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1.0 INTRODUCTION AND BACKGROUND 

This report documents the proposed corrective action activities planned for the Swift 
Creek Coal Combustion By Product (CCB) Structural Fill - CCB0057 located on US 
Highway 301 north of Battleboro, Nash County, North Carolina, previously operated by 
Full Circle Solutions, Inc. (Full Circle Solutions) and ReUse Technology, Inc. (ReUse). 
The location of the beneficial fill site is shown on Figure 1. 

1.1 BACKGROUND 

As previously reported, “[o]n November 11, 1991, ReUse Technology, Inc. submitted a 
letter to the Solid Waste Management Section seeking approval to use CCBs as 
structural fill material in the development of 25 acres of commercial property along 
Highway 301 at Swift Creek. On December 3, 1991, the Solid Waste Section issued a 
letter to ReUse that stated “Based upon the information received, the project appears to 
meet the guidelines previously agreed to for such reuse.” In September 1992, ReUse 
began placement of CCBs at the site. In January 2003, the last shipment of CCBs was 
accepted at the site. According to available NCDENR records, on December 2, 2003, Full 
Circle Solutions, Inc., incorporated in Georgia, and purchased the business assets of 
ReUse Technology, Inc. including the Swift Creek Project. According to records of Full 
Circle Solutions, Inc., a total of approximately 134,000 tons of CCBs were placed at the 
project. On March 23, 2003, the site had been graded, compacted, covered with an 18 
inch soil cap and planted with grass seed. On November 4, 2004, the Closure Notice 
was forwarded to the Solid Waste Section. 

In August 2004, Sherrill Environmental, Inc. reported the results of groundwater 
monitoring at four newly installed monitoring wells (MW-1S/MW-1D, MW-2S/MW-
2D) at the site.  Lead and sulfate were detected at concentrations above the respective 
North Carolina 2L Groundwater Standards in the groundwater sample from MW-1S 
which monitors shallow groundwater on the east side of the CCB fill.  An October 4, 
2004 letter from the Division of Waste Management requested that ReUse “submit to 
the Section for approval a plan to assess the full horizontal and vertical extent of 
groundwater impact resulting from the placement of CCBs at this site.”  In March 2006, 
a Comprehensive Site Assessment for the Swift Creek Project was submitted to the Solid 
Waste Section which included the results of an expanded groundwater and surface 
water assessment. On September 15, 2006, a Compliance Order was issued by the Solid 
Waste Section to ReUse.  In December 2006, pursuant to the Compliance Order, an 
Assessment Monitoring Plan and a Swift Creek Dewatering Analysis were submitted to the 
Solid Waste Section.  The Assessment Monitoring Plan described a proposed 
groundwater and surface water monitoring program for the site. The Swift Creek 
Dewatering Analysis described a proposed dewatering subdrain along the western 
boundary of the fill along US Highway 301 to remove water from the coal ash fill and 
lower the local groundwater table to provide a required minimum 1-foot vertical 
separation between coal ash and seasonal high groundwater elevations. On February 
22, 2007, the Assessment Monitoring Plan was approved by the Solid Waste Section.  On 
July 17, 2007, the Swift Creek Dewatering Analysis was conditionally approved by the 
Solid Waste Section based on the performance of the proposed dewatering plan. 
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In January 2008, a dewatering subdrain was installed consisting of a 6-inch PVC drain 
pipe along the western boundary of the fill along US Highway 301.  The drain was 
designed to lower the local groundwater table to provide a required minimum 1-foot 
vertical separation between coal ash and seasonal high groundwater elevations.  
Groundwater collected in the pipe was transmitted by gravity flow to an outfall box 
located at the north end of the site at Lane Swamp. 
 
The groundwater and surface water monitoring program was initiated at the site in 
October 2007 in accordance with the Assessment Monitoring Plan.  The program consists 
of semi-annual sampling and laboratory analytical testing for metals and sulfates at 
eight (8) groundwater monitoring well locations and three (3) surface water monitoring 
locations.  Groundwater levels are also measured in the monitoring wells and 
piezometers in order to evaluate ground water flow direction and determine water 
levels relative to the CCB fill.  The reported results of the groundwater monitoring have 
confirmed groundwater quality impacts including concentrations of sulfate and lead at 
levels above the respective North Carolina 2L groundwater standards.  The monitoring 
reported no impacts to surface water quality in Lane Swamp or Swift Creek adjacent to 
the facility. 

The Division of Waste Management issued a “Warning Notice” to Full Circle Solutions 
and ReUse dated May 16, 2014. The notice stated that the required groundwater vertical 
separation between filled CCBs and seasonal high groundwater elevations had not been 
achieved and exceedances of the North Carolina 2L groundwater standards had been 
routinely reported. As a result, a “Groundwater Corrective Action Application” was 
required to be submitted for approval. 

On behalf of Full Circle Solutions and ReUse, ERM NC, Inc. (ERM) submitted a 
Corrective Action Application to the Division of Waste Management dated October 16, 
2014 for approval.  The Corrective Action Application proposed the construction of a 
synthetic liner (cap) and drainage improvements as corrective actions that will 
significantly reduce or eliminate rainfall infiltration and leachate generation from the 
beneficial fill.  Two contingency corrective actions also were identified.  The Division 
issued approval on December 1, 2014 as follows: 

“As a result of the historical and consistent groundwater exceedances at the facility, 
Structural Fill Reconstruction with Cap has been selected as the groundwater corrective 
action remedy. As a result, the Solid Waste Section approves the selected remedy for the 
Swift Creek CCB Structural Fill. Please submit a detailed Corrective Action Plan (CAP) 
to the Solid Waste Section within 90 days of receipt of this letter.”  

1.2 PHYSICAL SETTING 

The beneficial fill is located in the northeastern portion of Nash County, North Carolina 
approximately two miles northeast of the limits of the city of Rocky Mount.  The area 
surrounding the site is comprised of sparsely populated agricultural land and partially 
wooded land. The site is located in the northwestern portion of the Inner Coastal Plain 
subdivision of the Coastal Plain Physiographic Province of North Carolina. The Inner 
Coastal Plain in this area is generally flat to gently rolling.   
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According to local topographical data provided by Nash County ConnectGIS, 
elevations at the site range from a high of about 115 feet above mean sea level to a low 
of about 94 feet above mean sea level. The U. S. Geological Survey 7.5 minute Whitakers 
and Drake topographic quadrangles indicate the surrounding areas are primarily low-
lying swamp at elevations of 88 to 92 feet above mean sea level, though the swamps to 
the north and west are broken up by gently rolling hills that reach up to about 115 feet 
above mean sea level. 

1.2.1 REGIONAL GEOLOGY 

Coastal Plain sediments are characterized by (1) primarily clastic sedimentary rocks 
ranging from clay to gravel, with lesser amounts of marine limestone, all resting on a 
foundation of crystalline basement rocks, (2) a generally eastward dip, (3) a general 
thickening of beds toward the east, and (4) an increase in the number of individual beds 
in the seaward (eastward) direction (Winner and Coble, 1996). According to the 
Geologic Map of North Carolina (1985), the site is located within a portion of the 
Coastal Plain of North Carolina that is comprised of Tertiary period (66 million to 2.58 
million years old) sedimentary rocks dominated by the Yorktown Formation. The 
Yorktown Formation consists of bluish-gray fossiliferous clay with varying amounts of 
fine-grained sand; shell material is commonly present but concentrated in lenses. 

Based on review of boring logs recorded during installation of 33 wells and piezometers 
at the site from 2002 through 2007, the characteristic fossiliferous gray sand-clay 
mixture of the Yorktown Formation is first encountered at the site at depths of 
approximately 12 to 18 feet below ground surface (bgs), though it is typically described 
in these local boring logs as being greenish gray in color and resembling a clayey or 
silty sand rather than a sandy clay. The Quaternary age (less than 2.58 million years old) 
sediments above the greenish-gray fossiliferous clay at the site consist of silty sand and 
a yellowish sandy clay. No site-specific depth to crystalline bedrock was available, 
though bedrock was not encountered during the 2002-2007 well installation drilling 
activities, which extended to depths of up to 40 feet. 

1.2.2 REGIONAL HYDROGEOLOGY 

The occurrence and movement of groundwater in the Coastal Plain of North Carolina is 
within ten aquifers separated by nine confining units (Winner and Coble, 1996).  The 
aquifers generally consist of permeable sand, gravel, and limestone layers, while the 
confining units generally consist of clay and silt that contain varying amounts of sand. 
A shallow water-bearing zone occurs within the Quaternary sediments and is termed 
the Surficial aquifer. Within the Inner Coastal Plain the Surficial aquifer can range in 
thickness from a few feet to as much as 30 feet, generally increasing in thickness toward 
the east. In low lying stream valleys, the groundwater level will approach the local 
surface water elevations in stream channels and can be manifested as swampy areas. 
Groundwater flow in this zone is typically governed by water table conditions.  This 
means that groundwater will flow under unconfined conditions and generally mimic 
topography. Therefore, groundwater movement will be from upland areas (recharge 
zones) to nearby surface streams (discharge zones).  
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Deeper aquifers include, in order of increasing depth below the Surficial aquifer, the 
Yorktown aquifer, Pungo River aquifer, Castle Hayne aquifer, Beaufort aquifer, Peedee 
aquifer, Black Creek aquifer, Upper Cape Fear aquifer, Lower Cap Fear aquifer, and 
Lower Cretaceous aquifer. In the portion of the Inner Coastal Plain in which the site is 
located, the youngest upper beds of the Yorktown Formation act as a confining layer 
and are described as largely clay and sandy clay that locally includes beds of fine sand 
or shell. The Yorktown aquifer is also thin (less than 20 feet thick) in this area. In some 
areas near the city of Rocky Mount the Yorktown and other aquifers are so thin or non-
existent that crystalline basement rocks of the Rocky Mount granite-diorite pluton are 
exposed at the surface or underlie the Yorktown aquifer (Lawrence and Hoffman, 1993 
and Winner and Coble, 1996).   

1.3 PUBLIC WATER SUPPLY 

The subject property and the surrounding area obtain drinking water from the City of 
Rocky Mount municipal water system.  The City of Rocky Mount obtains their 
municipal water supply from supply wells installed into the aquifers previously 
described.  According to Nash County Environmental Health Department, there are no 
municipal supply wells within one (1)mile of the Swift Creek Project.  A City of Rocky 
Mount 16-inch water main pipe is located in the east right-of-way of US Highway 301 
adjacent to the site that serves the Town of Whitakers and surrounding properties.  The 
water main transfers water to an above ground storage tank at the intersection of US 
Highway 301 and Johnston Road for distribution throughout Whitakers (approximately 
one (1) mile north of site). 

1.4  POTENTIAL RECEPTORS  

1.4.1 WATER SUPPLY WELLS 

Off-Site Water Supply Wells  
 
A water supply well survey was conducted by ERM in February 2015 as part of the 
preparation of this CAP.  Water wells were searched within ½ mile of the subject 
property. The well survey included:  

 A visual inspection and a drive-through survey of the surrounding area for 
water meters and well houses; and 

 Interviews with Nash County, City of Rocky Mount and Town of Whitakers 
officials. 

 
One private residence was identified within ½ mile of the site. The residence is located 
approximately 2,500 feet west (upgradient) of the beneficial fill limits on a residential 
property owned by “Raymond R. Bradley, Jr. Heirs”.  The residence location is shown 
on Figure 5 relative to the Swift Creek Project. Based on a meeting with the Nash 
County Environmental Health Department and the Nash County Planning and Zoning 
Department on February 12, 2015, there are no well records available for this property.  
Based on available records, the private residence is shown to be constructed in 1910 pre-
dating recordation of well information ( which began in July 1991).  This residence is 
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located on a private drive with property posted for no public access.  There is no record 
of County, City of Rocky Mount or Town of Whitakers water service provided to this 
residence.  It is also not known if this residence is occupied on a full time basis.  The 
residence location is hydrogeologically upgradient of the Swift Creek Project site and is 
approximately 18 feet higher topographically than the western boundary of the CCB fill 
area.     

1.4.1 SURFACE WATER 

Topographic map coverage of the vicinity is illustrated on Figures 2 and 3.  The nearest 
water bodies to the Swift Creek Project are Lane Swamp to the north and east and Swift 
Creek to the south.   

1.4.2 SUBSURFACE UTILITIES 

Subsurface utilities in the surrounding areas are limited to the NCDOT right of way for US 
Highway 301.  These utilities include (1) a City of Rocky Mount 16-inch water main that 
provides service to the Town of Whitakers to the north, (2) a telephone fiber optic cable 
and (3) storm water structures and associated piping.  These subsurface utilities should be 
relatively shallow and are located on the west side (upgradient) of the Swift Creek Project.  
Therefore, it is unlikely that underground utilities would serve as preferential pathways 
for contaminant migration in groundwater. 
 
A subsurface “cut-off” drain was installed pursuant to NCDENR approval of October 25, 
2007 along the western boundary of the Swift Creek Project between the CCB fill limits 
and US Highway 301 in efforts to permanently lower the groundwater table.  This drain 
has functioned intermittently since installation (recently clogged in 2014).  As part of the 
corrective action plan, this drain will be removed during construction of the CCB fill 
regarding and cap installation to eliminate a potential preferential pathway for 
contaminant migration.   
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2.0 GROUNDWATER AND SURFACE WATER QUALITY CONDITIONS 

Groundwater and surface water quality monitoring in the vicinity of the Swift Creek 
Project has been conducted and submitted to NCDENR Division of Waste Management 
since 2004.  Since 2007, monitoring activities have been performed in accordance with 
the site Assessment Monitoring Plan prepared by Sherrill Environmental, Inc. (amended 
through 2005) as approved by the Division of Waste Management on February 22, 2007.    

Groundwater and surface water samples from the Swift Creek project site have been 
analyzed for inorganic compounds including 8 RCRA metals (arsenic, barium, 
cadmium, chromium, lead, selenium, silver and mercury) and sulfates as well as pH, 
specific conductivity and temperature.  These analytical parameters were established as 
part of the Assessment Monitoring Plan.  Figures 2 and 3 depict the locations of the eleven 
groundwater monitor wells and three surface water sampling locations, and Appendix 
A includes a copy of the monitoring well construction information.  Historical 
laboratory analytical results for available groundwater and surface water samples are 
summarized in Appendix B (Copy of Assessment Monitoring Report, February 10, 2015, 
2013, Swift Creek Project, Prepared by Sherrill Environmental dated March 2014).  Figure 4 
presents a hydrogeologic conceptual site model and cross-section.   

Based on the historic analytical results, sulfates, arsenic, cadmium and lead are the 
primary constituents detected in groundwater samples collected from monitoring wells 
at the Swift Creek Project at concentrations above the applicable North Carolina 
Groundwater Standards (see Appendix B - Table 3).  In addition, intermittent detections 
of barium and mercury have been observed in the groundwater.  No other constituents 
have been detected in concentrations above the applicable North Carolina Groundwater 
Standards.  Groundwater samples collected upgradient of the beneficial fill have 
contained background levels of barium at concentrations below applicable groundwater 
quality standards.  Concentrations of arsenic, sulfate, lead and cadmium in 
groundwater over time are presented graphically in Appendix B, Section 9. 

Based on the historical surface water analyses at the site, there have been no reported 
detections of constituents at or above concentrations above the applicable North 
Carolina Surface Water Standards (see Appendix B - Table 4) at any of the three surface 
water sampling locations.     

Sulfate is a primary constituent related to the beneficial fill and is used as an indicator 
of impact to groundwater or surface water quality.  The monitoring results indicate that 
the area of sulfate-affected groundwater occurs primarily within the immediate vicinity 
of the Swift Creek Project.  Surrounding surface waters do not appear to be impacted by 
sulfate-affected groundwater.  Detections of other constituents above the applicable 
groundwater standard, including arsenic, lead and cadmium, are intermittent or are 
limited in geographic area. 
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3.0 HYDROGEOLOGICAL CONCEPTUAL SITE MODEL 

Based on site investigation activities performed by others, the following 
hydrogeological conceptual site model has been developed.  Figure 4 depicts the 
current hydrogeological conceptual site model.   

The site surficial geology consists of alluvial terrace deposits consisting of layers and 
mixtures of silts, clay, sands and gravels.  The alluvial deposits at the site range in 
thickness from approximately 8 to 16 feet.  The shallow ground water at the site occurs 
in the alluvial deposits and is referred to as the surficial or alluvial aquifer .  The alluvial 
aquifer sands are of low to moderate permeability (average hydraulic conductivity 0.67 
feet/day).  Within the alluvial aquifer zone, a yellowish-brown clay layer was 
encountered in the majority of the borings for monitoring wells and piezometers 
installed at the site.  The clay layer of the alluvial aquifer at the site is approximately 1 
to 4 feet thick and has a low permeability (average hydraulic conductivity 0.002 
feet/day).  As such, the clayey layer behaves as a confining layer or perching layer 
which appears to limit the vertical migration of contaminants at the site.  On the west 
(upgradient) edge of the site, the clay layer was absent in the borings for MW-5S, MW-
5D, P-23 and P-24. The alluvial deposits at the site are underlain by the Yorktown 
Formation, a regionally extensive marine deposit.  At the site, the upper Yorktown 
Formation consists typically of a greenish-gray, clayey, silty, shelly, very fine sands and 
was encountered from approximately 13 feet to the maximum depth of investigation of 
35 feet.  No groundwater quality impacts have been detected in monitoring wells 
completed in the deeper Yorktown aquifer zone.   

The general groundwater flow pattern at the site is controlled largely by two 
groundwater discharge features:  Lane Swamp to the north and east and Swift Creek to 
the south.  Groundwater flow in the area of the site is generally from west to east with a 
northeast component of flow toward Lane Swamp at the north end of the site, and a 
southeast component of flow toward Swift Creek at the south end of the site.  The radial 
flow pattern at the site is also influenced by infiltration of rainfall onto the Swift Creek 
Project beneficial fill area.     

The key features of the site hydrogeological conceptual model include the following: 

 The depth to groundwater ranges from 0 feet bgs at the creeks and swamps to more 
than 6 feet in topographically higher areas (not including the beneficial fill 
footprint).  

 The regional groundwater flow regime within the surficial (alluvial) aquifer flows 
west to east with north and south flow components near Swift Creek and Lane 
Swamp which serve as shallow groundwater discharge features.   

 The estimated groundwater velocities at the site are very low.  The calculated 
groundwater velocities are approximately 6 feet per year for the surficial (alluvial) 
aquifer and approximately 0.03 feet per year for the deeper Yorktown aquifer. 

 Rainfall infiltration through the beneficial fill migrates vertically downward under 
the influence of gravity to the natural underlying soils and groundwater table.  
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Constituents within the beneficial fill (ash) are dissolved by the infiltration water 
and become mobile.   

 Once the infiltration water enters the surficial groundwater, it migrates laterally 
above a clay confining or perching layer within the alluvial aquifer zone towards 
the groundwater discharge features of Lane Swamp and Swift Creek. 

 The swamps and creeks surrounding the beneficial fill site act as a “natural 
perimeter drain” and much of the groundwater derived from infiltration through 
the beneficial fill migrates along the near surface permeable zones and discharges 
into these features.  Based on the historical surface water monitoring results, there 
are no surface water quality impacts to Lane Swamp due to affected groundwater 
from the site. 

 Based on historical groundwater monitoring results of downgradient nested well 
pair MW-1S and MW-1D, the groundwater quality impacts at the site are limited to 
the surficial aquifer zone.  No groundwater quality impacts are detected in the 
deeper aquifer zone of the Yorktown Formation. 

 The lateral extent of the affected groundwater is delineated to the east by 
monitoring wells MW-2S and 2D, located approximately 200 feet east of the 
perimeter of the beneficial fill.  The northern and southern extents of the affected 
groundwater are limited by Lane Swamp and Swift Creek, respectively.  There is no 
evidence of affected groundwater to the west (upgradient) as evidenced by 
groundwater monitoring results at monitoring wells MW-5S and 5D.  
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4.0 CORRECTIVE ACTION PLAN 

4.1 IMPLEMENTATION OF SELECTED REMEDIES 

The objective of the proposed remedial activities is to restore groundwater quality 
beyond the compliance boundary (property boundary), to reduce the overall 
groundwater contamination at the facility and to prevent potential impacts to adjacent 
surface waters.  

The selected remedy includes source area contaminant control via removal of CCB 
materials and raising the floor foundation above seasonal high groundwater table,  the 
installation of a synthetic liner (cap) over the limits of beneficially filled CCBs, reduction 
of the footprint of beneficially filled CCBs and drainage improvements to minimize 
rainfall infiltration and discharge of constituents to groundwater to allow intrinsic 
remediation of the existing affected-groundwater. These two remedial methods are 
appropriate to meet the remedial objectives within a reasonable timeframe.  A copy of 
proposed construction Technical Specifications are included in Appendix D, a proposed 
Construction Quality Assurance (CQA) Plan for construction is included in Appendix E 
and proposed design plans are included in Appendix F for reference.   

4.1.1 SOURCE AREA CONTROL 

Construction including raising of the CCB fill foundation floor, installation of a cap 
modification including a 40-mil Linear Low Density Polyethylene (LLDPE) synthetic 
liner and drainage improvements will provide source control measures that will 
significantly reduce or eliminate rainfall infiltration and leachate generation from the 
beneficial fill.  This decrease in leachate generation will mitigate the migration of 
constituents to groundwater and surface water at the site and will allow the gradual 
reduction of constituent concentrations in groundwater levels protective of human 
health.  Improvements to water quality as a result of the synthetic liner installation and 
drainage modifications will be observed via the existing network of groundwater 
monitoring wells and surface water sampling locations. 

Based on the proposed design for cap construction, ERM performed a 10-year leachate 
generation simulation using the HELP Model developed for the USEPA by the US 
Army Corp of Engineers. The results of the simulation include an annual average 
quantity of rainfall infiltration through the CCB fill and into the local shallow 
groundwater system. Based on the HELP Model results, an average of 2.2 million 
gallons of rainfall infiltration through CCBs and into the shallow groundwater could be 
expected.  Results of the HELP model output for Existing Conditions and Proposed Cap 
Conditions are included in Appendix C for reference.   

4.1.2 INTRINSIC REMEDIATION 

Reduction of rainfall infiltration and leachate generation from the beneficial fill via the 
liner installation and drainage improvements will mitigate the migration of 
contaminants from the beneficial fill and allow natural processes to gradually remediate 
water quality beyond the compliance boundary.  Routine groundwater and surface 
water monitoring will be conducted at the Site to monitor contaminant concentrations 
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and concentration trends over time.  The performance monitoring results will be used to 
evaluate the effectiveness of the source area control remedy for the remediation of the 
affected groundwater and surface water.  

As determined by historical monitoring data, the creeks and swamps near the perimeter 
of the beneficial fill serve as hydraulic boundaries for shallow groundwater flow and 
effectively limit the extent of migration of site-related contaminants in groundwater.  
Surface water quality impacts to the creeks and swamps have not been observed. 

4.1.3   SCHEDULE 

Schedule for implementation of the selected corrective action remedy will be dependent 
upon NCDENR Division of Waste Management Approvals and the timing of an 
adjacent proposed NCDOT project to replace a bridge over Swift Creek.  The following 
schedule should be considered preliminary based on the two preceding variables: 

 Bid Package to Contractors: - April 2015 

 Selection of Contractor:- May 2015 

 Construction of Corrective Action Measure: June 2015 – December 2015 

4.2 CONTINGENCY PLANS 

As required in the Groundwater Corrective Action Application, two contingency plans are 
provided in the event that source area control and intrinsic remediation are determined 
to be ineffective at adequately reducing contaminant concentrations beyond the 
compliance boundary.  The effectiveness of the primary corrective actions will be 
evaluated and reported every five years in the Corrective Action Effectiveness Report 
(CAER).  Additional discussion of the effectiveness evaluation is provided in Section 
6.2.  

The approaches described for both Contingency Plans would be subject to successful 
bench scale and in situ pilot testing prior to full-scale implementation of either of these 
remedial options.  Both contingencies will also be subject to permitting by NCDENR’s 
Underground Injection Control Program.  

4.2.1 CONTINGENCY PLAN A - PERMEABLE REACTIVE BARRIER 

The first proposed corrective action contingency consists of in-situ groundwater 
treatment utilizing permeable reactive barrier (PRB) technology.  A PRB consists of a 
zone of reactive material, such as granular iron, installed in the path of a dissolved 
contaminant plume. As the groundwater flows through the reactive zone, the 
contaminants come in contact with the reactive medium and are degraded to potentially 
nontoxic compounds. The PRB would be designed to intercept and treat the impacted 
groundwater before it exits the site in order to address the exceedances of North 
Carolina 2L Groundwater Standards. 

Existing groundwater monitoring information has demonstrated that arsenic, barium, 
cadmium, sulfate, lead and mercury are present in groundwater beneath the site at 



ERM NC, INC. 11 FINAL CAP SWIFT CREEK CCB STRUCTURAL FILL  2015-02-27 R5.DOCX 

concentrations that exceed the North Carolina 2L Groundwater Standards.  Based on 
the different physical and chemical characteristics of these contaminants, the conceptual 
design consists of a multi-phase PRB system comprised of two reactive barrier zones 
installed in series. Arsenic and mercury impacted groundwater would be treated using 
a PRB containing the reactive media zero-valent iron (ZVI). Arsenic and mercury 
removal by ZVI is controlled by adsorption and co-precipitation with iron corrosion 
products. Cadmium, barium, lead and sulfate impacted groundwater would be treated 
using a separate PRB containing the reactive media apatite, a group of phosphate 
minerals.  Cadmium, barium, lead and sulfate removal occurs as a result of a 
Phosphate-Induced Metal Stabilization process as they react with the apatite mineral. 

Prior to a full scale implementation, bench-scale testing would be conducted. Bench-
scale testing would include submittal of site-generated contaminated soil and 
groundwater to a treatment laboratory for confirmation testing of the apatite and ZVI 
materials to determine their general viability in the removal of the contaminants under 
site-specific groundwater conditions.  Different combinations and thicknesses of the 
reactive media will be utilized to assess the effectiveness of each reactive media under 
different simulated contact times. Information obtained from the bench-scale tests 
would be used in the final design of the multi-phase PRB. 

The bottom of the entire PRB system would be placed on top of the clay layer of the 
alluvial sediments that is present at a depth of approximately 10 feet below ground 
surface and reportedly serves as a confining layer at the base of the shallow aquifer at 
the site. 

4.2.2 CONTINGENCY PLAN B - IN-SITU INJECTION TREATMENT 

The second proposed corrective action contingency consists of augmenting the 
previously constructed PRB system by injecting an apatite and ZVI slurry  
downgradient of the PRB to provide additional in-situ treatment  as a polishing step. 
Pilot testing of Contingency Plan B would be conducted utilizing a pre-determined 
injection test area and observation points.  

4.2.3 CONTINGENCY TRIGGER 

The alternate remedial options will be considered in the event that source area control 
and intrinsic remediation are ineffective and the performance monitoring results 
indicate a significant and sustained migration of contaminants beyond the current 
plume limits or a sustained increase in contaminant concentrations beyond the 
compliance boundary that may result in unacceptable surface water quality impacts.  
Valid indications of concentration trends will be determined after accounting for 
sampling variability and seasonal fluctuations.  In the event that implementation of a 
Contingency Plan is triggered, the CAER report will include a detailed work plan for 
the bench scale and pilot test.  
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5.0 PERFORMANCE MONITORING PLAN 

A semi-annual monitoring plan and quarterly beneficial fill cap inspections will be 
implemented following approval of this CAP. 

5.1 GROUNDWATER AND SURFACE WATER MONITORING 

Groundwater and surface water monitoring will continue to be conducted on a semi-
annual basis in accordance with the following sampling and analysis plan.  Prior to 
sample collection, depth-to-groundwater measurements will be collected from available 
monitoring wells.   

SAMPLING LOCATIONS  
MONITOR WELLS SURFACE WATER 

MW-1S SW-1 
MW-1D SW-2 
MW-2S SW-3 
MW-2D  
MW-3  
MW-4  
MW-5S  
MW-5D  
MW-6  
MW-7  
MW-8  

Subtotal:  11 Subtotal:  3 
Note: A NCDOT Bridge Replacement Project is scheduled along US Highway 301 at the project site and is 
proposed to impact existing monitoring wells MW-5S & MW-5D.  These wells would be relocated in the event the 
project moves forward. 

Samples collected from the surface water sample locations will be collected as grab 
samples.  All samples will be collected in general accordance with EPA Region 4’s Field 
Branches Quality System and Technical Procedures and the NCDENR Solid Waste Section 
Guidelines for Groundwater, Soil, and Surface Water Sampling (April 2008).   

Groundwater samples collected from the monitoring wells will be collected using a low 
flow, low volume sample collection technique.  The low-flow sampling technique 
involves pumping the groundwater from the monitoring well at a low flow rate (<250 
ml/min) through a flow-through cell where water quality parameters (pH, oxidation 
reduction potential (ORP), dissolved oxygen (DO), specific conductivity, and 
temperature) are monitored until they stabilize, after which a groundwater sample is 
collected for laboratory analysis.  The water level in the well is monitored during 
purging every 3 to 5 minutes, and ideally, the purge rate should equal the well recharge 
rate so that there is little or no drawdown in the well. The water level should stabilize 
for the specific purge rate. 

Groundwater samples will be transported under chain-of-custody procedures to a 
North Carolina-certified laboratory for analysis.  All samples will be analyzed for 
sulfates, site-specific metals, total dissolved solids and field parameters.  The proposed 
analytes and laboratory methods are presented in the following table.  
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LABORATORY ANALYSES AND ANALYTICAL METHODS 

INORGANICS FIELD PARAMETERS 
EPA Method 6010  EPA 300.0 Depth to Water 

Arsenic Sulfates pH 
Barium  Specific  Conductivity 

Cadmium SM 2540C Temperature 

Chromium (Total) Total Dissolved Solids Oxidation-Reduction Potential  

Lead  Dissolved Oxygen 

Selenium EPA Method 7470A  

Silver     Mercury  
 

5.2  CAP INSPECTIONS 

Inspections of the Swift Creek Project cap will be conducted on a quarterly basiswithin 
one week of a 2-inch rainfall occurring within a 24-hour period following construction 
but in no even less frequently than on.   Documentation of the inspections will be 
maintained by Full Circle Solutions. and will be available to NCDENR upon request.  
Maintenance of the beneficial fill cap will include mowing of vegetation at least twice 
per year, typically in spring and fall.  The inspections will include, at a minimum, the 
following items: 

 
GATES / SECURITY 
 Check for damage to the gates 
 Ensure that gates are properly locked 
 Inspect condition of the locks 
ACCESS  & DITCHES 
 Check for erosion 
 Check for debris 
EROSION CONTROL 
 Check for structural integrity of embankments 
 Check for excessive accumulation of sediment in traps (ST-1 through ST-3) 
 Check for sediment leaving the site 
ANCHOR TRENCH DRAIN PIPES 
 Check for obstructions 
 Check Rip Rap Outlet conditions 
PERIMETER DRAINAGE DITCHES 
 Check for erosion 
 Check for any obstructions to water flow 
BENCHES 
 Check for erosion 
 Verify that berms are draining properly 
 Check the condition of the vegetative cover 
BENEFICIAL FILL CAP 
 Check for any signs of erosion 
 Check for any ponding of water 
 Check for any shifting or sinking of cap 
 Check the condition of the vegetative cover 
 Verify that no trees are growing on cap 
 Verify date of last mowing (site to be mowed twice per year) 
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Any action items identified during an inspection will be addressed and repaired.  The 
formal inspection program will continue for five (5) years following construction.  
Based on results of proven stability and cap performance, the formal inspection 
program may cease following the initial five (5) year post-closure period.  
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6.0 REPORTING SCHEDULE 

6.1 ANNUAL WATER QUALITY MONITORING REPORTS 

Groundwater and surface water quality monitoring reports will be submitted on a 
semi-annual basis to NCDENR.  Each Water Quality Monitoring Report will include a 
summary of the work completed, a description of the current groundwater and surface 
water quality during each of the semi-annual events, tabulated data, and groundwater 
potentiometric and isoconcentration maps.  Proposed modifications to the monitoring 
program will be addressed in the reports based on the findings. Data will also be 
submitted in the electronic data deliverable format required by the Solid Waste Section. 

6.2 CORRECTIVE ACTION EFFECTIVENESS REPORTS 

The effectiveness of the corrective action will be evaluated and documented every five 
years following CAP approval. CAERs will be prepared in accordance with the 
published SWS guidance and will include: 

 Proof that a reduction in contaminant concentrations is occurring along specific 
transects; and 

 Proof that the plume has stabilized or is decreasing within the horizontal and 
vertical extent based upon the data. 
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7.0 SUMMARY AND CONCLUSIONS 

Source area contaminant control and intrinsic remediation with performance 
monitoring are proposed as remedial technologies for restoration of water quality at 
and beyond the compliance boundary at the site.  These two technologies are 
appropriate to meet the remedial objectives within a reasonable timeframe given the 
limited risk to surface water bodies and the lack of private water supply wells.  
Enhanced bioremediation alternatives will be evaluated as contingencies in the event 
that the source control and intrinsic remediation are ineffective.  
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2/10/2015 Well Sketch1 MW-1S

MONITORING WELL INSTALLATION SKETCH

Project: SWIFT CREEK Monitoring Well Number: MW-1S

Drilling Firm: J & L Drilling, Inc. Date of Well Installation: 6/2/2004

Elevation of Top of Open Riser Pipe (Reference El. for Water Level Measurements,ft): 99.54

Depth to Bottom of Well from Top of Open Riser Pipe (ft): -15.70

Horizontal Location (ft): Northing: Easting:

Elevation Distance (ft) from:
(ft, M.S.L.) Top of Ground

Open Riser Surface
- -

99.5 0.0 2.7 O.D. of Outer

96.8 -2.7 0.0 Protective Casing 4.0 inch PVC

Type of Surface Seal Cement

- -

Type of Backfill Cement

Diameter of Borehole 8 inch

I.D. of Riser Pipe 2.0 inch

Riser Pipe Material Sch 40 PVC

94.8 -4.7 -2.0

94.3 -5.2 -2.5 Type of Seal Bentonite chips

94.3 -5.2 -2.5 Type of Filter None

93.8 -5.7 -3.0 (if installed)

Size of Filter Sand DSI #1 Sand

I.D. of Screen 2.0 inches

Screen Opening 0.01 inch

83.8 -15.7 -13.0 Screen Material Sch 40 PVC

83.8 -15.7 -13.0 Slot Type Slotted

83.8 -15.7 -13.0

Diagram Not to Scale

NOTES:



2/10/2015 Well Sketch1 MW-1D

MONITORING WELL INSTALLATION SKETCH

Project: SWIFT CREEK Monitoring Well Number: MW-1D

Drilling Firm: J & L Drilling, Inc. Date of Well Installation: 6/2/2004

Elevation of Top of Open Riser Pipe (Reference El. for Water Level Measurements,ft): 99.90

Depth to Bottom of Well from Top of Open Riser Pipe (ft): -35.70

Horizontal Location (ft): Northing: Easting:

Elevation Distance (ft) from:
(ft, M.S.L.) Top of Ground

Open Riser Surface
- -

99.9 0.0 2.7 O.D. of Outer

97.1 -2.7 0.0 Protective Casing 4.0 inch PVC

Type of Surface Seal Cement

- -

Type of Backfill Cement

Diameter of Borehole 8 inch

I.D. of Riser Pipe 2.0 inch

Riser Pipe Material Sch 40 PVC

78.2 -21.7 -19.0

76.2 -23.7 -21.0 Type of Seal Bentonite chips

76.2 -23.7 -21.0 Type of Filter None

74.2 -25.7 -23.0 (if installed)

Size of Filter Sand DSI #1 Sand

I.D. of Screen 2.0 inches

Screen Opening 0.01 inch

64.2 -35.7 -33.0 Screen Material Sch 40 PVC

64.2 -35.7 -33.0 Slot Type Slotted

64.2 -35.7 -33.0

Diagram Not to Scale

NOTES:



2/10/2015 Well Sketch1 MW-2S

MONITORING WELL INSTALLATION SKETCH

Project: SWIFT CREEK Monitoring Well Number: MW-2S

Drilling Firm: J & L Drilling, Inc. Date of Well Installation: 6/18/2004

Elevation of Top of Open Riser Pipe (Reference El. for Water Level Measurements,ft): 94.87

Depth to Bottom of Well from Top of Open Riser Pipe (ft): -18.70

Horizontal Location (ft): Northing: Easting:

Elevation Distance (ft) from:
(ft, M.S.L.) Top of Ground

Open Riser Surface
- -

94.9 0.0 2.7 O.D. of Outer

92.1 -2.7 0.0 Protective Casing 4.0 inch PVC

Type of Surface Seal Cement

- -

Type of Backfill Cement

Diameter of Borehole 8 inch

I.D. of Riser Pipe 2.0 inch

Riser Pipe Material Sch 40 PVC

89.1 -5.7 -3.0

87.1 -7.7 -5.0 Type of Seal Bentonite chips

87.1 -7.7 -5.0 Type of Filter None

86.1 -8.7 -6.0 (if installed)

Size of Filter Sand DSI #1 Sand

I.D. of Screen 2.0 inches

Screen Opening 0.01 inch

- - Screen Material Sch 40 PVC

76.1 -18.7 -16.0 Slot Type Slotted

76.1 -18.7 -16.0

Diagram Not to Scale

NOTES:



2/10/2015 Well Sketch1 MW-2D

MONITORING WELL INSTALLATION SKETCH

Project: SWIFT CREEK Monitoring Well Number: MW-2D

Drilling Firm: J & L Drilling, Inc. Date of Well Installation: 6/18/2004

Elevation of Top of Open Riser Pipe (Reference El. for Water Level Measurements,ft): 95.22

Depth to Bottom of Well from Top of Open Riser Pipe (ft): -39.10

Horizontal Location (ft): Northing: Easting:

Elevation Distance (ft) from:
(ft, M.S.L.) Top of Ground

Open Riser Surface
- -

95.2 0.0 3.1 O.D. of Outer

92.2 -3.1 0.0 Protective Casing 4.0 inch PVC

Type of Surface Seal Cement

- -

Type of Backfill Cement

Diameter of Borehole 8 inch

I.D. of Riser Pipe 2.0 inch

Riser Pipe Material Sch 40 PVC

69.2 -26.1 -23.0

67.2 -28.1 -25.0 Type of Seal Bentonite chips

67.2 -28.1 -25.0 Type of Filter None

66.2 -29.1 -26.0 (if installed)

Size of Filter Sand DSI #1 Sand

I.D. of Screen 2.0 inches

Screen Opening 0.01 inch

56.2 -39.1 -36.0 Screen Material Sch 40 PVC

56.2 -39.1 -36.0 Slot Type Slotted

56.2 -39.1 -36.0

Diagram Not to Scale

NOTES:



2/10/2015 Well Sketch1 MW-3

MONITORING WELL INSTALLATION SKETCH

Project: SWIFT CREEK Monitoring Well Number: MW-3

Drilling Firm: J & L Drilling, Inc. Date of Well Installation: 11/16/2005

Elevation of Top of Open Riser Pipe (Reference El. for Water Level Measurements,ft): 102.15

Depth to Bottom of Well from Top of Open Riser Pipe (ft): -19.75

Horizontal Location (ft): Northing: Easting:

Elevation Distance (ft) from:
(ft, M.S.L.) Top of Ground

Open Riser Surface
- -

102.2 0.0 3.0 O.D. of Outer

99.2 -3.0 0.0 Protective Casing 4.0 inch PVC

Type of Surface Seal Cement

- -

Type of Backfill Cement

Diameter of Borehole 8 inch

I.D. of Riser Pipe 2.0 inch

Riser Pipe Material Sch 40 PVC

97.2 -5.0 -2.0

95.2 -7.0 -4.0 Type of Seal Bentonite chips

95.2 -7.0 -4.0 Type of Filter None

92.2 -10.0 -7.0 (if installed)

Size of Filter Sand DSI #2 Sand

I.D. of Screen 2.0 inches

Screen Opening 0.01 inch

- - Screen Material Sch 40 PVC

82.2 -20.0 -17.0 Slot Type Slotted

82.2 -20.0 -17.0

Diagram Not to Scale

NOTES:

Depth to water 11/30/05 = 9.65 ft from TOC



2/10/2015 Well Sketch1 MW-4

MONITORING WELL INSTALLATION SKETCH

Project: SWIFT CREEK Monitoring Well Number: MW-4

Drilling Firm: J & L Drilling, Inc. Date of Well Installation: 11/16/2005

Elevation of Top of Open Riser Pipe (Reference El. for Water Level Measurements,ft): 106.06

Depth to Bottom of Well from Top of Open Riser Pipe (ft): -19.98

Horizontal Location (ft): Northing: Easting:

Elevation Distance (ft) from:
(ft, M.S.L.) Top of Ground

Open Riser Surface
- -

106.1 0.0 2.0 O.D. of Outer

104.1 -2.0 0.0 Protective Casing 4.0 inch PVC

Type of Surface Seal Cement

- -

Type of Backfill Cement

Diameter of Borehole 8 inch

I.D. of Riser Pipe 2.0 inch

Riser Pipe Material Sch 40 PVC

100.1 -6.0 -4.0

98.1 -8.0 -6.0 Type of Seal Bentonite chips

98.1 -8.0 -6.0 Type of Filter None

96.1 -10.0 -8.0 (if installed)

Size of Filter Sand DSI #2 Sand

I.D. of Screen 2.0 inches

Screen Opening 0.01 inch

- - Screen Material Sch 40 PVC

86.1 -20.0 -18.0 Slot Type Slotted

86.1 -20.0 -18.0

Diagram Not to Scale

NOTES:

Depth to water 11/30/05 = 11.24 ft from TOC



2/10/2015 Well Sketch1 MW-5S

MONITORING WELL INSTALLATION SKETCH

Project: SWIFT CREEK Monitoring Well Number: MW-5S

Drilling Firm: J & L Drilling, Inc. Date of Well Installation: 11/17/2005

Elevation of Top of Open Riser Pipe (Reference El. for Water Level Measurements,ft): 102.68

Depth to Bottom of Well from Top of Open Riser Pipe (ft): -16.75

Horizontal Location (ft): Northing: Easting:

Elevation Distance (ft) from:
(ft, M.S.L.) Top of Ground

Open Riser Surface
- -

102.7 0.0 3.0 O.D. of Outer

99.7 -3.0 0.0 Protective Casing 4.0 inch PVC

Type of Surface Seal Cement

- -

Type of Backfill Cement

Diameter of Borehole 8 inch

I.D. of Riser Pipe 2.0 inch

Riser Pipe Material Sch 40 PVC

97.7 -5.0 -2.0

96.7 -6.0 -3.0 Type of Seal Bentonite chips

96.7 -6.0 -3.0 Type of Filter None

95.7 -7.0 -4.0 (if installed)

Size of Filter Sand DSI #2 Sand

I.D. of Screen 2.0 inches

Screen Opening 0.01 inch

- - Screen Material Sch 40 PVC

85.7 -17.0 -14.0 Slot Type Slotted

85.7 -17.0 -14.0

Diagram Not to Scale

NOTES:

Depth to water 11/30/05 = 6.01 ft from TOC



2/10/2015 Well Sketch1 MW-5D

MONITORING WELL INSTALLATION SKETCH

Project: SWIFT CREEK Monitoring Well Number: MW-5D

Drilling Firm: J & L Drilling, Inc. Date of Well Installation: 11/18/2005

Elevation of Top of Open Riser Pipe (Reference El. for Water Level Measurements,ft): 102.67

Depth to Bottom of Well from Top of Open Riser Pipe (ft): -38.46

Horizontal Location (ft): Northing: Easting:

Elevation Distance (ft) from:
(ft, M.S.L.) Top of Ground

Open Riser Surface
- -

102.7 0.0 2.9 O.D. of Outer

99.8 -2.9 0.0 Protective Casing 4.0 inch PVC

Type of Surface Seal Cement

- -

Type of Backfill Cement

Diameter of Borehole 8 inch

I.D. of Riser Pipe 2.0 inch

Riser Pipe Material Sch 40 PVC

81.8 -20.9 -18.0

76.8 -25.9 -23.0 Type of Seal Bentonite chips

76.8 -25.9 -23.0 Type of Filter None

74.8 -27.9 -25.0 (if installed)

Size of Filter Sand DSI #2 Sand

I.D. of Screen 2.0 inches

Screen Opening 0.01 inch

- - Screen Material Sch 40 PVC

64.8 -37.9 -35.0 Slot Type Slotted

64.8 -37.9 -35.0

Diagram Not to Scale

NOTES:

Depth to water 11/30/05 = 6.40 ft from TOC



2/10/2015 Well Sketch1 MW-6

MONITORING WELL INSTALLATION SKETCH

Project: SWIFT CREEK Monitoring Well Number: MW-6

Drilling Firm: J & L Drilling, Inc. Date of Well Installation: 11/17/2005

Elevation of Top of Open Riser Pipe (Reference El. for Water Level Measurements,ft): 98.41

Depth to Bottom of Well from Top of Open Riser Pipe (ft): -19.25

Horizontal Location (ft): Northing: Easting:

Elevation Distance (ft) from:
(ft, M.S.L.) Top of Ground

Open Riser Surface
- -

98.4 0.0 3.4 O.D. of Outer

95.0 -3.4 0.0 Protective Casing 4.0 inch PVC

Type of Surface Seal Cement

- -

Type of Backfill Cement

Diameter of Borehole 8 inch

I.D. of Riser Pipe 2.0 inch

Riser Pipe Material Sch 40 PVC

93.0 -5.4 -2.0

91.0 -7.4 -4.0 Type of Seal Bentonite chips

91.0 -7.4 -4.0 Type of Filter None

89.0 -9.4 -6.0 (if installed)

Size of Filter Sand DSI #2 Sand

I.D. of Screen 2.0 inches

Screen Opening 0.01 inch

- - Screen Material Sch 40 PVC

79.0 -19.4 -16.0 Slot Type Slotted

79.0 -19.4 -16.0

Diagram Not to Scale

NOTES:

Depth to water 11/30/05 = 7.17 ft from TOC



2/10/2015 Well Sketch1 MW-7

MONITORING WELL INSTALLATION SKETCH

Project: SWIFT CREEK Monitoring Well Number: MW-7

Drilling Firm: J & L Drilling, Inc. Date of Well Installation: 11/17/2005

Elevation of Top of Open Riser Pipe (Reference El. for Water Level Measurements,ft): 98.63

Depth to Bottom of Well from Top of Open Riser Pipe (ft): -22.10

Horizontal Location (ft): Northing: Easting:

Elevation Distance (ft) from:
(ft, M.S.L.) Top of Ground

Open Riser Surface
- -

98.6 0.0 3.5 O.D. of Outer

95.1 -3.5 0.0 Protective Casing 4.0 inch PVC

Type of Surface Seal Cement

- -

Type of Backfill Cement

Diameter of Borehole 8 inch

I.D. of Riser Pipe 2.0 inch

Riser Pipe Material Sch 40 PVC

93.1 -5.5 -2.0

91.1 -7.5 -4.0 Type of Seal Bentonite chips

91.1 -7.5 -4.0 Type of Filter None

89.1 -9.5 -6.0 (if installed)

Size of Filter Sand DSI #2 Sand

I.D. of Screen 2.0 inches

Screen Opening 0.01 inch

- - Screen Material Sch 40 PVC

79.1 -19.5 -16.0 Slot Type Slotted

79.1 -19.5 -16.0

Diagram Not to Scale

NOTES:

Depth to water 11/30/05 = 7.63 ft from TOC



2/10/2015 Well Sketch1 MW-8

MONITORING WELL INSTALLATION SKETCH

Project: SWIFT CREEK Monitoring Well Number: MW-8

Drilling Firm: J & L Drilling, Inc. Date of Well Installation: 3/28/2007

Elevation of Top of Open Riser Pipe (Reference El. for Water Level Measurements,ft): 95.42

Depth to Bottom of Well from Top of Open Riser Pipe (ft): -18.82

Horizontal Location (ft): Northing: Easting:

Elevation Distance (ft) from:
(ft, M.S.L.) Top of Ground

Open Riser Surface
- -

95.4 0.0 3.0 O.D. of Outer

92.4 -3.0 0.0 Protective Casing 4.0 inch PVC

Type of Surface Seal Cement

- -

Type of Backfill Cement

Diameter of Borehole 8 inch

I.D. of Riser Pipe 2.0 inch

Riser Pipe Material Sch 40 PVC

89.4 -6.0 -3.0

87.4 -8.0 -5.0 Type of Seal Bentonite chips

87.4 -8.0 -5.0 Type of Filter None

86.4 -9.0 -6.0 (if installed)

Size of Filter Sand DSI #2 Sand

I.D. of Screen 2.0 inches

Screen Opening 0.01 inch

- - Screen Material Sch 40 PVC

76.4 -19.0 -16.0 Slot Type Slotted

76.4 -19.0 -16.0

Diagram Not to Scale

NOTES:

Depth to water 4/4/07 = 4.84 ft from TOC
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PROJECT: 
LOCATION: 
TYPE OF BORING: 
DRILLING FIRM: 
DRILLER: 
DRILL RIG: 
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FIELD BOREHOLE LOG 
SWIFT CREEK, HWY 301 BORING NO.: MW-1S & 1D 
BATTLEBORO, NC 
Hollow Stem Auger 
J&L Drilling, Inc. 
Lee Charbonneau 
CME-75 
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SHEET: 2 of 2 
DATE STARTED: 6/2/04 
DATE FINISHED: 6/2/04 
GROUND ELEV. : 97.0 

COORDINATES: 0 ------
NORTHING: 0.0 ft 
EASTING: 0.0 ft ---

LOGGED BY: J Sherrill , L.G. TOTAL DEPTH: 33.0 ft 

FIELD CLASSIFICATION AND 
PHYSICAL DESCRIPTION 

13.0-33.0 ft: Medium gray Silty very fine Sand , 
~ very Shelly 

33.0 End of Boring 

MW-1S Set screen at 3.0-13.0 ft , sand from 
2.5 to 13.0 ft, bentonite from 2.0 to 2.5 ft 

MW-1 D Set screen at 23.0-33.0 ft , sand from 
21 .0 to 33.0 ft , bentonite from 19.0 to 21 .0 ft 

REMARKS 

BORELOG MW-1S&D 2/10/2015 



FIELD BOREHOLE LOG 
PROJECT: SWIFT CREEK, HWY 301 BORING NO.: MW-2S & 2D 
LOCATION: BATTLEBORO, NC STATION: x x SHEET: 1 of 2 
TYPE OF BORING: Hollow Stem Auger DATE STARTED: 6/22/04 COORDINATES: 
DRILLING FIRM: J&L Drilling, Inc. DATE FINISHED: 6/22/04 NORTHING: ft 
DRILLER: Lee Charbonneau GROUND ELEV.: 92.0 EASTING: ft 
DRILL RIG: CME-75 LOGGED BY: J Sherrill , L.G. TOTAL DEPTH: 36.0 ft 

g · ~ >-
~ ' g (o UJ 'Ito z 0::: ~ u:: z 

U5 ::> UJ ::::> UJ ~ ::> -o FIELD CLASSIFICATION AND I > s _J _J 0:: > ~ I- en - REMARKS I- <( a..w o ~ 0 ~ en I- PHYSICAL DESCRIPTION a.. UJ 0 :::;- ~ 0:: (..) 0 :'.5 <( UJ _J _J <( 0 0::: I-
0 UJ Ill z UJ en (..) (..) en u 0::: 

91 .0 

2 0 
0.0-4.0 ft: FILL, yellowish brown clayey SAND 

Cf) 

89.0 

4 3 ..- 4.0-7.0 ft: Mottled yellowish gray and yellowish 1 2 
I 

1 (f) 
__J brown, sandy CLAY 

1 
(f) 

0 
6 

0 
7.0-9.0 ft:Mottled yellowish gray and yellowish 

8 Cf) brown , clayey SAND 
83.0 

2 
N 9.0-13.5 ft: Light brownish gray fine to medium 

10 3 8 
I 

SAND 5 (f) 

81.0 6 
(f) 

0... 
Cf) 

12 
79.0 

14 2 ('I) 
770 3 7 

I 13.5-33.0 ft: Greenish-gray clayey, silty very 
4 (f) 

(f) fine SAND, very shelly 
16 4 

75.0 

18 2 
~ 73.0 3 6 

I 

3 (f) 
(f) 

20 4 

71 .0 

22 
~ 
Cf) 

69.0 
2 l{) 

24 2 4 
I 

2 (f) 

67.0 2 
(f) 

26 
65.0 

28 2 
CD 63.0 4 9 

I 

5 (f) 

30 (f) 

BORELOG MW-2S&D 2/10/2015 



FIELD BOREHOLE LOG 
PROJECT: SWIFT CREEK, HWY 301 BORING NO.: MW-2S & 2D 
LOCATION: BATTLEBORO, NC SHEET: 2 of 2 
TYPE OF BORING: Hollow Stem Au9er DA TE STARTED: 6122104 COORDINATES: 0 
DRILLING FIRM: J&L Drillin9, Inc. DATE FINISHED: 6122104 NORTHING: 0.0 ft 
DRILLER: Lee Charbonneau GROUND ELEV.: 92.0 EASTING: 0.0 ft 
DRILL RIG: CME-75 LOGGED BY: J Sherrill , L.G. TOTAL DEPTH: 36.0 ft 

g · z >- ::? ' g ie UJ '*!: :::> c:: ~ u::: z 
Cl) :::> ~ c:: UJ 0 :::> u; Q FIELD CLASSIFICATION AND I ::> ~ 

....J > I- REMARKS I-
~ 

a.. UJ 0 0 ~ Cl) I-
PHYSICAL DESCRIPTION a.. UJ 0 ::? c:: u a ::s <( UJ ....J ....J <( 0 I-

0 UJ Cll z UJ c:: Cl) uu 
Cl) u c:: 

61 .0 >:::m! 
- i 

-32 -..... .. ............ ..... .... ...... ..... ........ ......... .......... . 
59 .0 ~ 

10 r--
Cf) 33.0-36.0 ft: Medium gray Silty very fine Sand , 

-34 16 40 
I 

24 Cf) Shelly, dense, little moisture -
Cf) 

57.0 32 
,,,,,,m,·.,,,,i, 

~36 

55.0 36.0 End of Boring 
-

-38 -
53.0 

MW-2S Set screen at 6.0-16.0 ft, sand from 5 
- to 16.0 ft, bentonite from 3 to 5 ft 

.. 40 -
51 .0 MW-2D Set screen at 26.0-36.0 ft, sand from 

-
25.0 to 36.0 ft, bentonite from 23.0 to 25.0 ft 

-42 -
49.0 -

-44 -
47.0 -

-46 -
45.0 -

-48 -
43.0 -

i-50 . 
41 .0 -

..... 52 -
39.0 -

-54 -
37.0 -

~56 -
35.0 -

~58 -
33.0 -

60 
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PROJECT: 
LOCATION: 
TYPE OF BORING: 
DRILLING FIRM: 
DRILLER: 
DRILL RIG: 

g g !;e UJ 
(/) :::> 

I > s _J 

I-
~ (L UJ 0 

UJ _J _J 

0 UJ cc z 

98.2 

2 
96.2 

4 
4 5 10 5 

94.2 6 

6 
92.2 

8 7 
90.2 6 15 9 

10 7 
3 

88.2 3 10 7 
12 10 

13 
86.2 14 33 19 

14 16 
2 

84.2 3 8 5 
16 6 

tlL .L 

3 
18 4 6 2 

tlU.£ 

20 
78.2 

22 
76.2 

24 
74.2 

26 
72.2 

28 
70.2 

30 

FIELD BOREHOLE LOG 
SWIFT CREEK, HWY 301 BORING NO.: MW-3 ------
BATTLEBORO, NC STATION: x x SHEET: 1 of 1 
Hollow Stem Auger DATE STARTED: 11/16/05 COORDINATES: 
J&L Drilling, Inc. DATE FINISHED: 11/16/05 NORTHING: -----ft--

Lee Charbonneau GROUND ELEV.: 99.2 EASTING: ft ----
CME-75 LOGGED BY: J Sherrill , L.G. TOTAL DEPTH: 19.0 ft 

. 'Ito >- ~ ' 'Ii: z a::: 
~ u::: z UJ ::::> UJ :::> -o FIELD CLASSIFICATION AND _J a: > ~ I- (/) - REMARKS (L w o ~ 0 ~ (/) I-

PHYSICAL DESCRIPTION ~ a: (...) 0 ::s <( I-<( 0 UJ a::: (/) (...) (...) 
(/) () a::: 

0.0-5.0 ft: FILL, yellowish medium gray silty fine 
SAND 

8.0-10.0 ft: Reddish-yellow silty SAND 

10.0-12.0 ft: Reddish-brown silty SAND 

12.0-14.0 ft: Reddish-brown silty SAND 

14.0-16.0 ft: Yellowish-gray clayey silty fine 
SAND, poor recovery 

. -Ts"] Tr '7'e110Wis"Fi-gray Sil'tY'fine ~Ar\Jrr-rn. 
19.0 ft: Greenish-gray clayey silty fine SAND, 
ve shell marine 

19.0 ft End of Boring 

Screen set at 7.0 to 17.0 ft 

BORELOG MW-3 2/10/2015 



PROJECT: 
LOCATION: 
TYPE OF BORING: 
DRILLING FIRM: 
DRILLER: 
DRILL RIG: 

g g <o w 
U5 ::::> 

I ::> s _J 

I-
~ ll.. w 0 w _J _J 

0 w Ill z 

103.1 

2 
101 .1 

11 
4 19 60 41 

99.1 43 

6 
97.1 

8 13 
95.1 18 39 21 

10 18 

93.1 

12 
91 .1 

6 
14 7 16 9 

!:S!:l . 1 8 
w 

16 0 1 R 
87.1 

18 1 
85.1 2 5 3 

20 
83.1 

22 
81 .1 

24 
79.1 

26 
77.1 

28 
75.1 

30 

FIELD BOREHOLE LOG 
SWIFT CREEK, HWY 301 BORING NO.: MW-4 
BATTLEBORO, NC 
Hollow Stem Auger 
J&L Drilling, Inc. 
Lee Charbonneau 
CME-75 

- ~ >-
~ 'II: z 0:: ~ w :::> w e..... ::::> 

_J 0:: > ~ I-
ll.. w O e...., 0 ~ ~ 0:: (.) a 
<( 0 0:: I-w (j) (j) 0 0:: 

' u::: z -o 
(j) -
(j) I-
:'.5 <( 
(.) (.) 

------
STATION: x x SHEET: 1 of 1 

COORDINATES: ------DATE STARTED: 11/16/05 
DATE FINISHED: 11/16/05 NORTHING: ft 
GROUND ELEV.: 104.1 EASTING: ft 
LOGGED BY: J Sherrill, L.G. TOTAL DEPTH: 20.0 ft 

FIELD CLASSIFICATION AND 
PHYSICAL DESCRIPTION 

3.0-5.0 ft: Yellowish-gray silty fine SAND, 
alluvial 

8.0-10.0 ft: Reddish-yellow and yellowish-gray, 
layered, silty fine to medium SAND 

REMARKS 

0 13.0-15.0 ft: Poor recovery, wet clayey fine 
U) SAND 

15. 0-17. 0 ft: Soft, no recovery 

18.0-20.0 ft: Greenish-medium gray clayey silty 
fine SAND, very shelly, marine 

20.0 ft End of Boring 

Screen set at 8.0 to 18.0 ft 

BORELOG MW-4 2/10/2015 



PROJECT: 
LOCATION: 
TYPE OF BORING: 
DRILLING FIRM: 
DRILLER: 
DRILL RIG: 

g g \e w 
(/) ::::> 

I :> s _J 

I-
~ a. w 0 w _J _J 

0 w ID z 

98.7 

2 
96.7 

3 
4 4 11 7 

94.7 7 

6 
92.7 

8 10 
90.7 12 27 15 

10 1 
4 

88.7 8 11 3 
12 

86.7 
2 

14 
84.7 

16 
82.7 

18 
80.7 

20 
78.7 

22 
76.7 

24 
74.7 

26 
72.7 

28 
70.7 

30 

FIELD BOREHOLE LOG 
SWIFT CREEK, HWY 301 BORING NO.: 
BATTLEBORO, NC 
Hollow Stem Auger 
J&L Drilling , Inc. 
Lee Charbonneau 
CME-75 

. "" >-
~ '*" z a:: 

~ w ::::> w ::::> 
_J 0:: > ~ I-
a. w o ~ 0 ~ ~ 0:: (.) a 
<( 0 a:: I-w (/) (/) (.) a:: 

' u::: z -o 
(/) -
(/) I-
::s <( 
(.) (.) 

STATION: x x SHEET: 
DATE STARTED: 11/17/05 COORDINATES: 
DATE FINISHED: 11/17/05 NORTHING: 
GROUND ELEV.: 99.7 EASTING: ----
LOGGED BY: J Sherrill , L.G. TOTAL DEPTH: 

FIELD CLASSIFICATION AND 
PHYSICAL DESCRIPTION 

3.0-5.0 ft: Light gray and brownish-yellow, 
mottled, clayey, fine SAND, alluvial 

8.0-10.0 ft: Light yellowish-gray, medium to 
coarse SAND with gravel , grades from medium 
to coarse downward 

10.0-11 .5 ft: Coarse SAND and gravel 

11.5-13.5 ft: Oxidized marine sediments, light 
yellowish-brown, clayey, silty, fine SAND 

13.5-35.0 ft: Greenish-medium gray clayey silty 
fine SAND, very shelly, marine 

BORELOG MW-SS&D 2/10/2015 

MW-5 S&D 
1 of 2 

------
ft 
ft 

35.0 ft 

REMARKS 



FIELD BOREHOLE LOG 
PROJECT: SWIFT CREEK, HWY 301 BORING NO.: MW-5 S&D 
LOCATION: BATTLEBORO, NC SHEET: 2 of 2 
TYPE OF BORING: Hollow Stem Au9er DATE STARTED: 11/17/05 COORDINATES: 0 
DRILLING FIRM: J&L Drillin9, Inc. DATE FINISHED: 11/17/05 NORTHING: 0.0 ft 
DRILLER: Lee Charbonneau GROUND ELEV.: 99.7 EASTING: 0.0 ft 
DRILL RIG: CME-75 LOGGED BY: J Sherrill , L.G. TOTAL DEPTH: 35.0 ft 

g ·z >- ::::? ' g ~ w ~ ::i a:: ~ u::: z 
(j) ::i ~ a:: w ~ 

::i 
(ii Q FIELD CLASSIFICATION AND I > ~ 

..J > I- REMARKS I-
~ 

Q_ w 0 0 <( (j) I-
PHYSICAL DESCRIPTION Q_ w 0 ::::? a:: u a a:: :5 <( w ..J ..J <( 0 I-

0 w CD z w a:: (j) uu 
(j) u a:: 

68.7 -

-32 13.5-35.0 ft: Greenish-medium gray clayey silty -
::2: 

66.7 (/) fine SAND, very shelly, marine -

-34 -
04. f 

-36 -
62.7 35.0 ft End of Boring 

-

-38 MW-5S -
60.7 Screen set at 6.0 to 16 ft -

-40 -
58.7 MW-5D - Screen set at 25.0 to 35.0 ft 

-42 -
56.7 -

-44 -
54.7 -

-46 -
52.7 -

-48 -
50.7 -

•50 -
48.7 -

-52 -
46.7 -

.... 54 -
44.7 -

-56 -
42.7 -

>-58 -
40.7 -

60 
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PROJECT: 
LOCATION: 
TYPE OF BORING: 
DRILLING FIRM: 
DRILLER: 
DRILL RIG: 

g g (o UJ 
U5 :::> 

I :> s _J 

f- <( 
0... UJ 0 > 
UJ _J _J z 0 UJ co 
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78.0 2 5 3 

18 4 
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FIELD BOREHOLE LOG 
SWIFT CREEK, HWY 301 BORING NO.: 
BATTLEBORO, NC 
Hollow Stem Auger 
J&L Drilling , Inc. 
Lee Charbonneau 
CME-75 

- ~ >-
~ ""'z c:: 

UJ ::::i UJ ~ :::> 
~ _J a:: 

6~ f-
0... UJ 0 <( 
~a:: o~ a c:: 
<( 0 c:: f-UJ (/) (/) 0 c:: 

' u:: z -o 
(/) -
(/) f-
~ <( 
00 

STATION: x x SHEET: 
DATE STARTED: 11/17/05 COORDINATES: 
DATE FINISHED: 11/17/05 NORTHING: 
GROUND ELEV.: 95.0 EASTING: 
LOGGED BY: J Sherrill , L.G. TOTAL DEPTH: 

FIELD CLASSIFICATION AND 
PHYSICAL DESCRIPTION 

0.0-5.0 ft: FILL, yellowish light gray silty fine 
SAND 

8.0-9.5 ft: Light brownish-gray medium to 
coarse SAND 

9.5-10.5 ft: Light yellowish-gray sandy CLAY 
10.5-11 .0 ft: Quartz SAND, medium 
11 .0-12.0 ft: Brownish-gray clayey SAND 

12.0-13.0 ft: Quartz SAND, medium 

13.0-14.0 ft: Silty, clayey, fine SAND 

14.0-16.0 ft: Medium SAND grading to coarse 
with depth and quartz pebbles 

- 6~-T8~ Tr 'G'reeiiis11-medium gray Silty, CTayey 
~ fine SAND with organic material and few quartz 

18.0 ft End of Boring 

Screen set at 6.0 to 16 ft 

BORELOG MW-6 2/10/2015 

MW-6 
1 of 1 

ft 
ft 

18.0 ft 

REMARKS 



PROJECT: 
LOCATION: 
TYPE OF BORING: 
DRILLING FIRM: 
DRILLER: 
DRILL RIG: 

6 
88.1 

8 6 
86.1 9 20 11 

10 11 
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84.1 7 16 9 
12 10 
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82.1 7 17 10 

14 1 
80.1 1 2 1 

16 1 
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78.1 1 3 2 
18 2 

76.1 
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74.1 
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28 
66.1 

30 

FIELD BOREHOLE LOG 
SWIFT CREEK, HWY 301 BORING NO. : MW-7 ------
BATTLEBORO, NC STATION: x x SHEET: 1 of 1 
Hollow Stem Auger DATE STARTED: 11/17/05 COOR DI NA TES: 
J&L Drilling, Inc. DATE FINISHED: 11/17/05 NORTHING: ----ft--

Lee Charbonneau GROUND ELEV. : 95.1 EASTING: ft ----
CME-75 LOGGED BY: J Sherrill , L.G. TOTAL DEPTH: 18.0 ft 

REMARKS 

8.0-10.0 ft: Light yellowish-gray medium to 
coarse SAND 

10.0-12.0 ft: Light yellowish-gray medium to 
coarse SAND 

12.0-14.0 ft: Light yellowish-gray medium to 
coarse SAND, some small gravel 

14.0-16.0 ft: Yellowish-gray clayey fine SAND, 
poor recovery -----------------

:2: 16.0-18.0 ft: Greenish-medium gray clayey silty 
(/) fine SAND, very shelly, marine 

18.0 ft End of Boring 

Screen set at 6.0 to 16 ft 

BORELOG MW-7 2/10/2015 



PROJECT: 
LOCATION: 
TYPE OF BORING: 
DRILLING FIRM: 
DRILLER: 
DRILL RIG: 

g g \e UJ 
en ::J 
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0 UJ Cil z 
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FIELD BOREHOLE LOG 
SWIFT CREEK, HWY 301 BORING NO.: 
BATTLEBORO, NC 
Hollow Stem Auger 
J&L Drilling, Inc. 
Lee Charbonneau 
CME-75 

· ~ >- :!: '*I: z a:: 
~ UJ ::::> UJ ::J 

-' a:: > ~ I-
c.. w o ~ 0 ~ :!: a:: () 0 

I-~o UJ a:: en en u a:: 

' u:: z -o en -en I-
~~ 
() () 

STATION: x x SHEET: 
DATE ST ART ED: 3/28/07 COORDINATES: 
DATE FINISHED: 3/28/07 NORTHING: 
GROUND ELEV. : 92.4 EASTING: 
LOGGED BY: J Sherrill , LG. TOTAL DEPTH: 

FIELD CLASSIFICATION AND 
PHYSICAL DESCRIPTION 

3.0-5.0 ft: No Recovery 

5.0-7.0 ft: Light gray clayey fine SAND 

8.0-10.0 ft: Light yellowish-gray medium to 
coarse SAND 

~ 12.0-14.0 ft: No Recovery 

14.0-16.0 ft: Greenish-medium gray clayey silty 
fine SAND, very shelly, marine 

16.0 ft End of Boring 

Screen set at 6.0 to 16 ft 

BORELOG MW-8 2/10/2015 

MW-8 
1 of 1 

ft 
ft 

16.0 ft 

REMARKS 



 

 

Appendix B 
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Analytical Results  



Electronic Data - Email CD data loaded: Yes I No Doc/Event#: 

Division of Waste Management - Solid Waste 
Environmental Monitoring 

Reporting 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). 

