure 8-1 presents a sample random inspection form.  It will be completed for every 
waste load screened through the random inspection program and for every incident 
where landfill staff suspect a waste load contains prohibited or hazardous waste and 
the driver cannot verify that these suspicions are false.  The form will be completed by 
landfill staff, waste screening staff, and if appropriate, signed by the waste driver.  
One copy will be kept on file at the landfill where the waste load was received.  One 
will be kept on file as open public record at the Dare County Manager's Office.  This 
copy, or a permanent record of it, will remain on file for a minimum of 30 years.     



Dare County Public Works Department
1018 Driftwood Drive

Manteo, NC 27954
252-475-5880

RECORD OF INSPECTION

Day: ________________________________  Time Crossed Scales: _________________________________
Truck Owner: _________________________ Driver Name: ________________________________________
Truck Type: _________________________________________________________________________________
Vehicle ID# or Tag #: _________________________________________________________________________
Weight: _____________________________________________________________________________________
Tare: _______________________________________________________________________________________
Waste Generating Company/Source: ____________________________________________________________

Reason Load Inspected: ________ random inspection ________ staff initials
________ detained by scale house ________ staff initials
________ detained by LF operating staff ________ staff initials

Approved County "Special Waste Determination" letter present _______ Yes  _______ No  ________ N/A
Description of waste load: _____________________________________________________________________
____________________________________________________________________________________________
____________________________________________________________________________________________
Disposition: Load Accepted (signature) ______________________________ Date: ______________________

   Load Not Accepted (signature) ___________________________Date: ______________________

Reason Load Not Accepted: (complete this section only if waste NOT ACCEPTED)

Description of Suspicious Contents:
color ________  Haz. Waste markings ________

texture ________  smell ________
drums present ________  approx Cu. Yds. present in load ________

approx tons present in load ________
Wake County Emergency Management Contacted: ______________________Yes __________________No
Hazardous or dangerous materials present: ____________________________________________________

(Dare County Emergency Management test results or verification attached)

Hauler notified (if waste not accepted) 
Phone: _________________________________  Time person contacted: ______________________
Other observations: __________________________________________________________________________
____________________________________________________________________________________________
____________________________________________________________________________________________
Final Disposition: ____________________________________________________________________________
Signed by: _______________________________________________________________ Date: _____________

(Waste Screening Inspector or Landfill Supervisor)

cc: Landfill
      Dare County Public Works

Figure 8-1
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Section 9 
Contingency Plan 
 
If during a random screening or during regular operation of the C&D landfill, 
hazardous materials or materials defined by this waste screening plan as dangerous 
are discovered at the C&D landfill, the landfill supervisor on duty has the authority to 
contact appropriate emergency personnel (911) and request their immediate action to 
remove and safely dispose of the prohibited waste.  All telephone and written 
notification will take place within the first business day of the discovery of such 
materials.  A completed inspection form, letters of notification, and test results will be 
filed as required in Section 8.
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Section 10 
Responsible Party 
 
Legal responsibility for all waste entering the landfill remains with the waste hauler 
until such a time that it is determined to be permitted C&D waste and is accepted by 
the County.  The County does not accept the legal responsibility for waste which is 
prohibited from being landfilled in a C&D landfill.  The hauler is defined as the 
responsible party who attempted to, either knowingly or unknowingly, illegally 
deposited the prohibited waste in the landfill.  The hauler shall be billed by the 
County for all costs associated with illegal disposal of prohibited C&D waste.  This 
includes, but is not limited to, costs in testing the waste, removing the prohibited 
waste from the C&D landfill, for the cost of transporting the prohibited waste to an 
appropriate waste management facility, for the disposal fee, and for all necessary and 
related site clean-up and testing. 

If, after testing at the landfill by Dare County Emergency Management or the 
County's authorized contractor, the waste load is found to be materials which can 
legally be disposed in the C&D landfill, the County will accept legal responsibility for 
it.  The County or their contractor (as per contract agreement) will absorb all costs for 
testing and removal or disposal of the C&D waste. 

