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14 N. BOYLAN AVENUE  RALEIGH, NC 27603  TEL: 919-828-0577  FAX 919-828-3899  WWW.RSGENGINEERS.COM 

 

 
June 18, 2012 
 
 
Ms. Patricia Backus, P.E. 
Environmental Engineer 
NC DENR - Division of Waste Management 
1646 Mail Service Center 
Raleigh, NC  27699-1646 
 
RE:  Martin County C&D Landfill (Permit No. 59-01) 

Response to Technical Review Comments 
 
Dear Ms. Backus: 
 
On behalf of Martin County, Richardson Smith Gardner & Associates, Inc. (RSG) would like to respond 
to the comments in your letter dated May 21, 2012 (attached).  Each comment is repeated below in italics 
followed by our response in bold. 

 
1. Section 1.7.1, Open Burning – 15A NCAC 13B .0542((i)(2) requires that there also be approval 

from the Section prior to open burning.  The permittee must also document the date of approval 
and the name of the person that approved in the facility’s operating record.  Please read the rule 
and modify accordingly. 

 
Section 1.7.1 has been revised to reflect that DWM approval is also required.  Approval for 
open burning has also been added to the list of records in Section 1.13.  Please refer to the 
attached revised Operations Manual. 
 

2. Section 1.7.6, Notification – I would suggest that you include and reference the Solid Waste 
Management Facility Fire Occurrence Notification found on our portal site, 
http://portal.ncdenr.org/web/wm/sw/forms.  It is in the appropriate format and can be completed 
online, printed, and mailed.  

 
Section 1.7.6 has been revised to reflect use of the DWM’s form.  A copy of the form has 
been included as Appendix B. 

 
3. Below are items that I found with either an incorrect definition rule/stature reference or incorrect 

reference to a section of the operations plan.   
a. Section 2.2.1 – The correct reference for Land Clearing and Inert Debris Landfill is 15A 

NCAC 13B .0101(22). 
b. Section 2.2.1 – The correct reference for Land Clearing Waste is 15A NCAC 13B 

.0101(23). 
c. Section 2.2.1 – The correct reference for the description of the special waste management 

of asbestos is Section 2.5.3. 
Please check the document to ensure other references are correct.  

 
The above references have been corrected. 
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North Carolina Department of Environment and Natural Resources 

 Division of Waste Management 
Beverly Eaves Perdue Dexter R. Matthews Dee Freeman 
Governor Director Secretary 
 

1646 Mail Service Center, Raleigh, North Carolina 27699-1646 
Phone: 919-707-8200  \ Internet: http://portal.ncdenr.org/web/wm/sw 
 
An Equal Opportunity \ Affirmative Action Employer  

 

May 21, 2012 

 

 

Mr. Pieter Scheer, P.E. 

Principal, Project Manager 

Richardson Smith Gardner & Associates 

14 N. Boylan Avenue 

Raleigh, NC  27603 

 

 

Re: Application Amendment Application Review 

 Martin County Construction and Demolition Landfill 

 Permit No. 59-01, Martin County, Document ID No. 16657 

 

Dear Mr. Scheer: 

 

The Division of Waste Management, Solid Waste Section (Section) has reviewed the permit 

application you submitted on behalf of Martin County for the Martin County Construction and 

Demolition Landfill (Permit No. 59-01) in January (DIN 15892).  The following are comments 

and questions about the application.  Please make changes to the application as appropriate. 

 

1. Section 1.7.1, Open Burning – 15A NCAC 13B .0542((i)(2) requires that there also be 

approval from the Section prior to open burning.  The permittee must also document the date 

of approval and the name of the person that approved in the facility’s operating record.    

Please read the rule and modify accordingly. 

2. Section 1.7.6, Notification – I would suggest that you include and reference the Solid Waste 

Management Facility Fire Occurrence Notification found on our portal site, 

http://portal.ncdenr.org/web/wm/sw/forms.  It is in the appropriate format and can be 

completed online, printed, and mailed. 

3. Below are item that I found with either an incorrect definition rule/stature reference or 

incorrect reference to a section of the operations plan.   

a. Section 2.2.1 – The correct reference for Land Clearing and Inert Debris Landfill is 15A 

NCAC 13B .0101(22). 

b. Section 2.2.1 – The correct reference for Land Clearing Waste is 15A NCAC 13B 

.0101(23). 

c. Section 2.2.1 – The correct reference for the description of the special waste 

management of asbestos is Section 2.5.3. 

Please check the document to ensure other references are correct. 
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Mr. Pieter Scheer, P.E. 

Permit Amendment Application Review – DIN 16657 
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4. Please be more specific about what is meant by “clean wood waste” which is used Section 

2.2.2 and Section 2.3.2 and “acceptable wood and yard wastes” in Section 2.6.  A document 

that may help is the Land Clearing Debris Treatment and Processing Notification Guidance 

found at http://portal.ncdenr.org/web/wm/sw/tandpnotifications.  The first section states what 

can be ground or chipped into mulch and/or boiler fuel. 

5. Section 2.3.2 – Clean wood is not defined in Section 2.2.3.  It is a statement of what clean 

wood wastes includes.  It does not indicate what isn’t included.  Since there isn’t a regulatory 

definition, I would prefer something more specific as noted in comment 4. 

6. Section 2.6 states that the mulch is “primarily” hauled offsite for use as boiler fuel.   I’m 

assuming this means most of the time rather than all of the time.  When specifying what will 

be accepted for wood waste processing, please consider that engineered wood product may 

be used for boiler fuel but not for mulch. 

7. Section 2.4.1 Waste Receiving and Inspection states that vehicles will be selected for 

screening a minimum of three times per quarter.  While the rules do not define random 

sampling, the compliance staff says the normal inspection rate is 1% of the loads or a 

minimum of one per week. 

 

After you have addresses these, please send a complete paper copy of the application along with 

the electronic copy.   

 

If you have any questions regarding this matter, please contact me at (919) 707-8257 or by email 

at pat.backus@ncdenr.gov.   

 

Sincerely, 

 
Patricia Backus, P.E. 

Environmental Engineer 

Solid Waste Section 

 

cc: Maurice Robinson, Martin County C&DLF Manager 

 David Bone, Martin County Manager 

 Joan Smyth, RSG 

Ed Mussler, P.E., Permitting Branch Head 

 Dennis Shackelford, Eastern District Supervisor 

 Ben Barnes, Environmental Senior Specialist 



14 N. BOYLAN AVENUE  !  RALEIGH, NC  27603  !  TEL. 919-828-0577  !  FAX 919-828-3899  !  WWW.RSGENGINEERS.COM

February 13, 2012

Ms. Patricia Backus, P.E.
Environmental Engineer II
NC DENR - Division of Waste Management
217 West Jones Street
Raleigh, NC  27603

RE: Martin County C&D Landfill (Permit No. 59-01)
Permit Amendment Application

Dear Ms. Backus:

On behalf of Martin County, Richardson Smith Gardner & Associates, Inc. (RSG) is submitting the
attached permit amendment application for the County’s construction and demolition debris (C&D)
landfill.

Please contact me at your earliest convenience with any questions or comments on this application or if
you require any additional information at this time.

Sincerely,
Richardson Smith Gardner & Associates, Inc.

Pieter K. Scheer, P.E.
Principal, Senior Engineer
pieter@rsgengineers.com

Attachment

cc: Maurice Robinson, Martin County
David Bone, Martin County
Joan Smyth, RSG
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EXECUTIVE SUMMARY

GENERAL

The following is a Permit Amendment Application submitted on behalf of Martin County, North
Carolina for the continued operations of the County’s construction and demolition debris (C&D)
disposal unit at the County's existing landfill facility located in Williamston (Permit 59-01). 
This disposal unit is an unlined unit originally permitted in 1995.  This permit application has
been prepared to satisfy the requirements of Rule 15A NCAC 13B.0535 of the North Carolina
Solid Waste Management Rules.

The C&D landfill unit consists of approximately 7.0 acres (waste footprint), approximately 6.0
acres of which have been filled upon at present.  This application shows phasing of the landfill in
three fill sequences.  Fill Sequence No. 1, which consists of filling within the currently filled
waste limits (6.0 acres), is anticipated to provide a life expectancy of approximately 5.5 years (at
assumed density and filling rates as described in Attachment A).  Fill Sequence No. 2, which
consists of filling in a 1.0 acre expansion area on the southeast side of the landfill, will provide a
life expectancy of approximately 1.4 years.   The gross volume of the existing fill (through
6/22/11) plus Fill Sequences 1 and 2 is within 110% of the volume calculated for the originally
permitted subgrade and final cover grades (165,353 CY).  Thus, approval of the existing fill
plus Fill Sequences 1 and 2 is requested with this application.  The County intends to complete
the necessary local government approval process to allow approval of additional fill sequences
upon submittal of the next permit amendment application (in 2016).

REGULATORY REFERENCES

This submittal has been prepared in accordance with the requirements of the North Carolina
Solid Waste Management Rules (15A NCAC 13B) and the North Carolina Sedimentation
Control Rules (15A NCAC 4), which are enforced by the Division of Waste Management
(DWM) and the Division of Land Quality, respectively, of the North Carolina Department of
Environment and Natural Resources (DENR).  Included in this submittal are the following
documents (with applicable rule(s) in italics):

Facility and Engineering Plan (13B.0537 and .0539);
Technical Specifications (13B.0539);
Construction Quality Assurance (CQA) Manual (13B.0541);
Operations Manual (13B.0542);
Closure and Post-Closure Plan (13B.1627 and .1629);
Erosion and Sedimentation Control Plan (13B.0540 and 15A NCAC 4);
Permit Drawings (13B.0537, .0539, .0540, .0542, .1629, and 15A NCAC 4);
Water Quality Monitoring Plan (13B.0544);
Landfill Gas Monitoring Plan (13B.0544); and
Signature Page.
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Attachment A

Facility and Engineering Plan

Martin County, North Carolina
C&D Landfill (Permit No. 59-01)
Permit Amendment Application
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Facility and Engineering Plan

Martin County C&D Landfill
Williamston, North Carolina

Prepared for:
Martin County Solid Waste Management Department
Williamston, North Carolina

January 2012

14 N. BOYLAN AVENUE
RALEIGH, NORTH CAROLINA  27603

NC LIC. NO. C-0828 (ENGINEERING)
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MARTIN COUNTY
MARTIN COUNTY C&D LANDFILL

FACILITY AND ENGINEERING PLAN

1.0 OVERVIEW

This section presents a plan for the continued operation of Martin County’s construction and
demolition (C&D) debris landfill.

2.0 FACILITY SERVICES AND WASTE STREAM

2.1 Facility Services

Currently, the following activities or services are provided at the Martin County Landfill
facility:

• C&D Landfill;
• Wood Waste Processing Area;
• White Goods Handling Area;
• Used Tire Storage Area; and
• Used Pesticide Container Storage Building.

2.2 Types of Waste

The Martin County Landfill facility accepts C&D waste, wood waste, white goods, and
tires.  C&D wastes are routed to the on-site C&D landfill units for disposal.  Other wastes
are handled as described below.

2.3 Disposal Rate

The Martin County facility currently accepts about 4,500 tons per year of C&D waste,
which is currently disposed of within the C&D landfill unit.  This amounts to an average
of about 16 tons per day based upon 280 days of operation per year.  Actual daily
amounts of C&D are expected to vary considerably.

2.4 Service Area

The landfill serves Martin County.

2.5 Procedures for Waste Segregation

Operators at the scalehouse are trained to classify and segregate the waste stream.  White
goods are routed to an on-site processing area.  C&D wastes are directed toward the
C&D landfill.
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Employees at the landfill are trained in the safety procedures for the handling and
detection of illegal waste.  The screening of unacceptable waste is done through the
random checking of incoming loads by a County employee at the scalehouse and at the
tipping area.  When unacceptable waste is detected at the scalehouse, the load is rejected
and not permitted into the landfill.  If hazardous waste is found at the tipping area,
identification of the truck or persons is made (if possible) and documented, then the
hazardous waste is identified and placed in a hazardous waste container and taken to a
designated hazardous waste staging area for proper disposal.  When this occurs, the event
is reported to the appropriate authorities.

2.6 Equipment Requirements

The County will maintain on-site equipment required to perform the necessary landfill
activities.  Periodic maintenance of all landfilling equipment, and minor and major repair
work will be performed at designated maintenance zones outside of the landfill.

3.0 LANDFILL CAPACITY

3.1 Total Operating Capacity and Life Expectancy

Drawing S2 (Final Grading and Drainage Plan), identifies the final configuration for Fill
Sequences 1-3 of the C&D landfill.  The top elevation of the final grades is at
approximately 94 feet.  The exterior side slopes will have a maximum slope of 3H to 1V.

The estimated total gross operating capacity, net capacity (accounts for periodic and final
cover), disposal area, and life expectancy for Fill Sequences 1-3 are shown in Table 1. 
Note that the gross volume of the existing fill plus Fill Sequences 1 and 2 is within 110%
of the volume calculated for the originally permitted subgrade and final cover grades
(original capacity = 165,353 CY) (See Appendix A for capacity calculations) .

3.2 In-Place Ratio of Waste to Soil and Compaction Factor

The capacities obtained above were based on a 10 percent periodic cover ratio and a
compaction factor of 1,300 pounds per cubic yard (0.65 tons/cy).  The assumed periodic
cover ratio is typical for C&D landfills.  The assumed compaction factor is conservative
based on the volume used and tonnage disposed through the last survey (6/22/11).

4.0 AVAILABLE SOIL RESOURCES AND REQUIRED SOIL QUANTITIES

The soils required to operate the landfill will be removed from on-site sources.  The soil required
for use as the compacted soil barrier component of the final cover system will likely have to
come from an off-site source.
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4.1 Earthwork Quantities

The anticipated quantity of soil to be excavated to achieve base grades and the
anticipated quantity to be required as structural fill for foundation soils and berms is
shown in Table 2.

4.2 Periodic Cover

Assuming the previously mentioned periodic cover ratio of 10 percent, the estimated
quantity of soil that will be required for use as periodic cover during C&D landfill
operations is shown in Table 2.

4.3 Final Cover System

On the basis of the 1.5 foot thick compacted soil barrier and 1.5 foot thick vegetative soil
layer components of the C&D landfill final cover, the estimated in-place volume required
is shown in Table 2.

4.4 Soil Summary

The above soil quantities are summarized in Table 2.  Note that, long-term, there is a soil
deficit of on-site soil which will be needed from on or off-site borrow sources outside of
the C&D landfill footprint.

5.0 FACILITY DESIGN CRITERIA

The Martin County C&D landfill is designed and operates in accordance with Section .0542 of
the North Carolina Administrative Code, Title 15A, Chapter 13, Subchapter 13B including the
following requirements.

5.1 Horizontal Separation Requirements

The horizontal separation requirement between the disposal boundary (edge of waste)
and the property lines is more than 50 feet (as required for existing facilities) (the
minimum buffer is approximately 80 feet), the minimum buffer between private
residences and wells and the disposal boundary is 500 feet, and the minimum buffer
between any surface water (stream, river, creek) and the disposal boundary is 50 feet. 
Refer also to Drawing S2. 

5.2 Vertical Separation Requirements

The landfill subgrade elevations have been previously designed to meet the minimum
requirement of four feet above the seasonal high groundwater table and bedrock.
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6.0 CONTAINMENT AND ENVIRONMENTAL CONTROL SYSTEMS

Technical specifications and a project construction quality assurance (CQA) manual for the
following materials can be found in Attachments B and C, respectively.

6.1 Landfill Subgrade

The subgrade elevations will be achieved by excavation or placement of compacted
structural fill (embankment).  During excavation, a determination of unsuitable soils (i.e.
soils which are too soft, wet, or organic) will be made.  Where unsuitable soils are found,
the soils will be undercut and backfilled with structural fill.

Structural fill will consist of on-site soils removed during excavation activities or
imported borrow soils, except that no OL, or OH soils will be allowed.

Per State regulations, the upper 2 feet of the landfill subgrade must consist of SC, SM,
ML, CL, MH, or CH soils (per Unified Soil Classification System).  Verification of this
requirement will be performed during construction.

6.2 Final Cover System

The components of the final cover system will consist of the following components (top-
down):

Regulatory Final Cover System (.0543 (c) (1)):

• An 18-inch thick vegetative soil layer; and
• an 18-inch thick soil liner with a permeability of no more than 1 x 10-5

cm/sec (“compacted soil barrier”).

The final cover system will be placed on prepared intermediate cover at a maximum
slope of 3H:1V.  Top slopes will be approximately 8%.  A landfill gas (LFG) control
system and surface water control devices will also be incorporated into the final cover. 
The final cover surface will be vegetated upon completion of the final cover installation
according to the project seeding specifications.

6.3 Erosion and Sedimentation Control

The Erosion and Sedimentation Control structures provided will be designed and
maintained to manage the run-off generated by the 24-hour, 25-year storm event, and
conform to the requirements of the Sedimentation Pollution Control Law (15A, NCAC,
4).

A detailed discussion of site erosion and sedimentation control can be found in the
Project Erosion and Sedimentation Control Plan (Attachment F).
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6.4 Landfill Gas Control

Landfill gas control will consist of passive wells / vents as shown on Drawing S2. 
Additionally, refer to the Landfill Gas Monitoring Plan for perimeter methane monitoring
locations and requirements.

6.5 Access and Roadways

Site operations will provide for all-weather access to active areas and monitoring
locations.

7.0 SLOPE STABILITY

The slope stability of the waste mass is addressed in Appendix A.  The results of the slope
stability analysis indicates that the proposed C&D landfill configuration is stable.

TABLE 1
SUMMARY OF LANDFILL CAPACITY AND LIFE EXPECTANCY

Fill
Sequence Area (Ac.)

Operating Capacity (CY) Life
Expectancy2

Gross (CY) Net (CY/Tons)

Capacity Used 

----- 6.0 124,955
112,460 CY
90,035 Tons

-----

Capacity Remaining

1 See Above 42,121
37,909 CY

24,621 Tons
5.5 Years1

2 1.0 10,620
9,558 CY

6,213 Tons
1.4 Years

3
Vertical

Expansion
66,197

26,385 CY
17,150 Tons

3.8 Years

Total: 7.0 243,893 186,312 CY
138,019 Tons

10.7 Years

Notes:
1. The remaining capacity and life expectancy is from June 22, 2011.
2. Life expectancy for all units is based on 4,500 tons of waste disposed per year.
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TABLE 2
SOIL SUMMARY

Material Quantity (CY)

Fill Seq. 11 Fill Seq. 2 Fill Seq. 31 Total

Excavation ----- 3,000 ----- 3,000

Structural Fill ----- (1,000) ----- (1,000)

Periodic Cover (4,212) (1,062) (2,932) (8,206)

Final Cover ----- ----- (33,880) (33,880)

Total: (4,212) 938 (36,812) (40,086)

Notes:
1. Note that Fill Sequences 1 and 3 are vertical expansions.
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PROJECT  Martin County C&D Landfill

SUBJECT  Capacity Evaluation (Density & Life Calcs.)

SHEET      1      OF     10
JOB NO.    MARTIN-11-1
DATE           1/30/12
COMPUTED BY    PKS
CHECKED BY    LAQ

Objective To determine the capacity of landfill units.  Also, to estimate the expected life of the landfill
unit(s) given the proposed contours and the anticipated waste loading rate(s).  As part of the
evaluation, an evaluation or estimate of waste density will be required based on the known or
assumed percentage of periodic cover soil.

Analysis The volume(s) will be calculated by using AutoCAD.  Alternatively, the volume(s) will be
calculated by taking cross sections of the landfill, using a planimeter to measure the area of the
cross sections, and using the average end area method.

CAPACITY LF DENSITY & LIFE.WPD

RICHARDSON SMITH GARDNER & ASSOCIATES
Engineering and Geological Services
14 N. Boylan Avenue, Raleigh, NC  27603
Telephone: (919) 828-0577





RICHARDSON SMITH GARDNER & ASSOCIATES SHEET:

Engineering and Geological Services JOB #:

14 N. Boylan Avenue Tel:  919-828-0577 DATE:

Raleigh, NC  27603 Fax: 919-828-3899 BY:
CHKD BY:

Martin County C&D Landfill
Capacity Evaluation - Volume Filled (Through June 22, 2011)

Waste & Periodic Cover Parameters:

Waste Density (pcy) = 1,601 (Estimated based on Volume and Tonnage Estimates)
Waste Density (tcy) = 0.80

Percentage of Periodic Cover = 10 (Assumed)

Volume Calculations:

Volume of Waste and Periodic Cover (Gross Capacity) Used (cy) = 124,955 (Base Grades - June 22, 2011 Topo. - CAD)

Volume of Periodic Cover Used (cy) = (12,496)

Net (Waste) Capacity Used (cy) = 112,460

Net (Waste) Capacity Used (tons) = 90,035   Per Martin County (FY 2010-11 Report)

LAQ

3/10

MARTIN-11-1

1/25/12

PKS

Richardson Smith Gardner & Associates, Inc. C&D - Volume Filled (6-22-11) CAPACITY LF DENSITY & LIFE 3 to 1 Slopes.xls





RICHARDSON SMITH GARDNER & ASSOCIATES SHEET:

Engineering and Geological Services JOB #:

14 N. Boylan Avenue Tel:  919-828-0577 DATE:

Raleigh, NC  27603 Fax: 919-828-3899 BY:
CHKD BY:

Martin County C&D Landfill
Capacity Evaluation - Fill Sequence 1

Waste & Periodic Cover Parameters:

Waste Density (pcy) = 1,300 (Conservative based on Current Estimates)
Waste Density (tcy) = 0.65

Percentage of Periodic Cover = 10

Volume Calculations:

Volume From AutoCAD (cy) = 42,121 (June 22, 2011 Topo.  to Fill Grades - CAD)

Sum = 42,121 (= Gross Remaining Capacity)

Net (Waste) Capacity:

Volume of Waste and Periodic Cover (cy) = 42,121

Volume of Periodic Cover (cy) = (4,212)

Net (Waste) Capacity (cy) = 37,909

Net (Waste) Capacity (tons) = 24,641

Life Expectancy Calculations:

Start End Tons Total
Time Time Disposed Tons Remainder

2011.48 2016.96 24,641 24,641 (0) Based on 4,500 Tons/Yr

Landfill Life Expectancy (years) = 5.5 December 2016

LAQ

5/10

MARTIN-11-1

1/30/12

PKS

Richardson Smith Gardner & Associates, Inc. C&D - Fill Sequence 1 CAPACITY LF DENSITY & LIFE 3 to 1 Slopes.xls



0 100' 200'

Base Surface Comparison Surface Cut Fill Net

COMPOSITE BASE PH1-FCVR 3,871.03 Cu. Yd. 42,121.01 Cu. Yd. 38,249.98 Cu. Yd.<Fill>



RICHARDSON SMITH GARDNER & ASSOCIATES SHEET:

Engineering and Geological Services JOB #:

14 N. Boylan Avenue Tel:  919-828-0577 DATE:

Raleigh, NC  27603 Fax: 919-828-3899 BY:
CHKD BY:

Martin County C&D Landfill
Capacity Evaluation - Fill Sequence 2

Waste & Periodic Cover Parameters:

Waste Density (pcy) = 1,300 (Conservative based on Current Estimates)
Waste Density (tcy) = 0.65

Percentage of Periodic Cover = 10

Volume Calculations:

Volume From AutoCAD (cy) = 10,620 (June 22, 2011 Topo. & Seq. No. 1 to Fill Grades - CAD)

Sum = 10,620 (= Gross Remaining Capacity)

Net (Waste) Capacity:

Volume of Waste and Periodic Cover (cy) = 10,620

Volume of Periodic Cover (cy) = (1,062)

Net (Waste) Capacity (cy) = 9,558

Net (Waste) Capacity (tons) = 6,213

Life Expectancy Calculations:

Start End Tons Total
Time Time Disposed Tons Remainder

2016.96 2018.34 6,213 6,213 (0) Based on 4,500 Tons/Yr

Landfill Life Expectancy (years) = 1.4 May 2018

LAQ

7/10

MARTIN-11-1

1/30/12

PKS

Richardson Smith Gardner & Associates, Inc. C&D - Fill Sequence 2 CAPACITY LF DENSITY & LIFE 3 to 1 Slopes.xls



0 100' 200'

Base Surface Comparison Surface Cut Fill Net

COMPOSITE BASE PASTE PH1 PH2-FCVR 5.63 Cu. Yd. 10,625.99 Cu. Yd. 10,620.36 Cu. Yd.<Fill>



RICHARDSON SMITH GARDNER & ASSOCIATES SHEET:

Engineering and Geological Services JOB #:

14 N. Boylan Avenue Tel:  919-828-0577 DATE:

Raleigh, NC  27603 Fax: 919-828-3899 BY:
CHKD BY:

Martin County C&D Landfill
Capacity Evaluation - Fill Sequence 3

Waste & Periodic Cover Parameters:

Waste Density (pcy) = 1,300 (Assumed)
Waste Density (tcy) = 0.65

Percentage of Periodic Cover = 10

Volume Calculations:

Volume From AutoCAD (cy) = 70,068 (June 22, 2011 Topo.  to Fill Grades - CAD)

Net (Waste) Capacity:

Adjustment For Fill Sequence 1 Cut:
Fill Sequence No. 1 Cut Volume (cy) = 3,871

Gross Capacity of Fill Sequence 3: 66,197

Adjustment For Cut at North End:
Cut Volume (cy) = 3,000 (Estimated)

Adjustment For Other Layers:
Area of Final Cover (Ac.) = 7.0

3 feet Final Cover = (33,880) cy

Sum = (33,880) cy

Volume of Waste and Periodic Cover (cy) = 29,317

Volume of Periodic Cover (cy) = (2,932)

Net (Waste) Capacity (cy) = 26,385

Net (Waste) Capacity (tons) = 17,150

Life Expectancy Calculations:

Start End Tons Total
Time Time Disposed Tons Remainder

2018.34 2022.15 17,150 17,150 0 Based on 4,500 Tons/Yr

Landfill Life Expectancy (years) = 3.8 February 2022

LAQ

9/10

MARTIN-11-1

1/30/12

PKS

Richardson Smith Gardner & Associates, Inc. C&D - Fill Sequence 3 CAPACITY LF DENSITY & LIFE 3 to 1 Slopes.xls



0 100' 200'

Base Surface Comparison Surface Cut Fill Net

COMPOSITE PASTE PH2 FCVR_3TO1 1.08 Cu. Yd. 70,068.58 Cu. Yd. 70,067.50 Cu. Yd.<Fill>



PROJECT  Martin County C&D Landfill

SUBJECT  Earthwork Quantities

SHEET      1      OF     2
JOB NO.    MARTIN-11-1
DATE           1/30/12
COMPUTED BY    PKS
CHECKED BY    LAQ

Objective To determine the earthwork and related material quantities associated with the construction and
operation of the landfill.

Analysis The volumes of each material will be calculated by taking design thicknesses and/or cross
sections and multiplying by design areas and/or lengths.  Areas and lengths are determined using
AutoCAD, a planimeter, and/or direct measurement.

EARTHWORK.WPD

RICHARDSON SMITH GARDNER & ASSOCIATES
Engineering and Geological Services
14 N. Boylan Avenue, Raleigh, NC  27603
Telephone: (919) 828-0577



RICHARDSON SMITH GARDNER & ASSOCIATES SHEET:

Engineering and Geological Services JOB #:

14 N. Boylan Avenue Tel:  919-828-0577 DATE:

Raleigh, NC  27603 Fax: 919-828-3899 BY:
CHKD BY:

Martin County C&D Landfill
Earthwork Quantities

Fill Sequence No. 1 (From 6/22/11):

Periodic Cover Soil Volume:

   Volume of Periodic Cover (cy) = 4,212 (User Input - From Density & Life Calcs.)

Final Cover Soil Volume:

   Volume of Final Cover Soil (cy) = 0 (User Input - From Density & Life Calcs.)

Fill Sequence No. 2:

Subgrade Cut and Fill Volumes:

        Volume of Cut (cy) = 3,000 (Estimated)
        Volume of Fill (cy) = 1,000 (Estimated)

Periodic Cover Soil Volume:

   Volume of Periodic Cover (cy) = 1,062 (User Input - From Density & Life Calcs.)

Final Cover Soil Volume:

   Volume of Final Cover Soil (cy) = 0 (User Input - From Density & Life Calcs.)

Fill Sequence No. 3:

Periodic Cover Soil Volume:

   Volume of Periodic Cover (cy) = 2,932 (User Input - From Density & Life Calcs.)

Final Cover Soil Volume:

   Volume of Final Cover Soil (cy) = 33,880 (User Input - From Density & Life Calcs.)

LAQ

2/2

MARTIN-11-1

1/30/12

PKS

Richardson Smith Gardner & Associates, Inc. Areas 1 & 2 EARTHWORK.xls



PROJECT  Martin County C&D Landfill 

SUBJECT  Slope Stability Evaluation

SHEET     1       OF     7
JOB NO.     MARTIN-11-1
DATE           1/29/12
COMPUTED BY    PKS
CHECKED BY    LAQ

Objective To perform a slope stability evaluation for the C&D landfill.  Note that only static conditions
were evaluated in that the landfill is not in a seismic impact zone (apeak = 0.09).  Based on EPA
guidance for MSW landfills (EPA/600/R-95/051), landfills are required to have a minimum long-
term static factor of safety of 1.5.

Analysis The slope stability evaluations for the overall C&D landfill area were performed using the
computer program STABL5M, a computer program developed by Purdue University.

The slope stability evaluation was performed on the worst case cross section shown on the
attached figure (final grades shown).  The shear strength envelope assumed for the waste in this
evaluation was cohesion = 500 psf and phi = 25 degrees; which is believed to be conservative for
C&D wastes.  Also, the shear strength envelope assumed for the subgrade in this evaluation was
cohesion = 100 psf and phi = 25 degrees; which is conservative as well. The result is as follows:

Circular Failure (Static): FS = 2.46

Results Based on the results of the evaluation (see attached), the minimum factor of safety satisfies EPA
guidelines.

STABILITY.WPD

RICHARDSON SMITH GARDNER & ASSOCIATES
Engineering and Geological Services
14 N. Boylan Avenue, Raleigh, NC  27603
Telephone: (919) 828-0577





0 30 60 90 120 150 180 210 240 270 300 330
0

30

60

90

120

150

180

210

Martin County C&DLF - Sect. A Circular - Static
c:\documents and settings\pieterscheer.rsgengineers\my documents\pks files\1 engprog\stedwin\mcacs.pl2   Run By: Pieter Scheer   1/29/2012   11:49AM

1
1

2

2

1
W1 W1

W1

b cdefg
hij

a

# FS
a 2.46
b 2.47
c 2.47
d 2.47
e 2.47
f 2.47
g 2.47
h 2.47
i 2.47
j 2.48

Soil
Desc.

Subgrade
Waste

Soil
Type
No.
1
2

Total
Unit Wt.

(pcf)
105.0
70.0

Saturated
Unit Wt.

(pcf)
105.0
70.0

Cohesion
Intercept

(psf)
100.0
500.0

Friction
Angle
(deg)
25.0
25.0

Piez.
Surface

No.
W1
W1

PCSTABL5M/si  FSmin=2.46
Safety Factors Are Calculated By The Modified Bishop Method
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                        ** PCSTABL5M ** 
                              by 
                       Purdue University 
                 --Slope Stability Analysis-- 
              Simplified Janbu, Simplified Bishop 
                 or Spencer`s Method of Slices 
    Run Date:                 1/29/2012                           
    Time of Run:              11:49AM         
    Run By:                   Pieter Scheer                       
    Input Data Filename:      C:mcacs.in     
    Output Filename:          C:mcacs.OUT    
    Unit:                     ENGLISH 
    Plotted Output Filename:  C:mcacs.PLT    
    PROBLEM DESCRIPTION   Martin County C&DLF - Sect. A            
                          Circular - Static                        
    BOUNDARY COORDINATES 
        4 Top   Boundaries 
        5 Total Boundaries 
    Boundary     X-Left     Y-Left    X-Right    Y-Right    Soil Type 
       No.        (ft)       (ft)       (ft)       (ft)     Below Bnd 
        1           .00      41.00      33.00      42.00        1 
        2         33.00      42.00      75.00      46.00        1 
        3         75.00      46.00     200.00      85.00        2 
        4        200.00      85.00     330.00      94.00        2 
        5         75.00      46.00     330.00      48.00        1 
   ISOTROPIC SOIL PARAMETERS 
     2 Type(s) of Soil 
    Soil  Total  Saturated  Cohesion Friction   Pore   Pressure   Piez. 
    Type Unit Wt. Unit Wt. Intercept   Angle  Pressure Constant Surface 
     No.  (pcf)    (pcf)     (psf)     (deg)   Param.    (psf)    No. 
      1   105.0    105.0     100.0     25.0     .00        .0      1 
      2    70.0     70.0     500.0     25.0     .00        .0      1 
    1 PIEZOMETRIC SURFACE(S) HAVE BEEN SPECIFIED 
    Unit Weight of Water =  62.40 
    Piezometric Surface No.  1 Specified by  3 Coordinate Points 
      Point      X-Water     Y-Water 
       No.         (ft)        (ft) 
        1           .00       40.00 
        2         75.00       40.00 
        3        330.00       43.00 
    A Critical Failure Surface Searching Method, Using A Random  
    Technique For Generating Circular Surfaces, Has Been Specified. 
   2500 Trial Surfaces Have Been Generated. 
     50 Surfaces Initiate From Each Of 50 Points Equally Spaced 
    Along The Ground Surface Between  X =    .00 ft. 
                                 and  X =  80.00 ft. 
    Each Surface Terminates Between   X = 180.00 ft. 
                                and   X = 330.00 ft. 
    Unless Further Limitations Were Imposed, The Minimum Elevation 
    At Which A Surface Extends Is  Y =   .00 ft. 
    25.00 ft. Line Segments Define Each Trial Failure Surface. 
    Following Are Displayed The Ten Most Critical Of The Trial 
          Failure Surfaces Examined.  They Are Ordered - Most Critical 
          First. 
          * * Safety Factors Are Calculated By The Modified Bishop Method * * 
          Failure Surface Specified By 12 Coordinate Points 
            Point      X-Surf      Y-Surf 
             No.        (ft)        (ft) 
              1          6.53       41.20 
              2         28.11       28.57 
              3         51.43       19.58 
              4         75.90       14.43 
              5        100.87       13.28 
              6        125.71       16.14 
              7        149.76       22.95 
              8        172.41       33.53 
              9        193.08       47.61 
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             10        211.21       64.81 
             11        226.36       84.70 
             12        227.53       86.91 
          Circle Center At X =   95.5 ; Y =  168.3  and Radius,  155.1 
                ***     2.462   *** 
               Individual data on the    17  slices 
                         Water  Water     Tie     Tie     Earthquake 
                         Force  Force    Force   Force       Force   Surcharge 
 Slice  Width   Weight    Top    Bot     Norm     Tan     Hor     Ver    Load 
  No.    (ft)    (lbs)   (lbs)   (lbs)   (lbs)   (lbs)   (lbs)   (lbs)   (lbs)  
   1      2.0    135.5      .0      .0       .0      .0      .0      .0      .0 
   2     19.5  14906.0      .0  8065.8       .0      .0      .0      .0      .0 
   3      4.9   7338.9      .0  4045.0       .0      .0      .0      .0      .0 
   4     18.4  38220.3      .0 20797.7       .0      .0      .0      .0      .0 
   5     23.6  68737.8      .0 34413.3       .0      .0      .0      .0      .0 
   6       .9   2981.4      .0  1461.2       .0      .0      .0      .0      .0 
   7     25.0  91683.6      .0 41029.1       .0      .0      .0      .0      .0 
   8     24.8 102623.9      .0 40151.7       .0      .0      .0      .0      .0 
   9     24.1 100183.2      .0 33054.3       .0      .0      .0      .0      .0 
  10     22.7  85358.5      .0 19920.4       .0      .0      .0      .0      .0 
  11     11.4  36200.1      .0  3269.4       .0      .0      .0      .0      .0 
  12      8.3  22324.5      .0      .0       .0      .0      .0      .0      .0 
  13      1.0   2502.9      .0      .0       .0      .0      .0      .0      .0 
  14      6.9  16008.5      .0      .0       .0      .0      .0      .0      .0 
  15     11.2  20329.0      .0      .0       .0      .0      .0      .0      .0 
  16     15.1  12239.2      .0      .0       .0      .0      .0      .0      .0 
  17      1.2     87.4      .0      .0       .0      .0      .0      .0      .0 
          Failure Surface Specified By 12 Coordinate Points 
            Point      X-Surf      Y-Surf 
             No.        (ft)        (ft) 
              1          6.53       41.20 
              2         28.73       29.69 
              3         52.38       21.60 
              4         76.97       17.10 
              5        101.96       16.29 
              6        126.79       19.19 
              7        150.92       25.74 
              8        173.81       35.78 
              9        194.96       49.11 
             10        213.91       65.42 
             11        230.23       84.36 
             12        232.04       87.22 
          Circle Center At X =   94.8 ; Y =  184.1  and Radius,  168.0 
                ***     2.465   *** 
          Failure Surface Specified By 12 Coordinate Points 
            Point      X-Surf      Y-Surf 
             No.        (ft)        (ft) 
              1          4.90       41.15 
              2         27.06       29.57 
              3         50.64       21.28 
              4         75.17       16.46 
              5        100.14       15.20 
              6        125.03       17.52 
              7        149.34       23.38 
              8        172.55       32.66 
              9        194.20       45.17 
             10        213.83       60.65 
             11        231.04       78.78 
             12        237.27       87.58 
          Circle Center At X =   96.3 ; Y =  188.5  and Radius,  173.4 
                ***     2.467   *** 
          Failure Surface Specified By 12 Coordinate Points 
            Point      X-Surf      Y-Surf 
             No.        (ft)        (ft) 
              1          4.90       41.15 
              2         26.58       28.71 
              3         49.88       19.63 
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              4         74.26       14.11 
              5         99.19       12.27 
              6        124.12       14.15 
              7        148.49       19.72 
              8        171.77       28.84 
              9        193.43       41.32 
             10        213.00       56.88 
             11        230.04       75.17 
             12        238.61       87.67 
          Circle Center At X =   98.9 ; Y =  179.4  and Radius,  167.2 
                ***     2.468   *** 
          Failure Surface Specified By 12 Coordinate Points 
            Point      X-Surf      Y-Surf 
             No.        (ft)        (ft) 
              1           .00       41.00 
              2         22.27       29.63 
              3         45.90       21.48 
              4         70.44       16.69 
              5         95.40       15.37 
              6        120.31       17.54 
              7        144.67       23.16 
              8        168.01       32.11 
              9        189.88       44.23 
             10        209.85       59.27 
             11        227.52       76.95 
             12        235.44       87.45 
          Circle Center At X =   92.2 ; Y =  193.6  and Radius,  178.3 
                ***     2.471   *** 
          Failure Surface Specified By 12 Coordinate Points 
            Point      X-Surf      Y-Surf 
             No.        (ft)        (ft) 
              1         14.69       41.45 
              2         36.13       28.58 
              3         59.38       19.39 
              4         83.82       14.12 
              5        108.79       12.93 
              6        133.62       15.84 
              7        157.64       22.77 
              8        180.20       33.54 
              9        200.70       47.86 
             10        218.57       65.33 
             11        233.35       85.50 
             12        234.30       87.37 
          Circle Center At X =  103.5 ; Y =  164.9  and Radius,  152.0 
                ***     2.471   *** 
          Failure Surface Specified By 11 Coordinate Points 
            Point      X-Surf      Y-Surf 
             No.        (ft)        (ft) 
              1         14.69       41.45 
              2         36.13       28.58 
              3         59.50       19.69 
              4         84.06       15.06 
              5        109.06       14.82 
              6        133.71       18.99 
              7        157.24       27.44 
              8        178.92       39.89 
              9        198.06       55.97 
             10        214.07       75.17 
             11        220.48       86.42 
          Circle Center At X =   97.9 ; Y =  155.8  and Radius,  141.4 
                ***     2.472   *** 
          Failure Surface Specified By 12 Coordinate Points 
            Point      X-Surf      Y-Surf 
             No.        (ft)        (ft) 
              1          9.80       41.30 
              2         31.37       28.67 
              3         54.62       19.48 
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              4         79.00       13.93 
              5        103.94       12.16 
              6        128.85       14.21 
              7        153.16       20.03 
              8        176.31       29.49 
              9        197.74       42.36 
             10        216.96       58.34 
             11        233.53       77.07 
             12        240.42       87.80 
          Circle Center At X =  102.8 ; Y =  175.0  and Radius,  162.9 
                ***     2.474   *** 
          Failure Surface Specified By 11 Coordinate Points 
            Point      X-Surf      Y-Surf 
             No.        (ft)        (ft) 
              1          9.80       41.30 
              2         30.94       27.96 
              3         54.08       18.48 
              4         78.50       13.13 
              5        103.48       12.08 
              6        128.26       15.36 
              7        152.11       22.86 
              8        174.30       34.37 
              9        194.18       49.53 
             10        211.14       67.90 
             11        223.18       86.60 
          Circle Center At X =   97.0 ; Y =  156.2  and Radius,  144.3 
                ***     2.474   *** 
          Failure Surface Specified By 12 Coordinate Points 
            Point      X-Surf      Y-Surf 
             No.        (ft)        (ft) 
              1           .00       41.00 
              2         21.38       28.03 
              3         44.57       18.70 
              4         68.97       13.25 
              5         93.93       11.83 
              6        118.79       14.46 
              7        142.89       21.10 
              8        165.60       31.54 
              9        186.32       45.53 
             10        204.50       62.70 
             11        219.66       82.58 
             12        221.74       86.51 
          Circle Center At X =   90.1 ; Y =  165.1  and Radius,  153.3 
                ***     2.475   *** 
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Attachment B

Technical Specifications

Martin County, North Carolina
C&D Landfill (Permit No. 59-01)
Permit Amendment Application
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MARTIN COUNTY C&D LANDFILL

TECHNICAL SPECIFICATIONS
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        Section No. Specification
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02250 Soil Liner
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02275 Rolled Erosion Control Products
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Excavation:  Excavation includes excavating, sealing, hauling, scraping, undercutting,
removal of accumulated surface water or ground water, stockpiling, and all necessary and
incidental items as required for bringing the landfill and related structures to the specified
lines and grades.