Instructions: 
Prepare one form for each individually monitored unit. 
Please type or print legibly . 
Attach a notification table with values that attain or exceed NC 2L groundwater standards or NC 2B surface water standards. The notification 
must include a preliminary analysis of the cause and significance of each value. (e.g. naturally occurring, off-site source, pre-existing 
condition , etc.). 
Attach a notification table of any groundwater or surface water values that equal or exceed the reporting limits. 
Attach a notification table of any methane gas values that attain or exceed explosive gas levels. This includes any structures on or nearby the 
facility (NCAC 13B .1629 (4)(a)(i). 
Send the original signed and sealed form, any tables. and Electronic Data Deliverable to: Compliance Unit, NCDENR-D\l\IM, Solid Waste 
Section, 1646 Mail Service Center, Raleigh , NC 27699-1646. 

Solid Waste Monitoring Data Submittal Information 
Name of entity submitting data (laboratory, consultant, facility owner): 

Sherrill Environmental, Inc. 

Contact for questions about data formatting. Include data preparer's name, telephone number and E-mail address: 

Name: John (Jack) Sherrill , LG Phone: _9_19_-4_9_3_-6_5_5_5 __ ....,,,. ________________ _ 

E-mail: sherrill@nc.rr.com 

Facility name: Facility Address: 

Swift Creek Highway 301 
Coal Combustion By-Products Battleboro, NC 
Structural Fill Nash County 

Environmental Status: (Check all that apply) 
0 Initial/Background Monitoring D Detection Monitoring 

T of data submitted: (Check all that apply) 
Groundwater monitoring data from monitoring wells 
Groundwater monitoring data from private water supply wells 
Leachate monitoring data 

X Surface water monitorin data 

Notification attached? 
D No. No groundwater or surface water standards were exceeded. 

D 
D 
D 

NC Landfill Rule: 
Facility Permit# (.0500 or .1600) 

DD 
Actual sampling dates (e.g. , 
October 20-24, 2006) 

December 17, 2014 

[8] Assessment Monitoring D Corrective Action 

Methane gas monitoring data 
Corrective action data (specify) 

Other( specify) 

~ Yes, a notification of values exceeding a groundwater or surface water standard is attached. It includes a list of groundwater and surface water 
monitoring points. dates, analytical values, NC 2L groundwater standard, NC 2B surface water standard or NC Solid Waste GWPS and 
preliminary analysis of the cause and significance of any concentration . 

D Yes, a notification of values exceeding an explosive methane gas limit is attached. It includes the methane monitoring points, dates, sample 
values and explosive methane gas limits. 

Certification 
To the best of my knowledge, the information reported and statements made on this data submittal and attachments are true and correct. 
Furthermore, I have attached complete notification of any sampling values meeting or exceeding groundwater standards or explosive gas 
levels, and a preliminary analysis of the cause and significance of concentrations exceeding groundwater standards. I am aware that there 
are significant penalties for making any false statement, representation, or certification including the possibility of a fine and imprisonment. 

Sherrill Environmental, Inc. , John Sherrill , LG President 919-493-6555 

Title 

Date 

3326 Rugby Rd., Durham, NC 27707 

Facility Representative Address 

NC PE Firm License Number (if applicable effective May 1, 2009) 

- -



NOTIFICATION OF EXCEEDANCE OF A REPORTING LIMIT
SWIFT CREEK CCB STRUCTURAL FILL
December 17, 2014

Notification TablesNotif-Detection 12-14

Summary of Environmental Samples with Detections above SWSLs
Concentration SWLS

MW-1S ug/L ug/L
Barium 408 100
Sulfate 310,000 250,000

MW-2S   
Barium 200 100

MW-3
Barium 151 100
Sulfate 760,000 250,000

MW-4
Cadmium 1.7 1
Mercury 1.11 0.2

Sulfate 260,000 250,000
MW-6

Arsenic 98.7 10
Barium 155 100

Lead 122 10
Sulfate 660,000 250,000

MW-7   
Arsenic 167 10
Barium 205 100

Lead 553 10
Sulfate 710,000 250,000

MW-8   
Arsenic 124 10
Barium 143 100

Lead 263 10
Sulfate 620,000 250,000

   
SW-1 None  
SW-2 None  
SW-3 None  



NOTIFICATION OF EXCEEDANCE OF A STANDARD
SWIFT CREEK CCB STRUCTURAL FILL
December 17, 2014

Notification TablesNotif-Standard 12-14

Summary of Environmental Samples with Exceedances
Concentration Standard

 ug/L ug/L
MW-1S

Sulfate 310,000 250,000
MW-3  

Sulfate 760,000 250,000
MW-4

Mercury 1.11 1.0
MW-6

Arsenic 98.7 10
Lead 122 15

Sulfate 660,000 250,000
MW-7

Arsenic 167 10
Lead 553 15

Sulfate 710,000 250,000
MW-8  

Arsenic 124 10
Lead 263 15

Sulfate 620,000 250,000

 The above listed constituents are believed to be the result of 
materials in the structural fill.  These constituents are not 
detected in the surface water samples from the creek/swamp 
that is the receptor of groundwater from the site.  These results 
are consistent with historical data.
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Full Circle Solutions, Inc. 
Swift Creek Project 

 
1.0 INTRODUCTION 
 
Sherrill Environmental, Inc. (Sherrill) was contracted to perform Semi-Annual 
Groundwater and Surface Water Monitoring at the Swift Creek Project.  The Swift Creek 
Project is a “Beneficial Use” fill utilizing coal combustion by-products (CCBs) in the 
development of a commercial property.  The Project is located on the east side on US 
Highway 301 at Swift Creek near Battleboro, North Carolina (Figure 1).  As determined 
by a review of historical DOT aerial photographs the property was previously developed 
as a motel with a restaurant (1961).  A 1981 aerial photograph shows the project area to 
consist of the motel and restaurant with the remaining portion of the project area in 
agricultural use.   
 
On November 11, 1991, ReUse Technology, Inc. submitted a letter to the Solid Waste 
Management Section seeking approval to use coal ash as structural fill material in the 
development of 25 acres of commercial property along Highway 301 at Swift Creek.  On 
December 3, 1991, the Solid Waste Section issued a letter to ReUse that stated “Based 
upon the information received, the project appears to meet the guidelines previously 
agreed to for such reuse.”  In September 1992, ReUse began placement of coal ash at the 
site.  In January 2003, the last shipment of coal ash was accepted at the site.  According 
to records of Full Circle Solutions, Inc., a total of approximately 134,000 tons of CCBs 
were placed at the project.  On March 23, 2003, the site had been graded, compacted, 
covered with an 18 inch soil cap and planted with grass seed.  On November 4, 2004, the 
Closure Notice was forwarded to the Solid Waste Section.  In March 2006, a 
Comprehensive Site Assessment (CSA) for the Swift Creek Project was submitted to the 
Solid Waste Section.  In December 2006, an Assessment Monitoring Plan was submitted 
to the Solid Waste Section.  On February 22, 2007, the Assessment Monitoring Plan was 
approved by the Solid Waste Section. 
 
Eight sampling events have indicated that groundwater associated with the deeper 
monitoring wells (MW-1D, MW-2D, MW-5D) have not shown any impact from the CCB 
structural fill.   The deeper wells were not sampled for this sampling event.   
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2.0 CORRECTIVE MEASURES 
 
A corrective measure designed by Appian Consulting Engineers, P.A. consisting of a 
longitudinal subsurface drain along the western portion of the site was completed in 
January 2008.  The purpose of the measure is to intercept groundwater flowing from west 
to east and therefore reduce the groundwater level in the area of the site.  To monitor the 
effectiveness of the corrective measure, two piezometers (P-23 and P-24) were installed 
at 20 feet east and west of the cut-off drain.  These piezometers monitor the effect of the 
cut-off drain in reducing the groundwater level at the project.  The location of the cut-off 
drain (6” Lateral Subsurface Drain) and the piezometers are shown on the site map 
(Figure 2).  
 
On July 24, 2014, David Wasiela, PE, with Environmental Resource Management 
(ERM), performed a site inspection of the Swift Creek project.  Mr. Wasiela examined 
the manhole that contained the discharge valve of the lateral drain system.  Mr. Wasiela 
found the manhole to be filled with approximately 2 feet of water and the discharge valve 
was not observable.  Mr. Wasiela reported this condition to Sherrill Environmental, Inc. 
 
Sherrill contacted Ed Braswell & Sons, Inc. (Braswell) that had originally installed the 
manhole and discharge valve.  On August 20, 2014, Braswell pumped water out of the 
manhole and cleaned the interior with a high pressure water jet.  Inspection of the valve 
indicated that it was working properly.  On the outside of the manhole, they found that 
silt and mud had covered over the outlet, thus preventing the water from the subdrain to 
discharge.  Braswell suggested having an engineer look at possibly moving the manhole 
and valve further upgradient to help prevent silt and mud from collecting in front of the 
outlet.  At the present time, the corrective measure of the lateral drain is again 
functioning as designed.  
 
 
 
3.0 SITE GEOLOGY 
 
The site surficial geology consists of an alluvial terrace constructed by the fluvial 
deposition of silts, sands and gravels.  The sequence coarsens downward with some 
coarse sand with gravel present near the base.  The terrace deposit overlies the massive 
and extensive Yorktown Formation.  The Yorktown Formation is Pliocene in age and was 
deposited in the Pliocene Yorktown Sea that covered the entire coastal plain and the 
eastern most portions of the Piedmont.  Depositional environments were back barrier 
lagoons, shallow inner-bay and estuarine environments and on the open shallow shelf 
(The Geology of the Carolinas, Horton and Zullo, 1991).  The Yorktown in the region of 
the site is generally described as blueish-gray fine to very fine, silty sands, sandy silt or 
silty clay, well-sorted and very shelly. 
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3.1 SOIL SURVEY 
 
Figure 1-2 shows the location of the site on Sheet 1 of the Soil Survey of Nash County 
produced by the US Department of Agriculture, Soil Conservation Service.  The soils 
underlying the coal ash fill project are largely Altavista with a smaller portion of Norfolk 
in the area of higher topography on the southern end of the site. 
 
Altavista soils are alluvial deposits that formed on flood plains.  These old flood plains 
were erosionally dissected and the remaining terrace areas are now topographically 
higher than the surrounding stream and swamps.  The seasonal high water table for 
Altavista is 1.5 to 2.5 feet below the top of the soil surface and occurs during December 
through March.   
 
The Soil Survey describes Altavista sandy loam (AaA) as moderately well drained and 
nearly level to gently sloping.  It is on low terraces along large streams.  Typically, the 
surface layer is grayish brown sandy loam 12 inches thick.  The next layer, to a depth of 
14 inches is olive yellow sandy loam that has yellow mottles.  The subsoil extends to a 
depth of 44 inches.  It is yellow sandy clay loam in the upper part.  The middle part is 
yellowish brown clay loam that has mottles of light gray, red, and yellowish red.  The 
lower part of the subsoil is light yellowish brown clay loam that has mottles of red, 
yellowish red, strong brown and light gray.  The underlying material to a depth of 60 
inches is mottled brownish yellow, light gray, strong brown and yellowish red sandy clay 
loam. 
 
Permeability tests on site samples of the Altavista subsoil were performed by 
Geotechnologies, Inc. in April 2003.  Permeability values for the three samples ranged 
from 1E-7 cm/sec to 7E-8 cm/sec.  This information was presented in Sherrill’s “Site 
Investigation” report prepared in May 2003.  
 
The Norfolk soils underlie the site along the western and southern sides in the 
topographically higher portions of the site.  The percentage of Norfolk soil underlying the 
coal ash fill is relatively small compared to the Altavista.  The seasonal high water table 
for Norfolk is 4 to 6 feet below ground surface and occurs during January through March. 
 
The Soil Survey describes Norfolk loamy sand (NoB) as well drained and gently sloping.  
It is on convex ridges and side slopes of the Coastal Plain uplands.  Typically the surface 
layer is grayish brown loamy sand about 10 inches thick.  The subsurface layer is very 
pale brown sandy loam to a depth of about 19 inches.  The subsoil extends to a depth of 
at least 79 inches.  It is brownish yellow sandy clay loam in the upper part.  The middle 
part is brownish yellow sandy clay loam that has red and very pale brown mottles, and 
the lower part is a mottled brownish yellow, yellow, red and gray sandy loam. 
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3.2 MONITORING WELLS  
 
A total of 11 monitoring wells are located around the perimeter of the Swift Creek 
Project (Figure 2).  Monitoring wells MW-1S (shallow) and MW-1D (deep) are paired 
monitoring wells located near the center of the project approximately 25 feet east from 
the edge of the CCB fill.  The MW-1S is completed in alluvial sediments and MW-1D is 
completed in the deeper marine sediments of the Yorktown Formation.   
 
The paired monitoring wells MW-2S (shallow) and MW-2D (deep) are constructed 
similar to the MW-1 pair.  The MW-2 pair is located on a roadway constructed into the 
swamp and is approximately 160 feet downgradient from the edge of the CCB fill and 
135 feet downgradient of MW-1S and MW-1D. 
 
Another paired monitoring well set, MW-5S (shallow) and MW-5D (deep), is located 
upgradient of the Swift Creek Project on the west side of US Highway 301.  Again, the 
construction of this monitoring well set is similar with the shallow well screened in 
alluvial sandy sediments and the deeper well screened in the massive marine sediments.   
 
Monitoring wells MW-3, MW-4, MW-6, MW-7 and MW-8 are shallow wells located at 
the southeast, southwest, northwest and northeast corners of the project.  The borings 
were advanced through the alluvial material until the underlying marine unit was 
encountered as determined by split-spoon sampling.  The alluvial material varied from a 
silty fine sand and clayey silty fine sand in the upper portion that generally coarsened 
downward.  Borings at MW-5S, MW-6, MW-7 and MW-8 encountered medium to 
coarse quartz sand above the contact with the underlying marine unit. 
 
All of the eleven borings were completed using 2-inch schedule 40 PVC with 10-foot 
slotted screens.  The monitoring wells were completed with stick-up casing and 4-inch 
schedule 40 PVC protective casings with lockable caps.  
 
3.3 SLUG-TEST ANALYSIS (From March 2006 CSA) 
 
On January 8, 2006, Sherrill performed single-well slug-tests at the site on the shallow 
monitoring wells MW-2S, MW-5S and MW-7 and the deep monitoring wells MW-2D 
and MW-5D.  The tests were performed by pumping water from the monitoring well and 
then recording the rate of recovery (rising head).  The data was analyzed using the US 
Geological Survey, Open-File Report 02-197 Documentation of Spreadsheets for the 
Analysis of Aquifer-Test and Slug-Test Data.  The Bouwer and Rice method was chosen 
for analysis of the data.   
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The analysis of the data revealed a large contrast in the hydraulic conductivity of the two 
geologic units.  The overlying alluvial terrace deposit consisted of layers and mixtures of 
silt, clay, fine sand, medium sand, coarse sand and gravel.  The terrace deposit at the site 
ranged in thickness from approximately 16 feet at the southwest (MW-4) and thinned 
towards the swamp to a thickness of approximately 8 feet (MW-2S).  The percentage of 
sand and the grain size appeared to increase at lower elevations to the north and northeast 
(MW-6 and MW-7).  The bottoms of the shallow monitoring well were placed at the 
contact with the top of the marine sediments and screen the lower 10 feet of the alluvial 
material.  Hydraulic conductivities (K) of the tests conducted for MW-1S and MW-5S 
were very similar and ranged from 0.34 to 0.43 feet per day (1.2E-4 to 1.5E-4 cm/sec).  
Hydraulic conductivity of the test conducted for MW-7, which has 6 feet of clean sand, 
was 1.40 feet per day (4.8 E-04 cm/sec). 
 
The deep monitoring wells, MW-1D and MW-5D are screened approximately 10 to 20 
feet below the top of the marine sediments.  The marine sediments are part of the 
Yorktown Formation and consist of a massive and uniformed, very shelly, greenish-gray 
silty very fine sand.  Hydraulic conductivities for the deep wells were similar and ranged 
from 0.0017 to 0.0026 feet per day (6.1E-7 to 9.0E-7 cm/sec) and averaged 0.0022 feet 
per day (7.6E-7 cm/sec).  
 
Seepage velocities were calculated for groundwater movement in the west to east 
direction with data from MW-5S and MW-2S for alluvial material and MW-5D and MW-
2D for marine sediments (Table 3).  Seepage velocities were estimated at 0.0166 feet per 
day for alluvial material and 0.00009 feet per day for marine sediments. 
 
 
 
4.0 GROUNDWATER TABLE 
 
The average groundwater elevation as measured in the shallow site monitoring wells 
from 2005 to 2014 is 91.49 feet with a standard deviation of 0.95 feet. The average water 
elevation as measured in piezometers screened in the coal ash fill (P-12 through P-20) 
from 2005 to 2014 is 93.74 feet with a standard deviation of 2.29 feet.  The average 
surface water level measured at the Lane Swamp Bridge is 89.76 feet with a standard 
deviation of 0.63 feet.  Surface water levels in Lane Swamp can be affected by beaver 
activity.   
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The corrective measure of the longitudinal subsurface drain along the western portion of 
the site was completed in January 2008.  The corrective measure did not appear to have a 
significant effect on lowering the site groundwater table but appears to have reduced the 
amount of fluctuation.  Before the drain was installed the average shallow groundwater 
elevation was 91.15 feet with a standard deviation of 1.66 feet.  After installation of the 
drain, the average shallow groundwater elevation was 91.67 feet with a standard 
deviation of 0.73 feet.  The longitudinal subsurface drain did not appear to have an effect 
on the water elevations in the CCB fill. The difference in the water elevation in the CCB 
fill and the elevation of the shallow groundwater table suggests that they are not 
connected.  The separation is; however, not complete as evident from the detection of 
CCB related contaminants in the shallow groundwater table. 
  
A map of the shallow groundwater table is shown on Figure 3.  The map shows that the 
shallow groundwater flow is in an east northeast direction.   
 
5.0 SAMPLE COLLECTION 
 
On December 17, 2015, the site monitoring wells were sampled using low-flow sampling 
procedures and a peristaltic pump.  The indicator field parameters of pH, temperature, 
specific conductivity, dissolved oxygen and oxidation/reduction potential (ORP) were 
measured using a flow-through-cell and a YSI multi-parameter meter.  Turbidity 
measurements were taken with a Hach meter.  Measurements were recorded on 
groundwater sampling field data work sheets which are included in the Appendix. 
 
Samples were collected into laboratory prepared glassware, placed in an iced cooler and 
transferred to Enco Laboratories in Cary, North Carolina.  Groundwater samples were 
analyzed for the Division’s requested parameters of sulfate and total RCRA metals. 
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6.0 GROUNDWATER ANALYSIS 
 
The analytical results for this and the previous groundwater sampling event are 
summarized on Table 3 and the laboratory report is included in the Appendix.   
Exceedances of the NCAC 2L Groundwater Standard were detected in the groundwater 
samples from the shallow monitoring wells MW-1S, MW-3, MW-4, MW-6, MW-7 and 
MW-8 (Figure 4).  No exceedance of the 2L Groundwater Standard was detected in the 
groundwater samples from the shallow upgradient monitoring well MW-5S or the 
shallow downgradient monitoring well MW-2S located in the swamp.  The analytical 
laboratory (Enco) reported that samples for MW-1S, MW-3, MW-6, MW-7 and MW-8 
were diluted due to matrix interference.  This resulted in elevated reporting limits for the 
RCRA metals.  
 
Arsenic – The 2L Standard for arsenic is 0.010 mg/L.  Arsenic was detected in three 
groundwater samples.  Arsenic was detected in a concentration of 0.098 mg/L at MW-6, 
0.167 mg/L at MW-7 and 0.124 mg/L at MW-8.   
 
Cadmium – The 2L Standard for cadmium is 0.002.  Cadmium was detected in a 
concentration of 0.0017 mg/L in the sample from MW-4. 
 
Lead – The 2L Standard for lead is 0.015 mg/L.  Lead concentrations that exceeded the 
2L Standard have typically been limited to the northeast portion of the site.  Lead 
concentrations were 0.122 mg/L at MW-6, 0.553 mg/L at MW-7 and 0.263 mg/L at  
MW-8.   
 
Mercury – The 2L Standard for mercury is 0.001 mg/L.  Mercury was detected in a 
concentration of 0.0011 mg/L in the sample from MW-4. 
 
Sulfate – The 2L Standard for sulfate is 250 mg/L.  Concentrations of sulfate were 
detected above the 2L Standard in all of the downgradient shallow perimeter monitoring 
wells.  Sulfate concentrations in the southern wells were 310 mg/L at MW-1S, 760 mg/L 
at MW-3 and 260 mg/L at MW-4.  Sulfate concentrations in the northern wells were 660 
mg/L at MW-6, 710 mg/L at MW-7 and 620 mg/L at MW-8.  
 
Barium – The 2L Standard for barium is 0.700 mg/L.  Barium was detected above the NC 
Solid Waste Section Limit (SWSL) of 0.100 mg/L in samples from 7 of the 8 
downgradient monitoring wells.  None of the concentrations of barium exceeded the 2L 
Standard.  
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7.0 SURFACE WATER ANALYSIS 
 
The analytical results for this and the previous surface water sampling events are 
summarized on Table 4.  No RCRA metals were detected in exceedance of the 2B 
Surface Standard or above the NC Solid Waste Section Limit (SWSL).  Sulfate 
concentrations were less than 5.0 mg/L at SW-1, 5.5 mg/L at SW-2 and 9.9 mg/L at SW-
3.  In summary, surface water analysis did not identify any contamination.   
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9.0 DISCUSSION AND SUMMARY 
 
Exceedances of the 2L Groundwater Standard were detected in the samples from 
monitoring wells MW-1S, MW-3, MW-4, MW-6, MW-7 and MW-8.  These wells 
monitor shallow groundwater downgradient of the CCB fill.  No exceedance of a 2L 
Standard was detected in the upgradient monitoring well MW-5S or the downgradient 
monitoring well MW-2S.  The deeper monitoring wells (MW-1D, MW-2D and MW-5D) 
were not sampled as it has been demonstrated that they are not in connection with the 
shallow site contamination.    
 
The corrective measure of the longitudinal subsurface drain along the western portion of 
the site was completed in January 2008.  The water elevations in the ash fill appear to 
have risen since the installation of the corrective measure.  The elevation of groundwater 
appears to be approximately the same with a lower standard deviation suggesting that the 
subsurface drain has served to reduce site groundwater fluctuation.   This data suggests a 
separation between the CCB fill and the shallow groundwater table.  The separation is, 
however, not complete as evident from the detection of ash related contaminants in the 
shallow groundwater table.  This information also suggests that the source of the water 
present in the CCB fill is from on-site precipitation. 
 
The principal contaminants of interest at the site are arsenic, lead and sulfate.  An 
increasing concentration trend of these contaminants had been identified at the 
monitoring wells located in the north and northeast during the period from 2009 to 2010.  
Note that the western longitudinal subsurface drain was installed in January 2008.  In 
August 2014, the subsurface drain was discovered to be not operational due to blockage 
at the discharge.  The discharge valve was cleared.  The recent increase in concentrations 
of lead, arsenic and sulfate in the northern wells may be related to the functioning of the 
subsurface drain.  When the subsurface drain is operational, the drain may reduce the 
quantity of shallow groundwater flowing underneath the site and therefore the 
contaminants are more concentrated.   
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Mercury was detected in a concentration of 0.0011 mg/L in the groundwater sample from 
MW-4.  This concentration is above the NCAC 2L Groundwater Standard of 0.001 mg/L 
for mercury.  Low concentrations of mercury have previously been detected at MW-4 at 
0.0006 mg/L in 6/30/2010, 0.00078 mg/L in 6/25/2013 and 0.00101 mg/L in 7/22/2014.  
Scattered low detections of mercury are present in the database but the concentrations 
rarely exceed the 2L Standard.  
 
In summary, some shallow groundwater contamination is present adjacent and 
downgradient of the CCB fill.  The contamination appears limited vertically as has been 
shown by no contaminants detected in the deeper monitoring wells.  The contamination 
appears limited to the east side of Highway 301 as no contaminants have been detected in 
the upgradient shallow and deep pair of monitoring wells MW-5S and MW-5D on the 
west side of Highway 301.  The direction of groundwater flow is to the east and 
northeast.  No contamination has been detected at MW-2S or MW-2D which are located 
on a roadway constructed into the swamp and is approximately 160 feet downgradient 
from the edge of the CCB fill. The shallow groundwater associated with the site is likely 
to discharge to the surface water of Lane Creek Swamp and the Swift Creek Swamp.  
Analysis of surface water samples has not indicated any contamination.  No receptors are 
identifiable for this site and the low level of contamination attenuates as it migrates from 
the project area into the adjacent swamp.  
 
10.0 RECOMMENDATIONS 
 
Sherrill recommends continuing with the Assessment Monitoring.  The next quarterly 
event for measuring water levels is scheduled for March 2015.  The next semiannual 
event for measuring water levels and collecting groundwater and surface water samples is 
scheduled for June 2015.   Sherrill recommends that an inspection of the manhole/valve 
box associate with the corrective measure of the lateral drain be conducted on a quarterly 
basis to insure that it is functioning properly. 
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TABLE 1
GROUNDWATER ELEVATIONS
SWIFT CREEK PROJECT

Sherrill Environmental, Inc.

C:\S E I\ReUse\Swift Creek\Assessment Monitoring\Tables\GW Analysis 2014Table 1B

MW-1S MW-3 MW-4 MW-6 MW-7 Average MW-2S MW-5S MW-8 MW-1D MW-2D MW-5D Lane Swamp

TOC ELV. 99.54 102.15 106.06 98.41 98.63 94.87 102.68 95.42 99.90 95.22 102.67 92.25
12/1/2005 8.21 9.65 11.24 7.17 7.63 4.72 6.01 8.57 4.70 6.40

GW ELV. 91.33 92.50 94.82 91.24 91.00 92.18 90.15 96.67 91.33 90.52 96.27
1/8/2006 8.11 9.48 10.15 7.18 7.74 NM 5.86 8.28 NM 5.68

GW ELV. 91.43 92.67 95.91 91.23 90.89 92.43  96.82 91.62  96.99
6/9/2006 8.69 10.32 11.41 7.74 8.66 4.83 6.94 9.05 4.87 6.84

GW ELV. 90.85 91.83 94.65 90.67 89.97 91.59 90.04 95.74 90.85 90.35 95.83
4/4/2007 7.80 9.31 9.96 7.28 7.80 4.40 6.12 4.84 8.18 4.75 5.96

GW ELV. 91.74 92.84 96.10 91.13 90.83 92.53 90.47 96.56 90.58 91.72 90.47 96.71
8/21/2007 10.89 11.40 13.28 10.80 10.71 6.77 9.57 7.67 11.30 6.82 9.42

GW ELV. 88.65 90.75 92.78 87.61 87.92 89.54 88.10 93.11 87.75 88.60 88.40 93.25
10/21/2007 11.40 12.98 14.06 11.90 11.41 7.31 10.62 8.30 11.76 7.43 10.63

GW ELV. 88.14 89.17 92.00 86.51 87.22 88.61 87.56 92.06 87.12 88.14 87.79 92.04
1/31/2008 9.13 10.70 14.11 8.44 8.71 4.86 7.65 5.57 9.42 5.02 8.11

GW ELV. 90.41 91.45 91.95 89.97 89.92 90.74 90.01 95.03 89.85 90.48 90.20 94.56
3/22/2008 8.10 9.18 13.28 7.18 7.79 4.40 6.98 4.78 8.44 4.54 7.34 2.51

GW ELV. 91.44 92.97 92.78 91.23 90.84 91.85 90.47 95.70 90.64 91.46 90.68 95.33 89.74
6/17/2008 9.12 10.54 14.05 8.36 9.06 5.03 8.93 6.09 9.42 5.23 8.92 3.20

GW ELV. 90.42 91.61 92.01 90.05 89.57 90.73 89.84 93.75 89.33 90.48 89.99 93.75 89.05
9/4/2008 9.26 10.98 14.82 8.92 9.06 4.58 10.87 5.97 9.47 5.02 10.72 3.10

GW ELV. 90.28 91.17 91.24 89.49 89.57 90.35 90.29 91.81 89.45 90.43 90.20 91.95 89.15
1/13/2009 8.22 9.35 13.41 7.02 7.60 4.26 7.16 4.58 8.55 4.46 7.54 2.52

GW ELV. 91.32 92.80 92.65 91.39 91.03 91.84 90.61 95.52 90.84 91.35 90.76 95.13 89.73
3/31/2009 7.60 6.74 12.43 6.81 7.20 4.36 5.98 4.21 7.96 4.38 6.22 2.50

GW ELV. 91.94 95.41 93.63 91.60 91.43 92.80 90.51 96.70 91.21 91.94 90.84 96.45 89.75
6/23/2009 8.62 10.06 13.86 7.72 8.52 4.41 9.83 5.56 8.92 4.77 9.63 2.90

GW ELV. 90.92 92.09 92.20 90.69 90.11 91.20 90.46 92.85 89.86 90.98 90.45 93.04 89.35
9/30/2009 8.86 10.82 14.70 8.08 8.51 4.64 10.40 5.50 9.18 5.00 10.26 3.15

GW ELV. 90.68 91.33 91.36 90.33 90.12 90.76 90.23 92.28 89.92 90.72 90.22 92.41 89.10
12/15/2009 7.54 8.68 12.85 6.78 7.13 4.22 6.30 4.21 NM NM NM 2.60

GW ELV. 92.00 93.47 93.21 91.63 91.50 92.36 90.65 96.38 91.21    89.65
3/31/2010 7.37 8.64 12.52 6.77 7.93 2.42 5.80 3.96 7.74 4.46 6.19 2.14

GW ELV. 92.17 93.51 93.54 91.64 90.70 92.31 92.45 96.88 91.46 92.16 90.76 96.48 90.11
6/29/2010 9.35 10.66 14.62 9.21 9.25 4.94 9.97 6.31 NM NM NM 3.35

GW ELV. 90.19 91.49 91.44 89.20 89.38 90.34 89.93 92.71 89.11    88.90
9/28/2010 9.23 11.55 14.80 9.11 8.52 4.80 10.85 5.48 10.05 5.50 11.10 4.10

GW ELV. 90.31 90.60 91.26 89.30 90.11 90.32 90.07 91.83 89.94 89.85 89.72 91.57 88.15
12/13/2010 8.54 10.12 14.02 7.37 7.93 4.36 8.72 4.81 NM NM NM 2.02

GW ELV. 91.00 92.03 92.04 91.04 90.70 91.36 90.51 93.96 90.61    90.23
3/28/2011 8.03 9.17 13.32 7.25 7.53 4.35 7.45 4.42 8.42 4.67 7.84 2.85

GW ELV. 91.51 92.98 92.74 91.16 91.10 91.90 90.52 95.23 91.00 91.48 90.55 94.83 89.40
6/26/2011 10.05 11.23 14.82 9.20 9.98 6.02 10.59 7.04 10.35 6.32 10.43 2.85

GW ELV. 89.49 90.92 91.24 89.21 88.65 89.90 88.85 92.09 88.38 89.55 88.90 92.24 89.40
9/28/2011 7.84 8.90 13.09 7.13 7.71 4.24 7.62 4.83 NM NM NM 2.20

GW ELV. 91.70 93.25 92.97 91.28 90.92 92.02 90.63 95.06 90.59    90.05
12/18/2011 8.00 8.88 13.10 6.98 7.53 4.32 7.35 4.47 8.35 4.65 7.70 1.80

GW ELV. 91.54 93.27 92.96 91.43 91.10 92.06 90.55 95.33 90.95 91.55 90.57 94.97 90.45
3/23/2012 8.01 8.89 13.01 7.03 7.75 4.31 7.35 4.80 8.35 4.56 7.66 1.65

GW ELV. 91.53 93.26 93.05 91.38 90.88 92.02 90.56 95.33 90.62 91.55 90.66 95.01 90.60
6/28/2012 8.39 9.40 13.38 7.42 8.45 4.65 8.52 5.63 8.72 4.92 8.54 1.95

GW ELV. 91.15 92.75 92.68 90.99 90.18 91.55 90.22 94.16 89.79 91.18 90.30 94.13 90.30
9/18/2012 7.41 8.21 12.73 6.82 7.37 4.16 7.21 4.51 7.86 4.50 7.45 1.52

GW ELV. 92.13 93.94 93.33 91.59 91.26 92.45 90.71 95.47 90.91 92.04 90.37 95.22 90.73
12/17/2012 8.04 9.19 13.36 6.82 7.37 NM 8.55 4.51 8.44 NM 8.76 1.45

GW ELV. 91.50 92.96 92.70 91.59 91.26 92.00  94.13 90.91 91.46  93.91 90.80
3/26/2013 7.87 8.71 12.84 7.08 7.26 4.23 7.03 4.22 8.13 4.46 7.38 2.05

GW ELV. 91.67 93.44 93.22 91.33 91.37 92.21 90.64 95.65 91.20 91.77 90.41 95.29 90.20
6/25/2013 8.00 9.05 12.97 7.05 7.70 4.18 6.92 4.69 8.34 4.57 7.44 2.45

GW ELV. 91.54 93.10 93.09 91.36 90.93 92.00 90.69 95.76 90.73 91.56 90.30 95.23 89.80
9/26/2013 8.38 9.57 13.65 8.75 8.19 4.32 9.50 5.25 8.67 4.71 9.50 3.05

GW ELV. 91.16 92.58 92.41 89.66 90.44 91.25 90.55 93.18 90.17 91.23 90.16 93.17 89.20
12/4/2013 8.30 9.59 14.13 7.47 7.80 4.31 8.48 4.82 8.59 4.72 8.70 2.85

GW ELV. 91.24 92.56 91.93 90.94 90.83 91.50 90.56 94.20 90.60 91.31 90.15 93.97 89.40
3/28/2014 7.74 8.56 12.53 6.92 7.23 4.33 6.68 4.39 8.03 4.54 7.03 1.85

GW ELV. 91.80 93.59 93.53 91.49 91.40 92.36 90.54 96.00 91.03 91.87 90.33 95.64 90.40
6/27/2014 8.43 9.69 13.93 8.33 8.54 4.45 7.78 5.60 8.74 4.80 8.80 2.95

GW ELV. 91.11 92.46 92.13 90.08 90.09 91.17 90.42 94.90 89.82 91.16 90.07 93.87 89.30
9/26/2014 7.82 8.62 13.81 7.10 7.36 3.91 6.68 4.40 8.20 4.28 7.33 1.95

GW ELV. 91.72 93.53 92.25 91.31 91.27 92.02 90.96 96.00 91.02 91.70 90.59 95.34 90.30
12/17/2014 7.88 9.01 13.71 7.24 7.40 4.22 7.94 4.34 8.30 4.53 7.46 2.10

GW ELV. 91.66 93.14 92.35 91.17 91.23 91.91 90.65 94.74 91.08 91.60 90.34 95.21 90.15
Average Groundwater Elevation 91.49 94.67 Average GW Elv. At MW-5S (upgradient)  
Standard Deviation (12/1/05-12/17/14) 0.95 1.61 Standard Deviation
Average Groundwater Elevation 91.15 Average SW Elv at Lane Swamp 89.76
Standard Deviation (12/1/05-10/21/07) 1.66 Standard Deviation 0.63
Average Groundwater Elevation 91.67
Standard Deviation (1/13/09-12/17/14) 0.73

Shallow On-Site Wells Shallow Off-Site Wells Deep Wells



TABLE 2
PIEZOMETER WATER ELEVATIONS
SWIFT CREEK PROJECT

P-12 P-13 P-14 P-15 P-16 P-17 P-18 P-19 P-20 Average St. Dev.
12/1/05 96.00 96.71 93.08 93.83 93.64 94.23 95.12 98.41 94.61 95.07 1.70
6/10/06 95.93 97.23 91.60 92.19 92.89 93.80 95.51 97.82 94.66 94.63 2.19
9/25/06 97.92 98.89 93.43 94.75 94.16 95.11 97.04 99.56 95.24 96.23 2.19
8/21/07 93.11 95.09 88.16 90.18  88.59 93.67 94.80 93.20 92.10 2.74

10/22/07 91.60 93.45 87.67 87.09  87.69 93.07 93.11 91.54 90.65 2.72
1/31/08 94.47 94.43 89.93 92.15 91.13 93.96 93.33 94.93 94.20 93.17 1.72
3/22/08 97.84 98.56 95.17 96.47 95.00 94.93 95.64 102.24 96.27 96.90 2.37
6/17/08 96.04 97.04 92.68 91.66 93.58 94.14 94.99 99.23 95.25 94.96 2.30
9/4/08 94.89 95.19 90.66 90.96 NM 90.47 93.49 96.38 94.50 93.32 2.31
1/13/09 98.13 97.35 95.16 97.08 94.60 95.03 94.62 99.50 96.11 96.40 1.73

3/31/2009 100.94 101.09 96.72 98.12 95.58 95.29 96.51 104.45 96.98 98.41 3.09
6/23/2009 97.57 96.99 92.92 94.13 93.38 94.56 94.73 98.09 95.06 95.27 1.85

9/30/09 95.89 95.45 92.54 94.91 NM 94.43 93.35 95.56 94.73 94.61 1.15
12/15/09 100.42 100.53 96.16 98.51 NM 95.26 96.07 103.01 97.10 98.38 2.72
3/31/10 101.67 101.87 97.14 98.42 95.50 95.21 97.56 104.41 96.94 98.75 3.18
6/29/10 95.92 96.69 91.76 91.22 92.45 93.08 94.61 97.84 94.80 94.26 2.29
9/28/10 94.10 97.85 95.30 93.09 93.70 93.14 94.71 94.32 93.90 94.46 1.45

12/14/10 95.64 95.89 92.48 93.34 92.80 93.81 94.26 97.08 94.70 94.44 1.53
3/28/11 98.46 99.46 94.73 96.70 94.20 95.00 96.63 101.26 96.03 96.94 2.36
6/26/11 95.38 96.21 91.10 90.56 91.80 89.86 94.38 97.27 94.57 93.46 2.68
9/28/11 98.74 99.34 94.32 96.40  95.03 96.78 100.43 96.12 97.15 2.15

12/18/11 99.29 100.49 94.23 96.41  95.01 97.14 101.12 96.00 97.46 2.56
3/23/12 99.66 100.86 94.74 96.59  95.09 97.65 102.03 96.47 97.89 2.69
6/29/12 98.84 99.58 94.07 95.69  94.93 96.70 100.51 96.03 97.04 2.33
9/18/12 100.19 101.15 94.86 96.88  95.19 98.01 103.01 96.79 98.26 2.92

12/18/12 97.83 98.04 93.09 94.22  94.61 95.85 99.29 95.20 96.02 2.16
3/26/13 100.04 101.97 94.93 97.13  95.06 97.73 102.13 96.35 98.17 2.89
6/25/13 98.90 98.33 94.20 96.21  95.02 95.61 99.51 95.68 96.68 1.96
9/26/13 97.69 97.14 92.90 94.80  94.77 95.13 97.93 94.99 95.67 1.75
12/4/13 98.01 97.17 93.95 95.80  94.96 94.94 97.96 95.14 95.99 1.53
3/28/14 100.84 103.15 95.86 97.91  95.18 98.50 103.99 97.09 99.07 3.27
6/27/14 97.81 98.01 92.53 94.14  94.11 95.56 98.81 95.15 95.77 2.23
9/26/14 99.22 98.67 94.74 97.96  95.15 95.88 99.38 95.69 97.09 1.92

12/17/14 98.51 98.61 94.90 97.41  95.05 95.94 99.66 95.67 96.97 1.82
Average 95.93 1.99

Average Water Elevation in Ashfill (12/05 to 10/07) 93.74
Standard Deviation 2.29

Average Water Elevation in Ashfill (3/08 to 6/27/14) 96.42
Standard Deviation 1.62



TABLE 3
SUMMARY OF GROUNDWATER ANALYSES
SWIFT CREEK PROJECT

Sherrill Environmental, Inc.

GW Analysis 2014

Arsenic Barium Cadmium ChromiumLead Selenium Silver Mercury Sulfate
NCAC  2L Std. 0.01 0.7 0.002 0.01 0.015 0.02 0.02 0.001 250

NCDWM SWSL 0.01 0.1 0.001 0.01 0.01 0.01 0.01 0.0002 250
MW-1S 6/7/04 0.028 0.190 <0.001 <0.01 0.068 <0.01 <0.01 <0.0002 490

12/1/05 0.020 0.170 <0.001 <0.01 0.042 <0.01 <0.01 <0.0002 608
6/10/06 0.012 0.472 <0.001 <0.01 0.052 <0.01 <0.01 0.00064 740
4/5/07 <0.01 0.458 <0.001 <0.01 <0.010 <0.01 <0.01 0.00047 420

11/15/07 <0.01 0.529 <0.001 <0.01 0.031 <0.01 <0.01 0.00089 520
6/18/08 <0.01 0.619 <0.001 <0.01 0.011 <0.01 <0.01 0.00051 470
1/14/09 <0.01 0.416 <0.001 <0.01 <0.010 <0.01 <0.01 <0.0002 210
6/24/09 <0.01 0.412 <0.001 <0.01 <0.010 <0.01 <0.01 <0.0002 220
12/16/09 <0.01 0.256 0.001 <0.01 <0.010 0.022 <0.01 <0.0002 160
6/30/10 0.012 0.691 0.001 <0.01 <0.010 <0.01 <0.01 <0.0002 280
12/14/10 <0.01 0.599 0.003 <0.01 <0.010 <0.01 <0.01 <0.0002 400
6/27/11 <0.10 0.475 <0.01 <0.10 <0.10 <0.10 <0.10 <0.00028 590
12/19/11 <0.050 0.422 <0.005 <0.050 <0.050 <0.050 <0.050 <0.0002 170
6/29/12 <0.01 0.419 <0.001 <0.01 <0.01 <0.01 <0.01 <0.0002 150
12/18/12 0.018 0.567 <0.001 <0.01 <0.01 <0.01 <0.01 <0.0002 180
6/25/13 <0.01 0.174 <0.001 <0.01 <0.01 <0.01 <0.01 <0.0002 75
12/4/13 <0.01 0.163 <0.001 <0.01 <0.01 <0.01 <0.01 <0.0002 99
6/27/14 <0.01 0.250 <0.001 <0.01 <0.01 <0.01 <0.01 <0.0002 110
12/17/14 <0.01 0.408 <0.001 <0.01 <0.01 <0.01 <0.01 <0.0002 310

MW-1D 6/7/04 <0.01 0.540 <0.001 <0.01 <0.01 <0.01 <0.01 <0.0002 13
12/1/05 <0.01 0.360 <0.001 <0.01 <0.01 <0.01 <0.01 <0.0002 7.7
6/10/06 <0.01 0.341 <0.001 <0.01 <0.01 <0.01 <0.01 <0.0002 20
4/5/07 <0.01 0.343 <0.001 <0.01 <0.010 <0.01 <0.01 <0.0002 12

10/22/07 <0.01 0.365 <0.001 <0.01 <0.010 <0.01 <0.01 <0.0002 11
6/18/08 <0.01 0.334 <0.001 <0.01 <0.010 <0.01 <0.01 <0.0002 14
1/14/08 <0.01 0.356 NR NR <0.010 NR NR <0.0002 14
6/24/09 <0.01 0.403 NR NR <0.010 NR NR <0.0002 20

MW-2S 6/22/04 <0.01 <0.10 <0.001 <0.01 <0.01 <0.01 <0.01 <0.0002 32
12/1/05 <0.01 0.180 <0.001 <0.01 <0.01 <0.01 <0.01 <0.0002 10.1
6/10/06 <0.01 0.198 <0.001 <0.01 <0.01 <0.01 <0.01 <0.0002 <5
4/5/07 <0.01 0.232 <0.001 <0.01 <0.010 <0.01 <0.01 <0.0002 4.4

10/22/07 <0.01 0.256 <0.001 <0.01 <0.010 <0.01 <0.01 <0.0002 3.6
6/18/08 <0.01 0.103 <0.001 <0.01 <0.010 <0.01 <0.01 <0.0002 4.4
1/14/09 <0.01 0.164 NR NR <0.010 NR NR <0.0002 <5
6/24/09 <0.01 0.173 NR NR <0.010 NR NR <0.0002 <5
12/16/09 <0.01 0.218 <0.001 <0.01 <0.010 <0.01 <0.01 <0.0002 <5
6/30/10 <0.01 0.229 <0.001 <0.01 <0.010 <0.01 <0.01 <0.0002 <5
12/14/10 <0.01 0.235 <0.001 <0.01 <0.010 <0.01 <0.01 <0.0002 <5
6/27/11 <0.01 0.182 <0.001 <0.01 <0.010 <0.01 <0.01 <0.0002 <5
12/19/11 <0.01 0.216 <0.001 <0.01 <0.010 <0.01 <0.01 <0.0002 <5
6/29/12 <0.01 0.178 <0.001 <0.01 <0.010 <0.01 <0.01 <0.0002 <5
6/25/13 <0.01 0.210 <0.001 <0.01 <0.01 <0.01 <0.01 <0.0002 <5
12/4/13 <0.01 0.199 <0.001 <0.01 <0.01 <0.01 <0.01 <0.0002 <5
6/27/14 <0.01 0.165 <0.001 <0.01 <0.01 <0.01 <0.01 <0.0002 <5
12/17/14 <0.01 0.200 <0.001 <0.01 <0.01 <0.01 <0.01 <0.0002 <5

MW-2D 6/22/04 <0.01 0.170 <0.001 <0.01 <0.01 <0.01 <0.01 <0.0002 5.6
12/1/05 <0.01 0.300 <0.001 <0.01 <0.01 <0.01 <0.01 <0.0002 3.1
6/10/06 <0.01 0.290 <0.001 <0.01 <0.01 <0.01 <0.01 <0.0002 11
4/5/07 <0.01 0.254 <0.001 <0.01 <0.010 <0.01 <0.01 <0.0002 2.9

10/22/07 <0.01 0.273 <0.001 <0.01 <0.010 <0.01 <0.01 <0.0002 4.8
6/18/08 <0.01 0.265 <0.001 <0.01 <0.010 <0.01 <0.01 <0.0002 22
1/14/09 <0.01 0.253 NR NR <0.010 NR NR <0.0002 16
6/24/09 <0.01 0.289 NR NR <0.010 NR NR <0.0002 6.3



TABLE 3
SUMMARY OF GROUNDWATER ANALYSES
SWIFT CREEK PROJECT

Sherrill Environmental, Inc.

GW Analysis 2014

Arsenic Barium Cadmium ChromiumLead Selenium Silver Mercury Sulfate
NCAC  2L Std. 0.01 0.7 0.002 0.01 0.015 0.02 0.02 0.001 250

NCDWM SWSL 0.01 0.1 0.001 0.01 0.01 0.01 0.01 0.0002 250

MW-5S 12/1/05 <0.01 0.450 <0.001 <0.01 <0.01 <0.01 <0.01 <0.0002 6.1
6/10/06 <0.01 0.121 <0.001 <0.01 <0.01 <0.01 <0.01 <0.0002 7
4/5/07 <0.01 0.218 <0.001 <0.01 <0.010 <0.01 <0.01 <0.0002 4.7

10/22/07 <0.01 0.278 <0.001 <0.01 <0.010 <0.01 <0.01 <0.0002 4.9
6/18/08 <0.01 0.046 <0.001 <0.01 <0.010 <0.01 <0.01 <0.0002 8.7
1/14/09 <0.01 0.051 NR NR <0.010 NR NR <0.0002 10
6/24/09 <0.01 0.058 NR NR <0.010 NR NR <0.0002 13
12/16/09 <0.01 0.056 <0.001 <0.01 <0.010 <0.01 <0.01 <0.0002 17
6/30/10 <0.01 0.057 <0.001 <0.01 <0.010 <0.01 <0.01 <0.0002 12
12/14/10 <0.01 0.102 <0.001 <0.01 <0.010 <0.01 <0.01 <0.0002 14
6/27/11 <0.01 0.064 <0.001 <0.01 <0.010 <0.01 <0.01 <0.0002 17
12/19/11 <0.01 0.087 <0.001 <0.01 <0.010 <0.01 <0.01 <0.0002 21
6/29/12 <0.01 0.095 <0.001 <0.01 <0.010 <0.01 <0.01 <0.0002 22
12/18/12 <0.01 0.131 <0.001 <0.01 <0.010 <0.01 <0.01 <0.0002 25
6/25/13 <0.01 0.025 <0.001 <0.01 <0.01 <0.01 <0.01 <0.0002 22
12/4/13 <0.01 0.088 <0.001 <0.01 <0.01 <0.01 <0.01 <0.0002 21
6/27/14 <0.01 0.052 <0.001 <0.01 <0.01 <0.01 <0.01 <0.0002 14
12/17/14 <0.01 0.082 <0.001 <0.01 <0.01 <0.01 <0.01 <0.0002 21

MW-5D 12/1/05 <0.01 0.170 <0.001 <0.01 <0.01 <0.01 <0.01 <0.0002 8.1
6/10/06 <0.01 0.236 <0.001 <0.01 <0.01 <0.01 <0.01 <0.0002 6
4/5/07 <0.01 0.227 <0.001 <0.01 <0.010 <0.01 <0.01 <0.0002 5.8

10/22/07 <0.01 0.258 <0.001 <0.01 <0.010 <0.01 <0.01 <0.0002 6.6
6/18/08 <0.01 0.254 <0.001 <0.01 <0.010 <0.01 <0.01 <0.0002 10
1/14/09 <0.01 0.255 NR NR <0.010 NR NR <0.0002 10
6/24/09 <0.01 0.261 NR NR <0.010 NR NR <0.0002 17

MW-3 12/1/05 <0.01 <0.10 <0.001 <0.01 <0.01 <0.01 <0.01 <0.0002 334
6/10/06 <0.01 0.192 <0.001 <0.01 <0.01 <0.01 <0.01 <0.0002 580
4/5/07 <0.01 0.342 <0.001 <0.01 <0.010 <0.01 <0.01 <0.0002 570

11/15/07 <0.01 0.133 <0.001 <0.01 0.036 <0.01 <0.01 <0.0002 380
6/18/08 <0.01 0.145 <0.001 <0.01 0.022 <0.01 <0.01 <0.0002 370
1/14/09 <0.01 0.144 <0.001 <0.01 0.013 <0.01 <0.01 <0.0002 550
6/24/09 <0.01 0.202 <0.001 <0.01 0.081 <0.01 <0.01 <0.0002 570
12/16/09 0.012 0.192 <0.001 <0.01 <0.010 <0.01 <0.01 <0.0002 710
6/30/10 0.011 0.094 <0.001 <0.01 <0.010 <0.01 <0.01 <0.0002 840
12/14/10 <0.01 0.125 <0.001 <0.01 <0.010 <0.01 <0.01 <0.0002 690
6/27/11 <0.10 0.119 <0.01 <0.10 <0.10 <0.10 <0.10 <0.0002 790
12/19/11 <0.01 0.234 <0.001 <0.01 <0.01 <0.01 <0.01 <0.0002 410
6/29/12 <0.01 0.125 <0.001 <0.01 <0.01 <0.05 <0.01 <0.0002 1,000
12/18/12 0.013 0.136 <0.001 <0.01 <0.01 0.011 <0.01 <0.0002 910
6/25/13 <0.10d 0.201 <0.01d <0.1d <0.1d <0.1d <0.1d <0.0002 950
12/4/13 <0.050d 0.162 <0.005d <0.05d <0.05d <0.05d <0.05d <0.0002 890
6/27/14 <0.027d 0.116 <0.002d <0.07d <0.01d <0.025d <0.07d <0.0002 970
12/17/14 <0.050d 0.151 <0.005d <0.05d <0.05d <0.05d <0.05d <0.0002 760



TABLE 3
SUMMARY OF GROUNDWATER ANALYSES
SWIFT CREEK PROJECT

Sherrill Environmental, Inc.

GW Analysis 2014

Arsenic Barium Cadmium ChromiumLead Selenium Silver Mercury Sulfate
NCAC  2L Std. 0.01 0.7 0.002 0.01 0.015 0.02 0.02 0.001 250

NCDWM SWSL 0.01 0.1 0.001 0.01 0.01 0.01 0.01 0.0002 250
MW-4 12/1/05 <0.01 0.460 <0.001 <0.01 <0.01 <0.01 <0.01 <0.0002 5.7

6/10/06 <0.01 0.171 <0.001 <0.01 <0.01 <0.01 <0.01 <0.0002 <5
4/5/07 <0.01 <0.100 <0.001 <0.01 <0.010 <0.01 <0.01 <0.0002 8.6

10/22/07 <0.01 0.147 <0.001 <0.01 <0.010 <0.01 <0.01 <0.0002 5.9
6/18/08 <0.01 0.198 <0.001 <0.01 <0.010 <0.01 <0.01 <0.0002 5.4
1/14/09 <0.01 0.083 NR NR <0.010 NR NR <0.0002 6.4
6/24/09 <0.01 0.349 NR NR <0.010 NR NR <0.0002 7.7
12/16/09 <0.01 0.121 <0.001 <0.01 <0.010 <0.01 <0.01 <0.0002 7.5
6/30/10 <0.01 0.181 <0.001 0.018 <0.010 <0.01 <0.01 0.0006 15
12/14/10 0.016 0.195 <0.001 <0.01 <0.010 <0.01 <0.01 <0.0002 16
6/27/11 <0.01 0.227 <0.001 <0.01 <0.010 <0.01 <0.01 <0.0002 28
12/19/11 <0.01 0.516 0.003 <0.01 0.021 <0.01 <0.01 <0.0002 51
6/29/12 <0.01 0.356 0.008 <0.01 0.032 <0.01 <0.01 <0.0002 100
12/18/12 <0.01 0.262 0.019 <0.01 0.095 <0.01 <0.01 <0.0002 220
6/25/13 <0.01 0.109 0.004 <0.01 0.021 <0.01 <0.01 0.00078 250
12/4/13 <0.01 0.167 0.006 <0.01 <0.010 <0.01 <0.01 <0.0002 130
7/22/14 <0.01 0.085 0.0017 <0.01 <0.010 <0.01 <0.01 0.00101 190
12/17/14 <0.01 0.071 0.0017 <0.01 <0.010 <0.01 <0.01 0.00111 260

MW-6 12/1/05 <0.01 1.300 <0.001 <0.01 0.01 <0.01 <0.01 <0.0002 174
6/10/06 <0.01 0.816 <0.001 <0.01 0.013 <0.01 <0.01 <0.0002 510
4/5/07 <0.01 0.312 <0.001 <0.01 0.032 <0.01 <0.01 <0.0002 220

11/15/07 <0.01 0.120 <0.001 <0.01 0.074 <0.01 <0.01 0.00026 290
6/18/08 <0.01 0.080 <0.001 <0.01 0.054 <0.01 <0.01 0.00091 490
1/14/09 <0.01 0.066 NR NR 0.014 NR NR <0.0002 560
6/24/09 0.018 0.155 NR NR 0.016 NR NR 0.00026 430
12/16/09 0.014 0.126 <0.001 <0.01 0.010 <0.01 <0.01 <0.0002 220
6/30/10 0.109 0.313 <0.001 <0.01 0.155 <0.01 <0.01 0.0003 300
12/14/10 0.018 0.138 <0.001 <0.01 <0.010 <0.01 <0.01 <0.0002 350
6/27/11 <0.10 0.717 <0.01 <0.10 <0.10 <0.10 <0.10 0.00095 460
12/19/11 <0.01 0.148 <0.001 <0.01 <0.01 <0.01 <0.01 <0.0002 260
6/29/12 <0.05 0.156 <0.001 <0.01 <0.01 <0.05 <0.01 <0.0002 330
12/18/12 0.031 0.131 <0.001 <0.01 <0.01 0.012 <0.01 <0.0002 270
6/25/13 <0.01 0.152 <0.001 <0.01 <0.01 <0.01 <0.01 <0.0002 270
12/4/13 <0.05d 0.247 <0.005d <0.05d <0.05d <0.05d <0.05d <0.0002 300
6/27/14 0.0189 0.193 <0.001 <0.01 <0.01 <0.01 <0.01 <0.0002 260
12/17/14 0.099 0.155 <0.005d <0.05d 0.122 <0.05d <0.05d <0.0002 660



TABLE 3
SUMMARY OF GROUNDWATER ANALYSES
SWIFT CREEK PROJECT

Sherrill Environmental, Inc.

GW Analysis 2014

Arsenic Barium Cadmium ChromiumLead Selenium Silver Mercury Sulfate
NCAC  2L Std. 0.01 0.7 0.002 0.01 0.015 0.02 0.02 0.001 250

NCDWM SWSL 0.01 0.1 0.001 0.01 0.01 0.01 0.01 0.0002 250
MW-7 12/1/05 0.038 <0.10 <0.001 <0.01 0.093 <0.01 <0.01 <0.0002 379

6/10/06 0.03 0.059 <0.001 <0.01 0.053 <0.01 <0.01 <0.0002 500
4/5/07 0.017 <0.100 <0.001 <0.01 0.047 <0.01 <0.01 0.0003 460

11/15/07 0.029 <0.100 <0.001 <0.01 0.124 <0.01 <0.01 0.00072 250
6/18/08 0.019 0.042 <0.001 <0.01 0.072 <0.01 <0.01 <0.0002 420
1/14/09 0.022 0.052 <0.001 <0.01 0.088 <0.01 <0.01 <0.0002 500
6/24/09 0.072 0.080 <0.001 <0.01 0.171 <0.01 <0.01 <0.0002 500
12/16/09 0.128 0.123 <0.01 <0.01 0.273 <0.10 <0.10 0.0006 490
6/30/10 0.208 0.172 <0.01 <0.01 0.379 <0.10 <0.10 0.0002 530
12/14/10 0.230 0.255 <0.01 <0.01 0.649 <0.10 <0.10 0.00057 590
6/27/11 0.134 0.159 <0.01 <0.10 0.396 <0.10 <0.10 0.00033 540
12/19/11 0.107 0.172 <0.01 <0.10 0.468 <0.10 <0.10 <0.0002 640
6/29/12 0.059 0.120 <0.005 <0.05 0.270 <0.05 <0.05 <0.0002 580
12/18/12 <0.100d 0.158 <0.01 <0.10 0.397 <0.10 <0.10 <0.0002 700
6/25/13 <0.100d 0.114 <0.01d <0.10d 0.190 <0.10d <0.10d <0.0002 600
12/4/13 0.070 0.119 <0.05d <0.050d 0.235 <0.050d <0.050d <0.0002 470
6/27/14 0.078 0.093 <0.002d <0.007d 0.139 <0.025d <0.010d <0.0002 670
12/17/14 0.167 0.205 <0.05d <0.050d 0.553 <0.050d <0.050d <0.0002 710

MW-8 4/5/07 0.025 <0.100 <0.001 <0.01 0.024 <0.01 <0.01 <0.0002 400
11/15/07 0.030 <0.100 <0.001 <0.01 0.038 <0.01 <0.01 <0.0002 430
6/18/08 0.031 0.048 <0.001 <0.01 0.027 <0.01 <0.01 <0.0002 300
1/14/09 0.028 0.039 NR NR 0.032 NR NR <0.0002 350
6/24/09 0.159 0.114 NR NR 0.173 NR NR 0.0003 460
12/16/09 0.569 0.286j <0.016 <0.050 0.376j <0.135 <0.095 0.0002 460
6/30/10 0.366 0.232 <0.016 <0.050 0.283 <0.135 <0.095 0.0002 500
12/14/10 0.267 0.243 <0.01 <0.100 0.369 <0.100 <0.100 0.0013 470
6/27/11 0.207 0.223 <0.01 <0.100 0.103 <0.100 <0.100 <0.0002 410
12/19/11 <0.100 0.321 <0.01 <0.100 <0.100 <0.100 <0.100 <0.0002 270
6/29/12 0.146 0.169 <0.005 <0.05 0.199 <0.05 <0.05 <0.0002 580
12/18/12 0.110 0.168 <0.01 <0.100 0.234 <0.10 <0.10 <0.0002 580
6/25/13 0.140 0.172 <0.01d <0.100d 0.169 <0.10d <0.10d <0.0002 620
12/4/13 0.126 0.177 <0.05d <0.050d 0.211 <0.050d <0.050d <0.0002 510
6/27/14 0.154 0.130 <0.002d <0.007d 0.168 <0.025d <0.010d <0.0002 700
12/17/14 0.124 0.143 <0.05d <0.050d 0.263 <0.050d <0.050d <0.0002 620

Concentrations in mg/L (ppm),  "j" = estimated concentration, "d"= diluted, Specific Conductivity = mS/cm
Bold values exceed the 2L Groundwater Standard
MW-1S, MW-2S and MW-5S are screened shallow (approx. 3 to 13 feet).
MW-1D, MW-2D, and MW-5D are screened deep (approx. 23 to 33 feet).
MW-3, MW-4, MW-6 and MW-7 are shallow wells located on the SE, SW, NW and NE corners.



TABLE 4
SUMMARY OF SURFACE WATER ANALYSES
SWIFT CREEK PROJECT

Sherrill Environmental, Inc.