If Dare County Emergency Management or the County's authorized contractor, finds 
that the waste load contains hazardous or regulated materials that should not be 
landfilled, the County will not absorb the costs for any further testing either at the 
landfill or at another laboratory.  If further testing by other laboratories indicate the 
materials could legally be landfilled, the County will be assumed to have "acted in 
good faith" to protect the public health and safety by refusing to landfill the waste.  
The County will not reimburse any cost associated with removal of the materials from 
the landfill site or its subsequent testing or disposal.
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Section 11 
Fines and Penalties 
 
Dare County reserves the right to institute fines and penalties to any person found to 
have attempted to landfill waste prohibited from being disposed in the C&D landfill 
by state regulations.   
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Closure Plan 
Section 1 
The North Carolina Solid Waste Regulation Section Rule 15A NCAC 13B .0543(a) 
requires construction and demolition landfill (C&DLF) owners/operators to prepare a 
closure plan that describes the steps necessary to close a C&DLF at any point during 
its active life. This closure plan establishes: design criteria for the closure cap system 
and the gas collection system, a closure sequence and construction schedule, 
construction cost estimates, and other important information relating to closure. 

1.1 Construction of Cap System 
1.1.1 Final Cover System 
The final cover system has been designed to minimize the amount of storm water 
infiltration into the landfill and to resist erosive forces. The final cover system consists 
of the following layers (listed from top to bottom), which meet the requirements of 
Rule 0.543(c)(1): 

  An 18-inch erosion layer consisting of earthen material that is capable of sustaining 
native plant growth; and 

 An 18-inch low permeability barrier of earthen material with a permeability no 
greater than 1.0x10-5 cm per second. 

Material for the low permeability layer will originate from the on-site borrow area. As 
the borrow area is mined for intermediate and daily cover, material that is most 
suitable for the cap will be stockpiled. It is currently anticipated that bentonite will be 
added to the stockpiled soil at a rate of 2 percent to achieve the required permeability. 

The post-settlement grades of the top surface slopes will not be less than 5 percent (to 
prevent ponding). Figure No. 1-1 provides a section detail of the proposed final cover 
system. 

Closure side slopes will be 3:1; however, post-settlement slopes are expected to be less 
than 3:1. Rule 0.543(c)(3)(C) allows for alternative side slopes (those greater than 25%) 
to be approved by the North Carolina Department of Environment and Natural 
Resources Solid Waste Section (NCDENR SWS) if the design is certified (by a licensed 
professional engineer in the State of North Carolina) to be stable, encourage runoff, 
and be safe to construct, operate and maintain. A slope stability analysis was 
prepared as part of the Permit Application. The slope stability analysis demonstrates 
these requirements (see Section 2 - Engineering Plan - Appendix B).  

 
 

 

 



EROSION LAYER18” EROSION LAYER18”

LOW PERMEABILITY LAYER
MAX 1 X 10‐5 CM/SEC

18”
MAX 1 X 10 CM/SEC

INTERMEDIATE COVER12”

C&D WASTE

FINAL COVER
SYSTEM

FIGURE
NO.

1‐1

DATE   6‐18‐2008

Camp Dresser & McKee



Section 1 
Closure Plan 

A  1-3 

1.1.2 Gas Collection System 
The placement of a low-permeability final cover system will prevent the release of 
landfill gas generated during the post-closure period. To minimize pressures exerted 
on the barrier, passively vented gas wells will be used. The exact location of the 
vertical gas wells will be determined at the time of closure. Generally, one vertical 
well per acre is anticipated to be installed. A bentonite seal and synthetic boot will be 
installed around the vertical gas well to prevent storm water infiltration. The depth of 
the vertical gas wells will extend from final grade to less than 10 feet into waste.  
Figure No. 1-2 provides a section detail of the proposed vertical gas well design.   

1.2 Estimate of Largest Closure 
The approved C&DLF site plan includes five individual disposal cells separated by 
drainage laterals. Each cell represents one phase of C&DLF development.  Currently, 
Cells No. 1 and 2 are inactive and at finished grades, while Cell No. 3 is in operation. 
Cells 4 and 5 are proposed to be developed as Phases IV and V, but are not yet 
permitted. Cells 1 through 4 cover 45.2 acres. This represents the largest closure area, 
as currently permitted. 