SECTION 02222

EXCAVATION

A. DESCRIPTION

1. General:  

The Contractor shall furnish all labor, material, and equipment required to
complete Excavation of the project area in accordance with the Contract
Drawings and these Specifications.

2. Related Work:

Related Contract Work is described in the following sections of the
Specifications:

Work Section

Embankment  02223
Erosion and Sedimentation Control  02270
CQA Manual Attached

3. Quality Assurance:

Quality Assurance during Excavation will be provided by the Owner as described
in the accompanying Project CQA Manual.

4. Definitions:

a. Excavation:  shall consist of the removal and satisfactory disposal and/or
stockpiling of materials located with the limits of construction including
widening cuts and shaping of slopes necessary for the preparation of
roadbeds, landfill slope areas, cutting of any ditches, channels, waterways,
entrances, and other work incidental thereto.

b. Borrow:  shall consist of approved on-site material required for the
construction of embankments/fills or for other portions of the work.
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c. Select Borrow: shall consist of approved off-site material required for the
construction of embankments/fills, roadway subgrade, backfilling, or for
other portions of the work as shown on Contract Drawings or in these
Specifications.  The Contractor shall make his own arrangements for
obtaining select borrow and pay all costs involved.

d. Unsuitable Material:  is any in-place or excavated material which contains
undesirable materials, or is in a state which is not appropriate; in the
opinion of the CQA Engineer, for the intended use or support of planned
structures, embankment, or excavation.  This may include but not be
limited to organic material, waste/refuse, soft, or wet material not meeting
required specifications, etc.

e. Unsuitable Materials Excavation (Overexcavation):  shall consist of the
removal and satisfactory disposal of all unsuitable material located within
the limits of construction.  Where excavation to the finished grade section
shown results in a subgrade or slopes of unsuitable material, the
Contractor shall overexcavate such material to below the grade shown on
the Contract Drawings or as directed by the Engineer and CQA Engineer.

B. MATERIALS

Excavation shall include the removal of all soil, weathered rock, boulders, conduits, pipe,
and all other obstacles encountered and shown on the Contract Drawings or specified
herein.

C. SUBMITTALS

The Contractor shall submit the following to the CQA Engineer before approval is given
to proceed:

1. Descriptive information on Excavation equipment to be used.

D. CONSTRUCTION

1. The Contractor shall conduct Excavation activities in such a manner that erosion
of disturbed areas and off site sedimentation is absolutely minimized as outlined
in Section 02270, Erosion and Sedimentation Control, of these Specifications.

2. The Contractor shall excavate to the lines and grades shown on the Contract
Drawings and stockpile all suitable excavated materials.  As the excavation is
made, the materials will be examined and identified to the CQA Engineer.

The Contractor will perform all surveys necessary to establish and verify lines
and grades for all Excavation, including pipe excavations, soil overexcavation,
and anchor trenches.
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3. Stockpiling:

The Contractor shall stockpile the materials in appropriate stockpiles as approved
by the CQA Engineer.

Stockpiles shall be properly sloped and the surfaces sealed by the Contractor at
the end of each working day, or during the day in the event of heavy rain, to the
satisfaction of the Engineer.

4. The Contractor shall protect all existing facilities and structures including, but not
limited to, existing utilities, monitoring wells, signs, grade stakes, etc. during the
grading and stockpiling operations.

5. All excavations shall be made in the dry and in such a manner and to such widths
as will give ample room for properly constructing and inspecting the structures
and/or piping they are to contain and for such sheeting, timbering, pumping, and
drainage as may be required.

6. The Contractor shall be responsible for the control of surface and subsurface
water when necessary.

7. Excavation slopes shall be flat enough to avoid sloughs and slides that will cause
disturbance of the subgrade or damage of adjacent areas.  Slides and overbreaks
which occur due to negligence, carelessness, or improper construction techniques
on the part of the Contractor shall be removed and disposed of by the Contractor
as directed by the Engineer at no additional cost to the Owner.

8. The intersection of slopes with natural ground surfaces, including the beginning
and ending of cut slopes, shall be uniformly rounded.  All protruding roots and
other vegetation shall be removed from slopes.

9. The bottom of all excavations for structures and pipes shall be examined by the
CQA Engineer for bearing value and the presence of unsuitable material.  If, in
the opinion of the CQA Engineer, additional Excavation is required due to the
low bearing value of the subgrade material, or if the in-place materials are soft,
yielding, pumping and wet, the Contractor shall remove such material to the
required width and depth and replace it with thoroughly compacted structural fill,
or material directed by the CQA Engineer.  No payment will be made for
subgrade disturbance caused by inadequate Dewatering or improper construction
methods.

10. Any areas excavated below design subgrade elevations by the Contractor, unless
directed by the CQA Engineer, shall be brought back to design elevations at no
cost to the Owner.  The Contractor shall place and compact such material in
accordance with Section 02223, Embankment, of these Specifications.
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11. The Contractor shall dispose of excess or unsuitable excavation materials on-site
at location(s) approved by the Owner.

12. The Contractor shall properly level-off bottoms of all excavations.  Proof-rolling
shall be conducted with appropriate equipment.

13. Upon reaching subgrade elevations shown in excavation areas, the Contractor
shall scarify subgrade soils to a minimum depth of 6" and obtain the CQA
Engineer’s approval of quality.  If unsuitable materials are encountered at the
subgrade elevation, perform additional excavations as approved by the CQA
Engineer to remove unsuitable materials.

14. Overexcavation and Backfill:

Where subgrade materials are determined to be unsuitable, such materials shall be
removed by the Contractor to the lengths, widths and depths approved by the
CQA Engineer and backfilled with suitable material in accordance with Section
02223, Embankment, of these Specifications unless further excavation or
earthwork is required.  No additional payment will be made for such excavation
and backfill 1 foot or less than the finished subgrade.  Unsuitable material
excavation greater than 1 foot beneath the finished subgrade shall be made on a
unit price basis for excavation and backfill, only as approved by the Engineer and
CQA Engineer prior to the work.  Unit price for overexcavation and backfill
greater than 1 foot in depth shall include disposal of unsuitable materials.

15. All cuts shall be brought to the grade and cross section shown on the Contract
Drawings, or established by the Engineer, prior to final inspection.

16. The Contractor shall protect finished lines and grades of completed excavation
against excessive erosion, damage from trafficking, or other causes and shall
repair any damage at no additional cost to the Owner.

17. Trench Excavation:

a. All pipe Excavation and trenching shall be done in strict accordance with
these Specifications, all applicable parts of the OSHA Regulations, 29
CFR 1926, Subpart P, and other applicable regulations.  In the event of
any conflicts in this information, safe working conditions as established
by the appropriate OSHA guidelines shall govern.

b. The minimum trench widths shall be as indicated on the Contract
Drawings.  Enlargements of the trench shall be made as needed to give
ample space for operations at pipe joints.  The width of the trench shall be
limited to the maximum dimensions shown on the Contract Drawings,
except where a wider trench is needed for the installation of and work
within sheeting and bracing.
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c. Except where otherwise specified, excavation slopes shall be flat enough
to avoid slides which will cause disturbance of the subgrade, damage to
adjacent areas, or endanger the lives or safety of persons in the vicinity.

d. Hand excavation shall be employed wherever, in the opinion of the
Engineer, it is necessary for the protection of existing utilities, poles, trees,
pavements, obstructions, or structures.

e. No greater length of trench in any location shall be left open, in advance
of pipe laying, than shall be authorized or directed by the Engineer and, in
general, such length shall be limited to approximately one hundred (100)
feet.

f. Pipe Bedding:  All pipe bedding shall be as shown on the Contract
Drawings, unless otherwise specified herein.

18. Sheeting and Bracing:

a. The Contractor shall furnish, place, and maintain such sheeting and
bracing which may be required to support sides of Excavation or to protect
pipes and structures from possible damage and to provide safe working
conditions in accordance with current OSHA requirements.  If the
Engineer is of the opinion that at any point sufficient or proper supports
have not been provided, he may order additional supports put in at the sole
expense of the Contractor.  The Contractor shall be responsible for the
adequacy of all sheeting and bracing used and for all damage resulting
from sheeting and bracing failure or from placing, maintaining, and
removing it.

b. The Contractor shall exercise caution in the installation and removal of
sheeting to insure that excessive or unusual loadings are not transmitted to
any new or existing structure.  The Contractor shall promptly repair at his
expense any and all damage that can be reasonably attributed to sheeting
installation or removal.

c. All sheeting and bracing shall be removed upon completion of the work.

19. If grading operations are suspended for any reason whatsoever, partially
completed cut and fill slopes shall be brought to the required slope and the work
of seeding and mulching or other required erosion and sedimentation control
operations shall be performed at the Contractor’s sole expense.

END OF SECTION
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Embankment:  Embankment is the on-site compacted fill that provides the foundation and the
berms for the containment area, the subgrade for some access roadways and structures, and
backfill around structures and piping.

SECTION 02223

EMBANKMENT

A. DESCRIPTION

1. General:

The Contractor shall furnish all labor, material, and equipment to complete
Embankment including borrowing, hauling, screening, discing, drying,
compaction, control of surface and subsurface water, final grading, sealing, and
all necessary and incidental items as detailed or required to complete the
Embankment, all in accordance with the Contract Drawings and these
Specifications.

2. Related Work:

Related Contract Work is described in the following sections of the
Specifications:

Work Section

Erosion and Sedimentation Control  02270
CQA Manual Attached

3. Reference Standards:

The latest revision of the following standards of the American Society of Testing
and Materials (ASTM) are hereby made a part of these Specifications.

ASTM D 698 Test Method for Laboratory Compaction Characteristics of
Soil Using Standard Effort (12,400 ft-lbf/ft3).

ASTM D 1556 Standard Test Method for Density and Unit Weight of Soil
in Place by the Sand-Cone Method.

ASTM D 2167 Standard Test Method for Density and Unit Weight of Soil
in Place by the Rubber Balloon Method.

ASTM D 2216 Standard Test Method for Laboratory Determination of
Water (Moisture) Content of Soil and Rock by Mass.
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ASTM D 2488 Standard Practice for Description and Identification of
Soils (Visual-Manual Procedure).

ASTM D 2937 Standard Test Method for Density of Soil in Place by the
Drive Cylinder Method.

ASTM D 4643 Standard Test Method for Determination of Water
(Moisture) Content of Soil by the Microwave Oven
Method.

ASTM D 4959 Standard Test Method for Determination of Water
(Moisture) Content of Soil by Direct Heating Method.

ASTM D 6938 Standard Test Methods for In-Place Density and Water
Content of Soil and Soil-Aggregate in Place by Nuclear
Methods (Shallow Depth).

4. Quality Assurance:

Quality Assurance during placement of Embankment will be provided by the
Owner as described in the accompanying Project CQA Manual.

5. Definitions:

a Embankment:  Shall include construction of all site earthwork including
roadways, subgrade, perimeter berm embankments, including preparation
of the areas upon which materials are to be placed.  Embankment may also
be referred to as structural and/or controlled fill.  All Embankment
materials may be either (off-site) Select Borrow or (on-site) Borrow unless
otherwise noted on Contract Drawings or specified by the Engineer.

b. Prepared Subgrade:  The ground surface after clearing, grubbing,
stripping, excavation, scarification, and/or compaction, and/or proof
rolling to the satisfaction of the CQA Engineer.

c. Well-Graded:  A mixture of particle sizes that has no specific
concentration or lack thereof of one or more sizes.  Well-graded does not
define any numerical value that must be placed on the coefficient of
uniformity, coefficient of curvature, or other specific grain size
distribution parameters.  Well-graded is used to define a material type
that, when compacted, produces a strong and relatively incompressible
soil mass free from detrimental voids.

d. Unclassified Fill:  The nature of materials to be used is not identified or
described herein but must be approved by the Engineer prior to use.
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B. MATERIALS

1. Embankment materials shall consist of clean well-graded natural soil classified as
SW, SM, SM-SC, SC, ML, CL-ML, or CL (ASTM D 2488) containing no topsoil
or other deleterious material.  Other material classifications may be approved by
the Engineer.

2. Stones or rock fragments shall not exceed one half the maximum lift thickness as
compacted in any dimension.  Isolated rocks shall be a maximum of 24-inches in
any dimension.

C. SUBMITTALS

The Contractor shall submit the following to the CQA Engineer before approval is given
to proceed:

1. Descriptive information on compaction equipment to be used for construction of
Embankment.

2. Descriptive information on the location and source of any off-site borrow material
to be used for Embankment, where applicable.  Information shall include
Standard Proctor curves (ASTM D698) for each borrow material.

D. CONSTRUCTION

1. The Contractor shall conduct Embankment activities in such a manner that
erosion of disturbed areas and off-site sedimentation is absolutely minimized as
outlined in Section 02270, Erosion and Sedimentation Control, of these
Specifications.

2. All placement and compaction of Embankment shall be performed only when the
CQA Engineer is informed by the Contractor of intent to perform such work.

3. Embankment shall be placed and compacted to the lines and grades shown on the
Contract Drawings.  Placement of Embankment outside the construction limits
shall occur only as directed and approved by the Engineer.

The Contractor will perform all surveys necessary to establish and verify lines
and grades for all Embankment.

4. The Contractor shall protect all existing facilities including, but not limited to,
utilities and monitoring wells.

5. Subgrade Preparation:
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a. The CQA Engineer shall inspect the exposed subgrade prior to placement
of Embankment to assure that all rocks, topsoil, vegetation, roots, debris,
or other deleterious materials have been removed.

b. Prior to placement of Embankment, the exposed subgrade shall be
proofrolled using a static smooth-drum roller, loaded tandem axle dump
truck, or other suitable equipment in the presence of the CQA Engineer. 
Any soft or unsuitable materials revealed before or during the in-place
compaction shall be removed as directed by the CQA Engineer and
replaced with suitable Embankment.

6. Surfaces on which Embankment is to be placed, shall be scarified or stepped in a
manner which will permit bonding of the Embankment with the existing surface.

7. The Contractor shall be responsible for preparing the materials for the
Embankment, including but not limited to, in-place drying or wetting of the soil
necessary to achieve the compaction criteria of these Specifications.

8. The Contractor shall be responsible for the control of surface and subsurface
water, when necessary.

9. Embankment materials shall be placed in a manner permitting drainage and in
continuous, approximately horizontal layers.

10. Compaction Requirements:

a. The Contractor shall compact Embankment in accordance with the
requirements shown in Table 1 of this section.  If Embankment does not
meet the specified requirements, the Contractor shall rework the material,
as may be necessary and continue compaction to achieve these
requirements, or remove and replace the material to achieve the specified
requirements, at Contractor's expense.

b. Each lift shall be compacted prior to placement of succeeding lifts.  In
confined areas, mechanical equipment, suitable for small areas and
capable of achieving the density requirements, shall be required.

c. Lift compaction shall be performed with an appropriately heavy, properly
ballasted, penetrating-foot or smooth-drum vibratory compactor
depending on soil type.  Compaction equipment shall be subject to
approval by the CQA Engineer.

11. Embankment that becomes excessively eroded, soft, or otherwise unsuitable shall
be removed or repaired by the Contractor as directed by the CQA Engineer, at no
cost to the Owner.
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12. The exposed surface of Embankment shall be rolled with a smooth-drum roller at
the end of each work day to protect from adverse weather conditions.

13. Where Embankment is to be placed and compacted on slopes that are steeper than
3:1, the subgrade shall be benched to a minimum depth of 6 inches and the
Embankment shall be placed in horizontal lifts.

14. Backfilling for Structures and Piping:

a. All structures, including manholes and pipes shall be backfilled with
Embankment as shown in the Contract Drawings and as described in these
Specifications.

b. Where sheeting is used, the Contractor shall take all reasonable measures
to prevent loss of support beneath and adjacent to pipes and existing
structures when sheeting is removed.  If significant volumes of soil cannot
be prevented from clinging to the extracted sheets, the voids shall be
continuously backfilled as rapidly as possible.  The Contractor shall
thereafter limit the depth below subgrade that sheeting will be driven in
similar soil conditions or employ other appropriate means to prevent loss
of support.

c. When backfilling around structures, do not backfill until concrete has
sufficiently cured (as determined by the CQA Engineer) and is properly
supported.  Place backfill in a manner to avoid displacement or damage of
structures.
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TABLE 1: REQUIRED EMBANKMENT PROPERTIES

ITEM
Required %

Standard
Proctor

(ASTM D698)2

Required
Moisture Content3

Maximum Lift 
Thickness

(Compacted)
(inches)

Embankment 95

As Required for
Compaction

8

Embankment Beneath
Structures and Roads1

98 8

Backfill Around Structures 95 8

Backfill in Pipe Trenches 95 6

Unclassified Fill N/A N/A N/A

Notes:

1. Embankment beneath structures shall be considered to include a zone 10 feet out
from the foundation of the structure extending down to the natural ground on a
45E slope.  Embankment beneath roads shall be considered to include all
embankment placed within 2 vertical feet of the final wearing surface and shall
also include shoulders.

2. Determine field density using ASTM D 6938, ASTM D 1556, ASTM D 2167, or
ASTM D 2937.

3. Determine field moisture content using ASTM D 6938, ASTM D 2216, ASTM D
4643, or ASTM D 4959.

4. The Engineer may allow exceptions to the above criteria for areas outside of the
containment area which are not subject to significant long-term loads.

END OF SECTION
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Geotextiles:  For the proposed construction, a Type GT-S (Separator/Filter) Geotextile is
specified.  The Type GT-S Geotextile will be placed in some erosion control and drainage
applications.

SECTION 02240

GEOTEXTILES

A. DESCRIPTION 

1. General:

The Contractor shall furnish all labor, material, and equipment to complete
installation of Geotextiles including all necessary and incidental items as detailed
or required for the Contractor to complete the installation in accordance with the
Contract Drawings and these Specifications, except as noted below:

a. Geotextiles used as a Silt Fence is covered under Section 02270, Erosion
and Sedimentation Control, of these Specifications.

2. Related Work:

Related Contract Work is described in the following sections of the
Specifications:

Work Section

Erosion and Sedimentation Control  02270

3. Reference Standards:

The latest revision of the following standards of the American Society of Testing
and Materials (ASTM) and the American Association of State Highway and
Transportation Officials (AASHTO) are hereby made a part of these
specifications.

ASTM D 3786 Test Method for Hydraulic Bursting Strength of Knitted
Goods and Nonwoven Fabrics:  Diaphragm Bursting
Strength Tester Method.

ASTM D 4355 Standard Test Method for Deterioration of Geotextiles from
Exposure to Ultraviolet Light and Water (Xenon-Arc Type
Apparatus).



Martin County C&D Landfill Specifications
January 2012  GEOTEXTILES  Page 02240-2

ASTM D 4491 Standard Test Methods for Water Permeability of
Geotextiles by Permittivity.

ASTM D 4533 Standard Test Method for Trapezoid Tearing Strength of
Geotextiles.

ASTM D 4632 Standard Test Method for Grab Breaking Load and
Elongation of Geotextiles.

ASTM D 4751 Standard Test Method for Determining Apparent Opening
Size of a Geotextile.

ASTM D 4833 Standard Test Method for Index Puncture Resistance of
Geotextiles, Geomembranes, and Related Products.

ASTM D 5261 Standard Test Method for Measuring Mass per Unit Area
of Geotextiles.

AASHTO M 288 Standard Specification for Geotextiles.

B. MATERIALS

1. General:

The materials supplied under these Specifications shall consist of new, first-
quality products designed and manufactured specifically for the purpose of this
work, which shall have been satisfactorily demonstrated, by prior use, to be
suitable and durable for such purposes.

Labels on each roll of Geotextile shall identify the length, width, lot and roll
numbers, and name of Manufacturer.

2. The Type GT-S Geotextile shall be a nonwoven spunbonded or nonwoven
needlepunched synthetic fabric consisting of polyester or polypropylene
manufactured in a manner approved by the Engineer.  Woven fabrics may be used
in certain applications if approved in advance by the Engineer.

3. All Geotextiles shall conform to the properties listed in Table 1 of this section.

C. SUBMITTALS

Prior to the installation of Geotextiles, the Contractor shall submit the following to the
Engineer:

1. Mill Certificate and Sample:  Prior to shipping to the site, the Contractor shall
submit a mill certificate or affidavit signed by a legally authorized official of the
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Manufacturer for each type of Geotextile attesting that the Geotextiles meet the
physical and manufacturing requirements stated in these Specifications.  The
Contractor shall also submit a sample of each Geotextile to be used.  The samples
shall be labeled with the product name and be accompanied by the Manufacturer's
specifications.

2. Shipping, Handling, and Storage Instructions:  The Manufacturer's plan for
shipping, handling, and storage shall be submitted for review.

3. Seaming Procedures:

Submit proposed seaming procedures including proposed method and equipment.

4. Furnish copies of the delivery tickets or other approved receipts as evidence for
materials received that will be incorporated into the construction.

D. CONSTRUCTION

1. Shipping, Handling, and Storage:

All Geotextiles shall be shipped, handled, and stored in strict accordance with the
Manufacturer's recommendations.

2. Installation:

a. The surface receiving the Geotextiles shall be prepared to a relatively
smooth condition, free of obstructions, standing water, excessive
depressions, debris, and very soft, excessively wet, and/or loose pockets of
soil.  This surface shall be approved by the Engineer prior to Geotextile
placement.

b. Geotextiles shall be placed to the lines and grades shown on the Contract
Drawings.  At the time of installation, Geotextiles shall be rejected by the
Engineer if they have defects, rips, holes, flaws, evidence of deterioration,
or other damage.

c. The Geotextiles shall be placed smooth and free of excessive wrinkles.

d. On slopes, Geotextiles shall be anchored at the top and unrolled down the
slope.  In the presence of wind, all Geotextiles shall be weighted with
sandbags or other material as approved by the Engineer.  Geotextiles
uplifted by wind may be reused upon approval by the Engineer.
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4. Seams:

a. All Geotextile seams shall be continuously sewn or heat bonded with
methods approved by the Engineer.  Overlapping of seams may also be
allowed if approved in advance by the Engineer.  All seams must be
approved by the Engineer.

b. On slopes of 6H:1V or steeper, all seams shall be oriented parallel to (in
the direction of) the slope unless otherwise approved by the Engineer.

c. Seams to be sewn shall be sewn using a Type 401 stitch.  One or two rows
of stitching may be used.  Each row of stitching shall consist of 4 to 7
stitches per inch.  The minimum distance from the geotextile edge to the
stitch line nearest to that edge (seam allowance) shall be 1.5 inches if a
Type SSa (prayer or flat) seam is used.  The minimum seam allowance for
all other seam types shall be 1.0 inches. 

d. Seams to be heat bonded shall be bonded using hot plate, hot knife,
ultrasonic, or other approved devices.

5. Repair Procedures:

Any Geotextile that is torn, punctured, or otherwise damaged shall be repaired or
replaced, as directed by the Engineer, by the Contractor at no additional cost to
the Owner.  The repair shall consist of a patch of the same type of Geotextile
placed over the failed areas and shall overlap the existing Geotextile a minimum
of 18 inches from any point of the rupture.  Patches shall be spot sewn or heat
bonded so as not to shift during cover placement.

6. Cover Placement:

Placement of cover over Geotextiles shall be performed in a manner as to ensure
that the Geotextiles or underlying materials are not damaged.  Cover material
shall be placed such that excess tensile stress is not mobilized in the Geotextile. 
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TABLE 1: REQUIRED GEOTEXTILE PROPERTIES

PROPERTY TEST
METHOD

UNITS VALUE1

TYPE GT-S

Geotextile Construction
(NW = Nonwoven)
(W = Woven)

---------- ---------- NW2 or W3

Mass per Unit Area (Unit Weight) ASTM D 5261 oz/yd2 N/A

Ultraviolet Resistance (500 hrs) ASTM D 4355 % 70

Strength Class4 AASHTO M 288 Class 2

Tensile Properties: ASTM D 4632

Grab Strength lbs 160 (NW)
250 (W)

Grab Elongation % > 50 (NW)
< 50 (W)

Puncture Resistance ASTM D 4833 lbs 55 (NW)
90 (W)

Trapezoidal Tear Strength ASTM D 4533 lbs 55 (NW)
90 (W)

Burst Strength ASTM D 3786 psi 200 (NW)
400 (W)

Apparent Opening Size (AOS) ASTM D 4751 U.S. Sieve 70+

Permittivity ASTM D 4491 sec-1 1.0

Notes:

1. Minimum Average Roll Value (MARV).
2. Nonwoven geotextiles that have been heat calendered are not acceptable, unless

approved by the Engineer in advance.
3. Woven geotextiles shall be approved in advance by the Engineer.  Woven

geotextiles formed exclusively with slit film fibers are not acceptable.
4. AASHTO M 288 criteria includes the above listed requirements for:  Tensile

Properties, Puncture Resistance, Trapezoidal Tear Strength, and Burst Strength.

END OF SECTION
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Soil Liner:  The Soil Liner serves as a hydraulic containment barrier in the final cover system.

SECTION 02250

SOIL LINER

A. DESCRIPTION

1. General:

a. The Contractor shall furnish all labor, material, and equipment to
complete installation of the Soil Liner including borrowing, hauling,
screening, mixing, stockpiling, discing, compacting, drying or wetting,
removal of surface water, removal of all previously placed material
affected by adverse weather conditions or construction disturbance, final
grading and sealing, and all necessary and incidental items as detailed or
required to complete the Soil Liner, all in accordance with the Contract
Drawings and these Specifications.

b. The Contractor shall provide suitable soil from an on-site or off-site
borrow site that meets all requirements outlined in these Specifications for
Soil Liner.

Off-site borrow sources shall be approved in advance by the Engineer. 
The Contractor shall be responsible for all submittals required for
Engineer approval of off-site borrow sources.

2. Related Work:

Related Contract Work is described in the following sections of the
Specifications:

Work Section

Vegetative Soil Layer  02258

3. Reference Standards:

The latest revision of the following standards of the American Society of Testing
and Materials (ASTM) are hereby made a part of these Specifications.

ASTM D 422 Standard Test Method for Particle Size Analysis of Soils.

ASTM D 698 Test Method for Laboratory Compaction Characteristics of
Soil Using Standard Effort (12,400 ft-lbf/ft3).
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ASTM D 1556 Standard Test Method for Density and Unit Weight of Soil
in Place by the Sand-Cone Method.

ASTM D 2167 Standard Test Method for Density and Unit Weight of Soil
in Place by the Rubber Balloon Method.

ASTM D 2216 Standard Test Method for Laboratory Determination of
Water (Moisture) Content of Soil and Rock by Mass.

ASTM D 2488 Standard Practice for Description and Identification of
Soils (Visual-Manual Procedure).

ASTM D 2937 Standard Test Method for Density of Soil in Place by the
Drive Cylinder Method.

ASTM D 4318 Standard Test Method for Liquid Limit, Plastic Limit, and
Plasticity Index of Soils.

ASTM D 4643 Standard Test Method for Determination of Water
(Moisture) Content of Soil by the Microwave Oven
Method.

ASTM D 4959 Standard Test Method for Determination of Water
(Moisture) Content of Soil by Direct Heating Method.

ASTM D 5084 Standard Test Method for Measurement of Hydraulic
Conductivity of Saturated Porous Materials Using a
Flexible Wall Permeameter.

ASTM D 6938 Standard Test Methods for In-Place Density and Water
Content of Soil and Soil-Aggregate in Place by Nuclear
Methods (Shallow Depth).

4. Quality Assurance:

Quality Assurance during placement of Soil Liner will be provided by the Owner.

B. MATERIALS

All material for Soil Liner shall conform to the requirements shown in Table 1 of this
section.

C. SUBMITTALS

The Contractor shall submit the following to the CQA Engineer:
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1. Before approval is given to proceed with test fill construction, the Contractor
shall submit descriptive information on compaction equipment to be used for
construction of the Soil Liner.

2. Off-Site Borrow Sources (If Applicable):

a. For each off-site borrow source for Soil Liner soils, the Contractor shall
provide the following information at least four weeks prior to placement
of the Soil Liner:

(1) The name, location, and owner of proposed borrow site, including
a topographic map and location map of the site.

(2) A certification submitted by an independent Registered
Professional Engineer that the proposed borrow site contains a
minimum of double the in-place volume of Soil Liner required to
complete the work.

(3) A certification submitted by an independent Registered
Professional Engineer that the proposed borrow soils meet the
requirements for Soil Liner outlined in these Specifications. 
Certification shall include the following minimum testing and test
frequency:

Min. Number
       Test            of Tests       

Atterberg Limits (ASTM D 4318) 10
Grain Size (with Hydrometer) (ASTM D 422) 10
Standard Proctor (ASTM D 698)   5
Natural Moisture Content (ASTM D 2216)           10
Hydraulic Conductivity (Lab Remolded) 5
(ASTM D 5084)

Testing samples for certification shall be obtained from well
distributed locations within the proposed borrow area.  All test
data shall be submitted with the soil certification.

b. The Contractor shall be responsible for maintaining quality of the Soil
Liner borrow source throughout construction and shall ensure that the
borrow soil meets the project criteria outlined in these Specifications.  The
Contractor shall cooperate with the CQA Engineer so that the CQA
Engineer has unlimited access to the borrow area during construction for
the purposes of sampling and testing borrow soil.
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c. If the borrow source does not meet the requirements outlined in these
Specifications, the Contractor shall be responsible for providing an
alternative borrow source at no cost to the Owner.

D. CONSTRUCTION

1. General:

a. All placement and compaction of Soil Liner shall be performed only when
the CQA Engineer is informed by the Contractor of intent to perform such
work.

b. The Contractor shall place and compact the Soil Liner to the lines and
grades shown on the Contract Drawings with the exception that a 0.15 foot
overbuild at the Contractor’s expense is allowed.  Thickness requirements
are minimum values.  The Contractor will perform all surveys necessary
to establish and verify lines and grades for all Soil Liner.

2. Borrow Soils:

a. The Contractor may haul borrow soil to an on-site stockpile area.  Unless
otherwise allowed by the Engineer, borrow soil cannot be hauled directly
to the containment area for placement and compaction unless each load is
monitored and approved by the CQA Engineer prior to loading at the
borrow site.

b. Any borrow soil not meeting the requirements for Soil Liner shall be
rejected and removed from the project site by the Contractor at no cost to
the Owner.

3. Test Fill Construction:

The Contractor shall construct a test fill prior to construction of Soil Liner.  The
test fill shall be at least 20 feet wide by 50 feet long and shall be compacted in
lifts to the full design thickness.  The Contractor shall use materials and
equipment for test fill construction that the Contractor intends to use during
construction.

No Soil Liner construction may be performed until the test fill construction is
confirmed to be adequate in accordance with the Project CQA Manual.

The Contractor shall amend construction techniques or equipment in order to
meet all criteria outlined for Soil Liner in these Specifications at no cost to the
Owner.
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4. Subgrade Preparation:

a. The CQA Engineer shall inspect the exposed subgrade prior to placement
of Soil Liner to assure that all rocks, topsoil, vegetation, roots, debris, or
other deleterious materials have been removed.

b. Prior to placement of Soil Liner, the exposed subgrade shall be proofrolled
using a static smooth-drum roller, loaded tandem axle dump truck, or
other suitable equipment in the presence of the CQA Engineer.  Any soft
or unsuitable subgrade materials revealed before or during the in-place
compaction shall be removed as directed by the CQA Engineer and
replaced with Soil Liner.

5. Placement and Compaction:

a. All Soil Liner shall be placed in loose lifts no greater than the height of
the feet on compaction equipment to be used.  The loose Soil Liner shall
be free from clods or rocks which exceed the sizes in Table 1.  Where
excessive sized clods do occur, the Contractor shall break up the clods
using methods approved by the CQA Engineer.

b. Lift compaction shall be performed with an appropriately heavy, properly
ballasted, penetrating-foot compactor.  Compaction equipment shall be the
same as used in the test fill, unless otherwise approved by the Engineer.

Each lift shall be compacted prior to placement of succeeding lifts.  The
maximum lift thickness shall be as shown in Table 2.  In confined areas,
mechanical equipment, suitable for small areas and capable of achieving
the density requirements, shall be required.

c. The exposed surface of Soil Liner shall be protected from adverse weather
conditions or desiccation of the soil.  This is commonly done by rolling
the surface of the Soil Liner with a smooth-drum roller at the end of each
work day.  Alternative means of protecting the Soil Liner may be
employed by the Contractor.

d. The in-place Soil Liner shall conform to the requirements shown in Table
2 of this section.  If Soil Liner does not meet the specified requirements,
the Contractor shall rework the material, as may be necessary and
continue compaction to achieve these requirements, or remove and replace
the material to achieve the specified requirements, at Contractor's expense.

e. Any Soil Liner surface which is smooth, has a moisture content outside of
the specified moisture content range, as defined by ASTM D 698, or
exhibits evidence of desiccation cracking ½ inch deep or greater, shall be
scarified to a depth of 1 to 3 inches and brought to a proper moisture
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content prior to placement of a subsequent lift.  This includes any Soil
Liner surface that was previously seal rolled for protection.

f. No Soil Liner shall be placed or compacted when soil temperatures are so
low as to produce ice lenses in the Soil Liner borrow soil.

g. Soil Liner placed on side slopes shall be placed and compacted in lifts
which are parallel to the slope.  Lift criteria shall be as described herein.

h. Locations of control stakes, in-place density tests, thickness checks, or
other samples in the Soil Liner shall be patched with compacted Soil Liner
or sodium bentonite compacted and hydrated in the holes.

6. Surveying:

After completion of a segment of Soil Liner, but before installation of subsequent
layers, the Soil Liner shall be surveyed (by test pit or hand auger) on a 100 foot
grid to ensure the minimum specified thickness of Soil Liner has been achieved.
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TABLE 1: SOIL LINER MATERIAL REQUIREMENTS

PROPERTY TEST
METHOD

VALUE

Visual Classification ASTM D 2488 Clean natural fine-grained soil free from
organics, debris, or other detrimental material.
Soil type as required to achieve the hydraulic

conductivity criteria.

Clod Size ----- Maximum = ¾ inch (or less if required to
achieve hydraulic conductivity criteria)

Gradation ASTM D 422 Max. = 1½ inches

Atterberg Limits ASTM D 4318 As required based on soil type.

Hydraulic Conductivity 
(Lab Remolded)

(Compacted Soil Barrier)

ASTM D 50843

# 1 x 10-6 cm/s at a density of $ 95% maximum
standard dry density and a moisture content >

optimum moisture content4
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TABLE 2: IN-PLACE SOIL LINER REQUIREMENTS

PROPERTY TEST
METHOD

VALUE

Density ASTM D 69381 $ 95% maximum standard dry density4

Moisture Content ASTM D 69382 > optimum moisture content4

Maximum Lift Thickness
(Compacted):

(Compacted Soil Barrier)

-----

9 inches

Hydraulic Conductivity 
(Shelby Tube):

(Compacted Soil Barrier)

ASTM D 50843

# 1 x 10-5 cm/s

Completed Thickness:

(Compacted Soil Barrier)

Survey

18 inches minimum

Notes:

1. Optionally use ASTM D 1556, ASTM D 2167, or ASTM D 2937.
2. Optionally use ASTM D 2216, ASTM D 4643, or ASTM D 4959.
3. Maximum effective confining pressure and maximum hydraulic gradient as follows. 