GW Analysis 2014

Arsenic Barium Cadmium Chromium Lead Selenium Silver Mercury Sulfate
NCAC  2B Std. 0.05 1.0 0.002 0.05 0.025 0.005 0.06 0.000012 250

NCDWM SWSL 0.01 0.1 0.001 0.01 0.01 0.01 0.01 0.0002  
SW-1 3/4/03 <0.01 <0.10 <0.001 <0.01 <0.005 <0.01 <0.01 <0.0002 12

6/22/04 <0.01 <0.10 <0.001 <0.01 <0.01 <0.01 <0.01 <0.0002 <2.0
12/1/05 <0.01 <0.10 <0.001 <0.01 <0.01 <0.01 <0.01 <0.0002 6.3
6/10/06 <0.01 <0.10 <0.001 <0.01 <0.01 <0.01 <0.01 <0.0002 <5
4/5/07 <0.01 <0.10 <0.001 <0.01 <0.01 <0.01 <0.01 <0.0002 6.6

10/22/07 <0.01 <0.10 <0.001 <0.01 <0.01 <0.01 <0.01 <0.0002 3.8
6/18/08 <0.01 <0.10 <0.001 <0.01 <0.01 <0.01 <0.01 <0.0002 2.5
1/14/09 <0.01 <0.10 NR NR <0.01 NR NR <0.0002 5.6
6/24/09 <0.01 0.030 NR NR <0.01 NR NR <0.0002 <5
12/16/09 <0.01 0.048 <0.001 <0.01 <0.01 <0.01 <0.01 <0.0002 6.2
6/30/10 <0.01 0.032 <0.001 <0.01 <0.01 <0.01 <0.01 <0.0002 <5
12/14/10 <0.01 0.025 <0.001 <0.01 <0.01 <0.01 <0.01 <0.0002 <5
6/27/11 <0.01 0.041 <0.001 <0.01 <0.01 <0.01 <0.01 <0.0002 <5
12/19/11 <0.01 0.025 <0.001 <0.01 <0.01 <0.01 <0.01 <0.0002 <5
12/18/12 <0.01 0.028 <0.001 <0.01 <0.01 <0.01 <0.01 <0.0002 <5
6/25/13 <0.01 0.040 <0.001 <0.01 <0.01 <0.01 <0.01 <0.0002 <5
12/4/13 <0.01 0.025 <0.001 <0.01 <0.01 <0.01 <0.01 <0.0002 5.3
6/27/14 <0.01 0.030 <0.001 <0.01 <0.01 <0.01 <0.01 <0.0002 <5
12/17/14 <0.01 0.027 <0.001 <0.01 <0.01 <0.01 <0.01 <0.0002 <5

SW-2 3/4/03 <0.01 <0.10 <0.001 <0.01 <0.005 <0.01 <0.01 <0.0002 13
6/22/04 <0.01 <0.10 <0.001 <0.01 <0.01 <0.01 <0.01 <0.0002 <2.0

12/1/05 <0.01 <0.10 <0.001 <0.01 <0.01 <0.01 <0.01 <0.0002 10.2
6/10/06 <0.01 0.090 <0.001 <0.01 <0.01 <0.01 <0.01 <0.0002 <5
4/5/07 <0.01 <0.10 <0.001 <0.01 <0.01 <0.01 <0.01 <0.0002 3.5

10/22/07 DRY
7/8/08 <0.01 <0.10 <0.001 <0.01 <0.01 <0.01 <0.01 <0.0002 13
1/14/09 <0.01 <0.10 NR NR <0.01 NR NR <0.0002 6.1
6/24/09 <0.01 0.088 NR NR <0.01 NR NR <0.0002 <5
12/16/09 <0.01 0.025 <0.001 <0.01 <0.01 <0.01 <0.01 <0.0002 7.5
6/30/10 DRY
12/14/10 <0.01 0.034 <0.001 <0.01 <0.01 <0.01 <0.01 <0.0002 5.3
6/27/11 DRY
12/19/11 <0.01 0.027 <0.001 <0.01 <0.01 <0.01 <0.01 <0.0002 <5
12/18/12 <0.01 0.031 <0.001 <0.01 <0.01 <0.01 <0.01 <0.0002 <5
6/25/13 <0.01 0.037 <0.001 <0.01 <0.01 <0.01 <0.01 <0.0002 <5
12/4/13 <0.01 0.023 <0.001 <0.01 <0.01 <0.01 <0.01 <0.0002 5.3
6/27/14 <0.01 0.038 <0.001 <0.01 <0.01 <0.01 <0.01 <0.0002 <5
12/17/14 <0.01 0.027 <0.001 <0.01 <0.01 <0.01 <0.01 <0.0002 5.5



TABLE 4
SUMMARY OF SURFACE WATER ANALYSES
SWIFT CREEK PROJECT

Sherrill Environmental, Inc.

GW Analysis 2014

Arsenic Barium Cadmium Chromium Lead Selenium Silver Mercury Sulfate
NCAC  2B Std. 0.05 1.0 0.002 0.05 0.025 0.005 0.06 0.000012 250

NCDWM SWSL 0.01 0.1 0.001 0.01 0.01 0.01 0.01 0.0002  
SW-3 4/5/07 <0.01 <0.10 <0.001 <0.01 <0.01 <0.01 <0.01 <0.0002 2.4

10/22/07 DRY
6/18/08 <0.01 0.089 <0.001 <0.01 <0.01 <0.01 <0.01 <0.0002 3.3
1/14/09 <0.01 <0.10 NR NR <0.01 NR NR <0.0002 20
6/24/09 <0.01 0.087 NR NR <0.01 NR NR <0.0002 <5
12/16/09 <0.01 0.075 <0.001 <0.01 <0.01 <0.01 <0.01 <0.0002 14
6/30/10 <0.01 0.328 <0.001 <0.01 <0.01 <0.01 <0.01 <0.0002 47
12/14/10 <0.01 0.074 <0.001 <0.01 <0.01 <0.01 <0.01 <0.0002 16
6/27/11 DRY
12/19/11 <0.01 0.065 <0.001 <0.01 <0.01 <0.01 <0.01 <0.0002 8
12/18/12 <0.01 0.067 <0.001 <0.01 <0.01 <0.01 <0.01 <0.0002 6.5
6/25/13 <0.01 0.087 <0.001 <0.01 <0.01 <0.01 <0.01 <0.0002 7.4
12/4/13 <0.01 0.051 <0.001 <0.01 <0.01 <0.01 <0.01 <0.0002 23
6/27/14 <0.01 0.038 <0.001 <0.01 <0.01 <0.01 <0.01 <0.0002 <5
12/17/14 <0.01 0.08 <0.001 <0.01 <0.01 <0.01 <0.01 <0.0002 9.9

Concentrations in mg/L (ppm)
Bold values exceed the 2B Surface Water Standard
SW-1 Swift Creek at bridge (background).
SW-2 in swamp near MW-2S and MW-2D
SW-3 in Lane Swamp north of MW-8



TABLE 5
MONITORING WELL AND PIEZOMETER SUMMARY
SWIFT CREEK PROJECT

Sherrill Environmental, Inc.

Piezometer
Top of 
Casing 
Elev.

Ground 
Surface 

Elev.

Casing 
Stick Up

Screen 
Interval

Total 
Depth 
(TOC)

 Measured 
Total Depth 

8/2007

Ash/Soil 
Contact

Ash/Soil 
Contact 

Elv.

Alluvial/ Marine 
contact Elv.

Comments

P-1 108.19 105.6 2.6 20-30 32.6 14.4 91.2 Missing
P-2 109.53 106.7 2.8 20-30 32.8 33.90 16.1 90.6
P-3 106.18 104.4 1.8 18-28 30.0 12.5 91.9  
P-4 106.57 104.0 2.6 20-30 32.6 14.0 90.0 Damaged
P-5 108.39 105.9 2.5 20-30 32.5 32.57 13 92.9
P-6 109.79 107.5 2.3 20-30 32.3 32.35 13.5 94.0
P-7 107.77 105.9 1.9 30-40 41.9 42.30 14.3 91.6 82.9 Damaged
P-8 106.53 103.9 2.6 30-40 42.6 42.15 13.3 90.7 82.9
P-9 103.32 100.9 2.4 20-30 32.4 32.87 Soil 87.0 Damaged
P-10 108.17 106.1 2.1 20-30 32.1 Soil 89.1 Removed
P-11 101.88 99.2 2.7 13-23 25.7 Soil 82.0 Removed
P-12 107.04 104.0 3.0 6-16 19.0 19.44 13.8 90.2
P-13 108.99 105.9 3.1 6-16 19.1 19.16 13.3 92.7
P-14 105.38 101.9 3.5 4-14 17.5 17.95 11.5 90.4
P-15 103.76 101.0 2.8 4-14 16.8 16.85 11.1 89.9
P-16 105.28 102.1 3.2 4-14 17.2 11.5 90.6 Damaged
P-17 105.31 101.8 3.5 4-14 17.5 17.93 11.5 90.3
P-18 111.21 107.5 3.7 5-15 18.7 18.30 13.5 94.0
P-19 111.86 108.3 3.6 7-17 20.6 20.00 15.2 93.1
P-20 107.00 104.2 2.8 7-17 19.8 19.94 15.0 89.2
P-21 104.99 99.5 5.5 4.5-11.5 16.5 16.60 9.5 90.0
P-22 103.60 101.8 1.8 17-27 28.8 Soil 87.0
P-23East 109.75 107.1 2.7 9-19 21.8 12.0 95.0 90.0
P-24West 103.17 101.1 2.1 3-13 15.3 Soil 90.0
B-1 107.66 105.7 2.0 14-19 21.0 19.40 13.5 92.2 88.9 1" casing
Monitoring Wells  
MW-1S 99.54 96.8 2.7 3-13 15.7 84.0
MW-1D 99.90 97.1 2.8 23-33 35.7 84.0
MW-2S 94.87 92.1 2.8 6-16 18.7 78.5
MW-2D 95.22 92.2 3.0 26-36 39.1 78.5
MW-3 102.15 99.2 3.0 7-17 20.0 82.2
MW-4 106.06 104.1 2.0 8-18 20.0 89.1
MW-5S 102.68 99.7 3.0 6-16 17.0 88.2
MW-5D 102.67 99.8 2.9 25-35 37.9 88.2
MW-6 98.41 95.0 3.4 6-16 19.4 79.0
MW-7 98.63 95.1 3.5 6-16 19.5 79.0 Damaged by bullet
MW-8 95.42 92.4 3.0 6-16 19.0 76.4
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102-A Woodwinds Industrial Court

Cary NC, 27511

919.467.3090 919.467.3515Phone: FAX:

ENCO Workorder(s): C416644

Durham, NC 27707

Unless otherwise noted in an attached project narrative, all samples were received in 

acceptable condition and processed in accordance with the referenced methods/procedures. 

Results for these procedures apply only to the samples as submitted.

The analytical results contained in this report are in compliance with NELAC standards, except 

as noted in the project narrative.  This report shall not be reproduced except in full, without 

the written approval of the Laboratory.

This report contains only those analyses performed by Environmental Conservation 

Laboratories.  Unless otherwise noted, all analyses were performed at ENCO Cary.  Data from 

outside organizations will be reported under separate cover.

If you have any questions or require further information, please do not hesitate to contact me.

Sincerely,

Enclosure(s)

Project Number: [none],  Project Name/Desc: Swift Creek

Attn:  Jack Sherrill

Sherrill Environmental, Inc. (SH004)

3326 Rugby Road

Stephanie Franz

Project Manager

Monday, January 19, 2015

RE:     Laboratory Results for

Dear Jack Sherrill,

Enclosed is a copy of your laboratory report for test samples received by our laboratory on 

Thursday, December 18, 2014.

Enclosure(s)

Page 1 of 16This report relates only to the sample as received by the laboratory, and may only be reproduced in full.FINAL Page 1 of 16



www.encolabs.com

PROJECT NARRATIVE

Date: 19 January 2015

Client: Sherrill Environmental, Inc. (SH004)  

Project: Swift Creek 

Lab ID: C416644 

Overview

This report is an amendment to the original report dated 05 January 2015 for this work order.  This report was revised, to 

include a copy of the Chain of Custody with the report.  

Environmental Conservation Laboratories, Inc. (ENCO) analyzed all submitted samples in accordance with the methods 

referenced in the laboratory report.  Any particular difficulties encountered during sample handling by ENCO are discussed in 

the QC Remarks section below.

Quality Control Samples

No Comments

Quality Control Remarks

No Comments

Other Comments

The analytical data presented in this report are consistent with the methods as referenced in the analytical report.  Any 

exceptions or deviations are noted in the QC remarks section of this narrative or in the Flags/Notes and Definitions section of 

the report.

Released By:

Environmental Conservation Laboratories, Inc.

Stephanie Franz

Project Manager
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SAMPLE SUMMARY/LABORATORY CHRONICLE

MW-1S C416644-01 Sampled: 12/17/14  12:53 Received: 12/18/14  13:32Client ID: Lab ID:

Prep Date/Time(s)Hold Date/Time(s)Parameter Analysis Date/Time(s)

EPA 7470A 01/14/15 12/24/14 13:09 12/29/14  14:06

MW-1S C416644-01RE1 Sampled: 12/17/14  12:53 Received: 12/18/14  13:32Client ID: Lab ID:

Prep Date/Time(s)Hold Date/Time(s)Parameter Analysis Date/Time(s)

EPA 300.0 01/14/15 12/22/14 10:16 12/23/14  09:03

EPA 6010C 06/15/15 12/18/14 16:22 12/19/14  09:45

MW-2S C416644-02 Sampled: 12/17/14  13:20 Received: 12/18/14  13:32Client ID: Lab ID:

Prep Date/Time(s)Hold Date/Time(s)Parameter Analysis Date/Time(s)

EPA 300.0 01/14/15 12/22/14 10:16 12/22/14  16:50

EPA 6010C 06/15/15 12/18/14 16:22 12/19/14  09:47

EPA 7470A 01/14/15 12/24/14 13:09 12/29/14  14:09

MW-3 C416644-03 Sampled: 12/17/14  11:52 Received: 12/18/14  13:32Client ID: Lab ID:

Prep Date/Time(s)Hold Date/Time(s)Parameter Analysis Date/Time(s)

EPA 300.0 01/14/15 12/22/14 10:16 12/22/14  17:07

MW-3 C416644-03RE1 Sampled: 12/17/14  11:52 Received: 12/18/14  13:32Client ID: Lab ID:

Prep Date/Time(s)Hold Date/Time(s)Parameter Analysis Date/Time(s)

EPA 6010C 06/15/15 12/18/14 16:22 12/19/14  12:08

EPA 7470A 01/14/15 12/24/14 13:09 12/29/14  14:36

MW-4 C416644-04 Sampled: 12/17/14  12:20 Received: 12/18/14  13:32Client ID: Lab ID:

Prep Date/Time(s)Hold Date/Time(s)Parameter Analysis Date/Time(s)

EPA 300.0 01/14/15 12/22/14 10:16 12/22/14  17:58

EPA 6010C 06/15/15 12/18/14 16:22 12/19/14  09:56

EPA 7470A 01/14/15 12/24/14 13:09 12/29/14  14:13

MW-5S C416644-05 Sampled: 12/17/14  11:27 Received: 12/18/14  13:32Client ID: Lab ID:

Prep Date/Time(s)Hold Date/Time(s)Parameter Analysis Date/Time(s)

EPA 300.0 01/14/15 12/22/14 10:16 12/22/14  18:15

EPA 6010C 06/15/15 12/18/14 16:22 12/19/14  10:10

EPA 7470A 01/14/15 12/24/14 13:09 12/29/14  14:15

MW-6 C416644-06 Sampled: 12/17/14  14:50 Received: 12/18/14  13:32Client ID: Lab ID:

Prep Date/Time(s)Hold Date/Time(s)Parameter Analysis Date/Time(s)

EPA 7470A 01/14/15 12/24/14 13:09 12/29/14  14:18

MW-6 C416644-06RE1 Sampled: 12/17/14  14:50 Received: 12/18/14  13:32Client ID: Lab ID:

Prep Date/Time(s)Hold Date/Time(s)Parameter Analysis Date/Time(s)

EPA 300.0 01/14/15 12/22/14 10:16 12/23/14  09:20

EPA 6010C 06/15/15 12/18/14 16:22 12/19/14  12:10

MW-7 C416644-07 Sampled: 12/17/14  13:54 Received: 12/18/14  13:32Client ID: Lab ID:

Prep Date/Time(s)Hold Date/Time(s)Parameter Analysis Date/Time(s)

EPA 7470A 01/14/15 12/24/14 13:09 12/29/14  14:20

MW-7 C416644-07RE1 Sampled: 12/17/14  13:54 Received: 12/18/14  13:32Client ID: Lab ID:

Prep Date/Time(s)Hold Date/Time(s)Parameter Analysis Date/Time(s)

EPA 300.0 01/14/15 12/22/14 10:23 12/23/14  09:37

EPA 6010C 06/15/15 12/18/14 16:22 12/19/14  12:13

MW-8 C416644-08 Sampled: 12/17/14  14:21 Received: 12/18/14  13:32Client ID: Lab ID:

Prep Date/Time(s)Hold Date/Time(s)Parameter Analysis Date/Time(s)

EPA 7470A 01/14/15 12/24/14 13:09 12/29/14  14:26
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SAMPLE SUMMARY/LABORATORY CHRONICLE

MW-8 C416644-08RE1 Sampled: 12/17/14  14:21 Received: 12/18/14  13:32Client ID: Lab ID:

Prep Date/Time(s)Hold Date/Time(s)Parameter Analysis Date/Time(s)

EPA 300.0 01/14/15 12/22/14 10:23 12/23/14  09:54

EPA 6010C 06/15/15 12/18/14 16:22 12/19/14  12:15

SW-1 C416644-09 Sampled: 12/17/14  15:20 Received: 12/18/14  13:32Client ID: Lab ID:

Prep Date/Time(s)Hold Date/Time(s)Parameter Analysis Date/Time(s)

EPA 300.0 01/14/15 12/22/14 10:23 12/22/14  23:22

EPA 6010C 06/15/15 12/18/14 16:22 12/19/14  10:21

EPA 7470A 01/14/15 12/24/14 13:09 12/29/14  14:29

SW-2 C416644-10 Sampled: 12/17/14  13:25 Received: 12/18/14  13:32Client ID: Lab ID:

Prep Date/Time(s)Hold Date/Time(s)Parameter Analysis Date/Time(s)

EPA 300.0 01/14/15 12/22/14 10:23 12/22/14  23:39

EPA 6010C 06/15/15 12/18/14 16:22 12/19/14  10:24

EPA 7470A 01/14/15 12/24/14 13:09 12/29/14  14:31

SW-3 C416644-11 Sampled: 12/17/14  14:10 Received: 12/18/14  13:32Client ID: Lab ID:

Prep Date/Time(s)Hold Date/Time(s)Parameter Analysis Date/Time(s)

EPA 300.0 01/14/15 12/22/14 10:23 12/22/14  23:56

EPA 6010C 06/15/15 12/18/14 16:22 12/19/14  10:26

EPA 7470A 01/14/15 12/24/14 13:09 12/29/14  14:34
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SAMPLE DETECTION SUMMARY

Lab ID:Client ID: MW-1S C416644-01RE1

Analyte MethodUnitsPQLResults Flag NotesMDL

408 50.0 ug/L EPA 6010CD R-05Barium - Total 5.00

310000 25000 ug/L EPA 300.0D  Sulfate as SO4 14000

Lab ID:Client ID: MW-2S C416644-02

Analyte MethodUnitsPQLResults Flag NotesMDL

200 10.0 ug/L EPA 6010C  Barium - Total 1.00

Lab ID:Client ID: MW-3 C416644-03

Analyte MethodUnitsPQLResults Flag NotesMDL

760000 100000 ug/L EPA 300.0D  Sulfate as SO4 58000

Lab ID:Client ID: MW-3 C416644-03RE1

Analyte MethodUnitsPQLResults Flag NotesMDL

151 50.0 ug/L EPA 6010CD R-05Barium - Total 5.00

Lab ID:Client ID: MW-4 C416644-04

Analyte MethodUnitsPQLResults Flag NotesMDL

70.9 10.0 ug/L EPA 6010C  Barium - Total 1.00

1.75 1.00 ug/L EPA 6010C  Cadmium - Total 0.360

1.11 0.238 ug/L EPA 7470A  Mercury - Total 0.202

260000 25000 ug/L EPA 300.0D  Sulfate as SO4 14000

Lab ID:Client ID: MW-5S C416644-05

Analyte MethodUnitsPQLResults Flag NotesMDL

82.5 10.0 ug/L EPA 6010C  Barium - Total 1.00

21000 5000 ug/L EPA 300.0  Sulfate as SO4 2900

Lab ID:Client ID: MW-6 C416644-06RE1

Analyte MethodUnitsPQLResults Flag NotesMDL

98.7 50.0 ug/L EPA 6010CD  Arsenic - Total 27.0

155 50.0 ug/L EPA 6010CD  Barium - Total 5.00

122 50.0 ug/L EPA 6010CD  Lead - Total 10.5

660000 50000 ug/L EPA 300.0D  Sulfate as SO4 29000

Lab ID:Client ID: MW-7 C416644-07RE1

Analyte MethodUnitsPQLResults Flag NotesMDL

167 50.0 ug/L EPA 6010CD  Arsenic - Total 27.0

205 50.0 ug/L EPA 6010CD  Barium - Total 5.00

553 50.0 ug/L EPA 6010CD  Lead - Total 10.5

710000 50000 ug/L EPA 300.0D  Sulfate as SO4 29000

Lab ID:Client ID: MW-8 C416644-08RE1

Analyte MethodUnitsPQLResults Flag NotesMDL

124 50.0 ug/L EPA 6010CD  Arsenic - Total 27.0

143 50.0 ug/L EPA 6010CD  Barium - Total 5.00

263 50.0 ug/L EPA 6010CD  Lead - Total 10.5

620000 50000 ug/L EPA 300.0D  Sulfate as SO4 29000

Lab ID:Client ID: SW-1 C416644-09

Analyte MethodUnitsPQLResults Flag NotesMDL

27.3 10.0 ug/L EPA 6010C  Barium - Total 1.00

Lab ID:Client ID: SW-2 C416644-10

Analyte MethodUnitsPQLResults Flag NotesMDL

27.8 10.0 ug/L EPA 6010C  Barium - Total 1.00

5500 5000 ug/L EPA 300.0  Sulfate as SO4 2900

Lab ID:Client ID: SW-3 C416644-11

Analyte MethodUnitsPQLResults Flag NotesMDL

80.0 10.0 ug/L EPA 6010C  Barium - Total 1.00

9900 5000 ug/L EPA 300.0  Sulfate as SO4 2900
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ANALYTICAL RESULTS

MW-1SDescription: Lab Sample ID:C416644-01 12/18/14 13:32Received:

C416644Work Order:12/17/14 12:53Sampled:Ground WaterMatrix:

John SherillSampled By:Project: Swift Creek

Metals by EPA 6000/7000 Series Methods

^ - ENCO Cary certified analyte [NC  591]

NotesFlag PQL Batch ByAnalyzedMethodResults Units DFAnalyte  [CAS Number]

ug/L EPA 7470A 12/29/14 14:06Mercury [7439-97-6]^ 1 T1D4L240290.2380.238 U  

Metals (total recoverable) by EPA 6000/7000 Series Methods

^ - ENCO Cary certified analyte [NC  591]

NotesFlag PQL Batch ByAnalyzedMethodResults Units DFAnalyte  [CAS Number]

ug/L EPA 6010C 12/19/14 09:45Barium [7440-39-3]^ 5 JDH4L1803450.0408 D R-05

ug/L EPA 6010C 12/19/14 09:45Cadmium [7440-43-9]^ 5 JDH4L180345.005.00 UD R-05

ug/L EPA 6010C 12/19/14 09:45Chromium [7440-47-3]^ 5 JDH4L1803450.050.0 UD R-05

ug/L EPA 6010C 12/19/14 09:45Lead [7439-92-1]^ 5 JDH4L1803450.050.0 UD R-05

ug/L EPA 6010C 12/19/14 09:45Selenium [7782-49-2]^ 5 JDH4L1803450.050.0 UD R-05

ug/L EPA 6010C 12/19/14 09:45Silver [7440-22-4]^ 5 JDH4L1803450.050.0 UD R-05

Classical Chemistry Parameters

^ - ENCO Cary certified analyte [NC  591]

NotesFlag PQL Batch ByAnalyzedMethodResults Units DFAnalyte  [CAS Number]

ug/L EPA 300.0 12/23/14 09:03Sulfate as SO4 [14808-79-8]^ 5 AJB4L2200925000310000 D  

MW-2SDescription: Lab Sample ID:C416644-02 12/18/14 13:32Received:

C416644Work Order:12/17/14 13:20Sampled:Ground WaterMatrix:

John SherillSampled By:Project: Swift Creek

Metals by EPA 6000/7000 Series Methods

^ - ENCO Cary certified analyte [NC  591]

NotesFlag PQL Batch ByAnalyzedMethodResults Units DFAnalyte  [CAS Number]

ug/L EPA 7470A 12/29/14 14:09Mercury [7439-97-6]^ 1 T1D4L240290.2380.238 U  

Metals (total recoverable) by EPA 6000/7000 Series Methods

^ - ENCO Cary certified analyte [NC  591]

NotesFlag PQL Batch ByAnalyzedMethodResults Units DFAnalyte  [CAS Number]

ug/L EPA 6010C 12/19/14 09:47Arsenic [7440-38-2]^ 1 JDH4L1803410.010.0 U  

ug/L EPA 6010C 12/19/14 09:47Barium [7440-39-3]^ 1 JDH4L1803410.0200  

ug/L EPA 6010C 12/19/14 09:47Cadmium [7440-43-9]^ 1 JDH4L180341.001.00 U  

ug/L EPA 6010C 12/19/14 09:47Chromium [7440-47-3]^ 1 JDH4L1803410.010.0 U  

ug/L EPA 6010C 12/19/14 09:47Lead [7439-92-1]^ 1 JDH4L1803410.010.0 U  

ug/L EPA 6010C 12/19/14 09:47Selenium [7782-49-2]^ 1 JDH4L1803410.010.0 U  

ug/L EPA 6010C 12/19/14 09:47Silver [7440-22-4]^ 1 JDH4L1803410.010.0 U  

Classical Chemistry Parameters

^ - ENCO Cary certified analyte [NC  591]

NotesFlag PQL Batch ByAnalyzedMethodResults Units DFAnalyte  [CAS Number]

ug/L EPA 300.0 12/22/14 16:50Sulfate as SO4 [14808-79-8]^ 1 AJB4L2200950005000 U  
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ANALYTICAL RESULTS

MW-3Description: Lab Sample ID:C416644-03 12/18/14 13:32Received:

C416644Work Order:12/17/14 11:52Sampled:Ground WaterMatrix:

John SherillSampled By:Project: Swift Creek

Metals by EPA 6000/7000 Series Methods

^ - ENCO Cary certified analyte [NC  591]

NotesFlag PQL Batch ByAnalyzedMethodResults Units DFAnalyte  [CAS Number]

ug/L EPA 7470A 12/29/14 14:36Mercury [7439-97-6]^ 1 T1D4L240290.2380.238 U  

Metals (total recoverable) by EPA 6000/7000 Series Methods

^ - ENCO Cary certified analyte [NC  591]

NotesFlag PQL Batch ByAnalyzedMethodResults Units DFAnalyte  [CAS Number]

ug/L EPA 6010C 12/19/14 12:08Arsenic [7440-38-2]^ 5 JDH4L1803450.050.0 UD R-05

ug/L EPA 6010C 12/19/14 12:08Barium [7440-39-3]^ 5 JDH4L1803450.0151 D R-05

ug/L EPA 6010C 12/19/14 12:08Cadmium [7440-43-9]^ 5 JDH4L180345.005.00 UD R-05

ug/L EPA 6010C 12/19/14 12:08Chromium [7440-47-3]^ 5 JDH4L1803450.050.0 UD R-05

ug/L EPA 6010C 12/19/14 12:08Lead [7439-92-1]^ 5 JDH4L1803450.050.0 UD R-05

ug/L EPA 6010C 12/19/14 12:08Selenium [7782-49-2]^ 5 JDH4L1803450.050.0 UD R-05

ug/L EPA 6010C 12/19/14 12:08Silver [7440-22-4]^ 5 JDH4L1803450.050.0 UD R-05

Classical Chemistry Parameters

^ - ENCO Cary certified analyte [NC  591]

NotesFlag PQL Batch ByAnalyzedMethodResults Units DFAnalyte  [CAS Number]

ug/L EPA 300.0 12/22/14 17:07Sulfate as SO4 [14808-79-8]^ 20 AJB4L22009100000760000 D  

MW-4Description: Lab Sample ID:C416644-04 12/18/14 13:32Received:

C416644Work Order:12/17/14 12:20Sampled:Ground WaterMatrix:

John SherillSampled By:Project: Swift Creek

Metals by EPA 6000/7000 Series Methods

^ - ENCO Cary certified analyte [NC  591]

NotesFlag PQL Batch ByAnalyzedMethodResults Units DFAnalyte  [CAS Number]

ug/L EPA 7470A 12/29/14 14:13Mercury [7439-97-6]^ 1 T1D4L240290.2381.11  

Metals (total recoverable) by EPA 6000/7000 Series Methods

^ - ENCO Cary certified analyte [NC  591]

NotesFlag PQL Batch ByAnalyzedMethodResults Units DFAnalyte  [CAS Number]

ug/L EPA 6010C 12/19/14 09:56Arsenic [7440-38-2]^ 1 JDH4L1803410.010.0 U  

ug/L EPA 6010C 12/19/14 09:56Barium [7440-39-3]^ 1 JDH4L1803410.070.9  

ug/L EPA 6010C 12/19/14 09:56Cadmium [7440-43-9]^ 1 JDH4L180341.001.75  

ug/L EPA 6010C 12/19/14 09:56Chromium [7440-47-3]^ 1 JDH4L1803410.010.0 U  

ug/L EPA 6010C 12/19/14 09:56Lead [7439-92-1]^ 1 JDH4L1803410.010.0 U  

ug/L EPA 6010C 12/19/14 09:56Selenium [7782-49-2]^ 1 JDH4L1803410.010.0 U  

ug/L EPA 6010C 12/19/14 09:56Silver [7440-22-4]^ 1 JDH4L1803410.010.0 U  

Classical Chemistry Parameters

^ - ENCO Cary certified analyte [NC  591]

NotesFlag PQL Batch ByAnalyzedMethodResults Units DFAnalyte  [CAS Number]

ug/L EPA 300.0 12/22/14 17:58Sulfate as SO4 [14808-79-8]^ 5 AJB4L2200925000260000 D  
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ANALYTICAL RESULTS

MW-5SDescription: Lab Sample ID:C416644-05 12/18/14 13:32Received:

C416644Work Order:12/17/14 11:27Sampled:Ground WaterMatrix:

John SherillSampled By:Project: Swift Creek

Metals by EPA 6000/7000 Series Methods

^ - ENCO Cary certified analyte [NC  591]

NotesFlag PQL Batch ByAnalyzedMethodResults Units DFAnalyte  [CAS Number]

ug/L EPA 7470A 12/29/14 14:15Mercury [7439-97-6]^ 1 T1D4L240290.2380.238 U  

Metals (total recoverable) by EPA 6000/7000 Series Methods

^ - ENCO Cary certified analyte [NC  591]

NotesFlag PQL Batch ByAnalyzedMethodResults Units DFAnalyte  [CAS Number]

ug/L EPA 6010C 12/19/14 10:10Arsenic [7440-38-2]^ 1 JDH4L1803410.010.0 U  

ug/L EPA 6010C 12/19/14 10:10Barium [7440-39-3]^ 1 JDH4L1803410.082.5  

ug/L EPA 6010C 12/19/14 10:10Cadmium [7440-43-9]^ 1 JDH4L180341.001.00 U  

ug/L EPA 6010C 12/19/14 10:10Chromium [7440-47-3]^ 1 JDH4L1803410.010.0 U  

ug/L EPA 6010C 12/19/14 10:10Lead [7439-92-1]^ 1 JDH4L1803410.010.0 U  

ug/L EPA 6010C 12/19/14 10:10Selenium [7782-49-2]^ 1 JDH4L1803410.010.0 U  

ug/L EPA 6010C 12/19/14 10:10Silver [7440-22-4]^ 1 JDH4L1803410.010.0 U  

Classical Chemistry Parameters

^ - ENCO Cary certified analyte [NC  591]

NotesFlag PQL Batch ByAnalyzedMethodResults Units DFAnalyte  [CAS Number]

ug/L EPA 300.0 12/22/14 18:15Sulfate as SO4 [14808-79-8]^ 1 AJB4L22009500021000  

MW-6Description: Lab Sample ID:C416644-06 12/18/14 13:32Received:

C416644Work Order:12/17/14 14:50Sampled:Ground WaterMatrix:

John SherillSampled By:Project: Swift Creek

Metals by EPA 6000/7000 Series Methods

^ - ENCO Cary certified analyte [NC  591]

NotesFlag PQL Batch ByAnalyzedMethodResults Units DFAnalyte  [CAS Number]

ug/L EPA 7470A 12/29/14 14:18Mercury [7439-97-6]^ 1 T1D4L240290.2380.238 U  

Metals (total recoverable) by EPA 6000/7000 Series Methods

^ - ENCO Cary certified analyte [NC  591]

NotesFlag PQL Batch ByAnalyzedMethodResults Units DFAnalyte  [CAS Number]

ug/L EPA 6010C 12/19/14 12:10Arsenic [7440-38-2]^ 5 JDH4L1803450.098.7 D  

ug/L EPA 6010C 12/19/14 12:10Barium [7440-39-3]^ 5 JDH4L1803450.0155 D  

ug/L EPA 6010C 12/19/14 12:10Cadmium [7440-43-9]^ 5 JDH4L180345.005.00 UD  

ug/L EPA 6010C 12/19/14 12:10Chromium [7440-47-3]^ 5 JDH4L1803450.050.0 UD  

ug/L EPA 6010C 12/19/14 12:10Lead [7439-92-1]^ 5 JDH4L1803450.0122 D  

ug/L EPA 6010C 12/19/14 12:10Selenium [7782-49-2]^ 5 JDH4L1803450.050.0 UD  

ug/L EPA 6010C 12/19/14 12:10Silver [7440-22-4]^ 5 JDH4L1803450.050.0 UD  

Classical Chemistry Parameters

^ - ENCO Cary certified analyte [NC  591]

NotesFlag PQL Batch ByAnalyzedMethodResults Units DFAnalyte  [CAS Number]

ug/L EPA 300.0 12/23/14 09:20Sulfate as SO4 [14808-79-8]^ 10 AJB4L2200950000660000 D  
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ANALYTICAL RESULTS

MW-7Description: Lab Sample ID:C416644-07 12/18/14 13:32Received:

C416644Work Order:12/17/14 13:54Sampled:WaterMatrix:

John SherillSampled By:Project: Swift Creek

Metals by EPA 6000/7000 Series Methods

^ - ENCO Cary certified analyte [NC  591]

NotesFlag PQL Batch ByAnalyzedMethodResults Units DFAnalyte  [CAS Number]

ug/L EPA 7470A 12/29/14 14:20Mercury [7439-97-6]^ 1 T1D4L240290.2380.238 U  

Metals (total recoverable) by EPA 6000/7000 Series Methods

^ - ENCO Cary certified analyte [NC  591]

NotesFlag PQL Batch ByAnalyzedMethodResults Units DFAnalyte  [CAS Number]

ug/L EPA 6010C 12/19/14 12:13Arsenic [7440-38-2]^ 5 JDH4L1803450.0167 D  

ug/L EPA 6010C 12/19/14 12:13Barium [7440-39-3]^ 5 JDH4L1803450.0205 D  

ug/L EPA 6010C 12/19/14 12:13Cadmium [7440-43-9]^ 5 JDH4L180345.005.00 UD  

ug/L EPA 6010C 12/19/14 12:13Chromium [7440-47-3]^ 5 JDH4L1803450.050.0 UD  

ug/L EPA 6010C 12/19/14 12:13Lead [7439-92-1]^ 5 JDH4L1803450.0553 D  

ug/L EPA 6010C 12/19/14 12:13Selenium [7782-49-2]^ 5 JDH4L1803450.050.0 UD  

ug/L EPA 6010C 12/19/14 12:13Silver [7440-22-4]^ 5 JDH4L1803450.050.0 UD  

Classical Chemistry Parameters

^ - ENCO Cary certified analyte [NC  591]

NotesFlag PQL Batch ByAnalyzedMethodResults Units DFAnalyte  [CAS Number]

ug/L EPA 300.0 12/23/14 09:37Sulfate as SO4 [14808-79-8]^ 10 AJB4L2201050000710000 D  

MW-8Description: Lab Sample ID:C416644-08 12/18/14 13:32Received:

C416644Work Order:12/17/14 14:21Sampled:Ground WaterMatrix:

John SherillSampled By:Project: Swift Creek

Metals by EPA 6000/7000 Series Methods

^ - ENCO Cary certified analyte [NC  591]

NotesFlag PQL Batch ByAnalyzedMethodResults Units DFAnalyte  [CAS Number]

ug/L EPA 7470A 12/29/14 14:26Mercury [7439-97-6]^ 1 T1D4L240290.2380.238 U  

Metals (total recoverable) by EPA 6000/7000 Series Methods

^ - ENCO Cary certified analyte [NC  591]

NotesFlag PQL Batch ByAnalyzedMethodResults Units DFAnalyte  [CAS Number]

ug/L EPA 6010C 12/19/14 12:15Arsenic [7440-38-2]^ 5 JDH4L1803450.0124 D  

ug/L EPA 6010C 12/19/14 12:15Barium [7440-39-3]^ 5 JDH4L1803450.0143 D  

ug/L EPA 6010C 12/19/14 12:15Cadmium [7440-43-9]^ 5 JDH4L180345.005.00 UD  

ug/L EPA 6010C 12/19/14 12:15Chromium [7440-47-3]^ 5 JDH4L1803450.050.0 UD  

ug/L EPA 6010C 12/19/14 12:15Lead [7439-92-1]^ 5 JDH4L1803450.0263 D  

ug/L EPA 6010C 12/19/14 12:15Selenium [7782-49-2]^ 5 JDH4L1803450.050.0 UD  

ug/L EPA 6010C 12/19/14 12:15Silver [7440-22-4]^ 5 JDH4L1803450.050.0 UD  

Classical Chemistry Parameters

^ - ENCO Cary certified analyte [NC  591]

NotesFlag PQL Batch ByAnalyzedMethodResults Units DFAnalyte  [CAS Number]

ug/L EPA 300.0 12/23/14 09:54Sulfate as SO4 [14808-79-8]^ 10 AJB4L2201050000620000 D  
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ANALYTICAL RESULTS

SW-1Description: Lab Sample ID:C416644-09 12/18/14 13:32Received:

C416644Work Order:12/17/14 15:20Sampled:Ground WaterMatrix:

John SherillSampled By:Project: Swift Creek

Metals by EPA 6000/7000 Series Methods

^ - ENCO Cary certified analyte [NC  591]

NotesFlag PQL Batch ByAnalyzedMethodResults Units DFAnalyte  [CAS Number]

ug/L EPA 7470A 12/29/14 14:29Mercury [7439-97-6]^ 1 T1D4L240290.2380.238 U  

Metals (total recoverable) by EPA 6000/7000 Series Methods

^ - ENCO Cary certified analyte [NC  591]

NotesFlag PQL Batch ByAnalyzedMethodResults Units DFAnalyte  [CAS Number]

ug/L EPA 6010C 12/19/14 10:21Arsenic [7440-38-2]^ 1 JDH4L1803410.010.0 U  

ug/L EPA 6010C 12/19/14 10:21Barium [7440-39-3]^ 1 JDH4L1803410.027.3  

ug/L EPA 6010C 12/19/14 10:21Cadmium [7440-43-9]^ 1 JDH4L180341.001.00 U  

ug/L EPA 6010C 12/19/14 10:21Chromium [7440-47-3]^ 1 JDH4L1803410.010.0 U  

ug/L EPA 6010C 12/19/14 10:21Lead [7439-92-1]^ 1 JDH4L1803410.010.0 U  

ug/L EPA 6010C 12/19/14 10:21Selenium [7782-49-2]^ 1 JDH4L1803410.010.0 U  

ug/L EPA 6010C 12/19/14 10:21Silver [7440-22-4]^ 1 JDH4L1803410.010.0 U  

Classical Chemistry Parameters

^ - ENCO Cary certified analyte [NC  591]

NotesFlag PQL Batch ByAnalyzedMethodResults Units DFAnalyte  [CAS Number]

ug/L EPA 300.0 12/22/14 23:22Sulfate as SO4 [14808-79-8]^ 1 AJB4L2201050005000 U  

SW-2Description: Lab Sample ID:C416644-10 12/18/14 13:32Received:

C416644Work Order:12/17/14 13:25Sampled:Ground WaterMatrix:

John SherillSampled By:Project: Swift Creek

Metals by EPA 6000/7000 Series Methods

^ - ENCO Cary certified analyte [NC  591]

NotesFlag PQL Batch ByAnalyzedMethodResults Units DFAnalyte  [CAS Number]

ug/L EPA 7470A 12/29/14 14:31Mercury [7439-97-6]^ 1 T1D4L240290.2380.238 U  

Metals (total recoverable) by EPA 6000/7000 Series Methods

^ - ENCO Cary certified analyte [NC  591]

NotesFlag PQL Batch ByAnalyzedMethodResults Units DFAnalyte  [CAS Number]

ug/L EPA 6010C 12/19/14 10:24Arsenic [7440-38-2]^ 1 JDH4L1803410.010.0 U  

ug/L EPA 6010C 12/19/14 10:24Barium [7440-39-3]^ 1 JDH4L1803410.027.8  

ug/L EPA 6010C 12/19/14 10:24Cadmium [7440-43-9]^ 1 JDH4L180341.001.00 U  

ug/L EPA 6010C 12/19/14 10:24Chromium [7440-47-3]^ 1 JDH4L1803410.010.0 U  

ug/L EPA 6010C 12/19/14 10:24Lead [7439-92-1]^ 1 JDH4L1803410.010.0 U  

ug/L EPA 6010C 12/19/14 10:24Selenium [7782-49-2]^ 1 JDH4L1803410.010.0 U  

ug/L EPA 6010C 12/19/14 10:24Silver [7440-22-4]^ 1 JDH4L1803410.010.0 U  

Classical Chemistry Parameters

^ - ENCO Cary certified analyte [NC  591]

NotesFlag PQL Batch ByAnalyzedMethodResults Units DFAnalyte  [CAS Number]

ug/L EPA 300.0 12/22/14 23:39Sulfate as SO4 [14808-79-8]^ 1 AJB4L2201050005500  
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ANALYTICAL RESULTS

SW-3Description: Lab Sample ID:C416644-11 12/18/14 13:32Received:

C416644Work Order:12/17/14 14:10Sampled:Ground WaterMatrix:

John SherillSampled By:Project: Swift Creek

Metals by EPA 6000/7000 Series Methods

^ - ENCO Cary certified analyte [NC  591]

NotesFlag PQL Batch ByAnalyzedMethodResults Units DFAnalyte  [CAS Number]

ug/L EPA 7470A 12/29/14 14:34Mercury [7439-97-6]^ 1 T1D4L240290.2380.238 U  

Metals (total recoverable) by EPA 6000/7000 Series Methods

^ - ENCO Cary certified analyte [NC  591]

NotesFlag PQL Batch ByAnalyzedMethodResults Units DFAnalyte  [CAS Number]

ug/L EPA 6010C 12/19/14 10:26Arsenic [7440-38-2]^ 1 JDH4L1803410.010.0 U  

ug/L EPA 6010C 12/19/14 10:26Barium [7440-39-3]^ 1 JDH4L1803410.080.0  

ug/L EPA 6010C 12/19/14 10:26Cadmium [7440-43-9]^ 1 JDH4L180341.001.00 U  

ug/L EPA 6010C 12/19/14 10:26Chromium [7440-47-3]^ 1 JDH4L1803410.010.0 U  

ug/L EPA 6010C 12/19/14 10:26Lead [7439-92-1]^ 1 JDH4L1803410.010.0 U  

ug/L EPA 6010C 12/19/14 10:26Selenium [7782-49-2]^ 1 JDH4L1803410.010.0 U  

ug/L EPA 6010C 12/19/14 10:26Silver [7440-22-4]^ 1 JDH4L1803410.010.0 U  

Classical Chemistry Parameters

^ - ENCO Cary certified analyte [NC  591]

NotesFlag PQL Batch ByAnalyzedMethodResults Units DFAnalyte  [CAS Number]

ug/L EPA 300.0 12/22/14 23:56Sulfate as SO4 [14808-79-8]^ 1 AJB4L2201050009900  

Page 11 of 16This report relates only to the sample as received by the laboratory, and may only be reproduced in full.FINAL Page 11 of 16
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QUALITY CONTROL DATA

Metals by EPA 6000/7000 Series Methods - Quality Control

Batch 4L24029 - EPA 7470A

Prepared: 12/24/2014 13:09 Analyzed: 12/29/2014 13:36Blank (4L24029-BLK1)

FlagResult Units Level Result %REC Limits RPD Limit Notes  Analyte PQL

Spike Source %REC RPD

ug/L0.2000.200 U  Mercury

Prepared: 12/24/2014 13:09 Analyzed: 12/29/2014 13:38LCS (4L24029-BS1)

FlagResult Units Level Result %REC Limits RPD Limit Notes  Analyte PQL

Spike Source %REC RPD

ug/L0.200 5.00 80-120934.63  Mercury

Prepared: 12/24/2014 13:09 Analyzed: 12/29/2014 13:42Matrix Spike (4L24029-MS1)

Source: C414996-02

FlagResult Units Level Result %REC Limits RPD Limit Notes  Analyte PQL

Spike Source %REC RPD

ug/L0.200 5.00 75-125960.200 U4.80  Mercury

Prepared: 12/24/2014 13:09 Analyzed: 12/29/2014 13:45Matrix Spike Dup (4L24029-MSD1)

Source: C414996-02

FlagResult Units Level Result %REC Limits RPD Limit Notes  Analyte PQL

Spike Source %REC RPD

ug/L0.200 5.00 2575-12597 10.200 U4.86  Mercury

Prepared: 12/24/2014 13:09 Analyzed: 12/29/2014 13:47Post Spike (4L24029-PS1)

Source: C414996-02

FlagResult Units Level Result %REC Limits RPD Limit Notes  Analyte PQL

Spike Source %REC RPD

ug/L0.200 5.00 75-12582-0.06404.08  Mercury

Metals (total recoverable) by EPA 6000/7000 Series Methods - Quality Control

Batch 4L18034 - EPA 3005A

Prepared: 12/18/2014 16:22 Analyzed: 12/19/2014 09:21Blank (4L18034-BLK1)

FlagResult Units Level Result %REC Limits RPD Limit Notes  Analyte PQL

Spike Source %REC RPD

ug/L10.010.0 U  Arsenic

ug/L10.010.0 U  Barium

ug/L1.001.00 U  Cadmium

ug/L10.010.0 U  Chromium

ug/L10.010.0 U  Lead

ug/L10.010.0 U  Selenium

ug/L10.010.0 U  Silver

Prepared: 12/18/2014 16:22 Analyzed: 12/19/2014 09:23LCS (4L18034-BS1)

FlagResult Units Level Result %REC Limits RPD Limit Notes  Analyte PQL

Spike Source %REC RPD

ug/L10.0 200 80-120110221  Arsenic

ug/L10.0 200 80-120113225  Barium

ug/L1.00 20.0 80-12011422.8  Cadmium

ug/L10.0 200 80-120108216  Chromium

ug/L10.0 200 80-120112223  Lead

ug/L10.0 200 80-120112224  Selenium

ug/L10.0 200 80-120107213  Silver
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QUALITY CONTROL DATA

Metals (total recoverable) by EPA 6000/7000 Series Methods - Quality Control

Batch 4L18034 - EPA 3005A - Continued

Prepared: 12/18/2014 16:22 Analyzed: 12/19/2014 09:29Matrix Spike (4L18034-MS1)

Source: C416644-01

FlagResult Units Level Result %REC Limits RPD Limit Notes  Analyte PQL

Spike Source %REC RPD

ug/L10.0 200 75-1259229.3213  Arsenic

ug/L10.0 200 75-12594330517  Barium

ug/L1.00 20.0 75-125841.00 U16.9  Cadmium

ug/L10.0 200 75-1258810.0 U175  Chromium

ug/L10.0 200 75-1258710.0 U174  Lead

ug/L10.0 200 75-1259854.7250  Selenium

ug/L10.0 200 75-12510010.0 U200  Silver

Prepared: 12/18/2014 16:22 Analyzed: 12/19/2014 09:32Matrix Spike Dup (4L18034-MSD1)

Source: C416644-01

FlagResult Units Level Result %REC Limits RPD Limit Notes  Analyte PQL

Spike Source %REC RPD

ug/L10.0 200 2075-12595 329.3220  Arsenic

ug/L10.0 200 2075-12594 0.05330517  Barium

ug/L1.00 20.0 2075-12584 0.41.00 U16.8  Cadmium

ug/L10.0 200 2075-12587 0.510.0 U174  Chromium

ug/L10.0 200 2075-12588 110.0 U176  Lead

ug/L10.0 200 2075-125100 254.7254  Selenium

ug/L10.0 200 2075-12599 110.0 U198  Silver

Prepared: 12/18/2014 16:22 Analyzed: 12/19/2014 09:42Post Spike (4L18034-PS1)

Source: C416644-01

FlagResult Units Level Result %REC Limits RPD Limit Notes  Analyte PQL

Spike Source %REC RPD

mg/L0.0100 0.200 80-120880.02930.206  Arsenic

mg/L0.0100 0.200 80-120880.3300.506  Barium

mg/L0.00100 0.0200 80-12079-0.0003530.0159 QM-08Cadmium

mg/L0.0100 0.200 80-120800.0004440.160  Chromium

mg/L0.0100 0.200 80-12081-0.002050.162  Lead

mg/L0.0100 0.200 80-120920.05470.239  Selenium

mg/L0.0100 0.200 80-12090-0.001610.180  Silver

Classical Chemistry Parameters - Quality Control

Batch 4L22009 - NO PREP

Prepared: 12/22/2014 10:16 Analyzed: 12/22/2014 10:47Blank (4L22009-BLK1)

FlagResult Units Level Result %REC Limits RPD Limit Notes  Analyte PQL

Spike Source %REC RPD

ug/L50005000 U  Sulfate as SO4

Prepared: 12/22/2014 10:16 Analyzed: 12/22/2014 11:22LCS (4L22009-BS1)

FlagResult Units Level Result %REC Limits RPD Limit Notes  Analyte PQL

Spike Source %REC RPD

ug/L5000 50000 90-1109447000  Sulfate as SO4

Prepared: 12/22/2014 10:16 Analyzed: 12/22/2014 18:49Matrix Spike (4L22009-MS1)

Source: C414993-03

FlagResult Units Level Result %REC Limits RPD Limit Notes  Analyte PQL

Spike Source %REC RPD

ug/L5000 20000 90-11089780026000 QM-05Sulfate as SO4
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QUALITY CONTROL DATA

Classical Chemistry Parameters - Quality Control

Batch 4L22009 - NO PREP - Continued

Prepared: 12/22/2014 10:16 Analyzed: 12/22/2014 19:06Matrix Spike Dup (4L22009-MSD1)

Source: C414993-03

FlagResult Units Level Result %REC Limits RPD Limit Notes  Analyte PQL

Spike Source %REC RPD

ug/L5000 20000 1090-11090 0.3780026000  Sulfate as SO4

Batch 4L22010 - NO PREP

Prepared: 12/22/2014 10:23 Analyzed: 12/22/2014 17:41Blank (4L22010-BLK1)

FlagResult Units Level Result %REC Limits RPD Limit Notes  Analyte PQL

Spike Source %REC RPD

ug/L50005000 U  Sulfate as SO4

Prepared: 12/22/2014 10:23 Analyzed: 12/22/2014 11:39LCS (4L22010-BS1)

FlagResult Units Level Result %REC Limits RPD Limit Notes  Analyte PQL

Spike Source %REC RPD

ug/L5000 50000 90-1109447000  Sulfate as SO4

Prepared: 12/22/2014 10:23 Analyzed: 12/23/2014 00:47Matrix Spike (4L22010-MS1)

Source: C414996-02

FlagResult Units Level Result %REC Limits RPD Limit Notes  Analyte PQL

Spike Source %REC RPD

ug/L5000 20000 90-11084340020000 QM-05Sulfate as SO4

Prepared: 12/22/2014 10:23 Analyzed: 12/23/2014 01:04Matrix Spike Dup (4L22010-MSD1)

Source: C414996-02

FlagResult Units Level Result %REC Limits RPD Limit Notes  Analyte PQL

Spike Source %REC RPD

ug/L5000 20000 1090-11087 3340021000 QM-05Sulfate as SO4
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FLAGS/NOTES AND DEFINITIONS

The analyte was detected in the associated method blank.

The sample was analyzed at dilution.

The reported value is between the laboratory method detection limit (MDL) and the laboratory method 

reporting limit (MRL), adjusted for actual sample preparation data and moisture content, where applicable.

The analyte was analyzed for but not detected to the level shown, adjusted for actual sample preparation 

data and moisture content, where applicable.

The concentration indicated for this analyte is an estimated value above the calibration range of the 

instrument. This value is considered an estimate.

Method Reporting Limit. The MRL is roughly equivalent to the practical quantitation limit (PQL) and is 

based on the low point of the calibration curve, when applicable, sample preparation factor, dilution 

factor, and, in the case of soil samples, moisture content.

MRL

E

U

J

D

B

N The analysis indicates the presence of an analyte for which there is presumptive evidence (85% or greater 

confidence) to make a �tentative identification".

P Greater than 25% concentration difference was observed between the primary and secondary GC column. 

The lower concentration is reported.

The spike recovery was outside acceptance limits for the MS and/or MSD due to matrix 

interference. The LCS and/or LCSD were within acceptance limits showing that the laboratory is 

in control and the data is acceptable.

QM-05

Post-digestion spike did not meet method requirements due to confirmed matrix effects 

(dilution test).

QM-08

The sample was diluted due to the presence of high levels of non-target analytes resulting in 

elevated reporting limits.

R-05
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ENVIRONMENTAL CONSERVATION LABORATORIES 

Client Name 

10775 Central Port Dr. 

Orlando, FL 32824 

(407) 826-5314 Fax (407) 850-6945 

Project Number 

Sherrill FnvirnnmP.nt~I Inc. (SH004) rnonel 
Address Project Name/Desc 

3326 RuQbV Road Swift Creek 
City/ST/Zip PO # I Bi.lling Info 

Durham, NC 27707 
Tel 

(ax 
Reporting Con1act 

(919) 493-6555 (9 ·19) 493-6554 Jack Sherrill 
Billing Contact 

4810 Executive Park Court, Suite 111 

Jacksonville, FL 32216-6069 

(904) 296-3007 Fax (904) 296-6210 

~r: N~ff;;xcstleu· 1~ ll E~t r~ ·i..,)1 Accounts Payable 

s~~1r c;:J..oi.t-:J/) 
Site Location I Time Zone 

r '\ 
Collection Matrix Total# of 

Item# Sample ID (Field Identification) Collection Djlte Time Comp / Grab (see codes) Con1ainers 

uw.1~ 12/R/11 1zs 3 ./'"'/I r..w ? 

M\IV-2S 132/) /\::) 7 
GW 2 

MW-3 ft5!C 12.ZO GW 2 

MW-4 l-2::l8 l 1 SL. G'N 2 

MW-55 IJZt GW 2 

MW-6 I 'I-SI> GW 2 

MW-7 13 ~"' GW 2 

MW-8 I t./i 2- GW 2 

SW-1 I SZb GW 2 

SW-2 13Z:S GW 2 

SW-3 ' v l 'i ID ')' GW 2 

,... 

Q,) 
Cf) 

.ci 
ll. 
.... 

(.) 
i:i 
(.)_ 
ct! 

co 
uj 
<_ 
O> 
<{ 

x 
x 
x 
x 
x 
x 
x 
)( 

x 
x 
x 

CHAIN-OF-CUSTODY RECORD 

O> 
J: 

x 
x 
x 
x 
x 
x 
)( 

x 
x 
)( 

x 

0 
0 
<') 

~ 
~ 
::i 

Cf) 

102-A Woodwinds Industrial Cl. 

Cary, NC 2751 1 

(919) 467-3090 Fax (919) 467-3515 

Requested Analyses 

' 

Preservation (See Codes) (Combine as necessary) 

)C 

x 
x 
x 
x 
x 
x 
x 
x I 

x 
x 

11 \ /""' M <--Total # of Containers /I 

Sample K~ Prepared By 

www.encolabs.com 

Page _!_. of -L 
Requested Turnaround 

Times 

Nole : Rush requests subject to 
acceplance by lhe facility 

/standard 

_ Expedited 

Due __}_/_ 

Lab Workorder 

C416644 
Sample Comments 

Date/Tl me 

(ff- o;q~~{ \-{ ~R~i~ ~\_uJ/ lif'ifjl1tf Received By j _ //'::_ 
/7/'V" ~ 12 '/f1'-1 1./32 ""- W" 

Comments/Special Reporting Requirements Re~hedBy Date/Tlme 
Rrvedi 

. Date/Tl me 

Relinquished By Date/Time Fecei7 y Date/Time 

-0 
Q) 

<O Cooler #'s & Temps on Receipt v Condition Upon Receipt (!) --z,. ( a. V Acceptable Unacceptable a 
• m Ix : GW-Groundwa1er SO-Soil OW-Drinking Water SE-Sediment SW-Surface Water WW -Wastewater A-Air 0 -01her (detail In comments) Preservation : I-Ice H-HCI N-HN03 S-H2S04 NO-NaOH 0-0ther (detail in comments) 

Note : All samples submitted to ENCO Labs are in accordance with the terms and conditions listed on the reverse of this lorrn, unless prior written agreements exist 



Sherrill Environmental, Inc. 

GROUNDWATER SAMPLING FIELD DATA 
WORKSHEET 

Project Name: _S_w_ift_C_r_e_ek ____ _ 

Permit No.: 

Client : ReUse/Full Circle 

WELL NUMBER: __ ----""MW..=...;...""'"'-1"""-S 

Well I.Diam: 

Measurements from TOC 

Screened interval: - - - - --

Date: 

Time: 

Weather: 

121rt12014 

{ "2... z. 6 
s 0° c I p.,.r,.... 

Personnel: J. Sherrill, LG 

Total well depth (TD): 15.7 

Length of water column: ]-., S 2-

Depth to water (DTW): 1. i:>~ 
Volume in well (gal): _ {_,_2-_ S __ 

Total water volume purged: > r S 
Method Purged: Peristaultic Pump 

Method sampled: __ Pe_r_is_ta_u_lti_c_P_um___._p _______ _ 

Purge Time pH Temp Specific Dissolved ORP Turbidity 

Vol. (G) (C) Cond. (mS/cm) Oxygen(%) (mV) (NTU) 

Dr 2- 12..3~ Set;, tO I /p, !JG 12.1'-fl:t- 2, I 101 /33 
J. 'L I ZJ1D t;.S b /(p,./ f Jtf,530 \. q &b z._8.1-
l.,S r l '-tS Sr St (b.3lf I "S. 81 D 3,3 hb I o,z. 
"3>1-S lZSD 5r~ fo I l?/-fS { c,,q o~ LB {y( 3~5 

Remarks on Sampling and Well Condition: 

Sample Collected: 

Sulfate and Total RCRA Metals 

Sample Collection Time: f 2.. 53 



Sherrill Environmental, Inc. 

GROUNDWATER SAMPLING FIELD DATA 
WORKSHEET 

Project Name: Swift Creek 

Permit No. : 

Client : ReUse/Full Circle 

WELL NUMBER: 

Well I.Diam: 

Measurements from TOC 

Screened interval: 

MW-2S 

------

Total well depth (TD): 18.7 

Length of water column: I l-f 1 L-/ B 
Total water volume purged: 3 ,S 
Method Purged: Peristaultic Pump 

Date: 12/ { <:t- /2014 

Time: 1 ·s.00 

Weather: 'So Ci'(_ 7/&(.,. 
Personnel: J. Sherrill, LG 

Depth to water (DTW): 4 < 'l '2-
Volume in well (gal): 2 • '3:> 

Method sampled:_~P~er=is~ta=u=lt=ic~P~u=m"""p~--------

Purge Time pH Temp Specific Dissolved ORP Turbidity 

Vol. (G) (C) Cond. (mS/cm) Oxygen(%) (mV) (NTU) 

O,~ 130~ '1.0L t't1S Dc~32- \. 2- -71 I I ,5 
2_,{J (3 fD 1.oci It; .15 bi 10b o.B -66 6,s 
7;:>, D 13( > f,0 {;, I~. l'1 (J < ":.i I 0 617 -85 2.18 
3 I -s 131~ 1.D'i l \L~ 01?l0 \ID - S'3 Z1Z 

Remarks on Sampling and Well Condition: 

Sample Collected: 

Sulfate and Total RCRA Metals 

Sample Collection Time: / 3 2.. 0 



\ 1_,f5) 

Sherrill Environmental, Inc. 

GROUNDWATER SAMPLING FIELD DATA 
WORKSHEET 

Project Name: _S_w_ift_C_r_e_ek ____ _ 

Permit No.: 

Client : ReUse/Full Circle 

Date: 

Time: 

Weather: 

121 l "1no14 

1 l 5 ~ 

WELL NUMBER: __ ____;;MW~'---3;;;;.... 

Well I.Diam: 

Personnel: J. Sherrill, LG 

Measurements from TOC 

Screened interval: ------

Total well depth (TD): 20.0 

Length of water column: ID. 0 0 
Depth to water (DTW): °t < 0 l 
Volume in well (gal): l '1 S 

Total water volume purged: 5 . 2-
Method Purged: Peristaultic Pump 

Method sampled: Peristaultic Pump 

Purge Time pH Temp Specific Dissolved ORP 

Vol. (G) (C) Cond. (mS/cm) Oxygen(%) (mV) 

Del I 2.03> b.IJ9 I b.33 brh{~ ~.I 30,-:t 
D«o / 2.05 h,t D I b.7£ brh J/{o lib / ~r 2 
\ I l8 17-10 &;,()b 15/1( (prr;C;/ '-/. (p llr 3 
L.1 'S J Z13 (p.b3 I ~?/1 0 :~5(J /o,7 -:+I~ 
ZcB i ZI 5 itJ,62_ I ~,gz_ ft?r9b~ Zf ,6 l-/1 Lf 
3.Z 121 B 5,qq { ~91 :q,l(B fc, q 21b 

Remarks on Sampling and Well Condition: 

Sample Collected: 

Sulfate and Total RCRA Metals 

Sample Collection Time: f 'Z.. Z. D 

Turbidity 

(NTU) 

26, -::/ 
brq 
£3,8 
~ . z 
brL/ 
5,8 



Sherrill Environmental, Inc. 

GROUNDWATER SAMPLING FIELD DATA 
WORKSHEET 

Project Name: ~S_w_ift~C~r~e~ek ____ _ 

Permit No.: 

Client : ReUse/Full Circle 

Date: 

Time: 

Weather: 

12/ /1-12014 

ll30 

WELL NUMBER: MW-4 Personnel: J. Sherrill, LG -----
Well I.Diam: 

Measurements from TOC 

Screened interval: ------

Total well depth (TD): __ ~2~0~.0_ 

Length of water column: 0, 1-°l 
Depth to water (DTW): { 3 r =f { 
Volume in well (gal): I • 0 

Total water volume purged: 'l._ r -::/-

Method Purged: Peristaultic Pump 

Method sampled: Peristaultic Pump 

Purge Time pH Temp Specific Dissolved ORP 

Vol. (G) (C) Cond. (mS/cm) Oxygen(%) (mV) 

o, L{ 1131 L{,~2_ I 9'03 I 1~.SB °t I 2. 166 
\ID 1 tttO "5r00 I ~,18 1 , gao 'frZ 1 s Lf 

( 's \ l ~.3 i;it.S I ~,/!, 1,qbq -z (, q l l~ 

2..1 0 114S 5, l '7 I 8,z.z l1°1°t2 . D 
{p,- (> l lt.; 

ll i- 1150 5,zg [ 8.1~ z,o5l-f s,o I 1 C, 

Remarks on Sampling and Well Condition: 

Sample Collected: 

Sulfate and Total RCRA Metals 

Sample Collection Time: / / S Z 

Turbidity 

(NTU) 

5,g 
l /1 
o.8 
o,6 
2-1 {) 



it l) 

Sherrill Environmental, Inc. 

GROUNDWATER SAMPLING FIELD DATA 
WORKSHEET 

Project Name: -=S-'-'w-=ift~C=r=-=-e=ek~---

Permit No.: 

Client : ReUse/Full Circle 

WELL NUMBER: __ ----"M"'-=-"W.;....-""'"5=-S 

Well I.Diam: 

Measurements from TOC 

Screened interval: _____ _ 

Date: 

Time: 

Weather: 

121 r:t-12014 

f C> >> 
~0° c_ I(?~ v--

Personnel: J. Sherrill, LG 

Total well depth (TD): 17.0 Depth to water (DTW): 7 r ci l--\ 
Length of water column: q ,D{p 

Total water volume purged: 2 15 

Volume in well (gal): { 1 Lf 

Method Purged: Peristaultic Pump 

Method sampled:_~Pe=r=is=ta=ul=ti~c=P~um~p _______ _ 

Purge Time pH Temp Specific Dissolved 

Vol. (G) (C) Cond. (mS/cm) Oxygen(%) 

D l l f{J5 l( ,'2-r; ( 17:g o, 2 l '1 7-.7-. 3 
l \ 0 t t/B t....L \ ~ lS.'ft, O, ( °t '-t Z..\ I B 
( l 2- \ \Z...b 'i1 tB r S1 LfCt De [ 8 '\ 22-., D 
7-lO 1\2-7- 4. l°I l~,59 0 ( [ g'f 2.2 ( 0 
L_.'S H.2.S l{,3i- f~1bf I) l A( 7.J, 8 

Remarks on Sampling and Well Condition: 

Sample Collected: 

Sulfate and Total RCRA Metals 

Sample Collection Time: l l ·2_ T 

ORP Turbidity 

(mV) (NTU) 

I toD l/-, .'-{ 
( 6'1 ~,z. 

t 'S~ ~rb 
I lf<=t l(, z 
{ '12- '-t .5 

Mw-s]) 
• -::{-, Lf6 



Sherrill Environmental, Inc. 

GROUNDWATER SAMPLING FIELD DATA 
WORKSHEET 

Project Name: ~S~w=ift~C~r~e=ek~---

Permit No. : 

Client : ReUse/Full Circle 

WELL NUMBER: MW-6 
------'"-=-'-~ 

Well I.Diam: 

Measurements from TOC 

Screened interval: ___ __ _ 

Date: 

Time: 

Weather: 

12/l 7- /2014 

1'132-
500 c ( .eer v 

Personnel: J. Sherrill, LG 

Total well depth (TD): 19.4 Depth to water (DTW): 1--r 2 Lf 
Length of water column: { Z 1 / l::
Total water volume purged: 3, D 

Volume in well (gal) : / 1 q 

Method Purged: Peristaultic Pump 

Method sampled: _ _____;_P=er-=is=ta=u=lti=c~P"""""um=p _______ _ 

Purge Time pH Temp Specific 

Vol. (G) (C) Cond. (mS/cm) 

[, (__ 1411D 31 0:/- I r;H fJ I s 1 I '-LI 
(_ ( (J I J.t £./ 2.. 5 rCJ~ I brfs l7>r130 
2-.5 I 'tt1r- 3«~~3 l /o/l1 l '?,, l z.. + 
ScO I '1lf 1 5JoCJ J(p,z_~ I 3. l l lf 

Remarks on Sampling and Well Condition: 

Sample Collected: 

Sulfate and Total RCRA Metals 

Sample Collection Time: / L-/:;; D 

Dissolved ORP Turbidity 

Oxygen(%) (mV) (NTU) 

I 1 b Z'Z-:> D, l:, 
I ( S 2... \ B I' 2. 
\ ( z 2-l ~ 2cL 
Ll -z_ ( -z_ 2,3 

L~ .._Q St.< .. ht\O rxJcy 
r'f 2._,\0 



Sherrill Environmental, Inc. 