1.3 Estimate of Maximum Inventory of Waste On-Site 
The maximum amount of waste that is expected to be disposed at the C&DLF, based 
on the approved permit, was calculated using the Earthworks Module of Softdesk. 
The total gross airspace available between the proposed top of final cover and the 
base grades is approximately 1,244,900 cubic yards (CY). The final cover material 
required to construct the 3-foot thick cover system for the C&D Landfill (45.2 acres 
total surface area) is 218,768 CY. It is anticipated that a 4:1 waste to cover ratio will be 
achieved; therefore, (1,244,900 CY – 218,768 CY) x 20% cover = 205,226 CY daily and 
intermediate cover will be required. Deducting the volume of the final cover system 
(218,768 CY) and daily/intermediate cover materials (205,226 CY) from the total gross 
airspace, the maximum available net airspace in Cells 1 through 4 for waste to be 
disposed is projected to be 820,906 CY.  

1.4 Landfill Closure Sequence 
The landfill closure sequence is summarized in the table on Page 1-5 and described in 
the following sections. 

1.4.1 Determination of Closure Area 
The County will determine the location and acreage of areas to be closed. Closure 
procedures will not be instituted until an adequate area (approximately 10 acres or 
more) of the landfill is within 15 feet of final grade. An estimate of landfill area that is 
within 15 feet of final grade should be determined periodically by the surveyor for the 
site during the active life of the facility.   

When an area has reached final grades, the County must initiate the closure process 
no later than 30 days after the final receipt of waste. However, if the area has not  
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reached final grades and there is reasonable likelihood that additional waste will be 
received in the near future, then closure activities must begin no later than one year 
after the most recent receipt of wastes. 

1.4.2 Notification of Intent to Close 
Once the County has determined that an area will be closed, a Notice of Intent to 
Close must be placed in the operating record and the SWS must be notified of the 
action per Rule .0543(c)(4). The final cover design, area to be closed, and scheduling of 
closure activities presented in this Permit Modification Application shall be reviewed 
and updated as necessary. 

1.4.3 Develop Closure Schedule 
The County will prepare a schedule for bidding and construction of the closure 
activities. Closure activities must be completed within 180 days of beginning closure 
activities unless the County gains approval from the SWS by demonstrating that the 
construction period, by necessity, will require an extended schedule and that 
measures to protect human health and the environment have been implemented in 
the interim. 

 
CLOSURE SEQUENCE 

 
Activity 

 
Process Date 

Determination of Closure Area and 
Initiate Closure Process 

No later than 30 days after the final 
receipt of waste 

Notification of Intent to Close Once an area has been determined to 
be closed 

Develop Closure Schedule for Closure 
Activities 

 

Prepare Construction Contract 
Documents 

 

Develop Final Closure Schedule Once the SWS has commented on the 
closure schedule 

Select a General Contractor After receiving sealed bids 
Closure Construction Closure activities must be completed 

within 180 days of beginning closure 
activities or as otherwise approved 

Certification of Closure Construction At completion of construction 
Record Notation to Deed After final closure of property 
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1.4.4 Prepare Construction Contract Documents 
For the purpose of bidding, construction documents will be prepared for the area to 
be closed. The bidding documents will allow contractors to estimate the quantity of 
materials needed to properly implement the closure plan, as well as estimating the 
construction costs. 

1.4.5 Develop Final Closure Schedule 
Once the SWS has reviewed and commented on the closure schedule, the County will 
prepare a final schedule for bidding and construction of the closure activities. 

1.4.6 Selecting a General Contractor 
After receiving sealed bids, a contractor will be awarded the job of constructing the 
final cover according to the approved closure plan. The contractor will be required to 
complete all closure activities within 180 days of beginning such activities, or as 
otherwise approved by the SWS. 