Backpressure as recommended by ASTM D 5084.  Modifications of the maximum hydraulic
gradient may be allowed by the Engineer depending on actual hydraulic conductivity values.

Material
Maximum Effective

Confining Pressure (psi)
Maximum Hydraulic

Gradient

Compacted Soil Barrier
(k # 1 x 10-5 cm/s)

5 15

4. Or as otherwise determined by remolded samples to achieve hydraulic conductivity criteria.

END OF SECTION
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Vegetative Soil Layer (VSL): The Vegetative Soil Layer (VSL) is placed in the final cover
system in order to support permanent vegetative cover.

SECTION 02258

VEGETATIVE SOIL LAYER

A. DESCRIPTION

1. General:

The Contractor shall furnish all labor, material, and equipment to complete
installation of the VSL for the landfill cover, including borrowing, hauling,
spreading, and final grading and all necessary and incidental items as detailed or
required to complete the VSL, all in accordance with the Contract Drawings and
these Specifications.

2. Related Work:

Related Contract Work is described in the following sections of the
Specifications:

Work Section

Soil Liner  02250

3. Quality Assurance:

Quality Assurance during placement of Vegetative Soil Layer will be provided by
the Owner.

B. MATERIALS

Soil that meets all of the following requirements shall be classified as select soil fill for
use in construction of the VSL.

1. Soil materials used in the VSL shall be reasonably free of gypsum, ferrous, and/or
calcareous concretions and nodules, refuse, roots, or other deleterious substances.

2. The VSL shall be uniform, smooth, and free of debris, rock, plant materials, and
other foreign material larger than 3 inches in diameter.  The material should
contain no sharp edges.  This material must be capable of supporting growth of
vegetative cover.
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C. SUBMITTALS

The Contractor shall submit the following to the CQA Engineer:

1. Before approval is given to proceed, the Contractor shall submit descriptive
information on placement equipment to be used in construction of the VSL.

D. CONSTRUCTION

1. All placement and compaction of VSL shall be performed only when the CQA
Engineer is informed by the Contractor of intent to perform such work.

2. VSL shall be placed as specified below:

a. The VSL, including topsoil, shall be placed and spread using tracked
equipment.  The CQA Engineer shall approve the equipment used to place
the VSL.

b. VSL shall be placed and compacted to the lines and grades shown on the
Contract Drawings with the exception that a 0.15 foot overbuild at
Contractor’s expense is allowed.  The Contractor will perform all surveys
necessary to establish and verify lines and grades for all VSL.

c. VSL shall be compacted by tracking the final lift with tracked equipment.

3. After the specified thickness has been achieved and verified, the Contractor shall
proceed immediately with seeding.

4. Surveying:

After completion of a segment of VSL, the VSL shall be surveyed (by test pit or
hand auger) on a 100 foot grid to ensure the minimum specified thickness of VSL
has been achieved.

END OF SECTION
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Erosion and Sedimentation Control:  Erosion and Sedimentation Control is a system of
construction and engineered measures (devices, structures, practices, etc.) which act to
minimize surface water induced erosion of disturbed areas and the resulting off-site
sedimentation.

SECTION 02270

EROSION AND SEDIMENTATION CONTROL

A. DESCRIPTION

1. General:  

The Contractor shall furnish all labor, material, and equipment to complete
installation of and maintain Erosion and Sedimentation Control measures and
related work in accordance with the Contract Drawings and these Specifications.

All Erosion and Sedimentation Control work shall be in accordance with the latest
edition of the North Carolina Erosion and Sediment Control Planning and Design
Manual as well as applicable regulations.

2. Related Work:

Related Contract Work is described in the following sections of the
Specifications:

Work Section

Geotextiles  02240
Rip Rap  02271
Rolled Erosion Control Products  02275
Storm Water Systems  02720
Revegetation  02930

3. Reference Standards:

The latest revision of the following standards of the American Society of Testing
and Materials (ASTM) are hereby made a part of these specifications.

ASTM D 3786 Test Method for Hydraulic Bursting Strength of Knitted
Goods and Nonwoven Fabrics:  Diaphragm Bursting
Strength Tester Method.
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ASTM D 4355 Standard Test Method for Deterioration of Geotextiles from
Exposure to Ultraviolet Light and Water (Xenon-Arc Type
Apparatus).

ASTM D 4491 Standard Test Methods for Water Permeability of
Geotextiles by Permittivity.

ASTM D 4533 Standard Test Method for Trapezoid Tearing Strength of
Geotextiles.

ASTM D 4632 Standard Test Method for Grab Breaking Load and
Elongation of Geotextiles.

ASTM D 4751 Standard Test Method for Determining Apparent Opening
Size of a Geotextile.

ASTM D 4833 Standard Test Method for Index Puncture Resistance of
Geotextiles, Geomembranes, and Related Products.

B. MATERIALS

1. Permanent Sediment or Detention Basins:

Permanent sediment or detention basins shall be constructed as shown on the
Contract Drawings.

2. Permanent Drainage Channels, Diversions, Swales, and Ditches:

Permanent drainage channels, diversions, swales, and ditches shall be constructed
as shown on the Contract Drawings.

3. Silt Fence:

Silt fences shall be constructed as shown on the Contract Drawings and as
needed, based on the Contractor’s discretion and Engineer’s approval.  The silt
fence is a permeable barrier erected within and downgradient of small disturbed
areas to capture sediment from sheet flow.  It is made of filter fabric buried at the
bottom, stretched, and supported by posts and wire mesh backing.  Silt fence shall
conform to the following properties:

a. Posts:  Posts shall be 1.33 lb/linear foot steel (preferred) or wood with a
minimum length of 5 feet.  Steel posts shall be “U” or “T”-type.  Wood
posts shall have a minimum diameter of 4-inches.
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b. Filter Fabric:  Filter fabric shall be a woven geotextile made specifically
for sediment control.  Filter fabric shall conform to the properties listed in
Table 1 of this section.

4. Geotextiles:

Geotextiles shall conform to the requirements of Section 02240, Geotextiles, of
these Specifications.

5. Filter Berms:

Filter berms shall be constructed as shown on the Contract Drawings.

6. Down Chutes and Pipes:

Down chutes and pipes shall be constructed as shown on the Contract Drawings.

7. Rip Rap:

Rip Rap shall conform to the requirements of Section 02271, Rip Rap, of these
Specifications.

8. Rolled Erosion Control Products (RECPs):

Rolled Erosion Control Products (RECPs) shall conform to the requirements of
Section 02275, Rolled Erosion Control Products, of these Specifications.

9. Other Work:

In addition to the Erosion and Sedimentation Control measures shown on the
Contract Drawings, the Contractor shall provide adequate means to prevent any
sediment from entering any storm drains, drop inlets, ditches, streams, or bodies
of water downstream of any area disturbed by construction.  Excavation materials
shall be placed upstream of any trench or other excavation to prevent
sedimentation of off-site areas.  In areas where a natural buffer area exists
between the work area and the closest stream or water course, this area shall not
be disturbed.  All paved areas shall be scraped and swept as necessary to prevent
the accumulation of dirt and debris.  Work associated with this provision shall be
considered incidental to the project and no separate payment will be made.

10. Temporary and Permanent Ground Cover:

The Contractor shall provide temporary or permanent ground cover (or other
acceptable measure(s)) adequate to restrain erosion on erodible slopes or other
areas within 21 calendar days following completion of any phase of grading.  The
Contractor shall provide permanent ground cover for all disturbed areas within 15
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working days or 90 calendar days (whichever is shorter) following the completion
of construction.

C. SUBMITTALS

The Contractor shall submit the following to the Engineer:

1. Submit a certification and summary of all required test results, prior to
installation, that all Erosion and Sedimentation Control materials manufactured
for the project have been produced in accordance with these Specifications.

2. Furnish copies of the delivery tickets or other approved receipts as evidence for
materials received that will be incorporated into construction.

D. CONSTRUCTION

1. Establishment of Erosion and Sedimentation Control Measues:

a. All Erosion and Sedimentation Control measures will  be constructed
according to the Contract Drawings and these Specifications.

b. Due to the nature of the work required by this Contract, it is anticipated
that the location and nature of the Erosion and Sedimentation Control
measures may need to be adjusted on several occasions to reflect the
current phase of construction.

c. Erosion and Sedimentation Control measures shall be established prior to
the work in a given area.  Where such practice is not feasible, the Erosion
and Sedimentation Control measure(s) shall be established immediately
following completion of the clearing operation.

d. The construction schedule adopted by the Contractor will impact the
placement and need for specific measures required for the control of
erosion.  The Contractor shall develop and implement such additional
techniques as may be required to minimize erosion and prevent or correct
the discharge of sediment outside the limits of construction (unless
controlled by other on-site measure(s)).

e. The location and extent of Erosion and Sedimentation Control measures
shall be revised at each phase of construction that results in a change in
either the quantity or direction of surface runoff from construction areas. 
All deviations from the control provisions shown on the Contract
Drawings shall have the prior approval of the Engineer.
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2. Inspection and Maintenance of Erosion and Sedimentation Control Measures:

a. The Contractor shall furnish the labor, material, and equipment required
for the inspection and maintenance of all Erosion and Sedimentation
Control measures.  Maintenance shall be scheduled as required for a
particular measure to maintain the removal efficiency and intent of the
measure.

b. All Erosion and Sedimentation Control measures shall be inspected at
least once every seven calendar days and within 24 hours after any storm
event of greater than 0.5 inches of rain per 24 hour period and appropriate
maintenance conducted.  A rain gauge shall be maintained on the site and
a record of the rainfall amounts and dates shall be kept properly. 

c.  Maintenance shall include, but not be limited to:

(1) The removal and satisfactory disposal of trapped or deposited
sediments from basins, traps, barriers, filters, and/or drainage
features/devices;

(2) Replacement of filter fabrics used for silt fences upon loss of
efficiency; and

(3) Replacement of any other components which are damaged or
cannot serve the intended use.

d. The Contractor shall accept and maintain any existing sediments that are
included in existing sediment traps or basins that accept or will accept
stormwater flow and or sediment accumulation from all areas within the
Contractor’s limits of construction.

e. Sediments removed from Erosion and Sedimentation Control measures
shall be disposed of in locations that will not result in off-site
sedimentation as approved by the Engineer.

f. All Erosion and Sedimentation Control measures shall be maintained to
the satisfaction of the Engineer until the site has been stabilized.

3. Finish Grading:

All disturbed areas shall be uniformly graded to the lines, grades, and elevations
shown on the Contract Drawings.  Finished surfaces shall be reasonably smooth,
compacted, and free from irregular surface changes.  Unless otherwise specified,
the degree of finish shall be that ordinarily obtainable from either blade or scraper
operations.  Areas shall be finished to a smoothness suitable for application of
topsoil.
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4. Revegetation:

Revegetation shall conform to the requirements of Section 02930, Revegetation,
of these Specifications.

5. Cleanup:

a. The Contractor shall remove from the site all subsoil excavated from his
work and all other debris including, but not limited to, branches, paper,
and rubbish in all landscape areas, and remove temporary barricades as the
work proceeds.

b. All areas shall be kept in a neat, orderly condition at all times.  Prior to
final acceptance, the Contractor shall clean up the entire landscaped area
to the satisfaction of the Engineer.

TABLE 1: REQUIRED SILT FENCE FILTER FABRIC PROPERTIES

PROPERTY TEST METHOD UNITS VALUE1

Grab Tensile Strength2 ASTM D 4632 lbs  100 x 100

Grab Elongation ASTM D 4632 % 20 (Max.)

Trapezoidal Tear Strength2 ASTM D 4533 lbs 65 x 65

Burst Strength ASTM D 3786 psi 300

Puncture Resistance ASTM D 4833 lbs 65

Ultraviolet Resistance (500 hrs) ASTM D 4355 % 80

Apparent Opening Size (AOS) ASTM D 4751 U.S. Sieve 30+

Permittivity ASTM D 4491 sec-1 0.05

Notes:
1.  Minimum Average Roll Value (MARV).
2.  Values for machine and cross machine direction (MD x XD), respectively.

END OF SECTION
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Rip Rap:  This section includes all rip rap aprons and channel protection.

SECTION 02271

RIP RAP

A. DESCRIPTION

1. General:

The Contractor shall furnish all labor, material, and equipment to complete
installation of Rip Rap for protection of earthen slopes against erosion as
indicated, including all necessary and incidental items, in accordance with the
Contract Drawings and these Specifications.

2. Related Work:

Related Contract Work is described in the following sections of the
Specifications:

Work Section

Geotextiles  02240
Erosion and Sedimentation Control  02270

3. Reference Standards:

The latest revision of the following standards of the North Carolina Department
of Transportation (NCDOT) are hereby made a part of these Specifications.

NCDOT Standard Specifications for Roads and Structures.

B. MATERIALS

1. Rip Rap:  Rip Rap shall be of the size indicated on the Contract Drawings and
shall conform to NCDOT Section 1042, Rip Rap Materials.

2. Geotextiles:  Geotextiles shall conform to the requirements outlined in Section
02240, Geotextiles, of these Specifications.

C. SUBMITTALS

The Contractor shall submit the following to the Engineer:
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1. Submit a certification and summary of all required test results prior to installation,
that all Rip Rap has been produced in accordance with these Specifications.

2. Furnish copies of the delivery tickets or other approved receipts as evidence for
materials received that will be incorporated into construction.

D. CONSTRUCTION

1. Surface Preparation:

a. Trim and dress all areas to conform to the Contract Drawings as indicated
with tolerance of 2 inches from theoretical slope lines and grades.

b. Bring areas that are below allowable minimum tolerance limit to grade by
filling with compacted Embankment material similar to adjacent material.

c. Geotextiles shall be placed as shown on the Contract Drawings and in
accordance with Section 02240, Geotextiles, of these Specifications.

d. Do not place any stone material on the prepared surface prior to inspection
and approval to proceed from the Engineer.

2. Placing Rip Rap:

Rip Rap shall be placed in accordance with NCDOT Section 868, Rip Rap.

END OF SECTION
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Rolled Erosion Control Products:  Rolled Erosion Control Products (RECPs) include erosion
control blankets (ECB) and turf reinforcement mats (TRM) placed in channels and on slopes.

SECTION 02275

ROLLED EROSION CONTROL PRODUCTS

A. DESCRIPTION

1. General:  

The Contractor shall furnish all labor, material, and equipment to complete
installation of all RECPs in accordance with the Contract Drawings and these
Specifications.

2. Related Work:

Related Contract Work is described in the following sections of the
Specifications:

Work Section

Erosion and Sedimentation Control  02270
Revegetation  02930

3. Reference Standards:

The latest revision of the following standards of the American Society of Testing
and Materials (ASTM) are hereby made a part of these specifications.

ASTM D 4355 Standard Test Method for Deterioration of Geotextiles from
Exposure to Ultraviolet Light and Water (Xenon-Arc Type
Apparatus).

ASTM D 6475 Standard Test Method for Measuring Mass per Unit Area
of Erosion Control Blankets.

ASTM D 6524 Standard Test Method for Measuring the Resiliency of Turf
Reinforcement Mats.

ASTM D 6525 Standard Test Method for Measuring Nominal Thickness of
Permanent Erosion Control Products.

ASTM D 6566 Standard Test Method for Measuring Mass per Unit Area
of Turf Reinforcement Mats.
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ASTM D 6818 Standard Test Method for Ultimate Tensile Properties of
Turf Reinforcement Mats.

B. MATERIALS

1. General:

The materials supplied under these Specifications shall consist of new, first-
quality products designed and manufactured specifically for the purpose of this
work, which shall have been satisfactorily demonstrated, by prior use, to be
suitable and durable for such purposes.

Labels on each RECP shall identify the length, width, product name, and name of
Manufacturer.

2. Erosion Control Blanket (ECB):

ECB shall consist of a machine-produced mat of straw or wood excelsior fiber
covered on the top side with a photodegradable extruded plastic or woven
biodegradable netting and sewn together with degradable thread.  ECB shall also
conform to the properties listed in Table 1 of this section.  ECB shall be S75, as
manufactured by North American Green, CURLEX I, as manufactured by
American Excelsior Company, LANDLOK S1, as manufactured by Propex
Fabrics, or approved equal.

3. Turf Reinforcement Mat (TRM):

TRM shall consist of a dense web of crimped and interlocking polypropylene
fibers positioned between two biaxially oriented nets and mechanically bound
together by parallel stitching with polypropylene thread.  TRM shall be designed
to accelerate seedling emergence, exhibit high resiliency, and possess strength
and elongation properties to limit stretching in a saturated condition.  TRM shall
be stabilized against chemical and UV degradation which are normally found in a
natural soil environment and shall have no biodegradable components.  TRM
shall also conform to the properties listed in Table 1 of this section.  TRM shall
be LANDLOK TRM 435, as manufactured by Propex Fabrics, or approved equal.

4. Anchors:  Anchors for RECPs shall consist of machine made staples of No. 8
gauge new steel wire formed into a “U” shape.  The size when formed shall be not
less that 8 inches in length with a throat of not less than 1 inch in width.  Longer
anchors may be required for loose soils.  Other anchors, such as metal pins or
plastic pegs, may also be used if approved in advance by the Engineer.

C. SUBMITTALS

The Contractor shall submit the following to the Engineer:
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1. Mill Certificate and Sample:  Prior to shipping to the site, the Contractor shall
submit a mill certificate or affidavit signed by a legally authorized official of the
Manufacturer for each RECP attesting that each RECP meets the physical and
manufacturing requirements stated in these Specifications.  The Contractor shall
also submit a sample of each RECP to be used.  The sample shall be labeled with
the product name and be accompanied by the Manufacturer's specifications.

2. Shipping, Handling, and Storage Instructions:  The Manufacturer's plan for
shipping, handling, and storage shall be submitted for review.

3. Installation Guidelines/Instructions:  The Manufacturer's guidelines/instructions
for installation shall be submitted for review.

4. Furnish copies of delivery tickets or other approved receipts as evidence for
materials received that will be incorporated into the construction.

D. CONSTRUCTION

1. Shipping, Handling, and Storage:

All RECPs shall be shipped, handled, and stored in strict accordance with the
Manufacturer's recommendations.

2. Installation - General:

a. Placing of RECPs shall be done immediately following seeding.  Seeding
shall be performed in accordance with Section 02930, Revegetation, of
these Specifications.

b. RECPs shall be placed to the lines and grades shown on the Contract
Drawings.  The earth surface shall be smooth and free from stones, clods,
or debris which will prevent the contact of the RECP with the soil.  Care
shall be taken to preserve the required line, grade, and cross section of the
area.

c. RECPs shall be unrolled in the direction of the flow of water and shall be
applied without stretching so that it will lie smoothly but loosely on the
soil surface.  

d. At the time of installation, RECPs shall be rejected, if they have defects,
rips, holes, flaws, evidence of deterioration, or other damage.

e. The Engineer may require adjustments in the installation requirements to
fit individual conditions.
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3. Installation - Channels:

RECPs installed in channels shall be unrolled parallel to the direction of water
flow.  The first roll shall be centered longitudinally in the channel and anchored
with staples.  Subsequent rolls shall be installed outward to the edges of the
channel and be lapped to allow installation of a common row of anchors.  RECP
ends shall be overlapped with the upstream ends on top (“shingled”).  Refer to the
Contract Drawings and/or the Manufacturer’s installation guidelines/instructions
for installation details.

4. Installation - Slopes:

RECPs installed on slopes shall be oriented in vertical strips and anchored. 
Subsequent rolls shall be installed outward to the edge(s) of the original roll and
be lapped to allow installation of a common row of anchors.  RECP ends shall be
shingled.  Refer to the Contract Drawings and/or the Manufacturer’s installation
guidelines/instructions for installation details.

5. Maintenance:

Maintenance of RECPs shall be in accordance with Section 02270, Erosion and
Sedimentation Control, of these Specifications.
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TABLE 1: REQUIRED ROLLED EROSION CONTROL PRODUCT PROPERTIES

PROPERTY TEST METHOD UNITS VALUE1

Erosion Control Blanket (ECB)

Mass per Unit Area ASTM D 6475 lbs/yd2 0.5 + 10%
(Straw)

0.7 + 10%
(Excelsior)

Tensile Strength2 ASTM D 6818 lbs/ft 50 x 65

Tensile Elongation ASTM D 6818 % 20

Maximum Permissible
Shear Stress
(Un-Vegetated)

----- lb/ft2 1.55

Functional Longevity ----- months 12

Turf Reinforcement Mat (TRM)

Mass per Unit Area ASTM D 6566 oz/yd2 8

Thickness ASTM D 6525 inches 0.35

Tensile Strength2 ASTM D 6818 lbs/ft 225 x 175

Tensile Elongation ASTM D 6818 % 50 (max.)

Resiliency ASTM D 6524 % 80

UV Resistance (1,000
Hours)

ASTM D 4355 % 80

Maximum Permissible
Shear Stress (Long-Term
Vegetated)

Large Scale lb/ft2 5

Notes:
   

1.  Typical for ECB; Minimum Average Roll Value (MARV) for TRM.
2.  Values for machine and cross machine direction (MD x XD), respectively.

END OF SECTION
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Storm Water Systems:  Storm Water Systems shall include all piping, pipe fittings, flared end
sections, drop inlets, manholes, and other appurtenances designated to convey stormwater.

SECTION 02720

STORM WATER SYSTEMS

A. DESCRIPTION 

1. General:

The contractor shall furnish all labor, material, and equipment to complete
installation of Storm Water Systems in accordance with the Contract Drawings
and these Specifications.

2. Related Work:

Related Contract Work is described in the following sections of the
Specifications:

Work Section

Erosion and Sedimentation Control  02270
Rip Rap  02271

3. Reference Standards:

The latest revision of the following standards of the American Society of Testing
and Materials (ASTM), the American Association of State Highway and
Transportation Officials (AASHTO), and the North Carolina Department of
Transportation (NCDOT) are hereby made a part of these specifications.

ASTM C 76 Standard Specification for Reinforced Concrete Culvert,
Storm Drain, and Sewer Pipe.

ASTM C 150 Standard Specification for Portland Cement.

ASTM D 1248 Standard Specification for Polyethylene Plastics Molding
and Extrusion Materials For Wire and Cable.

ASTM D 2321 Standard Practice for Underground Installation of
Thermoplastic Pipe for Sewers and Other Gravity-Flow
Applications.
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ASTM D 3350 Standard Specification for Polyethylene Plastics Pipe and
Fittings Materials.

AASHTO M 36 Specification for Corrugated Steel Pipe.

AASHTO M 252 Specification for Corrugated Polyethylene Drainage
Tubing, 3 to 10 Inch Diameter.

AASHTO M 294 Specification for Corrugated Polyethylene Pipe, 12 to 36
Inch Diameter.

NCDOT Standard Specifications for Roads and Structures and
Roadway Standard Drawings.

B. MATERIALS

1. Reinforced Concrete Pipe (RCP):

a. All reinforced concrete pipe shall be manufactured in accordance with
ASTM C 76, Wall Type B or C, and shall be of the class that equals or
exceeds the pipe class as shown on the Contract Drawings.  All pipe shall
be aged at the manufacturing plant for at least fourteen (14) days before
delivery to the job site.

b. Minimum pipe laying lengths shall be four (4) feet.

c. Joints for reinforced concrete pipe shall have tongue and groove or bell
and spigot ends with leak-resistant mastic joint sealant.  Joint sealant shall
be ConSeal type, or approved equal.

2. Corrugated Metal Pipe (CMP):

a. Corrugated metal pipe and fittings shall be of the sizes shown or specified
and shall conform to every aspect of AASHTO M 36.

b. Corrugated metal pipe shall be fabricated from galvanized steel sheets. 
Corrugation profile shall be 2b inch crest to crest and ½ inch crest to
valley, and sheet thickness shall be 16 gage/.064 inch minimum.

c. Pipe sections shall be helically corrugated with each pipe end rerolled to
obtain no less than two (2) annular corrugations.

d. Coupling Bands:  CMP shall be firmly joined by coupling bands in
accordance with the manufacturer’s recommendations.  These bands shall
be not more than two nominal sheet thicknesses lighter than the thickness
of the pipe to be connected and in no case lighter than 0.052 inches.
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e. All CMP utilized for permanent installation shall have gasketed joints.

f. Asphaltic or bituminous coatings shall be applied in conformance with the
manufacturer’s requirements, as applicable.

3. Corrugated Polyethylene (CPE) Pipe:

CPE pipe and fittings shall be of the sizes and type shown on the Contract
Drawings and shall conform to every aspect of AASHTO M 252 (3 to 10 inch
diameters) or AASHTO M 294 (12 to 36 inch diameters).  All Type S CPE pipe
shall have watertight joints.

4. Flared End Sections:

Flared end sections shall be reinforced and shall be fabricated from the same
materials meeting the same requirements as the pipe to which they are connected. 
All reinforced concrete and corrugated metal flared end sections shall meet the
requirements of the NCDOT.  Corrugated polyethylene flared end sections shall
be as recommended by the pipe manufacturer.

C. SUBMITTALS

The Contractor shall submit the following to the Engineer:

1. Submit a certification and summary of all required test results, prior to
installation, that all Storm Water Systems have been produced in accordance with
these Specifications.

2. Furnish copies of the delivery tickets or other approved receipts as evidence for
materials received that will be incorporated into construction.

D. CONSTRUCTION

1. All piping shall be installed by skilled workmen and in accordance with the best
standards for piping installation.  Proper tools and appliances for the safe and
convenient handling and installation of the pipe and fittings shall be used.

2. All pieces shall be carefully examined for defects, and no piece shall be installed
which is known to be defective.  If any defective piece should be discovered after
having been installed, it shall be removed and replaced at the Contractor's
expense.

3. Excavation and backfilling of pipe trenches shall be as described in Section
02222, Excavation and Section 02223, Embankment, respectively, of these
Specifications.
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4. Following proper preparation of the trench subgrade, pipe and fittings shall be
carefully lowered into the trench so as to prevent dirt and other foreign substances
from gaining entrance into the pipe and fittings.  Proper facilities shall be
provided for lowering sections of pipe into trenches.  No materials shall be
dropped or dumped into the trench.

5. Water shall be kept out of the trench until jointing and backfilling are completed. 
When work is not in progress, open ends of pipe, fittings, and valves shall be
securely closed so that no water, earth, or other substance will enter the pipes,
fittings, or valves.  Pipe ends left for future connections shall be valved, plugged,
or capped, and anchored as required.

6. All piping shall be erected to accurate lines and grades with no abrupt changes in
line or grade.

7. The full length of each section of pipe shall rest solidly upon the bed of the
trench, with recesses excavated to accommodate bells, couplings, joints, and
fittings.  Before joints are made, each pipe shall be well bedded on a solid
foundation.  No pipe shall be brought into position until the preceding length has
been thoroughly bedded and secured in place.  Pipe that has the grade or joint
disturbed after laying shall be taken up and relaid by the Contractor at his own
expense.

8. The laying of reinforced concrete pipe shall conform to the current
recommendations of the American Concrete Pipe Association for Installation
Type 1 or 2.

END OF SECTION
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Revegetation:  Revegetation includes permanent Revegetation of all site areas disturbed by
the Contractor whether inside the Contract Limits or not.

SECTION 02930

REVEGETATION

A. DESCRIPTION

1. General:

The Contractor shall furnish all labor, material, and equipment to complete
Revegetation in accordance with the Contract Drawings and these Specifications.

2. Related Work:

Related Contract Work is described in the following sections of the
Specifications:

Work Section

Vegetative Soil Layer  02258
Erosion and Sedimentation Control  02270
Rolled Erosion Control Products  02275

3. Warranty:

The Contractor shall be responsible for the satisfactory establishment and growth
of a permanent stand of vegetation for a period of one year following the final
seeding as judged by the Engineer.  During this period, the Contractor shall be
responsible for the maintenance items described in Paragraph D.4 (Maintenance)
of this Specification.

B. MATERIALS

1. Limestone:  Unless otherwise defined by specific soil tests, supply agricultural
grade ground limestone conforming to the current “Rules, Regulations, and
Standards of the Fertilizer Board of Control.”

2. Fertilizer:  Unless otherwise defined by specific soil tests, supply commercial
fertilizer of 10-10-10 analysis, meeting applicable requirements of State and
Federal law.  Do not use cyanamic compounds of hydrated lime.  Deliver
fertilizer in original containers labeled with content analysis.
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3. Grass Seed:  Supply fresh, clean, new-crop seed as specified in Table 1 of this
section.  Do not use seed which is wet, moldy, or otherwise damaged.  Deliver
seed in standard sealed containers labeled with producer’s name and seed
analysis, and in accord with US Department of Agriculture Rules and Regulations
under Federal Seed Act.

4. Mulch:  Supply clean, seed-free, threshed straw of oats, wheat, barley, rye, beans,
or other locally available mulch material.

a. Do not use mulch containing a quantity of matured, noxious weed seeds or
other species that will be detrimental to seeding, or provide a menace to
surrounding land.

b. Do not use mulch material which is fresh or excessively brittle, or which
is decomposed and will smother or retard growth of grass.

5. Binder:  Supply emulsified asphalt or synthetic binder.

6. Water:  Supply potable, free of substances harmful to growth.

C. SUBMITTALS

The Contractor shall submit the following to the Engineer:

1. Results of soil tests performed and proposed modifications, if any, to the specified
requirements.

2. Certificates for each grass seed mixture, stating botanical and common name,
percentage by weight, and percentages of purity, germination, and weed seed. 
Certify that each container of seed delivered is fully labeled in accordance with
Federal Seed Act and equals or exceeds specification requirements.

3. Copies of invoices for fertilizer, showing grade furnished and total quantity
applied.

D. CONSTRUCTION

1. The Contractor shall establish a smooth, healthy, uniform, close stand of grass
from the specified seed.  Prior to Revegetation, the Contractor shall adequately
test the soils to be revegetated to ensure the adequacy of the specified
requirements.  Any modifications to these requirements deemed necessary after
the review of soil test results, shall be at the Contractor’s sole expense.  The
Engineer will perform the observations to determine when successful
Revegetation is achieved.
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2. Soil Preparation:

a. Limit preparation to areas which will be planted soon after preparation.

b. Loosen surface to minimum depth of four (4) inches.

c. Remove stones, sticks, roots, rubbish and other extraneous matter over
three (3) inches in any dimension.

d. Spread lime uniformly over designated areas at the rate specified in Table
1 of this section.

e. After application of lime, prior to applying fertilizer, loosen areas to be
seeded with double disc or other suitable device if soil has become hard or
compacted.  Correct any surface irregularities in order to prevent pocket or
low areas which will allow water to stand.

f. Distribute fertilizer uniformly over areas to be seeded at the rate specified
in Table 1 of this section.

(1) Use suitable distributor.

(2) Incorporate fertilizer into soil to depth of a least two (2) inches.

(3) Remove stones or other substances which will interfere with turf
development or subsequent mowing.

g. Grade seeded areas to smooth, even surface with loose, uniformly fine
texture.

(1) Roll and rake, remove ridges and fill depressions, as required to
meet finish grades.

(2) Fine grade just prior to planting.

3. Seeding:

a. Use approved mechanical power driven drills or seeders, mechanical hand
seeders, or other approved equipment.

b. Distribute seed evenly over entire area at the rate specified in Table 1 of
this section.

c. Stop work when work extends beyond most favorable planting season for
species designated, or when satisfactory results cannot be obtained
because of drought, high winds, excessive moisture, or other factors.
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d. Resume work only when favorable condition develops, or as directed by
the Engineer.

e. Lightly rake seed into soil followed by light rolling or cultipacking.

f. Immediately protect seeded areas against erosion by mulching or placing
Rolled Erosion Control Products in accordance with Section 02275 of
these Specifications, where applicable.

(1) Spread mulch in a continuous blanket at the rate specified in Table
1 of this section.

(2) Immediately following spreading mulch, secure with evenly
distributed binder at the rate specified in Table 1 of this section.

4. Maintenance:

The Contractor shall be responsible for maintaining all seeded areas through the
end of his warranty period.  The Contractor shall provide, at his expense,
protection of all seeded areas against damage at all times until acceptance of the
work.  Maintenance shall include, but not be limited to, the following items:

a. Regrade and revegetate all eroded areas until adequately stabilized by
grass.

b. Remulch with new mulch in areas where mulch has been disturbed by
wind or maintenance operations sufficiently to nullify its purpose.  Anchor
as required to prevent displacement.

c. Replant bare areas using same materials specified.
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TABLE 1: SEEDING SCHEDULE

MATERIAL SEED TYPE APPLICATION RATE1

Lime ----- 3,000 lbs/acre

Fertilizer ----- 500 lbs/acre

Seed
    Permanent:

    Temporary:

Pensacola Bahiagrass
Sericea Lespedeza
Common Bermuda2

German Millet

See Note 3

50 lbs/acre
30 lbs/acre
10 lbs/acre
10 lbs/acre

See Note 3

Mulch ----- 4,000 - 5,000 lbs/acre

Binder ----- 150 gallons/acre

Notes:

1. Application rates and/or chemical analysis shall be confirmed or established by a
soil test(s).

2. Bermudagrass may be replaced with 5 lbs/acre centipedegrass.
3. For temporary seeding, follow the guidelines of the NC Erosion and Sediment

Control Planning and Design Manual.

END OF SECTION
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SECTION 1.0
GENERAL

1.1 INTRODUCTION

This Construction Quality Assurance (CQA) Manual has been prepared to provide the Owner,
(Design) Engineer, and CQA Engineer the means to govern the construction quality and to
satisfy landfill certification requirements under current solid waste management regulations.

More specifically, this CQA Manual addresses the components of the landfill subgrade and final
cover system.  The landfill subgrade consists of 2 feet of specific soil types (SM, SC, ML, CL,
MH, and/or CH).  The final cover system consists of a compacted soil barrier and overlying
vegetative soil layer.

The CQA Manual is divided into the following sections:

• Section 1.0 General
• Section 2.0 CQA Documentation
• Section 3.0 Earthwork CQA
• Section 4.0 Soil Liner CQA
• Section 5.0 Final Cover System CQA

1.2 DEFINITIONS RELATING TO CONSTRUCTION QUALITY

1.2.1 Construction Quality Assurance (CQA)

In the context of this Manual, Construction Quality Assurance is defined as a planned and
systematic program employed by the Owner to assure conformity of the landfill subgrade
and final cover system installation with the project drawings and the project specifications. 
CQA is provided by the CQA Engineer as a representative of the Owner and is independent
from the Contractor and all manufacturers.  The CQA program is designed to provide
adequate confidence that items or services meet contractual and regulatory requirements
and will perform satisfactorily in service.

1.2.2 Construction Quality Control (CQC)

Construction Quality Control refers to actions taken by manufacturers, fabricators,
installers, and/or the Contractor to ensure that the materials and the workmanship meet the
requirements of the project drawings and the project specifications.  The manufacturer's
specifications and quality control (QC) requirements are included in this CQA Manual by
reference only.
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1.2.3 CQA Certification Document

At the completion of construction, a certification document will be prepared by the CQA
Engineer and submitted to State Solid Waste Regulators.  The certification report will
include documentation of all CQA testing performed by the CQA Engineer.

1.2.4 Discrepancies Between Documents

The Contractor is instructed to bring discrepancies to the attention of the CQA Engineer
who shall then notify the Engineer for resolution.  The Engineer has the sole authority to
determine resolution of discrepancies existing within the Contract Documents (this may
also require the approval of State Solid Waste Regulators).  Unless otherwise determined
by the Engineer, the more stringent requirement shall be the controlling resolution.

1.3 PARTIES TO CONSTRUCTION QUALITY ASSURANCE

1.3.1 Description of the Parties

The parties to Construction Quality Assurance and Quality Control include the Owner,
Engineer, Contractor, CQA Engineer, and Soils CQA Laboratory.

1.3.1.1 Owner

The Owner is Martin County, who owns and/or is responsible for the facility.

1.3.1.2 Engineer

The Engineer is responsible for the engineering design, drawings, and project
specifications for the landfill subgrade and final cover system.  The Engineer is an
official representative of the Owner.  The Engineer serves as communications
coordinator for the project, initiating the meetings outlined in Section 1.7.  The
Engineer will also be responsible for proper resolution of all quality issues that
arise during construction.  The Engineer is Richardson Smith Gardner &
Associates, Inc.

1.3.1.3 Contractor

The Contractor is responsible for the construction of the landfill subgrade and final
cover system.  The Contractor is responsible for the overall CQC on the project and
coordination of submittals to the CQA Engineer.  Additional responsibilities of the
Contractor are defined by the project specifications.
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1.3.1.4 CQA Engineer

The CQA Engineer is a representative of the Owner, is independent from the
Contractor, and is responsible for observing, testing, and documenting activities
related to the CQA of the components of the landfill subgrade and final cover
system.  The CQA Engineer may make field observations and review submittals for
the Engineer and is responsible for notifying the Owner and Engineer of all quality
issues that arise during construction.  The CQA Engineer is also responsible for
issuing a facility certification report, sealed by a Professional Engineer registered in
The State of North Carolina.

1.3.1.5 Soils CQA Laboratory

The Soils CQA Laboratory is a party, independent from the Owner, that is
responsible for conducting geotechnical tests on conformance samples of soils and
aggregates used in structural fills, the landfill subgrade, and the final cover system. 
The services of the Soils CQA Laboratory are coordinated by the CQA Engineer
and are paid for by the Owner.

1.3.2 Qualifications of the Parties

The following qualifications are required of all parties involved with the manufacture,
fabrication, installation, transportation, and CQA of all materials for the landfill subgrade
and final cover system.  Where applicable, these qualifications must be submitted by the
Contractor to the Owner and Engineer for review and approval.

1.3.2.1 Contractor

Qualifications of the Contractor are specific to the construction contract and
independent of this CQA Manual.

1.3.2.2 CQA Engineer

The CQA Engineer will act as the Owner’s Quality Assurance Representative.  The
CQA Engineer will perform CQA testing to satisfy the requirements of this CQA
Manual and will prepare the CQA certification document.  The CQA Engineer will
have experience in the CQA aspects of the construction and testing of landfill
components, and be familiar with ASTM and other related industry standards.  The
activities of the CQA Engineer will be performed under the supervision of a
Registered Professional Engineer.