GROUNDWATER SAMPLING FIELD DATA 
WORKSHEET 

Project Name: ~S~w=ift~C=r~e=ek~---

Perrnit No.: 

Client : ReUse/Full Circle 

MW-7 WELL NUMBER: __ ----"~""--'

Well I.Diam: 

Measurements from TOC 

Screened interval: _____ _ 

Date: 12/ /'1/2014 

Time: /3~ z_ 

Weather: 5 D0C.(~v"' 

Personnel: J. Sherrill, LG 

Total well depth (TD): 19.5 Depth to water (DTW): "":f , Lf D 
Length of water column: I Z.. 1 \ Volume in well (gal): I • 1 
Total water volume purged: 3 rD 
Method Purged: Peristaultic Pump 

Method sampled:_~P=er=is~ta~u=lt1~· c~P~um~p _______ _ 

Purge Time pH Temp Specific Dissolved ORP Turbidity 

Vol. (G) (C) Cond. (mS/cm) Oxygen(%) (mV) (NTU) 

()I L/ /3'-/D ~,toS I toP12 I °t.fo '3 3 2.2- 233 2.. ,Lf 

I, S f 345 ~c1D l7.0I 2.J), l-(O q 2-.2. 22~ D,°t 
L< lf I ?/18 ~if I l-=f.DO zD, 5scr '-! c) 2- l y Lb 
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Remarks on Sampling and Well Condition: 
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Sulfate and Total RCRA Metals 

Sample Collection Time: / '3> S ~ 



Sherrill Environmental, Inc. 

GROUNDWATER SAMPLING FIELD DATA 
WORKSHEET 

Project Name: -=S'-'-'w-=ift=--C-=r~e-=ek~---

Permit No.: 

Client : ReUse/Full Circle 

WELL NUMBER: __ __.M""""-'-W'---~8 

Well I.Diam: 

Measurements from TOC 

Screened interval: _____ _ 

Date: 

Time: 

Weather: 

12/ l r- /2014 
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sooc(,q---

Personnel: J. Sherrill, LG 

Total well depth (TD): 19.0 Depth to water (DTW): 1-f, 3 '-( 
Length of water column: I Lf r (p 0 
Total water volume purged: 3 • Z... 

Volume in well (gal): Zr> 

Method Purged: Peristaultic Pump 

Method sampled: Peristaultic Pump 
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SWIFTEX.OUT
� 
 ******************************************************************************
 ******************************************************************************
 **                                                                          **
 **                                                                          **
 **              HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE               **
 **                HELP MODEL VERSION 3.07  (1 NOVEMBER 1997)                **
 **                  DEVELOPED BY ENVIRONMENTAL LABORATORY                   **
 **                    USAE WATERWAYS EXPERIMENT STATION                     **
 **             FOR USEPA RISK REDUCTION ENGINEERING LABORATORY              **
 **                                                                          **
 **                                                                          **
 ******************************************************************************
 ******************************************************************************

 PRECIPITATION DATA FILE:    C:\HELP3\SWIFT4.D4                                
 TEMPERATURE DATA FILE:      C:\HELP3\SWIFT7.D7                                
 SOLAR RADIATION DATA FILE:  C:\HELP3\SWIFT10.D13                              
 EVAPOTRANSPIRATION DATA:    C:\HELP3\SWIFT11.D11                              
 SOIL AND DESIGN DATA FILE:  C:\HELP3\SWIFTEX.D10                              
 OUTPUT DATA FILE:           C:\HELP3\OUTPUT\SWIFTEX.OUT                       

 TIME:  10:58     DATE:   2/ 2/2015

 
 ******************************************************************************

      TITLE:  Swift Creek Existing Conditions - Leachate Generation       

 ******************************************************************************

      NOTE:  INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER WERE
               COMPUTED AS NEARLY STEADY-STATE VALUES BY THE PROGRAM.

 
                                    LAYER  1
                                    --------

                      TYPE 1 - VERTICAL PERCOLATION LAYER
                          MATERIAL TEXTURE NUMBER   7
            THICKNESS                   =     24.00   INCHES
            POROSITY                    =      0.4730 VOL/VOL
            FIELD CAPACITY              =      0.2220 VOL/VOL
            WILTING POINT               =      0.1040 VOL/VOL
            INITIAL SOIL WATER CONTENT  =      0.2560 VOL/VOL
            EFFECTIVE SAT. HYD. COND.   =  0.520000001000E-03 CM/SEC
          NOTE:  SATURATED HYDRAULIC CONDUCTIVITY IS MULTIPLIED BY  1.80
                   FOR ROOT CHANNELS IN TOP HALF OF EVAPORATIVE ZONE.

 
                                    LAYER  2
                                    --------
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SWIFTEX.OUT

                      TYPE 1 - VERTICAL PERCOLATION LAYER
                          MATERIAL TEXTURE NUMBER  30
            THICKNESS                   =    144.00   INCHES
            POROSITY                    =      0.5410 VOL/VOL
            FIELD CAPACITY              =      0.1870 VOL/VOL
            WILTING POINT               =      0.0470 VOL/VOL
            INITIAL SOIL WATER CONTENT  =      0.2094 VOL/VOL
            EFFECTIVE SAT. HYD. COND.   =  0.499999987000E-04 CM/SEC

 
                                    LAYER  3
                                    --------

                      TYPE 1 - VERTICAL PERCOLATION LAYER
                          MATERIAL TEXTURE NUMBER   8
            THICKNESS                   =     12.00   INCHES
            POROSITY                    =      0.4630 VOL/VOL
            FIELD CAPACITY              =      0.2320 VOL/VOL
            WILTING POINT               =      0.1160 VOL/VOL
            INITIAL SOIL WATER CONTENT  =      0.2320 VOL/VOL
            EFFECTIVE SAT. HYD. COND.   =  0.369999994000E-03 CM/SEC

 
                                    LAYER  4
                                    --------

                        TYPE 2 - LATERAL DRAINAGE LAYER
                          MATERIAL TEXTURE NUMBER   7
            THICKNESS                   =     60.00   INCHES
            POROSITY                    =      0.4730 VOL/VOL
            FIELD CAPACITY              =      0.2220 VOL/VOL
            WILTING POINT               =      0.1040 VOL/VOL
            INITIAL SOIL WATER CONTENT  =      0.2220 VOL/VOL
            EFFECTIVE SAT. HYD. COND.   =  0.520000001000E-03 CM/SEC
            SLOPE                       =      1.00   PERCENT
            DRAINAGE LENGTH             =    200.0    FEET

 
                                    LAYER  5
                                    --------

                          TYPE 3 - BARRIER SOIL LINER
                          MATERIAL TEXTURE NUMBER  15
            THICKNESS                   =     24.00   INCHES
            POROSITY                    =      0.4750 VOL/VOL
            FIELD CAPACITY              =      0.3780 VOL/VOL
            WILTING POINT               =      0.2650 VOL/VOL
            INITIAL SOIL WATER CONTENT  =      0.4750 VOL/VOL
            EFFECTIVE SAT. HYD. COND.   =  0.170000003000E-04 CM/SEC

 
                                    LAYER  6
                                    --------
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                      TYPE 1 - VERTICAL PERCOLATION LAYER
                          MATERIAL TEXTURE NUMBER   6
            THICKNESS                   =    120.00   INCHES
            POROSITY                    =      0.4530 VOL/VOL
            FIELD CAPACITY              =      0.1900 VOL/VOL
            WILTING POINT               =      0.0850 VOL/VOL
            INITIAL SOIL WATER CONTENT  =      0.1900 VOL/VOL
            EFFECTIVE SAT. HYD. COND.   =  0.720000011000E-03 CM/SEC

 

                    GENERAL DESIGN AND EVAPORATIVE ZONE DATA
                    ----------------------------------------

          NOTE:  SCS RUNOFF CURVE NUMBER WAS COMPUTED FROM DEFAULT
                   SOIL DATA BASE USING SOIL TEXTURE # 7 WITH A
                   FAIR STAND OF GRASS, A SURFACE SLOPE OF  1.%
                   AND A SLOPE LENGTH OF  600. FEET.

         SCS RUNOFF CURVE NUMBER             =     72.80
         FRACTION OF AREA ALLOWING RUNOFF    =    100.0    PERCENT
         AREA PROJECTED ON HORIZONTAL PLANE  =     10.000  ACRES
         EVAPORATIVE ZONE DEPTH              =     22.0    INCHES
         INITIAL WATER IN EVAPORATIVE ZONE   =      5.574  INCHES
         UPPER LIMIT OF EVAPORATIVE STORAGE  =     10.406  INCHES
         LOWER LIMIT OF EVAPORATIVE STORAGE  =      2.288  INCHES
         INITIAL SNOW WATER                  =      0.000  INCHES
         INITIAL WATER IN LAYER MATERIALS    =     86.600  INCHES
         TOTAL INITIAL WATER                 =     86.600  INCHES
         TOTAL SUBSURFACE INFLOW             =      0.00   INCHES/YEAR

                     EVAPOTRANSPIRATION AND WEATHER DATA 
                     -----------------------------------

          NOTE:  EVAPOTRANSPIRATION DATA WAS OBTAINED FROM
                   RALEIGH               NORTH CAROLINA    

              STATION LATITUDE                       =  35.87 DEGREES
              MAXIMUM LEAF AREA INDEX                =   1.00
              START OF GROWING SEASON (JULIAN DATE)  =     86
              END OF GROWING SEASON (JULIAN DATE)    =    310
              EVAPORATIVE ZONE DEPTH                 =  22.0  INCHES
              AVERAGE ANNUAL WIND SPEED              =   7.70 MPH
              AVERAGE 1ST QUARTER RELATIVE HUMIDITY  =  66.00 %
              AVERAGE 2ND QUARTER RELATIVE HUMIDITY  =  70.00 %
              AVERAGE 3RD QUARTER RELATIVE HUMIDITY  =  78.00 %
              AVERAGE 4TH QUARTER RELATIVE HUMIDITY  =  72.00 %

          NOTE:  PRECIPITATION DATA WAS SYNTHETICALLY GENERATED USING
                   COEFFICIENTS FOR    RALEIGH             NORTH CAROLINA      

                   NORMAL MEAN MONTHLY PRECIPITATION (INCHES)

      JAN/JUL     FEB/AUG     MAR/SEP     APR/OCT     MAY/NOV     JUN/DEC
      -------     -------     -------     -------     -------     -------
        3.55        3.43        3.69        2.91        3.67        3.66
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        4.38        4.44        3.29        2.73        2.87        3.14

          NOTE:  TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING
                   COEFFICIENTS FOR    RALEIGH             NORTH CAROLINA      

              NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT)

      JAN/JUL     FEB/AUG     MAR/SEP     APR/OCT     MAY/NOV     JUN/DEC
      -------     -------     -------     -------     -------     -------
       39.60       41.60       49.30       59.50       67.20       73.90
       77.70       77.00       71.00       59.70       50.00       42.00

          NOTE:  SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING
                   COEFFICIENTS FOR    RALEIGH             NORTH CAROLINA      
                     AND STATION LATITUDE  =  35.87 DEGREES

 

 *******************************************************************************
 
                   MONTHLY TOTALS (IN INCHES) FOR YEAR    1
 -------------------------------------------------------------------------------
 
                                 JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
                                 ------- ------- ------- ------- ------- -------
 
 PRECIPITATION                    1.47    4.13    2.90    1.41    1.78    5.80
                                  5.09    5.95    1.76    3.46    0.70    4.70
 
 RUNOFF                           0.000   0.000   0.000   0.000   0.000   0.000
                                  0.000   0.000   0.000   0.000   0.000   0.000
 
 EVAPOTRANSPIRATION               1.775   2.076   3.152   2.041   2.380   5.539
                                  5.200   5.316   2.854   1.979   1.453   1.099
 
 LATERAL DRAINAGE COLLECTED       0.0000  0.0000  0.0000  0.0000  0.0000  0.0000
   FROM LAYER  4                  0.0000  0.0000  0.0000  0.0000  0.0000  0.0000
 
 PERCOLATION/LEAKAGE THROUGH      0.0167  0.0000  0.0292  0.0000  0.0010  0.0045
   LAYER  5                       0.0000  0.0000  0.0001  0.0232  0.0249  0.0523
 
 PERCOLATION/LEAKAGE THROUGH      0.0181  0.0000  0.0290  0.0000  0.0008  0.0034
   LAYER  6                       0.0000  0.0000  0.0000  0.0234  0.0251  0.0399
 

 -------------------------------------------------------------------------------
                    MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)
 -------------------------------------------------------------------------------

 
 AVERAGE DAILY HEAD ON            0.000   0.000   0.000   0.000   0.000   0.000
   TOP OF LAYER  5                0.000   0.000   0.000   0.000   0.000   0.001
 
 STD. DEVIATION OF DAILY          0.000   0.000   0.000   0.000   0.000   0.000
   HEAD ON TOP OF LAYER  5        0.000   0.000   0.000   0.000   0.000   0.000
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 *******************************************************************************

 
 *******************************************************************************
 
                           ANNUAL TOTALS FOR YEAR    1
 -------------------------------------------------------------------------------
                                          INCHES          CU. FEET     PERCENT
                                         --------        ----------    -------
   PRECIPITATION                           39.15        1421144.750    100.00
 
   RUNOFF                                   0.000             7.734      0.00
 
   EVAPOTRANSPIRATION                      34.866       1265624.370     89.06
 
   DRAINAGE COLLECTED FROM LAYER  4         0.0000            0.002      0.00
 
   PERC./LEAKAGE THROUGH LAYER  5           0.151987       5517.114      0.39
 
   AVG. HEAD ON TOP OF LAYER  5             0.0002
 
   PERC./LEAKAGE THROUGH LAYER  6           0.139552       5065.732      0.36
 
   CHANGE IN WATER STORAGE                  4.145        150446.203     10.59
 
   SOIL WATER AT START OF YEAR             86.600       3143591.750
 
   SOIL WATER AT END OF YEAR               90.745       3294038.000
 
   SNOW WATER AT START OF YEAR              0.000             0.000      0.00
 
   SNOW WATER AT END OF YEAR                0.000             0.000      0.00
 
   ANNUAL WATER BUDGET BALANCE              0.0000            0.755      0.00
 
 *******************************************************************************

 

 *******************************************************************************
 
                   MONTHLY TOTALS (IN INCHES) FOR YEAR    2
 -------------------------------------------------------------------------------
 
                                 JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
                                 ------- ------- ------- ------- ------- -------
 
 PRECIPITATION                    2.46    2.15    4.79    3.25    8.08    7.14
                                  3.88    1.35    0.90    8.01    1.39    1.50
 
 RUNOFF                           0.000   0.000   0.000   0.000   0.021   0.000
                                  0.000   0.000   0.000   0.006   0.000   0.000
 
 EVAPOTRANSPIRATION               1.378   1.878   2.978   4.011   5.592   4.192
                                  5.006   3.194   0.788   1.872   1.608   1.117
 
 LATERAL DRAINAGE COLLECTED       0.0000  0.0000  0.0000  0.0000  0.0000  0.0000
   FROM LAYER  4                  0.0000  0.0000  0.0000  0.0000  0.0000  0.0000
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 PERCOLATION/LEAKAGE THROUGH      0.0542  0.0526  0.0315  0.0698  0.0561  0.1292
   LAYER  5                       0.1433  0.0609  0.1807  0.0331  0.1059  0.6985
 
 PERCOLATION/LEAKAGE THROUGH      0.0456  0.0455  0.0399  0.0499  0.0428  0.0420
   LAYER  6                       0.0348  0.0053  0.0426  0.0036  0.0332  0.0612
 

 -------------------------------------------------------------------------------
                    MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)
 -------------------------------------------------------------------------------

 
 AVERAGE DAILY HEAD ON            0.001   0.001   0.001   0.001   0.001   0.002
   TOP OF LAYER  5                0.002   0.001   0.003   0.001   0.002   0.011
 
 STD. DEVIATION OF DAILY          0.001   0.000   0.000   0.001   0.001   0.001
   HEAD ON TOP OF LAYER  5        0.001   0.001   0.000   0.001   0.003   0.003
 
 *******************************************************************************

 
 *******************************************************************************
 
                           ANNUAL TOTALS FOR YEAR    2
 -------------------------------------------------------------------------------
                                          INCHES          CU. FEET     PERCENT
                                         --------        ----------    -------
   PRECIPITATION                           44.90        1629869.870    100.00
 
   RUNOFF                                   0.027           981.365      0.06
 
   EVAPOTRANSPIRATION                      33.614       1220185.620     74.86
 
   DRAINAGE COLLECTED FROM LAYER  4         0.0000            0.187      0.00
 
   PERC./LEAKAGE THROUGH LAYER  5           1.615890      58656.789      3.60
 
   AVG. HEAD ON TOP OF LAYER  5             0.0021
 
   PERC./LEAKAGE THROUGH LAYER  6           0.446456      16206.338      0.99
 
   CHANGE IN WATER STORAGE                 10.813        392497.062     24.08
 
   SOIL WATER AT START OF YEAR             90.745       3294038.000
 
   SOIL WATER AT END OF YEAR              101.557       3686535.250
 
   SNOW WATER AT START OF YEAR              0.000             0.000      0.00
 
   SNOW WATER AT END OF YEAR                0.000             0.000      0.00
 
   ANNUAL WATER BUDGET BALANCE              0.0000           -0.697      0.00
 
 *******************************************************************************

 

 *******************************************************************************
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                   MONTHLY TOTALS (IN INCHES) FOR YEAR    3
 -------------------------------------------------------------------------------
 
                                 JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
                                 ------- ------- ------- ------- ------- -------
 
 PRECIPITATION                    8.46    2.96    6.34    0.99    1.78    3.75
                                  7.60   16.42    5.13    4.30    1.99    2.02
 
 RUNOFF                           0.001   0.000   0.020   0.000   0.000   0.003
                                  0.008   1.346   0.200   0.001   0.000   0.000
 
 EVAPOTRANSPIRATION               1.772   2.149   2.862   2.424   1.930   3.343
                                  6.931   5.652   3.399   2.167   1.368   0.962
 
 LATERAL DRAINAGE COLLECTED       0.0000  0.0000  0.0000  0.0000  0.0001  0.0000
   FROM LAYER  4                  0.0000  0.0000  0.0000  0.0001  0.0001  0.0000
 
 PERCOLATION/LEAKAGE THROUGH      0.2897  0.5156  0.7516  1.4033  2.5183  2.1877
   LAYER  5                       1.8699  1.4670  1.3799  2.7994  3.0328  2.0618
 
 PERCOLATION/LEAKAGE THROUGH      0.0459  0.0479  0.0300  0.0865  0.0632  0.1076
   LAYER  6                       1.9221  1.9596  1.6183  1.1945  2.5306  3.1125
 

 -------------------------------------------------------------------------------
                    MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)
 -------------------------------------------------------------------------------

 
 AVERAGE DAILY HEAD ON            0.005   0.009   0.011   0.021   0.040   0.036
   TOP OF LAYER  5                0.029   0.023   0.023   0.045   0.046   0.026
 
 STD. DEVIATION OF DAILY          0.004   0.005   0.008   0.014   0.004   0.002
   HEAD ON TOP OF LAYER  5        0.003   0.006   0.007   0.024   0.011   0.012
 
 *******************************************************************************

 
 *******************************************************************************
 
                           ANNUAL TOTALS FOR YEAR    3
 -------------------------------------------------------------------------------
                                          INCHES          CU. FEET     PERCENT
                                         --------        ----------    -------
   PRECIPITATION                           61.74        2241161.750    100.00
 
   RUNOFF                                   1.578         57293.156      2.56
 
   EVAPOTRANSPIRATION                      34.960       1269039.620     56.62
 
   DRAINAGE COLLECTED FROM LAYER  4         0.0004           13.380      0.00
 
   PERC./LEAKAGE THROUGH LAYER  5          20.277012     736055.500     32.84
 
   AVG. HEAD ON TOP OF LAYER  5             0.0261
 
   PERC./LEAKAGE THROUGH LAYER  6          12.718671     461687.750     20.60
 
   CHANGE IN WATER STORAGE                 12.483        453127.969     20.22
 
   SOIL WATER AT START OF YEAR            101.557       3686535.250
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   SOIL WATER AT END OF YEAR              114.040       4139663.000
 
   SNOW WATER AT START OF YEAR              0.000             0.000      0.00
 
   SNOW WATER AT END OF YEAR                0.000             0.000      0.00
 
   ANNUAL WATER BUDGET BALANCE              0.0000           -0.138      0.00
 
 *******************************************************************************

 

 *******************************************************************************
 
                   MONTHLY TOTALS (IN INCHES) FOR YEAR    4
 -------------------------------------------------------------------------------
 
                                 JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
                                 ------- ------- ------- ------- ------- -------
 
 PRECIPITATION                    2.52    3.18    4.19    1.86    3.54    2.98
                                  5.00    3.17    3.87    0.95    3.95    3.65
 
 RUNOFF                           0.000   0.000   0.000   0.000   0.000   0.000
                                  0.000   0.000   0.002   0.000   0.000   0.062
 
 EVAPOTRANSPIRATION               1.531   2.038   2.763   3.417   3.779   4.104
                                  4.097   3.154   3.316   1.799   1.514   1.076
 
 LATERAL DRAINAGE COLLECTED       0.0000  0.0000  0.0000  0.0000  0.0000  0.0000
   FROM LAYER  4                  0.0000  0.0000  0.0000  0.0000  0.0000  0.0000
 
 PERCOLATION/LEAKAGE THROUGH      1.2687  1.2888  1.4336  0.8002  1.1836  1.4886
   LAYER  5                       1.3790  1.1803  0.9882  0.8964  0.7698  0.7331
 
 PERCOLATION/LEAKAGE THROUGH      2.2792  1.4118  1.2980  1.6570  1.2483  0.7379
   LAYER  6                       1.3617  1.4537  1.3033  1.2069  1.0481  0.9774
 

 -------------------------------------------------------------------------------
                    MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)
 -------------------------------------------------------------------------------

 
 AVERAGE DAILY HEAD ON            0.018   0.019   0.020   0.012   0.019   0.024
   TOP OF LAYER  5                0.022   0.019   0.016   0.014   0.013   0.012
 
 STD. DEVIATION OF DAILY          0.007   0.010   0.008   0.005   0.007   0.004
   HEAD ON TOP OF LAYER  5        0.002   0.002   0.001   0.001   0.000   0.002
 
 *******************************************************************************

 
 *******************************************************************************
 
                           ANNUAL TOTALS FOR YEAR    4
 -------------------------------------------------------------------------------
                                          INCHES          CU. FEET     PERCENT
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                                         --------        ----------    -------
   PRECIPITATION                           38.86        1410617.620    100.00
 
   RUNOFF                                   0.063          2298.945      0.16
 
   EVAPOTRANSPIRATION                      32.587       1182921.500     83.86
 
   DRAINAGE COLLECTED FROM LAYER  4         0.0001            4.700      0.00
 
   PERC./LEAKAGE THROUGH LAYER  5          13.410532     486802.312     34.51
 
   AVG. HEAD ON TOP OF LAYER  5             0.0172
 
   PERC./LEAKAGE THROUGH LAYER  6          15.983260     580192.312     41.13
 
   CHANGE IN WATER STORAGE                 -9.774       -354799.594    -25.15
 
   SOIL WATER AT START OF YEAR            114.040       4139663.000
 
   SOIL WATER AT END OF YEAR              104.266       3784863.500
 
   SNOW WATER AT START OF YEAR              0.000             0.000      0.00
 
   SNOW WATER AT END OF YEAR                0.000             0.000      0.00
 
   ANNUAL WATER BUDGET BALANCE              0.0000           -0.242      0.00
 
 *******************************************************************************

 

 *******************************************************************************
 
                   MONTHLY TOTALS (IN INCHES) FOR YEAR    5
 -------------------------------------------------------------------------------
 
                                 JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
                                 ------- ------- ------- ------- ------- -------
 
 PRECIPITATION                    1.39    1.68    3.64    5.64    2.49    7.41
                                  1.28    4.39    2.40    2.15    4.56    2.64
 
 RUNOFF                           0.000   0.000   0.000   0.000   0.000   0.000
                                  0.000   0.000   0.000   0.000   0.000   0.000
 
 EVAPOTRANSPIRATION               1.457   1.698   2.748   3.968   3.632   5.404
                                  3.264   2.322   4.043   1.763   1.621   1.363
 
 LATERAL DRAINAGE COLLECTED       0.0000  0.0000  0.0000  0.0000  0.0000  0.0000
   FROM LAYER  4                  0.0000  0.0000  0.0000  0.0000  0.0000  0.0000
 
 PERCOLATION/LEAKAGE THROUGH      0.6142  0.6091  0.5872  0.4600  0.0597  0.4118
   LAYER  5                       0.5992  0.2712  0.3482  0.1531  0.6843  0.8047
 
 PERCOLATION/LEAKAGE THROUGH      0.9095  0.6865  0.7428  0.6767  0.7506  0.8341
   LAYER  6                       0.4232  0.2443  0.4825  0.4339  0.5831  0.1673
 

 -------------------------------------------------------------------------------
                    MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)
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 -------------------------------------------------------------------------------

 
 AVERAGE DAILY HEAD ON            0.009   0.011   0.009   0.007   0.001   0.007
   TOP OF LAYER  5                0.010   0.004   0.006   0.002   0.011   0.012
 
 STD. DEVIATION OF DAILY          0.002   0.002   0.000   0.002   0.002   0.002
   HEAD ON TOP OF LAYER  5        0.003   0.002   0.004   0.003   0.002   0.002
 
 *******************************************************************************

 
 *******************************************************************************
 
                           ANNUAL TOTALS FOR YEAR    5
 -------------------------------------------------------------------------------
                                          INCHES          CU. FEET     PERCENT
                                         --------        ----------    -------
   PRECIPITATION                           39.67        1440021.120    100.00
 
   RUNOFF                                   0.000            15.153      0.00
 
   EVAPOTRANSPIRATION                      33.285       1208228.750     83.90
 
   DRAINAGE COLLECTED FROM LAYER  4         0.0000            0.985      0.00
 
   PERC./LEAKAGE THROUGH LAYER  5           5.602567     203373.172     14.12
 
   AVG. HEAD ON TOP OF LAYER  5             0.0074
 
   PERC./LEAKAGE THROUGH LAYER  6           6.934599     251725.937     17.48
 
   CHANGE IN WATER STORAGE                 -0.550        -19950.156     -1.39
 
   SOIL WATER AT START OF YEAR            104.266       3784863.500
 
   SOIL WATER AT END OF YEAR              103.717       3764913.250
 
   SNOW WATER AT START OF YEAR              0.000             0.000      0.00
 
   SNOW WATER AT END OF YEAR                0.000             0.000      0.00
 
   ANNUAL WATER BUDGET BALANCE              0.0000            0.415      0.00
 
 *******************************************************************************

 

 *******************************************************************************
 
                   MONTHLY TOTALS (IN INCHES) FOR YEAR    6
 -------------------------------------------------------------------------------
 
                                 JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
                                 ------- ------- ------- ------- ------- -------
 
 PRECIPITATION                    2.08    3.09    2.65    2.11    5.20    4.30
                                  4.94    6.79    3.64    3.09    3.28    1.88
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 RUNOFF                           0.000   0.000   0.000   0.000   0.001   0.000
                                  0.000   0.000   0.000   0.000   0.000   0.000
 
 EVAPOTRANSPIRATION               1.440   2.084   2.882   2.661   3.204   6.182
                                  3.452   6.014   3.388   1.739   1.615   1.217
 
 LATERAL DRAINAGE COLLECTED       0.0000  0.0000  0.0000  0.0000  0.0000  0.0000
   FROM LAYER  4                  0.0000  0.0000  0.0000  0.0000  0.0000  0.0000
 
 PERCOLATION/LEAKAGE THROUGH      0.7314  0.7357  0.5748  0.4405  0.4465  0.0453
   LAYER  5                       0.6110  0.8684  0.6552  0.7810  0.4134  0.2719
 
 PERCOLATION/LEAKAGE THROUGH      0.1209  0.4093  0.6159  0.7985  0.7038  0.6033
   LAYER  6                       0.8060  0.2813  0.1820  0.4416  0.6604  0.9029
 

 -------------------------------------------------------------------------------
                    MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)
 -------------------------------------------------------------------------------

 
 AVERAGE DAILY HEAD ON            0.012   0.013   0.009   0.007   0.007   0.001
   TOP OF LAYER  5                0.010   0.013   0.011   0.013   0.007   0.004
 
 STD. DEVIATION OF DAILY          0.002   0.002   0.002   0.000   0.002   0.001
   HEAD ON TOP OF LAYER  5        0.004   0.003   0.002   0.002   0.004   0.003
 
 *******************************************************************************

 
 *******************************************************************************
 
                           ANNUAL TOTALS FOR YEAR    6
 -------------------------------------------------------------------------------
                                          INCHES          CU. FEET     PERCENT
                                         --------        ----------    -------
   PRECIPITATION                           43.05        1562714.870    100.00
 
   RUNOFF                                   0.001            37.019      0.00
 
   EVAPOTRANSPIRATION                      35.878       1302378.250     83.34
 
   DRAINAGE COLLECTED FROM LAYER  4         0.0000            1.310      0.00
 
   PERC./LEAKAGE THROUGH LAYER  5           6.575024     238673.375     15.27
 
   AVG. HEAD ON TOP OF LAYER  5             0.0088
 
   PERC./LEAKAGE THROUGH LAYER  6           6.526019     236894.500     15.16
 
   CHANGE IN WATER STORAGE                  0.645         23404.238      1.50
 
   SOIL WATER AT START OF YEAR            103.717       3764913.250
 
   SOIL WATER AT END OF YEAR              104.361       3788317.500
 
   SNOW WATER AT START OF YEAR              0.000             0.000      0.00
 
   SNOW WATER AT END OF YEAR                0.000             0.000      0.00
 
   ANNUAL WATER BUDGET BALANCE              0.0000           -0.485      0.00
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 *******************************************************************************

 

 *******************************************************************************
 
                   MONTHLY TOTALS (IN INCHES) FOR YEAR    7
 -------------------------------------------------------------------------------
 
                                 JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
                                 ------- ------- ------- ------- ------- -------
 
 PRECIPITATION                    3.18    0.93    5.35    0.58    6.17    4.11
                                  2.50    2.78    1.35    2.27    2.77    2.98
 
 RUNOFF                           0.008   0.000   0.000   0.000   0.070   0.000
                                  0.000   0.000   0.000   0.000   0.000   0.000
 
 EVAPOTRANSPIRATION               1.673   1.843   3.322   1.777   4.336   4.373
                                  3.656   3.018   1.316   1.265   1.431   1.081
 
 LATERAL DRAINAGE COLLECTED       0.0000  0.0000  0.0000  0.0000  0.0000  0.0000
   FROM LAYER  4                  0.0000  0.0000  0.0000  0.0000  0.0000  0.0000
 
 PERCOLATION/LEAKAGE THROUGH      0.6137  0.3340  0.4453  0.2210  0.5507  0.5483
   LAYER  5                       0.9752  0.5752  0.8852  0.9347  0.8327  0.7747
 
 PERCOLATION/LEAKAGE THROUGH      0.6064  0.2946  0.6806  0.3974  0.6091  0.3329
   LAYER  6                       0.3077  0.3917  0.5398  0.5441  0.7647  0.8841
 

 -------------------------------------------------------------------------------
                    MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)
 -------------------------------------------------------------------------------

 
 AVERAGE DAILY HEAD ON            0.010   0.006   0.007   0.004   0.009   0.008
   TOP OF LAYER  5                0.015   0.009   0.014   0.015   0.014   0.012
 
 STD. DEVIATION OF DAILY          0.001   0.005   0.003   0.004   0.004   0.006
   HEAD ON TOP OF LAYER  5        0.004   0.002   0.002   0.000   0.000   0.001
 
 *******************************************************************************

 
 *******************************************************************************
 
                           ANNUAL TOTALS FOR YEAR    7
 -------------------------------------------------------------------------------
                                          INCHES          CU. FEET     PERCENT
                                         --------        ----------    -------
   PRECIPITATION                           34.97        1269410.870    100.00
 
   RUNOFF                                   0.079          2856.486      0.23
 
   EVAPOTRANSPIRATION                      29.090       1055949.370     83.18
 
   DRAINAGE COLLECTED FROM LAYER  4         0.0000            1.766      0.00
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   PERC./LEAKAGE THROUGH LAYER  5           7.690762     279174.656     21.99
 
   AVG. HEAD ON TOP OF LAYER  5             0.0103
 
   PERC./LEAKAGE THROUGH LAYER  6           6.353182     230620.516     18.17
 
   CHANGE IN WATER STORAGE                 -0.551        -20017.178     -1.58
 
   SOIL WATER AT START OF YEAR            104.361       3788317.500
 
   SOIL WATER AT END OF YEAR              103.810       3768300.500
 
   SNOW WATER AT START OF YEAR              0.000             0.000      0.00
 
   SNOW WATER AT END OF YEAR                0.000             0.000      0.00
 
   ANNUAL WATER BUDGET BALANCE              0.0000           -0.104      0.00
 
 *******************************************************************************

 

 *******************************************************************************
 
                   MONTHLY TOTALS (IN INCHES) FOR YEAR    8
 -------------------------------------------------------------------------------
 
                                 JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
                                 ------- ------- ------- ------- ------- -------
 
 PRECIPITATION                    4.55    5.80    6.15    0.05    4.51    2.43
                                  8.99    3.30    0.63    1.98    2.79    1.26
 
 RUNOFF                           0.074   0.000   0.019   0.000   0.000   0.000
                                  0.086   0.000   0.000   0.000   0.000   0.000
 
 EVAPOTRANSPIRATION               1.705   2.094   3.187   1.546   3.177   3.186
                                  6.313   5.777   0.774   1.122   1.335   0.913
 
 LATERAL DRAINAGE COLLECTED       0.0000  0.0000  0.0000  0.0000  0.0000  0.0000
   FROM LAYER  4                  0.0000  0.0000  0.0000  0.0000  0.0000  0.0000
 
 PERCOLATION/LEAKAGE THROUGH      0.6926  0.7032  0.5288  0.4161  0.2276  1.7445
   LAYER  5                       1.7937  1.5966  0.7996  0.8626  0.9757  0.9469
 
 PERCOLATION/LEAKAGE THROUGH      0.9001  0.7394  0.7833  0.7837  0.7095  0.7191
   LAYER  6                       0.1262  1.2685  1.6869  1.3690  0.8545  0.9523
 

 -------------------------------------------------------------------------------
                    MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)
 -------------------------------------------------------------------------------

 
 AVERAGE DAILY HEAD ON            0.011   0.012   0.008   0.007   0.004   0.029
   TOP OF LAYER  5                0.028   0.025   0.013   0.014   0.016   0.015
 
 STD. DEVIATION OF DAILY          0.003   0.002   0.002   0.003   0.004   0.007
   HEAD ON TOP OF LAYER  5        0.005   0.004   0.004   0.002   0.000   0.000
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 *******************************************************************************

 
 *******************************************************************************
 
                           ANNUAL TOTALS FOR YEAR    8
 -------------------------------------------------------------------------------
                                          INCHES          CU. FEET     PERCENT
                                         --------        ----------    -------
   PRECIPITATION                           42.44        1540572.120    100.00
 
   RUNOFF                                   0.180          6524.638      0.42
 
   EVAPOTRANSPIRATION                      31.130       1130028.120     73.35
 
   DRAINAGE COLLECTED FROM LAYER  4         0.0001            4.098      0.00
 
   PERC./LEAKAGE THROUGH LAYER  5          11.287953     409752.719     26.60
 
   AVG. HEAD ON TOP OF LAYER  5             0.0150
 
   PERC./LEAKAGE THROUGH LAYER  6          10.892528     395398.750     25.67
 
   CHANGE IN WATER STORAGE                  0.237          8616.652      0.56
 
   SOIL WATER AT START OF YEAR            103.810       3768300.500
 
   SOIL WATER AT END OF YEAR              104.047       3776917.000
 
   SNOW WATER AT START OF YEAR              0.000             0.000      0.00
 
   SNOW WATER AT END OF YEAR                0.000             0.000      0.00
 
   ANNUAL WATER BUDGET BALANCE              0.0000           -0.242      0.00
 
 *******************************************************************************

 

 *******************************************************************************
 
                   MONTHLY TOTALS (IN INCHES) FOR YEAR    9
 -------------------------------------------------------------------------------
 
                                 JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
                                 ------- ------- ------- ------- ------- -------
 
 PRECIPITATION                    5.31    2.29    2.03    4.33    1.01    5.70
                                  3.23    3.71    3.29    1.65    4.34    4.04
 
 RUNOFF                           0.085   0.000   0.000   0.000   0.000   0.000
                                  0.000   0.000   0.000   0.000   0.023   0.000
 
 EVAPOTRANSPIRATION               1.506   1.826   3.123   4.160   2.119   4.400
                                  4.721   3.947   3.066   1.498   1.404   1.016
 
 LATERAL DRAINAGE COLLECTED       0.0000  0.0000  0.0000  0.0000  0.0000  0.0000
   FROM LAYER  4                  0.0000  0.0000  0.0000  0.0000  0.0000  0.0000
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 PERCOLATION/LEAKAGE THROUGH      0.8282  0.7612  0.7673  0.3935  0.2095  0.4712
   LAYER  5                       0.7936  0.8057  0.7231  0.6784  0.6087  0.5698
 
 PERCOLATION/LEAKAGE THROUGH      1.0049  0.8488  0.9193  0.8651  0.9884  0.7801
   LAYER  6                       0.3816  0.2395  0.5054  0.6952  0.7182  0.7278
 

 -------------------------------------------------------------------------------
                    MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)
 -------------------------------------------------------------------------------

 
 AVERAGE DAILY HEAD ON            0.013   0.013   0.011   0.007   0.003   0.008
   TOP OF LAYER  5                0.013   0.013   0.012   0.011   0.010   0.009
 
 STD. DEVIATION OF DAILY          0.003   0.002   0.003   0.004   0.001   0.002
   HEAD ON TOP OF LAYER  5        0.001   0.000   0.000   0.001   0.001   0.002
 
 *******************************************************************************

 
 *******************************************************************************
 
                           ANNUAL TOTALS FOR YEAR    9
 -------------------------------------------------------------------------------
                                          INCHES          CU. FEET     PERCENT
                                         --------        ----------    -------
   PRECIPITATION                           40.93        1485759.120    100.00
 
   RUNOFF                                   0.107          3891.629      0.26
 
   EVAPOTRANSPIRATION                      32.787       1190179.370     80.11
 
   DRAINAGE COLLECTED FROM LAYER  4         0.0000            1.603      0.00
 
   PERC./LEAKAGE THROUGH LAYER  5           7.610095     276246.437     18.59
 
   AVG. HEAD ON TOP OF LAYER  5             0.0102
 
   PERC./LEAKAGE THROUGH LAYER  6           8.674314     314877.594     21.19
 
   CHANGE IN WATER STORAGE                 -0.639        -23190.799     -1.56
 
   SOIL WATER AT START OF YEAR            104.047       3776917.000
 
   SOIL WATER AT END OF YEAR              102.727       3728997.750
 
   SNOW WATER AT START OF YEAR              0.000             0.000      0.00
 
   SNOW WATER AT END OF YEAR                0.681         24728.514      1.66
 
   ANNUAL WATER BUDGET BALANCE              0.0000           -0.277      0.00
 
 *******************************************************************************

 

 *******************************************************************************
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                   MONTHLY TOTALS (IN INCHES) FOR YEAR   10
 -------------------------------------------------------------------------------
 
                                 JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
                                 ------- ------- ------- ------- ------- -------
 
 PRECIPITATION                    3.36    1.30    3.63    5.17    2.49    4.24
                                  3.92    1.78    5.26    0.62    4.82    1.70
 
 RUNOFF                           0.003   0.000   0.000   0.009   0.000   0.002
                                  0.000   0.000   0.000   0.000   0.000   0.000
 
 EVAPOTRANSPIRATION               1.656   1.992   2.397   4.299   2.964   2.734
                                  5.307   3.010   2.873   2.004   1.406   1.139
 
 LATERAL DRAINAGE COLLECTED       0.0000  0.0000  0.0000  0.0000  0.0000  0.0000
   FROM LAYER  4                  0.0000  0.0000  0.0000  0.0000  0.0000  0.0000
 
 PERCOLATION/LEAKAGE THROUGH      0.5475  0.5200  0.4340  0.4348  0.1661  0.2715
   LAYER  5                       0.2078  0.9459  0.9466  0.8806  0.7563  0.6564
 
 PERCOLATION/LEAKAGE THROUGH      0.7223  0.5431  0.6104  0.6372  0.5110  0.6714
   LAYER  6                       0.4685  0.5391  0.1179  0.1109  0.6400  0.8003
 

 -------------------------------------------------------------------------------
                    MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)
 -------------------------------------------------------------------------------

 
 AVERAGE DAILY HEAD ON            0.009   0.009   0.007   0.007   0.003   0.004
   TOP OF LAYER  5                0.003   0.015   0.015   0.014   0.012   0.010
 
 STD. DEVIATION OF DAILY          0.002   0.001   0.000   0.001   0.002   0.003
   HEAD ON TOP OF LAYER  5        0.004   0.001   0.001   0.000   0.001   0.004
 
 *******************************************************************************

 
 *******************************************************************************
 
                           ANNUAL TOTALS FOR YEAR   10
 -------------------------------------------------------------------------------
                                          INCHES          CU. FEET     PERCENT
                                         --------        ----------    -------
   PRECIPITATION                           38.29        1389927.120    100.00
 
   RUNOFF                                   0.014           513.970      0.04
 
   EVAPOTRANSPIRATION                      31.780       1153605.500     83.00
 
   DRAINAGE COLLECTED FROM LAYER  4         0.0000            1.455      0.00
 
   PERC./LEAKAGE THROUGH LAYER  5           6.767567     245662.672     17.67
 
   AVG. HEAD ON TOP OF LAYER  5             0.0092
 
   PERC./LEAKAGE THROUGH LAYER  6           6.372006     231303.812     16.64
 
   CHANGE IN WATER STORAGE                  0.124          4501.860      0.32
 
   SOIL WATER AT START OF YEAR            102.727       3728997.750
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   SOIL WATER AT END OF YEAR              103.532       3758228.250
 
   SNOW WATER AT START OF YEAR              0.681         24728.514      1.78
 
   SNOW WATER AT END OF YEAR                0.000             0.000      0.00
 
   ANNUAL WATER BUDGET BALANCE              0.0000            0.623      0.00
 
 *******************************************************************************

 

 *******************************************************************************
 
          AVERAGE MONTHLY VALUES IN INCHES FOR YEARS    1 THROUGH   10
 -------------------------------------------------------------------------------
 
                          JAN/JUL  FEB/AUG  MAR/SEP  APR/OCT  MAY/NOV  JUN/DEC
                          -------  -------  -------  -------  -------  -------
   PRECIPITATION
   -------------
     TOTALS                 3.48     2.75     4.17     2.54     3.70     4.79
                            4.64     4.96     2.82     2.85     3.06     2.64
 
     STD. DEVIATIONS        2.15     1.44     1.47     1.96     2.25     1.67
                            2.29     4.36     1.67     2.13     1.39     1.17
 
   RUNOFF
   ------
     TOTALS                 0.017    0.000    0.004    0.001    0.009    0.001
                            0.010    0.135    0.020    0.001    0.002    0.006
 
     STD. DEVIATIONS        0.033    0.000    0.008    0.003    0.022    0.001
                            0.027    0.426    0.063    0.002    0.007    0.020
 
   EVAPOTRANSPIRATION
   ------------------
     TOTALS                 1.589    1.968    2.941    3.030    3.311    4.346
                            4.795    4.140    2.582    1.721    1.475    1.098
 
     STD. DEVIATIONS        0.144    0.148    0.271    1.061    1.101    1.103
                            1.214    1.399    1.177    0.332    0.107    0.128
 
   LATERAL DRAINAGE COLLECTED FROM LAYER  4
   ----------------------------------------
     TOTALS                 0.0000   0.0000   0.0000   0.0000   0.0000   0.0000
                            0.0000   0.0000   0.0000   0.0000   0.0000   0.0000
 
     STD. DEVIATIONS        0.0000   0.0000   0.0000   0.0000   0.0000   0.0000
                            0.0000   0.0000   0.0000   0.0000   0.0000   0.0000
 
   PERCOLATION/LEAKAGE THROUGH LAYER  5
   ------------------------------------
     TOTALS                 0.5657   0.5520   0.5583   0.4639   0.5419   0.7303
                            0.8373   0.7771   0.6907   0.8043   0.8205   0.7570
 
     STD. DEVIATIONS        0.3728   0.3727   0.3993   0.3991   0.7774   0.7815
                            0.6652   0.5539   0.4130   0.7931   0.8365   0.5294
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   PERCOLATION/LEAKAGE THROUGH LAYER  6
   ------------------------------------
     TOTALS                 0.6653   0.5027   0.5749   0.5952   0.5628   0.4832
                            0.5832   0.6383   0.6479   0.6023   0.7858   0.8626
 
     STD. DEVIATIONS        0.6932   0.4420   0.4227   0.4983   0.4175   0.3283
                            0.6194   0.6773   0.6493   0.5061   0.6949   0.8762
 

 -------------------------------------------------------------------------------
                AVERAGES OF MONTHLY AVERAGED DAILY HEADS (INCHES)
 -------------------------------------------------------------------------------

 
   DAILY AVERAGE HEAD ON TOP OF LAYER  5
   -------------------------------------
     AVERAGES               0.0087   0.0092   0.0084   0.0072   0.0086   0.0118
                            0.0131   0.0122   0.0113   0.0129   0.0131   0.0112
 
     STD. DEVIATIONS        0.0054   0.0058   0.0056   0.0058   0.0123   0.0129
                            0.0104   0.0086   0.0068   0.0127   0.0127   0.0067
 
 *******************************************************************************

 *******************************************************************************
 
      AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS    1 THROUGH   10
 -------------------------------------------------------------------------------
                                      INCHES            CU. FEET       PERCENT
                                -------------------   -------------   ---------
  PRECIPITATION                  42.40    (   7.345)    1539119.9     100.00
 
  RUNOFF                          0.205   (  0.4860)       7442.01      0.484
 
  EVAPOTRANSPIRATION             32.998   (  2.0154)    1197814.00     77.825
 
  LATERAL DRAINAGE COLLECTED      0.00008 (  0.00011)         2.949    0.00019
    FROM LAYER  4
 
  PERCOLATION/LEAKAGE THROUGH     8.09894 (  5.79851)    293991.437    19.10127
    LAYER  5
 
  AVERAGE HEAD ON TOP             0.011 (    0.007)
    OF LAYER  5
 
  PERCOLATION/LEAKAGE THROUGH     7.50406 (  4.94270)    272397.344    17.69825
    LAYER  6
 
  CHANGE IN WATER STORAGE         1.693   (  6.3094)      61463.63      3.993
 
 *******************************************************************************

� 
 ******************************************************************************
 
                 PEAK DAILY VALUES FOR YEARS    1 THROUGH   10
    ------------------------------------------------------------------------
                                                 (INCHES)      (CU. FT.)
                                                ----------   -------------
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       PRECIPITATION                              5.22        189486.000
 
       RUNOFF                                     1.273        46226.7695
 
       DRAINAGE COLLECTED FROM LAYER  4           0.00000          0.14549
 
       PERCOLATION/LEAKAGE THROUGH LAYER  5       0.125974      4572.85840
 
       AVERAGE HEAD ON TOP OF LAYER  5            0.063
 
       MAXIMUM HEAD ON TOP OF LAYER  5            0.054

       LOCATION OF MAXIMUM HEAD IN LAYER  4
             (DISTANCE FROM DRAIN)                2.3 FEET
 
       PERCOLATION/LEAKAGE THROUGH LAYER  6       0.126782      4602.19678
 
       SNOW WATER                                 1.67         60611.1797
 

       MAXIMUM VEG. SOIL WATER (VOL/VOL)                  0.4002
 
       MINIMUM VEG. SOIL WATER (VOL/VOL)                  0.1040
 

        ***  Maximum heads are computed using McEnroe's equations.  ***

             Reference:  Maximum Saturated Depth over Landfill Liner
                         by Bruce M. McEnroe, University of Kansas
                         ASCE Journal of Environmental Engineering
                         Vol. 119, No. 2, March 1993, pp. 262-270.

 
 ******************************************************************************

� 
 ******************************************************************************
 
                    FINAL WATER STORAGE AT END OF YEAR   10
     ----------------------------------------------------------------------
                     LAYER        (INCHES)       (VOL/VOL)
                     -----        --------       ---------
                       1            5.7728         0.2405

                       2           38.9217         0.2703

                       3            3.2401         0.2700

                       4           15.4497         0.2575

                       5           11.4000         0.4750

                       6           28.7483         0.2396

                   SNOW WATER       0.000
 
 ******************************************************************************
 ******************************************************************************
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� 
 ******************************************************************************
 ******************************************************************************
 **                                                                          **
 **                                                                          **
 **              HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE               **
 **                HELP MODEL VERSION 3.07  (1 NOVEMBER 1997)                **
 **                  DEVELOPED BY ENVIRONMENTAL LABORATORY                   **
 **                    USAE WATERWAYS EXPERIMENT STATION                     **
 **             FOR USEPA RISK REDUCTION ENGINEERING LABORATORY              **
 **                                                                          **
 **                                                                          **
 ******************************************************************************
 ******************************************************************************

 PRECIPITATION DATA FILE:    C:\HELP3\SWIFT4.D4                                
 TEMPERATURE DATA FILE:      C:\HELP3\SWIFT7.D7                                
 SOLAR RADIATION DATA FILE:  C:\HELP3\SWIFT10.D13                              
 EVAPOTRANSPIRATION DATA:    C:\HELP3\SWIFT11.D11                              
 SOIL AND DESIGN DATA FILE:  C:\HELP3\SWIFTDN.D10                              
 OUTPUT DATA FILE:           C:\HELP3\OUTPUT\SWIFTDN.OUT                       

 TIME:  11:15     DATE:   2/ 2/2015

 
 ******************************************************************************

      TITLE:  Swift Creek Design 5-acres w/ 40-mil Leachate Generation    

 ******************************************************************************

      NOTE:  INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER WERE
               COMPUTED AS NEARLY STEADY-STATE VALUES BY THE PROGRAM.

 
                                    LAYER  1
                                    --------

                      TYPE 1 - VERTICAL PERCOLATION LAYER
                          MATERIAL TEXTURE NUMBER   7
            THICKNESS                   =     24.00   INCHES
            POROSITY                    =      0.4730 VOL/VOL
            FIELD CAPACITY              =      0.2220 VOL/VOL
            WILTING POINT               =      0.1040 VOL/VOL
            INITIAL SOIL WATER CONTENT  =      0.2593 VOL/VOL
            EFFECTIVE SAT. HYD. COND.   =  0.520000001000E-03 CM/SEC
          NOTE:  SATURATED HYDRAULIC CONDUCTIVITY IS MULTIPLIED BY  1.80
                   FOR ROOT CHANNELS IN TOP HALF OF EVAPORATIVE ZONE.

 
                                    LAYER  2
                                    --------
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                        TYPE 2 - LATERAL DRAINAGE LAYER
                          MATERIAL TEXTURE NUMBER  34
            THICKNESS                   =      0.25   INCHES
            POROSITY                    =      0.8500 VOL/VOL
            FIELD CAPACITY              =      0.0100 VOL/VOL
            WILTING POINT               =      0.0050 VOL/VOL
            INITIAL SOIL WATER CONTENT  =      0.0176 VOL/VOL
            EFFECTIVE SAT. HYD. COND.   =   33.0000000000     CM/SEC
            SLOPE                       =      5.00   PERCENT
            DRAINAGE LENGTH             =    300.0    FEET

 
                                    LAYER  3
                                    --------

                        TYPE 4 - FLEXIBLE MEMBRANE LINER
                          MATERIAL TEXTURE NUMBER  36
            THICKNESS                   =      0.04   INCHES
            POROSITY                    =      0.0000 VOL/VOL
            FIELD CAPACITY              =      0.0000 VOL/VOL
            WILTING POINT               =      0.0000 VOL/VOL
            INITIAL SOIL WATER CONTENT  =      0.0000 VOL/VOL
            EFFECTIVE SAT. HYD. COND.   =  0.399999993000E-12 CM/SEC
            FML PINHOLE DENSITY         =      1.00   HOLES/ACRE
            FML INSTALLATION DEFECTS    =      1.00   HOLES/ACRE
            FML PLACEMENT QUALITY       =  3 - GOOD     

 
                                    LAYER  4
                                    --------

                      TYPE 1 - VERTICAL PERCOLATION LAYER
                          MATERIAL TEXTURE NUMBER  30
            THICKNESS                   =    144.00   INCHES
            POROSITY                    =      0.5410 VOL/VOL
            FIELD CAPACITY              =      0.1870 VOL/VOL
            WILTING POINT               =      0.0470 VOL/VOL
            INITIAL SOIL WATER CONTENT  =      0.1870 VOL/VOL
            EFFECTIVE SAT. HYD. COND.   =  0.499999987000E-04 CM/SEC

 
                                    LAYER  5
                                    --------

                      TYPE 1 - VERTICAL PERCOLATION LAYER
                          MATERIAL TEXTURE NUMBER   8
            THICKNESS                   =     12.00   INCHES
            POROSITY                    =      0.4630 VOL/VOL
            FIELD CAPACITY              =      0.2320 VOL/VOL
            WILTING POINT               =      0.1160 VOL/VOL
            INITIAL SOIL WATER CONTENT  =      0.2320 VOL/VOL
            EFFECTIVE SAT. HYD. COND.   =  0.369999994000E-03 CM/SEC
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                                    LAYER  6
                                    --------

                        TYPE 2 - LATERAL DRAINAGE LAYER
                          MATERIAL TEXTURE NUMBER   7
            THICKNESS                   =     60.00   INCHES
            POROSITY                    =      0.4730 VOL/VOL
            FIELD CAPACITY              =      0.2220 VOL/VOL
            WILTING POINT               =      0.1040 VOL/VOL
            INITIAL SOIL WATER CONTENT  =      0.2220 VOL/VOL
            EFFECTIVE SAT. HYD. COND.   =  0.520000001000E-03 CM/SEC
            SLOPE                       =      1.00   PERCENT
            DRAINAGE LENGTH             =    200.0    FEET

 
                                    LAYER  7
                                    --------

                          TYPE 3 - BARRIER SOIL LINER
                          MATERIAL TEXTURE NUMBER  15
            THICKNESS                   =     24.00   INCHES
            POROSITY                    =      0.4750 VOL/VOL
            FIELD CAPACITY              =      0.3780 VOL/VOL
            WILTING POINT               =      0.2650 VOL/VOL
            INITIAL SOIL WATER CONTENT  =      0.4750 VOL/VOL
            EFFECTIVE SAT. HYD. COND.   =  0.170000003000E-04 CM/SEC

 
                                    LAYER  8
                                    --------

                      TYPE 1 - VERTICAL PERCOLATION LAYER
                          MATERIAL TEXTURE NUMBER   6
            THICKNESS                   =    120.00   INCHES
            POROSITY                    =      0.4530 VOL/VOL
            FIELD CAPACITY              =      0.1900 VOL/VOL
            WILTING POINT               =      0.0850 VOL/VOL
            INITIAL SOIL WATER CONTENT  =      0.1900 VOL/VOL
            EFFECTIVE SAT. HYD. COND.   =  0.720000011000E-03 CM/SEC

 

                    GENERAL DESIGN AND EVAPORATIVE ZONE DATA
                    ----------------------------------------

          NOTE:  SCS RUNOFF CURVE NUMBER WAS COMPUTED FROM DEFAULT
                   SOIL DATA BASE USING SOIL TEXTURE # 7 WITH A
                   FAIR STAND OF GRASS, A SURFACE SLOPE OF  5.%
                   AND A SLOPE LENGTH OF  300. FEET.