1.4.7 Securing Borrow Material for Landfill Cover 
The material to be used for construction of the closure cap system will be obtained 
primarily from on-site sources. Off-site sources, as needed, will be selected based on 
proximity to the site, ability to provide material according to project specifications, 
and price. 

1.4.8 Certification of Closure Construction 
Following completion of the closure construction, a Construction Quality Assurance 
certification will be prepared in accordance with the approved CQA Plan and 
submitted to the SWS for review and approval.  This will verify that the closure 
construction was performed in accordance with the closure plan and signed by a 
registered professional engineer licensed in the State of North Carolina and will be 
made part of the operating record. The County will notify the SWS that the 
certification has been placed in the operating record.  

1.4.9 Record Notation to Deed 
After final closure of the property, a notation will be placed on the deed to the 
property stating that the property was used as a landfill facility, and its use is 
restricted under the closure plan approved by the SWS. 

1.5 Financial Assurance 
A detailed cost estimate based on current costs has been prepared for closure of the 
largest active area of the landfill facility at any time during the life of the facility and is 
provided in Table 1-1. A copy of the cost estimate has been placed in the operating 
record. The cost estimate will be annually adjusted to account for inflation and any 
changes in conditions at the facility or in the design. If conditions call for a reduction in 
the amount to be financially assured, approval of the SWS must be obtained prior to 
officially reducing the amount. 
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Per Rule .0546(c)(1)(B), the County will annually adjust the closure cost estimate for 
inflation within 60 days prior to the anniversary date of the establishment of the 
financial instrument. It is expected that Dare County will use the local financial 
government test, and therefore will be required to update the closure cost estimate for 
inflation within 30 days after the close of the fiscal year and before submission of 
updated information to the SWS. 



Quantity Unit Cost Total

Final Cover System
Grade Intermediate Cover/Strip Existing 
Vegetation 33.9 ac $1,500.00 $50,850 

Cap System Components:

       a. 18” Erosion Layer1 82,038 cy $13.30 $1,091,105 
       b. 18” Low-Permeability Layer,
           augmented with 2% bentonite1 82,038 cy $20.00 $1,640,760 

Seeding, Fertilizing & Mulching 33.9 ac $1,850.00 $62,715 

Temporary Erosion Control 33.9 ac $3,000.00 $101,700 

Permanent Erosion and Stormwater Control 33.9 ac $33,300.00 $1,128,870 

Landfill Gas Management
Vertical Gas Vents (34 @ Avg. Depth of 10’) 340 vf $108.50 $36,890 

Surveys 33.9 ac $333.33 $11,300 

Final Landscaping
Seeding, Fertilizing & Mulching 33.9 ac $1,850.00 $62,715 
Indemnification 1 ls $5,000.00 $5,000 

Subtotal $4,191,905 

Bonds and Mobilization/Demobilization (5% of 
Subtotal) $209,595 

Engineering Services, CQA/CQC (12% of 
Subtotal)2 $503,029 

Contingency (15% of Subtotal) $628,786 

TOTAL $5,533,315 

COST PER ACRE $163,225

1.  The material quantity is as measured in-place and compacted.
2.  Engineering services include construction document preparation; construction contract administration;
construction observation; preparation of the CQA report; closure certification; and record notation to deed.

Revised December 2008

Table 1-1

Dare County, North Carolina
Dare County C&DLF
Closure Cost Estimate
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Post-Closure Plan 
Section 1 
 
The North Carolina Solid Waste Regulation Section Rule 15A NCAC 13B .0543(a) 
requires owners/operators of C&DLFs to prepare a post-closure plan. The purpose of 
the plan is to provide the necessary information for preserving the integrity of the 
landfill facility in its post-closure life. This post-closure plan specifically addresses 
maintenance activities for the closure cap, landfill gas monitoring system, 
groundwater monitoring wells, and erosion and sedimentation control system to be 
installed at the C&DLF. This plan also addresses certification and financial assurance 
requirements. 

Post-closure care will begin immediately following final closure of the landfill.  Post-
closure care may be decreased from the minimum time period of 30 years specified in 
the regulations if the County can demonstrate that the reduced period will pose no 
threat to human health or the environment. However, the SWS reserves the right to 
increase the post-closure care period if it is deemed necessary to protect human health 
and the environment. 