1.3.2.3 Soils CQA Laboratory

The Soils CQA Laboratory will have experience in testing structural fill and
aggregates, and be familiar with ASTM and other applicable test standards.  The
Soils CQA Laboratory will be capable of providing test results within 24 hours or a
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reasonable time after receipt of samples depending on the test(s) to be conducted, as
agreed to at the outset of the project by affected parties, and will maintain that
standard throughout the installation.

1.4 SCOPE OF CONSTRUCTION QUALITY ASSURANCE MANUAL

The scope of this CQA Manual includes the CQA of the components of the landfill subgrade and
final cover system for the subject facility.  The CQA for the selection, evaluation, and placement
of the soils is included in the scope.

1.5 UNITS

In this CQA Manual, all properties and dimensions are expressed in U.S. units.

1.6 REFERENCES

The CQA Manual includes references to the most recent version of the test procedures of the
American Society of Testing and Materials (ASTM) and/or the Geosynthetic Research Institute
(GRI).  Appendix A contains a list of these procedures.

1.7 CQA MEETINGS

To facilitate the specified degree of quality during installation, clear, open channels of
communication are essential.  To that end, meetings are critical.

1.7.1 Subgrade CQA Meeting

A CQA Meeting will be held at the site prior to construction and verification of the landfill
subgrade.  At a minimum, the meeting will be attended by the Engineer, the CQA
Engineer, and the Contractor.

The purpose of this meeting is to begin planning for coordination of tasks, anticipate any
problems which might cause difficulties and delays in construction, and, above all, review
the CQA Manual to all of the parties involved.  It is very important that the rules regarding
testing, repair, etc., be known and accepted by all.

This meeting should include all of the activities referenced in the project specifications.

The meeting will be documented by the Engineer and minutes will be transmitted to all
parties.

1.7.2 Final Cover System CQA Meeting

Prior to the start of the final cover system construction a CQA Meeting will be held.  This
meeting will include all parties then involved, including the Engineer, the CQA Engineer,
and the Contractor.
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The purpose of this meeting is to begin planning for coordination of tasks, anticipate any
problems which might cause difficulties and delays in construction, and, above all, review
the CQA Manual to all of the parties involved.  It is very important that the rules regarding
testing, repair, etc., be known and accepted by all.

This meeting should include all of the activities referenced in the project specifications.

The meeting will be documented by the Engineer and minutes will be transmitted to all
parties.

1.7.3 CQA Progress Meetings

Progress meetings will be held between the Engineer, the CQA Engineer, the Contractor,
and representatives from any other involved parties at the frequency dictated in the project
specifications or, at a minimum, once per month during active construction.  These
meetings will discuss current progress, planned activities for the next week, and any new
business or revisions to the work.  The CQA Engineer will log any problems, decisions, or
questions arising at this meeting in his daily or periodic reports.  Any matter requiring
action which is raised in this meeting will be reported to the appropriate parties.  These
meetings will be documented by the Engineer and minutes will be transmitted to affected
parties.

1.7.4 Problem or Work Deficiency Meetings

A special meeting will be held when and if a problem or deficiency is present or likely to
occur.  At a minimum, the meeting will be attended by the Engineer, the CQA Engineer,
the Contractor, and representatives from any other involved parties.  The purpose of the
meeting is to define and resolve the problem or work deficiency as follows:

• define and discuss the problem or deficiency;
• review alternative solutions; and
• implement an action plan to resolve the problem or deficiency.

The meeting will be documented by the Engineer and minutes will be transmitted to
affected parties.

1.8 CONTROL VERSUS RECORD TESTING

1.8.1 Control Testing

In the context of this CQA Manual, Control Tests are those tests performed on a material
prior to its actual use in construction to demonstrate that it can meet the requirements of the
project plans and specifications.  Control Test data may be used by the Engineer as the
basis for approving alternative material sources.
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1.8.2 Record Testing

Record Tests are those tests performed during the actual placement of a material to
demonstrate that its in-place properties meet or exceed the requirements of the project
drawings and specifications.
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SECTION 2.0
CQA DOCUMENTATION

2.1 DOCUMENTATION

An effective CQA plan depends largely on recognition of construction activities that should be
monitored and on assigning responsibilities for the monitoring of each activity.  This is most
effectively accomplished and verified by the documentation of quality assurance activities.   The
CQA Engineer will document that quality assurance requirements have been addressed and
satisfied.

The CQA Engineer will provide the Owner and Engineer with his daily and weekly progress
reports including signed descriptive remarks, data sheets, and logs to verify that required CQA
activities have been carried out.  These reports will also identify potential quality assurance
problems.  The CQA Engineer will also maintain at the job site a complete file of project
drawings, reports, project specifications, a CQA Manual, checklists, test procedures, daily logs,
and other pertinent documents.

2.2 DAILY CQA REPORT

The CQA Engineer's reporting procedures will include preparation of a daily report which, at a
minimum, will include the following information, where applicable:

• a unique identifying sheet number for cross referencing and document control;

• date, project name, location, and other identification;

• data on weather conditions;

• a reduced-scale Site Plan showing all proposed work areas and test locations;

• descriptions and locations of ongoing construction;

• descriptions and specific locations of areas, or units, of work being tested and/or
observed and documented;

• locations where tests and samples were taken;

• a summary of test results;

• calibrations or recalibrations of test equipment, and actions taken as a result of
recalibration;

• off-site materials received, including quality verification documentation;

• decisions made regarding acceptance of units of work, and/or corrective actions to
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be taken in instances of substandard quality;

• summaries of pertinent discussions with the Contractor; and

• the CQA Engineer's signature.

The daily report must be completed at the end of each CQA Engineer's shift, prior to
leaving the site.  This information will be submitted weekly to and reviewed by the Owner
and Engineer.  

2.3 CQA PROGRESS REPORTS

The CQA Engineer will prepare a summary progress report each week, or at time intervals
established at the pre-construction meeting.  As a minimum, this report will include the
following information, where applicable:

• a unique identifying sheet number for cross-referencing and document control;

• the date, project name, location, and other information;

• a summary of work activities during the progress reporting period;

• a summary of construction situations, deficiencies, and/or defects occurring during
the progress reporting period;

• summary of all test results, failures and retests, and

• signature of the CQA Engineer.

The CQA Engineer's progress reports must summarize the major events that occurred during that
week.  Critical problems that occur shall be communicated verbally to the Engineer immediately
as well as being included in the weekly reports.  The CQA Engineer's weekly report must be
submitted to the Owner and Engineer no later than the Monday following the week reported.

2.4 CQA PHOTOGRAPHIC REPORTING

Photographs will be taken by the CQA Engineer at regular intervals during the construction
process and in all areas deemed critical by the CQA Engineer.

These photographs will serve as a pictorial record of work progress, problems, and mitigation
activities.  These records will be presented to the Engineer upon completion of the project.

In lieu of photographic documentation, videotaping may be used to record work progress,
problems, and mitigation activities.  The Engineer may require that a portion of the
documentation be recorded by photographic means in conjunction with videotaping.
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2.5 DEFICIENCIES

The Owner and Engineer will be made aware of any significant recurring nonconformance with
the project specifications.  The Engineer will then determine the cause of the non-conformance
and recommend appropriate changes in procedures or specification.  When this type of
evaluation is made, the results will be documented, and any revision to procedures or project
specifications will be approved by the Owner and Engineer.

2.6 DESIGN AND/OR PROJECT TECHNICAL SPECIFICATION CHANGES

Design and/or project specification changes may be required during construction.  In such cases,
the CQA Engineer will notify the Engineer.  The Engineer will then notify the appropriate
agency, if necessary.

Design and/or project specification changes will be made only with the written agreement of the
Engineer, and will take the form of an addendum to the project specifications.  All design
changes will include a detail (if necessary) and state which detail it replaces in the plans.

2.7 FINAL CQA REPORT

At the completion of each major construction activity at the landfill unit, the CQA Engineer will
certify all required forms, observation logs, field and laboratory testing data sheets including
sample location plans, etc.  The CQA Engineer will also provide a final report which will certify
that the work has been performed in compliance with the plans and project technical
specifications, and that the supporting documents provide the necessary information.

The CQA Engineer will also provide summaries of all the data listed above with the report.  The
Record Drawings will include scale drawings depicting the location of the construction and
details pertaining to the extent of construction (e.g., depths, plan dimensions, elevations, soil
component thicknesses, etc.).  All surveying and base maps required for development of the
Record Drawings will be done by the Contractor’s Construction Surveyor.  These documents
will be certified by the Contractor and delivered to the CQA Engineer and included as part of the
final CQA (Certification) report.

It may be necessary to prepare interim certifications, as allowed by the regulatory agency to
expedite completion and review.

At a minimum, the items shown in Table 2.1 will be included in the Final CQA Report.  Note
that some items may not be applicable to all projects.

2.8 STORAGE OF RECORDS

All handwritten data sheet originals, especially those containing signatures, will be stored by the
CQA Engineer in a safe repository on site.  Other reports may be stored by any standard method
which will allow for easy access.  All written documents will become property of the Owner.
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TABLE 2.1:  FINAL CQA REPORT GENERAL OUTLINE

1.0 Introduction
2.0 Project Description
3.0 CQA Program

3.1 Scope of Services
3.2 Personnel

4.0 Earthwork CQA
5.0 Final Cover System CQA
6.0 Soil Liner CQA
7.0 Summary and Conclusions
8.0 Project Certification

Appendices

Appendix A Design Clarifications and Modifications
Appendix B Piezometer Abandonment (if applicable)
Appendix C Photographic Documentation
Appendix D CQA Reporting

D1. CQA Reports
D2. CQA Meeting Minutes

Appendix E Earthwork CQA Data
E1. CQA Test Results - Control Tests
E2. CQA Test Results - Record Tests

Appendix F Soil Liner CQA Data
F1. CQA Test Results - Control Tests
F2. CQA Test Results - Record Tests

Appendix G Record Drawings
G1 Subgrade As-Built
G2 Soil Liner As-Built
G3 Final Cover System As-Built
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SECTION 3.0
EARTHWORK CQA

3.1 INTRODUCTION

This section of the CQA Manual addresses earthwork (excavation and embankment) and outlines
the soils CQA program to be implemented with regard to material approval, subgrade approval,
field control and record tests, and resolution of problems.

3.2 EMBANKMENT MATERIAL APPROVAL

All material to be used as compacted embankment shall be approved in advance by the CQA
Engineer.  Approval is based upon successful completion of CQA control testing outlined below. 
Such testing can be performed either during excavation and stockpiling or from existing
stockpiles prior to use.

3.2.1 Control Tests

The procedure for CQA testing during excavation and stockpiling (including existing
stockpiles) is outlined below.

Each load of soil will be examined either at the borrow source or the stockpile area.  Any
unsuitable material will be rejected or routed to separate stockpiles consistent with its end
use.  Appropriate entries will be made in the daily log.

During stockpiling operations, control tests, as shown on Table 3.1, will be performed by
the CQA Engineer prior to placement of any compacted embankment.

3.3 SUBGRADE APPROVAL

The CQA Engineer will verify that the compacted embankment subgrade is constructed in
accordance with the project specifications.

3.4 EARTHWORK CONSTRUCTION

3.4.1 Construction Monitoring

A. Earthwork shall be performed as described in the project specifications.

B. Only soil previously approved by the CQA Engineer (see Section 3.2) shall be used
in construction of the compacted embankment.  Unsuitable material will be
removed prior to acceptance by the CQA Engineer.

C. All required field density and moisture content tests shall be completed before the
overlying lift of soil is placed.  The surface preparation (e.g. wetting, drying, 
scarification, etc.) shall be completed before the CQA Engineer will allow
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placement of subsequent lifts.

D. The CQA Engineer will monitor protection of the earthwork during and after
construction.

3.4.2 Control Tests

The control tests, as shown on Table 3.2, will be performed by the CQA Engineer prior to
placement of compacted embankment.

3.4.3 Record Tests

The record tests, as shown on Table 3.2, will be performed by the CQA Engineer during
placement of compacted embankment.

3.4.3.1 Record Test Failure

Recompaction of the failed area shall be performed and retested until the area meets
or exceeds requirements outlined in the specifications.

3.4.4 Judgmental Testing

During construction, the frequency of control and/or record testing may be increased at the
discretion of the CQA Engineer when visual observations of construction performance
indicate a potential problem.  Additional testing for suspected areas will be considered
when:

• the rollers slip during rolling operation;
• the lift thickness is greater than specified;
• the fill material is at an improper moisture content;
• fewer than the specified number of roller passes are made;
• dirt-clogged rollers are used to compact the material;
• the rollers may not have used optimum ballast;
• the fill materials differ substantially from those specified; or
• the degree of compaction is doubtful. 

3.5 DEFICIENCIES

The CQA Engineer will immediately determine the extent and nature of all defects and
deficiencies and report them to the Owner and Engineer.  All defects and deficiencies will be
documented by the CQA Engineer.  The Contractor shall correct defects and deficiencies to the
satisfaction of the CQA Engineer.  The CQA Engineer will observe all retests on repaired
defects.
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TABLE 3.1: CQA TESTING PROGRAM FOR EMBANKMENT
MATERIAL APPROVAL

PROPERTY TEST METHOD MINIMUM TEST FREQUENCY

CONTROL TESTS:

Visual Classification ASTM D 2488 Each Soil

Moisture-Density Relationship ASTM D 698 5,000 CY
per Each Soil

TABLE 3.2: CQA TESTING PROGRAM FOR COMPACTED EMBANKMENT

PROPERTY TEST METHOD MINIMUM TEST FREQUENCY

CONTROL TESTS: (See Table 3.1)

RECORD TESTS:

Lift Thickness ----- Each Lift

In-Place Density ASTM D 69381 20,000 ft2 per lift &
1 per 500 LF/lift of Berms

(< 200 ft. base width)

Moisture Content ASTM D 69382 20,000 ft2 per lift &
1 per 500 LF/lift of Berms

(< 200 ft. base width)

Verification of Subgrade Soil Type 
(Soil w/in 2 Vertical Feet of Finished
Subgrade Elevations) (See Note 3):

Visual Classification

Atterberg Limits

Grain Size Analysis

ASTM D 2488

ASTM D 4318

ASTM D 422

5,000 ft2

10,000 ft2

10,000 ft2

Notes:

1. Optionally use ASTM D 1556, ASTM D 2167, or ASTM D 2937.  For every 10 nuclear
density tests perform at least 1 density test by ASTM D 1556, ASTM D 2167, or ASTM D
2937 as a verification of the accuracy of the nuclear testing device.

2. Optionally use ASTM D 2216, ASTM D 4643, or ASTM D 4959.  For every 10 nuclear
moisture tests perform at least 1 moisture test by ASTM D 2216, ASTM D 4643, or ASTM
D 4959 as a verification of the accuracy of the nuclear testing device.

3. Conduct subgrade verification using hand augured boring or test pit.
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SECTION 4.0
SOIL LINER CQA

4.1 INTRODUCTION

This section of the CQA Manual addresses the soil liner component of the final cover system and
outlines the soils CQA program to be implemented with regard to material approval, subgrade
approval, test fill construction, field and laboratory control and record tests, and resolution of
problems.

4.2 SOIL LINER MATERIAL APPROVAL

All material to be used as soil liner shall be approved in advance by the CQA Engineer. 
Approval is based upon successful completion of CQA control testing outlined below.  Such
testing can be performed either during excavation and stockpiling or from existing stockpiles
prior to use.

4.2.1 Control Tests

The procedure for CQA testing during excavation and stockpiling (including existing
stockpiles) is outlined below.

Each load of soil will be examined either at the borrow source or the stockpile area.  Any
unsuitable material will be rejected or routed to separate stockpiles consistent with its end
use.  Appropriate entries will be made in the daily log.

During stockpiling operations, control tests, as shown on Table 4.1, will be performed by
the CQA Engineer prior to placement of any soil liner material.

4.3 SUBGRADE APPROVAL

The CQA Engineer will verify that the soil liner subgrade is constructed in accordance with the
project specifications.

4.4 TEST FILL CONSTRUCTION

A test fill meeting the requirements of the project specifications will be constructed using the
same construction methods, equipment, and material to be used for the soil liner component. 
The test fill construction will be conducted prior to or coincide with the beginning of
construction of the soil liner component.

Construction equipment and methods will be reviewed by the CQA Engineer prior to test fill
placement.
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4.4.1 Control Tests

The control tests, as shown on Table 4.2, will be performed by the CQA Engineer prior to
placement of soil liner material in the test fill.

4.4.2 Record Tests

The record tests, as shown on Table 4.2, will be performed by the CQA Engineer during
placement of soil liner material in the test fill.

4.4.3 Test Fill Completion

The test fill program is completed when the Contractor has shown that the soil liner
constructed using the same construction methods, equipment, and material to be used in
construction of the soil liner will satisfy project specifications.  No soil liner can be placed
until the test fill program is completed.

4.5 SOIL LINER CONSTRUCTION

4.5.1 Construction Monitoring

A. Soil liner shall be placed as described in the applicable section(s) of the project
specifications using the construction methods, equipment, and material
demonstrated in the test fill construction.

B. Only soil previously approved by the CQA Engineer (see Section 4.2) shall be used
in construction of the soil liner.  Unsuitable material will be removed prior to
acceptance by the CQA Engineer.

C. All required field density and moisture content tests shall be completed before the
overlying lift of soil is placed.  The surface preparation (e.g. wetting, drying, 
scarification, etc.) shall be completed before the CQA Engineer will allow
placement of subsequent lifts.

D. The CQA Engineer will monitor protection of the soil liner during and after
construction.

E. The liner surface shall be sprinkled with water as needed to prevent desiccation.  
Should desiccation occur, the last lift shall be reconstructed in accordance with the
project specifications.  Standing water should not be present on the soil liner.

F. Frost heave or other damage due to freezing shall require lift reconstruction in
accordance with the project specifications.

G. All cracks and voids shall be filled and the surface made uniform.  This shall be
accomplished by final dressing of the soil liner with smooth-drum rollers and hand
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raking.  No rubber tired vehicles are permitted on the final dressed surface unless
authorized by the CQA Engineer.

4.5.2 Control Tests

The control tests, as shown on Table 4.3, will be performed by the CQA Engineer prior to
placement of soil liner material.

4.5.3 Record Tests

The record tests, as shown on Table 4.3 and as described below, will be performed by the
CQA Engineer during placement of soil liner material.

A. Each lift will be checked visually for soil clods, rocks, debris, plant materials and
other foreign material.  Any such material which does not meet specified
requirements shall be identified and removed prior to and during the compaction
process.

B. The thickness of the loose lift will be measured at random locations after spreading
and leveling is completed.  Loose lift thickness should not exceed the depth of
penetration of the compaction feet.

C. Moisture content will be monitored by the CQA Engineer prior to compaction.  If
the soil is drier than the specified minimum moisture content, water will be added
and the lift will be disced to distribute the moisture evenly.

Results of testing will be certified within 7 days of soil liner placement.

4.5.3.1 Record Test Failure

The following procedures shall be used in the event of density or hydraulic
conductivity test failure:

A. Failed Density Test:  Recompaction of the failed area shall be performed
and retested until the area meets or exceeds requirements outlined in the
specifications.

B. Failed Hydraulic Conductivity Test:  The area of failure shall be localized
and reconstructed in accordance with the project specifications.  This area
will be retested as outlined within the plan by the CQA Engineer. 
Optionally, at least five replicate samples shall be obtained and tested by
the Contractor in the immediate vicinity of the failed test.  If all five
samples pass, then the initial failing test will be discounted.  However,
should the replicate samples confirm the failure of the soil liner to meet
specifications, the area of failure shall be localized, reconstructed, and
retested as described above.
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4.5.4 Judgmental Testing

During construction, the frequency of control and/or record testing may be increased at the
discretion of the CQA Engineer when visual observations of construction performance
indicate a potential problem.  Additional testing for suspected areas will be considered
when:

 • the rollers slip during rolling operation;
 • the lift thickness is greater than specified;
 • the fill material is at an improper moisture content;
 • fewer than the specified number of roller passes are made;
 • dirt-clogged rollers are used to compact the material;
 • the rollers may not have used optimum ballast;
 • the fill materials differ substantially from those specified; or
 • the degree of compaction is doubtful. 

4.5.5 Perforations In Soil Liner

All holes shall be patched with compacted soil liner (if allowed by the project
specifications) or sodium bentonite compacted and hydrated in the holes.

4.6 DEFICIENCIES

The CQA Engineer will immediately determine the extent and nature of all defects and
deficiencies and report them to the Owner and Engineer.  All defects and deficiencies will be
documented by the CQA Engineer.  The Contractor shall correct defects and deficiencies to the
satisfaction of the CQA Engineer.  The CQA Engineer will observe all retests on repaired
defects.
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TABLE 4.1: CQA TESTING PROGRAM FOR SOIL LINER MATERIAL APPROVAL

PROPERTY TEST
METHOD

MINIMUM TEST
FREQUENCY

CONTROL TESTS:

Visual Classification ASTM D 2488 Each Soil

Moisture Content ASTM D 2216 2,000 CY
per Each Soil

Grain Size Analysis ASTM D 422 2,000 CY
per Each Soil

Atterberg Limits ASTM D 4318 2,000 CY
per Each Soil

Moisture-Density Relationship ASTM D 698 5,000 CY
per Each Soil

Hydraulic Conductivity - Lab
Remolded

ASTM D 50843 10,000 CY
per Each Soil
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TABLE 4.2: CQA TESTING PROGRAM FOR SOIL LINER TEST FILL

PROPERTY TEST
METHOD

MINIMUM TEST
FREQUENCY

CONTROL TESTS: (See Table 4.1)

Moisture-Density Relationship ASTM D 6984 1 per lift

Hydraulic Conductivity - Lab
Remolded

ASTM D 50843,4 1 per lift

RECORD TESTS:

Lift Thickness ----- Each Lift

Atterberg Limits ASTM D 4318 1 per lift

Grain Size Analysis ASTM D 422 1 per lift

In-Place Density ASTM D 29221 3 per lift

Moisture Content ASTM D 69382 3 per lift

Hydraulic Conductivity - Undisturbed
(Shelby Tube)

ASTM D 69383 1 per lift
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TABLE 4.3: CQA TESTING PROGRAM FOR SOIL LINER

PROPERTY TEST
METHOD

MINIMUM TEST
FREQUENCY

CONTROL TESTS: (See Table 4.1)

RECORD TESTS:

Lift Thickness ----- Each Lift

In-Place Density ASTM D 69381 10,000 ft2 per lift

Moisture Content ASTM D 69382 10,000 ft2 per lift

Hydraulic Conductivity - Undisturbed
(Shelby Tube)

ASTM D 50843 40,000 ft2 per lift

Notes:

1. Optionally use ASTM D 1556, ASTM D 2167, or ASTM D 2937.  For every 10
nuclear density tests perform at least 1 density test by ASTM D 1556, ASTM D
2167, or ASTM D 2937 as a verification of the accuracy of the nuclear testing
device.

2. Optionally use ASTM D 2216, ASTM D 4643, or ASTM D 4959.  For every 10
nuclear moisture tests perform at least 1 moisture test by ASTM D 2216, ASTM D
4643, or ASTM D 4959 as a verification of the accuracy of the nuclear testing
device.

3. Maximum effective confining pressure and hydraulic gradient as required by the
project specifications.  Backpressure as recommended by ASTM D 5084.

4. These tests performed on the test fill may count toward the minimum frequencies
established in Table 4.1.
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SECTION 5.0
FINAL COVER SYSTEM CQA

5.1 INTRODUCTION

This section of the CQA Manual addresses the landfill gas (LFG) system and the vegetative soil
layer of the final cover system.  By reference to Section 4.0 of this CQA Manual, this section
also addresses the compacted soil barrier that is included in the final cover system.  This section
outlines the CQA program to be implemented with regard to material approval, construction
monitoring, and resolution of problems.

5.2 FINAL COVER SYSTEM MATERIAL APPROVAL

The CQA Engineer shall verify that the following are provided and installed in accordance with
the project drawings, specifications, and this CQA Manual.

5.2.1 LFG System Components

A. Receipt of Contractor's submittals on LFG system components.

B. Review of submittals for LFG system components for conformity to the project
specifications.

5.2.2 Compacted Soil Barrier

The CQA program for compacted soil barrier is presented in Section 4.0 of this CQA
Manual.

5.2.3 Vegetative Soil Layer

A. Review the proposed source of vegetative soil layer for conformance with the
project specifications.

B. Conduct material control tests in accordance with Table 5.1.

5.3 FINAL COVER SYSTEM INSTALLATION

The CQA Engineer will monitor and document the construction of all final cover system
components for compliance with the project specifications.  Monitoring the construction work
for the components of the final cover system includes the following:

• verify location and depth of LFG wells; and

• verify location of all piping.
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5.4 DEFICIENCIES

The CQA Engineer will immediately determine the extent and nature of all defects and
deficiencies and report them to the Owner and Engineer.  All defects and deficiencies will be
documented by the CQA Engineer.  The Contractor shall correct defects and deficiencies to the
satisfaction of the CQA Engineer.  The CQA Engineer will observe all retests on repaired
defects.

TABLE 5.1: CQA TESTING PROGRAM FOR FINAL COVER SYSTEM

COMPONENT PROPERTY TEST
METHOD

MINIMUM
TEST

FREQUENCY

CONTROL TESTS:

Vegetative Soil Layer: Visual Classification ASTM D 2488 Each Load

Grain Size Analysis ASTM D 422 5,000 CY

Atterberg Limits ASTM D 4318 5,000 CY
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MARTIN COUNTY C&D LANDFILL

CQA MANUAL
APPENDIX A:  REFERENCE LIST OF TEST METHODS

American Society American Society of Testing and Materials (ASTM):

ASTM D 422 Standard Test Method for Particle Size Analysis of Soils.

ASTM D 698 Test Method for Laboratory Compaction Characteristics of Soil
Using Standard Effort (12,400 ft-lbf/ft3).

ASTM D 1556 Standard Test Method for Density and Unit Weight of Soil in Place
by the Sand-Cone Method.

ASTM D 2167 Standard Test Method for Density and Unit Weight of Soil in Place
by the Rubber Balloon Method.

ASTM D 2216 Standard Test Method for Laboratory Determination of Water
(Moisture) Content of Soil and Rock by Mass.

ASTM D 2488 Standard Practice for Description and Identification of Soils
(Visual-Manual Procedure).

ASTM D 2937 Standard Test Method for Density of Soil in Place by the Drive
Cylinder Method.

ASTM D 4318 Standard Test Method for Liquid Limit, Plastic Limit, and
Plasticity Index of Soils.

ASTM D 4643 Standard Test Method for Determination of Water (Moisture)
Content of Soil by the Microwave Oven Method.

ASTM D 4959 Standard Test Method for Determination of Water (Moisture)
Content of Soil by Direct Heating Method.

ASTM D 5084 Standard Test Method for Measurement of Hydraulic Conductivity
of Saturated Porous Materials Using a Flexible Wall Permeameter.

ASTM D 6938 Standard Test Methods for In-Place Density and Water Content of
Soil and Soil-Aggregate in Place by Nuclear Methods (Shallow
Depth).
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SECTION 1.0
GENERAL FACILITY OPERATIONS

1.1 OVERVIEW

This Operations Manual was prepared for operations of the Martin County Landfill facility
(Permit No. 59-01) located in Williamston.  This document discusses the operation of the
following landfill units and other solid waste management activities:

• C&D Landfill;
• Wood Waste Processing Area;
• White Goods Handling Area;
• Used Tire Storage Area; and
• Used Pesticide Container Storage Building.

Refer to Figure 1 for the location of existing and proposed landfill units and other solid waste
management activities.

The information contained herein was prepared to provide landfill personnel with a clear
understanding of how the Design Engineer assumed that the completed facility would be
operated.  While deviations from the operations outlined here may be acceptable, they should be
reviewed and approved by the Design Engineer.  Please refer to the appropriate permit
application for a detailed discussion and calculations for the individual components of each
landfill unit, including phasing plans.  

1.2 CONTACT INFORMATION

All correspondence and questions concerning the operation of the Martin County Landfill should
be directed to the appropriate County and State personnel listed below.  For fire or police
emergencies dial 911.

1.2.1 Martin County

Martin County Solid Waste Management Department
1445 Landfill Road
Williamston, NC  27892
Phone:  (252) 792-1240

Contact: Maurice Robinson, Director
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1.2.2 North Carolina Department of Environment and Natural Resources

North Carolina DENR - Fayetteville Regional Office (FRO)
225 Green Street, Suite 714
Fayetteville, NC  28301
Phone:  (910) 486-1541
Fax:  (910) 486-0707

North Carolina DENR - Raleigh Central Office (RCO)
1646 Mail Service Center
Raleigh, NC  27699-1646
217 West Jones Street
Raleigh, NC  27603
Phone:  (919) 707-8200

North Carolina DENR - Washington Regional Office (WRO)
943 Washington Square Mall
Washington, NC  27889
Phone:  (252) 946-6481
Fax:  (252) 975-3716

Division of Waste Management (DWM) - Solid Waste Section:

Field Operations Branch Head: Mark Poindexter (RCO)
Eastern District Supervisor: Dennis Shackelford (FRO)
Waste Management Specialist: Ben Barnes ((252) 459-4502)

Division of Land Resources - Land Quality Section:

Regional Engineer: Pat McClain, P.E. (WRO)

1.3 FACILITY OPERATING HOURS

Normal hours of operation will be 8:00 A.M. to 4:30 P.M. Monday to Friday and 8:00 A.M. to
12:00 noon on Saturday.  The facility will be closed on Sunday.

The County may elect to modify these hours from time to time.

1.4 ACCESS CONTROL

Limiting access to the landfill facility is important for the following reasons:

• Unauthorized and illegal dumping of waste materials is prevented.
• Trespassing, and injury resulting therefrom, is discouraged.
• The risk of vandalism is greatly reduced.
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Access to active areas of the landfill will be controlled by a combination of fences and natural
barriers, and strictly enforced operating hours.  A landfill attendant will be on duty at all times
when the facility is open for public use to enforce access restrictions (see also Section 1.3).

1.4.1 Physical Restraints

The site will be accessed by the existing entrance on Landfill Road.  A scale and a scale
house are provided at the entrance.  All waste will have been weighed prior to being
placed in the landfill.  The entrance has a gate which will be securely locked during
non-operating hours.

1.4.2 Security

Frequent inspections of gates and fences will be performed by landfill personnel.  The
County will arrange for a random security patrol of the main gate to further discourage
trespassing.  Evidence of trespassing, vandalism, or illegal operation will be reported to
the County Solid Waste Director.

1.5 SIGNAGE

A prominent sign(s) containing the information required by the DWM will be placed at the
landfill entrance.  This sign(s) will provide information on operating hours, operating
procedures, and acceptable wastes.  Additional signage will be provided as necessary within the
landfill complex to distinctly distinguish the roadway to the active landfill unit(s).  Service and
maintenance roads for use by operations personnel will be clearly marked and barriers (e.g.,
traffic cones, barrels, etc.) will be provided as required.

1.6 COMMUNICATIONS

Two way radio communication will be maintained between the active landfill unit and the
landfill scale house and office.  The scale house and office have telephones in case of emergency
and for the conduct of day-to-day business.  Emergency telephone numbers are displayed in the
scale house and office.

1.7 FIRE CONTROL

The possibility of fire within the landfill or a piece of equipment must be anticipated in the daily
operation of the landfill.  Potential fire hazards include both surface conditions and subsurface
conditions.  Surface conditions include equipment operations and newly placed waste. 
Subsurface conditions include existing waste previously landfilled.

1.7.1 Open Burning

With the exception of the controlled burning of land clearing debris generated on-site or
from emergency clean-up operations, no opening burning is allowed at the facility. 
Controlled burning will occur only if permitted or approval by the DWM and the local
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Fire Marshal.  Approvals for controlled burning will be documented in the operating
record.

1.7.2 Fire Triangle

The “triangle” illustrates the rule that in order to ignite and
burn, a fire requires three (3) elements:  heat, fuel, and
oxygen.  A fire is prevented or extinguished by “removing”
any one of them.  A fire naturally occurs when the elements
are combined in the right mixture (e.g., more heat needed for
igniting some fuels, unless there is concentrated oxygen). 
These principles are integral in the prevention and
management of potential fire situations. 

1.7.3 Equipment

A combination of factory installed fire suppression systems and/or portable fire
extinguishers will be operational on all pieces of heavy equipment at all times.  Potential
fire hazards are created from the build-up of fine, dry dust particles on and around
operational motors and control panels.  The presence of these build-ups can cause
overheating and potential fire if periodic equipment cleaning and maintenance are not
practiced.  Portable fire extinguishers should be maintained in a state of readiness 
on each piece of moving equipment and equipment should be cleaned periodically. 

1.7.4 General Fire Management Strategies

Each fire situation is site specific; however, general strategies for active fire management
include the following (in no particular order):

C Accelerated high temperature combustion (displacing fuel);
C Covering of the landfill burn area with soil (reduce oxygen);
C Covering of the burn area with foams (reduce oxygen);
C Flooding the burn area with water (reduce heat);
C Injecting an inert gas such as CO2 (reduce oxygen); and
C Excavating the burning material (displacing fuel) and then extinguishing it in

small controlled areas.

1.7.5 Fires Within Disposal Areas

Fires within the landfill disposal areas will be limited by the use of daily/periodic cover
as a fire break and control of "hot" loads entering the landfill.  Landfill personnel at the
scale house will turn away all trucks containing waste that is suspected to be hot.  If a hot
load is placed on the working face, then the load will be spread as thin as possible and
daily cover soil will be immediately placed on the waste to extinguish the fire.

In general, fires that break out close to the surface of the disposal area should be
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excavated 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 must 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.

1.7.6 Notification

The County will verbally notify the DWM (see Section 1.2.2) within 24 hours of
discovery of a fire within any landfill disposal area.  In addition, written documentation
describing the fire, the actions carried out to extinguish the fire, and a strategy for
preventing future occurrences (see form provided in Appendix B) will be provided to the
DWM within 15 days following any such occurrence.

1.7.7 Coordination With Local Fire Department

A copy of this Operations Manual will be filed with the local fire department including
all contact information for the facility.

1.8 SEVERE WEATHER CONDITIONS

Unusual weather conditions can directly affect the operation of the landfill facility.  Some of
these weather conditions and recommended operational responses are as follows.

1.8.1 Ice Storms

An ice storm can make access to the landfill dangerous, prevent movement or placement
of daily cover, and, thus, may require closure of the landfill until the ice is removed or
has melted.

1.8.2 Heavy Rains

Exposed soil surfaces can create a muddy situation in some portions of the landfill during
rainy periods.  The control of drainage and use of crushed stone on unpaved roads should
provide all-weather access for the site and promote drainage away from critical areas.  In
areas where the aggregate surface is washed away or otherwise damaged, new aggregate
should be used for repair.

Intense rains can affect newly constructed drainage structures such as swales, diversions,
cover soils, and vegetation.  After such a rain event, inspection by landfill personnel will
be initiated and corrective measures taken to repair any damage found before the next
rainfall.

1.8.3 Electrical Storms

The open area of a landfill is susceptible to the hazards of an electrical storm.  If
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necessary, landfilling activities will be temporarily suspended during such an event. 
Refuge will be taken as necessary in the on-site buildings or in rubber-tired vehicles.

1.8.4 Windy Conditions

Landfill operations during a particularly windy period may require that the working face
be temporarily shifted to a more sheltered area.  When this is done, the previously
exposed face will be immediately covered with daily cover.

1.8.5 Violent Storms

In the event of hurricane, tornado, or severe winter storm warning issued by the National
Weather Service, landfill operations may be temporarily suspended until the warning is
lifted.  Daily cover will be placed on exposed waste and buildings and equipment will be
properly secured.

1.9 EQUIPMENT REQUIREMENTS

The County will maintain on-site equipment required to perform the necessary landfill activities. 
Periodic maintenance of all landfilling equipment, and minor and major repair work will be
performed at designated maintenance zones outside of the landfill.

1.10 PERSONNEL REQUIREMENTS

At least one member of the landfill supervisory staff will be certified as a Manager of Landfill
Operations (MOLO) by the Solid Waste Association of North America (SWANA).  Each landfill
employee will go through an annual training course (led by supervisory staff) and is certified by
SWANA as Landfill Operations personnel.  As part of this training, personnel learn to recognize
loads which may contain prohibited wastes.

1.11 HEALTH AND SAFETY

All aspects of the landfill facility operations were developed with the health and safety of the
operating staff, customers, and neighbors in mind.  Prior to commencement of operations of the
facility, a member of the operating staff will be designated site safety officer.  This individual,
together with the facility's management will modify the site safety and emergency response
program to remain consistent with SWANA and Occupational Safety and Health Administration
(OSHA) guidance.

Safety equipment provided includes equipment rollover protective cabs, seat belts, audible
reverse warning devices, hard hats, safety shoes, and first aid kits.  Facility personnel will be
encouraged to complete the American Red Cross Basic First Aid Course.  Other safety
requirements as designated by the County will also be implemented.

Facility employees will be routinely trained in health and safety by supervisory staff.  All
training will be documented.  The following are some general recommendations for the health
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and safety of workers:

1.11.1 Personal Hygiene

The following items are recommended as a minimum of practice:

C Wash hands before eating, drinking, or smoking.
C Wear personal protective equipment as described in Section 1.11.2. 
C Wash, disinfect, and bandage ANY cut, no matter how small it is.  Any break in

the skin can become a source of infection.
C Keep fingernails closely trimmed and clean (dirty nails can harbor pathogens).

1.11.2 Personal Protective Equipment

Personal Protective Equipment (PPE) must be evaluated as to the level of protection
necessary for particular operating conditions and then made available to facility
employees.  The list below includes the PPE typically used and/or required in a solid
waste management facility workplace.

C Safety shoes with steel toes.
C Noise reduction protection should be used in areas where extended exposure to

continuous high decibel levels are expected.
C Disposable rubber latex or chemical resistant gloves for handling and/or sampling

of waste materials.
C Dust filter masks.

Following use, PPE’s should be disposed of or adequately cleaned, dried, or readied for
reuse.

1.11.3 Mechanical Equipment Hazard Prevention

All equipment should be operated with care and caution.  All safety equipment such as
horns, backup alarms, and lights should be functional.  A Lockout-Tagout program will
be used to identify equipment in need or under repair and insure that operation is “off-
limits” prior to maintenance or repair.  All operators will be trained in the proper
operation of equipment.

1.11.4 Employee Health and Safety

Some general safety rules are:

C Consider safety first when planning and conducting activities.
C Review the equipment O&M manual(s) prior to attempting repairs/changes.
C Remember the buddy system for repair of mechanical equipment.
C Post emergency contact phone numbers.
C Provide easy and visible access to the Right to Know materials.
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C Provide easy and visible access to first aid kits and fire extinguishers.
  