         SCS RUNOFF CURVE NUMBER             =     75.20
         FRACTION OF AREA ALLOWING RUNOFF    =    100.0    PERCENT
         AREA PROJECTED ON HORIZONTAL PLANE  =      5.000  ACRES
         EVAPORATIVE ZONE DEPTH              =     22.0    INCHES
         INITIAL WATER IN EVAPORATIVE ZONE   =      5.642  INCHES
         UPPER LIMIT OF EVAPORATIVE STORAGE  =     10.406  INCHES
         LOWER LIMIT OF EVAPORATIVE STORAGE  =      2.288  INCHES
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         INITIAL SNOW WATER                  =      0.000  INCHES
         INITIAL WATER IN LAYER MATERIALS    =     83.459  INCHES
         TOTAL INITIAL WATER                 =     83.459  INCHES
         TOTAL SUBSURFACE INFLOW             =      0.00   INCHES/YEAR

                     EVAPOTRANSPIRATION AND WEATHER DATA 
                     -----------------------------------

          NOTE:  EVAPOTRANSPIRATION DATA WAS OBTAINED FROM
                   RALEIGH               NORTH CAROLINA    

              STATION LATITUDE                       =  35.87 DEGREES
              MAXIMUM LEAF AREA INDEX                =   1.00
              START OF GROWING SEASON (JULIAN DATE)  =     86
              END OF GROWING SEASON (JULIAN DATE)    =    310
              EVAPORATIVE ZONE DEPTH                 =  22.0  INCHES
              AVERAGE ANNUAL WIND SPEED              =   7.70 MPH
              AVERAGE 1ST QUARTER RELATIVE HUMIDITY  =  66.00 %
              AVERAGE 2ND QUARTER RELATIVE HUMIDITY  =  70.00 %
              AVERAGE 3RD QUARTER RELATIVE HUMIDITY  =  78.00 %
              AVERAGE 4TH QUARTER RELATIVE HUMIDITY  =  72.00 %

          NOTE:  PRECIPITATION DATA WAS SYNTHETICALLY GENERATED USING
                   COEFFICIENTS FOR    RALEIGH             NORTH CAROLINA      

                   NORMAL MEAN MONTHLY PRECIPITATION (INCHES)

      JAN/JUL     FEB/AUG     MAR/SEP     APR/OCT     MAY/NOV     JUN/DEC
      -------     -------     -------     -------     -------     -------
        3.55        3.43        3.69        2.91        3.67        3.66
        4.38        4.44        3.29        2.73        2.87        3.14

          NOTE:  TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING
                   COEFFICIENTS FOR    RALEIGH             NORTH CAROLINA      

              NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT)

      JAN/JUL     FEB/AUG     MAR/SEP     APR/OCT     MAY/NOV     JUN/DEC
      -------     -------     -------     -------     -------     -------
       39.60       41.60       49.30       59.50       67.20       73.90
       77.70       77.00       71.00       59.70       50.00       42.00

          NOTE:  SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING
                   COEFFICIENTS FOR    RALEIGH             NORTH CAROLINA      
                     AND STATION LATITUDE  =  35.87 DEGREES

 

 *******************************************************************************
 
                   MONTHLY TOTALS (IN INCHES) FOR YEAR    1
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 -------------------------------------------------------------------------------
 
                                 JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
                                 ------- ------- ------- ------- ------- -------
 
 PRECIPITATION                    1.47    4.13    2.90    1.41    1.78    5.80
                                  5.09    5.95    1.76    3.46    0.70    4.70
 
 RUNOFF                           0.000   0.000   0.000   0.000   0.000   0.000
                                  0.009   0.000   0.000   0.000   0.000   0.000
 
 EVAPOTRANSPIRATION               1.773   2.075   3.150   2.040   2.379   5.539
                                  5.224   5.291   2.875   1.966   1.448   1.098
 
 LATERAL DRAINAGE COLLECTED       0.7662  0.0129  1.5038  0.1193  0.0002  0.0001
   FROM LAYER  2                  0.0043  0.0018  0.0019  0.0048  0.0772  1.7900
 
 PERCOLATION/LEAKAGE THROUGH      0.0000  0.0000  0.0000  0.0000  0.0000  0.0000
   LAYER  3                       0.0000  0.0000  0.0000  0.0000  0.0000  0.0000
 
 LATERAL DRAINAGE COLLECTED       0.0000  0.0000  0.0000  0.0000  0.0000  0.0000
   FROM LAYER  6                  0.0000  0.0000  0.0000  0.0000  0.0000  0.0000
 
 PERCOLATION/LEAKAGE THROUGH      0.0000  0.0000  0.0000  0.0000  0.0000  0.0000
   LAYER  7                       0.0000  0.0000  0.0000  0.0000  0.0000  0.0000
 
 PERCOLATION/LEAKAGE THROUGH      0.0000  0.0000  0.0000  0.0000  0.0000  0.0000
   LAYER  8                       0.0000  0.0000  0.0000  0.0000  0.0000  0.0000
 

 -------------------------------------------------------------------------------
                    MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)
 -------------------------------------------------------------------------------

 
 AVERAGE DAILY HEAD ON            0.001   0.000   0.002   0.000   0.000   0.000
   TOP OF LAYER  3                0.000   0.000   0.000   0.000   0.000   0.002
 
 STD. DEVIATION OF DAILY          0.001   0.000   0.002   0.000   0.000   0.000
   HEAD ON TOP OF LAYER  3        0.000   0.000   0.000   0.000   0.000   0.003
 
 AVERAGE DAILY HEAD ON            0.000   0.000   0.000   0.000   0.000   0.000
   TOP OF LAYER  7                0.000   0.000   0.000   0.000   0.000   0.000
 
 STD. DEVIATION OF DAILY          0.000   0.000   0.000   0.000   0.000   0.000
   HEAD ON TOP OF LAYER  7        0.000   0.000   0.000   0.000   0.000   0.000
 
 *******************************************************************************

 
 *******************************************************************************
 
                           ANNUAL TOTALS FOR YEAR    1
 -------------------------------------------------------------------------------
                                          INCHES          CU. FEET     PERCENT
                                         --------        ----------    -------
   PRECIPITATION                           39.15         710572.375    100.00
 
   RUNOFF                                   0.009           165.181      0.02
 
   EVAPOTRANSPIRATION                      34.858        632673.375     89.04
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   DRAINAGE COLLECTED FROM LAYER  2         4.2825        77726.719     10.94
 
   PERC./LEAKAGE THROUGH LAYER  3           0.000025          0.447      0.00
 
   AVG. HEAD ON TOP OF LAYER  3             0.0004
 
   DRAINAGE COLLECTED FROM LAYER  6         0.0000            0.000      0.00
 
   PERC./LEAKAGE THROUGH LAYER  7           0.000025          0.447      0.00
 
   AVG. HEAD ON TOP OF LAYER  7             0.0000
 
   PERC./LEAKAGE THROUGH LAYER  8           0.000000          0.000      0.00
 
   CHANGE IN WATER STORAGE                  0.000             7.062      0.00
 
   SOIL WATER AT START OF YEAR             85.703       1555512.870
 
   SOIL WATER AT END OF YEAR               85.704       1555519.870
 
   SNOW WATER AT START OF YEAR              0.000             0.000      0.00
 
   SNOW WATER AT END OF YEAR                0.000             0.000      0.00
 
   ANNUAL WATER BUDGET BALANCE              0.0000            0.070      0.00
 
 *******************************************************************************

 

 *******************************************************************************
 
                   MONTHLY TOTALS (IN INCHES) FOR YEAR    2
 -------------------------------------------------------------------------------
 
                                 JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
                                 ------- ------- ------- ------- ------- -------
 
 PRECIPITATION                    2.46    2.15    4.79    3.25    8.08    7.14
                                  3.88    1.35    0.90    8.01    1.39    1.50
 
 RUNOFF                           0.010   0.000   0.000   0.000   0.087   0.000
                                  0.001   0.000   0.000   0.066   0.000   0.000
 
 EVAPOTRANSPIRATION               1.376   1.876   2.976   4.009   5.570   4.192
                                  5.053   3.196   0.780   1.821   1.604   1.116
 
 LATERAL DRAINAGE COLLECTED       1.8682  0.4466  1.0865  0.3093  2.4999  1.2267
   FROM LAYER  2                  0.8056  0.0040  0.0000  2.7092  0.8453  0.2909
 
 PERCOLATION/LEAKAGE THROUGH      0.0000  0.0000  0.0000  0.0000  0.0000  0.0000
   LAYER  3                       0.0000  0.0000  0.0000  0.0000  0.0000  0.0000
 
 LATERAL DRAINAGE COLLECTED       0.0000  0.0000  0.0000  0.0000  0.0000  0.0000
   FROM LAYER  6                  0.0000  0.0000  0.0000  0.0000  0.0000  0.0000
 
 PERCOLATION/LEAKAGE THROUGH      0.0000  0.0000  0.0000  0.0000  0.0000  0.0000
   LAYER  7                       0.0000  0.0000  0.0000  0.0000  0.0000  0.0000
 
 PERCOLATION/LEAKAGE THROUGH      0.0000  0.0000  0.0000  0.0000  0.0000  0.0000
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   LAYER  8                       0.0000  0.0000  0.0000  0.0000  0.0000  0.0000
 

 -------------------------------------------------------------------------------
                    MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)
 -------------------------------------------------------------------------------

 
 AVERAGE DAILY HEAD ON            0.002   0.001   0.001   0.000   0.003   0.001
   TOP OF LAYER  3                0.001   0.000   0.000   0.003   0.001   0.000
 
 STD. DEVIATION OF DAILY          0.002   0.000   0.001   0.000   0.004   0.001
   HEAD ON TOP OF LAYER  3        0.001   0.000   0.000   0.006   0.001   0.000
 
 AVERAGE DAILY HEAD ON            0.000   0.000   0.000   0.000   0.000   0.000
   TOP OF LAYER  7                0.000   0.000   0.000   0.000   0.000   0.000
 
 STD. DEVIATION OF DAILY          0.000   0.000   0.000   0.000   0.000   0.000
   HEAD ON TOP OF LAYER  7        0.000   0.000   0.000   0.000   0.000   0.000
 
 *******************************************************************************

 
 *******************************************************************************
 
                           ANNUAL TOTALS FOR YEAR    2
 -------------------------------------------------------------------------------
                                          INCHES          CU. FEET     PERCENT
                                         --------        ----------    -------
   PRECIPITATION                           44.90         814934.937    100.00
 
   RUNOFF                                   0.165          2986.751      0.37
 
   EVAPOTRANSPIRATION                      33.570        609287.937     74.77
 
   DRAINAGE COLLECTED FROM LAYER  2        12.0921       219471.531     26.93
 
   PERC./LEAKAGE THROUGH LAYER  3           0.000067          1.208      0.00
 
   AVG. HEAD ON TOP OF LAYER  3             0.0011
 
   DRAINAGE COLLECTED FROM LAYER  6         0.0000            0.000      0.00
 
   PERC./LEAKAGE THROUGH LAYER  7           0.000067          1.208      0.00
 
   AVG. HEAD ON TOP OF LAYER  7             0.0000
 
   PERC./LEAKAGE THROUGH LAYER  8           0.000000          0.000      0.00
 
   CHANGE IN WATER STORAGE                 -0.926        -16811.238     -2.06
 
   SOIL WATER AT START OF YEAR             85.704       1555519.870
 
   SOIL WATER AT END OF YEAR               84.777       1538708.620
 
   SNOW WATER AT START OF YEAR              0.000             0.000      0.00
 
   SNOW WATER AT END OF YEAR                0.000             0.000      0.00
 
   ANNUAL WATER BUDGET BALANCE              0.0000           -0.033      0.00
 
 *******************************************************************************
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 *******************************************************************************
 
                   MONTHLY TOTALS (IN INCHES) FOR YEAR    3
 -------------------------------------------------------------------------------
 
                                 JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
                                 ------- ------- ------- ------- ------- -------
 
 PRECIPITATION                    8.46    2.96    6.34    0.99    1.78    3.75
                                  7.60   16.42    5.13    4.30    1.99    2.02
 
 RUNOFF                           0.023   0.000   0.051   0.000   0.000   0.019
                                  0.032   1.678   0.370   0.011   0.000   0.000
 
 EVAPOTRANSPIRATION               1.771   2.148   2.867   2.399   1.931   3.357
                                  6.936   5.652   3.396   2.165   1.368   0.962
 
 LATERAL DRAINAGE COLLECTED       4.6161  2.7758  2.2927  0.6353  0.0253  0.0050
   FROM LAYER  2                  0.0320  7.4323  3.9298  0.0240  1.6009  1.0127
 
 PERCOLATION/LEAKAGE THROUGH      0.0000  0.0000  0.0000  0.0000  0.0000  0.0000
   LAYER  3                       0.0000  0.0000  0.0000  0.0000  0.0000  0.0000
 
 LATERAL DRAINAGE COLLECTED       0.0000  0.0000  0.0000  0.0000  0.0000  0.0000
   FROM LAYER  6                  0.0000  0.0000  0.0000  0.0000  0.0000  0.0000
 
 PERCOLATION/LEAKAGE THROUGH      0.0000  0.0000  0.0000  0.0000  0.0000  0.0000
   LAYER  7                       0.0000  0.0000  0.0000  0.0000  0.0000  0.0000
 
 PERCOLATION/LEAKAGE THROUGH      0.0000  0.0000  0.0000  0.0000  0.0000  0.0000
   LAYER  8                       0.0000  0.0000  0.0000  0.0000  0.0000  0.0000
 

 -------------------------------------------------------------------------------
                    MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)
 -------------------------------------------------------------------------------

 
 AVERAGE DAILY HEAD ON            0.005   0.003   0.002   0.001   0.000   0.000
   TOP OF LAYER  3                0.000   0.008   0.004   0.000   0.002   0.001
 
 STD. DEVIATION OF DAILY          0.007   0.002   0.004   0.000   0.000   0.000
   HEAD ON TOP OF LAYER  3        0.000   0.011   0.009   0.000   0.001   0.001
 
 AVERAGE DAILY HEAD ON            0.000   0.000   0.000   0.000   0.000   0.000
   TOP OF LAYER  7                0.000   0.000   0.000   0.000   0.000   0.000
 
 STD. DEVIATION OF DAILY          0.000   0.000   0.000   0.000   0.000   0.000
   HEAD ON TOP OF LAYER  7        0.000   0.000   0.000   0.000   0.000   0.000
 
 *******************************************************************************

 
 *******************************************************************************
 
                           ANNUAL TOTALS FOR YEAR    3
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 -------------------------------------------------------------------------------
                                          INCHES          CU. FEET     PERCENT
                                         --------        ----------    -------
   PRECIPITATION                           61.74        1120580.870    100.00
 
   RUNOFF                                   2.183         39626.891      3.54
 
   EVAPOTRANSPIRATION                      34.950        634347.125     56.61
 
   DRAINAGE COLLECTED FROM LAYER  2        24.3819       442530.875     39.49
 
   PERC./LEAKAGE THROUGH LAYER  3           0.000120          2.172      0.00
 
   AVG. HEAD ON TOP OF LAYER  3             0.0022
 
   DRAINAGE COLLECTED FROM LAYER  6         0.0000            0.000      0.00
 
   PERC./LEAKAGE THROUGH LAYER  7           0.000120          2.172      0.00
 
   AVG. HEAD ON TOP OF LAYER  7             0.0000
 
   PERC./LEAKAGE THROUGH LAYER  8           0.000000          0.000      0.00
 
   CHANGE IN WATER STORAGE                  0.225          4076.106      0.36
 
   SOIL WATER AT START OF YEAR             84.777       1538708.620
 
   SOIL WATER AT END OF YEAR               85.002       1542784.750
 
   SNOW WATER AT START OF YEAR              0.000             0.000      0.00
 
   SNOW WATER AT END OF YEAR                0.000             0.000      0.00
 
   ANNUAL WATER BUDGET BALANCE              0.0000           -0.134      0.00
 
 *******************************************************************************

 

 *******************************************************************************
 
                   MONTHLY TOTALS (IN INCHES) FOR YEAR    4
 -------------------------------------------------------------------------------
 
                                 JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
                                 ------- ------- ------- ------- ------- -------
 
 PRECIPITATION                    2.52    3.18    4.19    1.86    3.54    2.98
                                  5.00    3.17    3.87    0.95    3.95    3.65
 
 RUNOFF                           0.000   0.001   0.000   0.000   0.000   0.000
                                  0.000   0.000   0.016   0.000   0.000   0.115
 
 EVAPOTRANSPIRATION               1.531   2.038   2.751   3.425   3.779   4.129
                                  4.046   3.182   3.271   1.807   1.514   1.074
 
 LATERAL DRAINAGE COLLECTED       0.5287  1.4932  1.1400  0.1861  0.0001  0.0335
   FROM LAYER  2                  0.0001  0.0006  0.0003  0.0008  0.0000  2.2983
 
 PERCOLATION/LEAKAGE THROUGH      0.0000  0.0000  0.0000  0.0000  0.0000  0.0000
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   LAYER  3                       0.0000  0.0000  0.0000  0.0000  0.0000  0.0000
 
 LATERAL DRAINAGE COLLECTED       0.0000  0.0000  0.0000  0.0000  0.0000  0.0000
   FROM LAYER  6                  0.0000  0.0000  0.0000  0.0000  0.0000  0.0000
 
 PERCOLATION/LEAKAGE THROUGH      0.0000  0.0000  0.0000  0.0000  0.0000  0.0000
   LAYER  7                       0.0000  0.0000  0.0000  0.0000  0.0000  0.0000
 
 PERCOLATION/LEAKAGE THROUGH      0.0000  0.0000  0.0000  0.0000  0.0000  0.0000
   LAYER  8                       0.0000  0.0000  0.0000  0.0000  0.0000  0.0000
 

 -------------------------------------------------------------------------------
                    MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)
 -------------------------------------------------------------------------------

 
 AVERAGE DAILY HEAD ON            0.001   0.002   0.001   0.000   0.000   0.000
   TOP OF LAYER  3                0.000   0.000   0.000   0.000   0.000   0.002
 
 STD. DEVIATION OF DAILY          0.000   0.001   0.001   0.000   0.000   0.000
   HEAD ON TOP OF LAYER  3        0.000   0.000   0.000   0.000   0.000   0.004
 
 AVERAGE DAILY HEAD ON            0.000   0.000   0.000   0.000   0.000   0.000
   TOP OF LAYER  7                0.000   0.000   0.000   0.000   0.000   0.000
 
 STD. DEVIATION OF DAILY          0.000   0.000   0.000   0.000   0.000   0.000
   HEAD ON TOP OF LAYER  7        0.000   0.000   0.000   0.000   0.000   0.000
 
 *******************************************************************************

 
 *******************************************************************************
 
                           ANNUAL TOTALS FOR YEAR    4
 -------------------------------------------------------------------------------
                                          INCHES          CU. FEET     PERCENT
                                         --------        ----------    -------
   PRECIPITATION                           38.86         705308.812    100.00
 
   RUNOFF                                   0.132          2388.669      0.34
 
   EVAPOTRANSPIRATION                      32.545        590700.250     83.75
 
   DRAINAGE COLLECTED FROM LAYER  2         5.6817       103121.953     14.62
 
   PERC./LEAKAGE THROUGH LAYER  3           0.000033          0.590      0.00
 
   AVG. HEAD ON TOP OF LAYER  3             0.0005
 
   DRAINAGE COLLECTED FROM LAYER  6         0.0000            0.000      0.00
 
   PERC./LEAKAGE THROUGH LAYER  7           0.000032          0.588      0.00
 
   AVG. HEAD ON TOP OF LAYER  7             0.0000
 
   PERC./LEAKAGE THROUGH LAYER  8           0.000000          0.000      0.00
 
   CHANGE IN WATER STORAGE                  0.501          9097.986      1.29
 
   SOIL WATER AT START OF YEAR             85.002       1542784.750
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   SOIL WATER AT END OF YEAR               85.503       1551882.750
 
   SNOW WATER AT START OF YEAR              0.000             0.000      0.00
 
   SNOW WATER AT END OF YEAR                0.000             0.000      0.00
 
   ANNUAL WATER BUDGET BALANCE              0.0000           -0.035      0.00
 
 *******************************************************************************

 

 *******************************************************************************
 
                   MONTHLY TOTALS (IN INCHES) FOR YEAR    5
 -------------------------------------------------------------------------------
 
                                 JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
                                 ------- ------- ------- ------- ------- -------
 
 PRECIPITATION                    1.39    1.68    3.64    5.64    2.49    7.41
                                  1.28    4.39    2.40    2.15    4.56    2.64
 
 RUNOFF                           0.000   0.000   0.000   0.000   0.000   0.006
                                  0.000   0.000   0.000   0.000   0.000   0.009
 
 EVAPOTRANSPIRATION               1.455   1.697   2.748   3.967   3.639   5.403
                                  3.265   2.298   4.041   1.792   1.610   1.356
 
 LATERAL DRAINAGE COLLECTED       0.7264  0.0104  0.0014  1.2638  0.9357  0.9812
   FROM LAYER  2                  0.7243  0.0000  0.0000  0.0008  0.1414  0.8282
 
 PERCOLATION/LEAKAGE THROUGH      0.0000  0.0000  0.0000  0.0000  0.0000  0.0000
   LAYER  3                       0.0000  0.0000  0.0000  0.0000  0.0000  0.0000
 
 LATERAL DRAINAGE COLLECTED       0.0000  0.0000  0.0000  0.0000  0.0000  0.0000
   FROM LAYER  6                  0.0000  0.0000  0.0000  0.0000  0.0000  0.0000
 
 PERCOLATION/LEAKAGE THROUGH      0.0000  0.0000  0.0000  0.0000  0.0000  0.0000
   LAYER  7                       0.0000  0.0000  0.0000  0.0000  0.0000  0.0000
 
 PERCOLATION/LEAKAGE THROUGH      0.0000  0.0000  0.0000  0.0000  0.0000  0.0000
   LAYER  8                       0.0000  0.0000  0.0000  0.0000  0.0000  0.0000
 

 -------------------------------------------------------------------------------
                    MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)
 -------------------------------------------------------------------------------

 
 AVERAGE DAILY HEAD ON            0.001   0.000   0.000   0.001   0.001   0.001
   TOP OF LAYER  3                0.001   0.000   0.000   0.000   0.000   0.001
 
 STD. DEVIATION OF DAILY          0.000   0.000   0.000   0.001   0.001   0.003
   HEAD ON TOP OF LAYER  3        0.001   0.000   0.000   0.000   0.000   0.001
 
 AVERAGE DAILY HEAD ON            0.000   0.000   0.000   0.000   0.000   0.000
   TOP OF LAYER  7                0.000   0.000   0.000   0.000   0.000   0.000
 
 STD. DEVIATION OF DAILY          0.000   0.000   0.000   0.000   0.000   0.000
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   HEAD ON TOP OF LAYER  7        0.000   0.000   0.000   0.000   0.000   0.000
 
 *******************************************************************************

 
 *******************************************************************************
 
                           ANNUAL TOTALS FOR YEAR    5
 -------------------------------------------------------------------------------
                                          INCHES          CU. FEET     PERCENT
                                         --------        ----------    -------
   PRECIPITATION                           39.67         720010.562    100.00
 
   RUNOFF                                   0.015           273.184      0.04
 
   EVAPOTRANSPIRATION                      33.272        603887.062     83.87
 
   DRAINAGE COLLECTED FROM LAYER  2         5.6136       101886.016     14.15
 
   PERC./LEAKAGE THROUGH LAYER  3           0.000033          0.605      0.00
 
   AVG. HEAD ON TOP OF LAYER  3             0.0005
 
   DRAINAGE COLLECTED FROM LAYER  6         0.0000            0.000      0.00
 
   PERC./LEAKAGE THROUGH LAYER  7           0.000033          0.607      0.00
 
   AVG. HEAD ON TOP OF LAYER  7             0.0000
 
   PERC./LEAKAGE THROUGH LAYER  8           0.000000          0.000      0.00
 
   CHANGE IN WATER STORAGE                  0.769         13964.223      1.94
 
   SOIL WATER AT START OF YEAR             85.503       1551882.750
 
   SOIL WATER AT END OF YEAR               86.273       1565847.000
 
   SNOW WATER AT START OF YEAR              0.000             0.000      0.00
 
   SNOW WATER AT END OF YEAR                0.000             0.000      0.00
 
   ANNUAL WATER BUDGET BALANCE              0.0000            0.050      0.00
 
 *******************************************************************************

 

 *******************************************************************************
 
                   MONTHLY TOTALS (IN INCHES) FOR YEAR    6
 -------------------------------------------------------------------------------
 
                                 JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
                                 ------- ------- ------- ------- ------- -------
 
 PRECIPITATION                    2.08    3.09    2.65    2.11    5.20    4.30
                                  4.94    6.79    3.64    3.09    3.28    1.88
 
 RUNOFF                           0.000   0.000   0.000   0.000   0.015   0.000
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                                  0.000   0.006   0.000   0.000   0.006   0.000
 
 EVAPOTRANSPIRATION               1.436   2.080   2.889   2.660   3.203   6.188
                                  3.504   6.007   3.376   1.729   1.609   1.215
 
 LATERAL DRAINAGE COLLECTED       1.2313  1.8750  0.4392  0.0006  0.0002  0.2878
   FROM LAYER  2                  0.0330  1.1665  0.0883  0.4168  2.0299  0.4034
 
 PERCOLATION/LEAKAGE THROUGH      0.0000  0.0000  0.0000  0.0000  0.0000  0.0000
   LAYER  3                       0.0000  0.0000  0.0000  0.0000  0.0000  0.0000
 
 LATERAL DRAINAGE COLLECTED       0.0000  0.0000  0.0000  0.0000  0.0000  0.0000
   FROM LAYER  6                  0.0000  0.0000  0.0000  0.0000  0.0000  0.0000
 
 PERCOLATION/LEAKAGE THROUGH      0.0000  0.0000  0.0000  0.0000  0.0000  0.0000
   LAYER  7                       0.0000  0.0000  0.0000  0.0000  0.0000  0.0000
 
 PERCOLATION/LEAKAGE THROUGH      0.0000  0.0000  0.0000  0.0000  0.0000  0.0000
   LAYER  8                       0.0000  0.0000  0.0000  0.0000  0.0000  0.0000
 

 -------------------------------------------------------------------------------
                    MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)
 -------------------------------------------------------------------------------

 
 AVERAGE DAILY HEAD ON            0.001   0.002   0.000   0.000   0.000   0.000
   TOP OF LAYER  3                0.000   0.001   0.000   0.000   0.002   0.000
 
 STD. DEVIATION OF DAILY          0.001   0.002   0.000   0.000   0.000   0.000
   HEAD ON TOP OF LAYER  3        0.000   0.002   0.000   0.001   0.002   0.000
 
 AVERAGE DAILY HEAD ON            0.000   0.000   0.000   0.000   0.000   0.000
   TOP OF LAYER  7                0.000   0.000   0.000   0.000   0.000   0.000
 
 STD. DEVIATION OF DAILY          0.000   0.000   0.000   0.000   0.000   0.000
   HEAD ON TOP OF LAYER  7        0.000   0.000   0.000   0.000   0.000   0.000
 
 *******************************************************************************

 
 *******************************************************************************
 
                           ANNUAL TOTALS FOR YEAR    6
 -------------------------------------------------------------------------------
                                          INCHES          CU. FEET     PERCENT
                                         --------        ----------    -------
   PRECIPITATION                           43.05         781357.437    100.00
 
   RUNOFF                                   0.026           479.641      0.06
 
   EVAPOTRANSPIRATION                      35.896        651517.812     83.38
 
   DRAINAGE COLLECTED FROM LAYER  2         7.9721       144693.031     18.52
 
   PERC./LEAKAGE THROUGH LAYER  3           0.000047          0.846      0.00
 
   AVG. HEAD ON TOP OF LAYER  3             0.0007
 
   DRAINAGE COLLECTED FROM LAYER  6         0.0000            0.000      0.00
 
   PERC./LEAKAGE THROUGH LAYER  7           0.000047          0.846      0.00
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   AVG. HEAD ON TOP OF LAYER  7             0.0000
 
   PERC./LEAKAGE THROUGH LAYER  8           0.000000          0.000      0.00
 
   CHANGE IN WATER STORAGE                 -0.845        -15332.757     -1.96
 
   SOIL WATER AT START OF YEAR             86.273       1565847.000
 
   SOIL WATER AT END OF YEAR               85.428       1550514.250
 
   SNOW WATER AT START OF YEAR              0.000             0.000      0.00
 
   SNOW WATER AT END OF YEAR                0.000             0.000      0.00
 
   ANNUAL WATER BUDGET BALANCE              0.0000           -0.297      0.00
 
 *******************************************************************************

 

 *******************************************************************************
 
                   MONTHLY TOTALS (IN INCHES) FOR YEAR    7
 -------------------------------------------------------------------------------
 
                                 JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
                                 ------- ------- ------- ------- ------- -------
 
 PRECIPITATION                    3.18    0.93    5.35    0.58    6.17    4.11
                                  2.50    2.78    1.35    2.27    2.77    2.98
 
 RUNOFF                           0.029   0.000   0.000   0.000   0.125   0.000
                                  0.000   0.000   0.000   0.000   0.000   0.000
 
 EVAPOTRANSPIRATION               1.671   1.849   3.321   1.766   4.335   4.365
                                  3.778   3.046   1.296   1.278   1.419   1.073
 
 LATERAL DRAINAGE COLLECTED       1.7657  0.4590  0.9603  0.2803  0.6484  0.4035
   FROM LAYER  2                  0.0153  0.0003  0.0000  0.0004  0.0017  1.4219
 
 PERCOLATION/LEAKAGE THROUGH      0.0000  0.0000  0.0000  0.0000  0.0000  0.0000
   LAYER  3                       0.0000  0.0000  0.0000  0.0000  0.0000  0.0000
 
 LATERAL DRAINAGE COLLECTED       0.0000  0.0000  0.0000  0.0000  0.0000  0.0000
   FROM LAYER  6                  0.0000  0.0000  0.0000  0.0000  0.0000  0.0000
 
 PERCOLATION/LEAKAGE THROUGH      0.0000  0.0000  0.0000  0.0000  0.0000  0.0000
   LAYER  7                       0.0000  0.0000  0.0000  0.0000  0.0000  0.0000
 
 PERCOLATION/LEAKAGE THROUGH      0.0000  0.0000  0.0000  0.0000  0.0000  0.0000
   LAYER  8                       0.0000  0.0000  0.0000  0.0000  0.0000  0.0000
 

 -------------------------------------------------------------------------------
                    MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)
 -------------------------------------------------------------------------------

 
 AVERAGE DAILY HEAD ON            0.002   0.001   0.001   0.000   0.001   0.000
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   TOP OF LAYER  3                0.000   0.000   0.000   0.000   0.000   0.001
 
 STD. DEVIATION OF DAILY          0.003   0.000   0.001   0.000   0.001   0.000
   HEAD ON TOP OF LAYER  3        0.000   0.000   0.000   0.000   0.000   0.003
 
 AVERAGE DAILY HEAD ON            0.000   0.000   0.000   0.000   0.000   0.000
   TOP OF LAYER  7                0.000   0.000   0.000   0.000   0.000   0.000
 
 STD. DEVIATION OF DAILY          0.000   0.000   0.000   0.000   0.000   0.000
   HEAD ON TOP OF LAYER  7        0.000   0.000   0.000   0.000   0.000   0.000
 
 *******************************************************************************

 
 *******************************************************************************
 
                           ANNUAL TOTALS FOR YEAR    7
 -------------------------------------------------------------------------------
                                          INCHES          CU. FEET     PERCENT
                                         --------        ----------    -------
   PRECIPITATION                           34.97         634705.437    100.00
 
   RUNOFF                                   0.154          2790.071      0.44
 
   EVAPOTRANSPIRATION                      29.197        529930.625     83.49
 
   DRAINAGE COLLECTED FROM LAYER  2         5.9568       108115.727     17.03
 
   PERC./LEAKAGE THROUGH LAYER  3           0.000034          0.614      0.00
 
   AVG. HEAD ON TOP OF LAYER  3             0.0005
 
   DRAINAGE COLLECTED FROM LAYER  6         0.0000            0.000      0.00
 
   PERC./LEAKAGE THROUGH LAYER  7           0.000034          0.614      0.00
 
   AVG. HEAD ON TOP OF LAYER  7             0.0000
 
   PERC./LEAKAGE THROUGH LAYER  8           0.000000          0.000      0.00
 
   CHANGE IN WATER STORAGE                 -0.338         -6130.915     -0.97
 
   SOIL WATER AT START OF YEAR             85.428       1550514.250
 
   SOIL WATER AT END OF YEAR               85.090       1544383.250
 
   SNOW WATER AT START OF YEAR              0.000             0.000      0.00
 
   SNOW WATER AT END OF YEAR                0.000             0.000      0.00
 
   ANNUAL WATER BUDGET BALANCE              0.0000           -0.081      0.00
 
 *******************************************************************************

 

 *******************************************************************************
 
                   MONTHLY TOTALS (IN INCHES) FOR YEAR    8
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 -------------------------------------------------------------------------------
 
                                 JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
                                 ------- ------- ------- ------- ------- -------
 
 PRECIPITATION                    4.55    5.80    6.15    0.05    4.51    2.43
                                  8.99    3.30    0.63    1.98    2.79    1.26
 
 RUNOFF                           0.127   0.000   0.095   0.000   0.000   0.000
                                  0.158   0.000   0.000   0.000   0.000   0.000
 
 EVAPOTRANSPIRATION               1.694   2.089   3.180   1.544   3.174   3.219
                                  6.328   5.782   0.842   1.095   1.329   0.906
 
 LATERAL DRAINAGE COLLECTED       2.0183  3.3829  3.6934  0.7291  0.0004  0.0080
   FROM LAYER  2                  1.1023  0.1217  0.0012  0.0008  0.0002  0.0000
 
 PERCOLATION/LEAKAGE THROUGH      0.0000  0.0000  0.0000  0.0000  0.0000  0.0000
   LAYER  3                       0.0000  0.0000  0.0000  0.0000  0.0000  0.0000
 
 LATERAL DRAINAGE COLLECTED       0.0000  0.0000  0.0000  0.0000  0.0000  0.0000
   FROM LAYER  6                  0.0000  0.0000  0.0000  0.0000  0.0000  0.0000
 
 PERCOLATION/LEAKAGE THROUGH      0.0000  0.0000  0.0000  0.0000  0.0000  0.0000
   LAYER  7                       0.0000  0.0000  0.0000  0.0000  0.0000  0.0000
 
 PERCOLATION/LEAKAGE THROUGH      0.0000  0.0000  0.0000  0.0000  0.0000  0.0000
   LAYER  8                       0.0000  0.0000  0.0000  0.0000  0.0000  0.0000
 

 -------------------------------------------------------------------------------
                    MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)
 -------------------------------------------------------------------------------

 
 AVERAGE DAILY HEAD ON            0.002   0.004   0.004   0.001   0.000   0.000
   TOP OF LAYER  3                0.001   0.000   0.000   0.000   0.000   0.000
 
 STD. DEVIATION OF DAILY          0.002   0.003   0.006   0.001   0.000   0.000
   HEAD ON TOP OF LAYER  3        0.002   0.000   0.000   0.000   0.000   0.000
 
 AVERAGE DAILY HEAD ON            0.000   0.000   0.000   0.000   0.000   0.000
   TOP OF LAYER  7                0.000   0.000   0.000   0.000   0.000   0.000
 
 STD. DEVIATION OF DAILY          0.000   0.000   0.000   0.000   0.000   0.000
   HEAD ON TOP OF LAYER  7        0.000   0.000   0.000   0.000   0.000   0.000
 
 *******************************************************************************

 
 *******************************************************************************
 
                           ANNUAL TOTALS FOR YEAR    8
 -------------------------------------------------------------------------------
                                          INCHES          CU. FEET     PERCENT
                                         --------        ----------    -------
   PRECIPITATION                           42.44         770286.062    100.00
 
   RUNOFF                                   0.380          6905.082      0.90
 
   EVAPOTRANSPIRATION                      31.182        565947.687     73.47
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   DRAINAGE COLLECTED FROM LAYER  2        11.0582       200705.906     26.06
 
   PERC./LEAKAGE THROUGH LAYER  3           0.000058          1.055      0.00
 
   AVG. HEAD ON TOP OF LAYER  3             0.0010
 
   DRAINAGE COLLECTED FROM LAYER  6         0.0000            0.000      0.00
 
   PERC./LEAKAGE THROUGH LAYER  7           0.000058          1.055      0.00
 
   AVG. HEAD ON TOP OF LAYER  7             0.0000
 
   PERC./LEAKAGE THROUGH LAYER  8           0.000000          0.000      0.00
 
   CHANGE IN WATER STORAGE                 -0.180         -3272.822     -0.42
 
   SOIL WATER AT START OF YEAR             85.090       1544383.250
 
   SOIL WATER AT END OF YEAR               84.910       1541110.500
 
   SNOW WATER AT START OF YEAR              0.000             0.000      0.00
 
   SNOW WATER AT END OF YEAR                0.000             0.000      0.00
 
   ANNUAL WATER BUDGET BALANCE              0.0000            0.160      0.00
 
 *******************************************************************************

 

 *******************************************************************************
 
                   MONTHLY TOTALS (IN INCHES) FOR YEAR    9
 -------------------------------------------------------------------------------
 
                                 JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
                                 ------- ------- ------- ------- ------- -------
 
 PRECIPITATION                    5.31    2.29    2.03    4.33    1.01    5.70
                                  3.23    3.71    3.29    1.65    4.34    4.04
 
 RUNOFF                           0.189   0.000   0.000   0.000   0.000   0.000
                                  0.000   0.000   0.000   0.000   0.054   0.000
 
 EVAPOTRANSPIRATION               1.497   1.820   3.107   4.154   2.110   4.397
                                  4.662   4.052   3.069   1.490   1.391   1.005
 
 LATERAL DRAINAGE COLLECTED       3.1265  0.4392  0.5252  0.0130  0.0001  0.0158
   FROM LAYER  2                  0.0010  0.0008  0.0000  0.0000  0.4854  2.2386
 
 PERCOLATION/LEAKAGE THROUGH      0.0000  0.0000  0.0000  0.0000  0.0000  0.0000
   LAYER  3                       0.0000  0.0000  0.0000  0.0000  0.0000  0.0000
 
 LATERAL DRAINAGE COLLECTED       0.0000  0.0000  0.0000  0.0000  0.0000  0.0000
   FROM LAYER  6                  0.0000  0.0000  0.0000  0.0000  0.0000  0.0000
 
 PERCOLATION/LEAKAGE THROUGH      0.0000  0.0000  0.0000  0.0000  0.0000  0.0000
   LAYER  7                       0.0000  0.0000  0.0000  0.0000  0.0000  0.0000
 
 PERCOLATION/LEAKAGE THROUGH      0.0000  0.0000  0.0000  0.0000  0.0000  0.0000
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   LAYER  8                       0.0000  0.0000  0.0000  0.0000  0.0000  0.0000
 

 -------------------------------------------------------------------------------
                    MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)
 -------------------------------------------------------------------------------

 
 AVERAGE DAILY HEAD ON            0.003   0.001   0.001   0.000   0.000   0.000
   TOP OF LAYER  3                0.000   0.000   0.000   0.000   0.001   0.002
 
 STD. DEVIATION OF DAILY          0.003   0.000   0.000   0.000   0.000   0.000
   HEAD ON TOP OF LAYER  3        0.000   0.000   0.000   0.000   0.001   0.003
 
 AVERAGE DAILY HEAD ON            0.000   0.000   0.000   0.000   0.000   0.000
   TOP OF LAYER  7                0.000   0.000   0.000   0.000   0.000   0.000
 
 STD. DEVIATION OF DAILY          0.000   0.000   0.000   0.000   0.000   0.000
   HEAD ON TOP OF LAYER  7        0.000   0.000   0.000   0.000   0.000   0.000
 
 *******************************************************************************

 
 *******************************************************************************
 
                           ANNUAL TOTALS FOR YEAR    9
 -------------------------------------------------------------------------------
                                          INCHES          CU. FEET     PERCENT
                                         --------        ----------    -------
   PRECIPITATION                           40.93         742879.562    100.00
 
   RUNOFF                                   0.243          4405.353      0.59
 
   EVAPOTRANSPIRATION                      32.754        594491.750     80.03
 
   DRAINAGE COLLECTED FROM LAYER  2         6.8455       124246.375     16.72
 
   PERC./LEAKAGE THROUGH LAYER  3           0.000038          0.685      0.00
 
   AVG. HEAD ON TOP OF LAYER  3             0.0006
 
   DRAINAGE COLLECTED FROM LAYER  6         0.0000            0.000      0.00
 
   PERC./LEAKAGE THROUGH LAYER  7           0.000038          0.685      0.00
 
   AVG. HEAD ON TOP OF LAYER  7             0.0000
 
   PERC./LEAKAGE THROUGH LAYER  8           0.000000          0.000      0.00
 
   CHANGE IN WATER STORAGE                  1.087         19736.033      2.66
 
   SOIL WATER AT START OF YEAR             84.910       1541110.500
 
   SOIL WATER AT END OF YEAR               85.316       1548482.250
 
   SNOW WATER AT START OF YEAR              0.000             0.000      0.00
 
   SNOW WATER AT END OF YEAR                0.681         12364.257      1.66
 
   ANNUAL WATER BUDGET BALANCE              0.0000            0.035      0.00
 
 *******************************************************************************
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 *******************************************************************************
 
                   MONTHLY TOTALS (IN INCHES) FOR YEAR   10
 -------------------------------------------------------------------------------
 
                                 JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
                                 ------- ------- ------- ------- ------- -------
 
 PRECIPITATION                    3.36    1.30    3.63    5.17    2.49    4.24
                                  3.92    1.78    5.26    0.62    4.82    1.70
 
 RUNOFF                           0.018   0.000   0.000   0.055   0.000   0.022
                                  0.000   0.000   0.000   0.000   0.000   0.000
 
 EVAPOTRANSPIRATION               1.646   1.975   2.575   4.292   3.145   2.863
                                  5.111   2.924   2.882   2.016   1.401   1.129
 
 LATERAL DRAINAGE COLLECTED       2.0415  0.7798  0.0378  2.1279  0.0527  0.0021
   FROM LAYER  2                  0.0009  0.0000  0.0001  0.0001  0.3586  1.5241
 
 PERCOLATION/LEAKAGE THROUGH      0.0000  0.0000  0.0000  0.0000  0.0000  0.0000
   LAYER  3                       0.0000  0.0000  0.0000  0.0000  0.0000  0.0000
 
 LATERAL DRAINAGE COLLECTED       0.0000  0.0000  0.0000  0.0000  0.0000  0.0000
   FROM LAYER  6                  0.0000  0.0000  0.0000  0.0000  0.0000  0.0000
 
 PERCOLATION/LEAKAGE THROUGH      0.0000  0.0000  0.0000  0.0000  0.0000  0.0000
   LAYER  7                       0.0000  0.0000  0.0000  0.0000  0.0000  0.0000
 
 PERCOLATION/LEAKAGE THROUGH      0.0000  0.0000  0.0000  0.0000  0.0000  0.0000
   LAYER  8                       0.0000  0.0000  0.0000  0.0000  0.0000  0.0000
 

 -------------------------------------------------------------------------------
                    MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)
 -------------------------------------------------------------------------------

 
 AVERAGE DAILY HEAD ON            0.002   0.001   0.000   0.002   0.000   0.000
   TOP OF LAYER  3                0.000   0.000   0.000   0.000   0.000   0.002
 
 STD. DEVIATION OF DAILY          0.002   0.001   0.000   0.004   0.000   0.000
   HEAD ON TOP OF LAYER  3        0.000   0.000   0.000   0.000   0.001   0.001
 
 AVERAGE DAILY HEAD ON            0.000   0.000   0.000   0.000   0.000   0.000
   TOP OF LAYER  7                0.000   0.000   0.000   0.000   0.000   0.000
 
 STD. DEVIATION OF DAILY          0.000   0.000   0.000   0.000   0.000   0.000
   HEAD ON TOP OF LAYER  7        0.000   0.000   0.000   0.000   0.000   0.000
 
 *******************************************************************************

 
 *******************************************************************************
 
                           ANNUAL TOTALS FOR YEAR   10
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 -------------------------------------------------------------------------------
                                          INCHES          CU. FEET     PERCENT
                                         --------        ----------    -------
   PRECIPITATION                           38.29         694963.562    100.00
 
   RUNOFF                                   0.096          1744.025      0.25
 
   EVAPOTRANSPIRATION                      31.959        580047.250     83.46
 
   DRAINAGE COLLECTED FROM LAYER  2         6.9256       125698.937     18.09
 
   PERC./LEAKAGE THROUGH LAYER  3           0.000038          0.698      0.00
 
   AVG. HEAD ON TOP OF LAYER  3             0.0006
 
   DRAINAGE COLLECTED FROM LAYER  6         0.0000            0.000      0.00
 
   PERC./LEAKAGE THROUGH LAYER  7           0.000038          0.698      0.00
 
   AVG. HEAD ON TOP OF LAYER  7             0.0000
 
   PERC./LEAKAGE THROUGH LAYER  8           0.000000          0.000      0.00
 
   CHANGE IN WATER STORAGE                 -0.690        -12526.824     -1.80
 
   SOIL WATER AT START OF YEAR             85.316       1548482.250
 
   SOIL WATER AT END OF YEAR               85.307       1548319.620
 
   SNOW WATER AT START OF YEAR              0.681         12364.257      1.78
 
   SNOW WATER AT END OF YEAR                0.000             0.000      0.00
 
   ANNUAL WATER BUDGET BALANCE              0.0000            0.187      0.00
 
 *******************************************************************************

 

 *******************************************************************************
 
          AVERAGE MONTHLY VALUES IN INCHES FOR YEARS    1 THROUGH   10
 -------------------------------------------------------------------------------
 
                          JAN/JUL  FEB/AUG  MAR/SEP  APR/OCT  MAY/NOV  JUN/DEC
                          -------  -------  -------  -------  -------  -------
   PRECIPITATION
   -------------
     TOTALS                 3.48     2.75     4.17     2.54     3.70     4.79
                            4.64     4.96     2.82     2.85     3.06     2.64
 
     STD. DEVIATIONS        2.15     1.44     1.47     1.96     2.25     1.67
                            2.29     4.36     1.67     2.13     1.39     1.17
 
   RUNOFF
   ------
     TOTALS                 0.040    0.000    0.015    0.006    0.023    0.005
                            0.020    0.168    0.039    0.008    0.006    0.012
 
     STD. DEVIATIONS        0.065    0.000    0.032    0.018    0.045    0.009
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                            0.049    0.530    0.117    0.021    0.017    0.036
 
   EVAPOTRANSPIRATION
   ------------------
     TOTALS                 1.585    1.965    2.956    3.026    3.326    4.365
                            4.791    4.143    2.583    1.716    1.469    1.093
 
     STD. DEVIATIONS        0.144    0.147    0.233    1.063    1.093    1.078
                            1.197    1.401    1.166    0.335    0.107    0.128
 
   LATERAL DRAINAGE COLLECTED FROM LAYER  2
   ----------------------------------------
     TOTALS                 1.8689   1.1675   1.1680   0.5665   0.4163   0.2964
                            0.2719   0.8728   0.4022   0.3158   0.5541   1.1808
 
     STD. DEVIATIONS        1.2434   1.1774   1.1249   0.6729   0.8039   0.4517
                            0.4284   2.3333   1.2398   0.8509   0.7241   0.8068
 
   PERCOLATION/LEAKAGE THROUGH LAYER  3
   ------------------------------------
     TOTALS                 0.0000   0.0000   0.0000   0.0000   0.0000   0.0000
                            0.0000   0.0000   0.0000   0.0000   0.0000   0.0000
 
     STD. DEVIATIONS        0.0000   0.0000   0.0000   0.0000   0.0000   0.0000
                            0.0000   0.0000   0.0000   0.0000   0.0000   0.0000
 
   LATERAL DRAINAGE COLLECTED FROM LAYER  6
   ----------------------------------------
     TOTALS                 0.0000   0.0000   0.0000   0.0000   0.0000   0.0000
                            0.0000   0.0000   0.0000   0.0000   0.0000   0.0000
 
     STD. DEVIATIONS        0.0000   0.0000   0.0000   0.0000   0.0000   0.0000
                            0.0000   0.0000   0.0000   0.0000   0.0000   0.0000
 
   PERCOLATION/LEAKAGE THROUGH LAYER  7
   ------------------------------------
     TOTALS                 0.0000   0.0000   0.0000   0.0000   0.0000   0.0000
                            0.0000   0.0000   0.0000   0.0000   0.0000   0.0000
 
     STD. DEVIATIONS        0.0000   0.0000   0.0000   0.0000   0.0000   0.0000
                            0.0000   0.0000   0.0000   0.0000   0.0000   0.0000
 
   PERCOLATION/LEAKAGE THROUGH LAYER  8
   ------------------------------------
     TOTALS                 0.0000   0.0000   0.0000   0.0000   0.0000   0.0000
                            0.0000   0.0000   0.0000   0.0000   0.0000   0.0000
 
     STD. DEVIATIONS        0.0000   0.0000   0.0000   0.0000   0.0000   0.0000
                            0.0000   0.0000   0.0000   0.0000   0.0000   0.0000
 

 -------------------------------------------------------------------------------
                AVERAGES OF MONTHLY AVERAGED DAILY HEADS (INCHES)
 -------------------------------------------------------------------------------

 
   DAILY AVERAGE HEAD ON TOP OF LAYER  3
   -------------------------------------
     AVERAGES               0.0019   0.0013   0.0012   0.0006   0.0004   0.0003
                            0.0003   0.0009   0.0004   0.0003   0.0006   0.0012
 
     STD. DEVIATIONS        0.0013   0.0013   0.0012   0.0007   0.0008   0.0005
                            0.0004   0.0024   0.0013   0.0009   0.0008   0.0008
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   DAILY AVERAGE HEAD ON TOP OF LAYER  7
   -------------------------------------
     AVERAGES               0.0000   0.0000   0.0000   0.0000   0.0000   0.0000
                            0.0000   0.0000   0.0000   0.0000   0.0000   0.0000
 
     STD. DEVIATIONS        0.0000   0.0000   0.0000   0.0000   0.0000   0.0000
                            0.0000   0.0000   0.0000   0.0000   0.0000   0.0000
 
 *******************************************************************************

 *******************************************************************************
 
      AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS    1 THROUGH   10
 -------------------------------------------------------------------------------
                                      INCHES            CU. FEET       PERCENT
                                -------------------   -------------   ---------
  PRECIPITATION                  42.40    (   7.345)     769559.9     100.00
 
  RUNOFF                          0.340   (  0.6575)       6176.48      0.803
 
  EVAPOTRANSPIRATION             33.018   (  1.9765)     599283.12     77.873
 
  LATERAL DRAINAGE COLLECTED      9.08097 (  5.90979)    164819.687   21.41739
    FROM LAYER  2
 
  PERCOLATION/LEAKAGE THROUGH     0.00005 (  0.00003)         0.892     0.00012
    LAYER  3
 
  AVERAGE HEAD ON TOP             0.001 (    0.001)
    OF LAYER  3
 
  LATERAL DRAINAGE COLLECTED      0.00000 (  0.00000)         0.000    0.00000
    FROM LAYER  6
 
  PERCOLATION/LEAKAGE THROUGH     0.00005 (  0.00003)         0.892     0.00012
    LAYER  7
 
  AVERAGE HEAD ON TOP             0.000 (    0.000)
    OF LAYER  7
 
  PERCOLATION/LEAKAGE THROUGH     0.00000 (  0.00000)         0.000     0.00000
    LAYER  8
 
  CHANGE IN WATER STORAGE        -0.040   (  0.6876)       -719.31     -0.093
 
 *******************************************************************************

� 
 ******************************************************************************
 
                 PEAK DAILY VALUES FOR YEARS    1 THROUGH   10
    ------------------------------------------------------------------------
                                                 (INCHES)      (CU. FT.)
                                                ----------   -------------
       PRECIPITATION                              5.22         94743.000
 
       RUNOFF                                     1.507        27354.2520
 

Page 22



SWIFTDN.OUT
       DRAINAGE COLLECTED FROM LAYER  2           1.80256      32716.43750
 
       PERCOLATION/LEAKAGE THROUGH LAYER  3       0.000007         0.12616
 
       AVERAGE HEAD ON TOP OF LAYER  3            0.058
 
       MAXIMUM HEAD ON TOP OF LAYER  3            0.115

       LOCATION OF MAXIMUM HEAD IN LAYER  2
             (DISTANCE FROM DRAIN)                0.9 FEET
 
       DRAINAGE COLLECTED FROM LAYER  6           0.00000          0.00000
 
       PERCOLATION/LEAKAGE THROUGH LAYER  7       0.000007         0.12616
 
       AVERAGE HEAD ON TOP OF LAYER  7            0.000
 
       MAXIMUM HEAD ON TOP OF LAYER  7            0.001

       LOCATION OF MAXIMUM HEAD IN LAYER  6
             (DISTANCE FROM DRAIN)                0.0 FEET
 
       PERCOLATION/LEAKAGE THROUGH LAYER  8       0.000000         0.00000
 
       SNOW WATER                                 1.67         30305.5898
 

       MAXIMUM VEG. SOIL WATER (VOL/VOL)                  0.3889
 
       MINIMUM VEG. SOIL WATER (VOL/VOL)                  0.1040
 

        ***  Maximum heads are computed using McEnroe's equations.  ***

             Reference:  Maximum Saturated Depth over Landfill Liner
                         by Bruce M. McEnroe, University of Kansas
                         ASCE Journal of Environmental Engineering
                         Vol. 119, No. 2, March 1993, pp. 262-270.

 
 ******************************************************************************

� 
 ******************************************************************************
 
                    FINAL WATER STORAGE AT END OF YEAR   10
     ----------------------------------------------------------------------
                     LAYER        (INCHES)       (VOL/VOL)
                     -----        --------       ---------
                       1            5.8274         0.2428

                       2            0.0038         0.0151

                       3            0.0000         0.0000

                       4           26.9280         0.1870

                       5            2.7840         0.2320

                       6           13.3200         0.2220
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                       7           11.4000         0.4750

                       8           22.7997         0.1900

                   SNOW WATER       0.000
 
 ******************************************************************************
 ******************************************************************************
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SECTION 01010 
SCOPE OF WORK 

 
PART 1: GENERAL 
 
1.01 SCOPE OF WORK  
 
 A. Work covered in these Technical Specifications encompasses the performance of 

earthwork and grading, construction of erosion and sediment control measures, 
placement of fill, construction of a liner and associated anchor trench and drainage 
outlets, construction of permanent stormwater devices, and establishment of 
vegetation associated with the Swift Creek CCB Structural Fill, Re-grading and Cap 
Project located in Nash County, North Carolina. 

 
 B. The major components constructed under this project include: 
 

 Construction of erosion and sediment control measures; 
 Clearing and grubbing; 
 Stripping and stockpiling topsoil and cover soil; 
 Grading and preparing the landfill cap sub-base; 
 Construction of all cap components; and, 
 Site restoration. 

 
 C. Provide all labor, materials, equipment, tools, services and incidentals necessary to 

complete all work required by the Contract to construct the facility as indicated on 
the Contract Drawings and specified herein.  

 
 D. Complete the Work, in-place, tested, and ready for continuous service.  Perform or 

provide repairs, replacements and restoration required as a result of damages 
resulting from construction operations.   

 
 E. The Contractor is responsible for furnishing and installing all materials, equipment, 

and incidentals, which are reasonable and necessary for the proper completion of 
the Work. 

 
1.02 DRAWINGS AND SPECIFICATIONS FURNISHED TO THE CONTRACTOR FOR 

CONSTRUCTION 
 

A. Two sets of Contract Drawings and two sets of Specifications shall be furnished to 
the Contractor for construction at no charge.  Additional sets may be purchased at 
the cost of reproduction.  

 
The Contract Drawings that accompany these Technical Specifications are part of 
the Contract Documents and shall consist of, but are not limited to, the following: 
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 SHEET 1 – EXISTING CONDITIONS 
 SHEET 2 – PHASE 1 REMOVAL AND STOCKPILE PLAN 
 SHEET 3 – PHASE 1 FLOOR GRADES PLAN 
 SHEET 4 – PROPOSED FINAL CONTOURS 
 SHEET 5 – FINAL CAP DETAILS 

 
1.03 ABBREVIATIONS AND REFERENCES 
 

A. Whenever reference is made to the furnishing of materials or testing thereof to 
conform to the standards of any technical society, organization or body, it shall be 
construed to mean the latest standard, code, specification or tentative specification 
adopted and published at the date of construction commencement, even if reference 
has been made to an earlier standard.  Where standards, specifications or codes of 
the various technical societies, organizations or bodies have been referred to 
throughout the Specifications, the referenced standard, specification or code is 
hereby made a part of the Contract the same as if herein repeated in full.  In the 
event of any conflict between any of these specifications, standards, codes or 
tentative specifications, and the specifications, the latter shall govern.  

 
 B. Reference to a technical society, organization, or body may be made in the 

Specifications by abbreviations, in accordance with the following list: 
 
  ACI  - American Concrete Institute 
  ANSI  - American National Standards Institute 
  ASCE - American Society of Civil Engineers 
  ASME - American Society at Mechanical Engineers 
  ASSE  - American Society of Sanitation Engineers 
  ASTM - American Society of Testing Materials 
  CRSI  - Concrete Reinforcing Steel Institute 
  DIPRA - Ductile Iron Pipe Research Association 
  EPA  - Environmental Protection Agency 
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  FED.SPEC. - Federal Specifications 
  IEEE  - Institute of Electrical and Electronic Engineers 
  OSHA - Occupation Health and Safety Act 
  NCDOT - North Carolina Department of Transportation 
  NEMA - National Electrical Manufacturers Association 
   
 C. When no reference is made to a code, standard, or specification, the standard 

specifications of the ASTM, the ANSI, the ASME, the IEEE, or the NEMA shall 
govern. 

 
1.04 CODES AND STANDARDS 
 

The publications listed below form a part of this specification to the extent 
referenced.   

 
 A. American Society for Testing and Materials (ASTM) Standards 
 
  
 B. American National Standards Institute (ANSI) / American Water Works 

Association (AWWA) 
 

C.     Federal Test Method Standards (FTMS) 
 

1. FTMS – 101/2065 – Punching Resistance and Elongation Test (1/8 inch Radius 
   Probe Method). 

 
D.    Geosynthetic Research Institute (GRI) 
 
E.    Occupational Safety and Health Administration (OSHA) 

  
1.05 DEFINITIONS 
 

Unless otherwise indicated in these Technical Specifications, the following  
definitions are applicable: 

 
• Owner  
 Full Circle Solutions, Inc. / ReUse Technologies, Inc. 
 c/o K&L Gates LLP 
 134 Meeting Street, Suite 200, Charleston, SC 29401 
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• Engineer  
 ERM NC, Inc.  
 15720 Brixham Hill Avenue, Suite 120, Charlotte, NC 28277 
  
• Project Manager  

 
   The Project Manager is the official on-site representative of the Engineer and is 

responsible for coordinating meetings, schedules, and field activities. 
 

• Contractor  
 
 The Contractor is the company responsible for performing all construction 

activities associated with the Work with the exception of geosynthetic liner 
materials installation. 

 
• Geosynthetics Installer  
 
 The Geosynthetics Installer is the company responsible for performing all 

geosynthetics construction activities outlined on and in the Construction 
Drawings and Specifications. 

 
• CQA Consultant  
 
 The Construction Quality Assurance (CQA) Consultant is the person or persons 

responsible for observing and documenting all construction activities described 
on and in the Contract Drawings and Specifications. 

 
• Soils CQA Laboratory 
 
 The Soils CQA Laboratory is responsible for performing the laboratory testing 

required to determine specific characteristics of the soils and aggregates, 
required on and in the Contract Drawings and Technical Specifications.  

 
• Geosynthetics CQA Laboratory 
 
 The Geosynthetic CQA Laboratory is responsible for performing the laboratory 

testing required to ensure that all geosynthetic materials meet the project 
specifications. 
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1.06 SCHEDULE 
 
 A. All Work addressed in these Specifications must be completed as agreed to in the 

Contract Documents. 
 
 
PART 2: PRODUCTS (NOT APPLICABLE) 
 
PART 3: EXECUTION (NOT APPLICABLE) 
 
 

END OF SECTION 



 

Swift Creek CCB-0057 02100-1    February 2015 
Nash County, NC 

 SECTION 02100 
SITE PREPARATION 

 
PART 1:  GENERAL 
 
1.01 SCOPE OF WORK 
 

A. The CONTRACTOR shall furnish all labor, materials, and equipment required and 
perform all site preparation, complete as shown on the Contract Drawings and as 
specified herein. 

 
B. Obtain all permits required for site preparation work prior to proceeding with the 

work, including clearing and tree removal. 
 
1.02 RELATED SECTIONS 
 

A. Section 02200 – Earthwork 
 
B. Section 02772 – Storm Water, Erosion, and Sedimentation Control 

 
1.03 SUBMITTALS 
 

A. Submit copies of all permits required prior to clearing work, specifically for open 
burning. 

 
B. Contractor shall supply actual limits of clearing and grubbing survey. 

 
 
PART 2: PRODUCTS (NOT APPLICABLE) 
 
 
PART 3: EXECUTION 
 
3.01 SURVEY 
 
 A. The CONTRACTOR shall stake out the limits of the clearing and grubbing as 

specified herein or denoted on the Contract Drawings. 
 
3.02 CLEARING & GRUBBING 
 
 A. Clearing shall be conducted to fell and remove standing trees, brush, down timber, 

fences and debris from areas of proposed grading, excavation, trenching, filling, or 
compacting.  Trees shall be cut flush to ground level.  All other brush or other 
material shall be cut flush to ground level. Grubbing shall only be performed where 
necessary outside the limits of waste. Grubbing shall not be performed where cover 
soil stripping will occur. 

 
3.03 STRIPPING 
 
 A. Topsoil stripping shall be performed as necessary. 
 
3.04 DISPOSAL 
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 A. The CONTRACTOR shall dispose of all material and debris from site preparation 
operations by hauling such material and debris to an approved facility. 

 
 B. All woody material from site preparation operations shall be chipped or cut into log 

lengths.  Chipped materials shall be stockpiled or disposed of as directed by the 
OWNER.  Logs shall be removed from the site as directed by the OWNER. 

 
 C. On-site disposal of cleared materials by open-air burning will not be permitted. 
 
3.05 PROTECTION 
 
 A. Prior to commencement of work under this Section, protection for trees and shrubs, 

which are to remain after construction, shall be provided by the CONTRACTOR.  
Arrange an on site conference with the OWNER to identify and mark trees and 
shrubs which are to remain.  No clearing shall be performed without a clear 
understanding of existing conditions to be preserved.  All trees to be saved at areas 
abutting limits of work shall be marked using colored plastic tape around the trunk. 

 
 B. Protection shall be maintained until all work in the vicinity of the work being 

protected has been completed. 
 
 C. Heavy equipment operation or stockpiling of materials shall not be permitted within 

the branch spread of existing trees. 
 
 D. Any damage to existing tree crowns, trunks, or root systems shall be repaired 

immediately. Roots exposed and/or damaged during the work shall immediately be 
cut off cleanly inside the exposed or damaged area.  Cut surfaces shall be treated 
with acceptable tree wound paint, and topsoil spread over the exposed root area. 

 
 E. When work is completed, all dead and downed trees shall be removed.  Live trees 

shall be trimmed of all dead and diseased limbs and branches.  All cuts shall be 
cleanly made at their juncture with the trunk or preceding branch without injury to 
the trunk or remaining branches.  Cuts over 1-in in diameter shall be treated with 
acceptable tree wound paint. 

 
 F. Construction activities shall be restricted to those areas within the limits of 

construction designated on the Drawings, within public rights-of-way, and within 
easements provided by the Owner.  Adjacent properties and improvements thereon, 
public or private, which become damaged by construction operations shall be 
promptly restored to their original condition, to the full satisfaction of the property 
owner. 

 
 

END OF SECTION 
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 SECTION 02200 
EARTHWORK 

 
PART 1:  GENERAL 
 
1.01 SCOPE OF WORK  
  

A. Work specified within this Section includes, but is not necessarily limited to, 
excavation, backfilling, filling, and grading including haul, compaction, and 
disposal of all material encountered and necessary for construction of the project.  
The work includes, but is not necessarily limited to the following: 

 
1. Protection of all site features to remain. 
 
2. Excavation and filling to achieve proposed subgrade levels as accepted by the 

ENGINEER for landfill cap modifications as shown on the Construction 
Drawings.   

 
3. On-site stockpiling of suitable materials, as required. 
 
4. Furnishing and placement of all backfill materials and topsoil required to 

complete the work of this Section.       
 
5. Construction of all site excavations, fills and grading for achievement of 

subgrade, and other earthwork shown on the Construction Drawings and 
specified herein. The CONTRACTOR shall furnish all labor, materials, and 
equipment required and perform all site preparation, complete as shown on 
the Contract Drawings and as specified herein. 

 
1.02 RELATED SECTIONS 
 

A. Section 02100 – Site Preparation  
 
B. Section 02772 – Storm Water, Erosion, and Sedimentation Control 

 
1.03 QUALITY ASSURANCE 
 

A. The ENGINEER will test, observe, and document the earthwork activities to 
determine that the work is completed in accordance with the Project Specifications.  

 
B. The CONTRACTOR shall provide a minimum forty-eight (48) hour notice to the 

ENGINEER prior to commencing earthwork operations. 
 

C. Approvals given by the ENGINEER shall not relieve the CONTRACTOR of his 
responsibility for performing the work in accordance with the Contract Documents. 

 
1.04 SUBMITTALS 
 

A. The ENGINEER will test, observe, and document the earthwork activities to 
determine that the work is completed in accordance with the Project Specifications.  

 
1. The CONTRACTOR shall record the condition of structures and other 

facilities adjacent to areas of the work.  Copies of the Record shall be 
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submitted to the ENGINEER and conditions prior to starting work shall be 
verified. 

 
1.05 COORDINATION 
 

A. The work of this Section shall be coordinated with that of other trades affecting, or 
affected by, this work, as necessary to assure the steady progress of all work of the 
Contract. 

 
B. It is hereby understood that the CONTRACTOR has carefully examined the site and 

all conditions affecting work under this Section.  No claim for additional costs will be 
allowed because of lack of full knowledge of existing conditions. 

 
C. Plans, surveys, measurements and dimensions under which the work is to be 

performed are believed to be correct to the best of the ENGINEER's knowledge, but 
the CONTRACTOR shall have examined them for himself during the bidding period. 
The CONTRACTOR shall verify dimensions and elevations on the ground and report 
any discrepancies immediately to the ENGINEER.  Any discrepancies not reported 
prior to construction shall not be the basis for claims for extra compensation. 

 
1.06 PERMITS, CODES AND SAFETY REQUIREMENTS 
 

A. All work shall conform to the Construction Drawings and Specifications and shall 
comply with applicable codes and regulations. 

 
B. All work shall comply with the provisions of the Manual of Accident Prevention in 

Construction of the Associated General Contractors of America, Inc., and the 
requirements of the Occupational Safety and Health Administration, United States 
Department of Labor. 

 
C. The CONTRACTOR shall procure and pay for all permits and licenses required for 

the complete work specified herein and shown on the Construction Drawings. 
 

D. The CONTRACTOR shall properly maintain all excavations, sheeting, bracing, 
trench shields or other facilities in a safe condition throughout the project.  Sufficient 
suitable barricades, warning lights, floodlights and signs to protect life and property 
shall be installed and maintained at all times.   

 
E. Use of Explosives 

 
1. The use of explosives will not be permitted, without specific authorization in 

writing by the OWNER. 
 
1.07 LAYOUT AND GRADES 
 

A. All lines and grade work not presently established at the site shall be laid out in 
accordance with Construction Drawings and Specifications by a Registered Land 
Surveyor or Professional ENGINEER employed by the CONTRACTOR.  The 
CONTRACTOR shall establish permanent benchmarks and replace as directed by the 
ENGINEER any which are destroyed or disturbed.  

 
B. The words "finished grade" as used herein shall mean “proposed contour” elevations 

indicated on the Construction Drawings.  Spot elevations shall govern over proposed 
contours.  Where not otherwise indicated, project site areas shall be given uniform 
slopes between such points and existing established grades. 
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C. The word "subgrade" as used herein, means the required surface of subsoil or 

compacted fill.  This surface is immediately beneath the site improvements, specially 
dimensioned fill, or other surface material. 

 
1.08 DISPOSITION OF EXISTING UTILITIES 
 

A. Before starting mechanical earthwork operations, utility drawings should be 
consulted.  However, reliance on the information obtained does not absolve the 
CONTRACTOR of responsibility for damages, so careful hand methods shall be used 
to verify the location of underground facilities.  The CONTRACTOR shall provide 
sketches of existing conditions if there are variances, as well as any modifications, on 
"as-built" drawings.  

 
B. Existing utilities serving facilities occupied and used by the OWNER shall not be 

interrupted except when approved in writing, and then only after temporary utility 
services have been approved and provided. 

 
C. Active utilities existing on the site shall be carefully protected from damage and 

relocated or removed as required by the work.  When an active utility line is exposed 
during excavation its location and elevation shall be plotted on the record drawings 
and both ENGINEER and the Utility Owner notified in writing. 

 
D. Should uncharted, or incorrectly charted, piping or other utilities be encountered 

during excavation, notify the ENGINEER and Utility Owner immediately for 
directions. 

 
E. Cooperate with OWNER and utility companies in keeping utility services and 

facilities in operation.  Repair damaged utilities to satisfaction of utility owner. 
 

F. Inactive or abandoned utilities encountered during excavation operations shall be 
removed, plugged or capped.  The location of such utilities shall be noted on the 
record drawings and reported in writing to the ENGINEER. 

 
G. Demolish and completely remove from site existing underground utilities indicated to 

be removed.  Coordinate with utility companies for shut-off of services if lines are 
active. 

 
1.09 DRAINAGE 
 

A. The CONTRACTOR shall control the grading in areas under construction on the site 
so that the surface of the ground will properly slope to prevent accumulation of water 
in excavated areas and onto adjacent properties. 

 
B. Should surface, rain, or groundwater be encountered during the operations, the 

CONTRACTOR shall furnish and operate dewatering measures and equipment to 
control water levels as required to perform the work, and shall be responsible for any 
damage to work or adjacent properties from such water.  All piping exposed above 
surface for this use shall be properly covered to allow foot traffic and vehicles to pass 
without obstructions.   

 
C. Presence of groundwater in soil will not constitute a condition for which an increase 

in the contract price may be made.   
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D. Dispose of discharge in accordance with applicable regulations, ordinances, and 
instructions of the authorities having jurisdiction. Obtain all necessary permits. 

 
 
PART 2:  PRODUCTS 
 
 2.01 ON-SITE MATERIAL 
 

A. Material on the site is the property of the OWNER and shall be incorporated in the 
work if possible.  The ENGINEER shall classify the material under Part 2 headings. 

 
B. Material not incorporated in the work either because it is unsuitable or the quantity 

exceeds the project's needs shall be hauled away and disposed of at the 
CONTRACTOR's expense. 

 
1. Material designated to be wasted by the ENGINEER shall be disposed of by 

the CONTRACTOR. 
 
2. Material designated to be saved by the ENGINEER shall be stockpiled at a 

location designated by the ENGINEER. 
 
3. Unsuitable material shall consist of grubbings or other materials of a 

deleterious nature as deemed by the ENGINEER. 
 
2.02 TOPSOIL 
 

A. Topsoil shall consist of natural loam topsoil, obtained from naturally well-drained 
areas which have not been previously stripped.  Suitable material stripped from the 
site in areas not requiring top soil will be acceptable.  Material shall be of uniform 
quality, free from hard clods, still clay, hardpan, sods, and undesirable inorganic 
materials and conform to the following requirements: 
 
1. Organic matter - 5.5% to 7.5% determined by loss on ignition of moisture-free 
samples dried in accordance with the current method of the Association of Official 
Agricultural Chemists. 
 
2. Acidity Range - pH 5.8 to pH 6.0. 
 
3. Topsoil previously removed and stockpiled shall be used in the work.  Topsoil 
shall be free from subsoil, litter, and other objectionable material. 

 
B. The OWNER reserves the right to reject topsoil in which more than sixty percent 

(60%) of the material passing a #100 USS Mesh Sieve consists of clay. 
 

1. The physical analysis of the topsoil shall be within the following limits: 
 

Sieve Percent Passing 

1 inch 99 – 100 
¼ inch 97 – 99 

No. 100 40 – 60 
No. 200 20 – 40 

 
2.03 COMMON BORROW 
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A. The common borrow shall meet the approval of the ENGINEER.  Common borrow 
shall be of such a nature that it will form a stable dense fill.  Common borrow shall be 
free of organic soil materials, loam, wood, trash, and other objectionable materials 
which may be compressible or which cannot be properly compacted.  Snow, ice, and 
frozen soils are not suitable fill materials and shall not be permitted. 

 
B. Existing on-site materials resulting from regrading activities may be used as common 

borrow.  Sediments resulting from lake dredging are not suitable materials for 
common borrow.  All on-site materials proposed to be used as common borrow are 
subject to ENGINEER approval. 

 
C. Materials used for common borrow shall meet the following requirements: Maximum 

particle size of 6 inches.  Minimum 5% passing #200 sieve.  Maximum 30% passing 
#200 sieve. 

 
 
PART 3:  EXECUTION 
 
3.01 GENERAL 
 
 A. Before starting earthwork, the location of underground utilities shall be carefully 

verified by hand methods.  Utilities to be left in place shall be protected from 
damage. 

 
 B. Excavations, filling, backfilling, and grading shall be to subgrade elevations 

necessary to achieve the final proposed contours specified in the Construction 
Drawings. 

 
 C. Excavated materials suitable for backfill shall be stockpiled as necessary in an 

orderly manner sufficiently distant from excavations to prevent overloading, slides, 
and cave-ins.  

 
 D. Excavations shall be done in ways that will prevent surface water and subsurface 

water from causing flooding or other damage to the site and surrounding area. The 
Contractor shall stake out the limits of the clearing and grubbing as specified herein 
or denoted on the Contract Drawings 

 
3.02 EXAMINATION 
 

A. Examine the areas and conditions under which excavating, filling, and grading are to 
be performed and notify the ENGINEER in writing of conditions detrimental to the 
proper and timely completion of the work.  Do not proceed with the work until 
unsatisfactory conditions have been corrected in an acceptable manner. 

 
3.03 EXCAVATION 
 

A. No excavation shall be performed within the sedimentation ponds as shown on the 
Erosion & Sedimentation Control Drawing. 

 
B. Excavation work shall consist of the removal, haul, disposal, stockpiling, and 

compaction, if required, of all material encountered for the construction of the project 
in accordance with the specifications and in reasonably close conformity with the 
lines, grades, thicknesses and typical cross sections shown on the plans or 
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established. Excavation will be classified as common excavation, rock excavation, 
unclassified excavation, as hereafter described. 
 