1.1 Maintenance and Monitoring Activities 
Post-closure maintenance and monitoring activities for the C&DLF are described in 
the following sections.  Post-Closure Inspection form is provided as Figure 1-1. 

1.1.1 Final Cover System 
Inspection of the final cover system will take place quarterly and encompass the entire 
landfill. Items of concern to be noted by the inspector include but are not limited to: 
signs of erosion (ruts, sediment deposits, etc.), patches of stressed or dead vegetation, 
animal burrows, recessed areas or ponding, upheaving, leachate seepage stains 
and/or flowing leachate, cracks in the cap, damaged gas vents and tree saplings 
(especially species with tap roots). Following each inspection, a summary report of 
the condition of the cover and the items of concern should be recorded in the post-
closure log book of the facility. Areas that require further attention should be 
photographed and delineated on a map of the facility. These items should also be 
entered in the log book. Since post-closure inspection personnel will most likely 
change during the post-closure period, the post-closure log book should be kept in a 
standardized format that allows for new inspection personnel to easily review the 
results of past post-closure inspections of the site.   

Action should be taken immediately to address any items of concern identified during 
the inspection. Obvious repair items should be performed under the supervision of 
the post-closure maintenance manager. If an item of concern requires further study to 
determine a course of action, the engineering firm responsible for closure design 
should be contacted for consultation.   

 



Dare County
Construction and Demolition Debris Landfill 
Post-Closure Inspection Form (Figure 1-1)

Inspector: Weather:
Date/Time:

Last Date of 
Inspection

Frequency of
Inspection

Condition
GC/MC/NR1 Photographs Map ID's Corrective Action/Comments

1.1  Final Cover System

1.1.1 Signs of erosion (ruts, sediment deposits, etc.) Quarterly

1.1.2 Patches of stressed or dead vegetation Quarterly

1.1.3 Animal burrows Quarterly

1.1.4 Recessed areas or ponding Quarterly

1.1.5 Leachate seepage stains and/or flowing leachate Quarterly

1.1.6 Upheaval or Cracks in the cap Quarterly

1.1.7 Tree saplings (especially species with tap roots) Quarterly

1.1.8 Semi-Annually mowed (Y/N) Quarterly
1.2 Site Security and Access

1.2.1 Access Road Quarterly

1.2.2 Security Fencing and Gates Quarterly

1.2.3 Signage Quarterly
2.  Erosion and Sedimentation Control System

2.1  Drainage Ditches

2.1.1 Obstructions Semi-annually2

2.1.2 Erosion of side slopes Semi-annually2

2.1.3 Loss of vegetative cover Semi-annually2

2.1.4 Excessive build-up of sediment Semi-annually2

2.2  Drainage Pipes

2.2.1 Obstructions Semi-annually2

Inspection List

1.  Site Maintenance



Dare County
Construction and Demolition Debris Landfill 
Post-Closure Inspection Form (Figure 1-1)

Last Date of 
Inspection

Frequency of
Inspection

Condition
GC/MC/NR1 Photographs Map ID's Corrective Action/CommentsInspection List

2.2.2 Undercutting and rutting of inlets & outlets Semi-annually2

2.3  Sedimentation Devices

2.3.1 Sediment Level Semi-annually2

2.3.2 Outlet Control Device Semi-annually2

2.3.3 Berm Stability Semi-annually2

3.1  Groundwater and Gas Monitoring Wells

3.1.1 Casing Condition (cracks, corrosion, etc...) Semi-annually

3.1.2 Condition of locking system and cover Semi-annually

3.1.3 Presence of surface seal damage Semi-annually

3.1.4 Debri near cap Semi-annually

3.1.5 Sampling performed Semi-annually
3.2  Landfill Gas Monitoring System 

3.2.1 Gas vent blockages Quarterly

3.2.2 Gas vent condition Quarterly

3.2.3 Gas vent air pump test Annually

1 Description of Condition
GC = Good condition
MC= Monitor condition to determine course of action
NR = Needs repair

2 Inspection should be conducted after major storm events.

3.  Monitoring
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As part of general maintenance, the vegetative cover should be mowed at least twice a 
year to suppress weed and brush growth. If vegetative cover is not adequate in any 
particular area, soil amendments should be applied as necessary and the area re-
seeded in order to re-establish vegetation. Insecticides may be used to eliminate insect 
populations that are detrimental to the vegetation. Animal burrows and eroded or 
depressed areas should be filled in with compacted soil and reseeded. 