1.11.5 Physical Exposure

Facility personnel may come in contact with the fluids, solids, and airborne constituents
found at the facility.  Routine training should be conducted regarding the individual and
collective materials used at the facility and their associated hazards.  Training concerning
safe work practices around these potential exposures should cover the use of equipment
and proper disposal procedures.  

1.11.6 Material Safety Data Sheets

Material Safety Data Sheets (MSDS) will be collected on every waste (if available) that
enters the facility.  Information will also be made available for all chemicals stored on
site for use at the facility.  MSDS sheets will be stored in a location with all other Right
to Know information for the site.

1.12 UTILITIES

Electrical power, water, telephone, and restrooms will be provided at the landfill scale house and
office.

1.13 RECORD KEEPING PROGRAM

The County will maintain the following records in an operating record at the landfill:

A. Current permit(s) (Permit to Construct, Permit to Operate, etc.);
B. Current operations manual/plan and engineering plan for each landfill unit;
C. Inspection reports;
D. Audit and compliance records;
E. Annual landfill reports;
F. Waste inspection records (see Section 2.4);
G. Daily tonnage records - including source of generation;
H. Waste determination records;
I. Quantity, location of disposal, generator, and special handling procedures for all

special wastes disposed of at the site;
J. List of generators and haulers that have attempted to dispose of restricted wastes;
K. Employee training procedures and records of training completed;
L. All ground water monitoring and surface water quality information (See the

current Water Quality Monitoring Plan) including:
1.  Monitoring well construction records;
2.  Sampling dates and results;
3.  Statistical analyses; and
4.  Results of inspections, repairs, etc.

M. LFG monitoring results and remedial measures as required (see the current LFG
Monitoring Plan);
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N. All closure and post-closure information, where applicable, including:
1.  Notification of intent to close;
2.  Testing;
3.  Certification; and
4.  Recording.

O. Cost estimates or financial assurance documentation;
P. A notation of the date and time of cover placement; and
Q. Approval(s) for open burning of land clearing debris.

The operating record will be kept up to date by the Solid Waste Director or his designee.  It will
be presented upon request to the DWM for inspection.  A copy of this Operations Manual will be
kept at the landfill and will be available for use at all times.
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SECTION 2.0
WASTE HANDLING OPERATIONS

2.1 OVERVIEW

This section describes the required waste handling operations for the Martin County Landfill
facility.  In addition to the C&D waste disposed of at this facility, the County also handles white
goods, used tires, and used pesticide containers.  These materials are stored at the landfill facility
until there are sufficient quantities for pick up by various recycling contractors.  The County also
operates a wood waste processing area.

2.2 ACCEPTABLE WASTES

2.2.1 C&D Landfill Unit

Only the following wastes generated within the approved service area may be disposed of
in the C&D landfill unit:

• Land Clearing and Inert Debris Landfill:  as defined in 15A NCAC 13B.0101(22)
means a facility for the disposal of land-clearing waste, concrete, brick, concrete
block, uncontaminated soil, gravel and rock, untreated and unpainted wood, and
yard trash.

• Land Clearing Waste: as defined in 15A NCAC 13B.0101(23) means solid waste
which is generated solely from land-clearing activities, limited to stumps, trees,
limbs, brush, grass, and other naturally occurring vegetative material.

• Asphalt:  in accordance with NCGS 130A-294(m).
• Construction and Demolition Debris:  as defined in NCGS 130A-290(a)(4) means

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

• Industrial solid waste that is generated by mobile or modular home manufacturers
and asphalt shingle manufacturers in Martin County.  The waste must be
separated at the manufacturing site to exclude municipal solid waste, hazardous
waste, and other waste prohibited from disposal in a Construction and Demolition
Landfill.

• Other Wastes as Approved by the Solid Waste Section of the Division of Waste
Management.

In addition, the special wastes (asbestos only) described in Section 2.5.3 may also be
disposed of in the C&D landfill units.

2.2.2 Wood Waste Processing Area

The following materials may be accepted for processing within the facility’s wood waste
processing area (see Section 2.6):
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• Land clearing debris;
• Untreated and unpainted wood waste such as pallets or new construction wood

waste;
• Certain engineered wood products such as plywood or particleboard; and
• Yard waste.

2.3 PROHIBITED WASTES

2.3.1 C&D Landfill Unit

Only wastes, as defined in Section 2.2.1 above may be accepted for disposal in the C&D
landfill unit.  No other wastes may be accepted.

2.3.2 Wood Waste Processing Area

Only the materials as listed in Section 2.2.2 above may be accepted.  No other wastes
may be accepted.  Unacceptable wastes found in this area, if not otherwise prohibited, are
disposed of within the active C&D landfill unit.

2.4 WASTE SCREENING PROGRAMS

In order to assure that prohibited wastes are not entering the landfill facility, screening programs
have been implemented at the landfill.  Waste received at both the scale house entrance and
waste taken to the working face is inspected by trained personnel.  These individuals have been
trained to spot indications of suspicious wastes, including:  hazardous placarding or markings,
liquids, powders or dusts, sludges, bright or unusual colors, drums or commercial size
containers, and "chemical" odors.  Screening programs for visual and olfactory characteristics of
prohibited wastes are an ongoing part of the landfill operation.

2.4.1 Waste Receiving and Inspection

All vehicles must stop at the scale house located at the entrance of the facility and visitors
are required to sign-in.  All waste transportation vehicles are weighed and the content of
the load assessed.  The scale attendant(s) requests from the driver of the vehicle a
description of the waste it is carrying to ensure that unacceptable waste is not allowed
into the landfill.  The attendant(s) then visually checks the vehicle as it crosses the scale. 
Signs informing users of the acceptable and unacceptable types of waste are posted at the
scale house.  Once passing the scales, the vehicles are routed to the appropriate landfill
unit or other area (white goods handling area, etc.) as appropriate.

Vehicles are randomly selected for screening on a regular basis, depending on personnel
available.  At least one vehicle per week, but not less than 1% by weight of the waste
stream entering the landfill (based on the previous week’s total), will be randomly
selected by inspection personnel.  A random truck number and time will be selected (e.g.,
the tenth load after 10:00 a.m.) on the day of inspections.  However, if something looks
suspicious is spotted in any waste load, that load is inspected further.
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Vehicles selected for inspection are directed to an area of intermediate cover adjacent to
the working face where the vehicle will be unloaded.  Waste is carefully spread using
suitable equipment.  An attendant trained to identify wastes that are unacceptable at the
landfill inspects the waste discharged at the screening site.  If unacceptable waste is
found, including wastes generated from outside of the service area, the load will be
isolated and secured by berming off the area.  For unacceptable wastes that are non-
hazardous, the Solid Waste Director will then notify officials of the DWM (see Section
1.2.2) within 24 hours of attempted disposal of any waste the landfill is not permitted to
receive in order to determine the proper course of action.  For unacceptable wastes that
are hazardous, the Hazardous Waste Contingency Plan outlined in Section 2.4.2 will be
followed.  The hauler is responsible for removing unacceptable waste from the landfill
property.

If no unacceptable waste is found, the load will be pushed to the working face and
incorporated into the daily waste cell.  All random waste inspections will be documented
by landfill staff using the waste screening form provided in Appendix A.

In addition to random waste screening described above, waste unloaded on the active
face will be inspected by the equipment operators, trained to spot unacceptable wastes,
before and during spreading and compaction.  Any suspicious looking waste is reported
immediately to the designated primary inspector for further evaluation.

2.4.2 Hazardous Waste Contingency Plan

In the event that identifiable hazardous waste or waste of questionable character is
detected at the landfill, appropriate equipment, protective gear, personnel, and materials
as necessary will be employed to isolate the wastes.  The DWM will be notified
immediately (see Section 1.2.2) that an attempt was made to dispose of hazardous waste
at the landfill.  If the vehicle attempting disposal of such waste is known, all attempts will
be made to prevent that vehicle from leaving the site or, if the vehicle has left the site,
immediate notice will be served on the owner of the vehicle that hazardous waste, for
which they have responsibility, has been disposed of at the landfill.

The County will assist the DWM as necessary and appropriate in the removal and
disposition of the hazardous waste and in the prosecution of responsible parties.  If
needed, the hazardous waste will be covered with either on-site soils or other tarping
material until such time when an appropriate method can be implemented to properly
handle the waste.  The cost of the removal and disposing of the hazardous waste will be
charged to the owner of the vehicle involved.  Any vehicle owner or operator who
knowingly dumps hazardous waste in the landfill may be barred from using the landfill.

Should an incident where hazardous waste is found at the landfill occur, the event will be
documented by landfill staff using the waste screening form provided in Appendix A.

Records of information gathered as part of the waste screening programs will be
maintained at the landfill site during its active life and as long as required by the County
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and the DWM.

2.5 WASTE DISPOSAL

2.5.1 Access

Traffic will be clearly directed to the appropriate active access road.  The location of
access roads during waste placement will be determined by operations personnel in order
to reflect waste placement strategy.  Additionally, access will be maintained for site
monitoring locations.

2.5.2 General Procedures

For each active landfill unit, waste transportation vehicles will arrive at the working face
at random intervals.  There may be a number of vehicles unloading waste at the same
time, while other vehicles are waiting.  In order to maintain control over the unloading of
waste, a certain number of vehicles will be allowed on the working face at a time.  The
actual number will be determined by the truck spotter.  This procedure will be used in
order to minimize the potential of unloading unacceptable waste and to control disposal
activity.  Operations at the working face will be conducted in a manner which will
encourage the efficient movement of transportation vehicles to and from the working
face, and to expedite the unloading of waste.

The approach to the working face will be maintained such that two or more vehicles may
safely unload side by side.  A vehicle turn-around area large enough to enable vehicles to
arrive and turn around safely with reasonable speed will be provided adjacent to the
unloading area.  The vehicles will back to a vacant area near the working face to unload. 
Upon completion of the unloading operation, the transportation vehicles will immediately
leave the working face area.  Personnel will direct traffic necessary to expedite safe
movement of vehicles.

Waste unloading at the landfill will be controlled to prevent disposal in locations other
than those specified by site management.  Such control will also be used to confine the
working face to a minimum width, yet allow safe and efficient operations.  The width and
length of the working face will be maintained as small as practical in order to maintain
the appearance of the site, control windblown waste, and minimize the amount of cover
required each day.  Normally, only one working face will be active on any given day,
with all deposited waste in other areas covered by either periodic, intermediate, or final
cover, as appropriate.

The procedures for placement and compaction of C&D waste include:  unloading of
vehicles, spreading of waste into 2 foot lifts, and compaction on relatively flat slopes (i.e.
5H:1V max.) using a landfill compactor and a minimum number of three full passes.  For
the ash monofill, the ash is spread and tracked in with a bulldozer.

The use of portable signs with directional arrows and portable traffic barricades will
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facilitate the unloading of wastes to the designated disposal locations.  These signs and
barricades will be placed along the access route to the working face of the landfill or
other designated areas which may be established.

Appropriate methods such as wind screens and/or diking adjacent to the working face
will be used as required to control windblown waste.  All windblown waste will be
collected and disposed of by landfill staff at the end of each working day.

The removal of solid waste from any landfill unit is prohibited unless an appropriate
recycling plan has been approved by the DWM.  Regardless, the general public is
prohibited from any waste removal activities from any landfill unit.

2.5.3 Special Waste Management

2.5.3.1 Asbestos Management (C&D Landfill Unit)

The County may dispose of asbestos within the C&D landfill unit.  Asbestos will
only be accepted if it has been processed and packaged in accordance with State
and Federal (40 CFR 61) regulations.  Asbestos will arrive at the site in vehicles
that contain only the asbestos waste and only after advance notification by the
generator.

Once the hauler brings the asbestos to the landfill, the hauler will be directed to
the designated asbestos disposal area by operations personnel.  The designated
disposal area will be prepared by operations personnel by leveling a small area
using a dozer or loader.  Prior to disposal, the landfill operators will stockpile
cover soil near the designated asbestos disposal area.  The volume of soil
stockpiled will be sufficient to cover the waste and to provide any berms, etc. to
maintain temporary separation from other landfill traffic.

Once placed in the prepared area, the asbestos waste will be covered with a
minimum of 18 inches of cover soil placed in a single lift.  The surface of the
cover soil will be compacted and graded using a tracked dozer or loader.  The
landfill compactor will be prohibited from operating over asbestos disposal areas
until at least 18 inches of cover are in-place.

The landfill staff will record the approximate location and elevation of the
asbestos waste once cover is in-place.  The Solid Waste Director will then review
pertinent disposal and location information to assure compliance with regulatory
requirements and enter the information into the Operating Record.

Once disposal and recording for asbestos waste is completed, the disposal area
may be covered with waste.  No excavation into designated asbestos disposal
areas will be permitted.
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2.5.4 Periodic Cover

2.5.4.1  C&D Landfill Unit

At the completion of waste placement each week, or sooner if the area of exposed
waste exceeds one-half acre in size, a 6-inch layer of earthen material or other
material as approved by the DWM will be placed over the exposed waste.  This
periodic cover is intended to control vectors, fire, odors, and blowing debris.

2.5.5 Intermediate Cover

2.5.5.1  C&D Landfill Unit

A 12 inch layer of soil cover should be placed on all waste surfaces that have not
received waste in 30 days but are below final elevation.  This intermediate cover
should be seeded immediately and graded such that all precipitation run-off is
channeled to the surface water systems.

2.5.6 Height Monitoring

Periodically, the landfill staff will monitor landfill top and side slope elevations with a
level.  When such elevations approach design grades, the final top-of-waste grades will
be staked to limit over-placement of waste.

2.6 WOOD WASTE PROCESSING AREA

A wood waste processing are is located to the southeast of the C&D landfill unit (see Figure 1). 
The operation of the wood waste processing area is as follows:

Acceptable wood and yard wastes (see Section 2.2.2) are stockpiled to an approximate height of
15 feet over an area of approximately 1 acre (approximate weight of 1,500 to 2,000 lbs.).  At that
time a contractor is brought in to grind the waste.  Once the waste is ground and becomes mulch,
it is primarily hauled off-site for use as boiler fuel.  With the exception of mulch from
engineered wood products, which must only be used as boiler fuel or disposed of in the C&D
landfill, mulch may also be used for on-site erosion control, at other County facilities, or
provided to the public.

2.7 WHITE GOODS HANDLING AREA

A white goods handling area is located to the north of the landfill office (see Figure 1).  The
operation of the white goods handling area is as follows:

Within the white goods handling area, white goods and scrap metal are stockpiled up to about 10
feet high over an approximate 100 foot by 100 foot area.  Once the stockpile reaches capacity
(typically every 2 to 3 months), a recycler removes Freon and hauls the white goods and scrap
metal off-site to be recycled.
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2.8 USED TIRE STORAGE AREA

Used tires are collected at an area near the landfill scale house (see Figure 1) and placed in a
trailer.  Once the trailer is nearly full, the trailer is picked up by a recycling contractor.

2.9 USED PESTICIDE CONTAINER STORAGE BUILDING

A sheltered storage area is located near the site entrance (see Figure 1) for used pesticide
containers from local agricultural sources.  Once approximately 5,000 containers have been
collected, a recycling contractor grinds the containers, bags the ground plastic, and transports the
plastic for recycling.
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SECTION 3.0
ENVIRONMENTAL MANAGEMENT

3.1 OVERVIEW

This section reviews the overall environmental management tasks required for the successful
operation of the landfill facility.

3.2 SURFACE WATER CONTROL

As used herein, the definition of “surface water” is water which results from precipitation or site
run-on that has not contacted the waste.

Proper control of surface water at the landfill will accomplish the following goals:

• Prevent the run-on of surface water into the landfill unit(s) or the active face(s);

• Prevent the run-off of surface water that has come into contact with the waste (i.e.
leachate);

• Limit the erosion caused by surface waters; and

• Limit sediments carried off-site by surface waters.

Separate erosion and sedimentation control plans have been provided for the various landfill
units.  These plans describe both short and long term engineered features and practices for
preventing erosion and controlling sedimentation at this site.  The following is a brief discussion
of some of these features and practices, focusing more on the landfill units.

3.2.1 Surface Water Run-On Control

The perimeter berms and/or perimeter channels around the landfill unit(s) are designed to
prevent the run-on of surface water from adjacent land into the landfill.  Additional
structures such as diversion berms, channels, down pipes, etc. carry surface water away
from the landfill units.

3.2.2 Erosion Control

The serviceability of the landfill relies heavily on soil berms, barrier layers, and
agricultural layers that are readily eroded by flowing water.  Erosion control provisions
incorporated in the landfill include the following:

• The slope of the working face must be no steeper than 5H:1V where
practical to limit erosion of the periodic cover.

• Intermediate cover that has been exposed for more than 30 days must be
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seeded immediately and repaired when erosion features are identified.

• Drainage breaks (diversion berms, etc.) are provided on the final cover to
limit the flow length of run-off.

• Water collected by each drainage break is routed to stormwater drainage
channels or down pipes so that the run-off volume does not accumulate
going down the slope.

• The vegetative soil layer placed over the final cover must be seeded
immediately.

Additional erosion control measures have been taken within the drainage channels and at
points of stormwater discharge.  All final cover should be inspected regularly for erosion
damage and promptly repaired.

3.2.3 Sedimentation Control

Stormwater run-off from the landfill unit(s) is conveyed to one of the on site sediment
basins and/or traps.  These basins and/or traps should be inspected regularly for sediment
build-up or erosion damage.  The basins and/or traps should be cleaned out when
sediment fills the lower half of the basin.

3.3 WATER QUALITY MONITORING

The monitoring program and procedures outlined in the current Water Quality Monitoring Plan
will be followed for the monitoring of site groundwater monitoring wells and surface water
monitoring locations.  The results of the water quality monitoring program will be placed in the
facility operating record as described in Section 1.13.

3.4 LANDFILL GAS (LFG) MONITORING PLAN

The County will implement a routine landfill gas (LFG) monitoring program to ensure that
methane concentrations do not exceed 25 percent of the lower explosive limit (LEL) (1.25%
methane (CH4)) in facility structures, or 100 percent of the LEL (5% CH4) at property
boundaries.  LFG monitoring activities and remedial actions for concentrations exceeding these
requirements will be in accordance with the site’s current landfill gas monitoring plan.

3.4.1 Record Keeping

Results of LFG monitoring and description of any remedial measures will be placed in
the facility operating record as described in Section 1.13.
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3.5 VECTOR CONTROL

Due to the nature of the waste disposed of at this facility, vector control is not anticipated to be
of concern.  Note that the use of periodic cover in the C&D landfill unit will discourage animals
from nesting in the waste.

3.6 ODOR CONTROL

Due to the nature of the waste disposed of at this facility, odor control is not anticipated to be of
concern.  However, if odor control becomes a problem, additional measures (such as additional
cover over wastes such as drywall) will be taken to ensure odor control.

3.7 LEACHATE SEEPS

Leachate seeps can occur due to a variety of circumstances.  The goal in dealing with leachate
seeps is to prevent seepage from leaving the limits of waste disposal areas and to minimize the
potential for reoccurrence.  If evidence of leachate seeps is observed, the County will take the
following actions.  Depending on the circumstances, various combinations of actions may be
appropriate.

1. If leachate is observed outside of the limits of waste disposal areas, notify the
DWM (see Section 1.2.2).

2. Contain the flow of leachate using soil berms and/or excavation.
3. Excavate the area of seepage to attempt to allow flow into the underlying waste

(i.e. break-up soil layers that may be causing the seep.).
4. For contained leachate that will not flow into underlying waste, a pump may be

required to route the leachate to a tanker truck for proper disposal off-site.
5. The use of soil (particularly clay) to plug the seepage may be successful in the

case where flows are minor.
6. Remove and dispose of impacted cover soils accordingly.
7. Repair landfill cover as necessary.
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Appendix A

Waste Screening Form
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Martin County Landfill Facility
Permit No. 59-01
(252) 792-1240

WASTE SCREENING FORM

Day / Date: Time Weighed in:
Truck Owner: Driver Name:
Truck Type: Vehicle ID / Tag No:
Weight Tare:
Waste Generator / Source:

Reason Load Inspected: Random Inspection Staff Initials
Detained at Scales Staff Initials
Detained by Operating Staff Staff Initials

Inspection Location:

Approved Waste Determination Form Present? Yes     No                 N/A

Description of Load:

Load Accepted (signature) Date
Load Not Accepted (signature) Date

Reason Load Not Accepted (complete only if load not accepted)

Description of Suspicious Contents: Color Haz. Waste Markings
Texture

     Drums Present Smell
Est. Cu. Yds. Present in Load

Est. Tons Present in Load

Martin County Emergency Management Contacted? Yes No

Company or Authority Contacted?  
Hazardous Materials Present:  

Hauler Notified (if waste not accepted) Phone: Time Contacted:
Other Observations:

Final Disposition
Signed Date

Waste Screening Inspector or Solid Waste Director

Attach related correspondence to this form.
File completed form in Operating Record.
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Appendix B

Fire Occurrence Notification Form
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SOLID WASTE MANAGEMENT FACILITY 
FIRE OCCURRENCE NOTIFICATION  

NC DENR Division of Waste Management           
Solid Waste Section

Notify the Section verbally within 24 hours and submit written notification within 15 days of the occurrence. 
(If additional space is needed, use back of this form.)

NAME OF FACILITY: PERMIT #

DATE AND TIME OF FIRE: @

HOW WAS THE FIRE REPORTED AND BY WHOM:

LIST ACTIONS TAKEN:

WHAT WAS THE CAUSE OF THE FIRE:

DESCRIBE AREA, TYPE, AND AMOUNT OF WASTE INVOLVED:

WHAT COULD HAVE BEEN DONE TO PREVENT THIS FIRE:

DESCRIBE PLAN OF ACTIONS TO PREVENT FUTURE INCIDENTS:

NAME: TITLE: DATE:

*********************************************************************************************************** 
THIS SECTION TO BE COMPLETED BY SOLID WASTE SECTION REGIONAL STAFF 

DATE RECEIVED _________________________________ 
List any factors not listed that might have contributed to the fire or that might prevent occurrence of future fires: 

___________________________________________________________________________________________________________
FOLLOW-UP REQUIRED:

NO PHONE CALL SUBMITTAL MEETING RETURN VISIT BY:____________________ (DATE)

ACTIONS TAKEN OR REQUIRED:

Revised 6/8/09
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Attachment E

Closure and Post-Closure Plan

 

Martin County, North Carolina
C&D Landfill (Permit No. 59-01)
Permit Amendment Application
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Closure and Post-Closure Plan

Martin County C&D Landfill
Williamston, North Carolina

Prepared for:
Martin County Solid Waste Management Department
Williamston, North Carolina

January 2012
Revised:  July 2012
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SECTION 1.0
CLOSURE PLAN

1.1 OVERVIEW

This plan is intended to serve as a guide for the proposed closure.  A formalized Closure Plan for
the landfill (or incremental portion thereof) will be submitted to the Solid Waste Section of the
North Carolina Department of Environment and Natural Resources Division of Waste
Management (DWM) for approval prior to beginning closure construction.

1.2 MAXIMUM CLOSURE AREA AND WASTE CAPACITY

A final cover grading plan (Drawing S2) is provided in the Permit Amendment Drawings
(Attachment G to the Permit Application) for the Martin County C&D Landfill.  The Permit
Amendment Drawings also includes a phasing plan (Drawing P1) showing three fill sequences
(Fill Sequences 1, 2, and 3).  The volume of the existing fill (filled through 6/22/11) plus Fill
Sequences 1 and 2 (shown in the following table) represents the capacity to be closed under this
plan (as this capacity is within 110% of the previously permitted capacity).  Future permitting is
anticipated to increase the capacity to include at least Fill Sequence No. 3 for which Drawing S2
is based on.  Note that the estimated closure costs provided in Section 3.0 are not anticipated to
be significantly different should Fill Sequence No. 3 not be permitted. 

Landfill Unit Area
(Acres)

Gross Capacity (CY)

C&D Landfill - Fill
Sequences 1 and 2

7.0 177,696 CY

1.3 FINAL COVER SYSTEM

The components of the final cover system will consist of the following components (top-down):

Regulatory Final Cover System (.0543 (c) (1)):

• an 18-inch thick vegetative soil layer; and
• an 18-inch thick soil liner with a permeability of no more than 1 x 10-5 cm/sec

(“compacted soil barrier”).

The final cover system will be placed on prepared intermediate cover at a maximum slope of
3H:1V (minimum slopes will be 5%).  A landfill gas (LFG) control system and surface water
control devices will also be incorporated into the final cover.  The final cover surface will be
vegetated upon completion of the final cover installation according to the project seeding
specifications.
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Technical specifications and construction quality assurance requirements for final cover system
components can be found in Attachments B and C, respectively.  Final cover system details are
shown on Drawing D1 (Details - Sheet 1 of 2).

1.4 LANDFILL GAS SYSTEM

A landfill gas system is provided in the final cover design.  This system includes a system of
collection wells or vents placed within the waste to capture the gas and passively vent the gas. 
Alternatively, if desired by the County or required by air quality regulations, utility flares or an
active collection system with blower and flare may be employed.  The location of gas system
components are shown on Drawing S2 (Final Cover Grading and Drainage Plan).  A total of 5
wells/vents are proposed for installation.

1.5 SURFACE WATER SYSTEMS

Precipitation falling on the cover will infiltrate into the cover or run off the cover.  Short-term
the run-off runs down the surface of the intermediate cover.  Long-term the run-off is collected
in a series of drainage breaks built into the areas covered by final cover.  These drainage breaks
are provided along side slopes (side slope swales).  Water captured by the side slope swales is
routed toward one of the down pipes.  Flow in the down pipes is routed to the base of the landfill
and to the existing sediment basin located to the north of the landfill unit.

The locations of side slope swales and down pipes are shown on Drawing S2 (Final Cover
Grading and Drainage Plan).

1.5.1 Incremental Operation

During much of the life of the landfill, surface run-off will be handled by the
intermediate cover system.  Operations must strive to provide operational grading that
encourages run-off from the intermediate cover to drain to the perimeter channels along
the perimeter berms or to areas covered by final cover.  Corrugated polyethylene (CPE)
piping and temporary soil berms must be installed if required to accomplish this run-off
routing.

1.5.2 Required Maintenance

The surface water systems must be inspected annually and immediately after every major
storm.  Sediment build-up in the drainage features/devices must be cleaned out on a
regular basis to promote run-off.  Sediments removed can be used as periodic or
intermediate cover.
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1.6 CLOSURE SCHEDULE

Closure activities must begin on the following schedule:

C&D Landfill Unit (15A NCAC 13B.0543(c)(5)):

C No later that 30 days after the date on which the C&DLF unit receives the known
final receipt of wastes;

C No later than 30 days after the date that a 10 acre or greater area of waste, is
within in 15 feet of final design grades; or

C No later than one year after the most recent receipt of wastes, if the C&DLF unit
has remaining capacity.

Prior to beginning closure of any landfill unit, the County will notify the DWM that a notice of
the intent to close the unit has been placed in the operating record.

All closure activities shall be completed within 180 days.  Exemptions and extensions may be
approved by the DWM.

1.7 CLOSURE VERIFICATION

The following procedures will be implemented following closure:

• A Construction Quality Assurance (CQA) report will be submitted to the DWM. 
This report will describe the observations and tests used before, during, and upon
completion of construction to ensure that the construction materials meet the final
cover design specifications and the construction and certification requirements. 
The CQA report will contain as-built drawings.

• A signed certification from a registered Professional Engineer verifying that
closure has been completed in accordance with the closure plan will be submitted
to the DWM.

• At least one sign notifying all persons of the closing of the landfill (or incremental
portions thereof) and that wastes are no longer accepted will be posted.  Suitable
barriers will be installed as necessary at former access points to prevent new
waste from being deposited.

• Within 90 days, a survey plat, prepared by a registered Professional Land
Surveyor, indicating the location and dimensions of landfill disposal areas, will be
prepared.

• A notation will be recorded on the deed (through the County Register of Deed’s
Office) notifying any potential purchaser of the property that the land has been



Martin County C&D Landfill Closure and Post-Closure Plan
January 2012 (Revised:  July 2012) CLOSURE PLAN  Page 1.0-4

used as a landfill facility and that future use is restricted under the approved
closure plan.  A copy of the deed notation as recorded will be filed with the
operating record and notification will be provided to the DWM.
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SECTION 2.0
POST-CLOSURE PLAN

2.1 OVERVIEW

This Post-Closure Plan has been developed to outline steps to be taken to ensure the integrity of
the landfill during its post-closure care period.  The post-closure care period will last at least 30
years after final closure and, at a minimum, will consist of the following:

• Maintaining the integrity and effectiveness of final cover system;

• Performing groundwater and surface water monitoring;

• Maintaining and operating a gas monitoring system; and

• Maintaining run-on/run-off controls.

No wastes will remain exposed after closure of the landfill.  Access to the closed site by the
public will not pose a health hazard.

2.2 POST-CLOSURE CONTACT

All correspondence and questions concerning the post-closure care of the unit should be directed
to:

Martin County Solid Waste Management Department
Attn:  Director
1445 Landfill Road
Williamston, NC  27892
Phone:  (252) 792-1240.

2.3 POST-CLOSURE USE

After filling operations cease at the landfill and the landfill is officially closed in accordance
with the Closure Plan, the landfill will be maintained as a grassy hill.  Martin County will
maintain control of the property and prevent public access to it during the post-closure period.

There may be (an) access road(s) on the final cover to allow proper maintenance during post-
closure.  Precise location of the access road(s) will be determined as a part of operations.  Low
ground pressure and rubber tire vehicles will be used for maintenance.  Additionally, the County
will maintain access to all site monitoring locations throughout the post-closure period.



Martin County C&D Landfill  Closure And Post-Closure Plan
January 2012 POST-CLOSURE PLAN  Page 2.0-2

2.4 MAINTENANCE

2.4.1 Repair of Security Control Devices

All security control devices will be inspected and maintained as necessary to ensure
access to the site is controlled.  Locks, vehicular gates, and fencing will be replaced if
functioning improperly.  Warning signs will be kept legible at all times and will be
replaced if damaged by inclement weather or vandalism.

2.4.2 Erosion Damage Repair and Revegetation

If erosion of the final cover occurs during post-closure, the affected area will be repaired
and revegetated as necessary.  If necessary, rolled erosion control products (RECPs) will
be used to expedite rapid revegetation of slopes and to secure topsoil in place. 
Revegetation (including fertilization and seeding) will be performed in accordance with
the most recently approved erosion and sedimentation control plan and the North
Carolina Erosion and Sediment Control Planning and Design Manual.

Mowing of the final cover surfaces will occur approximately once per year in order to
help maintain a healthy stand of grasses and to cut down saplings and woody-stemmed
plants.

 
2.4.3 Correction of Settlement, Subsidence, and Displacement

Minimum slopes of 5 percent will be maintained after settlement in order to prevent
ponding and allow for proper drainage without infiltration.  If vertical or horizontal
displacement occurs due to differential settlement, cracks will be filled with appropriate
material and final cover will be reestablished.  Excessive vertical displacement is not
anticipated.

2.4.4 Leachate Seeps

If evidence of leachate seeps is observed, the County will take the following actions. 
Depending on the circumstances, various combinations of actions may be appropriate.

1. If leachate is observed outside of the limits of waste disposal areas, notify the
DWM.

2. Contain the flow of leachate using soil berms and/or excavation.
3. Excavate the area of seepage to attempt to allow flow into the underlying waste

(i.e. break-up soil layers that may be causing the seep.).
4. For contained leachate that will not flow into underlying waste, a pump may be

required to route the leachate to a tanker truck.
5. The use of soil (particularly clay) to plug the seepage may also be successful in

the case where flows are minor.
6. Remove and dispose of impacted cover soils accordingly.
7. Repair landfill cover as necessary.
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2.4.5 Repair of Run-On/Run-Off Control Structures

All drainage swales, ditches, and perimeter channels will be repaired, cleaned, or
realigned in order to maintain their original condition.  Any culverts that are damaged
will be repaired or replaced.

2.4.6 Landfill Gas System

The landfill gas system will be maintained by the County and operated in accordance
with any site air quality permits.  Proper operation of the system is verified through
testing at the landfill gas monitoring wells.

If gas wells/vents do not function as a result of irregular settlement, accumulation of
liquids (condensate, leachate, water), binding or corrosion, additional and/or replacement
wells/vents can be installed if necessary.

2.4.7 Groundwater Monitoring Wells

Procedures outlined in the current Water Quality Monitoring (WQM) Plan or subsequent
revision will take precedence; however, a brief description follows.  All groundwater
monitoring wells have been installed with concrete pads and protective casings to prevent
accidental damage by vehicles and equipment.  The wells are also equipped with a
locking cap to discourage vandalism.  Groundwater wells will be inspected regularly (at
the time of sampling) to ensure integrity.  Persons inspecting a well should look at the
overall condition of the well, for signs of well tampering, and cracking or degradation of
the concrete pad.  Should a well require replacement, the defective well should be
abandoned in accordance with specifications provided in the WQM Plan and a new well
installed at a location that is approved by the DWM.

2.5 MONITORING PLAN

The closed unit will be monitored for a minimum of 30 years.  A series of inspections will be
scheduled to ensure the integrity and effectiveness of the final cover system, surface water
systems, groundwater monitoring system, landfill gas system, and to protect human health and
the environment.

2.5.1 Inspection Frequencies

Inspections to be conducted during the post-closure care period will occur regularly as
shown in Table 2.1.

2.5.2 Inspection Activities

Inspections will include examination of the security control devices for signs of
deterioration or vandalism to ensure access to the site is limited to authorized persons. 
Each disposal area will be checked to ensure the integrity of the final cover system is
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maintained, erosion damage is repaired, vegetative cover persists, and that cover
settlement, subsidence, and displacement are minimal.  Additionally, the condition of the
groundwater and gas monitoring systems and permanent benchmarks will be checked.

A report of findings will be made to the responsible party, including recommendations
for actions deemed necessary to ensure the site continues to meet the closure performance
standard.

2.5.3 Record Keeping

Records of inspections and repairs will be kept on file by the County throughout the post-
closure period.

2.6 ENGINEERING CERTIFICATION

Following completion of the post-closure care period for each landfill unit, the County will
notify the DWM that a certification, signed by a registered professional engineer, verifying that
post-closure care has been completed in accordance with the post-closure plan, has been placed
in the operating record.
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TABLE 2.1: POST-CLOSURE INSPECTION FREQUENCIES

INSPECTION ACTIVITY YEAR 1 YEARS 2-30

Security Control Devices Quarterly Quarterly

Vegetative Cover Condition Quarterly1 Quarterly

Surface Water Systems Quarterly1 Quarterly

Erosion Damage Quarterly1 Quarterly

Cover Drainage System Quarterly1 Semi-Annually

Cover Settlement, Subsidence, and Displacement Quarterly1 Semi-Annually

Landfill Gas System Quarterly Semi-Annually

Water Quality Monitoring Semi-Annually2 Semi-Annually2

LFG Monitoring System Quarterly3 Quarterly3

Benchmark Integrity Annually Annually

Notes:

1. These items will be inspected after each large storm event (i.e. > 1 inch in any 24
hours).

2. Or in accordance with groundwater monitoring schedule described in the current
Water Quality Monitoring Plan.

3. Or in accordance with the current Landfill Gas Monitoring Plan.
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SECTION 3.0
CLOSURE/POST-CLOSURE COST ANALYSIS

3.1 OVERVIEW

The purpose of this section is to provide a written estimate in current dollars of all activities and
costs associated with all activities specified in the written closure and post-closure plans which
have been developed for the Martin County C&D Landfill.

3.2 ESTIMATED CLOSURE COSTS

Table 3.1 summarizes the estimated costs for complete closure of the current maximum area to
be closed.  This cost estimate is based on a third party providing the necessary services and
includes labor in the unit prices given.  The estimated closure costs will be reviewed and updated
as required to reflect adjustments for inflation, rising costs of anticipated closure care, increased
costs in construction or materials, or any other adjustments to the Closure Plan.

3.3 ESTIMATED POST-CLOSURE COSTS

Table 3.2 summarizes the estimated costs for the post-closure care maintenance activities.  This
cost estimate is based on a third party providing the necessary services and includes labor in the
unit prices given.  The estimated post-closure costs will be reviewed and updated as required to
reflect adjustments for inflation, rising costs of anticipated post-closure care, or any other
adjustments to the Post-Closure Plan.

3.4 ESTIMATED ASSESSMENT AND CORRECTIVE ACTION COSTS

Table 3.3 summarizes the current potential assessment and corrective (remedial) action cost for
the landfill facility.  This cost is based on the required minimum amount ($2,000,000) per NCGS
130A 295.2(h) (as modified by Session Law 2011-262) and includes amounts for water quality
and landfill gas (LFG) monitoring and reporting (per NC DWM policy) plus contingency funds
to cover potential future assessment and corrective action costs.

3.5 FINANCIAL ASSURANCE MECHANISM

Martin County intends to continue to use the Local Government Financial Test (15A NCAC
13B.1628(e)(1)(f)) to demonstrate financial assurance for this facility. 
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TABLE 3.1: CLOSURE COST ESTIMATE1

ITEM QUANTITY UNIT UNIT COST TOTAL
(2012 $)

Site Preparation 7.0 Acre $2,000 $14,000

Landfill Gas Wells/Vents 7.0 Acre $3,000 $21,000

Compacted Soil Barrier (18") 17,000 CY $7.00 $119,000

Vegetative Soil Layer (18") 17,000 CY $4.00 $28,000

Erosion Control (Side Slope Swales,
Down Pipes, Drainage Channels, Etc.)

7.0 Acre $5,000 $35,000

Revegetation 7.0 Acre $1,500 $10,500

Surveying 7.0 Acre $2,000 $14,000

Subtotal: $241,500

Construction Bonds, Mobilization, & Insurance (4%): $9,660

Construction Contingency (10%): $24,150

Construction Subtotal: $275,310

Engineering 7.0 Acre $3,000 $21,000

CQA 7.0 Acre $6,000 $42,000

TOTAL: $338,310

Notes:

1. Assumes closure of 7.0 acres.
2. Estimated quantities shown are in-place quantities.
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TABLE 3.2: POST-CLOSURE COST ESTIMATE1

ITEM QUANTITY UNIT UNIT COST TOTAL
(2012 $)

Site Inspection And Record Keeping 40 HR $75 $3,000

Revegetation (10% Total Area) 0.7 Acre $1,500 $1,050

Mowing (once per year) 7 Acre $100 $700

Erosion Control 1 LS $2,000 $2,000

Gates/Fences/Access 1 LS $1,000 $1,000

Subtotal: $7,750

Contingency (10%): $775

ANNUAL TOTAL: $8,525

30-YEAR TOTAL: $255,750

Notes:

1.  Assumes total of 7.0 acres.
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TABLE 3.3:  ASSESSMENT & CORRECTIVE ACTION COST ESTIMATE1

ITEM ANNUAL COST 30-YEAR TOTAL
(2011 $)

Water Quality Monitoring & Reporting (See Note 2)

LFG Monitoring & Reporting (See Note 3)

$12,000

$ 4,000

$360,000

$120,000

Subtotal: $480,000

Contingency: $1,520,000

TOTAL: $2,000,000

Notes:

1.  Per NCGS 130A 295.2(h) (as modified by Session Law 2011-262).
2. The water quality monitoring and reporting cost for the C&D landfill unit assumes 6

long-term wells/points sampled semi-annually @ $6,000 per event (annual cost =
$12,000).