1. Common Excavation shall consist of the removal of all material encountered 

within the limits of construction.  Common excavation shall include the 
removal and disposal of boulders, solid mortared stone masonry, and concrete 
masonry when each is less than 2 cubic yards in volume and all soft and 
disintegrated rock which can be removed with ordinary excavating machinery. 
 It shall include grubbing which consists of the removal and disposal of all 
stumps, roots, bushes, grass, turf or other objectionable material and it shall 
include berm ditches and cut slope downspouts. 

 
2. Common Excavation shall include muck removal, which shall consist of the 

excavation of saturated or unsaturated mixtures of soils and organic matter. 
 
3. Rock Excavation shall consist of the removal of hard igneous, metamorphic 

and sedimentary rock which cannot be excavated without blasting, and all 
boulders, solid mortared stone masonry, concrete masonry, each having a 
volume of 2 cubic yards or more. 
 
a. No soft or disintegrated rock which can be removed with a hand pick 

or power operated excavator will be classed as rock excavation.  No 
excavation beyond the limits indicated on the Plans will be allowed as 
rock excavation. 

 
b. All solid rock and boulders containing two (2) cubic yards or more 

must be entirely removed from the excavation before they will be 
classified and paid as Rock Excavation.  No materials thus removed 
and classified as rock excavations will be allowed to be used for 
backfilling except as specifically directed by the ENGINEER. 

 
4. Unclassified Excavation shall consist of the removal of common excavation 

and rock excavation as classified above and not measured separately. 
 
3.04 SITE EXCAVATION 
 

A. Site excavation shall conform to elevations and dimensions shown within a vertical 
tolerance of one (1) inch except as otherwise stipulated in the field by the 
ENGINEER or ENGINEER.  Excavate to a depth to provide for any subsequent 
loam, sod, or other specified surface material. 

 
3.05 STABILITY OF SIDES 
 

A. Sides and slopes of excavations shall be maintained in a safe condition by sloping, 
scaling, benching, shelving, or shoring and bracing until completion of backfill 
placement as applicable, or completion of finished slopes, as shown on the 
Construction Drawings. 

 
3.06 SHORING AND BRACING  
 

A. When personnel may be subject to the hazards of excavation and trenching, the 
CONTRACTOR shall adhere to and enforce precautions as outlined in OSHA 
Regulations, CFR 29, Part 1926.650. 

 
3.07 MATERIAL STORAGE 
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A. Stockpile satisfactory excavated material where directed, until required for backfill or 

fill.  Place, grade and shape stockpiles for proper drainage. 
 
B. Materials required in the work shall be located and retained a sufficient distance from 

the edge of excavations to prevent such materials falling or sliding back into the 
excavations and to prevent cave-ins. 

 
C. Dispose of excess soil material and waste materials as herein specified. 

 
3.08 SUBGRADE PREPARATION AND PROTECTION 
 

A. General 
 
1. Complete the excavations to the specified or indicated limits and required 

subgrades. 
 
2. Remove any additional materials below subgrade levels which are unsuitable, 

as directed by the ENGINEER. 
 
3. Grade all holes, swales and low points which will not otherwise be removed 

in the course of the work to the indicated subgrade level. 
 
4. Add fill as necessary to achieve subgrade elevations. Fill shall be common 

borrow as defined in this specification. 
 
3.9 FILLING AND BACKFILLING 
 

A. General 
 
1. Fill materials of the various types specified shall generally be placed and 

compacted within the limits and to the thickness indicated on the Construction 
Drawings unless otherwise specified. 

 
2. Prior to placing fill materials, complete the specified ground surface and 

subgrade preparation for materials encountered at ground surface and at 
subgrade levels. 

 
B. Fill to Achieve Subgrade 

 
1. Fill shall be placed within the Edwards Road Ash Landfill footprint to achieve 

the subgrade necessary to achieve the final proposed contours indicated in the 
Construction Drawings. 

 
2. Fill within the soil residue mound shall be common borrow as defined in this 

specification. The use of an alternative material shall be approved by the 
ENGINEER.  

 
3.10 GRADING 
 

A. General 
 
1. Areas within the limits of grading under this section, including adjacent 

transition areas, shall be uniformly graded.  The finished surface shall be 
smooth within the specified tolerances, compacted, and with uniform levels or 
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slopes between points where elevations are indicated or between such points 
and existing grades. 

 
3.11 MAINTENANCE 
 

A. Protection of Graded Areas:  Protect newly graded areas from traffic and erosion.  
Keep free of trash and debris.  Repair and re-establish grades in settled, eroded, and 
rutted areas to specified tolerances. 

 
3.12 DISPOSAL OF EXCESS AND WASTE MATERIALS 
 

A. Remove waste materials, including excess and unacceptable excavated material, trash 
and debris, and legally dispose of it off the OWNER's property. 

 
END OF SECTION 
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SECTION 02272 
 

NON-WOVEN GEOTEXTILES 
 

PART 1: GENERAL 
 
1.01 SCOPE OF WORK 
 

A. The Contractor shall furnish all labor, materials, equipment and incidentals required to install 
filter fabric complete as shown on the Drawings and as specified herein. 

 
1.02 RELATED SECTIONS 
 

A. Section 02200: Excavation, Grading, Backfill, and Compaction. 
 
B. Section 02273: Geosynthetic Drainage Composite 

 
C. Section 02276: Erosion and Sedimentation Control 

 
1.03 SUBMITTALS 
 

The following information shall be submitted to the Engineer by the Contractor prior to 
installation of the materials: 

 
1. A list of guaranteed “minimum average role value” (MARV) properties for the type of 

geotextile to be supplied. 
 

2. Written certification signed by the manufacturer that the geotextiles properties meet or 
exceed the guaranteed MARV. 

 
3. Manufacturer’s quality control certificates illustrating that minimum required material 

properties have been obtained. 
 
1.04 REFERENCE STANDARDS 
 

A. American Society for Testing and Materials (ASTM) 
 

1. ASTM D4491 - Standard Test Methods for Water Permeability of Geotextiles by 
Permittivity. 

 
2. ASTM D4533 - Standard Test Method for Trapezoid Tearing Strength of Geotextiles. 

 
3. ASTM D4632 - Standard Test Method for Grab Breaking Load and Elongation of 

Geotextiles. 
 

4. ASTM D4751 - Standard Test Method for Determining Apparent Opening Size of a 
Geotextile. 



 

Swift Creek CCB-0057 02272-2    February 2015 
Nash County, NC 

5. ASTM D4759 - Standard Practice for Determining the Specification Conformance of 
Geosynthetics. 

 
6. ASTM D4833 - Standard Test Method for Index Puncture Resistance of Geotextiles, 

Geomembranes, and Related Products.   
 

7. ASTM D5261 - Standard Test Methods for Mass Per Unit Area (Weight) of Fabric. 
 

B. Where reference is made to one of the above standards, the revision in effect at the time of the 
work shall apply. 

 
1.05 FABRIC APPLICATIONS 

 
A. The non-woven geotextile is to be used for: placement beneath riprap in channels and sediment 

traps, stone construction entrance, and beneath the access road stone base course.  The unit 
weights of the filter fabric for each application shall be as specified on the Contract Drawings. 

 
1.06 DELIVERY, STORAGE AND HANDLING 
 

A. The non-woven geotextile shall be shipped, stored and handled in accordance with 
manufacturer's recommendations and as specified herein. 
 

B. The non-woven geotextile shall be stored in an area protected from ultraviolet light, 
precipitation, snow or other inundation, mud, dirt, dust, puncture, cutting, or any other damaging 
or deleterious conditions. 
 

C. Non-woven geotextile shall not be exposed to precipitation prior to installation.  During cold 
weather events, the non-woven geotextile shall be protected from freezing. 
 

D. The CQA Consultant shall observe rolls upon delivery and prior to installation.  Any deviations 
from the storage requirements shall be reported to the Engineer and Owner. 

 
1.07 REQUIREMENTS PRIOR TO INSTALLATION 
 

A. Prior to installation, the subgrade shall be inspected and approved by the CQA consultant.  The 
subgrade shall be smooth, uniform and compacted for the installation of the non-woven 
geotextile. 

 
1.08 SAMPLE COLLECTION 
 

A. Samples of non-woven geotextile materials shall be taken by the CQA Consultant at a frequency 
of one (1) sample per every 100,000 square feet of material delivered.  Samples shall be taken 
along the entire width of the roll and shall be no less than 3 feet long. 
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1.09 MATERIAL WARRANTY 
 

A. The manufacturer shall warrant the material against manufacturing defects and material 
degradation for a period of twenty (20) years from the date of installation.  The manufacturer 
shall replace any material, which fails within the warranty period.  The manufacturer shall 
furnish a written warranty covering the requirements of this Paragraph. 
 

PART 2: PRODUCTS 
 
2.01 GENERAL 
 

A. The use of a manufacturer's name and model or catalog number is for the purpose of establishing 
the standard of quality and general configuration.  Any manufacturer’s materials shall be 
allowed, provided they meet the minimum average roll value requirements. 

 
2.02 MATERIALS 
 

A. All non-woven geotextile shall be a non-woven needle punched polypropylene fabric consisting 
of filaments formed into a stable network, such as Nicolon Mirafi or approved equal. 
 

B. The unit weight of the non-woven geotextile shall be a specified on the Contract Drawings. 
 

C. The non-woven geotextile shall be nonbiodegradable, nonreactive within a pH range of 3 to 11, 
resistant to ultraviolet light exposure, and resistant to insects and rodents.  Test results from any 
sampled roll in the lot, when tested in accordance with ASTM D4759, shall meet or exceed the 
values listed in Table 1. 

 
TABLE 1 

 
MINIMUM AVERAGE ROLL VALUES 

GEOTEXTILE FABRICS 
 

  MINIMUM AVERAGE ROLL VALUES 

PROPERTIES TEST 
METHOD 

UNIT 6 oz./ sy 10 oz./ sy 

Mass Per Unit Area ASTM D5261 oz/yd2 6 10 

Grab Tensile Strength ASTM D4632 lbs 150 250 

Grab Elongation ASTM D4632 % 50 50 

Puncture Resistance ASTM D4833 lbs 90 125 

Trapezoidal Tear Strength ASTM D4533 lbs 70 100 

Apparent Opening Size ASTM D4751 sieve size 70-100 70-120 

Permittivity ASTM D4491 sec-1 1.3 1.3 
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2.03 QUALITY CONTROL DOCUMENTATION 
 

A. Prior to installation, the Contractor or Owner shall provide the following information certified 
by the manufacturer for the delivered fabric to the CQA Consultant. 

 
1. Each roll delivered to the Project site shall have the following identification information: 

 
a. Manufacturer's name 
b. Product identification 
c. Lot Number 
d. Thickness 
e. Mass per unit area 
f. Roll number 
g. Roll weight 
h. Roll dimensions 

 
2. Quality control certificates, signed by the manufacturer's quality assurance manager.  Each 

certificate shall have roll identification number, sampling procedures, frequency and test 
results.  At a minimum, the geotextile test results shall be provided every 100,000 square 
feet of manufactured fabric in accordance with test requirements specified in Table 1. 

 
2.04 CONFORMANCE TESTING 
 

A. Conformance testing shall be performed by an independent laboratory approved by the Owner.  
The CQA Consultant shall obtain samples from the delivered material, mark the machine 
direction and identification number.  Sampling of the non-woven geotextile material shall be 
performed as specified in section 1.08.A of these Technical Specifications. 

 
1. Mass Per Unit Area    (ASTM D5261) 

 
2. Grab Tensile Strength (ASTM D4632) 

 
3. Puncture Resistance (ASTM D4833) 

 
4. Trapezoidal Tear Strength (ASTM D4533) 

 
B. These conformance tests shall be performed in accordance with the reference standards, by the 

testing laboratory. 
 

C. All conformance test results shall be reviewed by the Engineer and accepted, prior to the 
deployment of the fabric.  All test results shall meet, or exceed, the property values listed in 
Table 1. 

 
D. If a roll fails, the manufacturer may obtain samples from rolls manufactured immediately before 

and after the failing roll and request testing by the laboratory at the manufacturer's expense.  If 
these rolls pass, then only the failing roll will be rejected.  If they fail, one or both of those rolls 
will be rejected and the CQA consultant and project manager shall determine further testing 
protocol and criteria for identifying the limits of rejected rolls.  
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E. The cost of conformance testing shall be borne by the Owner and shall be performed by an 
independent laboratory selected by the Owner. 

 
PART 3: EXECUTION 
 
3.01 INSTALLATION 
 
 A. Fabric Placement 
 

1. The subgrade shall be maintained in a smooth, uniform and compacted condition during 
installation of the non-woven geotextile.  Overlap between adjacent panels of non-woven 
geotextile shall be a minimum of 12 inches, or shall be heat bended or leistered over a 
minimum width of 2 inches. 

 
2. Non-woven geotextile for roadways shall be anchored with 1/16” diameter pins, at least 18 

inches long, pointed at one end and have a head that will retain a steel washer having an 
outside diameter of no less than 1.5 inches, unless otherwise approved by the Engineer. 

 
3.02 FIELD QUALITY CONTROL 
 

A. The non-woven geotextile installation and related work shall be inspected by the CQA 
Consultant.  All work in the system therein being inspected shall be complete, clean and ready 
for use. 

 
B. Discrepancies shall be noted by the CQA Consultant and repaired by the Contractor at no 

additional expense to the owner.  Final acceptance of the system shall be contingent upon the 
approval of the Engineer. 

 
 

END OF SECTION 
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SECTION 02273 
GEOSYNTHETIC DRAINAGE COMPOSITE 

 
PART 1:  GENERAL 
 
1.01 SCOPE OF WORK 
 

A. The Geosynthetics Installer shall furnish all labor, materials, equipment and incidentals required 
to install geosynthetic drainage composite as shown on the Contract Drawings and as specified 
herein. 

 
1.02 RELATED SECTIONS 
 

A. Section 02200 – Earthwork 
 

B. Section 02772 – Erosion and Sedimentation Control 
 
1.03 SUBMITTALS  
 

A. The following information shall be submitted to the CQA Consultant prior to deployment of the 
material: 

 
 1. Manufacturer's background information. 
 
 2. List of material properties and samples with attached certified test results. 
 

3. Manufacturer's quality control program and manual including description of laboratory 
facilities. 

 
4. Shop Drawing, including details of overlap, seaming, anchoring, connections and other 

construction details. 
 
5. Installation schedule. 

 
6. A manual that specifically defines the quality control and quality assurance program 

during installation including manufacturer's installation instructions. 
 
 7. Copy of quality control certificates in conformance with Paragraph 2.02. 
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1.04 REFERENCE STANDARDS 
 

A. American Society for Testing and Materials (ASTM) 
 

1. ASTM D1238(E) – Standard Test method for melt Flow Rates of Thermoplastics by 
Extrusion Plastometer. 

 
2. ASTM D1505 – Standard Test method for Density of Plastics by the Density – Gradient 

Technique. 
 

3. ASTM D1603 – Structural Test Method for Carbon Black in Olefin Plastics. 
 

4. ASTM D1777 – Standard Test Method for Measuring Thickness of Textile Materials. 
 

5. ASTM D3776 – Standard Test Method for Mass Per Unit Area (weight) of Fabric. 
 

6. ASTM D4491 - Standard Test Methods for Water Permeability of Geotextiles by 
Permittivity. 

 
7. ASTM D4533 - Standard Test Method for Trapezoid Tearing Strength of Geotextiles. 

 
8. ASTM D4632 - Standard Test Method for Breaking Load and Elongation of Geotextiles 

(Grab Method). 
 

9. ASTM D4716 - Standard Test Method for Constant Head Hydraulic Transmissivity (In-
Plane Flow) of Geotextiles and Geotextile Related Products. 

 
10. ASTM D4751 - Standard Test Method for Determining Apparent Opening Size of a 

Geotextile. 
 

11. ASTM D4759 - Standard Practice for Determining the Specification Conformance of 
Geosynthetics. 

 
12. ASTM D4833 - Standard Test Method for Index Puncture Resistance of Geotextiles, 

Geomembranes and Related Products. 
 

13. ASTM D5035 – Standard Test Method for Breaking Force and Elongation of textile 
Fabrics (Strip Method). 

 
14. ASTM D5199 – Standard Test Method for Measuring the Nominal Thickness of 

Geosynthetics. 
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B. Where reference is made to one of the above standards, the revision in effect at the time of 
construction shall apply. 

 
1.05 APPLICATION 
 

A. The geosynthetic drainage composite shall consist of a geosynthetic drainage netting employed in 
combination with geotextile filter fabric to provide a three dimensional structure to provide planar 
water flow. 

 
B. The geosynthetic drainage composite shall consist of geosynthetic drainage netting with 

geotextile filter fabric to both sides of the drainage netting. 
 

C. The geosynthetic drainage composite shall, when tested according to ASTM D 4716, in the 
proposed configurations and under an applied normal compressive force of 10,000 pounds per 
square foot, provide a minimum transmissivity of 5 x 10-4 meters squared per second under a 
hydraulic gradient of 0.25.  The geosynthetic drainage composite shall be tested after a minimum 
24-hour seating time. 
 

1.06 DELIVERY, STORAGE, AND HANDLING 
 

A. The geosynthetic drainage composite shall be shipped, stored and handled in accordance with 
manufacturer's recommendations and as specified herein. 

 
B. The material shall be stored with a cover so that it is protected from exposure to sunlight, 

precipitation, mud, dirt, dust or other damaging conditions, and shall be elevated from the ground 
(a minimum of 3 inches) to protect the fabric from stones and other sharp objects. During cold 
weather, geotextiles must be protected from freezing. 

 
1.07 REQUIREMENTS PRIOR TO INSTALLATION 

 
A. Prior to installation of the geosynthetic drainage composite, the material shall be inspected by the 

CQA Consultant and tested in accordance with these Technical Specifications and the 
Construction Drawings. 

 
1.08 MATERIAL WARRANTY  
 

A. The manufacturer shall warrant the material against manufacturing defects and material 
degradation for a period of 20 years from the date of installation.  The manufacturer shall replace 
any material, which fails within the warranty period.  The manufacturer shall furnish a written 
warranty covering the requirements of this Paragraph. 

 
1.09 GUARANTEE 
 

A. The Geosynthetics Installer shall guarantee the material against defects in installation and 
workmanship for the period of 2 years commencing with the date of Final Acceptance.  The 
guarantee shall include the services of qualified service technicians and all materials required for 
the repairs at no expense to the Owner. 
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PART 2: PRODUCTS 
 
2.01 GENERAL 
 

A. The use of a manufacturer's name and model or catalog number is for the purpose of establishing 
the standard of quality and general configuration. 

 
2.02 MATERIALS 
 

A. The non-woven geotextile component of the geosynthetic drainage composite shall be 6 ounce 
per square yard (oz/sy) nominal weight fabric. The 6 oz/sy geotextile will be used for the base 
liner drainage system, enhanced liner system, and alternate cap drainage layer. 

 
B. The bonding of the geotextile filter fabric to the drainage net shall be by heat bonding unless 

another method is approved by the ENGINEER.  The bonding process shall not introduce 
adhesives or other foreign matter.  The strength of the bond between the drainage net and the 
geotextile filter fabric shall be greater than the friction developed between the geotextile fabric 
and the overlying granular free-draining soil. 

 
C. The geosynthetic drainage netting component of the geosynthetic drainage composite shall be 

constructed of diagonally overlapping and bonded high density polyethylene strands unless other 
configurations are approved by the ENGINEER.  The geosynthetic drainage netting shall satisfy 
the following criteria: 

 
Property Test Method Requirement 
   
Density (g/cc) ASTM D 1505 0.940 minimum 
   
Thickness of Netting ASTM D 5199 0.250 minimum 
(mm)   
   
Carbon Black Content ASTM D 1603 2% – 3% 
(percent)   
   
Tensile Strength @ Break ASTM D 5035 55 minimum 
(lbs/in)   
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D. The geosynthetic drainage composite shall meet the following criteria: 

 
Property Test Method Requirement 
   
Transmissivity @ ASTM D4716  5x10-4 m2/sec 
 = 10,000 lb/ft2, i = 0.25   
Minimum 24-hour seating time.   
   
Ply-Adhesion (lb/in) ASTM F904  1 

   
  The geocomposite drainage net shall be supplied in a roll width of 6.5 feet or greater.   

 
2.03 QUALITY CONTROL DOCUMENTATION 
 

A. Prior to installation, the Geosynthetics Installer shall provide to the CQA Consultant the 
following information certified by the manufacturer for the delivered material. 

 
 1. Each roll delivered to the Project site shall have the following identification information: 
 

 Manufacturer's name 
 Product identification 
 Lot Number 
 Roll number 
 Roll dimensions 

 
2. Quality control certificates, signed by the manufacturer's quality assurance manager.  

Each certificate shall have roll identification number, sampling procedures, frequency, 
and test results.  The geotextile shall meet the test requirements of this specification at the 
specified frequencies.  At a minimum, the geonet test results shall be provided every 
100,000 square feet of manufactured material in accordance with test requirements 
specified in Paragraph 2.02.C.  The geosynthetic drainage composite test results, at a 
minimum, shall be provided every 200,000 square feet of manufactured material in 
accordance with test requirements specified in Paragraph 2.02.D. 

 
2.04 CONFORMANCE TESTING 
 

A. Conformance testing shall be performed by the Geosynthetics CQA Laboratory.  The CQA 
Consultant shall obtain samples from the delivered material and mark the identification 
number.  One sample shall be taken per 250,000 square feet, or one sample per lot, whichever 
results in the greater number of conformance tests.  This sampling frequency may be 
increased as deemed necessary by the ENGINEER.  The samples shall be 3 feet wide taken 
across the entire roll width and shall not include the first 3 feet. 
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B. These conformance tests shall be performed in accordance with test requirements Paragraph 
2.02.D. 

 
C. The results of the conformance testing shall be evaluated in accordance with the following 

procedure: 
 
1. If the average test values for the sample meet all of the values given in the design 

specifications and the Manufacturer’s guaranteed minimum values, the samples pass. 
 

2. If the average test value for the sample does not meet one or more of the required values, 
additional evaluation procedures shall be implemented by the CQA Consultant.  
Additional tests required for further evaluation shall be done at no expense to the 
OWNER. 

 
3. For the failing parameter(s), one additional test shall be performed on the sample.  This 

test may be performed by another CQA Geosynthetics laboratory at the discretion of the 
CQA Consultant and the Project Manager. 

 
4. If the test values for the additional test meet the required values, the roll and adjacent 

rolls pass and are acceptable. 

5. If the test value does not meet requirements, reject the roll, collect samples from the 
closest numerical roll on both sides of the failed roll, and test for the failed parameter(s).  
If one or both of these tests do not meet the requirements, those roll(s) shall be rejected 
and the CQA Consultant and Project Manger shall determine further testing protocol and 
criteria for identifying the limits of rejected rolls. 

 
D. The cost of first-run conformance testing shall be borne by the OWNER and shall be 

performed by an independent Quality Assurance Laboratory selected by the OWNER.  If the 
fabric fails the first-run unit conformance tests, the Geosynthetics Installer shall pay for the 
cost of subsequent conformance testing until all conformance tests are passed and the fabric is 
accepted by the ENGINEER.  

 
 
PART 3: EXECUTION 
 
3.01 INSTALLATION 
 

A. Geosynthetic Drainage Composite Placement 
 

1. On slopes, the material shall be secured in the anchor trench and then rolled down the  
slope in such a manner as to continually keep the material in tension.  If necessary, the 
material shall be positioned by hand after being unrolled to minimize wrinkles.  The 
material can be placed in the horizontal direction (i.e. across the slope) in the locations 
approved by the ENGINEER. 

   
2. In the presence of wind, the material shall be weighted with sandbags or the equivalent.  

Such sandbags shall be installed during placement and remain until replaced with 
overlying material. 
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3. Sandbags shall be filled with a fine-grained sand material and must be handled with care 
to prevent rupture.  

 
4. Unless otherwise specified, the geosynthetic drainage composite shall not be welded to 

the geomembrane. 
 

5. The Geosynthetics Installer shall take the necessary precautions to prevent damage to the 
underlying layers during placement of the material.  Care should be taken not to leave 
tools on the material. 

 
6. During placement of the material, care shall be taken not to entrap dirt or excessive dust 

that could cause clogging of the drainage system, and/or stones that could damage the 
adjacent geomembrane.  If any dirt, excessive dust, and/or any stones are entrapped in or 
below the material, the material and the underlying liner material shall be washed or 
swept prior to placement of the material. 

 
7. Adjacent rolls shall be overlapped by at least 4 inches. 

 
8. The geonet component shall be secured with ties made of plastic or polymer braid, which 

are white or yellow in color.  Metallic devices shall not be allowed. 
 

9. Ties shall be placed every 5 feet down the slope, every 2 feet across the slope, every 6 
inches in the anchor trench, and every 6 feet on horizontal surfaces. 

 
10. No base T-Seams shall be closer than 5 feet from the toe of a slope of 10 percent or 

greater. 
 

11. Sewing of the overlying geotextile shall be accomplished consistent with the 
manufacturer’s recommendations for sewn seams and shall employ threads of polyester, 
polyethylene, or polypropylene or other chemically resistant material as approved by the 
ENGINEER.  Sewn seams shall be capable of developing the full tensile strength of the 
geotextile material. 

 
B. Repairs 
 

1. Any holes or tears shall be repaired by placing a patch extending 2 feet beyond the edges 
of the hole or tear the patch shall be secured to the original net component by tying every 
6 inches.  The overlying geotextile material shall be sewn. 

 
2. If the hole or tear width across the roll is more than one half the width of the roll, the 

damaged area shall be cut out and the two portions of the material shall be joined as 
indicated above. 
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3.03 FIELD QUALITY CONTROL 
 

A. The CQA Consultant shall observe the material installation and related work.  All work in the 
system therein being inspected shall be complete, clean and ready for use.  All work shall 
meet the requirements of cleanliness and workmanship, as determined by the CQA 
Consultant. 

 
B. Discrepancies shall be noted and repaired at no additional expense to the OWNER.  Final 

acceptance of the system shall be contingent upon the approval of the CQA Consultant. 
 

END OF SECTION 
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SECTION 02623 
HIGH DENSITY POLYETHYLENE (HDPE) PIPE 

 
 

PART 1: GENERAL 
 
1.01 SCOPE OF WORK 
 
 A. The CONTRACTOR shall furnish all labor, materials, equipment and incidentals required 

and install high density polyethylene (HDPE) leachate collection and conveyance piping, 
fittings and appurtenances as shown on the Contract Drawings and as specified herein. 

 
1.02 RELATED SECTIONS 
 
 A. Section 02200:  Excavation, Grading, Backfill, and Compaction 
 
1.03 SUBMITTALS 
 
 A. The CONTRACTOR shall submit the following information to the ENGINEER:   
 
  1. List of materials to be furnished, the names of the suppliers and the date of delivery 

of materials to the site. 
  
  2. The origin of the resin to be used in the manufacturing of the pipe including the 

suppliers name and production plant, as well as brand name and number. 
 
  3. Documentation from the resin's manufacturer showing results of the following tests 

for resin identification: 
 
   a. Melt Flow Index   ASTM D1238 
 
   b. Density           ASTM D1505 
 
  4. Manufacturer quality control manual describing implementation of quality control 

procedures during pipe manufacturing process. 
 
  5. Pipe manufacturer's certification of compliance with these Specifications. 
 
  6. Complete, detailed shop drawings of all polyethylene pipe, including the location of 

all fittings, joints and connections to structures. 
 
  7. Manufacturer's recommendations for handling, storing and installing pipe and 

fittings. 
 
  8. For each shipment of pipe a manufacturer's certification that the pipe was 

manufactured from the same resin identified in Paragraph 1.03A.1. 
 
  9. Certification demonstrating that the joining technician was trained by the pipe 

manufacturer and is qualified to perform heat fusion welding. 
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1.04 REFERENCE STANDARDS 
 
 A. American Society for Testing and Materials (ASTM) 
 
  1. ASTM D1055 - Standard Specifications for Flexible Cellular materials – Latex 

Foam. 
 
  2. ASTM D1238 - Standard Test Method for Melt Flow Rates of Thermoplastics by 

Extrusion Plastometer. 
 
  3. ASTM D1248 - Standard Specification for Polyethylene Plastics Extrusion Materials 

for Wire and Cable. 
 
  4. ASTM D1505 - Standard Test Method for Density of Plastics by the Density-

Gradient Technique. 
 
  5. ASTM D2513 - Standard Specification for Thermoplastic Gas Pressure Pipe, 

Tubing, and Fittings. 
 
  6. ASTM D2657 - Standard Practice for Heat Fusion Joining of Polyolefin Pipe and 

Fittings. 
 
  7. ASTM D2837 - Standard Test Method for Obtaining Hydrostatic Design Basis for 

Thermoplastic Pipe Materials. 
 
  8. ASTM D3350 - Standard Specification for Polyethylene Plastics Pipe and Fitting 

Materials. 
 
  9. ASTM F714 - Standard Specification for Polyethylene (PE) Plastic Pipe (SDR-PR) 

Based on Outside Diameter. 
 
  10. ASTM F1055 – Standard Specification for Electrofusion Type Polyethylene Fittings 

for Outside Diameter Controlled Polyethylene Pipe and Tubing. 
 
 B. Where reference is made to one of the above standards, the revision in effect at the time of 

construction shall apply. 
 
1.05 QUALITY ASSURANCE 
 
 A. Resin Evaluation 
 
  1. All incoming resin shall be sampled for conformance testing against test results 

supplied by the resin manufacturer.  Samples shall be taken from the top and bottom 
of each compartment from every hopper car received.  The following conformance 
tests shall be performed on the samples: 

 
   a. Melt Flow Index    ASTM D1238 
 
   b. Density            ASTM D1505 
 
   c. The results of these tests shall become part of the manufacturer's permanent 

quality control records. 
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 B. Finished Product Evaluation 
 
  1. Each length of pipe produced shall be checked by production staff for the items 

listed below.  The results of all measurements shall be recorded on production 
sheets, which become part of the manufacturer's permanent records. 

 
   a. Pipe in process shall be checked visually, inside and out for cosmetic defects 

(grooves, pits, hollows, etc). 
 
   b. Pipe outside diameter shall be measured using a suitable periphery tape to 

ensure conformance with ASTM F714. 
 
   c. Pipe wall thickness shall be measured at 12 equally spaced locations around the 

circumference at both ends of the pipe to ensure conformance with ASTM 
F714. 

 
   d. Pipe length shall be measured. 
 
   e. Pipe marking shall be examined and checked for accuracy. 
 
   f. Pipe ends shall be checked to ensure they are cut square and clean. 
 
   g. Subject inside surface to a "reverse bend test" to ensure the pipe is free of 

oxidation (brittleness). 
 
 C. Stress Regression Testing 
 
  1. The polyethylene pipe manufacturer shall provide certification that stress regression 

testing has been performed on the specific polyethylene resin being utilized in the 
manufacture of this product.  This stress regression testing shall have been done in 
accordance with ASTM D2837 and the manufacturer shall provide a product 
supplying a minimum Hydrostatic Design Basis (HDB) of 1,600 psi as determined in 
accordance with ASTM D2837. 

 
1.06 WARRANTY 
 
 A. The pipe material manufacturer shall provide an unconditional extended warranty for the 

pipe covering the cost of materials for repair or replacement plus installation manpower 
should the pipe fail within the warranty period.  The manufacturer's extended warranty shall 
be for ten years after the final acceptance of the project by the OWNER.  The manufacturer 
shall guarantee that the pipe furnished is suitable for the purpose intended and free from 
defects of material and workmanship for the duration of the extended warranty.  In the 
event the pipe fails to perform as specified, the pipe manufacturer shall promptly replace 
defective pipe without any cost to the OWNER. 

 
PART 2: PRODUCT 
 
2.01 HDPE LEACHATE COLLECTION AND CONVEYANCE PIPING 
 
 A. HDPE Pipe resins shall be high molecular weight, high density polyethylene constructed of 

compounds qualified as Type III or Type IV, Category 5, Class C, Grade P34 per ASTM 
Standard D1248 or meeting the requirements of cell classification PE 335434C, PE 
345434C, or PE 345534C for polyethylene 3408 material per ASTM D 3350-84. The raw 
materials shall contain 2 to 3 percent carbon black (well dispersed).  The pipe shall not 
contain recycled compound except that generated in the manufacturers own plant from resin 
of the same specification from the same raw material supplier. 
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 B. HDPE pipe shall meet Standard Dimension Ratio (SDR) specified on the Contract 
Drawings. 

 
 C. Polyethylene pipe manufactured to ASTM D2513 and otherwise satisfying the requirements 

indicated above may be substituted for pipe manufactured to ASTM F714. 
 
 D. The pipe shall be joined by butt fusion.  All joints shall be made in strict compliance with 

the manufacturer's recommendations by personnel certified to perform HDPE pipe welding. 
Where butt fusion of pipes is not possible, electrofusion of the pipes shall be allowed upon 
approval from the ENGINEER. 

 
 
 E. Pipe shall be furnished in standard laying lengths not exceeding 50 feet. 
 
 F. All HDPE fittings shall meet the same requirements as the pipe and shall satisfy the 

requirements of ASTM F1055 as required. 
 
 G. All valve connections to the HDPE piping shall be flanged.  Other methods of connection 

may be allowed upon review by the Engineer. 
 
2.02 PIPE IDENTIFICATION 
 
 A. The following shall be continuously printed on the pipe or spaced at intervals not exceeding 

5 feet: 
 
  1. Name and/or trademark of the pipe manufacturer. 
 
  2. Nominal pipe size. 
 
  3. Dimension ratio. 
  
  4. The letters PE followed by the polyethylene grade in accordance with ASTM D1248, 

followed by the hydrostatic design basis in 100's of psi, e.g., PE 3408. 
 
  5. Manufacturing standard reference, e.g., ASTM F714. 
 

6. A production code from which the date and place of manufacture can be determined. 
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2.03 PERFORATIONS  
 
 A. The leachate collection pipes inside the lined landfill shall be perforated as designated on 

the Contract Drawings.  The perforations shall be drilled into the pipe after manufacture in 
the locations illustrated in the Contract Drawings.  

  
 B. The perforations shall be covered with tape compatible to the pipe material upon delivery to 

prevent soil material from entering the pipe prior to installation.  The tape shall be removed 
at installation. 

 
PART 3: EXECUTION 
 
3.01 INSTALLATION 
 
 A. HDPE Pipe shall be installed in accordance with the instruction of the manufacturer, as 

shown on the Contract Drawings and as specified herein.  All butt fusion joints shall be 
done by a factory qualified joining technician as designated by the pipe manufacturer. 

 
 B. Pipe shall be laid to lines and grades with bedding and backfill as illustrated in the Contract 

Drawings.  The tape covering the perforations shall be removed during installation. 
 
 C. When pipe laying is not in progress, including lunchtime, the open ends of the pipe shall be 

closed by fabricated plugs, or by other approved means.  All plugs shall be OD fitting type 
plugs.  No plugs will be allowed that require insertion of the plug into pipe. 

 
 D. Pipe shall be stored on clean level ground to prevent undue scratching or gouging.  The 

handling of the pipe shall be in such a manner that the pipe is not damaged by dragging it 
over sharp and cutting objects.  The maximum allowable depth of cuts, scratches or gouges 
on the exterior of the pipe is 10 percent of wall thickness.  The interior pipe surface shall be 
free of cuts, gouges or scratches. 

 
 E. Sections of pipe with cuts, scratches or gouges deeper than allowed shall be removed 

completely and the ends of the pipeline rejoined.  
 
 F. The pipe shall be joined by the method of thermal butt fusion, as outlined in ASTM D2657. 

All joints shall be made in strict compliance with the manufacturer's recommendations.  In 
locations where butt fusion equipment cannot be used, a thermal coupling such as Central 
Electrofusion Systems or equal shall be used when approved by the Engineer. 

 
 G. Mechanical connections of the polyethylene pipe to auxiliary equipment such as valves, 

pumps and tanks shall be through flanged connections, which shall consist of the following: 
 
  1. A stainless steel back-up polyethylene flange shall be thermally butt-fused to the 

stub end of the pipe. 
 
  2. A 316 stainless steel back up ring on both sides of the connection shall be used as 

approved by the Engineer. 
 
 H. Flange connections shall be provided with a full-face neoprene gasket. 
 
 I. All HDPE pipe must be at the temperature of the surrounding soil at the time of backfilling 

and compaction. 
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 J. Installation of pipe shall be observed and accepted by the Engineer or CQA Consultant 
prior to backfilling. 

 
3.02 FUSION PROCESS FOR JOINTS 
 
 A. Delivered pipes shall be examined by the Contractor and the CQA Consultant or Engineer. 

The Engineer or CQA Consultant shall verify that pipes are not broken, cracked, or contain 
otherwise damaged or unsatisfactory material. 

 
 B. Prior to fusing,  the Contractor shall verify that the fusion surface area is clean and free of 

moisture, dust, dirt, debris of any kind, and foreign material.  The CQA Consultant shall 
notify the project manager of any deviation. 

 
 C. Weather Conditions for Butt-Fusion: 
 
  - Butt-fusion of PE pipe joints is normally done in uncontrolled atmospheres.  Fusion 

of the PE joints shall be performed at temperatures above 32F, unless otherwise 
authorized in writing by the Owner or Engineer. 

 
 D. General Butt-Fusion procedure: 
 
  - Be sure that surfaces of the fusion tools, pipe and fittings are free of moisture and 

debris. 
 
  - Heat the surfaces to be joined – both the pipe and fittings – simultaneously at the 

prescribed temperatures for a specific time. 
 
  - Remove the heater – bring melted surfaces together and hold until solidified. 
 

 E. The CQA Consultant shall verify that the general butt-fusion procedure has been followed 
by the pipe installer.  If a different joining method is proposed, it shall be approved in 
advance by the OWNER or ENGINEER and the CQA Consultant. 

 
3.03 TESTING 
 
 A. All non-perforated pipe shall be field tested (with the exception of non-perforated 

cleanouts) using the pressure test procedures given in ASTM C924.  The CONTRACTOR 
shall supply all labor, equipment, material, gauges, pumps, meters and incidentals required 
for testing.   

 
 B. All non-perforated leachate conveyance pipe shall undergo pressure testing.  The test 

pressure shall be a minimum of 10 psi.  CONTRACTOR shall submit verification and 
results.  All testing shall be conducted in the presence of the Engineer or the CQA 
Consultant. 

 
 C. Steps should be taken to stabilize the temperature of the piping material.  On hot, sunny 

days where the magnitude of pipe expansion is known to be significant, the piping may 
require common fill material to be placed over it in order to stabilize the temperature of the 
pipe material. 
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 D. Testing procedure shall be as follows: 
 
  1. Fill line with compressed air.   
 
  2. Apply initial test pressure and allow to stand without makeup pressure for three 

hours, to allow for diametric expansion or pipe stretching to stabilize.   
 
  3. After this equilibrium period, apply the specified test pressure and turn the pump off. 

The final test pressure shall be held for three hours. 
 

4. Upon completion of the test, the air pressure shall be bled off from a location other 
than the point where the pressure is monitored.  The pressure drop shall be witnessed 
by the resident project representative at the point where the pressure is being 
monitored and shall be noted on the recorded pressure read-out submitted to the 
Engineer. 

 
5. All vacuum and air release valves shall be isolated from the test sections to avoid 

damage or failure of these devices. 
 
 E. Allowable amount of pressure loss for expansion during the pressure test shall not exceed 

one percent of the test gauge pressure.  If there are no visual leaks or significant pressure 
drops during the final test period, the installed pipe passes the test. 

 
 F. If any test of pipe laid disclosed leakage or significant pressure drop greater than that 

allowed, the CONTRACTOR shall, at his/her own expense, locate and repair the cause of 
leakage and retest the line. 

 
 G. All visible leaks are to be repaired regardless of the amount of leakage. 
 
 H. The following steps shall be performed when a pipe segment fails the air test: 
 
  - The pipe and all fusions shall be inspected for cracks, pinholes or perforations. 
 
  - All blocked risers and capped ends shall be inspected for leaks. 
 
  - Leaks shall be verified by applying a soapy water solution and observing soap 

bubble formation 
 

- All pipe and fused joint leaks shall be repaired by cutting out the leaking area and 
refusing the pipe. 

 
3.04 CLEANING 
 
 A. At the conclusion of the work, thoroughly clean all of the new pipelines to remove all dirt, 

stones, pieces of wood, or other material which may have entered during the construction 
period.  Debris cleaned from the lines shall be removed from the job site.  If, after this 
cleaning, any obstructions remain, they shall be removed at the CONTRACTOR’S expense. 

 
 

END OF SECTION 
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SECTION 02700 

 
PROTECTIVE COVER MATERIAL 

 
PART  1: GENERAL 
 
1.01 SCOPE OF WORK 
 
 A. The Contractor shall furnish all labor, materials, equipment and incidentals required and 

install protective cover as shown on the Contract Drawings and as specified herein.  
Associated work includes testing, sample collection, excavation, loading, shipping, 
delivering, stockpiling, and installation of fill and protective cover materials. 

 
1.02 RELATED SECTIONS 
 

A. Section 02200:  Earthwork 
 

B. Section 02272:  Non-woven Geotextiles 
 

C. Section 02273:  Geosynthetic Drainage Composite 
 

D. Section 02776:  Textured Geomembrane Liner 
 
1.03 SUBMITTALS 
 
 A. The Contractor shall submit the following to the CQA Consultant: 
 

1. A top of liner survey certified by a land surveyor professionally registered in the 
state of North Carolina. 

 
2. A top of protective cover survey certified by a land surveyor professionally 

registered in the state of North Carolina. 
 
1.04 REFERENCE STANDARDS 
 

A. American Society for Testing and Materials (ASTM). 
 

1. ASTM D422 - Standard Test Method for Particle-Size Analysis of Soils. 
 

B. Where reference is made to one of the above standards, the revision in effect at the time 
of bid opening shall apply. 

 
1.05 QUALITY ASSURANCE 
 
 A. The Quality Control and Quality Assurance consists of laboratory conformance testing of 

samples supplied from each granular fill source and quality control during installation. 
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 B. Conformance testing requirements are specified in Paragraph 2.02.  The purpose of 
conformance testing is to assure that the supplied samples from each source conform to the 
Specifications and specified hydraulic conductivity. 

 
 C. Field quality assurance requirements are specified in Paragraph 3.02.  The purpose of field 

quality assurance procedures is to assure that the protective cover has been installed in 
accordance with these Technical Specifications and meet the specified hydraulic 
conductivity. 

 
1.06 QUALIFICATIONS 
 
 A. The work shall be performed by a Contractor that has experience in installation of 

protective cover over synthetic liners.   
 
1.07 DELIVERY, STORAGE, AND HANDLING 
 
 A. Materials shall be stockpiled on site in areas as directed by the Owner or Engineer.  

Provisions shall be implemented to minimize surface water impact on the stockpile.  
Removal and placement of granular fill material shall be done in a manner to minimize 
intrusion of soils adjacent to and beneath the stockpile. 

 
PART  2: PRODUCT 
 
2.01 MATERIAL 

 
A. Protective Cover material to be used as part of the leachate collection system shall consist 

of inorganic sand free from ice, snow, roots, sod, rubbish, debris, clay, or other deleterious 
material.  Protective Cover shall contain no sharp angular stone or other material 
potentially injurious to the geomembrane liner.  Protective Cover shall have a maximum 
particle size of 6-inches and a minimum of 30 percent passing the No. 4 sieve. 

 
2.02 CONFORMANCE TESTING 
 
 A. The CQA Consultant shall submit samples of materials from Borrow sources for testing by 

the Soils CQA Laboratory.  If samples do not meet the specified criteria the CQA 
Consultant may submit additional samples from sources approved by the Engineer for 
conformance testing. 

 
B.   Sieve Analysis (ASTM D422) shall be performed on the Protective Cover samples from 

each borrow source. 
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PART 3: EXECUTION 
 
3.01 PROTECTIVE COVER AND TOPSOIL PLACEMENT 
 
 A. After installation completion and acceptance of the liner system, geocomposite drainage 

layer and related work activities, place the material to the thickness and extents as shown on 
the Contract Drawings. 

 
B. During the placement of the protective cover, no construction equipment shall be allowed 

directly on the liner or drainage geocomposite.  A 3-foot thick traffic surface consisting of 
granular drainage material shall be constructed to support haul trucks traveling over the 
liner. 

 
 C. Only low ground pressure dozers shall be used for spreading and grading of the protective 

cover materials.  Equipment used for placement of the protective cover shall be subject to 
the CQA Consultant’s approval. 

   
 D. The protective cover materials shall be placed on slopes starting at the toe of the slope and 

spreading toward the top of the slope. 
 
 E. Protective Cover material shall only be spread when the liner is lying evenly over the base 

of the landfill.  Material shall not be spread over wrinkles in the liner that form during 
periods of high temperature and direct sunlight.  A wrinkle is defined as a ripple in the liner 
in which its height (as measured from the clay surface) exceeds its width. 

 
 F. No material shall be placed or spread while the ground or material is frozen or thawing or 

during unfavorable weather conditions. 
 
3.02 TESTING FREQUENCY AND MATERIAL REQUIREMENTS 
 

A. The topsoil and protective cover thickness shall be confirmed by a topographic survey 
performed at locations specified on the Construction Drawings to the tolerances specified in 
Section 02200 of these Technical Specifications. 

 
B. Sieve analysis of the protective cover material shall be performed using the test methods 

and frequencies specified in Table 3.2-2 of the Construction Quality Assurance Plan. 
 
 

END OF SECTION 
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SECTION 02772 
STORM WATER, EROSION, AND SEDIMENTATION CONTROL 

 

PART 1:  GENERAL 
 
1.01 SCOPE OF WORK  
 

A. Installation and maintenance of temporary erosion and sediment control 

measures for all areas to be disturbed by CONTRACTOR’S activities, 

whether on-site or off-site.  Work will be performed in accordance with 

the approved erosion and sedimentation control plans (approved by 

NCDENR – Land Quality Section) specific to this project. 

B. Removal of temporary erosion and sediment control measures, but only 

after permanent vegetation, or other means is effective for erosion control. 

1.02 RELATED SECTIONS  
 

A. Section 02100 – Site Preparation 

1.03 QUALITY ASSURANCE  
 

A. Construction Quality Assurance (CQA):  Materials, installation and 

completed construction must achieve the acceptance criteria as specified 

in these Technical Specifications and Construction Drawings. 
 
 
PART 2: PRODUCTS 
 
2.01 SILT FENCING 
 

A. Technical Requirements:  Use North Carolina DOT-approved fabric, as 

approved by the Construction Manager.  
 
 
PART 3:   EXECUTION 
 
3.01 INSTALLATION 
 

A. Install silt fencing material approved by the Construction Manager. 
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B. All erosion and sedimentation control measures for any remediation area 

must be completely constructed before any remediation activities will be 

allowed in the area.  No clearing, grading, excavation, filling, or other land 

disturbing activities shall be permitted until approved erosion and 

sediment control measures have been installed, except those operations 

needed to install such erosion control measures. 

3.02 MAINTENANCE 
 

A. Erosion control measures shall be maintained at all times.  Additional 

erosion and sediment control measures will be installed if deemed 

necessary by the Construction Manager. 

B. Divert all runoff to the erosion and sediment control devices shown on the 

Drawings as remediation activities progress. 

C. Perform required maintenance of all erosion and sediment control devices 

to maintain their function for the entire duration of the project.  All 

sediment and erosion control devices shall be inspected at least once every 

seven calendar days, and after any storm event of greater than 0.5 inches 

of precipitation during any 24-hour period.  Maintain the silt fence until 

the project is vegetated or accepted.  Silt fence shall be replaced whenever 

it has deteriorated to such an extent that its effectiveness is reduced. 

3.03 REMOVAL 
 

A. All disturbed, excavated, filled, graded, remediated, or otherwise disturbed 

while doing the Work in this contract, shall be protected by silt fence until 

permanent erosion control measures are installed and are effective. 

B. Removal of temporary erosion and sediment control measures will be 

allowed only after permanent erosion control is installed and is effective. 

END OF SECTION 
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SECTION 02776 
 

TEXTURED GEOMEMBRANE LINER 
 
 
PART 1: GENERAL 
 
1.01 SCOPE OF WORK 
 
 A. The Geosynthetics Installer shall furnish all labor, materials, equipment and incidentals 

required and install Textured Geomembrane Liner [Linear Low Density Polyethylene 
(LLDPE) liner] as shown on the Contract Drawings and as specified herein. 

 
1.02 RELATED SECTIONS 
 

A. Section 02200:  Excavation, Backfill and Compaction. 
 

B. Section 02273:  Geosynthetic Drainage Composite 
 
1.03 SUBMITTALS 
 
 A. Within 15 calendar days following the Effective Date of the Agreement, submit the 

following information: 
 
  1. Submittals relating to liner manufacturer and liner 
 
   a. Corporate Background 
 
   b. Manufacturing capabilities: 
 
    (1) Information on factory size, equipment, personnel, number of shifts 

per day and production capacity per shift. 
 
    (2) List of material properties and samples of liner with attached 

certified test results. 
 
    (3) Manufacturer's quality control program and manual including 

description of laboratory facilities. 
 
    (4) A list of ten completed facilities totaling a minimum of three million 

square feet, for which the manufacturer has manufactured a textured 
geomembrane liner.  The following information shall be provided 
for each facility. 

 
 Name and purpose of facility, its location and date of 

installation. 
 

 Name of Owner, project manager, design engineer and 
installer. 
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 Liner thickness, liner material and surface area. 
 

 Information on performance of the facility. 
 
   c. The origin of the resin to be used in the manufacturing of liner including 

the supplier's name and production plant, as well as brand name and 
number. 

 
   d. Copy of quality control certificates in conformance with Paragraphs 2.01 

and 2.02. 
 
   e. Certification that the textured geomembrane liner and extrudate produced 

for this project have the same properties. 
 
  2. Submittals relating to Geosynthetics Installer 
 
   a. Background Information 
 
   b. Installation capabilities: 
 
    (1) Information on equipment (including tensiometer) and personnel. 
 
    (2) Anticipated average daily production (Complete including QC 

measures). 
     
   c. A list of five completed facilities totaling two million square feet for which 

the installer has installed textured geomembrane liner.  The following 
information shall be provided for each facility: 

 
    (1) Name and purpose of facility, its location and date of installation. 
 
    (2) Name of Owner, design engineer, manufacturer and name and 

telephone number of contact at the facility who can discuss the 
project. 

 
    (3) Thickness of liner and surface area of the installed liner. 
 
    (4) Type of seaming, patching and tacking equipment. 
 
    (5) A copy of the manufacturer's certification or approval letter. 
 
    (6) Resume of the qualifications of the Installation Supervisor and 

Master Seamer, and Quality Control personnel to be assigned to this 
project. 

 
   d. Shop drawings, including: 
 
    (1) Proposed panel layout showing the installation layout identifying 

field seams as well as any variance or additional details, which 
deviate from the Drawings. 
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    (2) Details of seaming the liner, anchoring, connections, penetrations 
and other construction details. 

 
   e. Installation schedule. 
 
   f. A quality control manual that specifically defines the quality assurance 

program during installation.  The manual shall include daily procedures, 
welding techniques, field testing procedures, lab testing procedures, 
specific steps that are to be taken in the event of a failure or defect, 
personnel requirements, levels of authority and all other information 
necessary to ensure a high quality liner installation. 

 
   g. A list of personnel performing field seaming operations along with 

pertinent experience information. 
 
1.04 REFERENCE STANDARDS 
 
 A. American Society for Testing and Materials (ASTM) 
 
  1. ASTM D638 - Standard Test Method for Tensile Properties of Plastics. 
 
  2. ASTM D746 - Standard Test Method for Brittleness Temperature of Plastics and 

Elastomers by Impact. 
 
  3. ASTM D751 - Standard Test Methods for Testing Coated Fabrics. 
 
  4. ASTM D792 - Standard Test Methods for Density and Specific Gravity 

(Relative Density) of Plastics by Displacement. 
 
  5. ASTM D1004 - Standard Test Method for Initial Tear Resistance of Plastic Film 

and Sheeting. 
 
  6. ASTM D1204 - Standard Test Method for Linear Dimensional Changes of Non-

rigid Thermoplastic Sheeting or Film at Elevated Temperature. 
 
  7. ASTM D1238 - Standard Test Method for Flow Rates of Thermoplastics by 

Extrusion Plastometer. 
 
  8. ASTM D1505 - Standard Test Method for Density of Plastics by the Density-

Gradient Technique. 
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  9. ASTM D1603 - Standard Test Method for Carbon Black in Olefin Plastics. 
 
  10. ASTM D3895 - Standard Test Method for Copper-Induced Oxidative Induction 

Time of Polyolefins Differential Scanning Calorimestry.   
 

11. ASTM D4218 - Test Method for Determination of Carbon Black Content in   
Polyethylene Compounds by the Muffle Furnace Technique. 

 
12. ASTM D4437 - Standard Practice for Determining the Integrity of Field Seams 

Used in Joining Flexible Polymeric Sheet Geomembranes. 
 

13. ASTM D4833 - Standard Test Method for Index Puncture Resistance of 
Geotextiles, Geomembranes, and Related Products. 

 
14. ASTM D5397 - Standard Test Method for Evaluation of Stress Crack 

Resistance of Polyolefin Geomembranes Using Notched Constant Tensile Load 
Test. 

 
15. ASTM D5596- Standard Test Method for Microscopic Evaluation of the 

Dispersion of Carbon Black in Polyolefin Geosynthetics. 
 

16. ASTM D5641 - Standard Practice for Geomembrane seam Evaluation by 
Vacuum Chamber. 

 
17. ASTM D5820 – Standard Practice for Pressurized Air Channel Evaluation of 

Dual Seamed Geosynthetics. 
 

18. ASTM D5994 - Standard Test method for Measuring Core Thickness of 
Textured Geomembranes. 

 
19. ASTM D6392 - Standard Test Method for Determining the Integrity of Non-

reinforced Geomembrane Seams Produced using Thermo-fusion Methods. 
 
 B. Federal Test Method Standards (FTMS) 
 
  1. FTMS 101/2065 - Test Method For Puncture Resistance for Plastics. 
  

C. Geosynthetic Research Institute (GRI) 
 

1. GRI Test Method GM13  - Test Properties, Testing Frequency and 
Recommended Warranty for High Density Polyethylene (HDPE) Smooth and 
Textured Geomembranes. 

 
 D. Where reference is made to one of the above standards, the revision in effect at the time 

of bid opening shall apply.  
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1.05 QUALITY ASSURANCE 
 
 A. In addition to manufacturer and installer requirements for qualifications and 

certification specified in Paragraph 1.03 the Quality Assurance consists of conformance 
testing of the material delivered to the site and field quality control during installation. 

 
B. Conformance testing requirements are specified in Paragraph 2.03.  The purpose of 

conformance testing is to assure that the supplied material conforms to the 
specifications and to the manufacturer's quality control certificates. 

 
 C. Field quality control requirements are specified in Paragraph 3.06.  The purpose of   

field quality control procedures is to assure that the liner has been installed in 
accordance with the specifications and manufacturer's recommendations. 

 
 D. Quality Control Plan 
 
  1. Sample forms for liner quality control documentation located in Appendix 3B of 

the CQA Plan shall be used for field installation documentation.  Alternative 
forms, which provide the same level of detail, may be used for documentation as 
approved by the Engineer. 

 
 E. Geomembrane Quality Control Documentation 
 
  1. Pre-installation Conference 
 
   a. Prior to commencing work, a pre-installation conference shall be held and 

the following project personnel shall be identified by name and recorded in 
the project files: 

 
 Contractor 
 Contractor's Representative 
 Engineer's Field Representative  
 Geosynthetics Installation Supervisor (Quality Control Personnel) 
 Geosynthetics Installer  
 Quality Assurance Laboratory  

     
   b. Two duplicate project files shall be maintained.  One shall be maintained 

by the Engineer Field Representative and the other shall be maintained by 
the Installation Supervisor.  At the end of each work week the files shall be 
updated and checked to assure that copies of all pertinent project 
information are included in each file. 

    
 F. Record Drawings 
 
  1. The Geosynthetics Installer shall furnish record drawings showing changes, if 

any, from the approved installation drawings which are to include all destructive 
sample locations, any patches used to repair liner defects, and all panel and patch 
identifications assigned in the field; and a copy of complete documentation for 
final installation of the liner. 
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1.06 QUALIFICATIONS 
 
 A. Manufacturer 
 
  1. The Manufacturer of the lining material described below shall have previously 

demonstrated the ability to produce this liner by having at least five years 
continuous experience in the manufacture of textured geomembrane liner and 
successfully manufactured a minimum of 50 million square feet of similar liner 
material for hydraulic lining installations. 

 
 B. Geosynthetics Installer 
 
  1. The Geosynthetics Installer shall be the manufacturer or an approved installer 

trained and certified to install the manufacturer's liner.  Installation shall be 
performed under the constant direction of a single Installation Supervisor who 
shall remain on site and be in charge throughout the liner installation, for liner 
layout, seaming, patching, testing, repairs and all other activities required by the 
installer.  The Installation Supervisor shall have installed or supervised the 
installation and seaming of a minimum of two million square feet of textured 
geomembrane liner. In addition, the Geosynthetics Installer shall designate a 
Master Seamer, who shall not be the Installation Supervisor. The Master Seamer 
shall be present during all seaming operations and shall have a minimum five 
million square feet of seaming experience, and shall be thoroughly experienced 
with extrusion welding, fusion welding, and welding in both hot and cold 
weather. 

 
1.07 DELIVERY, STORAGE AND HANDLING 
 
 A. The geomembrane liner shall be packaged and shipped by appropriate means to prevent 

damage of the liner rolls.  Unloading and storage of the liner is the responsibility of the 
Geosynthetics Installer.  The geomembrane liner shall be unloaded in the presence of 
the Engineer or his representative.  The Geosynthetics Installer shall be responsible for 
replacing any damaged or unacceptable material at no cost to the Owner. 

 
 B. Damage during unloading shall be documented by the Engineer or his representative.  

All damaged rolls must be separated from the undamaged rolls until the proper 
disposition of that material has been determined by the Engineer. 

 
 C. The geomembrane liner rolls shall be stored so as to be protected from puncture, dirt, 

grease, water, moisture, mud, mechanical abrasions and excessive heat that may 
damage the liner material.  The rolls shall be stored on a prepared surface (not wooden 
pallets) and shall not be stacked more than two rolls high. 

 
1.08 MATERIAL WARRANTY 
 
 A. The textured geomembrane liner manufacturer shall warrant the liner, on a prorated 

basis, against manufacturing defects and material degradation under outdoor exposure 
for a period of 20 years from the date of installation.  The manufacturer shall replace 
any material, which fails from the above causes within the warranty period at no 
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expense to the Owner.  The manufacturer shall furnish a written warranty covering the 
requirements of this Paragraph. 

 
1.09 GUARANTEE 
 
 A. The Geosynthetics Installer shall guarantee the textured geomembrane liner against 

defects in installation and workmanship for the period of two years commencing with 
the date of final acceptance.  The guarantee shall include the services of qualified 
service technicians and all materials required for the repairs at no expense to the 
Owner. 

 
1.10 DEFINITIONS AND RESPONSIBILITIES 
 
 A. Geosynthetics Installer 
 
  1. The Geosynthetics Installer is the firm or corporation with whom the Owner has 

entered into agreement to construct the project.   The Geosynthetics Installer 
shall be the Manufacturer or approved installer trained and certified to install the 
Manufacturer’s geomembrane.  The Geosynthetics Installer is responsible for all 
submittals by the Manufacturer as required by the Specifications.  The 
Geosynthetics Installer is responsible for scheduling and coordination of the 
required work with the Manufacturer to complete the project.  The Geosynthetics 
Installer shall be responsible for field handling, storing, placing, seaming, field 
testing and all other aspects of the liner installation.  The Geosynthetics Installer 
is responsible for furnishing record drawings and a copy of the complete 
documentation of the liner system. The Geosynthetics Installer is also 
responsible for daily updating of the design drawings onsite and for any and all 
deviations from these drawings. All deviations must be initialed and approved by 
the Engineer's Field Representative onsite. 

 
 B. Manufacturer 
 
  1. The Manufacturer is the firm or corporation responsible for production of the 

liner material to be used in the project.  The Manufacturer shall produce a 
consistent product meeting the project specifications, and shall provide quality 
control documentation for the product specified herein. The Manufacturer is 
responsible for the condition of the geosynthetic until the material is accepted by 
the Engineer's Field Representative upon delivery and installation. The 
Manufacturer shall produce a consistent product meeting the project 
specifications. 

 
  
PART 2: PRODUCTS 
 
2.01 MATERIALS 
 
 A. General 
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  1. The liner shall be manufactured of new, prime first-quality products designed 
and manufactured specifically for the purpose of liquid containment in hydraulic 
structures and must be chemically resistant to leachate. 

 
  2. The liner material shall be so produced as to be free of holes, blisters, 

undispersed raw materials, or any sign of contamination by foreign matter.   
 
  3. The sheets shall be manufactured in a minimum 15-ft seamless width.  Labels on 

the roll shall identify the thickness, length, width, roll number and 
manufacturer's lot number. 

 
  4. The textured liner must not delaminate during tensile testing (i.e., textured layers 

and "particles" of texture must not separate).  
 
 B. Properties 
 
  1. The liner rolls shall meet the minimum properties listed in Table 1 for LLDPE 

liner. 
 
 C. Other Materials 
 
  1. Extrudate welding rods shall be manufactured from the same resin as the liner 

and supplied by the manufacturer and shall be delivered in the original sealed 
containers.  Each container shall have a label bearing the brand name, 
Manufacturer's lot number and complete directions as to proper storage. 

 
2.02 QUALITY CONTROL DOCUMENTATION 
 
 A. Prior to installation of any liner material, the Geosynthetics Installer shall provide the 

following information certified by the Manufacturer for the delivered liner. 
 
  1. Origin, identification and production of the resin (supplier's name, brand name 

and production plant). 
 
  2. Copies of quality control certificates issued by the resin supplier. 
 
  3. Manufacturer's certification verifying that the quality of the resin used to 

manufacture the liner meets the properties shown in, Table 1 for LLDPE liner.   
 
  4. Each roll delivered to the project site shall have the following identification 

information: 
 

 Manufacturer's name 
 Product identification 
 Thickness 
 Roll number 
 Length and width (or width and area) 

    
  5. Quality control certificates, signed by the Manufacturer's quality assurance 

manager. Each certificate shall have roll identification number, sampling 
procedures, frequency, and test results.  At a minimum, the following test results 
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shall be provided in accordance with test requirements specified in Table 1 for 
HDPE liner: 

 
 Thickness 
 Density 
 Tensile properties 
 Tear resistance 
 Puncture resistance 
 Carbon black content 
 Carbon black dispersion 
 
Refer to Table 3.4 of the CQA Plan for required testing frequencies. 

 
2.03 CONFORMANCE TESTING 
 
 A. Conformance testing shall be performed by an independent Quality Assurance 

Laboratory approved by the Owner.  One sample shall be taken per 100,000 square feet, 
or one sample per lot, whichever results in the greater number of conformance tests.  
Samples will be taken across the entire width of the roll and will not include the first 
three linear feet.  Unless otherwise specified, samples will be three feet long and the 
width of the roll.  The CQA Consultant shall obtain the samples from the roll, and mark 
the machine direction and identification number.  The following conformance tests 
shall be conducted at the laboratory: 

 
 Thickness 
 Density 
 Tensile properties 
 Tear resistance 
 Puncture resistance 
 Carbon black content 
 Carbon black dispersion 

 
 B. These conformance tests shall be performed in accordance with Table 1 for LLDPE 

liner. All costs for the initial conformance testing will be paid by the Owner. 
 
 C. All conformance test results shall be reviewed by Engineer and accepted or rejected, 

prior to the placement of the liner.  All test results shall meet, or exceed, the property 
values listed in Table 1 for LLDPE liner.  In the case of failing test results, the 
Manufacturer may request that another sample be retested by an independent laboratory 
with the Manufacturer's technical representative present during the testing procedures.  
The Manufacturer shall pay for this retesting.  The Manufacturer may also have the 
sample retested at two different laboratories approved by the Owner.  If both 
laboratories report passing results, the material shall be accepted.  If both laboratories 
do not report passing results, all liner material from the lot representing the failing 
sample will be considered out of specification and rejected. 
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PART 3: EXECUTION 
 

3.01 COMPACTED SOIL LINER PREPARATION 
 
 A. Preparation of the compacted soil liner surface shall be as specified in Section 02275. 
 
 B. The surface of the compacted soil liner shall be smooth, uniform, and free from sudden 

changes in grade (such as vehicular ruts), rocks, stones, debris and deleterious 
materials.  The moisture content of the compacted soil liner must be maintained within 
the project specifications until the synthetic liner has been installed. If excessive drying 
occurs, the contractor shall rehydrate and compact the affected area to the Engineer's 
satisfaction.  During actual placing and seaming of the geomembrane liner, the 
compacted soil liner surface shall be kept free of all standing water.  If the compacted 
soil liner surface below the liner becomes wet and unstable, it shall be dried and 
recompacted to the Engineer's satisfaction.  If drying and recompacting the material is 
insufficient, the unstable material must be removed and replace with approved material 

 
 C. Before the liner installation begins, the Contractor and Geosynthetics Installer shall 

verify in writing and submit to the Engineer: 
 
  1. Lines and grades are in relative conformance with the Drawings and 

Specifications. 
 
  2. The surface area to be lined has been rolled and compacted, free of irregularities 

and abrupt changes in grade. 
 