1.1.2 Site Access and Security 
In addition to the final cover cap, quarterly inspection shall be performed on all site 
access roads and all security features; including but not limited to fencing, gates, 
signage, etc. 

1.1.3 Groundwater Monitoring Wells 
Inspection of the groundwater monitoring wells will take place semi-annually during 
sampling events. The inspection will consist of verifying the condition of the 
monitoring wells to ensure that they are providing representative samples of the 
ground water being collected. The inspector should note the following: 

1) The total depth of the well should be recorded every time a water sample is 
collected or a water level reading is taken to check if sediment has accumulated at 
the bottom. If sediment build-up has occurred, the sediment should be removed 
by pumping or bailing. 

2)  If turbid samples are collected from a well, redevelopment of the well will be 
necessary. 

3)  The above-ground protective casing should be inspected for damage. The 
protective casing should be of good structural integrity and free of any cracks or 
corrosion. The lockable cover and lock should also be checked at this time. 

4) The surface seals should be inspected for settling and cracking. If the seal is 
damaged in any way, the seal should be replaced. 

5)  The well casing and cap should be inspected. The casing and cap should be of 
good structural integrity and free of any cracks or corrosion. Any debris should be 
removed from around the cap to prevent it from entering the well. 

The condition of the groundwater monitoring system should be recorded in the post-
closure log book following each sampling event. Monitoring of the groundwater wells 
shall be conducted as described in the groundwater monitoring plan.  

1.1.4 Landfill Gas Monitoring System  
Inspection of the landfill gas monitoring system should take place at least quarterly.  
The inspection should consist of verifying the condition and operation of the passive 
gas vents and gas monitoring wells. The full depth of all vents and monitoring wells 
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should be checked for blockage that may be caused by settlement or cracks in the 
casing. At least once a year, all vents and wells should be tested with an air pump to 
ensure they are free-flowing. The summary of each inspection of the landfill gas 
monitoring system should be recorded in the post-closure log book along with 
photographs of any items of concern. 

Testing of the gas monitoring wells shall be conducted quarterly, or as otherwise 
approved by the SWS.  

If any vents or wells are not properly working, they should be flushed and pressure 
cleaned. If all attempts to repair a vent or well are unsuccessful, a replacement will be 
installed. 

1.2 Erosion and Sedimentation Control System 
Inspection of the erosion and sedimentation control system should occur semi-
annually and after major storm events. During each inspection, the elements of the 
system including drainage ditches, drainage pipes, sedimentation devices, and 
inlet/outlet structures should be checked for obstructions and damage. The drainage 
ditches should be inspected for obstructions, erosion of side slopes, loss of vegetative 
cover, shifting of riprap, excessive buildup of sediment, or any other item that may 
prevent the proper functioning of the ditch. Drainage piping should be checked for 
blockages and the inlets/outlets should be inspected for undercutting and rutting. 
The sediment level in the sedimentation devices should be measured to determine if 
removal is required. The condition of the outfall structure should be checked to 
ensure proper functioning. The berms should be inspected for stability. Following 
each inspection, a summary report should be entered in the post-closure log book 
along with photographs of any items of concern.  

Maintenance and/or repairs should be performed immediately as prescribed by the 
inspectors review. 