3. The LFG monitoring and reporting cost assumes quarterly monitoring at a cost of: 
$1,000/event (annual cost = $4,000).
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Erosion and Sedimentation Control Plan
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MARTIN COUNTY C&D LANDFILL

EROSION AND SEDIMENTATION CONTROL PLAN

1.0 NARRATIVE

1.1 Project Description

Martin County plans to continue operations of their existing construction and demolition
debris (C&D) landfill located off of Landfill Road in Williamston.  The continued
operation of the landfill will require the disturbance of approximately 7.5 acres (Note that
this acreage was included in the acreage previously permitted - see below).  This plan
discusses both the erosion and sedimentation control measures used on this project.

The previously approved plan for this portion of the site is:

1. Martin County C&D Landfill (Approved:  May 10, 1994).

1.2 Contact Information

1.2.1 Engineer:  For questions regarding this erosion and sedimentation control
plan, please contact the following:

Richardson Smith Gardner & Associates, Inc.
Attn.:  Pieter K. Scheer, P.E.
14 N. Boylan Ave.
Raleigh, NC  27603
Phone:  (919) 828-0577
Fax:  (919) 828-3899.

1.2.2 Owner:  The owner of the site and the person to contact should sediment
control issues arise during the land-disturbing activity is as follows:

Martin County Solid Waste Management Department
Attn:  Mr. Maurice Robinson, Director
1445 Landfill Road
Williamston, NC  27892
Phone:  (252) 792-1240

1.3 Existing Site Conditions

Existing ground surface elevations vary from approximately El. 78 (feet) on top of the
active landfill unit to approximately El. 30 at the northwest end of the landfill unit at the
base of the existing sediment basin (rock dam).  Drainage from the landfill unit is
generally routed to this existing sediment basin.
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1.4 Adjacent Areas

The C&D landfill unit lies within County-owned property on all sides.

1.5 Site Soils Information

The native surficial soils at the site fall under the general categories of Winton fine sandy
loam and Norfolk loamy fine sand according to the USGS (Martin County) soil survey. 
These soils are classified as being in hydrologic soil groups (HSG) “B” (Norfolk) and
“C” (Winton).  HSG “C” was conservatively used for purposes of runoff calculations.

2.0 DESIGN GUIDELINES AND PROCEDURES 

The erosion and sediment control design for the landfill was conducted based on guidelines and
procedures as set forth in the following references:

1. HydroCAD Software Solutions, LLC (2006), HydroCAD Stormwater Modeling
System Owner’s Manual - Version 8, Chocorua, NH.

2. North Carolina Division of Land Resources (2009 Update), North Carolina
Erosion & Sediment Control Planning & Design Manual, Raleigh, NC.

3. Malcom, H. Rooney (1989 & 2003 Supplement), Elements of Urban Stormwater
Design, NC State Univ., Raleigh, NC.

3.0 RUNOFF CALCULATIONS

All stormwater flow volumes were calculated using the HydroCAD computer program (utilizing
USDA-NRCS (SCS) methods) and/or the Rational Method based on a 25-year 24-hour storm
event.  This storm event, which is a requirement of current North Carolina solid waste
regulations, exceeds the 10-year event required by current North Carolina Sediment Control
regulations.  Rainfall quantities and/or intensities used in the analyses were derived from an
analysis of design storms for the site.  Drainage areas were determined using a planimeter and/or
AutoCAD on topographic sheets of the project area.  For each drainage area, runoff curve
numbers (SCS methods) and/or runoff coefficients (Rational Method) were selected based on
ground cover conditions.  Times of concentration were calculated by HydroCAD using SCS
methods.

4.0 EROSION AND SEDIMENTATION CONTROL MEASURES

The following erosion and sedimentation control measures are to be constructed as part of the
proposed development of the landfill.  Appendices A, B, and C to this plan include calculations,
technical specifications, and plans and details for each of these measures, respectively.
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4.1 Sediment Basin

There is one existing permanent (Sediment Basin No. 1) sediment basin which serves the
C&D landfill unit.  This basin, which consists of a rock dam, is located to the north of the
C&D landfill unit.  This basin was modeled with the HydroCAD computer program to
verify the performance of the basin.

4.2 Drainage Channels

Drainage channel calculations were conducted using a reformulation of Manning's
Equation in a spreadsheet format.  The calculations determine the normal depth of flow
based on the peak discharge from the design storm (from HydroCAD) and assumed
channel dimensions/slope(s).  Both temporary and/or permanent channel linings were
chosen, as appropriate, based on the calculated velocity and/or shear stress.  Temporary
channel linings (if specified) were designed based on the peak discharge from a 2-year
24-hour design storm.

4.3 Side Slope Swales

Side slope swales (diversion berms) are to be placed along final cover side slopes.  Flow
from the side slope swales is directed to the down pipes.  The capacity and need for
lining of the swales was checked using the same procedures as described above for
drainage channels.

4.4 Down Pipes

Down pipes will be used to carry flows from side slope swales to the bottom of final
cover slopes.  Down pipes were designed based on an analysis of inlet and outlet control
under the influence of the design storm to determine the governing headwater condition. 
Down pipes will be adequately anchored to the landfill side slopes by use of a soil cover
and each will be outleted directly to perimeter channels or sediment basins (with rip rap
outlet protection).

4.5 Vegetative Stabilization

Vegetative stabilization will be in accordance with the seeding schedule in the project
specifications (provided as an attachment to this plan).  The seeding schedule was based
on Table 6.11k of E&SCP&DM which is applicable to this site.

5.0 SCHEDULE FOR IMPLEMENTATION

All erosion control measures will be placed before any land disturbance or waste placement may
begin in that portion of the site which drains to the erosion control measures.  Vegetative
stabilization of disturbed areas will be in accordance with the following requirements:

• Temporary or permanent ground cover (or other acceptable measure(s)) adequate
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to restrain erosion on erodible slopes or other areas will be provided within 21
calendar days following completion of any phase of grading.

• Permanent ground cover for all disturbed areas will be provided within 15
working days or 90 calendar days (whichever is shorter) following the completion
of construction.

6.0 INSPECTION AND MAINTENANCE

All erosion and sedimentation control measures will be inspected at least once every seven
calendar days and within 24 hours after any storm event of greater than 0.5 inches of rain per 24
hour period.  A rain gauge will be maintained on the site and a record of the rainfall amounts and
dates will be kept properly.  

During inspections, any stormwater discharges from the site will be observed for stormwater
discharge characteristics to evaluate the effectiveness of the erosion and sedimentation control
measures incorporating Best Management Practices (BMPs).  If visible sedimentation is leaving
the disturbed limits of the site, corrective action will be taken immediately to control the
discharge of sediments.

Repairs to erosion and sedimentation control measures will be made as needed and accumulated
sediment removed if necessary.  All sediments which are removed from erosion and
sedimentation control measures will be disposed of in an approved manner at a location to be
designated by the Engineer in such a manner that further erosion and sedimentation will not
occur.



Appendix A
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PROJECT  Martin County C&D Landfill

SUBJECT  Drainage and E&SC Calculations - Overview

SHEET      1      OF      2
JOB NO.     MARTIN-11-1
DATE           1/26/12
COMPUTED BY    PKS
CHECKED BY    LAQ

Objective To design stormwater conveyance, detention, and erosion and sedimentation control measures to
remove and contain stormwater flow from the design storm.  The design of these measures will be
based on:

- Design storm information for the site;
- Peak discharge calculations using the Rational Method and/or USDA-NRCS (SCS)

Methods; and
- Stormwater routing using USDA-NRCS (SCS) or other methods.

References Debo, T.N., and Reese, A.J. (1995), Municipal Storm Water Management, Lewis Publishers,
Boca Raton, FL.

Federal Highway Administration (2001), Urban Drainage Design Manual, Hydraulic Engineering
Circular No. 22, FHWA NHI-01-021, Second Ed., U.S. Dept. of Transportation, Washington,
D.C.

Georgia Soil and Water Conservation Commission (2000), Manual for Erosion and Sediment
Control in Georgia, Fifth Edition, Athens, GA.

HydroCAD Software Solutions, LLC (2006), HydroCAD Stormwater Modeling System Owner’s
Manual - Version 8, Chocorua, NH.

Malcom, H. Rooney (1989 & 2003 Supplement), Elements of Urban Stormwater Design, NC
State Univ., Raleigh, NC.

North Carolina Division of Land Resources (2006), North Carolina Erosion & Sediment Control
Planning & Design Manual, Raleigh, NC.

North Carolina Division of Water Quality (July 2005) Updated Draft Manual of Stormwater Best
Management Practices, (Public Comment Version), Raleigh, NC.

Pennsylvania DEP Bureau of Watershed Protection (2000), Erosion and Sediment Pollution
Control Program Manual.

USDA-NRCS (1992), Computer Program for Project Formulation Hydrology (TR-20).

USDA-NRCS (1986 & 1999 Update), Urban Hydrology for Small Watersheds (TR-55).

Virginia Department of Conservation and Recreation (1992), Virginia Erosion & Sediment
Control Handbook, Third Edition, Richmond, VA.

D&E&SC CALCS OVERVIEW.WPD

RICHARDSON SMITH GARDNER & ASSOCIATES
Engineering and Geological Services
14 N. Boylan Avenue, Raleigh, NC 27603
Telephone: (919) 828-0577



PROJECT  Martin County C&D Landfill

SUBJECT  Drainage and E&SC Calculations - Overview

SHEET      2      OF      2
JOB NO.     MARTIN-11-1
DATE           1/26/12
COMPUTED BY    PKS
CHECKED BY    LAQ

Analysis The main design criteria will be to ensure that all stormwater conveyance and detention measures
will be able to accommodate the runoff from the design storm.  Drainage channels, culverts, etc.
were designed based on the peak discharge to each measure.  Detention measures were designed
based on stormwater routing methods and/or State/local criteria.

Calculations

- Peak Discharge Calculations:

- USDA-NRCS (SCS) Methods:

Use HydroCAD program to determine the peak discharge to each device or structure.  HydroCAD
is based on the SCS unit hydrograph procedure, which is a principal component of NRCS TR-20. 
Alternatively spreadsheets can be used to determine flow rates using the procedures detailed in
NRCS TR-55.

- Rational Method:

Q = CIA (Malcom Eq. I -1)

where: Q = peak discharge (cfs) 
C = rational runoff coefficient
I = applicable rainfall intensity (in/hr) of storm event (based on time of

concentration)
A = drainage area (acres)

- Time of Concentration:

The time of concentration for use in determining the peak discharge in the NRCS and/or Rational
methods can be determined by the methods detailed in NRCS TR-55 or other methods. 
HydroCAD uses the NRCS methods. 

- Stormwater Routing:

Stormwater routing was accomplished using the HydroCAD program, which is based on USDA-NRCS
(SCS) methods.  Unless otherwise specified, the unit hydrograph method was used.  The storm type (i.e.
Type I 24-hr., Type II 24-hr., etc.) was selected as appropriate for the project location.

RICHARDSON SMITH GARDNER & ASSOCIATES
Engineering and Geological Services
14 N. Boylan Avenue, Raleigh, NC 27603
Telephone: (919) 828-0577



PROJECT  Martin County C&D Landfill

SUBJECT  Analysis of Design Storms

SHEET     1       OF    2  
JOB NO.     MARTIN-11-1
DATE           1/26/12
COMPUTED BY    PKS
CHECKED BY    LAQ

Objective To compile the expected design storm depths and intensities over various return periods.  These
design storm values will be used in various calculations.

References Rainfall data was obtained from the following references:

Frederick, R.H., V.A. Myers, and E.P. Anciello (1977), “Five to 60-Minute Precipitation
Frequency for the Eastern and Central United States,” NOAA Technical Memo. NWS HYDRO-
35, National Weather Service, NOAA, U.S. Dept. Of Commerce, Silver Spring, MD.

U.S. Weather Bureau (1961), “Rainfall Frequency Atlas of the United States for Durations from
30 Minutes to 24 Hours and Return Periods from 1 to 100 Years,” U.S. Weather Bureau
Technical Paper 40.

DESIGN STORMS.WPD

RICHARDSON SMITH GARDNER & ASSOCIATES
Engineering and Geological Services
14 N. Boylan Avenue, Raleigh, NC 27603
Telephone: (919) 828-0577



RICHARDSON SMITH GARDNER & ASSOCIATES SHEET:
Engineering and Geological Services JOB #:
14 N. Boylan Avenue Tel:  919-828-0577 DATE:
Raleigh, NC  27603 Fax: 919-828-3899 BY:

CHKD BY:
Martin County C&D Landfill
Analysis of Design Storms

LOCATION: 

2-YR P 100-YR P SOURCE
(in) (in)

0.48 0.80
1.03 1.81
1.85 3.80

2 hr to 24 hr Rainfall Events = USER INPUT      

DEPTH-DURATION-FREQUENCY TABLE

2-YR 5-YR 10-YR 25-YR 50-YR 100-YR
(in) (in) (in) (in) (in) (in)

0.48 0.55 0.60 0.68 0.74 0.80
0.80 0.93 1.03 1.17 1.28 1.40
1.03 1.20 1.32 1.51 1.66 1.81
1.43 1.74 1.96 2.28 2.53 2.79
1.85 2.30 2.62 3.08 3.44 3.80
2.30 2.90 3.40 4.00 4.50 5.00
2.50 3.25 3.75 4.40 4.80 5.40
3.00 3.80 4.40 5.20 5.80 6.50
3.50 4.50 5.30 6.20 6.80 7.80
3.90 5.20 6.00 7.00 7.90 8.80

INTENSITY-DURATION-FREQUENCY TABLE

2-YR 5-YR 10-YR 25-YR 50-YR 100-YR
(in/hr) (in/hr) (in/hr) (in/hr) (in/hr) (in/hr)

5.76 6.55 7.17 8.11 8.86 9.60
4.83 5.58 6.15 7.02 7.70 8.38
4.12 4.79 5.29 6.05 6.65 7.24
2.86 3.48 3.92 4.57 5.07 5.57
1.85 2.30 2.62 3.08 3.44 3.80
1.15 1.45 1.70 2.00 2.25 2.50
0.83 1.08 1.25 1.47 1.60 1.80
0.50 0.63 0.73 0.87 0.97 1.08
0.29 0.38 0.44 0.52 0.57 0.65
0.16 0.22 0.25 0.29 0.33 0.37

12 hr
24 hr

DURATION

60 min
2 hr
3 hr
6 hr

5 min
10 min
15 min
30 min

12 hr
24 hr

RETURN PERIOD

30 min
60 min

2 hr
3 hr

DURATION

5 min

USWB TP-40

6 hr

Williamston, NC

RETURN PERIOD

RETURN PERIOD

DURATION

15 min
5 min

60 min

10 min
15 min

NOAA HYDRO-35
NOAA HYDRO-35
NOAA HYDRO-35

LAQ

2/2
MARTIN-11-1

1/26/12
PKS

Richardson Smith Gardner & Associates, Inc. DESIGN STORMS.xls



PROJECT  Martin County C&D Landfill

SUBJECT  Drainage Areas & Curve Numbers

SHEET      1      OF      2
JOB NO.     MARTIN-11-1
DATE           1/26/12
COMPUTED BY  PKS
CHECKED BY  LAQ

Objective To breakout drainage areas and associated runoff curve numbers for the drainage and erosion
control plan(s).  Drainage areas and runoff curve numbers will be used to determine the design
flow to each stormwater conveyance and/or detention measure.  Drainage areas and runoff curve
numbers are tabulated in the HydroCAD output.  Areas were measured by planimeter or
AutoCAD on the attached plan drawings.

  
DRAIN AREAS & CURVE NUMBERS.WPD

RICHARDSON SMITH GARDNER & ASSOCIATES
Engineering and Geological Services
14 N. Boylan Avenue, Raleigh, NC 27603
Telephone: (919) 828-0577
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DP1

DP2

DP3

UD

Closed LF & Wooded
 Area (Undisturbed)

G1

G1

G2

G2

R1

R1

SB

Sed. Basin 1 (Rock
 Dam)

Drainage Diagram for MC C&DLF 012912
Prepared by Richardson Smith Gardner & Assocs., Inc.        1/29/2012

HydroCAD® 8.00  s/n 004004  © 2006 HydroCAD Software Solutions LLC

Subcat Reach Pond Link



MC C&DLF 012912
Page 2Prepared by Richardson Smith Gardner & Assocs., Inc.

1/29/2012HydroCAD® 8.00  s/n 004004  © 2006 HydroCAD Software Solutions LLC

Area Listing (all nodes)

Area  (acres) CN Description (subcats)

6.000 70 Woods, Good, HSG C  (UD)

27.050 74 >75% Grass cover, Good, HSG C  (1,2,3,4,5,6,DP1,DP2,DP3,UD)
             

33.050



Type II 24-hr Martin 25-Yr 24-Hr  Rainfall=7.00"MC C&DLF 012912
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1/29/2012HydroCAD® 8.00  s/n 004004  © 2006 HydroCAD Software Solutions LLC

Time span=2.00-30.00 hrs, dt=0.01 hrs, 2801 points
Runoff by SCS TR-20 method, UH=SCS

Reach routing by Stor-Ind+Trans method  -  Pond routing by Stor-Ind method

Runoff Area=0.440 ac   Runoff Depth=4.04"Subcatchment 1: 
   Flow Length=100'   Slope=0.2500 '/'   Tc=4.7 min   CN=74   Runoff=3.29 cfs  0.148 af

Runoff Area=1.670 ac   Runoff Depth=4.04"Subcatchment 2: 
   Flow Length=120'   Slope=0.2500 '/'   Tc=5.4 min   CN=74   Runoff=12.18 cfs  0.563 af

Runoff Area=0.430 ac   Runoff Depth=4.04"Subcatchment 3: 
   Flow Length=70'   Slope=0.2000 '/'   Tc=3.9 min   CN=74   Runoff=3.31 cfs  0.145 af

Runoff Area=1.160 ac   Runoff Depth=4.04"Subcatchment 4: 
   Flow Length=70'   Slope=0.3300 '/'   Tc=3.2 min   CN=74   Runoff=9.15 cfs  0.391 af

Runoff Area=0.980 ac   Runoff Depth=4.04"Subcatchment 5: 
   Flow Length=670'   Tc=8.6 min   CN=74   Runoff=6.38 cfs  0.330 af

Runoff Area=0.810 ac   Runoff Depth=4.04"Subcatchment 6: 
   Flow Length=120'   Slope=0.2500 '/'   Tc=5.4 min   CN=74   Runoff=5.91 cfs  0.273 af

Runoff Area=1.960 ac   Runoff Depth=4.04"Subcatchment DP1: 
   Flow Length=750'   Tc=9.1 min   CN=74   Runoff=12.53 cfs  0.660 af

Runoff Area=0.710 ac   Runoff Depth=4.04"Subcatchment DP2: 
   Flow Length=660'   Tc=9.4 min   CN=74   Runoff=4.49 cfs  0.239 af

Runoff Area=0.890 ac   Runoff Depth=4.04"Subcatchment DP3: 
   Flow Length=600'   Tc=9.1 min   CN=74   Runoff=5.69 cfs  0.300 af

Runoff Area=24.000 ac   Runoff Depth=3.94"Subcatchment UD: Closed LF & Wooded Area (Undisturbed)
   Flow Length=1,500'   Tc=67.4 min   CN=73   Runoff=46.24 cfs  7.871 af

Avg. Depth=0.85'   Max Vel=2.11 fps   Inflow=9.15 cfs  0.391 afReach G1: G1
n=0.050   L=420.0'   S=0.0119 '/'   Capacity=55.03 cfs   Outflow=8.13 cfs  0.391 af

Avg. Depth=1.34'   Max Vel=4.09 fps   Inflow=27.23 cfs  1.398 afReach G2: G2
n=0.050   L=650.0'   S=0.0262 '/'   Capacity=61.33 cfs   Outflow=25.72 cfs  1.398 af

Avg. Depth=1.28'   Max Vel=4.61 fps   Inflow=27.06 cfs  1.546 afReach R1: R1
n=0.050   L=200.0'   S=0.0350 '/'   Capacity=70.95 cfs   Outflow=26.93 cfs  1.546 af

Peak Elev=30.87'  Storage=26,688 cf   Inflow=60.49 cfs  10.919 afPond SB: Sed. Basin 1 (Rock Dam)
   Primary=50.31 cfs  10.844 af   Secondary=0.00 cfs  0.000 af   Outflow=50.31 cfs  10.844 af

Total Runoff Area = 33.050 ac   Runoff Volume = 10.919 af   Average Runoff Depth = 3.96"
100.00% Pervious Area = 33.050 ac     0.00% Impervious Area = 0.000 ac
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Subcatchment 1: 

Runoff = 3.29 cfs @ 11.96 hrs,  Volume= 0.148 af,  Depth= 4.04"

Runoff by SCS TR-20 method, UH=SCS, Time Span= 2.00-30.00 hrs, dt= 0.01 hrs
Type II 24-hr Martin 25-Yr 24-Hr  Rainfall=7.00"

Area (ac) CN Description
0.440 74 >75% Grass cover, Good, HSG C
0.440 Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

4.7 100 0.2500 0.35 Sheet Flow, Slope at Upper End
Grass: Dense   n= 0.240   P2= 3.90"

Subcatchment 2: 

Runoff = 12.18 cfs @ 11.97 hrs,  Volume= 0.563 af,  Depth= 4.04"

Runoff by SCS TR-20 method, UH=SCS, Time Span= 2.00-30.00 hrs, dt= 0.01 hrs
Type II 24-hr Martin 25-Yr 24-Hr  Rainfall=7.00"

Area (ac) CN Description
1.670 74 >75% Grass cover, Good, HSG C
1.670 Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

5.4 120 0.2500 0.37 Sheet Flow, Slope at Upper End
Grass: Dense   n= 0.240   P2= 3.90"

Subcatchment 3: 

Runoff = 3.31 cfs @ 11.95 hrs,  Volume= 0.145 af,  Depth= 4.04"

Runoff by SCS TR-20 method, UH=SCS, Time Span= 2.00-30.00 hrs, dt= 0.01 hrs
Type II 24-hr Martin 25-Yr 24-Hr  Rainfall=7.00"

Area (ac) CN Description
0.430 74 >75% Grass cover, Good, HSG C
0.430 Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

3.9 70 0.2000 0.30 Sheet Flow, Slope at Upper End
Grass: Dense   n= 0.240   P2= 3.90"
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Subcatchment 4: 

Runoff = 9.15 cfs @ 11.94 hrs,  Volume= 0.391 af,  Depth= 4.04"

Runoff by SCS TR-20 method, UH=SCS, Time Span= 2.00-30.00 hrs, dt= 0.01 hrs
Type II 24-hr Martin 25-Yr 24-Hr  Rainfall=7.00"

Area (ac) CN Description
1.160 74 >75% Grass cover, Good, HSG C
1.160 Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

3.2 70 0.3300 0.37 Sheet Flow, Slope at Upper End
Grass: Dense   n= 0.240   P2= 3.90"

Subcatchment 5: 

Runoff = 6.38 cfs @ 12.00 hrs,  Volume= 0.330 af,  Depth= 4.04"

Runoff by SCS TR-20 method, UH=SCS, Time Span= 2.00-30.00 hrs, dt= 0.01 hrs
Type II 24-hr Martin 25-Yr 24-Hr  Rainfall=7.00"

Area (ac) CN Description
0.980 74 >75% Grass cover, Good, HSG C
0.980 Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

3.2 70 0.3300 0.37 Sheet Flow, Slope at Upper End
Grass: Dense   n= 0.240   P2= 3.90"

5.4 600 0.0150 1.84 Shallow Concentrated Flow, Flow Through Drainage Conveyanc
Grassed Waterway   Kv= 15.0 fps

8.6 670 Total

Subcatchment 6: 

Runoff = 5.91 cfs @ 11.97 hrs,  Volume= 0.273 af,  Depth= 4.04"

Runoff by SCS TR-20 method, UH=SCS, Time Span= 2.00-30.00 hrs, dt= 0.01 hrs
Type II 24-hr Martin 25-Yr 24-Hr  Rainfall=7.00"

Area (ac) CN Description
0.810 74 >75% Grass cover, Good, HSG C
0.810 Pervious Area
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Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

5.4 120 0.2500 0.37 Sheet Flow, Slope at Upper End
Grass: Dense   n= 0.240   P2= 3.90"

Subcatchment DP1: 

Runoff = 12.53 cfs @ 12.01 hrs,  Volume= 0.660 af,  Depth= 4.04"

Runoff by SCS TR-20 method, UH=SCS, Time Span= 2.00-30.00 hrs, dt= 0.01 hrs
Type II 24-hr Martin 25-Yr 24-Hr  Rainfall=7.00"

Area (ac) CN Description
1.960 74 >75% Grass cover, Good, HSG C
1.960 Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

5.8 130 0.2500 0.37 Sheet Flow, Top Slope
Grass: Dense   n= 0.240   P2= 3.90"

3.2 480 0.0200 2.48 5.58 Trap/Vee/Rect Channel Flow, Side Slope Swale
Bot.W=0.00'  D=1.00'  Z= 3.0 & 1.5 '/'  Top.W=4.50'  n= 0.050

0.1 140 0.2500 29.72 52.52 Circular Channel (pipe), DP-1
Diam= 18.0"  Area= 1.8 sf  Perim= 4.7'  r= 0.38'
n= 0.013  Corrugated PE, smooth interior

9.1 750 Total

Subcatchment DP2: 

Runoff = 4.49 cfs @ 12.01 hrs,  Volume= 0.239 af,  Depth= 4.04"

Runoff by SCS TR-20 method, UH=SCS, Time Span= 2.00-30.00 hrs, dt= 0.01 hrs
Type II 24-hr Martin 25-Yr 24-Hr  Rainfall=7.00"

Area (ac) CN Description
0.710 74 >75% Grass cover, Good, HSG C
0.710 Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

6.3 100 0.1200 0.26 Sheet Flow, Top Slope
Grass: Dense   n= 0.240   P2= 3.90"

3.0 450 0.0200 2.48 5.58 Trap/Vee/Rect Channel Flow, Side Slope Swale
Bot.W=0.00'  D=1.00'  Z= 3.0 & 1.5 '/'  Top.W=4.50'  n= 0.050

0.1 110 0.2500 29.72 52.52 Circular Channel (pipe), DP-1
Diam= 18.0"  Area= 1.8 sf  Perim= 4.7'  r= 0.38'
n= 0.013  Corrugated PE, smooth interior

9.4 660 Total
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Subcatchment DP3: 

Runoff = 5.69 cfs @ 12.01 hrs,  Volume= 0.300 af,  Depth= 4.04"

Runoff by SCS TR-20 method, UH=SCS, Time Span= 2.00-30.00 hrs, dt= 0.01 hrs
Type II 24-hr Martin 25-Yr 24-Hr  Rainfall=7.00"

Area (ac) CN Description
0.890 74 >75% Grass cover, Good, HSG C
0.890 Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

6.3 100 0.1200 0.26 Sheet Flow, Top Slope
Grass: Dense   n= 0.240   P2= 3.90"

2.8 420 0.0200 2.48 5.58 Trap/Vee/Rect Channel Flow, Side Slope Swale
Bot.W=0.00'  D=1.00'  Z= 3.0 & 1.5 '/'  Top.W=4.50'  n= 0.050

0.0 80 0.3000 32.56 57.53 Circular Channel (pipe), DP-3
Diam= 18.0"  Area= 1.8 sf  Perim= 4.7'  r= 0.38'
n= 0.013  Corrugated PE, smooth interior

9.1 600 Total

Subcatchment UD: Closed LF & Wooded Area (Undisturbed)

Runoff = 46.24 cfs @ 12.73 hrs,  Volume= 7.871 af,  Depth= 3.94"

Runoff by SCS TR-20 method, UH=SCS, Time Span= 2.00-30.00 hrs, dt= 0.01 hrs
Type II 24-hr Martin 25-Yr 24-Hr  Rainfall=7.00"

Area (ac) CN Description
18.000 74 >75% Grass cover, Good, HSG C

6.000 70 Woods, Good, HSG C
24.000 73 Weighted Average
24.000 Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
56.5 300 0.0500 0.09 Sheet Flow, Woods

Woods: Dense underbrush   n= 0.800   P2= 3.90"
10.9 1,200 0.0150 1.84 Shallow Concentrated Flow, Natural Drainage Conveyance

Grassed Waterway   Kv= 15.0 fps
67.4 1,500 Total

Reach G1: G1

Inflow Area = 1.160 ac,  Inflow Depth = 4.04"    for  Martin 25-Yr 24-Hr event
Inflow = 9.15 cfs @ 11.94 hrs,  Volume= 0.391 af
Outflow = 8.13 cfs @ 12.02 hrs,  Volume= 0.391 af,  Atten= 11%,  Lag= 5.0 min
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Routing by Stor-Ind+Trans method, Time Span= 2.00-30.00 hrs, dt= 0.01 hrs
Max. Velocity= 2.11 fps,  Min. Travel Time= 3.3 min
Avg. Velocity = 0.57 fps,  Avg. Travel Time= 12.3 min

Peak Storage= 1,623 cf @ 11.97 hrs,  Average Depth at Peak Storage= 0.85'
Bank-Full Depth= 2.00',  Capacity at Bank-Full= 55.03 cfs

2.00'  x  2.00'  deep channel,  n= 0.050
Side Slope Z-value= 3.0 '/'   Top Width= 14.00'
Length= 420.0'   Slope= 0.0119 '/'
Inlet Invert= 57.00',  Outlet Invert= 52.00'

Reach G2: G2

[61] Hint: Submerged 27% of Reach G1 bottom

Inflow Area = 4.150 ac,  Inflow Depth = 4.04"    for  Martin 25-Yr 24-Hr event
Inflow = 27.23 cfs @ 11.98 hrs,  Volume= 1.398 af
Outflow = 25.72 cfs @ 12.05 hrs,  Volume= 1.398 af,  Atten= 6%,  Lag= 4.4 min

Routing by Stor-Ind+Trans method, Time Span= 2.00-30.00 hrs, dt= 0.01 hrs
Max. Velocity= 4.09 fps,  Min. Travel Time= 2.6 min
Avg. Velocity = 1.11 fps,  Avg. Travel Time= 9.8 min

Peak Storage= 4,091 cf @ 12.01 hrs,  Average Depth at Peak Storage= 1.34'
Bank-Full Depth= 2.00',  Capacity at Bank-Full= 61.33 cfs

2.00'  x  2.00'  deep channel,  n= 0.050
Side Slope Z-value= 2.0 '/'   Top Width= 10.00'
Length= 650.0'   Slope= 0.0262 '/'
Inlet Invert= 52.00',  Outlet Invert= 35.00'



Type II 24-hr Martin 25-Yr 24-Hr  Rainfall=7.00"MC C&DLF 012912
Page 9Prepared by Richardson Smith Gardner & Assocs., Inc.

1/29/2012HydroCAD® 8.00  s/n 004004  © 2006 HydroCAD Software Solutions LLC

Reach R1: R1

[61] Hint: Submerged 8% of Reach G2 bottom

Inflow Area = 4.590 ac,  Inflow Depth = 4.04"    for  Martin 25-Yr 24-Hr event
Inflow = 27.06 cfs @ 12.05 hrs,  Volume= 1.546 af
Outflow = 26.93 cfs @ 12.07 hrs,  Volume= 1.546 af,  Atten= 0%,  Lag= 1.3 min

Routing by Stor-Ind+Trans method, Time Span= 2.00-30.00 hrs, dt= 0.01 hrs
Max. Velocity= 4.61 fps,  Min. Travel Time= 0.7 min
Avg. Velocity = 1.26 fps,  Avg. Travel Time= 2.6 min

Peak Storage= 1,168 cf @ 12.06 hrs,  Average Depth at Peak Storage= 1.28'
Bank-Full Depth= 2.00',  Capacity at Bank-Full= 70.95 cfs

2.00'  x  2.00'  deep channel,  n= 0.050
Side Slope Z-value= 2.0 '/'   Top Width= 10.00'
Length= 200.0'   Slope= 0.0350 '/'
Inlet Invert= 35.00',  Outlet Invert= 28.00'

Pond SB: Sed. Basin 1 (Rock Dam)

[61] Hint: Submerged 41% of Reach R1 bottom

Inflow Area = 33.050 ac,  Inflow Depth = 3.96"    for  Martin 25-Yr 24-Hr event
Inflow = 60.49 cfs @ 12.03 hrs,  Volume= 10.919 af
Outflow = 50.31 cfs @ 12.11 hrs,  Volume= 10.844 af,  Atten= 17%,  Lag= 4.9 min
Primary = 50.31 cfs @ 12.11 hrs,  Volume= 10.844 af
Secondary = 0.00 cfs @ 2.00 hrs,  Volume= 0.000 af

Routing by Stor-Ind method, Time Span= 2.00-30.00 hrs, dt= 0.01 hrs
Peak Elev= 30.87' @ 12.11 hrs   Surf.Area= 11,525 sf   Storage= 26,688 cf

Plug-Flow detention time= 19.9 min calculated for 10.844 af (99% of inflow)
Center-of-Mass det. time= 15.5 min ( 878.9 - 863.4 )

Volume Invert Avail.Storage Storage Description
#1 27.00' 40,163 cf Custom Stage Data (Prismatic) Listed below

Elevation Surf.Area Inc.Store Cum.Store
(feet) (sq-ft) (cubic-feet) (cubic-feet)
27.00 2,025 0 0
28.00 4,300 3,163 3,163
30.00 8,850 13,150 16,313
32.00 15,000 23,850 40,163
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Device Routing     Invert Outlet Devices
#1 Primary 28.00' Rock Dam   

Head  (feet)  0.00  0.50  1.00  1.50  2.00  2.50  3.00  3.50   
Disch. (cfs)  0.000  0.700  7.520  14.500  24.410  37.690  54.740  
76.000   

#2 Secondary 32.00' 28.0' long  x 5.0' breadth Broad-Crested Rectangular Weir   
Head (feet)  0.20  0.40  0.60  0.80  1.00  1.20  1.40  1.60  1.80  2.00  
2.50  3.00  3.50  4.00  4.50  5.00  5.50   
Coef. (English)  2.34  2.50  2.70  2.68  2.68  2.66  2.65  2.65  2.65  
2.65  2.67  2.66  2.68  2.70  2.74  2.79  2.88   

Primary OutFlow  Max=50.29 cfs @ 12.11 hrs  HW=30.87'   (Free Discharge)
1=Rock Dam  (Custom Controls 50.29 cfs)

Secondary OutFlow  Max=0.00 cfs @ 2.00 hrs  HW=27.00'   (Free Discharge)
2=Broad-Crested Rectangular Weir  ( Controls 0.00 cfs)
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Objective To design drainage channels, ditches, etc. to handle stormwater flow from the design storm(s). 
The main design criteria will be to ensure that all drainage channels, ditches, etc. will be able to
accommodate the peak discharge from the design storm without overtopping and without
exceeding the allowable shear stress and/or velocity of the selected channel lining.

References Federal Highway Administration (2001), Urban Drainage Design Manual, Hydraulic Engineering
Circular No. 22, FHWA NHI-01-021, Second Ed., U.S. Dept. of Transportation, Washington,
D.C.

North Carolina Division of Land Resources (2006), North Carolina Erosion & Sediment Control
Planning & Design Manual, Raleigh, NC.

Malcom, H. Rooney (1989 & 2003 Supplement), Elements of Urban Stormwater Design, NC
State Univ., Raleigh, NC.

Pennsylvania DEP Bureau of Watershed Protection (2000), Erosion and Sediment Pollution
Control Program Manual.

Analysis The following approach is used in the design of drainage channels:

1. Determine the peak discharge from the design storm(s) (from HydroCAD or spreadsheet
methods).  For permanent linings (Grass, TRM, rip rap, gabions, etc.) use the peak discharge
from the 25-Yr 24-Hr storm unless otherwise specified.  For grass lined channels, a smaller
design storm (2-Yr 24-Hr - unless otherwise specified) is used to evaluate temporary linings.

2. Input other design parameters (bottom width; side slopes; minimum freeboard, min./max.
slopes; and channel lining).

3. Based on the design parameters calculate normal depth of flow, velocity, Froude number, and
maximum shear stress for both max./min. slopes.  Also determine the critical slope and
corresponding normal depth.

4. Compare the velocity and/or shear stress to allowable values (the maximum slope values will
control).  If values are exceeded, revise design parameters as required.

5. Based on normal depth values and required freeboard (generally use the greater of 6 inches or
25% of the flow depth), determine the minimum channel depth and top width for both
max./min. slopes (the minimum slope values will control).

6. If the channel has a significant curved reach, evaluate the shear stress and superelevation of
the water surface in the bend.

DRAINAGE CHANNEL.WPD

RICHARDSON SMITH GARDNER & ASSOCIATES
Engineering and Geological Services
14 N. Boylan Avenue, Raleigh, NC 27603
Telephone: (919) 828-0577
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Calculations

- Manning’s Equation:

(HEC-22 Eq. 5-5)

where: Q = discharge (cfs)
n = Manning’s roughness coefficient (See Below)
A = cross sectional area of flow (ft2)
R = hydraulic radius (ft) = A/P
P = wetted perimeter
S = slope of channel (ft/ft)
V = average channel velocity (ft/sec)

- Maximum Shear Stress (Tractive Force Method):

(HEC-22 Eq. 5-13)

where: τd = maximum shear stress on channel lining (lb/ft2)
γ = unit weight of water (62.4 lb/ft3)
d = maximum depth of flow (ft)
S = channel slope (ft/ft)

- Froude Number:

where: Fr  = Froude number (dimensionless)
v  = flow velocity (ft/sec)
g  = acceleration of gravity  (32.2 ft/sec2)
A = cross-sectional area of flow (ft2)
T  = top width of flow (ft)

Note that A/T = the hydraulic depth (D). For Fr > 1.0, flow is supercritical; Fr < 1.0, flow is
subcritical; Fr = 1.0, flow is critical.