 D. The Contractor shall not proceed with geomembrane liner installation until a complete 

report on the compacted soil liner thickness and hydraulic conductivity tests has been 
submitted and approved by the CQA Consultant.  If the Contractor proceeds with 
synthetic liner installation and associated layers (drainage net, geotextile and sand) 
prior to completion of the report, the Contractor will do so at his/her own risk.  If any 
compacted soil liner tests fail, the Contractor will be required to remove overlying 
synthetic liner system layers, repair deficient compacted soil liner area(s) and reinstall 
the liner system in accordance with project specification requirements.  Any synthetic 
liner system materials damaged during the repair work shall be replaced with new 
material.  All costs associated with such actions will be paid for entirely by the 
Contractor including, but not limited to, labor, additional liner system material, testing, 
labor and material costs incurred by the Engineer to perform additional inspection 
services. 

 
3.02 ANCHOR TRENCH 
 
 A. The anchor trench shall be constructed as shown on the Contract Drawings and as 

specified herein.   
 
 B. Slightly rounded corners shall be provided in the trench to avoid sharp bends in the 

liner. 
 
 C. The anchor trench shall be adequately drained to prevent water ponding and softening 

of adjacent soils.  The anchor trench shall be backfilled with local fill material and 
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compacted to 95 percent standard proctor density, ASTM D698 as specified in Section 
02200. 

 
 D. If the anchor trench is located in a clay susceptible to desiccation, the amount of trench 

open at any time shall be limited to one day of liner installation capacity. 
 
3.03 GEOMEMBRANE LINER PLACEMENT 
 
 A. Weather Conditions 
 
  1. Geomembrane liner placement shall not proceed at an ambient temperature 

below 40 degrees Fahrenheit (F) or above 140 degrees F unless otherwise 
authorized, in writing, by the Engineer or his/her field representative.  
Geomembrane liner placement shall not be performed during precipitation, 
excessive moisture, in an area of ponded water, or excessive winds. 

 
 B. Method of Placement 
 
  1. Each liner panel shall be laid out in accordance with the approved shop drawings 

prepared by the Manufacturer.  The layout shall be designed to keep field joining 
of the textured geomembrane liner to a minimum and consistent with proper 
methods of textured geomembrane liner installation. 

 
  2. Each liner panel shall be identified by panel number, roll number and date of 

deployment.  The liner panel number shall be placed on the ends of each panel 
and in the middle. 

 
  3. For liner placed on 4 to 1 or steeper slopes, the seams shall be oriented in the 

direction of the slope.  Horizontal seams on 4 to 1 slopes or steeper shall not be 
allowed except for cases in which it is unavoidable.  In these instances, a cap 
strip shall be placed over the seam. 

 
  4. The equipment used to deploy the liner shall not cause rutting of the compacted 

soil liner surface.  If rutting occurs, the Geosynthetics Installer shall suspend all 
liner placement activities and repair the ruts and immediately employ an 
alternative method for liner deployment.  Liner rolls shall be placed using 
spreader and rolling bars with cloth slings.  If a sheet must be relocated a 
distance greater than its width, a slip-sheet shall be used.   

 
  5. The CQA Consultant shall inspect each panel, after placement and prior to 

seaming, for damage and/or defects.  Defective or damaged panels shall be 
replaced or repaired, as approved by the Engineer. 

 
  6. The Installer shall not drag the liner panels over the compacted soil liner. 
 
  7. All liner shall be anchored as shown on the Contract Drawings and consistent 

with Manufacturer's recommendations.  Sufficient liner shall be installed within 
the anchor trench to ensure proper installation prior to backfilling the trench. 

 
  8. Personnel working on the liner shall not smoke, wear damaging shoes or involve 

themselves in any activity that may damage the liner. 
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  9. The liner shall be properly weighted with sand bags to avoid uplift due to wind. 
 
  10. Vehicular traffic across the liner shall not be allowed.  
 
  11. All damage shall be recorded and located on the record drawings. 
 
  12. When tying into existing liner, all excavation of previously installed liner shall 

be performed by hand to prevent damage. 
 
  13. The liner shall be kept free of debris, unnecessary tools and materials.  In 

general, the liner area shall remain uncluttered in appearance.  Any generators in 
use while on the liner shall have "drop" sheets placed underneath. 

 
  14. Fuel shall not be stored on the liner, and the refueling of generators shall not be  

performed on the liner. 
 
  15. To prevent a "trampoline effect" from forming, the Geosynthetics Installer shall 

place sufficient sand bags on the liner along the toe of slopes to ensure full 
contact of the geomembrane liner with the compacted soil liner surface. In 
addition, the horizontal seams nearest the toe of slope shall remain unwelded 
until all other seams in the area are completed.  The final seam shall be welded 
when the liner is cool and fully contracted.  Care shall be taken to ensure that the 
liner contacts the subgrade in all locations before completing the seam. 

 
3.04 FIELD SEAMS 
 
 A. Individual panels of liner shall be laid out and overlapped by a minimum of 6 inches 

prior to fusion seaming and 3 inches for extrusion welding.  The area to be welded shall 
be cleaned and prepared in accordance with the Installer's quality control welding 
procedures. 

 
 B. Double track hot wedge fusion welder shall be used for straight welds.   
 
 C. Extrusion welder shall be used for cross seam tees, patches, tie-in seams, repairs, 

penetration boots and detailed work. 
 
 D. The welding equipment used shall be capable of continuously monitoring and 

controlling the temperature, speed, and pressure in the zone of contact where the 
machine is actually fusing the liner material so as to ensure that changes in 
environmental conditions will not affect the integrity of the weld. 

 
 E. No "fish mouths" will be allowed within the seam area.  Where "fish mouths" occur, 

the material shall be cut, overlapped and a patch fusion weld shall be applied.  All 
welds upon completion of the work shall be tightly bonded.  Any liner area showing 
injury due to excessive scuffing, puncture, or distress from any cause shall be replaced 
or repaired with an additional piece of liner.  The number of patches per 100-foot 
length shall not exceed five.  If more than 5 patches per 100-foot length are necessary, 
then the entire 100-foot length of seam shall be capped.  Further welding will cease at 
this time and the Engineer shall be notified. 
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 F. All seams shall have a seam number that corresponds with the panel layout numbers.  
The numbering system shall be used in the development of the record drawings.  Seam 
numbers shall be derived from the combination of the 2 panel numbers that are to be 
welded together. 

 
 G. All fusion welded "T" seams (i.e., the result of the liner panels placed perpendicular to 

each other) shall be double welded where possible.  The extrusion process shall be used 
for the second weld. 

 
 H. All extrudate shall be free of dirt, dry and protected from damage. 
 
 I. If an extrusion welder is stopped for longer than one minute, it shall be purged to 

remove heat-degraded extrudate.  All purged extrudate shall be placed on a sacrificial 
sheet and disposed of. 

 
 J. All seams constructed on sloped surfaces shall be vertical seams.  Where horizontal 

seams can't be avoided (due to compounded slopes) on sideslope surfaces, an 18 inches 
wide cap strip of the same synthetic material shall be placed on top of the horizontal 
seam and welded to the adjacent panels to provide additional structural integrity.  All 
cap strip seams shall be non-destructively tested. 

 
 K. All vertical panels placed on sloped surfaces shall extend a minimum of 5 feet inward 

from the toe of slope or edge of trench. 
 
 L. All end seams shall be staggered a minimum of 5 feet in length between contiguous 

panels. 
 
 M. To prevent moisture buildup during fusion welding, it may be necessary to place a 

movable protective layer of plastic directly below each overlap of liner that is to be 
seamed. 

 
 N. If required, a firm substrate shall be provided by using a flat board or similar hard 

surface directly under the seam overlap to achieve proper support. 
 
 O. All seams shall extend to the full extent into the anchor trench. 
 
 P. If seam overlap grinding is required, the process must be completed according to the 

Manufacture’s instructions within 1 hour of the seaming operation, and in a way that 
does not damage the geomembrane. 

 
 Q. All factory seams, field seams and repair welds shall meet seam strength requirements 

specified in Table 2 for HDPE liner. 
 
3.05 SEAMING WEATHER CONDITIONS 
 
 A. Normal Weather Conditions 
 
  1. The normal required weather conditions for seaming are: 
 
   a. Ambient temperature higher than 40 degrees and lower than 140 degrees F. 
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   b. No precipitation or other excessive moisture, such as fog or dew. 
 
   c. No excessive winds. 
   
 B. Cold Weather Conditions 
 
  1. If the ambient temperature is below 40 degrees F, the following conditions shall 

be met to ensure quality seaming process: 
 
   a. Preheating the surface of the liner to achieve normal temperature range. 
 
   b. Preheating may be waived by the Engineer if the installer demonstrates that 

satisfactory welds of equivalent quality may be obtained without 
preheating at the expected temperature of installation. 

 
   c. Preheating devices shall be approved by the manufacturer. 
 
   d. Care shall be taken to assure that surface temperatures are not lowered 

below the minimum required surface temperature for welding due to winds. 
 
   e. Additional destructive tests samples shall be taken at the discretion of the 

Engineer. 
 
   f. Pre-weld test seams, as described in Paragraph 3.06.A, shall be performed 

under the same weather conditions that will be encountered during 
production seaming. 

 
 C. Warm Weather Conditions 
 
  1. If the sheet temperature is above 140 degrees F, no seaming of liner shall be 

permitted unless the installer can demonstrate, to the satisfaction of the Engineer 
that liner seam quality is not adversely impacted. 

 
2. Pre-weld test seams, as described in Paragraph 3.06.A, shall be performed under 

the same weather conditions that will be encountered during production seaming. 
 
  3. Additional destructive tests shall be taken at the discretion of the Engineer. 
 
3.06 FIELD QUALITY CONTROL 
 
 A. Pre-Weld Testing 
 
  1. A test weld from each seaming crew shall be run at the beginning of each day, 

every four (4) hours of continuous seaming, every time seaming equipment is  
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changed, if significant changes in geomembrane temperature and weather 
conditions are observed, and at the CQA Consultants discretion for each seaming 
apparatus and technician used that day.  The test weld shall be made under the 
same conditions that exist for production seaming.  Each test weld shall be 3 feet 
long.  The test weld shall be marked with date, ambient temperature and welder's 
name, temperature and speed of the welding equipment used, and the welding 
machine number.  The Geosynthetics Installer must have a tensiometer on-site 
before and during liner installation for the purpose of testing samples.  Six 
specimens of welds 1 inch wide shall be cut from the test weld and tested on site 
with the presence of the CQA Consultant for shear and peel strength (3 each). 
Each sample must meet the requirements presented in Table 2 for HDPE liner.  
No welder may start work until the welder’s test weld has been approved by the 
CQA Consultant. 

 
  2. Test welds shall be made on fragment pieces of geomembrane liner to verify that 

seeming conditions are adequate.  A passing test weld shall be made for each 
seaming device and technician.  A change in technician or welding equipment 
warrants the welding of a new passing test weld. If the seaming apparatus is 
turned off for any reason, a new passing test weld must be completed for that 
specific seaming apparatus. 

 
 B. Non-destructive Seam Testing 
 
  1. The Geosynthetics Installer shall non-destructively test production seams over 

their full length using a vacuum test unit (for extrusion seams only), air pressure 
test, or other approved method.  The testing shall be carried out to the accepted 
standards of the industry.  The purpose of non-destructive tests is to check the 
continuity of seams.  It does not provide any information on seams strength.  
Continuity testing shall be carried out as the seaming work progresses 
(maximum of 3,000 linear feet), not at the completion of all field seaming, 
unless otherwise approved by the Engineer. The Geosynthetics Installer shall 
complete any required repairs in accordance with technical specifications and the 
CQA Plan.  Non-destructive testing shall not be permitted before sunrise or after 
sunset unless the installer demonstrates capabilities to do so. 

 
  2. Vacuum Testing 
 
   a. Equipment for testing single wedge fusion seams and extrusion seams shall 

be comprised of the following: 
 
    (1) A vacuum box assembly consisting of a rigid housing, a transparent 

viewing window, a soft rubber gasket attached to the bottom, port 
hole or valve assembly and a vacuum gauge. 

 
    (2) A vacuum tank and pump assembly equipped with a pressure 

controller and pipe connections. 
 
    (3) A rubber pressure/vacuum hose with fittings and connections. 
 
    (4) A plastic bucket and wide paint brush. 
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    (5) A soapy solution. 
 
   b. The following procedures shall be followed by the Geosynthetics Installer: 
 

(1) Excess sheet overlap shall be trimmed away prior to vacuum 
testing. 

 
(2) Clean the window and gasket surfaces, and check for leaks in the 

vacuum testing equipment. 
 

(3) Energize the vacuum pump and reduce the tank pressure to 
approximately 5 psi. 

 
(4) Wet the area to be tested with the soapy solution. 

 
(5) Place the vacuum box over the wetted area and apply downward 

pressure on the vacuum box to ensure a tight seal between the liner 
and the vacuum box. 

 
(6) Close the bleed valve and open the vacuum valve. 
 
(7) Ensure that a leak-tight seal is created. 

 
(8) For a minimum period of 10 seconds, examine the liner through the 

viewing window for the presence of soap bubbles. 
 

(9) If no bubbles appear after 10 seconds, close the vacuum valve and 
open the bleed valve, move the box over the next adjoining area 
with a minimum of 3-inch overlap and repeat the process. 

 
(10) All areas where soap bubbles appear shall be marked and repaired 

in accordance with Paragraph 3.07G and then retested. 
 

(11) All test locations, which have passed vacuum testing, shall be 
marked with the test date and the name of the individual performing 
the test. 

 
   c. If the seam cannot be tested prior to final installation, the seaming 

operations shall be observed by the Engineer’s Field Representative for 
uniformity and completeness. 

 
  3. Air Pressure Testing. 
 
   a. The following procedures are applicable to those processes, which produce 

a double seam with an enclosed space. 
 
   b. Equipment for testing double fusion seams shall be comprised of the 

following: 
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    (1) An air pump equipped with pressure gauge capable of generating 
and sustaining a minimum pressure of 30 psi (30 to 35 psi) and 
mounted on a cushion to protect the liner. 

 
    (2) A manometer equipped with a sharp hollow needle, or other 

approved pressure feed device. 
 
   c. The following procedures shall be followed by the Geosynthetics Installer. 
 
    (1) Seal both ends of the seam to be tested. 
 
    (2) Insert needle or other approved pressure feed device into the tunnel 

created by the double wedge fusion weld. 
 
    (3) Energize the air pump to a minimum pressure of 30 to 35 psi, close 

valve and sustain pressure for at least five minutes. 
 
    (4) If loss of pressure exceeds 10 percent, or pressure does not stabilize, 

the faulty area located and repaired in accordance with Paragraph 
3.07.G.  Following repair, the seam must be retested. 

 
    (5) If the faulty area cannot be isolated and repaired, the length of seam, 

which cannot be tested, shall be capped with liner strip, extrusion 
welded and vacuum tested. The seam shall be documented as a 
failed seam indicating the corrective measure. 

 
    (6) If loss of pressure is 10 percent or less, release air pressure at the 

opposite end of where the pressure is applied to verify that the full 
seam was pressurized and that there was no blockage in the air 
channel. 

 
    (7) Remove needle or other approved pressure feed device and seal. 
 
    (8) All test locations which have passed air pressure testing shall be 

marked with the test date and the name of the individual performing 
the test, as well as the beginning time and pressure, and the ending 
time and pressure. 

 
   d. Destructive seam testing shall be performed in accordance with Paragraph 

3.07. 
In the event of non-compliance air pressure test, the following procedure shall be 
followed: 
 
- Check the seam and seals and retest the seam. 
- If deviation with specified maximum pressure differential reoccurs, cut 1-inch 

samples from each end suspect area. 
- Perform destructive peel tests on the sample using the field tensiometer. 
- If all areas pass destructive testing, the installer may: 
 
 1. Cap-strip the suspect area. 
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 2. Further isolate the air pressure failure as agreed upon by the CQA  
Consultant and Project Manager.  

 
 3. If one or more samples fail the peel tests, additional samples will be taken.  

When two failing samples are located, the suspect areas will be considered 
non-complying.  In this section the seam shall be cap-stripped.  Test the 
entire length of the seam by vacuum testing. 

 
 4. If the seam is in non-compliance due to air channel blockage, the blockage 

shall be isolated, as agreed upon by the CQA Consultant. 
 
 5. All sections shall be retested and repaired in accordance with this section. 
 

 
3.07 DESTRUCTIVE SEAM TESTING 
 
 A. The purpose of the destructive testing is to evaluate seam strength properties.  A 

minimum of one test sample shall be obtained per 500 feet of production seam length 
per welder or one sample per welder per day, whichever yields the largest number of 
samples.  The CQA Consultant shall determine the location of samples.  Selection of 
such locations may be prompted by suspicion of overheating, contamination, or other 
potential cause that may adversely impact the welds.  The Installer shall perform the 
sampling.  The CQA Consultant shall forward the samples to the Quality Assurance 
Laboratory for testing. 

 
 B. Sampling Procedures 
 
  1. Samples shall be cut by the Installer at locations chosen by the CQA Consultant 

as the seaming progresses. 
 
  2. The seams shall not be covered by another material before the test samples have 

been tested by the Quality Assurance Laboratory and accepted by CQA 
Consultant. 

 
  3. Upon obtaining each sample, assign a number to the sample and mark it 

accordingly. 
 
  4. Record sample location on layout drawing. 
 
  5. Holes in the liner resulting from destructive seam testing shall be immediately 

repaired in accordance with Paragraph 3.07G. 
 
 C. Size and Disposition of Samples 
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  1. The sample for laboratory testing shall be 12 inches wide by 36 inches long with 
the seam centered lengthwise.  The sample shall be cut into three parts and 
distributed as follows: 

 
   a. One portion to the Installer for field testing, 12 inches by 12 inches. 
 
   b. One portion for Quality Assurance Laboratory testing, 12 inches by 12 

inches. 
 
   c. One portion to the Owner for on-site archive storage, 12 inches by 12 

inches. 
 
 D. Quality Assurance Laboratory Test 
 
  1. The CQA Consultant shall package and ship destructive test samples to the 

independent Quality Assurance Laboratory approved by the Owner. 
 
  2. Laboratory tests shall include shear and peel strength tests.  The minimum 

acceptable values obtained in these tests shall be in accordance with Table 2 for 
HDPE liner. 

 
  3. The laboratory shall cut the sample to 1-inch wide coupons using die cast or 

other means.  At least 10 coupons shall be cut for peel and shear test. 
 
  4. Five coupons shall be tested for shear and the other 5 shall be tested for peel 

strength.  A passing test shall meet the minimum required values, presented in 
Table 2 for HDPE liner, for the 5 coupons tested for each method. 

 
  5. The Quality Assurance Laboratory shall provide verbal test results to the 

Engineer no more than 24 hours after they receive the samples.  The Engineer 
shall review the laboratory results as soon as they become available. 

 
 E. Procedures for Destructive Test Failure 
 
  1. The following procedures shall apply whenever a sample fails a destructive test.  

The installer has two options. 
 
   a. The installer can repair the seam between any two passing test locations. 
 
   b. Two new samples shall be taken at a minimum of 10 feet on each side of 

the original failed sample.  These samples shall be sent to the Quality 
Assurance Laboratory for testing.  Subsequent failure of test samples shall 
cause the testing to move further down the seam until the extent of the 
faulty seam has been determined. 

 
   c. In the event the whole seem is determined to be faulty.  The Engineer may 

request samples to be taken from the previous seem welded by the same 
machine and welder, until two passing tests are obtained. 

 
  2. All acceptable repaired seams shall be bound by two passing destructive test 

locations.  In cases where repaired seam exceeds 150 feet, a sample taken from 
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the zone in which the seam has been repaired must pass destructive testing.  
Repairs shall be made in accordance with Paragraph 3.07.G. 

 
  3. The CQA Consultant shall document all actions taken in conjunction with 

destructive test failures. 
 
 F. Repair Procedures 
 
  1. Any portion of the liner exhibiting signs of defect, failing a destructive or a 

nondestructive test, shall be repaired.  Several procedures exist for the repair of 
these areas.  The final decision as to the appropriate repair procedure shall be 
made by the Engineer. 

 
  2. The repair procedures available include: 
 
   a. Patching, used to repair large holes, tears, undispersed raw materials and 

contamination by foreign matter. Apply a new piece of geomembrane sheet 
over, and at least 6 inches beyond the limits of a defect.  The patch shall be 
extrusion seamed to the underlying geomembrane, and must pass non-
destructive testing. 

 
   b. Spot welding or seaming, used to repair small tears, pinholes, or other 

minor, localized defects. Apply a “bead” of extrudate, maximum length of 
6 inches, over a defect. 

 
   c. Capping, used to repair large lengths of failed seams.  Apply a new strip of 

geomembrane along the length of a faulty seam.  The cap strip shall extend 
at least 6 inches beyond the limit of the seam and the edges will be 
extrusion seamed to the underlying geomembrane. 

 
   d. Flap-welding can be used where an adequate flap exists (1 1/2 inches 

minimum), extrusion weld the flap of a fusion seam.  At the ends of this 
repair, the flap shall be cut to allow the extrusion weld to enclose the failed 
area. 

 
   e. For small lengths of failed seam (less than 3 feet), extrusion welding can be 

used to repair provided there is sufficient overlap between the two liner 
panels. 

 
  3. For any repair method, the following provisions shall be satisfied: 
 
   a. Surfaces of the liner, which are to be repaired using extrusion methods, 

shall be abraded no more than one hour prior to the repair. 
 
   b. All surfaces shall be clean and dry at the time of the repair. 
 
   c. All seaming equipment used in repairing procedures must be approved. 
 
   d. The repair procedures, materials, and techniques will be approved in 

advance of the specific repair by the CQA Consultant and Geosynthetics 
Installer. 
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   e. Patches or caps will extend at least 6 inches beyond the edge of the defect, 

and all corners of patches will be rounded. 
 
   f. Seam repairs over 150 feet long will require a destructive test to be taken 

from the repair. 
 
 G. Repair Verification 
 
  1. Each repair shall be numbered and logged by the Installer.  Each repair shall be 

non-destructively tested using the methods described in Paragraph 3.06 as 
appropriate.  Repairs, which pass the nondestructive test, shall be taken as an 
indication of an adequate repair.  Repairs more than 150 feet long may be of 
sufficient length to require destructive test sampling, at the discretion of the 
Engineer.  Failed tests indicate that the repair is unacceptable, and shall be 
redone and retested until passing test results are achieved.  The Engineer shall 
observe all non-destructive testing of repairs.  The Geosynthetics Installer shall 
record the number of each repair, date and test outcome. 

 
 H. Large Wrinkles 
 
  1. When seaming of the geomembrane is completed (or when seaming of a large 

area of the geomembrane is completed) and prior to placing overlying materials, 
the CQA Consultant shall observe the geomembrane wrinkles.  The CQA 
Consultant will indicate to the Project Manager which wrinkle should be cut and 
resealed by the Installer.  The seams produced as a result of repairing wrinkles 
will be tested like any other repair. 

 
3.08 DISPOSAL OF WASTE MATERIAL 
 
 A. Upon completion of installation, the Liner Contractor shall dispose of all trash, waste 

material and equipment used in connection with the performed work and shall leave the 
premises in a neat and acceptable condition. 
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 TABLE 1 
 MATERIAL PROPERTIES 
 TEXTURED HIGH DENSITY POLYETHYLENE (HDPE) LINER 
 

PROPERTY TEST METHOD UNIT LIMIT VALUE 
     
Thickness ASTM D5994 mils average/min. 38 / 34(1) 
     

Asperity Height(2) GRI GM12 /  
ASTM D7466 mils min 16 

     

Density ASTM D792, 
Method B g/cc min. 0.939 

     
Tensile Properties(3) 
(Each Direction) 

ASTM D638; 
Type IV    

     

1.  Break Strength ASTM D6693,  
Type IV lb/in min. 112 

     

2.  Elongation at Break ASTM D6693,  
Type IV % min. 400 

     
Tear Resistance ASTM D1004 lb min. 25 
     
Puncture Resistance ASTM D4833 lb min. 50 
     
     
Carbon Black Content ASTM D4218 % range 2.0 to 3.0 
     

Carbon Black Dispersion ASTM D5596 N/A Rating 9 of 10 Category 1 or 2
1 of 10 Category 3 

     
Oxidative Induction Time 
(OIT) ASTM D3895 min. min. ≥100 

     
Oven Aging at 85  C/ High 
Pressure OIT - % retained 
after 90 days 

ASTM D5721/ 
ASTM D5885 % min. 60 

     
UV Resistance/ High 
Pressure OIT - % retained 
after 1600 hrs(5)(6) 

GRI GM11/  
ASTM D5885 % min. 35 
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TABLE 1 (continued) 
 
Notes: 
 
(1) The first value represents the minimum average thickness measurements of 10 measurements 

the second value represents the lowest allowable individual thickness measurement. 
(2) Of 10 readings; 8 out of 10 must be  7 mils, and lowest individual reading must be  5 mils. 
(3) Machine direction (MD) and cross machine direction (XMD) average values should be on the 

basis of 5 test specimens each direction. 
- Break elongation is calculated using a gage length of 2.0 inches.  

(4) The SP-NCTL test is not appropriate for testing geomembranes with textured or irregular rough 
surfaces. Test should be conducted on smooth edges of textured rolls or on smooth sheets made 
from the same formulation as being used for the textured sheet materials. The yield stress used 
to calculate the applied load for the SP-NCTL test should be the manufacturer’s mean value via 
MQC testing. 

(5) The condition of the test should be 20 hr. UV cycles at 75 C followed by 4 hr. condensation at 
60 C. 

(6) UV resistance is based on percent retained value regardless of the original HP-OIT value. 
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TABLE 2 
 

FACTORY AND FIELD SEAM PROPERTIES 
TEXTURED HIGH DENSITY POLYETHYLENE (HDPE) LINER 

 
 

PROPERTY UNIT TEST METHOD REQUIRED VALUE 
    
Bonded Shear 
Strength 

lb/in ASTM D6392/D4437 FTB and 100 % of Yield 
Strength of Parent Material 

    
Seam Peel 
Adhesion 

lb/in ASTM D6392/D4437 FTB and 65% of Yield 
Strength of Parent Material 

 
Notes: 
 
1. For laboratory testing only, a maximum of 1 non-FTB (Film Tear Bond) per 5 specimens is 

acceptable provided that strength requirements are met on that sample. 
2. For double-wedge fusion welded seams, both tracks shall be tested to meet compliance with the 

minimum seam values specified. 
3. Strain Rate: 2 in/min. and 1 inch wide strips. 
4. Test welds shall be made upon start of work for each seamer, every four (4) hours of continuous 

seaming, every time seaming equipment is changed, if significant changes in geomembrane 
temperature and weather conditions are observed, and at the discretion of the CQA Consultant.  

 
  
 

END OF SECTION 
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SECTION 02985 
SEEDING AND MULCHING 

 
PART 1: GENERAL 
 
1.01 SCOPE OF WORK 
 

A. The CONTRACTOR shall furnish all labor, materials, equipment, and incidentals 
necessary and finish grade, seed, and maintain all seeded areas as specified herein. All areas 
disturbed by the CONTRACTOR’S operations shall be seeded. 

 
1.02 RELATED SECTIONS 
 

A. Section 02772: Storm Water, Erosion, and Sedimentation Control 
 

1.03 SUBMITTALS 
 

A. Submit to the Engineer for review all materials and equipment furnished under this Section, 
including seed mixtures and product label information. 

 
B. Samples of all materials shall be submitted for inspection and acceptance upon 

ENGINEER’S request. 
 

C. The CONTRACTOR shall submit a survey of the limits of seeding and mulching. 
 
1.04 REFERENCE ITEM 
 

Drawing: Erosion & Sedimentation Control Details 
 
  
PART 2: PRODUCTS 
 
2.01 MATERIALS 
 

A. Fertilizer shall be complete commercial fertilizer, 10-10-10 grade.  It shall be delivered to 
the site in the original unopened containers each showing the manufacturer's guaranteed 
analysis.  Store fertilizer so that when used it shall be dry and free flowing. 

 
B. Lime shall be ground limestone containing not less than 85 percent calcium and magnesium 

carbonates. 
 

C. Seed shall be from the same or previous year's crop; each variety of seed shall have a 
percentage of germination not less than 90 percent, a percentage of purity not less than 85 
percent, and shall have not more than one percent weed content. 
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D. The seed shall be furnished and delivered premixed in the proportions specified in 
Paragraph 3.01.  A manufacturer's certificate of compliance to the specified mixes shall be 
submitted by the manufacturer for each seed type.  These certificates shall include the 
guaranteed percentages of purity, weed content and germination of the seed, and also the 
net weight and date of shipment.  No seed may be sown until the CONTRACTOR has 
submitted the certificates. 

 
E. Seed shall be delivered in sealed containers bearing the dealer's guaranteed analysis. 

 
F. Mulch shall be clean small-grain straw. 

 
G. Mulch for use in hydroseeding applications shall be a special processed cellulose fiber 

containing no growth or germination inhibiting factors.  It shall be manufactured such that 
after addition and agitation in slurry tanks with water, the fibers become uniformly 
suspended to form a homogenous slurry.  When sprayed on the ground, the materials shall 
allow absorption and percolation of moisture. 

 
PART 3: EXECUTION 
 
3.01 APPLICATION 
 

A. Temporary Seeding – areas left disturbed for longer that 30 days but less than one (1) year. 
 

TIME PERIOD ITEM RATE OF APPLICATION 
(lb./acre) 

January 1 to May 1 Rye (Grain) 120 
 Annual Lespedeza (Kobe) 50 
 Limestone 2,000 
 10-10-10 Fertilizer 750 
 Nitrogen (March only) 50 
 Mulch 4,000 

May 1 to August 15 German Millet 40 
 Limestone 2,000 
 10-10-10 Fertilizer 750 
 Mulch 4,000 

August 15 to December 30 Rye (Grain) 120 
 Limestone 2,000 
 10-10-10 Fertilizer 1,000 
 Mulch 4,000 

 
 
If it is necessary to extend temporary cover beyond June 15, the area should be overseeded with 50 
lb./acre of Kobe lespedeza in latter February or early March. 
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B. Permanent Seeding 
 

TIME PERIOD ITEM RATE OF APPLICATION 
(lb./acre) 

August 20 to October 25 Tall Fescue 100 
 Sericea Lespedeza 30 
 Kobe Lespedeza 10 
 Common Bermuda or Pensacola Bahia 10/25 
 Limestone 4,000 
 10-10-10 Fertilizer 1,000 
 Mulch 4,000 to 5,000 

February 1 to April 15 Tall Fescue 100 
 Sericea Lespedeza 30 
 Kobe Lespedeza 10 
 Limestone 4,000 
 10-10-10 Fertilizer 1,000 
 Mulch 4,000 to 5,000 

 
 
If seed mixture is being applied after August 20, Unscarified Sericea seed should be used.  To extend 
spring seeding dates into June, add 15 lb./acre hulled Bermuda grass.   
 
3.02 INSTALLATION 
 

C. Seed all disturbed areas of construction, excluding areas to be paved for roads, building 
footprints, and riprap lined ditches unless the areas meet the following conditions:   

 
1. Graded surfaces on which further construction will not be proceeding within 30 days 

shall be covered with at least 3 inches of vegetative support material and shall be 
seeded.  

 
2. Surfaces, which are at final grade or on which further construction will not occur 

within one (1) year, shall be covered with at least five inches of vegetative support 
material and shall be seeded. 

 
D. The vegetative support material cover shall be graded smooth and tracked with a light 

bulldozer.  All brush, roots, stumps, litter, large rocks, debris or other foreign matter shall 
be removed from the tracked surface.  The surface of the vegetative support material shall 
be scarified by raking unless the surface remains loose and friable from grading and 
tracking. 

 
E. Seeding, mulching, and conditioning shall normally be performed during those periods and 

within the seasons which are normal for such work as determined by the prevailing weather 
and locally accepted practice, as approved by the ENGINEER. 

 
F. No seeding should be undertaken in windy or unfavorable weather, when the ground is too 

wet to rake easily, when it is in a frozen condition, or too dry. 
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G. The subgrade of all areas to be seeded shall be raked and all rubbish, sticks, roots, and 
stones larger than 2 inches shall be removed. 

 
H. Fertilizing, liming, seeding, and mulching shall normally be accomplished in one operation 

by hydraulic application (hydroseeding).  Separate hand or mechanical application of 
fertilizer, lime, seed, and mulch shall be employed only for small areas and repair. 

 
I. Seeding shall be done within five days following surface preparation.  The hydroseeding 

equipment shall be so designed that when the mixture is sprayed over an area the required 
application rates are uniformly achieved. 

 
J. Immediately following this preparation, seed shall be applied, depending on the period of 

year, at the rates specified in Section 3.01. 
 

K. All seeded areas shall be mulched with clean small-grain straw at a specified in Section 
3.01.  Asphalt emulsion shall be applied uniformly at a rate of 0.1 gallons per square yard 
to tack the mulch, unless otherwise shown on the plans.  Mechanical tacking will be 
considered on a case-by-case basis as approved by the ENGINEER. 

 
L. The CONTRACTOR shall keep all seeded areas watered and in good condition.  Reseeding 

shall be done if and when necessary until a good, healthy, uniform growth is established 
over the entire area seeded. 

 
M. On slopes, the CONTRACTOR shall provide against washouts by an approved method.  

Any washout, which occurs, shall be regraded and reseeded at the CONTRACTOR’S 
expense until good sod is established. 

 
3.03 MAINTENANCE 
 

A. The CONTRACTOR shall maintain all seeded areas in a condition approved by the 
ENGINEER until final acceptance of the Contract.  Maintenance shall include, but not be 
limited to, mowing, raking clippings and leaves, repair of seeded areas, irrigation, and weed 
control.  Protection shall be provided for all seeded areas against trespassing and damage.  
Slopes shall be protected from damage due to erosion, settlement, and other causes and 
shall be repaired promptly. 

 
B. When protection of newly completed areas is necessary at a time, which is outside of the 

normal seeding season, the surfaces shall be protected by application of hay, straw, or 
woodchip mulch.  On slopes steeper than 3 feet horizontal to 1 foot vertical, the hay or 
straw shall be held in place by tar tack or covered with staked erosion nets of jute, burlap, 
etc. 

 
C. All seeded areas shall be inspected on a regular basis and any necessary repairs or 

reseedings shall be made within the planting season, if possible. 
 
 

END OF SECTION 
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CONSTRUCTION QUALITY ASSURANCE PLAN 
 
 
1.0  GENERAL 
 

1.1  Introduction 
 
The Construction Quality Assurance Manual for the Swift Creek Project (CCB-0057) Re-
grading and Closure Modification (CQA Manual) has been prepared for the Swift Creek CCB 
Structural Fill Project owned and previously operated by Full Circle Solutions, Inc. and ReUse 
Technologies, Inc. in response to the requirements of the solid waste regulations and with 
reference to the following guidelines: 
 

 USEPA Technical Guidance Document (TGD): Quality Assurance and Quality 
Control for Waste Containment Facilities (EPA/600-R-93/182, September 1993); 

 
 USEPA Technical Guidance Document (TGD); Inspection Techniques for the 

Fabrication of Geomembrane Field Seams (EPA/530-SW-91-051, May 1991); and 
 
 ASTM Standards and Other Specifications and Test Methods on the Quality 

Assurance of Landfill Liner Systems. 
 

The CQA Manual also incorporates elements of the CQA manuals of the manufacturers 
and installers of containment system components as appropriate. 
 

The purpose of the CQA Manual is to present the principles and practices of 
construction quality assurance required by NCDENR - Division of Waste Management, to be 
implemented during the construction of its waste disposal, surface impoundment, and other 
waste containment facilities.  Quality management involves both quality assurance and quality 
control activities performed to verify that construction activities meet the permitted design 
plans and specifications. 
 

For the purposes of the permit application, the CQA Manual is written in general 
terminology (i.e., using "Permitting Agency,"  "Owner," or "CQA Consultant" versus actual 
names of entities).  During the construction process, the specific parties involved will review 
this CQA Manual and modify it as necessary for site-specific conditions.  The modifications 
will be amended to this CQA Manual and will become the site-specific CQA Plan (Appendix 
3A), referred to as "CQA Plan" throughout this CQA Manual. 
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1.2  Scope of the CQA Plan 
 

The CQA Plan includes five primary elements: 
 

 Responsibility and Authority; 
 CQA Personnel Qualifications; 
 Monitoring Activities; 
 Sampling & Testing Strategies; and 
 Documentation. 

 
Activities and sampling strategies are presented for the individual component of the 

solid waste containment system as follows: 
 

 Structural Fill; 
 Geomembrane; 
 Geocomposite; 
 Geotextile 
 Polyethylene Pipe and Fittings; 
 Surveying; and 
 Documentation. 

 
This CQA Plan has been developed to work in conjunction with design/construction 

plans and specifications for the facility.  In the case of conflict between this CQA Plan and 
standards set by the design/construction plans, and specifications, the design/construction plans 
shall take precedence over both specifications and the CQA Plan, and specifications shall take 
precedence over the CQA Plan. 
 

1.3  Definitions and Use of Terms 
 

The following provides general information regarding specific terms, references, and 
units as used in the CQA Manual. 
 

1.3.1  Definitions Relating To CQA 
 

In the context of this CQA Manual, Construction Quality Assurance and 
Construction Quality Control are defined as follows: 
 

 Construction Quality Assurance (CQA) 
CQA refers to measures taken by the Owner to determine if the 
Contractors are in compliance with the design plans, and specifications. 

 Construction Quality Control (CQC) 
CQC refers to measure taken by the contractor to determine  
compliance with the requirements for material and workmanship as  
stated the contract drawings and specifications. 
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1.3.2  References To Standard 
 

The CQA Manual includes references to test procedures of the American 
Society for Testing and Materials (ASTM), the Federal Test Method Standards (FTMS), and 
the Geosynthetics Research Institute (GRI). 
 

1.3.3  Units 
 

Properties and dimensions given in the CQA Manual are expressed in U.S. units 
and may be followed by approximate equivalent values in SI units in parentheses.  The values 
given in SI units are typically accurate within ten percent.  In cases of conflict, the U.S. units 
shall govern. 
 

1.4  Responsibility and Authority 
 

The principal parties involved in the CQA of the solid waste containment system 
include the Permitting Agency, the Owner, the Project Manager, the Regional Engineer, the 
Design Engineer, the CQA Consultant, the Soils CQA Laboratory, the Geosynthetics CQA 
Laboratory, the Earthwork Contractor, the Geosynthetics Manufacturer, and the Geosynthetics 
Installer.  The general responsibilities and authorities of each of these parties is authority of a 
given party may be modified or expanded as dictated by specific project needs during Pre-
Construction Meetings. 
 

1.4.1  Permitting Agency 
 

The Permitting Agency is authorized to issue the permit for construction of the 
waste containment facility based on review and acceptance of the permit application. 
 

1.4.2  Owner 
 

The Owner is responsible for retaining qualified firms to coordinating the 
design and construction of the landfill containment system.   
 

1.4.2.1  Regional Engineer 
 

The Regional Engineer is retained by the Owner and is responsible for all 
correspondence with the Permitting Agency and manages the Design Engineer and the CQA 
Consultant.  This responsibility includes compliance with the permit and the submission of 
CQA documentation demonstrating that the facility was constructed in accordance with the 
design specifications.  
 

The Regional Engineer has the authority to select and dismiss parties charged 
with design and CQA.  The Regional Engineer also has the authority to accept or reject design 
plans and specifications, CQA plans, and CQA reports. 
 

1.4.2.2  Project Manager 
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The Project Manager is the official on-site representative retained by the Owner 

and is responsible for coordinating schedules, meetings, and field activities.  This responsibility 
includes communications to the Owner, CQA Consultant, Surveyor, Contractors, 
Manufacturer, and other involved parties. 
 

The Project Manager has the authority to select and dismiss parties charged with 
construction activities.  The Project Manager also has the authority to direct contractors hired 
by the Owner and to accept or reject their material and workmanship. 
 

1.4.3  Permit Engineer(s) 
 

The Permit Engineer(s) is a firm or person, retained by the Owner, to prepare 
permit documents for acceptance by the Permitting Agency.  The permit documents include 
forms, narratives, CQA Plan, design plans, and specifications, which support the sitting and 
design of the landfill.  The permit documents establish the limits, type, and details of the liner 
system and leachate management system and all other components of the site.  The permit 
documents provide minimum specifications and are the governing document when a 
specification contradiction arises. 
 

During construction, the Permit Engineer(s), the site’s Project Manager, and 
The Regional Engineer must approve substantive changes to the design plans of specifications 
of the facility. Substantive changes include any changes, which modify of impact the technical 
basis for any engineered component of the facility design.   
 

1.4.4  Design Engineer 
 

The Design Engineer is a firm or person, retained by the Owner, to prepare 
permit and/or construction documents for acceptance by the Permitting Agency and necessary 
to construct the facility.  The permit documents include forms, narratives, CQA Plan, design of 
the landfill.  The permit documents establish the limits, type, and details for liner system and 
leachate management system and all other components for the site.  The permit documents 
provide minimum specifications and are the governing document when a specification 
contradiction arises. 
 

During construction, the Design Engineer may be requested to clarify 
discrepancies in the construction documents or CQA Plan if necessary, the Design Engineer 
may also approve substantive changes to the design plans or specifications for the facility.  
Substantive changes include any changes, which modify or impact the technical basis for any 
engineered component of the facility design. 

 
 
 
 
1.4.5  CQA Consultant 
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The CQA Consultant is responsible for observing and documenting activities 
related to the permit documents and the CQA Plan.  The CQA Consultant is represented by the 
CQA Consultant’s Engineer of Record and supporting on-site CQA monitoring personnel as 
appropriate. 
 

In general, the responsibilities and authorities of the CQA Consultant include: 
 

 A working understanding of the permit documents, design plans, and 
specifications in relation to all aspects for the CQA Plan; 

 Scheduling, coordinating, and performing CQA activities; 
 Performing independent on-site observation of the work in progress to 

assess compliance with the CQA Plan, permit documents, design plans, 
and technical specifications; 

 Recognizing and reporting deviations from the CQA Plan, permit 
document, design plans, and/or specifications to the Regional Engineer 
and Project Manager;  

 Secure documents which approve changes to the CQA Plan, permit 
documents, design plans, and/or specifications; 

 Verifying that the CQA Consultant's test equipment meets testing and 
calibration requirements, and that tests are conducted according to 
standardized procedures defined in the CQA Plan; 

 Recording and maintaining test data accurately; 
 Identifying CQA tested work that should be accepted, rejected, or 

further evaluated; 
 Verifying that corrective measures are implemented; 
 Documenting and reporting CQA activities; 
 Collecting data needed for record documentation as defined in Section 

8.0; and 
 Maintaining open lines of communications with other parties involved 

in the construction. 
 

The CQA Consultant is also responsible for insuring documentation for major 
construction activities.  Construction activities include the following: 
 

 Final Cover System, and 
 Erosion and sedimentation control structures. 

 
Documentation shall bear the seal of a Professional Engineer registered in the 

sate of North Carolina. 
 
1.4.6  Soils CQA Laboratory 

 
The Soils CQA laboratory is responsible for performing the laboratory testing 

required by the CQA Plan to determine specific characteristics of the soils and aggregates.  The 
Soils CQA Laboratory is also responsible for providing adequate documentation of analytical 
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results, test methods followed, and testing equipment used.  Work of the Soils CQA Laboratory 
will be administered by, and reported to, the CQA Consultant. 
 

1.4.7  Geosynthetics CQA Laboratory 
 

The Geosynthetics CQA Laboratory is responsible for performing the 
laboratory testing required by the CQA Plan to determine specific characteristics of the 
geosynthetics.  The Geosynthetics CQA Laboratory is also responsible for providing adequate 
documentation of analytical results, test methods followed, and testing equipment used.  Work 
of the Geosynthetics CQA Laboratory may be administered by the CQA Consultant.  All 
results shall be reported to the CQA Consultant. 
 

1.4.8  Earthwork Contractor 
 

The Earthwork Contractor is responsible for moving earth to establish the liner 
grades, the preparation of the compacted soil liner, and granular drainage materials composing 
the soils components of the containment system.  The Earthwork Contractor may also be 
responsible for construction of sedimentation and erosion control facilities, anchor trenches for 
liner installation, and other support activities outside the containment system site. 
 

It is the responsibility of the Earthwork Contractor that the construction be 
performed using the procedures and equipment necessary to produce results in conformance 
with contract documents. 
 

The Earthwork Contractor may also be responsible for the placement of 
Geotextile, Geosynthetic reinforcement, piping and electrical systems.  In this capacity, the 
Earthwork Contractor is responsible for the quality of the materials and installation of the 
materials in conformance with the contract documents. 
 

1.4.9  Geosynthetics Manufacturer 
 

The Geosynthetics Manufacturer(s) is responsible for the production of 
geosynthetics, which meet the requirements of the contract documents.  The Geosynthetics 
Manufacturer is also responsible for providing adequate documentation regarding the 
characteristics of the rein, the characteristics of the finished product, the testing performed to 
determine the characteristics, and the quality control measures taken during manufacturing. 
 

The Geosynthetics Manufacturer(s) may be responsible for the safe 
transportation of the geosynthetics between the manufacturing plant and the site.  The 
Geosynthetics Manufacturer is responsible for carefully loading and transporting geosynthetics 
and accepts full responsibility for damage to the geosynthetics, which may occur during these 
operations. 
 

1.4.10  Geosynthetics Installer 
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The Geosynthetics Installer(s) is responsible for unloading, field handling, 
storing, placing, seeming, temporarily anchoring against wind, and other aspects of 
geosynthetics installation in accordance with the contract documents.  The Geosynthetics 
Installer may also be responsible for the preparation and completion of anchor trenches. 
 

Prior to installation, the Geosynthetics Installer is responsible for the 
preparation of the panel layout drawing identifying fabricated and field seams including 
dimensions and details.  Prior to mobilization, the Geosynthetics Installer is responsible for 
providing the installation schedule and a list of proposed field personnel and their 
qualifications. The Geomembrane Installer is responsible for providing quality control 
documentation and subgrade acceptance certificates.  Upon completion of the installation, the 
Geosynthetics Installer shall provide the geomembrane installation certification, the 
Manufacturer's warranty and the installation warranty. 
 

1.5  Project Meetings 
 

To achieve a high degree of quality during installation, clear, open channels of 
communication are essential.  The following meeting should be held when appropriate. 
 

1.5.1  Pre-Construction 
 

Following the completion of the contract documents and selection of a CQA 
Consultant for the project, a Pre-Construction Meeting may be held.  At a minimum, the 
meetings shall be attended by the Owner, Regional Engineer, the Project Manager, the CQA 
Consultant’s Engineer of Record, the CQA Consultant’s monitoring personnel, the Earthwork 
Contractor, the Geosynthetics Installer, the Design Engineer, and other involved parties. 
 

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

The meeting shall include the following activities: 
 

 Distribute relevant documents; 
 Discuss Construction Scheduling; 
 Review critical design details of the project; 
 Review the CQA Manual; 
 Make appropriate modifications to the CQA Manual to include CQA 

activities that are necessary; 
 Reach a consensus on the site-specific CQA Plan and quality control 

procedures, especially on methods for determining acceptability of the 
soils and geosynthetics comprising the containment system and/or final 
cover system; 
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 Select testing equipment and review protocols for testing and placement 
of soil materials; 

 Confirm the methods for documenting and reporting, and for 
distributing documents and reports; and  

 Confirm the lines of authority and communication. 
 

Two Pre-Construction Meetings may be held, one prior to earthwork 
construction, and one prior to geosynthetic placement. Regardless, all meetings must be 
documented by the CQA Consultant, and minutes will be transmitted within one (1) week to all 
parties involved. 
 

1.5.2  Weekly Progress Meetings 
 

A weekly progress meeting shall be held between the CQA Consultant, the 
Geosynthetic Installer, the Earthwork Contractor, the Project Manager, and other involved 
parties.  Those attending will discuss, plan, coordinate the work, and CQA activities to be 
completed that week.  More frequent meetings may be held if necessary to address construction 
issues.  The meeting will be documented by the CQA Consultant and minutes will be 
transmitted to all involved parties within one (1) week. 
 

1.5.3  Problem Or Work Deficiency Meetings 
 

A special meeting shall be held when and if a problem or deficiency, which 
would impact the construction schedule, is present or likely to occur and cannot wait to be 
addressed during regular weekly meetings.  At a minimum, the meeting shall be attended by the 
affected Contractor, the Project Manager, and the CQA Consultant.  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 shall be documented by the CQA Consultant and minutes shall be 

transmitted within one (1) week to all involved parties. 
 

1.6  Qualifications of Key Personnel and Organizations 
 

The following Qualifications shall be required of the key personnel and organizations 
involved in the construction of Solid Waste Containment Systems: 
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1.6.1  CQA Consultant 
 

The CQA Consultant shall be pre-qualified and approved by the Regional 
Engineer .  The CQA Consultant shall be a qualified engineering firm with experience in 
construction quality assurance and quality control, particularly on projects involving similar 
containment systems.  The CQA Consultant shall designate an Engineer of Record who is a 
Professional Engineer registered in the state of North Carolina.  The Engineer of Record shall 
be solely responsible for the CQA personnel and their activities, as well as the preparation of a 
documentation report to document the project has been constructed in general accordance with 
the CQA Plan, permit documents, permit, design plans, and specifications.  The CQA 
Consultant shall be capable of assigning technically qualified personnel to the project, 
including on-site CQA Monitors, as needed.  The person designated as the Engineer of Record 
shall possess a thorough knowledge of all aspects of earthwork and geosynthetic construction. 
 

CQA Monitors shall be specifically trained in quality assurance of 
geosynthetics, and earthwork.  At a minimum, one CQA monitor shall be on-site having a 
minimum of two years experience and have worked on at least four projects of five acres of 
greater. 
 

1.6.2  Soils And Geosynthetics CQA Laboratories 
 

The Soils CQA laboratory shall be pre-qualified by the Regional Engineer.  The 
Soils and Geosynthetics CQA Laboratories shall be experienced in performing laboratory tests 
to determine characteristics as required by this CQA Plan.  The Soils and Geosynthetics 
Laboratories shall demonstrate that it follows the standard test methods listed in the CQA Plan 
and maintains the appropriately calibrated equipment to perform the tests.  The Soils and 
Geosynthetics Laboratories shall also demonstrate to the CQA Consultant and Regional 
Engineer that it adheres to a formal in house quality control program and can provide the 
required analytical documentation and reports. 
 

1.6.3  Earthwork Contractor 
 

The Earthwork Contractor shall be pre-qualified and approved by the Regional 
Engineer.  The Earthwork Contractor shall be capable of assigning the personnel and 
equipment required to perform the work within the schedule. 
 

1.6.4  Geosynthetics Manufacturer 
 

The Geosynthetics Manufacturer(s) shall be able to provide sufficient 
production capacity and experience to meet the demands of the project.  In particular, the 
Geosynthetics Manufacturer shall be pre-qualified and approved by the Regional Engineer.  
The Manufacturers of geosynthetics shall provide, upon request of owner, sufficient 
documentation of production capacity and experience to the satisfaction of the Regional 
Engineer. 
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1.6.5  Geosynthetics Installer 
 

The Geosynthetic Installer(s) shall be trained and qualified to install geosynthetics.  
Prior to confirmation of contractual agreements, the Geomembrane Installer shall provide the 
Project Manager with a list of proposed seaming personnel and their professional records.  This 
certificate shall be reviewed by the Project Manager and the CQA Consultant.  Proposed 
seaming personnel deemed insufficiently experienced shall not be accepted by the Project 
Manager or shall be required to pass a seaming test. 

 
The Geosynthetic Installer shall designate one representative as the Installation 

Supervisor, who will represent the Installer on-site and at site meetings.  The Installation 
Supervisor shall be qualified by experience.  The Installation Supervisor must have supervised 
the installation of a minimum of 2 million square feet of geomembrane.  The Installation 
Supervisor shall be approved by the Project Manager. 

 
In addition, the Geosynthetic Installer shall designate a Master Seamer, who shall not 

be the Installation Supervisor.  The Master Seamer shall be present during all seaming 
operations and shall have a minimum of 5 million square feet of field seaming experience, and 
shall be thoroughly experienced with extrusion welding, fusion welding, and welding in both 
hot and cold weather. 

 
 

2.0  STRUCTURAL FILL, COMPACTED SOIL LINER, AND DRAINAGE MATERIALS 
 
 2.1  Introduction 
 
 Section 2.0 of the CQA Manual addresses the CQA activities associated with 
components of the solid waste containment system, which is to be constructed of soil or 
aggregate.  These components may include: 
 

 Subgrade 
 Structural Fill 
 Protective Cover 

 
 The soil and aggregate components of the containment system shall meet requirements 
related to material characteristics and construction quality.  Both field and laboratory tests shall 
be performed prior to construction to evaluate if the characteristics of soil and aggregate from 
proposed sources meet the material acceptance requirements of the permit and design 
specifications.  Throughout construction, additional field and laboratory testing shall be 
performed to evaluate if the placed material meets the requirements of the permit and 
construction documents with regard to material acceptance and construction quality. 
  
2.2  Test Methods and Sampling Requirements 
 
 Tables 3.2-1A and 3.2-1B (Tables) present the laboratory and file test methods, which 
shall be used to determine material characteristics and evaluate construction quality for the soil 
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and aggregate components of the containment system.  The tests shall be conducted in 
accordance with the current versions of the corresponding standard methods given. 
 
 Table 3.2-2 (Tables) provides information regarding the minimum test frequencies.  
The table also includes the locations at which samples shall be collected, the sample size, and 
the acceptance criteria. 
 
 Four types of sampling location strategies shall be used for the various soil and 
aggregate components: 
 
 - As required by the CQA Consultant to evaluate material characteristics prior to 

the use of the material in construction.  These samples may come from the 
source of a material such as a production plant or from a test pit in natural 
material. 

 - For specific bulk volumes of material in stockpiles (e.g., 1 sample per 5,000 cy). 
 These samples are usually taken on material, which has been processed or 
segregated for a particular purpose. 

 - For materials placed over long linear extent (such as roads and embankments), 
use stationing, offsets, and approximate elevation.  Stationing should be 
designated as 1+00, 2+00, etc. and offsets should be designated as left or right 
of the stationing line based on view toward increased stations. 

 - Once per 10,000 square feet means that the project area will be split into 10,000 
square foot sections with one sample being taken from an appropriate point 
within the section, selected by the CQA Consultant. 

 
 2.3  Subgrade 
 
 Subgrade refers to a surface, which is exposed after stripping topsoil or excavating to 
establish liner or filling to structural fill grades.  Generally, Compacted Soil Liner is placed on 
Subgrade. 
 
 The prepared subgrade should conform to the contours shown on the grading plan, as 
verified by the Surveyor.  Vegetation shall be stripped in accordance with the design 
specifications and the surface proofrolled.  Potentially deleterious materials such as organics or 
soft materials shall be removed and the resulting voids filled with acceptable material, 
appropriately compacted.  
 
 Refer to Table 3.2-2 for the specific test methods to be use, a summary of the field and 
laboratory testing to be performed, sample locations, sample sizes, test frequencies, and 
acceptance criteria for the structural fill. After proofrolling and/or other suitable techniques, 
visual examination of the subgrade preparation by the CQA Consultant should be sufficient to 
evaluate its suitability as a foundation for the compacted low permeability soil.  If necessary, 
structural fill will be used to establish subgrade elevations for the containment system and 
berms.  Use of structural fill will require the following field-testing to be performed: 
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 - Determination of moisture/density relationship for the subgrade and/or fill 
material through laboratory testing; and 

 - Evaluation of compaction of prepared subgrade and/or fill through field density 
testing. 

 
 The subgrade should be accepted by the CQA Consultant if it does not pump or rut 
excessively.  If excessive pumping or rutting occurs, the area should be reworked or removed 
by undercutting to more suitable material. 
 
 The surface of the finished subgrade will be surveyed in accordance with Section 7.0 
for record documentation prior to placement of the compacted soil liner. 
 

2.4 Structural Fill 
 
 Structural fill will be used in several locations to establish design elevations for the 
containment system, construct berms, roads, sedimentation basins, and fill pads for 
structures, etc.  Structural fill shall meet the requirements presented in Table 3.2-2.   
 

Structural fill will be placed in 8-inch to 12-inch loose horizontal lifts unless 
otherwise approved by Design Engineer. 
 

Refer to Table 3.2-2 for the specific test methods to be used, a summary of the field 
and laboratory testing to be performed, sample locations, sample sizes, test frequencies, and 
acceptance criteria for the structural fill. 
 

The completed surface shall be smooth, firm, and free of loose debris.  Any damaged 
areas of the compacted fill shall be excavated and repaired at no additional cost to the owner. 
 Areas where pumping or rutting occurs shall be reworked or removed by undercutting to 
obtain a more suitable material. 

 
The soil liner subgrade shall be proofrolled by the Contractor and examined by the 

CQA Consultant to detect unstable or loose soils.  Proofrolling shall be accomplished with 
six (6) passes (minimum) of a self-propelled drum or tamping foot roller with a static weight 
of the drum of at least 15,000 pounds unless otherwise approved by the CQA Consultant. 
 

Upon completion of the design grades, the Earthwork Contractor shall survey the 
surface to verify that the layer has been constructed to the design lines, grades, and thickness 
indicated on the Contract Drawings.  Survey Tolerances can be found in Section 7.0 of the 
CQA Plan. 
 

Where appropriate, the CQA Consultant shall prepare a documentation report for the 
prepared structural fill based on a review of the CQC information and CQA monitoring 
performed during installation of the structural fill.   

 
 2.5  Protective Cover 

The protective cover layer shall be a 24-inch layer composed of soil/aggregate 
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meeting the gradation and permeability for this material as required in Table 3.2-2.  The soil 
shall be substantially free of organics, frozen material, foreign objects, or other deleterious 
materials.   
 

Refer to Table 3.2-2 for the specific test methods to be used, a summary of the field 
and laboratory testing to be performed, sample locations, sample sizes, test frequencies, and 
acceptance criteria for the protective cover. 
 

Protective cover shall be placed in one 24-inch lift and in such a manner so as not to 
damage the underlying geosynthetic liner materials.  Low ground-pressure equipment shall 
be used to place the material.  The equipment shall be operated on a minimum lift thickness 
of 24 inches. 
 

A ramp will be constructed on the liner in advance of any non-low ground pressure 
equipment, which will be utilized to haul or place protective cover.  This ramp will be no less 
than 36 inches in height and will also be constructed of protective cover. 
 

Surveying shall be performed to verify that finished protective cover 
dimensions/thicknesses are as specified in the design.  Upon completion of the design grades, 
the Earthwork Contractor shall survey the surface to verify that the layer has been 
constructed to the design lines, grades, and thickness indicated on the Contract Drawings.  
Survey Tolerances can be found in Section 7.0 of the CQA Plan. 

 
The CQA Consultant shall prepare a Documentation Report for the Protective Cover 

layer based on a review of the CQC information and CQA monitoring performed during 
installation of the material.   
 

The finished surface of the protective cover layer will be surveyed in accordance with 
Section 7.0 for record documentation. 
 
 2.6  Potential Problems and Deficiencies 
 

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

 The roller slips during compaction operations; 
 Dirt-clogged rollers are used to compact the material: 
 The roller may not have used optimum ballast; 
 Equipment break downs during placement; 
 Excessive pumping or cracking of material occurs; 
 Adverse weather conditions; 
 Work conducted in difficult areas; or 
 High frequency of failing tests. 
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If a defect is discovered in the earthwork product, the CQA Consultant shall 
immediately determine the extent and nature of the defect.  If the defect is indicated by an 
unsatisfactory test result, the CQA Consultant shall determine the extent of the deficient area 
by additional tests, observations, a review of records, or other appropriate means.  All 
deficiencies shall be corrected by the Earthwork Contractor to the satisfaction of the CQA 
Consultant and the Owner. 
 

2.6.1 Notification  
 

The CQA Consultant shall notify the Earthwork Contractor immediately upon 
discovering the defect.  After determining the extent and nature of the defect, the CQA 
Consultant shall notify the Project Manager as necessary.   
 

2.6.2 Repairs and Retesting 
 
The Earthwork Contractor shall correct the deficiency to the satisfaction of 

the CQA Consultant and Owner.  If a design specification criterion cannot be met, or unusual 
weather conditions hinder work, then the CQA Consultant shall develop and present to the 
Owner suggested solutions for approval. 

 
The CQA Consultant shall schedule appropriate retests after the work 

deficiency has been corrected.  Retests recommended by the CQA Consultant must verify 
that the defect has been corrected before any additional work is performed by the Earthwork 
Contractor in the area of the deficiency. 
 
3.0  GEOMEMBRANE 
 
 3.1  Manufacture, Shipment and Storage 
 
 The following addresses the activities associated with the manufacture of the 
geomembrane; the shipment, handling, and delivery of geomembrane to the site; conformance 
testing of delivered geomembrane; and the storage of the geomembrane prior to installation. 
 
  3.1.1  Manufacturer Of Polyethylene Geomembrane 
 
  The Geosynthetics Manufacturer shall provide documentation that the material 
meets the requirements of the design specifications, as listed in Table Table 3.4-4 [Liner Low 
Density Polyethylene (LLDPE)], and that adequate quality control measures have been 
implemented during the manufacturing process. 
 
   3.1.1.1  Resin Quality 
 
   The raw material shall be first quality polyethylene resin contain no 
more than 2 percent clean “reground”, “reworked”, or “trim” material by weight, and meeting 
the specification, outlined in Table 3.4-4 (LLDPE). 
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   Prior to the shipment of polyethylene geomembrane material, the 
Geosynthetics Manufacturer shall provide the Project Manager and the CQA Consultant with 
the following information: 
 

 The origin (Resin Supplier's name and resin production plant), 
identification (brand name number), and production date of the 
resin; 

 A copy of the quality control certificates issued by the Resin 
Supplier; 

 Reports on the tests conducted by the Manufacturer to verify the 
quality of the resin used to manufacture the geomembrane rolls 
and extrudate rods meet the requirements indicated above; and 

 A statement that no reclaimed polymer is added to the resin 
(however, the use of polymer recycled during the manufacturing 
process may be permitted if done with appropriate cleanliness 
and if recycled polymer does not exceed 2 percent by weight). 

 
   At the Owner's discretion and cost, testing may be carried out on the 
resin by the Geosynthetics CQA Laboratory for purposes of verifying conformance.  If the 
results of the manufacturer and the Geosynthetics CQA Laboratory testing differs, the testing 
will be repeated by the Geosynthetics CQA Laboratory, and the Geosynthetics Manufacturer 
will be permitted to monitor this testing.  The results of this letter series of tests will prevail, 
provided that the applicable test methods have been followed. 
 
   3.1.1.2  Certification of Property Values 
 
   In addition to information regarding the raw material, the Geosynthetics 
Manufacturer shall provide the Project Manager and the CQA Consultant with the following 
prior to shipment of the geomembrane: 
 

 A properties sheet certification including, at a minimum, 
guaranteed values for all specified properties presented in Table 
3.4-4 (LLDPE). 

 
 A list of quantities and descriptions for materials other than the 

base polymer, which comprise the geomembrane. 
 
   The CQA Consultant shall verify that the property values certified by 
the Geosynthetics Manufacturer meet the test methods and values shown on Table 3.4-4 
(LLDPE). 
 
   3.1.1.3  Quality Control Certificates 
 
   Prior to shipment, the Geosynthetics Manufacturer shall provide the 
Project Manager and the CQA Consultant with quality control certificates for the geomembrane 
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to be shipped to the site.  The quality control certificate will be signed by a responsible party 
employed by the Geosynthetics Manufacturer.  The quality control certificate will include: 
 

 Roll numbers and identification; and 
 Sampling procedures and results of quality control tests. 

 
   The Geosynthetics Manufacturer shall be required to perform, at a 
minimum, the tests at the minimum frequencies presented in Table 3.4-4 (LLDPE). 
  
   The CQA Consultant shall: 
 

 Verify that the quality control certificates have been provided at 
the frequency specified in Table 3.4-4 (LLDPE) for all rolls; and 

 Review the quality control certificates and verify that the test 
methods and values meet the requirements presented in Table 
3.4-4 (LLDPE) 

 
  3.1.2  Shipment And Handling 
 
  Shipment of the geomembrane to the site is the responsibility of the Owner, 
Geosynthetics Manufacturer, or Geosynthetics Installer depending on the contract documents.  
Handling of geomembrane on-site is the responsibility of the Geosynthetics Installer. 
 
  The CQA Consultant shall confirm that: 
 

 Handling equipment used on-site poses minimal risk of damage 
to the geomembrane; and 

 
 The personnel handle the geomembranes with care. 

 
Upon delivery at the site, the Geosynthetics Installer and the CQA Consultant 

shall confirm that roll identification corresponds to quality control certificates, and shall 
conduct a visual examination of the exposed outer surface of each roll for defects, damage, 
and labeling.  This examination shall be conducted without unrolling rolls unless defects or 
damages are found or suspected.  All roll identifying labels shall be weatherproof.  The CQA 
Consultant will indicate to the Project Manager: 
 

 Rolls, or portions thereof, that should be rejected and removed 
from the site because they have severe flaws;  

 
 Rolls that have minor repairable flaws; and 

 
 Rolls without proper identification. 
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The Project Manager shall reject rolls without proper identification. 
 
  3.1.3  Conformance Testing Of Geomembrane 
 
  Upon, or prior to, delivery of the rolls of geomembrane, the CQA Consultant 
shall verify that samples are removed and forwarded to the Geosynthetics CQA Laboratory for 
testing to verify conformance with the test methods, values, and frequencies presented in Table 
3.4-2 (HDPE) and Table 3.4-5 (LLDPE). 
 
   3.1.3.1  Sample Collection 
 
   Using the packing list provided by the manufacturer or a sequential 
inventory list made by the CQA Consultant, rolls shall be selected for sampling at a minimum 
frequency as specified in Table 3.4-2 (HDPE) and Table 3.4-5 (LLDPE).  If the material is 
shipped in identifiable lots or manufacturing runs, sample selection should be adjusted to assure 
that the minimum frequency is met and that each different lot or manufacturing run is 
represented by at least one sample. 
 