1.3 Certification of Post-Closure 
Following completion of the post-closure care period, a certification verifying that 
post-closure care was performed in accordance with the post-closure plan and signed 
by a registered professional engineer licensed in the State of North Carolina will be 
made part of the operating record. The County will notify the SWS that the 
certification has been placed in the operating record.  
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1.4 Name of Individual Responsible for Post-Closure  
      Maintenance of the Site 
Mr. Edward Mann of Dare County is currently responsible for operations and 
maintenance of the site. Mr. Mann can be reached at the following address: 

Mr. Edward Mann 
Public Works Director, Dare County 
P.O. Box 100 
Manteo, North Carolina 27954 

 

Mr. Mann most likely will not be employed with Dare County throughout the entire 
30 year post-closure period. A new individual will be appointed at the time Mr. 
Mann’s employment with the County ends. 

1.5 Planned Use of Landfill after Closure 
There are no current planned uses for the landfill site after closure. The property will 
remain County property, maintained by the County, with public access prohibited.  

1.6 Financial Assurance 
Dare County will submit a financial assurance package to SWS in accordance with the 
criteria set forth under Rule .0546. A detailed cost estimate for post-closure care has 
been prepared and is provided herein (Table 1-1) and a copy has been placed in the 
operating record. The cost estimate is based on 30 years of post-closure care. 

Per Rule .0546(c)(3)(B), the County will annually adjust the post-closure cost estimate 
for inflation within 60 days prior to the anniversary date of the establishment of the 
financial instrument. Dare County anticipates using the local financial government 
test, and therefore will be required to update the post-closure cost estimate for 
inflation within 30 days after the close of the fiscal year and before submission of 
updated information to the SWS. 

 

 



Quantity Unit Cost Total

Administration1 30 yr $5,000 $150,000 

Engineering2 30 yr $10,000 $300,000 

Monitoring
15 Groundwater Monitoring Well and QA/QC 
Samples Analyzed Semi-Annually for 30 years 60 events $2,475 $148,500 

3 Surface Water Sample Analyzed Semi-Annually 
for 30 years 60 events $325 $19,500 

Maintenance
Fencing, Gates, Signs, etc. 30 yr $1,000 $30,000 

$ $

Revised December 2008

Table 1-1

Dare County, North Carolina
Dare County C&DLF

Post-Closure Cost Estimate

Access Roads 30 yr $3,000 $90,000 
Mowing 30 yr $12,000 $360,000 
Stormwater Structures 30 yr $9,000 $270,000 
Final Cover System Inspection & Repair 30 yr $25,000 $750,000 
Groundwater Monitoring Wells 30 yr $8,000 $240,000 
Surface Water Monitoring Points 30 yr $2,500 $75,000 
Landfill Gas Wells 30 yr $5,000 $150,000 

Subtotal $2,583,000 

Contingency (15%) $387,450 

TOTAL $2,970,450 

ANNUAL COST $99,015

1.  Administration costs include contract selection and procurement of firms to perform inspection, monitoring and repairs.
2.  Engineering costs include general site inspection activities. 



 
5400 Glenwood Avenue, Suite 300 
Raleigh, North Carolina 27612 
tel: 919-325-3500 
fax: 919-781-5730 
 

 

February 22, 2010 
 
Mr. Ming-Tai Chao, P.E. 
Environmental Engineer II 
North Carolina Department of Environment and Natural Resources 
Division of Waste Management 
Permitting Branch, Solid Waste Section 
1646 Mail Service Center 
Raleigh, NC 27699-1646 
 
Subject: Dare County 
 Dare County Construction and Demolition Landfill (C&DLF) 
  NCDENR LQS – Erosion and Sedimentation Control Plan and Permit  
  
Dear Mr. Chao: 

On behalf of Dare County, CDM is pleased to submit a CD with an electronic copy of 
the approved NCDENR Land Quality Section (LQS) Erosion and Sedimentation 
Control Plan and Permit along with the NCDENR LQS approval letter.   

If you have any questions or need additional information, please do not hesitate to call me at 
(919) 787-5620. 

Very truly yours, 

 

 

W. Michael Brinchek, P.E. 
Project Manager 
Camp Dresser & McKee  
  
cc:  Ed Mussler, NCDENR DWM 

Edward Mann, Dare County 
Kevin Irby, CDM 

mtchao
New Stamp
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