RICHARDSON SMITH GARDNER & ASSOCIATES
Engineering and Geological Services
14 N. Boylan Avenue, Raleigh, NC 27603
Telephone: (919) 828-0577
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Critical Slope:

The critical slope (Sc) is the slope at which Fr = 1.0.  When the slope is between 0.7Sc and 1.3Sc ,
unstable flow may occur as small flow disturbances can initiate a change in the flow state.  If
slopes are within this range, consider additional freeboard.

- Manning’s Roughness Coefficient (n):

Grass:

(HEC-22 Eq. 5-6 - 5-10)

where: R = hydraulic radius (ft)
K = vegetative coefficient (depending on retardance class)

= 15.8 (Class A)
= 23.0 (Class B)
= 30.2 (Class C)
= 34.6 (Class D)
= 37.7 (Class E)

S = slope of channel (ft/ft)

Rip Rap:

(PA DEP Manual Fig. 3)

where: y = depth of flow (ft)
d50 = median size of rip rap (ft)

RICHARDSON SMITH GARDNER & ASSOCIATES
Engineering and Geological Services
14 N. Boylan Avenue, Raleigh, NC 27603
Telephone: (919) 828-0577
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- Curved Channels (Where Applicable):

Shear Stress in Bend:

(HEC-22 Eq. 5-15)

where: τd = bend shear stress (lb/ft2)
Kb = function of Rc/B (use HEC-22 Chart 21)
τd = maximum shear stress on channel lining (lb/ft2)
Rc = radius to the centerline of the channel (ft)
B = bottom width of channel (ft)

Superelevation at Outside of Bend:

(HEC-22 Eq. 5-11 modified)

where: ∆d = superelevation of water surface between the outer channel bank and the
centerline of the channel (avg. water surface before bend) (ft)

V = average channel velocity (ft/sec)
T  = top width of flow (ft)
g  = acceleration of gravity  (32.2 ft/sec2)
Rc = radius to the centerline of the channel (ft)

- Allowable Shear Stress/Velocity:

Grass-Lined Channels:

For grass-lined channels, an allowable velocity approach is applicable for slopes flatter than 10%. 
For slopes of 10% and steeper appropriate permanent linings should be used.  For use in the
evaluation of curved channels, the following allowable shear stress values (lb/ft2) can be assumed
based on retardance class:

Class A: 3.70
Class B: 2.10
Class C: 1.00
Class D: 0.60
Class E: 0.35 

RICHARDSON SMITH GARDNER & ASSOCIATES
Engineering and Geological Services
14 N. Boylan Avenue, Raleigh, NC 27603
Telephone: (919) 828-0577
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Rip Rap-Lined Channels:

For rip rap-lined channels, an allowable velocity approach is applicable for slopes flatter than
10% (see attached table).  For slopes of 10% or steeper, use the following equation:

(HEC-22 Eq. 5-17)

where: τallow = allowable shear stress (lb/ft2)
d50 = median size of rip rap (ft)

Reno Mattress or Gabion-Lined Channels:

For Reno mattress or gabion-lined channels, use allowable velocity for slopes flatter than 10%
and allowable shear stress for slopes of 10% or steeper (see attached table).

Ref:  PA DEP Manual Table 9

Ref:  PA DEP Manual Table 13

RICHARDSON SMITH GARDNER & ASSOCIATES
Engineering and Geological Services
14 N. Boylan Avenue, Raleigh, NC 27603
Telephone: (919) 828-0577

τallow d= ×4 50
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Martin County C&D Landfill

Drainage Channel Analysis (TRM Lined) Channel No. G1

Design Parameters:

PEAK DISCHARGE, Q25  = 9.2 ft3/s Source: HydroCAD 25-Yr 24-Hr

Bottom Width, B  = 2.0 ft Turf Reinforcement Matting (TRM) Lining:

Left Side Slope, z 1  = 3.0 horizontal :1 vertical Grass Retardance = D

Right Side Slope, z 2  = 3.0 horizontal :1 vertical K = 34.6

TRM Product Name =

Minimum Freeboard = 0.5 ft τ allow  = 5.0 lb/ft2

Maximum Channel Slope, S max  = 0.040 ft/ft

Minimum Channel Slope, S min  = 0.010 ft/ft

Depth of Flow Manning's Area Wetted Hydraulic Top Hydraulic Average Flow Froude Maximum Factor

(Norm. Depth) Roughness of Flow Perimeter Radius Width Depth Velocity Rate Number Shear Stress of Safety

Y n Coefficient A P R=A/P T D=A/T V n Q F r  (Normal) τ d τ allow / τ d

ft n ft2 ft ft ft ft ft/s ft3/s # lb/ft2

Maximum Slope:

0.75 0.062 3.19 6.74 0.47 6.50 0.49 2.93 9.3 0.74 1.9 2.7

Minimum Slope:

1.09 0.070 5.74 8.89 0.65 8.54 0.67 1.60 9.2 0.34 0.7 7.4

Depth of Flow Manning's Area Wetted Hydraulic Top Hydraulic Section Flow Average Froude Uniform-Flow

(Crit. Depth) Roughness of Flow Perimeter Radius Width Depth Factor Rate Velocity Number Critical Slope

Y c Coefficient A P R=A/P T D=A/T Z=AD 1/2 Q V c F r  (Critical) S c

ft n ft2 ft ft ft ft ft2.5 ft3/s ft/s # ft/ft

0.64 0.059 2.51 6.05 0.41 5.84 0.43 1.64 9.3 3.72 1.00 0.070

Minimum Minimum Minimum Minimum

Channel Top Width Channel Top Width

Depth T Depth T

ft ft ft ft

1.25 9.50 1.59 11.54

Critical Depth 

Comment

6/7

MARTIN-11-1
1/26/12

PKS

LAQ

Propex - Landlok TRM 435, or equal

Normal Depth 

Comment

O.K.

O.K.

Flow is Stable.

Determination of Minimum Channel Depth & Top Width

Maximum Slope Minimum Slope

Richardson Smith Gardner & Associates, Inc. G1 DRAINAGE CHANNEL.xls
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Martin County C&D Landfill

Drainage Channel Analysis (TRM Lined) Channel No. Side Slope Swales

Design Parameters:

PEAK DISCHARGE, Q25  = 6.3 ft3/s Source: HydroCAD 25-Yr 24-Hr (Worst Case - Half of Flow to DP-1)

Bottom Width, B  = 0.0 ft Turf Reinforcement Matting (TRM) Lining:

Left Side Slope, z 1  = 3.0 horizontal :1 vertical Grass Retardance = D

Right Side Slope, z 2  = 1.5 horizontal :1 vertical K = 34.6

TRM Product Name =

Minimum Freeboard = 0.5 ft τ allow  = 5.0 lb/ft2

Maximum Channel Slope, S max  = 0.030 ft/ft

Minimum Channel Slope, S min  = 0.010 ft/ft

Depth of Flow Manning's Area Wetted Hydraulic Top Hydraulic Average Flow Froude Maximum Factor

(Norm. Depth) Roughness of Flow Perimeter Radius Width Depth Velocity Rate Number Shear Stress of Safety

Y n Coefficient A P R=A/P T D=A/T V n Q F r  (Normal) τ d τ allow / τ d

ft n ft2 ft ft ft ft ft/s ft3/s # lb/ft2

Maximum Slope:

1.07 0.065 2.58 5.31 0.48 4.82 0.54 2.46 6.3 0.59 2.0 2.5

Minimum Slope:

1.36 0.072 4.16 6.75 0.62 6.12 0.68 1.50 6.2 0.32 0.8 5.9

Depth of Flow Manning's Area Wetted Hydraulic Top Hydraulic Section Flow Average Froude Uniform-Flow

(Crit. Depth) Roughness of Flow Perimeter Radius Width Depth Factor Rate Velocity Number Critical Slope

Y c Coefficient A P R=A/P T D=A/T Z=AD 1/2 Q V c F r  (Critical) S c

ft n ft2 ft ft ft ft ft2.5 ft3/s ft/s # ft/ft

0.87 0.060 1.70 4.32 0.39 3.92 0.44 1.12 6.4 3.74 1.00 0.078

Minimum Minimum Minimum Minimum

Channel Top Width Channel Top Width

Depth T Depth T

ft ft ft ft

1.57 7.07 1.86 8.37

Flow is Stable.

Determination of Minimum Channel Depth & Top Width

Maximum Slope Minimum Slope

O.K.

O.K.

Critical Depth 

Comment

LAQ

Propex - Landlok TRM 435, or equal

Normal Depth 

Comment
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Richardson Smith Gardner & Associates, Inc. Side Slope Swales DRAINAGE CHANNEL.xls
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PROJECT  Martin County C&D Landfill

SUBJECT  Down Pipe Analysis

SHEET      1      OF     4
JOB NO.    MARTIN-11-1
DATE           1/26/12
COMPUTED BY    PKS
CHECKED BY    LAQ

Objective To design down pipes to handle the peak discharge from the design storm.

Reference Debo, T.N., and Reese, A.J. (1995), Municipal Storm Water Management, Lewis Publishers,
Boca Raton, FL.

Malcom, H. Rooney (1989 & 2003 Supplement), Elements of Urban Stormwater Design, NC
State Univ., Raleigh, NC.

Analysis The following approach is used in the design of down pipes:

1. Determine the peak discharge from the design storm(s).  Use the Rational Method.

2. For each pipe size, determine the maximum area (A), to handle the predicted peak discharge
(Q) with an added factor of safety.  Analyze down pipes based on partial flow to determine
flow depth and velocity then compare the full flow capacity of each pipe size with the
calculated peak flow rate to verify the desired factor of safety.  Analyze down pipe inlets as a
culverts under inlet control.

Calculations

- Down Pipe Inlets (Inlet Control):

Determine Qmax:

For Z < D:

(Malcom Equation III-13)

For Z > D:

(Malcom Equation III-13)     

where: Qmax  = flow capacity of inlet (cfs)
Z = height of water above pipe invert (ft)

= allowable headwater depth (HW)
Cd  = coefficient of discharge
D = inside diameter of pipe (in)

DOWN PIPE.WPD

RICHARDSON SMITH GARDNER & ASSOCIATES
Engineering and Geological Services
14 N. Boylan Avenue, Raleigh, NC 27603
Telephone: (919) 828-0577
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Determine Factor of Safety (FS):

Iterate the drainage area (A) to each inlet such that Qmax/Q > the desired factor of safety.

- Down Pipes:

Determine Flow Capacity of Pipe:

(D&R Equation 8.24)     

where:  Qmax  = flow capacity of pipe (cfs)
D = inside diameter of pipe (ft)
S = pipe slope (ft/ft)
n =  Manning’s roughness coefficient

Determine Factor of Safety (FS):

Iterate the drainage area (A) to each drainage structure such that Qmax/Q > the desired factor of
safety.

Determine Flow Depth:

(D&R Equation 8.29)

where: h = flow depth (inches)
θ = central angle

(D&R Equation 8.28)     

RICHARDSON SMITH GARDNER & ASSOCIATES
Engineering and Geological Services
14 N. Boylan Avenue, Raleigh, NC 27603
Telephone: (919) 828-0577
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K = constant

(D&R Equation 8.27)

Determine Flow Velocity:

 
(D&R Equation 8.30 for “A”)     

where: V = flow velocity (ft/sec)
A = cross-sectional area of flow (ft3)

RICHARDSON SMITH GARDNER & ASSOCIATES
Engineering and Geological Services
14 N. Boylan Avenue, Raleigh, NC 27603
Telephone: (919) 828-0577
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RICHARDSON SMITH GARDNER & ASSOCIATES SHEET:
Engineering and Geological Services JOB #:
14 N. Boylan Avenue Tel:  919-828-0577 DATE:
Raleigh, NC  27603 Fax: 919-828-3899 BY:

CHKD BY:

Martin County C&D Landfill
Down Pipe Analysis (CPE Pipe)

Input Parameters:

Manning's Rougness Coefficient = 0.012 --> CPE Pipe (Type S - Use 0.012; Type C - Use 0.02)

Runoff Coefficient = 0.60

Rainfall Intensity = 8.11 IN/HR ---> 25 YR - 5 MIN STORM

Allowable Headwater Depth (Above Pipe Invert) (Down Pipe Inlets) = 3.0 FEET

Orifice Coef. Of Discharge (Down Pipe Inlets) = 0.6 TYPICAL

ID Drainage Area
Runoff Volume 

(Q) Pipe I.D. 
X-Sectional 

Area
Flow Capacity 

(Qmax)
Factor of 

Safety

(AC) (CFS) (IN) (SF) (CFS) (>/= 1.10)

Max. Area - 18" 2.35 11.44 18.0 1.77 12.74 1.11

Max. Area - 24" 3.95 19.22 24.0 3.14 21.36 1.11

ID Drainage Area
Runoff Volume 

(Q) Pipe I.D. Pipe Slope
Flow Capacity 

(Qmax)
Factor of 

Safety K θ Flow Depth Flow Area Flow Velocity

(AC) (CFS) (IN) (%) (CFS) (>/= 1.10) (CONSTANT) (< 265O) (IN) (SF) (FPS)

Max. Area - 18" 3.65 17.76 18.0 3 19.70 1.11 0.281 234 13.11 1.38 12.88

Max. Area - 24" 7.85 38.20 24.0 3 42.43 1.11 0.280 234 17.47 2.45 15.59

Down Pipes

Down Pipe Inlets

LAQ

4/4
MARTIN-11-1

1/26/12
PKS

Richardson Smith Gardner & Associates, Inc. CPE Pipe DOWN PIPE.xls
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Objective To design outlet protection for culverts and/or drainage channels based on the maximum flow
from the design storm.  Rip rap aprons are applicable when the Froude Number (Fr) is less than
or equal to 2.5 (Debo and Reese).  For higher Froude Numbers, rip rap outlet basins, baffled
outlets, and/or other methods are more appropriate.

Reference Debo, T.N., and Reese, A.J. (1995), Municipal Storm Water Management, Lewis Publishers,
Boca Raton, FL, Section 8.11 - pp. 289-290; Section 12.6 - pp. 523-526.

Federal Highway Administration (2000), Hydraulic Design of Energy Dissipators for Culverts
and Channels, Hydraulic Engineering Circular No. 14, FHWA EPD-86-110, Metric Ed., U.S.
Dept. of Transportation, Washington, D.C.

North Carolina Division of Land Resources (2006), North Carolina Erosion & Sediment Control
Planning & Design Manual, Raleigh, NC.

Analysis For each outlet, determine the Froude Number (Fr) based on the pipe Manning’s number,
diameter, slope, and design discharge.  Use the methods described in Section 8.11 of Debo and
Reese.  Select the method of outlet protection, as appropriate, and perform design calculations.

Rip Rap Aprons:

If Fr < 2.5, a rip rap apron may be used.  The following design approach is based on Section 12.6 of Debo
and Reese and Section 8.06 of the NC Erosion & Sediment Control Planning and Design Manual:

1. Determine the tailwater condition and select the appropriate design chart.

2.  Using the appropriate design chart, determine the d50 rip-rap size and minimum apron length (La)
based on the maximum design flow (Q), flow depth (d), and/or velocity (v) (depending on
whether the pipe is flowing full or partially full).

3. Using the same chart, determine apron dimensions.

4. Determine the maximum stone diameter:  dmax = 1.5 x d50

5. Determine the apron thickness:
Thickness = 1.5 x dmax (No Filter Geotextile)
Thickness = 1.5 x d50 (With Filter Geotextile)

Other Methods:

If Fr > 2.5, consider the use of a rip rap basin, baffled outlet, or other device.  Design method according to
FHA guidelines using HY8-Energy program (or other documented source).

OUTLET PROTECTION.WPD

RICHARDSON SMITH GARDNER & ASSOCIATES
Engineering and Geological Services
14 N. Boylan Avenue, Raleigh, NC 27603
Telephone: (919) 828-0577



RICHARDSON SMITH GARDNER & ASSOCIATES SHEET: 2/4
Engineering and Geological Services JOB #: MARTIN-11-1
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Martin County C&D Landfill
Outlet Protection Analysis - Rip Rap Aprons (Circular Pipe)

Rip Rap Aprons:

Down Pipe 1 Down Pipe 2 Down Pipe 3

Pipe Type: CPE - Type S CPE - Type S CPE - Type S

Manning's Coefficient: 0.012 0.012 0.012
Diameter (DO) (in) = 18 18 18

Slope (%) = 3 3 3

Design Discharge (cfs) = 12.5 4.5 5.7

Source of Discharge Data: HydroCAD 25-Yr 24-Hr HydroCAD 25-Yr 24-Hr HydroCAD 25-Yr 24-Hr

K = 0.198 0.071 0.090

θ (degrees) = 198 141 152

Flow Depth (d) (in) = 10.4 6.0 6.8

Flow Area (ft2) = 1.1 0.5 0.6

Flow Velocity (v) (ft/sec) = 11.8 8.7 9.3

Froude Number = 2.22 2.16 2.18

Yes Yes Yes

High Low Low

d50 (ft)** = 0.50 0.50 0.50

dmax (ft) = 0.75 0.75 0.75

Apron Thickness (X) (ft): ----- ----- -----

No Geotextile: 1.13 1.13 1.13

With Geotextile: 0.75 0.75 0.75

Apron Dimensions (ft): ----- ----- -----

Length (La)** = 30 10 10

Width (W) = 13.5 11.5 11.5

*** ***

*Tailwater Conditions:  Low:  Tw < 0.5DO;  High:  Tw > 0.5DO

** Value from Chart.
*** Flow depth values fall below range of chart.  Assume 10' length.

Tailwater Condition (Low or 
High)*:

Outlet

Rip Rap Aprons Applicable?

Richardson Smith Gardner & Associates, Inc. Rip Rap Aprons (Circular Pipe) OUTLET PROTECTION.xls
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Permit Drawings

 

Martin County, North Carolina
C&D Landfill (Permit No. 59-01)
Permit Amendment Application
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Water Quality Monitoring Plan

 

Martin County, North Carolina
C&D Landfill (Permit No. 59-01)
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From: Ritter, Christine
To: "Joan Smyth"; 
cc: Backus, Pat; 
Subject: Martin County C&DLF Water Quality Monitoring Plan and Landfill Gas Monitoring Plan
Date: Monday, May 07, 2012 3:46:00 PM

DIN 16586
 
Joan,
 
The NC Solid Waste Section has completed a technical review of the Water Quality 
Monitoring Plan and LFG Monitoring Plan for the Martin County C&D Landfill submitted 
in February 2012 by Richardson Smith Gardner & Associates on behalf of Martin County.  
The Water Quality Monitoring Plan and LFG Monitoring Plan meet the regulatory 
requirements of 15A NCAC 13B .0544 – Monitoring Plans and Requirements for C&DLF 
Facilities and these portions of the Permit Amendment Application are therefore 
approved.
 
After the new groundwater and landfill gas monitoring wells are constructed, please 
submit an updated well location drawing with the surveyed locations of the monitoring 
wells.
 
A hard copy and an electronic copy of the groundwater and surface water monitoring 
data collected at the landfill facility must be provided to the Solid Waste Section.  
Guidelines for groundwater, surface water, and landfill gas monitoring and submitting 
the results electronically can be located at the Solid Waste Section’s web site: http://
portal.ncdenr.org/web/wm/sw/environmentalmonitoring.

 
Any modifications to the approved plans must be submitted to the NC Solid Waste 
Section for review and approval.
 
If you have any questions, please do not hesitate to contact me.
 
 
Christine Ritter   (Christine.Ritter@ncdenr.gov)                               
Hydrogeologist                                                                                              
NC Department of Environment and Natural Resources             
Division of Waste Management - Solid Waste Section                 
Tel:  (919)707-8254  
web:  http://portal.ncdenr.org/web/wm/sw
 
PHYSICAL ADDRESS:                       MAILING ADDRESS:
217 WEST JONES STREET              1646 MAIL SERVICE CENTER
RALEIGH, NC 27603                        RALEIGH, NC 27699-1646
 



 
Water Quality Monitoring Plan 

 

Martin County C&D Landfill 
Williamston, North Carolina  

NC Solid Waste Permit No. 59-01 CDLF 
 
 

 
 
  

Prepared For: 
 

Martin County Solid Waste Management 
P.O. Box 668 

Williamston, North Carolina 27892 
 
 

Prepared By: 
 

 
 
 
 
 
 
 

  
January 2012 
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Senior Hydrogeologist 
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1.0     INTRODUCTION 

 

1.1 Plan Background 

Martin County North Carolina owns and operates a C&D landfill.  This landfill has been 

operational since 1995 under Solid Waste Facility Permit Number 59-01.  The C&D landfill 

is located approximately two miles northwest of Williamston, North Carolina.  The site is 

shown on Figure 1.   

 

Site investigations prior to permitting demonstrated that the site was underlain by clayey 

to silty sands.  Both areas drain to unnamed tributaries of Mill Branch Creek located on 

the landfill property.    

  

Martin County has monitored groundwater quality at the C&D site since 1995.  Analysis of 

groundwater quality in the vicinity of the C&D landfill indicates no detectable quantities of 

most constituents; however, some naturally occurring inorganic (metal) constituents have 

been detected.  

 

This Water Quality Monitoring Plan (WQMP) has been prepared to meet the field 

sampling and laboratory analysis requirements of ongoing monitoring at the site.  The 

WQMP details field and laboratory protocols that must be followed to meet the data 

objectives of groundwater monitoring. 

 

1.2 Purpose & Scope 

This WQMP has been designed to insure that accurate and representative field and 

laboratory results are obtained for all ground and surface water quality monitoring points.  

The WQMP addresses the following subjects: 

! Groundwater sample collection; 

! Surface water sample collection; 

! Sample preservation and shipment; 

! Laboratory analytical procedures; 

! Sample Chain-of-custody control; and 

! Quality assurance/quality control programs. 
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The methods and procedures described in the following sections are intended to facilitate 

the collection of true and representative samples and test data.  Field procedures are 

presented in Sections 2.0 through 7.0 in their general order of implementation.  

Equipment requirements for each field task are presented within the applicable section.  

Laboratory procedures, quality assurance methods, and record keeping requirements are 

presented in Sections 8.0 through 10.0. 

 

Strict adherence to these procedures stipulated in this plan is required.  Any 

variations from these procedures should be thoroughly documented. 

 

1.3 Monitoring Well Network and Analytical Parameters 

There are currently four (4) monitoring wells associated with the C&D site that are used 

for the collection of groundwater samples on a regular basis.  All wells are monitored 

semi-annually.  The groundwater monitoring well network is shown on Figure 1, the 

monitoring locations, sampling frequency, and analytical parameters are included in Table 

1, and well completion information is included in Table 2. 

 

Evaluation of the groundwater monitoring network indicates that there is currently a lack of 

monitoring in the downgradient direction from the C&D landfill.  Additionally, there are two 

“nested well pairs” with one well in the pair constructed into the deeper portion of the 

aquifer, and one constructed into the shallow portion of the aquifer.  Nested well pairs are 

CDW-1 and CDW-2r, and CDW-3 with CDW-4.  These wells are shown on Figure 1.  

Based upon the potentiometric surface map, the two wells (CDW-3 and CDW-4) are 

located upgradient of the C&D landfill.  Using this information, a new monitoring well 

network is proposed as outlined below: 

 Remove CDW-3 and CDW-4 from the monitoring well network; 

 Utilize MW-1 (associated with the adjacent closed MSW landfill) as a site wide 

upgradient monitoring well; 

 Remove CDW-1 from the monitoring network as no deep aquifer monitoring is 

required;  

 Add two additional downgradient monitoring wells (CDW-5 and CDW-6) between 

the C&D landfill and the surface water discharge point (see Figure 2); and 
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 Add one downgradient surface water monitoring location (CDSW-2). 

 

The proposed monitoring network and the monitoring frequency is summarized in Table 

1, while well completion information is included in Table 2.   Boring logs for existing wells 

CDW-1, CDW-3 and CDW-4 are included in Appendix A, however a boring log for CDW-

2r could not be located through a file search of the NCDENR files. Of these locations, only 

CDW-2r is being proposed to remain as part of the detection monitoring regimen 

(Appendix I + C&D landfill required constituents) on a semi-annual basis.  Existing 

Monitoring well MW-1 which serves as the upgradient well for theadjacent closed MSW 

landfill will also serve as the upgradient well for the C&D landfill.  Analytical parameters for 

each monitoring location are outlined in Table 3. 

 

2.0   GROUNDWATER SAMPLE COLLECTION 

 

This section presents details of the procedures and equipment required to perform 

groundwater field measurements and sampling from monitoring wells during each 

monitoring event.   All sampling, analysis and submittals shall be performed in 

accordance with this plan and the following guidance documents: 

 

 Groundwater, Surface Water and Soil Sampling for Landfills – NCDENR Guidance 

updated April 2008. 

 October 26, 2006 Memo from NCDENR entitled “New Guidelines for Electronic 

Submittal of Environmental Monitoring Data”. 

 February 23, 2007 Memo from NCDENR entitled Addendum to October 27, 2006, 

North Carolina Solid Waste Section Memorandum Regarding New Guidelines for 

Electronic Submittal of Environmental Data. 

 October 16, 2007 Memo from NCDENR entitled Environmental Monitoring Data for 

North Carolina Solid Waste Management Facilities. 

 

Additionally, all local, state, and federal health and safety requirements, as applicable, will 

be followed. Additionally, all requirements for the disposal of any investigation derived 

wastes will also be followed.  Where possible, all phases of work will proceed from 
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the upgradient, or clean, wells to downgradient, or potentially impacted, wells. 

 

All fuel-powered equipment such as generators for pumps, must be placed away from and 

downwind from all site activities (i.e. purging and sampling).  If field conditions prevent 

such placement, then the fuel source must be placed as far away as possible from the 

sampling activities and the conditions of sampling must be described in detail in the field 

notes.  If fuel must be handled, it should be done the day before sampling.  All effort 

should be made to avoid handling fuels on the day of sampling.  If fuels must be 

dispensed during sampling activities, dispense fuel downwind and well away from any 

sampling locations.  Wear gloves while working with fuel and dispose of the gloves away 

from sampling activities. 

 

2.1 Water Level Measurements 

Static water level and depth to the well bottom will be measured in each well prior to any 

purging or sampling activities.  Static water level and well depth measurements are 

necessary to calculate the volume of stagnant water in the well prior to purging.  

Additionally these measurements provide a field check on well integrity, degree of 

siltation, and are used to prepare potentiometric maps, calculate aquifer flow velocities 

and monitor changes in site hydrogeologic conditions.   

 

Upon opening each well, new nitrile surgical gloves will be donned.  New gloves will be 

worn when taking water level measurements at each well.  Appropriate measures will be 

taken during all measurement activities to prevent soils, decontamination supplies, 

precipitation, and other potential contaminants from entering the well or contacting clean 

equipment.  

 

An electronic water level indicator will be used to accurately measure depth to 

groundwater in each well and/or piezometer.  Groundwater depths will be measured to a 

vertical accuracy of 0.01 feet relative to established wellhead elevations.  Each well will 

have a permanent, easily identified reference point on the lip of the well riser from which 

all water level measurements will be taken.  The elevation of the reference point will be 

established by a Registered Land Surveyor.   
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The electronic water level indicator will be constructed of inert materials such as stainless 

steel and Teflon.  Between well measurements the device will be thoroughly  

decontaminated by washing with non-phosphate (Liqui-Nox) soap and rinsing with 

organic-free water to prevent cross contamination from one well to another.   

 

The following measurements will be recorded in a dedicated field book prior to sample 

collection: 

! Depth to static water level and well bottom (to the nearest 0.01 foot); 

! Height of water column in the riser (based upon known depth of well); 

! Condition of wellhead protective casing, base pad and riser; and 

! Changes in condition of well and surroundings. 

 

2.2 Equipment Decontamination 

All non-dedicated equipment that will come in contact with the well casing and water  

will be decontaminated between wells.  The procedure for decontaminating non-dedicated 

equipment is as follows: 

 

1.    Don new powder-free Nitrile gloves. 

2.    Clean item with tap water and phosphate-free laboratory detergent (Liqui-Nox or  

      equivalent), using a brush if necessary to remove particulate matter and surface 

      films. 

3.   Rinse thoroughly with pesticide grade isopropanol and allow to air dry. 

4.   Rinse with organic-free water (Milli-Q water or other ultra-pure water) and allow to air 

       dry. 

6.   Wrap with commercial-grade aluminum foil, if necessary, to prevent contamination of 

      equipment during storage or transport.  

 

It should be noted that Liqui-Nox detergent solutions will be stored in a clearly marked 

HDPE or PP container.  Containers for pesticide –grade isopropanol will be made of inert 

materials such as Teflon, stainless steel, or glass. 

 

Sampling will be planned and conducted in such a way as to minimize the need for 

decontamination in the field through the use of dedicated sampling equipment, etc.  
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Unclean equipment will be segregated from clean equipment during all field activities.  All 

clean equipment will remain in the manufacturer’s packaging until use, or will be wrapped 

in commercial-grade aluminum foil or untreated butcher paper. 

 

2.3 Monitor Well Evacuation 

Water accumulated in each well may be stagnant and unrepresentative of surrounding 

aquifer conditions, and therefore must be removed to insure that fresh formation water is 

sampled.   Each well will be purged of standing water in the well casing following the 

measurement of the static water level.  As stated above, monitoring well evacuation 

should be performed in upgradient wells first, and moving to downgradient wells. 

 

New nitrile surgical gloves will be donned for all well purging and sampling activities and 

whenever handling decontaminated field equipment.  Appropriate measures will be taken 

during all measurement, purging and sampling activities to prevent surface soils, 

decontamination supplies, precipitation, and other potential contaminants from entering 

the well or contacting cleaned equipment. 

 

The volume of standing water in the well riser and screen will be calculated immediately 

before well evacuation during each monitoring event.  A standing water volume will be 

calculated for each well using measured static water level, well depth and well casing 

diameter according to the following equation:  

V = (TD - SWL)  x  C 

Where: V = One well volume 

TD = Total depth of the well (in feet) 

SWL = Static water level (in feet) 

C = Volume constant for given well diameter (gallons/foot) 

C = 0.163 gal/ft for two-inch wells. 

C = 0.653 gal/ft for four-inch wells. 

After the volume of standing water within the casing is established, a minimum of three 

and a maximum of five well casing volumes of water will be evacuated from each well.  

New, disposable bailers with either double or bottom check-valves will be used to purge 

each well.  Disposable purge bailers will be constructed of fluorocarbon resin (Teflon) or 
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inert plastic suitable for the well and ground conditions.  Each bailer will be factory-clean 

and remain sealed in a plastic sleeve until use.  A new Teflon-coated stainless steel, inert 

mono-filament line or nylon cord will be used for each well to retrieve the bailers. 

 

Wells will be purged at a rate that will not cause recharge water to be excessively agitated 

or cascade through the screen.  Care will also be taken to minimize disturbance to the 

well sidewalls and bottom which could result in the suspension of silt and fine particulate 

matter. The volume of water purged from each well and the relative rate of recharge will 

be documented in sampling field notes.  Wells which are of very low recharge rates will be 

purged once until dry.  Damaged, dry or low yielding, and high turbidity wells will noted for 

reconsideration before the next sampling event.   

 

Purge water will be managed to prevent possible soil and surface water contamination.  

Well site management options may include temporary containment and disposal as 

leachate or portable activated carbon filtration.  

 

Durable, non-dedicated equipment to be lowered into the well or which may contact the 

water samples will be thoroughly decontaminated before each use.  Equipment shall be 

disassembled to the degree practical, washed with (non-phosphate) soapy potable tap 

water, and triple rinsed using de-ionized water.  Detailed equipment decontamination 

procedures are detailed in Section 2.6. 

 

2.4 Groundwater Sample Collection 

After purging activities are complete, groundwater samples will be collected for laboratory 

analysis.  Sampling is undoubtedly the most critical stage and the focus of the water 

quality monitoring program.   Samples should be collected from least contaminated 

location(s) first, followed by locations of increasing (or potentially increasing) 

contamination across the site.  Prior to sample collection, all sample labels should be 

properly filled-out with indelible ink, such as a Sharpie Pen.  At a minimum, the label 

should identify the sample with the following information: 

 Sample Location or Well Number; 

 Sample Identification Number; 
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 Date and Time of Collection; 

 Analysis Required; 

 Sampler’s Initials; 

 Preservative Used (if any); and 

 Other Pertinent Information As Necessary. 

 

Upon completion of the sample label, the label should be affixed to the sample bottle prior 

to sampling. 

 

Sampling will occur within 24 hours of the purging of each well and as soon after well 

recovery as possible.  Wells which fail to recharge or produce an adequate sample 

volume within 24 hours of purging will not be sampled.   

 

Field measurements of temperature, pH, and specific conductivity will be made 

immediately prior to sampling each monitoring point.  The field test specimens will be 

collected with the sampling bailer and placed in a clean, non-conductive glass or plastic 

container for observation.  The calibration of the pH, temperature, conductivity and 

turbidity meters will be completed according to the manufacturers' specifications and 

consistent with Test Methods for Evaluating Solid Waste -Physical/Chemical Methods 

(SW-846).  A pocket thermometer and litmus paper will be available in case of meter 

malfunction. 

 

Each well will be sampled using a new, factory-cleaned, disposable Teflon bailer with 

bottom check-valve and sample discharge mechanism.  A new segment of Teflon-coated 

stainless steel wire, inert mono-filament line or nylon cord will be used to lower and 

retrieve each bailer.  The bailer will be lowered into each well to the point of groundwater 

contact, then allowed to fill as it sinks below the water table.  Bottom contact will be 

avoided in order to avoid suspending sediment in the samples.  The bailer will be 

retrieved and emptied in a manner which minimizes sample agitation.   

 

Samples will be transferred directly from the Teflon bailer into a sample container that has 

been specifically prepared for the preservation and storage of compatible parameters.  A 
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bottom emptying device provided will be used to transfer samples from bailer to sample 

container.  The generation air bubbles and sample agitation will be minimized during 

bailer discharge.  Groundwater samples will be collected and contained in the order of 

volatilization sensitivity.  

 

Initially, only purgeable organics and total metals samples will be collected for laboratory 

analysis.  Subsequently, other analytical methods may be required.  When collected, the 

following order of sampling will be observed: 

C Volatile Organics and Volatile Inorganics; 

C Extractable Organics, Petroleum Hydrocarbons, Aggregate Organics and Oil 

and Grease; 

C Total Metals; 

C Inorganic Nonmetallics, Physical and Aggregate Properties and Biologicals; 

C Microbiologicals; and 

C Measurements of pH, temperature, DO, ORP, conductivity and turbidity 

Note: If the pump used to collect groundwater samples can not be used to collect volatile 

or extractable organics then collect all other parameters and withdraw the pump and 

tubing.  Then collect the volatile and extractable organics. 

 

All samples will be collected and analyzed in an unfiltered state during sampling events.  

Samples for dissolved metal analysis, if subsequently required, will be prepared by field 

filtration using a decontaminated peristaltic pump and a disposable 0.45 micron filter 

cartridge specifically manufactured for this purpose. 

 

All reusable sampling equipment including water level probes, pH/conductivity meters, 

interface probes, and filtering pumps which might contact aquifer water or samples will be 

thoroughly decontaminated between wells by washing with non-phosphate soapy, de-

ionized water and rinsing with isopropanol and organic-free water.  Detailed equipment 

decontamination procedures are detailed in Section 2.2. 

 

Upon completion of sampling at each location, the sample bottles will be place in a clean, 

untreated, plastic Ziploc bag and placed into the cooler with ice for preservation. 
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2.5 Field Quality Assurance 

Field and trip blanks will be prepared, handled, and analyzed as groundwater samples to 

ensure cross-contamination has not occurred.  One set of trip blanks, as described later in 

this document, will be prepared before leaving the laboratory to ensure that the sample 

containers or handling processes have not affected the quality of the samples.  One set of 

field (equipment) blanks will be created in the field at the time of sampling to ensure that 

the field conditions, equipment, and handling during sampling collection have not affected 

the quality of the samples.  A duplicate groundwater sample may be collected from a 

single well as a check of laboratory accuracy.  Blanks and duplicate containers, 

preservatives, handling, and transport procedures for surface water samples will be 

identical to those noted for groundwater samples. 

 

2.6 Sample Containers 

Sample containers will be provided by the laboratory for each sampling event.  Containers 

must be either new and factory-certified analytically clean by the manufacturer, or cleaned 

by the laboratory prior to shipment for sampling.  Laboratory cleaning methods will be 

based on the bottle type and analyte of interest.  Metal containers are thoroughly washed 

with non-phosphate detergent and tap water, and rinsed with (1:1) nitric acid, tap water, 

(1:1) hydrochloric acid, tap water, and deionized water, in that order.  Organic sample 

containers are thoroughly washed with non-phosphate detergent in hot water and rinsed 

with tap water, distilled water, acetone, and pesticide quality hexane, in that order.  Other 

sample containers are thoroughly washed with non-phosphate detergent and tap water, 

rinsed with tap water, and rinsed with deionized water.    The laboratory shall provide 

proper preservatives in the sample containers prior to shipment (see Section 6.0). 

 

3.0  SURFACE WATER SAMPLE COLLECTION 

 

This section presents details of the procedures and equipment required to perform 

surface water field measurements and sampling from springs, streams, and/or ponds 

during each monitoring event.  
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3.1 Surface Water Level Observations 

Surface water quality analyses are particularly sensitive to site hydrologic conditions and 

recent precipitation events.  Water levels may fluctuate drastically in comparison with the 

groundwater table and may result in either diluting or increasing contaminant loadings.  

The scheduling of sampling events and the interpretation surface water data must take 

into account climatic, recent weather, and sampling station conditions. 

 

Surface water level and sampling station conditions will be observed on the first day of 

each sampling event.  Surface water observations will include the flood stage in streams, 

seasonal base flow conditions, and confirm location and timing for meaningful surface 

water quality sampling. The following objective observations will be recorded in a 

dedicated field book prior to sample collection: 

 

! Relative stream water level;  

! Surface water clarity; and 

! Changes in surface monitoring station conditions and surroundings. 

 

Modifications to surface sampling station conditions may be required prior to each 

sampling event. These modifications may include the removal of surface and submerged 

debris, slightly deepening the station to allow sample container immersion, or 

channeling/piping to consolidate local discharge.  When modifications are required, 

sufficient time will be allowed for settlement of suspended solids between the disturbance 

and sample collection.  A minimum settling period of four hours prior to sampling will be 

observed. 

  

3.2 Surface Water Sample Collection 

Surface water samples will be obtained from areas of minimal turbulence and aeration.  

New latex or nitrile surgical gloves will be donned prior to sample collection.  The following 

procedure will be implemented regarding sampling of surface waters: 

 

1. Put on new latex or nitrile surgical gloves. 

2. Hold the bottle in the bottom with one hand, and with the other, remove the cap. 
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3. Push the sample container slowly into the water and tilt up toward the current to fill.   

A water depth of six inches is generally satisfactory.  Care will be taken to avoid 

breaching the surface or losing sample preservatives while filling the container. 

4. If there is little current movement, the container should be moved slowly, in a 

lateral, side to side direction, with the mouth of the container pointing upstream. 

 

Temperature, pH, specific conductivity, and turbidity will be taken at the start of sampling 

as a measure of field conditions and check on the stability of the water samples over time.  

Measurements of temperature, pH, specific conductivity, and turbidity will be recorded for 

all surface water samples.  The calibration of the pH, temperature, conductivity, and 

turbidity meters will be completed at the beginning of each sampling event, according to 

the manufacturers' specifications and consistent with Test Methods for Evaluating Solid 

Waste - Physical/Chemical Methods (SW-846). 

 

Surface water samples will be collected and contained in the order of volatilization 

sensitivity of the parameters as follows: 

C Volatile Organics and Volatile Inorganics; 

C Extractable Organics, Petroleum Hydrocarbons, Aggregate Organics and Oil 

and Grease; 

C Total Metals; 

C Inorganic Nonmetallics, Physical and Aggregate Properties and Biologicals; 

C Microbiologicals; and 

C Measurements of pH, temperature, DO, ORP, conductivity and turbidity 

 

All surface water samples will be collected unfiltered during the initial assessment 

sampling event.  If future dissolved metal analysis is required, samples will be prepared 

by field filtration using a decontaminated peristaltic filtering pump (or equivalent) and a 

disposable 0.45 micron filter cartridge specifically manufactured for this purpose. 

 

All field meters which might contact surface water samples will be thoroughly 

decontaminated between stations by washing with non-phosphate soapy, de-ionized 

water and rinsed with isopropanol and organic-free water. 
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Surface water samples will be collected from surface water monitoring points shown on 

the attached Figure 2.  Samples will be collected directly from the station in the container 

that has been specifically prepared for the preservation and storage of compatible 

parameters.  Samples will be collected in a manner that assures minimum agitation.  

Additional blanks and duplicate samples will not be taken with the surface water samples. 

 

Sample containers shall be prepared and provided by the laboratory for each surface 

water sampling event.  Each sample containers preparation and preservatives will be the 

same as those utilized for groundwater sampling and addressed previously in Section 

2.5. 

 

4.0  LEACHATE SAMPLING AND ANALYSIS 

 

This site contains a C&D landfill.  There is no leachate collection system and; therefore, 

no leachate sampling will be performed. 

 

5.0  FIELD QA/QC PROGRAM 

 

Field Quality Assurance/Quality Control (QA/QC) requires the routine collection and 

analysis of trip blanks to verify that the handling process has not affected the quality of the 

samples.  Any contaminants found in the trip blanks could be attributed to:   

 

1)  interaction between the sample and the container;  

2)  contaminated source water; or 

3) a handling procedure that alters the sample.   

   

The laboratory will prepare a trip blank by filling each type of sample bottle with laboratory 

grade distilled or deionized water.  Trip blanks will be placed in bottles of the specific type 

required for the analyzed parameters and taken from a bottle pack specifically assembled 

by the laboratory for each groundwater sampling event.  Trip blanks will be taken prior to 

the sampling event and transported with the empty bottle packs.  The blanks will be 

analyzed for volatile and purgeable organics only. 
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The concentration levels of any contaminants found in the trip blank will be reported but 

will not be used to correct the groundwater data.  In the event that elevated parameter 

concentrations are found in a blank, the analysis will be flagged for future evaluation and 

possible re-sampling. 

 

All field instruments utilized to measure groundwater characteristics will be calibrated prior 

to entering the field, and recalibrated in the field as required, to insure accurate 

measurement for each sample.  The specific conductivity and pH meter will be 

recalibrated utilizing two prepared solutions of known concentration in the range of 

anticipated values (between 4 and 10).  A permanent thermometer, calibrated against a 

National Bureau of Standards Certified thermometer, will be used for temperature meter 

calibration.  

 

6.0  SAMPLE PRESERVATION AND SHIPMENT 

 

Methods of sample preservation, shipment, and chain-of-custody procedures to be 

observed between sampling and laboratory analysis are presented in the following 

sections.  

 

Proper storage and transport conditions must be maintained in order to preserve the 

integrity of samples between collection and analysis.  Ice and chemical cold packs will be 

used to cool and preserve samples, as directed by the analytical laboratory.  Samples will 

be maintained at a temperature of 4o C.  Dry ice is not to be used.   

 

Pre-measured chemical preservatives will be provided in the sample containers provided 

by the analytical laboratory.  Hydrochloric acid will be used as a chemical stabilizer and 

preservative for volatile and purgeable organic specimens.  Nitric acid will be used as the 

preservative for samples for metals analysis.   

 

Upon collection, samples will be placed on ice in high impact polystyrene coolers and 

cooled to a temperature of 4oC.  Samples will be packed and/or wrapped in plastic bubble 

wrap to inhibit breakage or accidental spills.  Chain-of-Custody control documents will be 



Martin Co. C&D Landfill Water Quality Monitoring Plan         Richardson Smith Gardner and Associates, Inc. 
January 2012                                       Page  16 

placed in a waterproof pouch and sealed inside the cooler with the samples for shipping.  

Tape and/or custody seals will be placed on the outside of the shipping coolers, in a 

manner to prevent and detect tampering with the samples. 

 

Samples will be delivered to the analytical laboratory within a 24-hour period in person or 

using an overnight delivery service to insure holding times are not exceeded.  Shipment 

and receipt of samples will be coordinated with the laboratory.  Do NOT store or ship 

highly contaminated samples (concentrated wastes, free product, etc.) or samples 

suspected of containing high concentrations of contaminants in the same cooler or 

shipping container with other environmental samples.   

 

Chain-of-Custody control will be maintained from sampling through analysis to prevent 

tampering with analytical specimens.  Chain-of-Custody control procedures for all 

samples will consist of the following: 

1. Chain-of-Custody will originate at the laboratory with the shipment of 
prepared sample bottles and a sealed trip blank.  Identical container kits will 
be shipped by express carrier to the sampler or site or picked up at the 
laboratory in sealed coolers. 

 
2. Upon receipt of the sample kit, the sampler will inventory the container kit 

and check its consistency with number and types of containers indicated in 
the Chain-of-Custody forms and required for the sampling event. 

 
3. Labels for individual sample containers will be completed in the field, 

indicating the site, time of sampling, date of sampling, sample location/well 
number, and preservation methods used for the sample. 

 
4. Collected specimens will be placed in the iced coolers and will remain in the 

continuous possession of the field technician until shipment or transferral as 
provided by the Chain-of-Custody form has occurred.  If continuous 
possession cannot be maintained by the field technician, the coolers will be 
temporarily sealed and placed in a secured area. 

 
5. Upon delivery to the laboratory, samples will be given laboratory sample 

numbers and recorded into a logbook indicating client, well number, and 
date and time of delivery.  The laboratory director or his designee will sign 
the Chain-of-Custody control forms and formally receive the samples.  The 
field technician, project manager and the laboratory director will work 
together to insure that proper refrigeration of the samples is maintained.  

 
6. Copies of the complete Chain-of-Custody forms will be placed in the 

laboratory’s analytical project file and attached to the laboratory analysis 
report upon completion. 



Martin Co. C&D Landfill Water Quality Monitoring Plan         Richardson Smith Gardner and Associates, Inc. 
January 2012                                       Page  17 

 
Chain-of-Custody forms will be used to transfer direct deliveries from the sampler to the 

laboratory.  A coded, express delivery shipping bill shall constitute the Chain-of Custody 

between the sampler and laboratory for overnight courier deliveries.    

 

7.0  FIELD LOGBOOK 

 

The field technician will keep an up-to-date logbook documenting important information 

pertaining to the technician's field activities.  The field logbook will document the following: 

 

! Site Name and Location; 

! Date and Time of Sampling; 

! Climatic Conditions During Sampling Event; 

! Sampling Point/Well Identification Number; 

! Well Static Water Level; 

! Height of Water Column in Well; 

! Purged Water Volume and Well Yield (High or Low); 

! Presence of Immiscible Layers and Detection Method; 

! Observations on Purging and Sampling Event; 

! Time of Sample Collection; 

! Temperature, pH, Temperature, DO, ORP, Turbidity, and Conductivity Readings; 

and 

! Signature of Field Technician. 

 

8.0  LABORATORY ANALYSIS 

 

The ground and surface water parameters to be analyzed will be detection monitoring 

parameters for C&D landfills.  The list of analytical parameters is included in Table 3. All 

analytical methods are taken from Test Methods For Evaluating Solid Waste - 

Physical/Chemical Methods (SW-846) or Methods For the Chemical Analysis of Water 

and Wastes and will be consistent with DWM’s policies regarding analytical methods and 

PQLs.  Analysis will be performed by a laboratory certified by the North Carolina DENR 

for the analyzed parameters.  
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Formal environmental laboratory Quality Assurance/Quality Control (QA/QC) procedures 

are to be utilized at all times.  The owner/operator of the landfill is responsible for 

selecting a laboratory contractor and insuring that the laboratory is utilizing proper QA/QC 

procedures.  The laboratory must have a QA/QC program based upon specific routine 

procedures outlined in a written laboratory Quality Assurance/Quality Control Manual.   

The QA/QC procedures listed in the manual shall provide the lab with the necessary 

assurances and documentation that accuracy and precision goals are achieved in all 

analytical determinations.  Internal quality control checks shall be undertaken regularly by 

the lab to assess the precision and accuracy of analytical procedures.   

 

The internal quality control checks include the use of calibration standards, standard 

references, duplicate samples and spiked or fortified samples.  Calibration standards shall 

be verified against a standard reference obtained from an outside source.  Calibration 

curves shall be developed using at least one blank and three standards.  Samples shall 

be diluted if necessary to insure that analytical measurements fall on the linear portion of 

the calibration curve.  Duplicate samples shall be processed at an average frequency of 

10 percent to assess the precision of testing methods, and standard references shall be 

processed monthly to assess accuracy of analytical procedures.  Spiked or fortified 

samples shall be carried through all stages of sample preparation and measurement to 

validate the accuracy of the analysis.   

 

During the course of the analyses, quality control data and sample data shall be reviewed 

by the laboratory manager to identify questionable data and determine if the necessary 

QA/QC requirements are being followed.  If a portion of the lab work is subcontracted, it is 

the responsibility of the contracted laboratory to verify that all subcontracted work is 

completed by certified laboratories, using identical QA/QC procedures.  

 

9.0 DATA EVALUATION 

 

Copies of all laboratory results and water quality reports for the Martin County Landfill will 

be kept at the Martin County Landfill office.  Reports summarizing all groundwater quality 

results and data evaluation will be submitted to the Division of Waste Management for 

each sampling event.  The data for each event will be evaluated compared to the 
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groundwater and surface water standards and graphing of data over the long term may be 

used to evaluate trends in the data. 

 

10.0  RECORD KEEPING AND REPORTING 

 

10.1 Monitoring Reports 

After each groundwater monitoring event, the potentiometric surface will be evaluated to 

determine whether the monitoring system remains adequate and to determine the rate 

and direction of groundwater flow at the site.   

 

The direction of groundwater flow will be determined by a comparison of groundwater 

surface elevations across the site through the construction of a potentiometric surface 

map.  Groundwater flow rate will be determined using the following equation: 

 

V=KI/n 

Where: V = Velocity (feet/day) 

K = Hydraulic Conductivity (feet/day) 

I = Hydraulic Gradient (foot/foot) 

n = Effective Porosity of aquifer soils (unitless) 

 

If these evaluations indicate the groundwater monitoring system is insufficient in meeting 

the requirements of the Rules, the monitoring system will be modified accordingly and a 

work plan will be submitted to DENR for review prior to modifications to enhance the 

monitoring system. 

 

Copies of all laboratory analytical data will be forwarded to the DWM within 90 calendar 

days of the sample collection date.  The analytical data submitted will specify the date of 

sample collection, the sampling point identification, and include a map of sampling 

locations.  Should a significant concentration of contaminants be detected in ground 

and/or surface water, as defined in North Carolina Solid Waste Rules, Groundwater 

Quality Standards, or Surface Water Quality Standards, the owner/operator of the landfill 

will notify the SWS and will place a notice in the landfill records as to which constituents 

were detected.   
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All monitoring reports will be submitted with the following: 

 An evaluation of potentiometric surface; 

 Analytical laboratory reports and summary tables; 

 A Solid Waste Environmental Monitoring Data Form (included in Appendix B); and 

 Laboratory Data submitted in accordance with the Electronic Data Deliverable 

Template. 

Monitoring reports may be submitted electronically by e-mail or in paper copy form. 

 

10.2 Well Abandonment/Rehabilitation 

If monitoring wells and/or piezometers are damaged irreversibly they will be abandoned 

under the direction of the SWS.  The abandonment procedure in unconsolidated materials 

will consist of over-drilling and/or pulling the well casing and plugging the well with an 

impermeable, chemically-inert sealant such as neat cement grout and/or bentonite clay.  

For bedrock well completions the abandonment will consist of plugging the interior well 

riser and screen with an impermeable neat cement grout and/or bentonite clay sealant. 

 

10.3 Additional Well Installations 

Any additional well installations will be carried out in accordance with DWM directives. If 

the potentiometric maps reveal that the depths, location, or number of wells is insufficient 

to monitor potential releases of solid waste constituents from the solid waste management 

area, new well locations and depths will be submitted to the SWS for approval.  

 

All monitoring wells will be installed under the supervision of a geologist or engineer who 

is registered in North Carolina and who will certify to the SWS that the installation 

complies with the North Carolina Regulations.  Upon installation of future wells the 

documentation for the construction of each well will be submitted by the registered 

geologist or engineer within 60 days after well construction. 

 

 

10.4 Implementation Schedule 

The groundwater monitoring program described herein will be implemented upon 

approval. 
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 Table 1 
 Ground and Surface Water Monitoring Locations and Frequency 
 Martin County C&D Landfill 
 Thomasville, North Carolina 
 
Monitoring 
Well 

Location Monitoring Program Monitoring 
Frequency 

 
MW-1 

 
Upgradient 

 
Detection 

 
Semi-Annually 

 
CDW-2r 

 
Cross/Downgradient  

 
Detection 

 
Semi-Annually 

 
CDW-5 

 
Downgradient  

 
Detection 

 
Semi-Annually  

 
CDW-6 

 
Downgradient  

 
Detection 

 
Semi-Annually 

 
 
Detection = Detection Monitoring parameters (Appendix I) 
 
 

Surface Water Monitoring Locations 
 
 

Surface Water  
Monitoring Point 

Location Monitoring 
Frequency 

SW-1 Upgradient of C&D Semi-Annually 
 
SW-3 

 
Downgradient of C&D

 
Semi-Annually 

 
  



 

 
 Table 2 
 
 Monitoring Well Completion Data 
 Martin County C&D Landfill 
 Thomasville, North Carolina 
 
 
 

 
Monitoring 

Well Northing Easting 
Top of Casing 

Elevation 

 
Depth to 

Bottom of 
Well 

 
MW-1 774619.40 2564097.42 66.96 20 ft. 

 
CDW-2r 774918.76 2565195.81 43.77 23 ft. 

 
CDW-5 TBD TBD TBD TBD 

 
CDW-6 TBD TBD TBD TBD 

 
TBD = To Be Determined upon installation. 



By: JAS
Date: 1/26/12

Groundwater EPA
Appendix I Constituents Standard Method Synonyms
Antimony 7041
Arsenic 7060/7061
Barium 7080/6010
Beryllium 7091
Cadmium 7131
Chromium 7191
Cobalt 7201
Copper 7210/6010
Lead 7421
Nickel 7520/6010
Selenium 7740/7741
Silver 7761
Thallium 7841
Vanadium 7911
Zinc 7950/6010
Temperature Field
pH Field
Turbidity Field
Specific Conductance Field
Acetone 8260 2-Propanone
Acrylonitrile 8260 2-Propenenitrile
Benzene 8260
Bromochloromethane 8260 Chlorobromomethane
Bromodichloromethane 8260 Dibromochloromethane
Bromoform 8260 Tribromomethane
Carbon Disulfide 8260
Carbon Tetrachloride 8260 Tetrachloromethane
Chlorobenzene 8260
Chloroethane 8260 Ethyl chloride
Chloroform 8260 Trichloromethane
Dibromochloromethane 8260 Chlorodibromomethane
1,2-Dibromo-3-chloropropane 8260 DBCP
1,2-Dibromoethane 8260 Ethylene dibromide, EDB
1,2-Dichlorobenzene 8260 o-Dichlorobenzene
1,4-Dichlorobenzene 8260 p-Dichlorobenzene
trans-1,4-Dichloro-2-butene 8260
1,1-Dichloroethane 8260 Ethyldidene chloride
1,2-Dichloroethane 8260 Ethylene dichloride
1,1-Dichloroethylene 8260 Vinylidene chloride
cis-1,2-Dichloroethylene 8260
trans-1,2-Dichloroethylene 8260
1,2-Dichloropropane 8260 Propylene dichloride
cis-1,3-Dichloropropene 8260
trans-1,3-Dichloropropene 8260
Ethylbenzene 8260
2-Hexanone 8260 Methyl butyl ketone
Methyl bromide 8260 Bromomethane
Methyl chloride 8260 Chloromethane
Methyl ethyl ketone 8260 2-Butanone
Methyl iodide 8260 Iodomethane
4-Methyl-2-pentanone 8260 Methyl isobutyl ketone
Methylene bromide 8260 Dibromomethane
Methylene chloride 8260 Dichloromethane
Styrene 8260 Ethenylbenzene
1,1,1,2-Tetrachloroethane 8260
1,1,2,2-Tetrachloroethane 8260
Tetrachloroethylene 8260 Perchloroethylene
Toluene 8260 Methyl benzene
1,1,1-Trichloroethane 8260 Methyl chloroform
1,1,2-Trichloroethane 8260
Trichloroethylene 8260
Trichloroflouromethane 8260 CFC-11
1,2,3-Trichloropropane 8260
Vinyl acetate 8260 Acetic acid, ethenyl ester
Vinyl chloride 8260 Choroethene
Xylenes 8260 Dimethyl benzene

Alkalinity SM2320B
Chloride SM4500 CLB
Manganese 200.7
Mercury 245.1
Sulfate SM4500   
Iron 7300
Total Dissolved Solids SM2540C
Tetrahydrofuran 8260

Note: Most recent version of EPA method for analysis should be used.

Table 3
Appendix I Analyte List with Field Parameters and  C&D Landfill Analytes

Additional Parameters for C&D Landfill
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Attachment I

LFG Monitoring Plan

 

Martin County, North Carolina
C&D Landfill (Permit No. 59-01)
Permit Amendment Application
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From: Ritter, Christine
To: "Joan Smyth"; 
cc: Backus, Pat; 
Subject: Martin County C&DLF Water Quality Monitoring Plan and Landfill Gas Monitoring Plan
Date: Monday, May 07, 2012 3:46:00 PM

DIN 16586
 
Joan,
 
The NC Solid Waste Section has completed a technical review of the Water Quality 
Monitoring Plan and LFG Monitoring Plan for the Martin County C&D Landfill submitted 
in February 2012 by Richardson Smith Gardner & Associates on behalf of Martin County.  
The Water Quality Monitoring Plan and LFG Monitoring Plan meet the regulatory 
requirements of 15A NCAC 13B .0544 – Monitoring Plans and Requirements for C&DLF 
Facilities and these portions of the Permit Amendment Application are therefore 
approved.
 
After the new groundwater and landfill gas monitoring wells are constructed, please 
submit an updated well location drawing with the surveyed locations of the monitoring 
wells.
 
A hard copy and an electronic copy of the groundwater and surface water monitoring 
data collected at the landfill facility must be provided to the Solid Waste Section.  
Guidelines for groundwater, surface water, and landfill gas monitoring and submitting 
the results electronically can be located at the Solid Waste Section’s web site: http://
portal.ncdenr.org/web/wm/sw/environmentalmonitoring.

 
Any modifications to the approved plans must be submitted to the NC Solid Waste 
Section for review and approval.
 
If you have any questions, please do not hesitate to contact me.
 
 
Christine Ritter   (Christine.Ritter@ncdenr.gov)                               
Hydrogeologist                                                                                              
NC Department of Environment and Natural Resources             
Division of Waste Management - Solid Waste Section                 
Tel:  (919)707-8254  
web:  http://portal.ncdenr.org/web/wm/sw
 
PHYSICAL ADDRESS:                       MAILING ADDRESS:
217 WEST JONES STREET              1646 MAIL SERVICE CENTER
RALEIGH, NC 27603                        RALEIGH, NC 27699-1646
 



 

 

 
 

Landfill Gas Monitoring Plan 
 

Martin County C&D Landfill 
Williamston, North Carolina 

NC Solid Waste Permit No. 59-01 CDLF 
 

 
 
 

Prepared for: 
Martin County Solid Waste Management 
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Williamston, NC 27892 

 
 
 

January 2012 
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MARTIN COUNTY C&D LANDFILL 
NC SOLID WASTE PERMIT NO. 59-01 

 
LANDFILL GAS MONITORING PLAN 

 
1.0 INTRODUCTION 
 
1.1 Project Description 
        
This Landfill Gas Monitoring Plan (Plan) has been prepared by Richardson Smith Gardner & 
Associates, Inc. (RSG) to present a comprehensive landfill gas (LFG) monitoring program at the 
Martin County C&D Landfill (NC Solid Waste Permit 59-01).  The site is located on Landfill 
Road in Williamston, North Carolina as shown in Figure 1.  The proposed plan presents the 
rationale for the monitoring program as well as necessary actions required by the Owner to 
protect and safeguard the area surrounding the C&D landfill and to satisfy North Carolina Solid 
Waste Management Rules [13B.0544(d)] for monitoring and controlling LFG.   
 
At a minimum, these regulations require owners of landfills to ensure that the facility does not 
exceed:  
$  25% of the lower explosive limit (LEL) or 1.25% CH4 by volume in structures; and 
$  100% of the LEL or 5% CH4  by volume at the facility property boundary. 
 
The Engineer has utilized the best available site data, practices, experience, and judgment to 
develop this plan.  However, the program may require modifications and maintenance over time 
to accommodate changing landfill conditions, changing receptors in areas adjacent and around 
the landfill, or other conditions that cannot be fully anticipated.  Maintenance suggestions are 
also included in this plan to assist in the identification of secondary conditions that may require 
updates to this Plan.   
 
Uncontrolled migration of LFG can result in loss of property, loss of life, injury, vegetative 
damage, and intolerable odors.  The monitoring of landfills includes exposure to explosive gases.  
All operational and/or monitoring staff should be specifically trained in the management and 
response for situations such as fire or explosion, confined space, drilling, and overhead hazards, 
and possess an awareness of changing conditions around these sites.   
 
1.2 Contact Information 
 
In case of emergencies, or if questions arise during the implementation of this program, please 
contact the following: 
 
 1.2.1 Owner 
 
 Martin County Integrated Solid Waste Management Department 

1445 Landfill Road 
Williamston, NC  27892 
Phone:  (252) 792-1240 
Director of Solid Waste Management:   Maurice Robinson 

 email: mrobinson@martincountyncgov.com 
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 1.2.3 Engineer 
 
 Richardson Smith Gardner & Associates, Inc. 
 14 N. Boylan Avenue 
 Raleigh, North Carolina 27603 
 Phone: (919) 828-0577 
 Ms. Joan A. Smyth, P.G., Senior Hydrogeologist 
 email: joan@rsgengineers.com 
 Mr. Pieter K. Scheer, P.E., Senior Engineer 
 email: pieter@rsgengineers.com 
 
 
 1.2.4 Solid Waste Regulatory Agency 
 
 North Carolina Department of Environment and Natural Resoures 
 Division of Waste Management: 
  
  North Carolina DENR - Fayetteville Regional Office (FRO) 
  225 Green Street, Suite 714 
  Fayetteville, NC  28301 
  Phone:  (910) 486-1541 
  Fax:  (910) 486-0707 
 
  North Carolina DENR - Raleigh Central Office (RCO) 
  1646 Mail Service Center 
  Raleigh, NC  27699-1646 
  217 West Jones Street 
  Raleigh, NC  27603 
  Phone:  (919) 707-8200 
   
    Division of Waste Management (DWM) - Solid Waste Section: 
 
  Field Operations Branch Head: Mark Poindexter (RCO) 
  Eastern District Supervisor:  Dennis Shackelford (FRO) 
  Waste Management Specialist: Ben Barnes ((252) 459-4502) 
 
1.3 Existing Site Conditions 
 
The facility operates as a Construction and Demolition (C&D) landfill.  Facilities located on the 
property include: 
 

$ A closed municipal solid waste (MSW) landfill; 
$      C&D Landfill; 
$      Wood Waste Processing Area; 
$      White Goods Handling Area; 
$      Used Tire Storage Area;  
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$      Used Pesticide Container Storage Building; and 
$      Office and Scalehouse. 
 

 1.3.1 Topography 
  

The landfill site lies in the midst of two water features which are located to the north, east 
and west of the landfill as shown in Figure 1.  Existing ground surface elevations range 
from El. 36 (feet mean sea level) near the unnamed tributary to El. 76 at the top of the 
C&D landfill.  In general the surrounding topography of the area is relatively flat and is 
typical of the Coastal Plain Physiographic Province.   

 
1.3.2 Adjacent Areas 

 
Access to the C&D  landfill areas is via McCaskey and Landfill Roads from Williamston.  
The surrounding area is predominantly undeveloped with the nearest structure being a 
home located approximately 1,270 feet from the southwest edge of the C&D landfill. 

 
1.3.3 Site Geology 

 
The Martin County landfill is located off McCaskey Road near Williamston in the 
Coastal Plain Physiographic Province.  According to the Geologic Map of North Carolina 
(1985) this area is underlain by the Yorktown Formation.  The Yorktown Formation is 
characterized by fossiliferous clay with varying amounts of fine-grained sand, bluish 
gray, shell material commonly concentrated in lenses. 
 
 
 

1.4 Regulatory Status 
 
According to 15A NCAC 13B.0544(d), a gas control plan is required for C&D landfills.  This 
landfill gas monitoring plan is prepared in accordance with NCDENR’s landfill gas monitoring 
guidance1.  
 
 
2.0 MONITORING PROGRAM 
 
2.1 Perimeter Monitoring Network 
 
 2.1.1 Introduction  
 

The monitoring network for the Martin County C&D Landfill includes two (2) proposed 
LFG monitoring wells (LFG-1 and LFG-2) are shown on Figure 2.  The perimeter LFG 
monitoring system is designed with wells located to intercept potential migrating LFG in 
the direction of potential receptors.  

                                                 

1 NC Dept. Of Environment and Natural Resources Solid Waste Section Landfill Gas Monitoring Guidance, 
November 2010. 
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 2.1.2 Well Placement 
  

The LFG monitoring well locations have been evaluated based on the surrounding area 
conditions, soil types, location of waste on property, and nearby bodies of water.  As 
described below: 

 
$  The closest residence is located approximately 1,270' to the southwest of the 

C&D landfill (see Figure 1); and 
$  Surface water located north, east and west of the C&D landfill. Surface water 

will prevent the migration of LFG in the subsurface in this area. 
 

These conclusions directed the placement of proposed LFG monitoring wells in the areas 
shown on Figure 2.  These should be sufficient to monitor subsurface LFG migration in 
the vicinity of the C&D landfill.  Additionally, site structures including the scalehouse, 
and offices will be monitored. 

 
 2.1.3 Monitoring Well Construction  
 

The LFG monitoring wells will be installed using a Geoprobe™ rig and will be 
constructed of two-inch diameter, manufactured PVC well screens with 10-slot per inch 
intake spacings to the approximate depth of groundwater.  Wells will be completed with 
five (5) to 10 feet of solid PVC riser pipe below grade.  A sand filter pack will be placed 
around each screened interval, to a height of up to two (2) feet above the screen, and a 
hydrated bentonite plug of two (2) to five (5) feet in thickness will be placed above the 
sand pack to seal each well.  Wells will be completed with a steel protective casing and a 
cement pad for surface protection as shown on Figure 3.  Each well casing will be 
distinguishable as a LFG monitoring well rather than an on-site ground water monitoring 
well.  A “female” Colder® type quick-connect (or equivalent) fitting will be installed on 
the PVC portion of the well or in the cap as a monitoring port.  Once the LFG monitoring 
wells are completed, the boring logs will be submitted to NCDENR and Martin County 
under separate cover.  This information will also be added to Appendix A of this plan.  

 
2.2  Monitoring and Reporting 
 
Monitoring and reporting of LFG gas concentrations shall be performed in accordance with 
guidance by the Division of Waste Management document “Methane Monitoring Guidance” 
(www.wastenotnc.org/swhome/met_mon.html) and as outlined below. 
 
 2.3.1 Frequency 
 

LFG monitoring will be completed on a quarterly frequency.  Monthly, or more frequent, 
monitoring may be necessary if concentrations are close to the regulatory levels or 
demonstrate a pattern which indicates that it may be approaching this limit.  
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 2.3.2 Personnel 
  

LFG monitoring will be performed by trained personnel knowledgeable of the LFG 
hazard and the use of explosive gas meters.  A designated landfill technician will be 
assigned to regular LFG monitoring duty.  If site personnel perform the monitoring, 
annual training shall be performed and documented on the LFG monitoring training log, 
provided in Appendix B, to refresh personnel on any site changes or updates to this plan.   

 
 2.3.3 Equipment 

 
A combustible gas indicator will be used for monitoring (Landtec Gem 2000, or 
equivalent).   This meter operates using the infra-red spectral property of methane (CH4) 
to measure concentrations in air below the LEL.  

 
The meter will have Tygon tubing, including a “male” Colder® type quick-connect (or 
equivalent) fitting, attached to the inlet.   

  
2.3.4 Procedures 

 
Each monitoring event should begin by calibrating the gas meter with a known 
calibration standard in accordance with manufacturer’s recommendations and operated 
only as instructed. 

 
 Procedures for the LFG monitoring wells should include the following:  
 

$   Check calibration date on the meter; 
$   Perform “bump test” against known gas concentration; 
$   Connect tubing to sample port on the monitoring well without removing the 
     cap; 
$   Record data on the monitoring log form provided in Appendix C; and 
$   If less than 50% LEL, move to next LFG monitoring well. 

 
 * If explosive gas concentrations equal to or greater than 50% of the LEL in 

any of the LFG monitoring wells, personnel should implement Precautionary 
Action Plan located in Section 2.3.5. 

 
  IF EXPLOSIVE GAS CONCENTRATIONS EQUAL TO OR GREATER 

THAN 100% OF THE LEL IN ANY OF THE LFG MONITORING 
WELLS, THE FOLLOWING ACTIONS WILL BE TAKEN BY 
PERSONNEL: 

 
   (1) Immediately contact the Solid Waste Director. 
   (2) Recalibrate monitoring equipment and confirm results. 

  (3) If concentrations still exceed 100% LEL, Martin County and the 
Engineer will implement the Compliance Action Plan located in Section 
3.2. 
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 2.3.5 Precautionary Action Plan 
 

If explosive gas concentrations are equal to or greater than 50% of the LEL in any of 
the LFG monitoring wells, personnel should perform the following additional steps: 

 
$   Monitor gas pressure in each well head (in inches of water) using magnehelic 
   gauge or other appropriate metering device; 
$   Monitor initial gas concentration through sampling port;   
$   Open well cap and allow to stabilize for at least three (3) minutes;  
$   Monitor gas concentration inside well just below the top of casing; and 
$   Evaluate surrounding areas for potential receptors to or signs of LFG 
   migration.  LFG can stress vegetation, and can kill trees and grass by root 
   asphyxiation.  Note any areas of stressed/dead vegetation on the monitoring  
   form. 

 
Monitoring should be completed in this manner for all wells with concentrations equal to 
or greater than 50% LEL during all monitoring events.  This information should be 
recorded, kept in the operating record, and reported to the Solid Waste Director and to the 
Engineer for further evaluation. 

 
 2.3.6 Record Keeping 
 

All readings will be documented on the LFG monitoring log form provided in Appendix 
C.  The completed forms will be reviewed and initialed by the County Solid Waste 
Director following each monitoring event and placed in the landfill operating records.  
The monitoring logs will remain on file with other landfill records in the landfill office 
(see Section 1.2.1).  These readings should be available for review by NCDENR 
personnel upon request. 

 
If readings above 100% LEL are measured, a copy of the LFG monitoring form and an 
Environmental Data Reporting Form (also provided in Appendix C) will be submitted to 
NCDENR.  A copy shall be kept in the landfill operating records. 

  
2.4 Maintenance 
 
In addition to the monitoring program, periodic maintenance and site observations will be 
conducted to the program components as follows (at a minimum): 
 
  Factory calibration of the gas meter; 
  Maintaining access to monitoring wells; 
  Observing landfill cover conditions, potential erosion areas, landfill seeps, odors,    

 etc.; 
  Monitoring well maintenance such accessibility, operational locks, steel casing and 

 concrete pad conditions, etc. 
 
Any deficiencies shall be noted on the monitoring forms and reported to the Solid Waste 
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Director for repair or replacement as necessary. 
 
3.0 CONTINGENCY PLAN 
 
3.1 Introduction 
 
In the event explosive gas concentrations exceed safe levels (>100% LEL), a contingency plan is 
recommended and warranted.  The contingency plan includes the specific step by step actions 
that should be implemented to protect human health and the environment. 
 
3.2 Compliance Action Plan 
 
If explosive gas concentrations equal to or greater than 100% of the LEL in any of the LFG 
monitoring wells, the following actions shall be taken by personnel: 
 

3.2.1 Immediate Action Plan 
 

The Solid Waste Director will take immediate action to ensure the protection of human 
health and safety as follows: 

 
(1) Determine potential receptors surrounding the site; 
(2)   If warranted by the degree of intensity of the LFG concentration, check the LFG 

  concentrations in structures of receptors surrounding the site, such as the  
  scalehouse, maintenance building, and offices;   

(3) If further warranted by the degree of intensity (>25% LEL) of the LFG 
 concentration in structures, evacuate the area; 
(4) Contact the County Fire Marshal;   
(5) Notify verbally the DWM Waste Management Specialist and the District Supervisor 
 (See Section 1.2.4); 
(6) Investigate and identify the source(s) and conduit(s) for LFG migration that have 
 caused the excessive readings (i.e. the path that the LFG is taking to the monitoring  
 location); 
(7) Identify the extent of the LFG problem through additional wells or bar hole punch  

  sampling methodology; and  
(8) As appropriate, begin to take corrective action to control the LFG levels in 
 building(s) surrounding the landfill site. 

 
3.2.2  Reporting and Documentation 

 
Following the Immediate Action Plan, the County must take the following actions 
within seven (7) days: 

 
(1) Place documentation of the Immediate Action Plan in the operating records of the 
 landfill; and, 
(2) Provide documentation of the Immediate Action Plan and a description of the steps 

  taken to protect human health in writing to the DWM Waste Management Specialist 
  and the District Supervisor (see Section 1.2.4) 
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 It is also suggested that at this time, a plan be developed which: 
 

$    Describes the nature and extent of the problem; and 
$    Proposes future actions to access/remediate the problem. 

 
3.2.3 Remediation Plan 

 
In the event the prolonged explosive gas concentrations exist and as identified during the 
Immediate Action Plan, the County shall prepare and implement a Remediation Plan to 
mitigate the migration of landfill gas off property.  Extensions may be granted by the 
Division of Waste Management upon written request and depending on severity of the 
situation.   
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LFG MONITORING TRAINING LOG 

(This log must be completed annually if on-site 
personnel perform LFG monitoring) 

 
MARTIN COUNTY C&D LANDFILL 

WILLIAMSTON, NORTH CAROLINA 
NC SOLID WASTE PERMIT NO. 59-01 

 
INSTRUCTOR INFORMATION: 
 
Name(s): __________________________________________________________________________________  
 
Company: _________________________________________________________________________________  
 
Address:  _________________________________________________________________________________  
 
  _________________________________________________________________________________  
 
TRAINING INFORMATION: 
 
Date(s) (MM/DD/YYYY): ____________________________________________________________________  
 
Program Content:  _________________________________________________________________________  
 
  _________________________________________________________________________  
 
Instrument Type(s): _________________________________________________________________________  
 
ATTENDANCE: 
 
 
Name 

  
Title 

 Training 
Date 

  
Trainee Signature 

 Instructor 
Initials 

         

         

         

         

         

         

         

 
Instructor Signature: ________________________________________________  Date: ________________  
 
Martin County Representative Signature: _______________________________  Date: ________________  
Note:  This form should be maintained in the landfill operating record. 
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NC Division of Waste Management - Solid Waste Section  
 
Landfill Gas Monitoring Data Form 
 
Notice: This form and any information attached to it are "Public Records" as defined in NC General Statute 132-1. As such, 
these documents are available for inspection and examination by any person upon request (NC General Statute 132-6). 
 
Facility Name: ______________________________________________ Permit Number: ____________________________ 
 
Date of Sampling: ___________________   NC Landfill Rule (.0500 or .1600): _____________________________________ 
 
Name and Position of Sample Collector: _________________________________________ 
 
Type and Serial Number of Gas Meter: _______________________________     Calibration Date of Gas Meter: ___________ 
 
Date and Time of Field Calibration: _____________________  
 
Type of Field Calibration Gas (15/15 or 35/50): ____________   Expiration Date of Field Calibration Gas Canister: ________  
 
Pump Rate of Gas Meter: _____________  
 
Ambient Air Temperature: __________ Barometric Pressure: ______________ General Weather Conditions: _____________ 
 
Instructions: Under “Location or LFG Well” identify the monitoring wells or describe the location for other tests (e.g., inside 
buildings). A drawing showing the location of test must be attached. Report methane readings in both % LEL and % methane 
by volume. A reading in percent methane by volume can be converted to % LEL as follows: % methane by volume = % 
LEL/20 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
If your facility has more gas monitoring locations than there is room on this form, please attach additional sheets listing the 
same information as contained on this form. 
 
Certification 
To the best of my knowledge, the information reported and statements made on this data submittal and attachments 
are true and correct. I am aware that there are significant penalties for making any false statement, representation, or 
certification including the possibility of a fine and imprisonment. 
 
 
_________________________________________  _________________________________________ 
SIGNATURE      TITLE 
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Attachment J

Signature Page

 

Martin County, North Carolina
C&D Landfill (Permit No. 59-01)
Permit Amendment Application
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