   Samples will be taken across the entire width of the roll and will not 
include the first 3 lineal feet.  Unless otherwise specified, samples will be 3 feet long by the roll 
width.  The CQA Consultant will mark the machine direction on the samples with an arrow.  
Conformance testing shall be conducted in accordance with Table 3.4-2 (HDPE) and Table 3.4-
5 (LLDPE). 
 
   3.1.3.2  Test Results 
 
   The results of the conformance testing shall be evaluated in accordance 
to the following procedure: 
 

 If the average test values for the sample meet the requirement 
presented in Table 3.4-2 (HDPE) and Table 3.4-5 (LLDPE), and 
the Manufacturer's guaranteed minimum values, the sample 
passes. 

    
 If the average test value for the sample does not meet one or 

more of the required values, additional evaluation procedures 
will be implemented by the CQA Consultant.  Additional tests 
required for further evaluation shall be at no expense to the 
Owner. 

     
 For the failing parameter(s), perform one additional test on the 

sample. This test may be performed by another CQA 
Geosynthetics Laboratory at the discretion of the CQA 
Consultant and the Project Manager. 
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 If the test values for the additional tests meet the required values, 
the roll and adjacent rolls pass and are acceptable. 

    
 If the test value does not meet requirements, reject the roll, 

collect samples from the closest numerical roll on both sides of 
the failed roll and test for the failed parameter(s). If one or both 
of these tests do not meet requirements, those roll(s) will be 
rejected and the CQA Consultant and Project Manager shall 
determine further testing protocol and criteria for identifying the 
limits of rejected rolls. 

 
  3.1.4  Storage 
 
  The Geosynthetics Installer shall be responsible for the storage of the 
geomembrane on site unless otherwise specified. Storage space should protect the 
geomembrane form theft, vandalism, passage of vehicles, damage from the supporting 
subgrade, water, and weather.  The geomembrane shall be stored on sandy subgrade free of 
rocks and sharp objects.  The maximum stacking height for rolls shall be four rolls high. 
 
  The CQA Consultant shall observe that storage of the geomembrane provides 
adequate protection against dirt, shock, and other sources of damage. 
 

3.2 Geomembrane Installation 
 

3.2.1.1 Earthwork 
 
  Installation of Geomembrane involves three primary tasks; earthwork, 
placement of geomembrane panels, and seaming the field panels.  The installation of the 
geomembrane and anchoring it in place is crucial to the performance of the geomembrane.  The 
CQA Consultant shall monitor Geomembrane Installation activities. 
 
 The CQA Consultant shall document that: 
 

 A qualified Land Surveyor has verified lines and grades; and  
 

 The requirements of Section 2.0 of the CQA Plan are satisfied. 
 
 The compacted soil liner on which the overlying geosynthetic liner system is 

to be placed shall have been compacted and graded smooth in accordance 
with the CQA Plan.  The surface shall be free of sharp or pointed stones, 
which would tend to puncture the overlying geomembrane.  In addition, all 
stones within the top lift of compacted soil liner shall be smaller than ¾-inch 
diameter. 

 
 If necessary, base and sideslope surfaces shall be rolled with a smooth drum 

roller to smooth out rough or badly gouged compacted soil liner.  Sharp-
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pointed fragments of stone, dried soil clods or other deleterious materials shall 
be removed.  This work will be performed by the Earthwork Contractor. 

 
 The underlying soil liner provides a firm, smooth, unyielding foundation for 

the overlying geosynthetic liner system with no sudden, sharp or abrupt 
changes or break in grade.  No standing water or excessive moisture shall be 
allowed.  Areas that are soft, wet, or otherwise unsuitable for liner installation 
shall be excavated and replaced with suitable material by the Earthwork 
Contractor.  Immediately prior to installation of the first component of the 
geosynthetic liner system, the Geosynthetics Installer and on-site Project 
Manager shall walk the entire surface of the soil liner, to ensure that it is 
acceptable. 

 
 The Geosynthetics Installer shall certify in writing that the surface on which the 
geomembrane will be installed is acceptable.  This subgrade acceptance certificates shall be 
given by the Geosynthetics Installer to the CQA Consultant prior to commencement of 
geomembrane installation in the area under consideration.  The CQA Consultant will document 
the acceptance certification for the CQA Final Report. 
 
 It is the Geosynthetics Installer's responsibility to protect the compacted soil liner after 
it has been accepted. After the supporting soil has been accepted by the Geosynthetics Installer, 
it shall be the responsibility of the Geosynthetics Installer and the CQA Consultant to indicate 
to the Project Manager any change in the compacted soil liner condition that may require repair 
work. 
 
  3.2.2  Geomembrane Placement 
 
  The placement of field panels of geomembrane is the responsibility of the 
Geosynthetics Installer and shall be performed in accordance with the approved panel layout 
and the following. 
 
   3.2.2.1  Panel Layout 
 
   At the Pre-Construction Meeting, the Geosynthetics Installer shall 
provide the Project Manager and the CQA Consultant with a drawing of the facility to be lined 
showing expected panel layout.  The CQA Consultant shall review the panel layout drawing 
and verify it is consistent with the acceptance state of practice and the CQA Plan.  The Panel 
Layout Drawing shall be approved by the CQA Consultant’s Engineer of Record. 
 
   Seams should be oriented parallel to the line of maximum slope, i.e., 
oriented along, not across the slope, unless approved by the engineer.  In corners and odd-
shaped geometric locations, the number of seams should be minimized.  Horizontal seams 
should not be closer than 5 feet from the toe of slopes, or areas of potential stress concentration, 
unless otherwise authorized. 
 
   3.2.2.2  Field Panel Identification 
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   The CQA Consultant shall document that the Geosynthetics Installer 
labels each field panel with an "identification code" (number and/or letter) consistent with the 
layout plan.  This identification code shall be agreed upon by the Project Manager, 
Geosynthetics Installer, and CQA Consultant.  It is the responsibility of the Geosynthetics 
Installer and the CQA Consultant to verify that each field panel placed can be tracked to the 
original roll number.  The identification code will be marked at a location agreed upon by the 
Project Manager, Geosynthetics Installer, and the CQA Consultant at the Pre-Construction 
meeting. 
 
   The CQA Consultant shall establish a table or chart showing 
correspondence between roll numbers and field panel identification codes.  The field panel 
identification code will be used for all quality assurance records. 
 
   3.2.2.3  Installation Schedule 
 
   Field panels shall be placed one at a time unless otherwise approved by 
the CQA Consultant and the Project Manager.  Each field panel shall be seamed after its 
placement in order to minimized the number of unsealed field panels exposed to weather. 
    
   It is usually beneficial to "shingle" overlaps in the downward direction 
to facilitate drainage in the event of precipitation.  It is also beneficial to proceed in the 
direction of prevailing winds.  Scheduling decisions must be made during installation, in 
accordance with varying conditions.  In any event, the Geosynthetics Installer shall be fully 
responsible for the decision made regarding placement procedures. 
 
   The CQA Consultant shall record the identification code, location, date 
of installation, time of installation, weather conditions and ambient temperature.  The CQA 
Consultant shall evaluate field changes by the Geosynthetics Installer, which may have affected 
the original schedule proposed by the Geosynthetics Installer, and advise the Project manager 
on the acceptability of that change. 
 
   3.2.2.4  Weather Conditions 
 
   Geomembrane placement shall not proceed when sheet temperature, 
measured by placing a thermometer on the surface of the sheet, is below 40oF or above 140oF.  
Deviations from these temperature criteria shall only occur when authorized by the Project 
Manager and with the concurrence of the CQA Consultant.  Geomembrane placement shall not 
be done during any precipitation, fog, snow, in an area of ponded water, or in the presence of 
excessive winds.  
 
   The CQA Consultant shall verify that the above conditions are fulfilled 
and shall inform the Project Manager if the conditions are not fulfilled. 
 
   3.2.2.5  Anchorage System 
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   Anchor trenches shall be excavated by the Earthwork Contractor (unless 
otherwise specified) to the lines and widths shown on the plans prior to geomembrane 
placement.  The CQA Consultant shall verify that anchor trenches have been constructed 
according to the plans. 
 
   Slightly rounded corners will be provided in trenches where the 
geomembrane adjoins the trench to avoid sharp bends in the geomembrane.  Loose soil shall 
not underlie the geomembrane in the trenches.  Seaming shall continue through the anchor 
trench. 
 
   Backfilling of anchor trenches shall be performed in accordance with 
Technical Specifications and Section 3.2.5 of the CQA Manual. 
 
   3.2.2.6  Method of Placement 
 
   The following is the responsibility of the Geosynthetics Installer; the 
CQA Consultant shall document that these conditions are satisfied: 
 

 Equipment used does not damage the geomembrane by handling, 
traffic, excessive heat, leakage of liquids, or other means: 

 
 The prepared surface underlying the geomembrane has not 

deteriorated since previous acceptance, and is still acceptable 
immediately prior to geomembrane placement; 

 
 Geosynthetic material immediately underlying the geomembrane are 

clean and free of debris; 
    

 Personnel working on the geomembrane do not smoke, wear 
damaging shoes, or engage in other activities that could damage the 
geomembrane; 

 
 The method and equipment used to unroll the panels does not cause 

scratches or crimps in the geomembrane and does not damage the  
compacted soil liner or GCL; 

 
 The method used to place the panels minimizes wrinkle (especially 

differential wrinkle between adjacent panels); 
 

 Adequate temporary loading and/or anchoring (e.g., sand bags, 
tires), not likely to damage the geomembrane, has been placed to 
prevent uplift by wind (in case of high winds, continuous loading, 
e.g., by adjacent sand bags, is recommended along the edges of 
panels to minimize the risk of wind flow under the panels); and 
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 Direct contact with the geomembrane is minimized; i.e., the 
geomembrane is protected by geotextiles, extra geomembrane, or 
other suitable materials, in areas where excessive traffic may be 
expected. 

 
 Panels should be deployed such that minimal adjustments are 

required. 
 
 The Earthwork Contractor and Geosynthetics Installer shall be 

responsible each day for taking all actions needed to prevent run 
on of stormwater above and beneath the geomembrane.  Run on 
beneath the geomembrane may necessitate removal of underlying 
soils, depending on the soil condition as determined by the CQA 
Consultant.  Once liner installation has started, the Owner will not 
be responsible for costs associated with repair of compacted soil 
liner damage due to stormwater run on. 

 
   The CQA Consultant shall inform the Project Manager if the above 
conditions are not fulfilled. 
 
   3.2.2.7  Damage 
 
   The CQA Consultant shall visually observe each panel, after placement 
and prior to seaming, for damage.  The CQA Consultant shall advise the Project Manager 
which panels, or portions of panels, should be rejected, repaired, or accepted. Damaged panels 
or portions of damaged panels, which have been rejected, shall be marked and their removal 
from the work area recorded by the CQA Consultant.  Repairs shall be made according to 
procedures described in the technical specifications and CQA Plan. 
 
   As a minimum, the CQA Consultant shall document that: 
 

 The panel is placed in such a manner that it is unlikely to be 
further damaged; and 

 Any tears, punctures, holes, thin spots, etc. are either marked for 
repair or the panel is rejected. 

 
  3.2.3  Field Seaming 
 
  Field seaming is the responsibility of the Geosynthetics Installer and shall be 
performed in accordance with the following: 
 

At the Pre-Construction Meeting, the Geosynthetics Installer will provide the 
CQA Consultant with a list of proposed seaming personnel and their professional records.  
This document will be reviewed and approved by the Project Manager and CQA Consultant. 
 Seaming personnel shall meet the requirements listed in Section 1.6.5 of this CQA Manual. 
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  Approved processes for field seaming are extrusion seaming and fusion 
seaming.  Proposed alternate processes shall be documented and submitted to the Owner for 
approval.  Only seaming equipment which has been specifically approved by make and model 
shall be used.  The Geosynthetics Installer shall submit seaming equipment documentation to 
the Project Manager and the CQA Consultant for the CQA report. 
 
  The flowing is the responsibility of the Installer; the CQA Consultant shall 
verify that these conditions are met: 
 

 The Geosynthetics Installer maintains on-site the number of spare operable 
seaming apparatus decided at the Pre-Construction Meeting; 

 Equipment used for seaming is not likely to damage the geomembrane; 
 The extruder is purged prior to beginning seam unit heat-degraded extrudate 

has been removed form the barrel; 
 For cross seams, the edge of the cross seam is ground to a smooth incline 

(top and bottom) prior to seaming; 
 The electric generator is placed on a flat smooth base and a rub sheet such 

that no damage occurs to the geomembrane; 
 A smooth insulating plate or fabric is placed beneath the hot seaming 

apparatus after usage. 
 
   3.2.3.1  Extrusion Seaming 
 
   The extrusion seaming apparatus shall be equipped with gauges giving 
the relevant temperatures of the apparatus such as the temperatures of the extrudate, nozzle, and 
preheat. 
 
   The Geosynthetics Installer shall provide documentation on the 
extrudate to the Project Manager and the CQA Consultant, and shall certify that the extrudate is 
compatible with the design specifications, and is comprised of the same resin as the 
geomembrane sheeting, except in the case of LLDPE, where the extrudate shall be comprised 
of HDPE resin. 
 
   The CQA Consultant shall log apparatus temperatures, ambient 
temperatures, extrudate temperatures, and sheet temperatures at appropriate intervals. 
 
   3.2.3.2  Fusion Seaming 
 
   The fusion seaming apparatus must be automated vehicular mounted 
devices, equipped with gauges giving the applicable temperatures.  Pressure settings shall be 
verified by the Geosynthetics Installer prior to each seaming period. 
 
   The CQA Consultant shall log ambient temperatures, sheet 
temperatures, and seaming apparatus temperatures, speeds, and pressures. 
 
   3.2.3.3  Seam Preparation 
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   The following is the responsibility of the Geosynthetics Installer; the 
CQA Consultant shall verify that these conditions are met: 
 

 Prior to seaming, the seam area is clean and free of moisture, dust, 
dirt, oils, greases, debris of any kind, and foreign material.  If 
necessary, the material to be joined must be wiped with a clean cloth 
just prior to seaming; 

 A rub sheet must be used to protect the liner while cutting any 
materials; 

 If seam overlap grinding is required, the process is completed 
according to the Geomembrane Manufacturer's instructions within 1 
hour of the seaming operation, and in a way that does not damage 
the geomembrane; 

 As a general guidance, the panels of geomembrane shall have a 
finished overlap; of a minimum of 3 inches for extrusion seaming 
and 6 inches for fusion seaming, but in any event sufficient overlap 
will be provided to allow peel tests to be performed on the seam; 

 No solvent or adhesive is used unless the product is approved in 
writing by the Owner (samples will be submitted to the Owner for 
testing and evaluation); 

 The procedure used to temporarily bond adjacent panels together 
shall not damage the geomembrane (in particular, the temperature of 
hot air at the nozzle of any seaming apparatus is controlled such that 
the geomembrane is not damaged). 

 No abrading is visible when welding is complete; 
 Seams are aligned with the fewest possible number of wrinkle and 

"fishmouths"' and 
 No metal objects that could potentially damage the liner are 

permitted for use on the lined area. 
 
   The CQA Consultant shall observe all appropriate temperatures and 
conditions, and shall log and report to the Project Manager any deviation. 
 

3.3.2.3.4 Weather Conditions for Seaming 
 

The required weather conditions for seaming are as follows: 
 

 The sheet temperatures shall be measured by the Geosynthetics 
Installer using a thermometer placed on the surface of the 
geomembrane sheet; 

 Unless authorized in writing by the Project Manager, (extrusion or 
fusion welding) seaming shall be attempted at a sheet temperature 
below 40°For above 140oF; and 
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 The geomembrane shall be dry and protected from wind. 
 
   If the Geosynthetics Installer wishes to use methods, which may allow 
seaming at ambient temperatures below 40°F or above 140°F, the Geosynthetics Installer shall 
demonstrate and certify in writing that such methods produce seams, which are entirely 
equivalent to seams produced at acceptable ambient temperatures. The Geosynthetics Installer 
shall also demonstrate that the overall quality of the geomembrane is not adversely affected.  

 
   The CQA Consultant shall verify that the above guidelines regarding 
weather are adhered to, and will advise the Project Manager and Engineer of Record 
accordingly. 
 
   3.2.3.5  Pre-Weld Testing 
 
   Test welds shall be made on fragment pieces of geomembrane liner to 
verify that seeming conditions are adequate and in accordance with Table 3.4-3 (HDPE) and 
Table 3.4-6 (LLDPE).  Such test welds shall be made upon each start of work for each seamer, 
upon every four (4) hours of continuous seaming, every time seaming equipment is changed, if 
significant changes in geomembrane temperature and weather condition are observed, and at 
the discretion of the CQA Consultant.  A passing test weld shall be made for each seaming 
device and technician.  A change in technician or machine on a previously passed test weld 
warrants the welding of a new passing test weld.  A test weld shall also be made in the event 
that the sheet temperature varies more than 18oF since the last passing test weld.  Test welds 
shall be made under the same conditions as actual seams.  If seaming apparatus is turned off for 
more than 30 minutes, a new passing test weld must be completed for that specific seaming 
apparatus. 
 
   The Geosynthetics Installer shall provide the tensiometer required for 
shear and peel testing of test welds in the field.  The tensiometer shall be automatic and shall 
have a direct digital readout.  The tensiometer shall be calibrated prior to use.  The 
Geosynthetics Installer shall provide the Project Manager with the calibration certification. 
 
   The test weld sample shall be at least 5 feet long by 1 foot wide (after 
seaming) with the seam centered lengthwise.  Seam overlap will be as indicated in Subsection 
3.2.3.3. 
 
   Six specimens, each 1-inch wide shall be cut from the test weld sample 
by the Geosynthetics Installer.  Three specimens shall be tested in shear and three in peel using 
a field tensiometer.  For each fusion specimen, both tracks shall be tested.  A passing welded 
seam is achieved in peel and shear when the specimen meets the criteria of Table 3.4-3 (HDPE) 
and Table 3.4-6 (LLDPE). 
 
   If a specimen fails, the entire operation shall be repeated.  If the 
additional specimen fails, the seaming apparatus and seamer shall not be accepted and shall not 
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be used for seaming until the deficiencies are corrected and two consecutive successful full test 
welds are achieved.  
   The CQA Consultant shall observe test weld procedures.  The remainder 
of the successful test weld sample shall be assigned a number and marked accordingly by the 
CQA Consultant, who will also log the data, hour, ambient temperature, number of seaming 
unit, name of seamer, and pass or fail description.  The remainder of the successful test weld 
samples shall be archived at the site until the Permitting Agency has approved the final 
documentation. 
 
   3.2.3.6  General Seaming Procedure 
 
   Unless otherwise specified, the general seaming procedure used by the 
Installer shall be as follow: 
 

 For fusion seaming, a movable protective layer of plastic may be required to be 
placed directly below each overlap of geomembrane that is to be seamed.  This is to 
help prevent any moisture build-up between the sheets to be seamed. 

 In general, seams should be oriented parallel to the line of maximum slope, i.e., 
oriented up and down not, across the slope.  In corners and odd-shaped geometric 
locations, the number of field seams shall be minimized. 

 All production field seaming shall be hot wedge fusion welding.  Extrusion 
welding is permitted only in areas where hot wedge fusion welding is not 
possible.  Solvent welding or adhesive tape is not acceptable for either temporary 
or permanent seams.  The CQA Consultant and Owner reserve the right to reject 
any proposed seaming method they believe is unacceptable.   

 The composition of the extrudate shall be identical to the lining material and shall 
be manufactured from the same resin and same additives and proportions thereof 
as the geomembrane sheet so as to ensure the best possible bonding of extrudate 
to the geomembrane sheet.  Each extrusion welder shall be completely purged of 
heat-degraded extrudate prior to beginning a seam. 

 All foreign matter (dust, dirt, moisture, oil, etc.) shall be removed from the edges 
of panels to be bonded.  If an extrusion weld is required, the bonding surfaces 
must be thoroughly cleaned by mechanical abrasion or alternative methods 
approved by the CQA Consultant to remove surface debris, cure, and prepare the 
surfaces for bonding.  No solvents will be allowed to clean the geomembrane.  
Mechanical abrasion shall occur within one hour prior to extrusion welding the 
seam. 

 No extrusion welding should be attempted above 140°F sheet temperature for 
extrusion and fusion welding.  If seaming is to be performed when the ambient air 
temperature is below 40°F, preheating of the geomembrane will be required and 
acceptable test welds, which duplicate as closely as possible actual field 
conditions, shall be achieved.  Preheating may be achieved by natural and/or 
artificial means (shelters and heating devices).  Between 40°F and 50°F ambient 
air temperature, seaming is possible if the geomembrane is preheated by either the 
sun or a hot air device provided no excessive cooling of the geomembrane results 
from environmental conditions.  No preheating is required above 50°F.  In all 
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cases, the geomembrane will be dry and protected from wind damage.   
 While welding a seam, the Geosynthetics Installer shall monitor temperature 

gages of the welding device to assure that proper settings are maintained.  The 
welding equipment used shall be capable of continuously monitoring and 
controlling the temperatures and pressures in the zone of contact where the 
machine is actually welding the lining material so as to ensure that changes in 
environmental conditions will not affect the integrity of the weld. 

 All cross-butt seams between two rows of seamed panels shall be welded during 
the coolest time of the day to allow for contraction of the geomembrane. 

 All "T" joints shall have the overlap from the fusion welder seam trimmed back to 
allow an extrusion fillet weld.  The Geosynthetics Installer shall then grind 2 
inches minimum on either side of the fusion welded seam and extrusion weld a 
patch over all of the prepared area. 

 At the end of each day or installation segment, all unseamed edges shall be 
adequately anchored by sandbags or other approved devices.  Sandbags securing 
the geomembrane on the sideslopes should be connected by a rope fastened at the 
top of the slope by a temporary anchor.  If high winds are expected, boards along 
the edge of unseamed panels, with weighted sandbags on top, should be used to 
anchor the geomembrane on the bottom of the cell.  Staples, U-shaped rods, or 
other penetrating anchors may not be used to secure the geomembrane on the 
sideslopes. 

 If required, a firm substrate will be provided by using a flat board or similar hard 
surface directly under the seam overlap to achieve proper support. 

 Wrinkles at the seam overlaps will be cut along the ridge of the wrinkle in order 
to achieve a flat overlap.  The cut wrinkles will be seamed and any portion where 
the overlap is inadequate will then be patched with an oval or round patch of the 
same geomembrane extending a minimum of 6 inches beyond the cut in all 
directions. 

 Seaming will extend to the outside edge of panels to be placed in the anchor 
trench. 

 The CQA Consultant should observe all test weld procedures. The remainder of 
the successful test weld sample will be assigned a number and marked 
accordingly by the CQA Consultant, who will also log the date, hour, ambient 
temperature, number of seaming units, name of seamer, and pass or fail 
description. The sample itself should be retained in the Owner's archives.  In 
addition, at least one tested specimen from each test as selected by the CQA 
Consultant will be retained by the CQA Consultant.  The CQA Consultant will 
transmit these specimens to the Owner following substantial completion of the 
geomembrane installation.  No field seaming shall take place without the Master 
Seamer being present. 

 
   The CQA Consultant shall verify that the above seaming procedures are 
followed, and shall inform the Project Manager if they are not. 
 
   3.2.3.7  Non-Destructive Seam Continuity Testing 
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   The Geosynthetics Installer shall non-destructively test 100 percent of 
the field seams over their full length using a vacuum test unit (for extrusion seams only), air 
pressure test (fusion seams), or other approved method.  The testing shall be carried out to the 
accepted standards of the industry. The purpose of non-destructive tests is to check the 
continuity of seams.  It does not provide any information on seams strength.  Continuity testing 
shall be carried out as the seaming work progresses (maximum of 3,000 lineal feet of seam), 
not at the completion of all field seaming, unless otherwise approved by the Project Manager.  
The Geosynthetics Installer shall complete any required repairs in accordance with technical 
specifications and the CQA Plan.  Non-destructive testing shall not be permitted before sunrise 
or after sunset unless the Geosynthetics Installer demonstrates capabilities to do so. 
 
   Air Pressure Testing: 
 
   Unless otherwise specified, the general air pressure testing procedure 
used by the Geosynthetics Installer shall be as follows: 
 

 Seal both ends of the seam to be tested. 
 Insert needle of other approved pressure feed device into the 

airspace created by the double fusion welds. 
 Inflate the test channel to 30 to 35 psi, close valve, and observe 

initial pressure after approximately 2 minutes. 
 Initial pressure settings are read after a 2 minute "relaxation period". 

 Initial pressure setting shall be between 30 to 35 psi.  The purpose 
of the "relaxing period" is to permit the air temperature and pressure 
to stabilize. 

 Observe and record the air pressure 5 minutes after "relaxing period" 
ends and initial pressure setting is used.  If loss of pressure exceeds 
10 percent, or if the pressure does not stabilize, the Geosynthetics 
Installer shall locate the faulty area and repair it in accordance with 
the Technical Specifications and Section 3.2.4 of the CQA Manual. 

 At the conclusion of the pressure test, the end of the seam opposite 
the pressure gauge is cut.  A decrease in a gauge pressure must be 
observed or the air channel will be considered "blocked" and the test 
will have to be repeated after the blockage is corrected. 

 Remove needle or other approve pressure feed device and seal the 
resulting hole by extrusion welding. 

 Test results will be recorded by the CQA Consultant. 
 

   Non-complying Air Pressure Test: 
 
   In the event of a non-complying air pressure test, the following 
procedure shall be followed: 
 

 Check the seam and seals and retest the seam. 
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 If deviation with specified maximum pressure differential reoccurs, 
cut 1 inch samples form each end suspect area. 

 Perform destructive peel tests on the samples using the field 
tensiometer. 

 If all samples pass destructive testing, the installer may: 
 Cap-strip the suspect area; or 
 Further isolate the air pressure failure as agreed upon by the 

CQA Consultant and Project Manager. 
 

 If one or more samples fail the peel tests, additional samples will be 
taken.  When two passing samples are located, the suspect areas will 
be considered non-complying.  In this section the seam shall be cap 
stripped, or the overlap left by the wedge welder will be heat tacked 
in place along the entire length of the seam will be extrusion welded. 
 Test the entire length of the repaired seam by vacuum testing. 

 If the seam is in non-compliance due to air channel blockage, the 
blockage shall be isolated, as agreed upon by the CQA Consultant.  

 All sections shall be retested and repaired in accordance with this 
section. 

 
   Vacuum Testing: 
 
   Unless otherwise specified, the general vacuum testing procedure used 
by the Geosynthetics Installer shall be as follows: 
 

 Turn on the vacuum pump to reduce the vacuum box to 
approximately 5 psi. 

 Apply a generous amount of a solution of liquid soap and water to 
the area to be tested. 

 Place the vacuum box over the area to be tested and apply sufficient 
downward pressure to "seat" the seal strip against the liner. 

 Close the bleed valve and open the vacuum valve. 
 Ensure that a leak tight seal is created between the vacuum box and 

the Geomembrane. 
 For a period of not less than 10 seconds, examine the geomembrane 

through the viewing window for the presence of soap bubbles. 
 If no bubbles appear after 10 seconds, close the vacuum valve and 

open the bleed valve, move the box over the next adjoining area with 
a minimum 3-inch overlap, and repeat the process. 
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   Non-Complying Vacuum Test: 
 
   In the event of a non-complying vacuum test, the following procedure 
shall be followed: 
 

 Mark all areas where soap bubbles appear and repair the marked 
areas, as specified in this section. 

 
   CQA Responsibilities: 
 
   The CQA Consultant shall: 
 

 Document all continuity testing; 
 Record location, date,  unit number, name of tester, and outcome of 

all testing; and 
 Inform the Geosynthetics Installer and Project Manager of any 

required repairs. 
 
   When defects are located, the CQA Consultant shall: 
 

 Observe the repair and retesting of the repair; 
 Mark on the geomembrane that the repair has been made; and 
 Document the results. 

 
   Non-Testable Areas: 
 
   The Geosynthetics Installer shall use the following procedures at 
locations where seams cannot be non-destructively tested: 
 

 All such seams shall be cap-stripped with the same geomembrane 
material. 

 If the seam is accessible to testing equipment prior to final 
installation, the seam shall be non-destructively tested. 

 If the seam cannot be tested prior to final installation, the seaming 
and cap-stripping operations shall be observed by the CQA 
Consultant and Geosynthetics Installer for uniformity and 
completeness. 

 The seam number, date of observation, name of tester, and outcome 
of the test or observation shall be recorded by the CQA Consultant. 

 
Destructive Testing: 
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   The Geosynthetics Installer will not be informed in advance of the 
locations where the seam samples will be taken.  The purpose of these tests is to evaluate seam 
strength. 
 
   Sampling Procedure: 
 
   Samples shall be cut by the Geosynthetics Installer as the seaming 
progresses in order to have passing laboratory test results before the geomembrane is covered 
by another material.  The CQA Consultant shall: 
 

 Observe sample cutting; 
 Assign a number to each sample, and mark it accordingly; 
 Record the sample location on the layout drawing; and 
 Record the reason for taking the sample at this location (e.g., 

statistical routine, suspicious feature of the geomembrane). 
 
   All holes in the geomembrane resulting from destructive seam sampling 
shall be immediately repaired in accordance with repair procedures described in this Section of 
the CQA Plan.  The continuity of the new seams in the repaired area will be tested. 
    
   Size of Samples: 
 
   The destructive sample will be 12 inches wide by 36 inches with the 
seam centered lengthwise.  The sample for Laboratory testing shall be located between the two 
specimens for field testing.  The sample shall be cut into three parts and distributed as follows: 
 

 One portion to the Geosynthetics Installer for field testing, 12 
inches x 12 inches; 

 One portion to the Owner for archive storage, 12 inches x 12 
inches; 

 One portion for Geosynthetics CQA Laboratory testing, 12 
inches x 12 inches. 

 
   Final determination of the sample sizes shall be made at the Pre-
Construction meeting. 
 
   Geosynthetics CQA Laboratory Testing: 
 
   Destructive test samples shall be packaged and shipped, if necessary, by 

the CQA Consultant in a manner that will not damage the test sample.  The Project Manager 
shall be responsible for storing the archive samples.  Test samples shall be tested by the 
Geosynthetics CQA Laboratory.   
 
   Testing will include shear and peel and shall meet the requirements at 

Table 3.4-3 (HDPE) and 3.4-6 (LLDPE).  At least five specimens will be tested for each test 
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method.  The Geosynthetics CQA Laboratory shall provide test results, in writing, on more than 
24 hours after they receive the samples.  The Geosynthetic Laboratory shall document the 
results of seam testing.  The CQA Consultant shall review laboratory test results as soon as they 
become available, and make appropriate recommendations to the Project Manager.  Results from 
the Geosynthetics Installer’s laboratory testing, if conducted, shall be presented to the Project 
Manager and the CQA Consultant for review. 
 
   Destructive Test Failure: 
 
   The following procedures shall apply whenever a sample fails a 

destructive test, whether that test is conducted by the Geosynthetics CQA Laboratory, the 
Installers Laboratory, or by the field tensiometer. 
 

 The Geosynthetics Installer can reconstruct the seam between any two 
passed destructive seam test locations; or 

 The Geosynthetics Installer can trace the seaming path to an 
intermediate location (at least 10 ft from the point of the failed test in 
each direction) and obtain full size destructive laboratory samples.  If 
these destructive laboratory samples pass the tests, then the seam is 
reconstructed between these locations by capping or by extrusion 
welding the flap for fusion welds (see Section 3.2.4.1 for definitions).  
If the new samples fail the laboratory testing, then the process is 
repeated to establish the zone in which the seam should be 
reconstructed. 

 
   If a fusion type seam fails destructive testing and the Geosynthetic 
Installer chooses to cap the seam, only acceptable capping methods will be allowed. 
 
   All acceptable seams must be bounded by two locations form which 
destructive samples passing laboratory tests have been taken.  In cases exceeding 150 feet of 
reconstructed seam, a sample shall be taken from the zone in which the seam has been 
reconstructed.  This sample must pass destructive testing or the procedure outlined here must be 
repeated. 
 
   The CQA Consultant shall document all actions taken in conjunction 
with destructive test failures. 
 
  3.2.4  Defects And Repairs 
 
  Seams and non-seam areas of the geomembrane shall be examined by the CQA 
Consultant for identification of defects, holes, blisters, undispersed raw materials and any sign 
of contamination by foreign matter.  Because light reflected by the geomembrane helps to 
detect defeats, the surface of the geomembrane will be clean at the time of examination.  The 
surface shall be swept or washed by the Geosynthetics Installer if the amount of dust or mud 
inhibits examination. 
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   3.2.4.1  Repair Procedures 
 
   Any portion of the geomembrane exhibiting a flaw, failing a destructive, 
or failing a non-destructive test, shall be repaired.  Several procedures exist for the repair of 
these areas.  The Project Manager and the CQA Consultant shall approve the final decision as 
to the appropriate repair procedure.  The procedures available include: 
 

 Patching - Apply a new piece of geomembrane sheet over, and at 
least 6 inches beyond the limits of a defect.  The patch shall be 
extrusion seamed to the underlying geomembrane.  This method 
should be used to repair large holes, tears, destructive test locations, 
undispersed raw materials, and contamination by foreign matter. 

 
 Spot Seaming - Apply a "bead" of extrudate, maximum length of 6 

inches, over a defect.  Spot seaming should be used only to repair 
dents, pinholes, pressure test air holes, or other minor, localized 
flaws. 

 
 Capping - Apply a new strip of geomembrane along the length of a 

delineated faulty seam.  The cap strip shall extend at least 6 inches, 
beyond the limit of the seam and the edges will be extrusion seamed 
to the underlying geomembrane.  This method should be used to 
repair lengths of extrusion or fusion seamed to the underlying 
geomembrane.  This method should be used to repair lengths of 
extrusion or fusion seams. 

 
 Welding Flap - Where an adequate flap exists, (at least 1-1/2 inches) 

it is permissible to extrusion weld the flap of a fusion seam.  At the 
ends of this repair, the flap shall be cut to allow the extrusion weld 
to enclose the failed area. 

 
 Replacement - The faulty seam is removed and replaced. 
 

   In addition, the following provisions shall be satisfied: 
 

 Surfaces of the geomembrane which are to be repaired will be 
abraded no more than one hour prior to extrusion welding of the 
repair; 

 
 All surfaces must be clean and dry at the time of the repair; 

 
 All seaming equipment used in repairing procedures must be 

approved; 
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 The repair procedures, materials, and techniques will be approved in 
advance of the specific repair by the CQA Consultant and 
Geosynthetics Installer; 

 
 Patches or caps will extend at least 6 inches beyond the edge of the 

defect, and all corners of patches will be rounded; and 
 
 Seam repairs over 150 feet long will require a destructive test to be 

taken form the repair. 
 
   3.2.4.2  Verification of Repairs 
 
   Each repair shall be numbered and logged by the CQA Consultant and 
the Geosynthetics Installer.  Each repair shall be non-destructively tested using the methods 
described in this section as appropriate.  Repairs, which pass the non-destructive test, will be 
taken as an indication of an adequate repair.  However, if the CQA Consultant suspects a repair 
to be questionable, although it passes non-destructive testing, a destructive test can be 
requested.  Failed tests will require the repair to be redone and retested until a passing test 
result is achieved.  The CQA Consultant shall observe non-destructive testing of repairs and 
shall record the date of the repair and test outcome. 
 
   3.2.4.3  Large Wrinkles 
 
   When seaming of the geomembrane is completed (or when seaming of a 
large area of the geomembrane is completed) and prior to placing overlying materials, the CQA 
Consultant shall observe the geomembrane wrinkles.  The CQA Consultant will indicate to the 
Project Manager which wrinkle should be cut and resealed by the Geosynthetics Installer.  The 
seam thus produced will be tested like any other repair. 
 
  3.2.5  Backfilling Of Anchor Trench 
 
  Anchor trenches will be adequately drained, to prevent ponding or otherwise 
softening of the adjacent soils while the trench is open.  Anchor trenches shall be backfield and 
compacted as soon as possible.  General fill used when backfilling the trench shall be material 
with 100 percent of the particles finer than 12 inches Care shall be taken when backfilling the 
trenches to prevent any damage to the geosynthetics. 
  
  Unless otherwise approved by the Engineer, each lift of backfill material spread 
for compaction shall not exceed a loose lift thickness of 8 to 12 inches, depending upon 
material type.  Each lift of backfill shall cover the length and width of the area to be backfilled, 
shall be uniform in thickness, and shall be spread and compacted as specified before the next 
lift is started unless otherwise permitted. 
 
  The CQA Consultant shall approve each lift before successive lifts are placed.  
The CQA Consultant shall observe the backfilling operation and advise the Project Manager of 
any problems. 
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  3.2.6  Liner System Certification/Acceptance 
 
  The Geosynthetics Installer and the Manufacturer shall retain ownership and 
responsibility for the geosynthetics in the facility until acceptance by the Owner. 
 
  The liner system shall be accepted by the Owner when: 
 

 The installation is finished; 
 

 Verification of the adequacy of seams and repairs, including associated 
testing, is complete; 

 
 Geosynthetics Installer’s representative furnishes the Project Manager with 

documentation that the geomembrane was installed in general accordance 
with the Manufacturer's recommendations as well as the design plans and 
specifications; 

 
 All documentation of installation is completed including the CQA 

Consultant final report; and 
 
 Record Documentation, including record drawings, sealed by a Professional 

Engineer has been received by the Owner. 
 
  The CQA Consultant shall provide documentation that installation has 
proceeded in general accordance with this CQA Plan for the project except as noted to the 
Owner or Project Manager. 
 
  3.2.7  Materials In Contact With The Geomembranes 
 
  The quality assurance procedures indicated in this Subsection are only intended 
to verify that the installation of these materials does not damage the geomembrane. Additional 
quality assurance procedures provided in other sections of this CQA Manual are necessary to 
verify that the systems built with these materials are constructed to perform as designed. 
 
   3.2.7.1  Geocomposite 
 
   The CQA Consultant shall verify that the geocomposite is installed in 
accordance with the procedures described in Section 4.0 of the CQA Manual.  Extreme care 
shall be exercised so as not to damage the geomembrane during placement of the geocomposite 
and the materials overlying the geocomposite. 
 
   3.2.7.2  Appurtenances 
 
   The Design Engineer shall provide design specifications for 
appurtenances to the Project Manager and the CQA Consultant. 
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   The CQA Consultant shall verify that: 
 

 Installation of the geomembrane in appurtenance areas, and 
connection of geomembrane to appurtenances have been made 
according to the design specifications; 

 
 Extreme care is taken while seaming around appurtenances since 

nether non-destructive nor destructive testing may be feasible in 
these areas; and 

 
 The geomembrane has not been visibly damaged while making 

connections to appurtenances. 
 
   The CQA Consultant will inform the Project Manager if the above 
conditions are not fulfilled. 
 
4.0  GEOCOMPOSITE (GEOSYNTHETIC DRAINAGE COMPOSITE) 
 
 4.1  Manufacturer’s Documentation 
 
 Prior to deliver, the Geocomposite Manufacturer shall provide documentation, which 
demonstrates that the property values of the material meet design specifications.  Delivered 
rolls of geocomposite shall be appropriately labeled. 
 
  4.1.1  Certification Of Property Values 
 
  The Geocomposite Manufacturer shall provide the Project Manager with a list 
of guaranteed minimum properties (as defined by the Design Engineer) for the type of 
geocomposite to be supplied.  The Geocomposite Manufacturer shall provide the Project 
Manager with Quality Control Test Results signed by a responsible party that the geocomposite 
actually delivered have properties, which meet or exceed the guaranteed properties. 
 
  The CQA Consultant shall examine the Manufacturer's Quality Control Tests to 
verify that the property values listed on the certifications meet or exceed the Manufacturer's 
guaranteed minimum values and the design specifications given on Table 3.5-1 (Tables).  
Deviations shall be reported to the Project Manager. 
 
  4.1.2  Labeling 
 
  The Geocomposite Manufacturer shall identify all rolls of geocomposite.  Each 
geocomposite roll shall have a weatherproof label, which contains the following: 
 

 Manufacturer's name; 
 Product identification; 
 Lot number; 
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 Roll number; 
 Roll dimensions; and 
 Top and bottom geotextile roll numbers 

 
  The CQA Consultant shall examine rolls upon delivery and any deviation from 
the above requirements shall be reported to the Project Manager. 
 
 4.2  Shipment And Storage 
 
 Geocomposite cleanliness is essential to performance; therefore, measures must be 
taken during shipment and storage to protect the geonet form dust and dirt. Geocomposite rolls 
shall be wrapped in plastic sheets or otherwise protected.  Wrappings protecting the 
Geocomposite rolls should be removed less than one (1) hour prior to unrolling the 
geocomposite. 
 
  
 
 4.3  Conformance Testing of Geocomposite 
 
 Upon or prior to delivery of the rolls of geocomposite, the CQA Consultant shall 
remove and forward samples to the Geosynthetics CQA Laboratory for testing to verify 
conformance with the design specifications given on Table 3.5-1 (Tables). 
 
  4.3.1  Sample Collection 
 
  Using the packing list provided by the manufacturer or a sequential inventory 
list made by the CQA Consultant, rolls shall be selected for sampling at a minimum frequency 
of one sample per 100,000 square feet of material.  If the material is shipped in identifiable lots 
or manufacturing runs, sample selection should be adjusted to assure that the minimum 
frequency is met and that each different lot or manufacturing run is represented by at least one 
sample.  If a roll is not identifiable by roll number, the CQA Consultant shall notify the Project 
Manager immediately.  If the roll cannot be tracked, the Project Manager shall reject the roll. 
 
  Samples will be taken across the entire width of the roll and will not include the 
first 3 lineal feet.  Unless otherwise specified, samples will be 3 feet long by the roll width. The 
CQA Consultant will mark the machine direction on the samples with an arrow. 
 
  4.3.2.  Test Results 
 
  The results of the conformance testing shall be evaluated in accordance to the 
following procedure: 
 

 If the average test values for the sample meet all of the values given in Table 
3.5-1 and the Manufacturer's guaranteed minimum values, the sample 
passes. 
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 If the average test value for the sample does not meet one or more of the 
required values, the CQA Consultant will implement additional evaluation 
procedures.  Additional tests required for further evaluation shall be done at 
no expense to the Owner. 

 
 For the failing parameter(s), perform one additional test on the sample.  This 

test may be performed by another CQA Geosynthetics Laboratory at the 
discretion of the CQA Consultant and the Project Manager. 

 
 If the test values for the additional tests meet the required values, the roll 

and adjacent rolls pass and are acceptable. 
 
 If the test value does not met requirements, reject the roll, collection 

samples form the closest numerical roll on both sides of the failed roll, and 
test for the failed parameter(s).  If one or both of these tests do not meet 
requirements, those roll(s) will be rejected and the CQA Consultant and 
Project Manager shall determine further testing protocol and criteria for 
identifying the limits of rejected rolls. 

 
 4.4  Handling and Placement 
 
 The Geosynthetics Installer shall handle geocomposite in such a manner as to minimize 
damage and comply with the following: 
 

 On slopes, the geocomposite shall be secured in the anchor trench and then rolled 
down the slope in such manner as to continually keep the geocomposite sheet in 
tension.  If necessary, the geocomposite shall be positioned by hand after being 
unrolled to minimize wrinkles.  Geocomposite can be placed in the horizontal 
direction (i.e., across the slope) in some special location (e.g., at the toe of the slope, 
or, if an extra layer of geocomposite required, this extra layer can be placed in the 
horizontal direction).  Such locations shall be identified by the Design Engineer in 
the plans. 

 
 In the presence of wind, geocomposite shall be weighted with sandbags or the 

equivalent.  Such sandbags shall be installed during placement and remain until 
replaced with overlying material. 

 
 Sandbags shall be filled with fine-grained material and must be handled with care to 

prevent rupture. 
 

 Unless otherwise specified, geocomposite shall not be welded to geomembranes. 
 

 The Geosynthetics Installer shall take necessary precautions to prevent damage to 
underlying layers during placement of the geocomposite.  Care should be taken not 
to leave tools on or under the geocomposite. 
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 During placement of geocomposite, care shall be taken not to entrap dirt or 

excessive dust that could cause clogging of the drainage system, and/or stones that 
could damage the adjacent geomembrane. 

 
 The CQA Consultant shall note any deviation and report it to the Project Manager. 
 
 4.5  Stacking and Joining 
 
 Stacked geocomposite shall be placed in the same direction to prevent the stands of one 
layer from penetrating the channels of the lower layer, thereby significantly reducing the 
transmissivity.  Geocomposite shall not be laid in direction perpendicular to the underlying 
geonet unless otherwise specified by the Design Engineer. 
 
 Adjacent geocomposite shall be joined according to the plans and design specifications. 
 As a minimum, the following requirements shall be met: 
 

 The geonet portion of adjacent rolls shall be overlapped by at least 4 inches.  Ends 
of adjacent rolls shall be overlapped by at least 8 inches. 

 
 These overlaps shall be secured by tying with plastic fasteners or polymer braid.  

Tying devices will be white or yellow for easy observation.  Metallic devices are 
not allowed. 

 
 Tying devices shall be placed every 5 feet down the slope, every 2 feet across the 

slope, every 6 inches in the anchor trench, and every 6 feet on horizontal surfaces. 
 
 When more than one layer of geocomposite is installed, joints hall be staggered so 

that the joints do not lie above one another. 
 
 The upper non-woven geotextile shall be continuously sewn using the procedures 

outlined in Section 4.5 of the CQA Manual unless otherwise directed by the Project 
Manager. 

 
 The CQA Consultant shall document the roll numbers placed and approximate installed 
square footage and shall note any deviation and report it to the Project Manager. 
 
 4.6  Repair 
 
 Any holes or tears in the geocomposite shall be repaired by placing a patch extending 2 
feet beyond the edges of the hole or tear.  The patch shall be secured to the original net by tying 
every 6 inches.  Tying devices shall be as indicated in Section 4.5.  If the hole or tear width 
across the roll is more than one-half the width of the roll, the damaged area shall be cut out and 
the two portions of the geonet shall be joined as indicated in Section 4.5. 
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 The CQA Consultant shall observe any repair, note any deviation with the above 
requirements and report them to the Project Manager. 
 
  
 4.7  Placement of Materials on Geocomposite 
 
 The placement of materials on geocomposite shall be as soon as possible, such that: 
 

 The geocomposite and underlying geomembrane are not damaged; 
 

 Minimal slippage of the geocomposite on the underlying geomembrane occurs; 
 
 No excess tensile stresses occur in the geocomposite; and 

 
 In sloped areas, placement of soil/aggregate is started at the toe and extended 

up the slope.  Placement of soil/aggregate will never start at the top of the 
slope. 

 
 If portions of the geocomposite are exposed, the CQA Consultant shall periodically 
place marks on the geocomposite and the underlying geomembrane and measure the elongation 
of the geocomposite during the subsequent construction activities.  Before a subsequent layer of 
material is placed on the geocomposite, the CQA Consultant should observe the geocomposite 
and underlying liner to determine if any dirt, excessive dust, or any stones are entrapped in, or 
below the material.  If so, the geocomposite must be cleaned or the geocomposite removed so 
that the liner can be cleaned. 
 
 Any deviation shall be noted by the CQA Consultant and reported to the Project 
Manager. 
 
 
5.0  GEOTEXTILE 
 
 5.1  Manufacturer’s Documentation 
 

The following addresses the activities associated with the manufacture of geotextile 
used as filters, separators and composite drainage systems; the shipment, handling and 
delivery of geotextile to the site; conformance testing of geotextile; and the storage of 
geotextile prior to installation.  The word "geotextile" as used in this section primarily refers 
to non-woven geotextile. 
 
 Prior to delivery, the Geotextile Manufacturer shall provide documentation, which 
demonstrates that the property values of the material meet requirements.  Delivered rolls of 
geotextile shall be appropriately labeled. 
 
  5.1.1  Certification Of Property Values 
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  The Geotextile Manufacturer shall provide the Project Manager with a list of 
guaranteed "minimum average roll value" properties (as defined by the Design Engineer) for 
the type of geotextile to be supplied.  The Geotextile Manufacturer shall provide the Project 
Manager with a written certification signed by a responsible party that the geotextiles actually 
delivered have properties which meet or exceed the guaranteed "minimum average roll values" 
properties given in Table 3.6-1 (Tables). 
 
  The CQA Consultant shall examine the Manufacturer's certifications to verify 
that the property values listed on the certifications meet or exceed the Manufacturer's 
guaranteed minimum values and the design specifications.  Deviations shall be reported to the 
Project Manager. 
 
  5.1.2  Labeling 
 
  The Geotextile Manufacturer shall identify all rolls of geotextile.  Each 
geotextile roll shall have a weatherproof label, which contains the following: 
 

 Manufacturer's name; 
 Product identification; 
 Lot number; 
 Roll number; 
 Roll weight; and 
 Roll dimensions. 

 
  In addition, if any special handling of the geotextile is required, it shall be so 
marked on the top surface of the geotextile, e.g., "This Side Up".  Rolls without proper 
identification shall be rejected by the Project Manager. 
 
  The CQA Consultant shall examine rolls upon delivery and any deviation form 
the above requirements shall be reported to the Project Manager. 
 
 5.2  Shipment and Storage 
 
 During shipment and storage, the geotextile shall be protected from ultraviolet light 
exposure, precipitation, snow or other inundation, mud, dirt, dust, puncture, cutting or any other 
damaging or deleterious conditions.  Geotextile rolls shall be wrapped in plastic sheets or 
otherwise protected.  Wrappings protecting the geotextile rolls should be removed less than one 
hour prior to unrolling the geotextile. 
 
 Geotextiles shall not be exposed to precipitation prior to being installed.  Wet 
geotextiles are heavy which makes them difficult to deploy and can also effect liner welding 
when the geomembrane is adjacent to the geotextile.  During cold weather, geotextiles must be 
protected from freezing. 
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 The CQA Consultant shall observe rolls upon delivery and prior to installation, any 
deviation from the above requirements shall be reported to the Project Manager.  Any damaged 
rolls shall be rejected and replaced at no cost to the Owner. 
 
 5.3  Conformance Testing of Geotextile 
 
 Prior to the deployment of the rolls of geotextile, the CQA Consultant shall remove and 
forward samples to the Geosynthetics CQA Laboratory for testing to verify conformance with 
the design specifications, Table 3.6-2 (Tables). 
 
  5.3.1  Sample Collection 
 
  Using the packing list provided by the manufacturer or a sequential inventory 
list made by the CQA Consultant, rolls shall be selected for sampling at a minimum frequency 
of one sample per 100,000 square feet of material.  If the material is shipped in identifiable lots 
or manufacturing runs, sample selection should be adjusted to assure that the minimum 
frequency is met and that each different lot or manufacturing run is represented by at least one 
sample.  If a roll is not identifiable by roll number, the CQA Consultant shall inform the Project 
Manager immediately.  If the roll cannot be tracked, the Project Manager shall reject the roll. 
 
  Samples will be taken across the entire with of the roll and will not include the 
first 3 lineal feet.  Unless otherwise specified, samples will be 3 feet long by the roll width.  
The CQA Consultant will mark the machine direction on the samples with an arrow. 
 
  5.3.2  Test Results 
 
  The results of the conformance testing shall be evaluated in accordance to the 
following procedure: 
 

 If the average test values for the sample meet all of the values given in the 
design specifications and the Manufacturer's guaranteed minimum values, 
the sample passes. 

 
 If the average test value for the sample does not meet one or more of the 

required values, the CQA Consultant will implement additional evaluation 
procedures.  Additional tests required for further evaluation shall be done at 
no expense to the Owner. 

 
 For the failing parameter(s), perform one additional test on the sample.  This 

test may be performed by another CQA Geosynthetics Laboratory at the 
discretion of the CQA Consultant and the Project Manager. 

 
 If the test values the additional test meets the required values, the roll and 

adjacent rolls pass and are acceptable. 
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 If the test values does not meet requirements, reject the roll, collect samples 
form the closest numerical roll on both sides of the failed roll and test for the 
failed parameter(s).  If one or both of these tests do not meet requirements, 
those roll(s) will be rejected and the CQA Consultant and Project Manager 
shall determine further testing protocol and criteria for identifying the limits 
of rejected rolls. 

 
 5.4  Handling And Placement 
 
 The Installer shall handle geotextiles in such a manner as to minimize damage and shall 
comply with the following: 
 

 Geotextile shall not be placed until the underlying layer has been properly 
documented and approved by the CQA Consultant 

 
 After the wrapping has been removed, a geotextile shall not be exposed to sunlight 

for longer than the allowable time specified by the Geotextile Manufacturer. 
 
 On slopes, the geotextiles shall be securely anchored and then rolled down the slope 

in such a manner as to continually keep the geotextile panel in tension. 
 
 In the presence of wind, geotextiles shall be weighted with sandbags or the 

equivalent.  Sandbags shall be installed during the placement and shall remain until 
replaced with the appropriate overlying material. 

 
 Sandbags shall be filled with fine-grained material and must be handled with care to 

prevent rupture. 
 
 Geotextile shall be kept continually under tension to minimize the presence of 

wrinkles in the geotextile. 
 
 Geotextiles shall be cut using an approved geotextile cutter only.  If in-place, 

special care must be taken to protect other materials form damage, which could be 
caused by the cutting of the geotextiles. 

 
 The Geosynthetics Installer shall take necessary precautions to prevent damage to 

the underlying layers during placement of the geotextile. 
 
 During placement of geotextiles, care shall be taken not to entrap stones, excessive 

dust, or moisture that could damage the geomembrane, generate clogging of drains 
or filters, or hamper subsequent seaming. 

 
 After installation, the entire surface of the geotextile shall be examined, and harmful 

foreign objects, such as needles, shall be removed. 
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 If white geotextile is used, precautions will be taken against "snow blindness" of 
personnel. 

 
 The CQA Consultant shall witness the installation of all geotextile material and shall 
not any deviation and report it to the Project Manager.  The CQA Consultant shall record roll 
numbers used and approximate square footage placed. 
 
 5.5  Seams and Overlaps 
 
 Where geotextiles are specified or indicated on the plans to be sewn, all seams shall be 
continuously sewn using thread, which is as chemically resistant and UV resistant as the 
geotextiles.  Thread shall be approved by the CQA Consultant and Owner.  Spot sewing is not 
permitted, except for repairs, and thermal bonding shall not be permitted without the written 
approval of the Project Manager.  Geotextiles shall be overlapped a minimum of 6 inches prior 
to seaming.  Horizontal seams shall be on side slopes steeper than 20 percent should be 
avoided, except as part of a patch.  However, if horizontal seams are necessary, at least 100 feet 
shall be maintained between horizontal seams of adjacent panels.  Seam overlaps shall be 
"flat" or "prayer" (Federal Standard Type SSa-1), and seams shall be single-row two thread 
chainstitch (stitch type 401).  The Geosynthetics Installer shall pay particular attention that no 
material is inadvertently inserted beneath the geotextile. 
 
 The CQA Consultant shall inspect 100 percent of the seams for continuous and proper 
sewing and shall note any deviation and report it to the Project Manager. 
 
 5.6  Repairs 
 
 Any holes or tears in the geotextile shall be repaired by the Installer as follows: 
 

 On slopes steeper than 20 percent: A patch made from the same geotextile shall be 
sewn into place and extend at least 12 inches beyond any damaged edge of the 
parent geotextile.  Should any horizontal tear exceed 10 percent of the width of the 
roll, that roll shall be removed from the slope and replaced. 

 
 On slopes less than or equal to 20 percent: A patch made form the same geotextile 

shall be sewn in place with a minimum of 24 inches overlap in all directions. 
 
 Care shall be taken to remove any soil or other material, which may have penetrated the 
torn geotextile. 
 
 The CQA Consultant shall observe any repair, note any deviation with the above 
requirements and report them to the Project Manager. 
 
 5.7  Placement of Materials on Geotextiles 
 
 The Geosynthetics Installer shall place materials on the Geotextile in the following 
manner: 
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 Cause no damage to geotextile and underlying geosynthetics; 
 
 Prevent slippage of the geotextile on underlying layers; 
 
 Equipment used for placing the overlying material shall not be driven directly on 

the geotextile; 
 
 On side slopes, the placement of soil on top of the geotextile shall proceed form the 

bottom of the slope upward; 
 A minimum thickness of 1 foot of soil must be maintained between light, low 

ground pressure equipment (such as a wide pad Caterpillar D-6 or lighter) and the 
geotextile; 

 
 A minimum thickness of 1.5 feet of soil must be maintained between rubber-tired 

vehicles and the geotextile unless approved by the Design Engineer and Owner; and 
 
 In heavily trafficked areas such as access ramps, soil thickness shall be at least 3 

feet. 
 
 The CQA Consultant shall observe the placement of all overlying material and any 
deviation shall be noted by the CQA Consultant and reported to the Project Manager. 
 
 
6.0  POLYETHYLENE PIPE AND FITTINGS 
 
 6.1  Material Requirements 
 
 High Density Polyethylene (HDPE) pipe and its associated fittings and joints shall meet 
material acceptance and construction quality requirements as stated in this Section of the CQA 
Plan and in the design specifications. 
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  6.1.1  Pipe 
 
  PE pipe shall consist of Standard Dimension Ratio (SDR) pipe, as specified in 
the design specification, and must conform to the requirements of ASTM D2837, Class PE3408 
for a pressure rating of 160 psi at 73.4oF. HDPE pipe shall comply with the following 
standards: 
 

 ASTM F714 - pipe S.T.D; 
 

 ASTM D1248 - Type III, Class C, Category 5 - Grade P34 
 
 ASTM D3350 – Cell Classification PE345434C 

 
 ASTM D2837 – Class PE3408 
 
 PPI - PE3408; and 

 
 NSF - Listed STD No. 14. 

 
 The pipe and fittings shall be manufactured from pre-compounded resin 
manufactured by the pipe manufacturer, with a minimum of two percent carbon black to 
withstand outdoor exposure without loss of properties.  In plant blending of non-compounded 
resins is not acceptable.  HDPE pipe shall be furnished perforated or non-perforated as required 
by the Contract Drawings with each pipe length marked with the Manufacturer’s 
Name/Trademark, size, material code, and SDR value. The pipe shall contain no recycled 
compound except that generated in the manufacturer's own plant from resin of the same 
specification or from the same raw material.  The pipe shall be homogeneous throughout and 
free of visible cracks, holes (other than manufactured perforation), foreign inclusions, or other 
deleterious defects, and shall be identical in color, density, melt index, and other physical 
properties. 
 
  6.1.2  Fittings 
 
  PE pipe fittings shall be furnished by the Manufacturer of the pipe with which 
they are used and shall conform to the requirements of ASTM D3261 for standard fittings. 
 
   
  6.1.3  Joints 
 
  Pipe joints shall be fusion welded, using only Manufacturer-approved methods 
and equipment.  Unless otherwise approved, joints inside manholes shall be joined with 
mechanical transition couplings, electrofusion couplings or by extrusion welding. 
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 6.2  Manufacturer’s Documentation 
 
 The HDPE Pipe Manufacturer shall submit documentation, which demonstrates that the 
property values of the pipe meet the design specifications and that quality control are taken 
during manufacture. 
    
  6.2.1  Certification Of Property Values 
 
  Prior to the installation of HDPE Pipe Manufacturer will provide to the CQA 
Consultant: 
 

 A properties sheet including, at a minimum, all specified properties 
measured using test methods indicated in the contract documents or 
equivalent; 

 
 A list of quantities and descriptions of materials other than the base resin 

which comprise the pipe; and  
 
 A certification that property values given in the properties sheet are 

guaranteed by the PE Pipe Manufacturer. 
 
  The CQA Consultant shall verify that: 
 

 The property values certified by the HDPE Pipe Manufacturer meet the 
design specifications; and 

 
 The measurements of properties by the HDPE Pipe Manufacturer are 

properly documented and that the test methods used are acceptable. 
 
  6.2.2  Quality Control Certificates 
 
  The PE Pipe Manufacturer shall provide the Project Manager and the CQA 
consultant with a quality control certificate for each lot/batch of HDPE Pipe provided.  The 
quality control certificate shall be signed by a responsible party employed by the HDPE Pipe 
Manufacturer, such as the Production Manager. 
 
  The quality control certificate shall include: 
 

 Lot/batch numbers and identification; and 
 Sampling procedures and results of quality control tests.  

 
 The CQA Consultant shall: 
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 Verify that the quality control certificates have been provided at the 
specified frequency for all lots/batches of pipe, and that each certificate 
identifies the pipe lot/batch related to it; and 

 
 Review the quality control certificates and verify that the certified properties 

meet the design specifications. 
 
  The CQA Consultant shall notify the Project Manager of any deviation. 
 
 6.3  Fusion Process for Joints 
 
 The primary means of joining HDPE pipe shall be butt fusion.  However, in certain 
instances where butt fusion is not suitable, due to space restrictions, electrofusion couplings or 
extrusion welding may be used in lieu of butt fusion.  HDPE pipes and fittings shall be joined 
by the Pipe Installer using the procedures outlined below, unless otherwise specified. 
 
  6.3.1  Preparation 
 
  Delivered pipes and fittings shall be examined by the Pipe Installer.  The 
Installer shall verify that pipes and fittings are not broken, cracked, or contain otherwise 
damage or unsatisfactory material. 
 
  Prior to fusing, the Installer shall verify that the fusion surface area is clean and 
free of moisture, dust, dirt, debris of nay kind, and foreign material. 
 
  The CQA Consultant shall notify the Project Manager of any deviation. 
 
  6.3.2  Weather Conditions For Butt-Fusion 
 
  Butt-fusion of HDPE pipe joints is normally done in uncontrolled atmospheres. 
Fusion of the HDPE joints shall be performed at temperatures above 32oF, unless otherwise 
authorized in writing by the Project Manager. 
 
  6.3.3  General Butt-Fusion Procedure 
 
  Unless otherwise specified, the general butt-fusion procedure used by the 
Installer shall be as follows: 
 

 Be sure that the surfaces of the fusion tools, pipe and fittings are free of 
moisture and debris; 

 
 Heat the surfaces to be joined - both the pipe and fittings - simultaneously at 

the prescribe temperatures for a specified time; 
 
 Remove the heater - bring melted surfaces together; and 
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 Hold until solidified. 
 

These steps are described in more detail below. 
 

 With a clean rag, wipe both inside and outside surfaces of the two ends to 
be joined to remove dirt and foreign material; 

 
 Install pipe in fusion machine, allowing pipe ends to protrude 1 to 2 inches 

past face of jaw; 
 
 Slide facer so that it can be placed between pipe ends.  Cut pipe until the 

stops on each side of the facer are against the clamp bushings at the front 
and rear.  Separate the two pipe ends by opening pipe jaws, turn off motor, 
and move facing unit to storage position.  The ends are properly faced 
when both stationary and movable clamps are against the stops on each 
side of the facing unit.  

 
 Bring the two pipe sections together and feel for any high-low difference 

at the junction of the two ends.  If necessary, tighten the appropriate inside 
clamp until the two sections are aligned as closely as possible.  After 
facing pipe ends, if any adjustment is made on one or both inside clamps, 
the facing unit should be re-installed and the pipe ends given several turns 
with the cutter until the motor speeds up, before continuing with heating 
and fusing.  

 
 Separate the two pipe sections.  Slide heater to position where it will come 

between pipe ends.  Bring the movable pipe section against the heater 
until both pipe ends are in firm contact with the heater.  

 
 During the heating period, as the pipe ends melt while against the heater, 

the molten plastic will expand and form a melt bead around the end of the 
pipe.  The melt bead will vary in width from about 1/16 to 3/16 of an inch, 
depending on pipe size but should be 3/16 of an inch for 6 inch nominal 
diameter pipes or greater.  The melt bead should be the same size around 
the pipe. 

 
 After melting has been completed, separate the pipe ends just enough to 

remove the heater and immediately bring the pipe ends together with the 
pressure recommended by the manufacturer.  

 
 Maintain the pressure and allow the joint to cool for 30 to 90 seconds per 

inch of pipe diameter before removing from machine.   
 

 Remove fused pipe sections from fusion machine.  Allow joint to cool at 
least 20 minutes after removal before subjecting it to testing, bending or 
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backfilling stresses.  Reposition fusion machine so that the end of the 
newly fused section lies in the stationary clamps while a new pipe section 
is placed in the movable clamps.  Repeat fusion procedure. 

 
 
  The CQA Consultant shall verify that the general butt-fusion procedure has 
been followed by the pipe installer.  If a different joining method is proposed, the Owner and 
CQA Consultant shall approve it in advance. 
 
 6.4  Pressure Testing of Joints 
 
 The joints of non-perforated HDPE pipes shall be tested by the Pipe Installer using the 
pressure test procedure given in ASTM C924.  Other non-destructive test methods may be used 
only when approved by the Owner. 
 
  6.4.1  Segment Testing: Pre-Installation 
 

 Similar sized of polyethylene piping shall be butt welded together into 
testing segments not to exceed 2,000 feet.  Segments shall be fitted with a 
cap on one end and testing apparatus on the other. 

 
 The segment to be tested should be laid on the ground surface and allowed 

time to reach constant and/or ambient temperature before initialing the test. 
 
 The test should be performed during a period when the pipe segment will be 

out of direct sunlight when possible, i.e., early morning, late evening, or 
cloudy days.  This will minimize the pressure changes, which will occur 
during temperature fluctuations. 

 
 The test pressure shall be minimum 10 psi. 

 
 Contractor shall submit verification and results of gauge calibration prior to 

(no more than 60 days) completion of project. 
 
 The test periods shall not be less than 1 hour.  The allowable pressure drop 

observed during the test shall not exceed one percent of the test pressure.  
Test pressure shall be corrected for temperature changes before determining 
pass or failure. 

 
 Owner shall be notified before testing procedure and shall have the option of 

being present during the test. 
 
 Contractor will furnish equipment for this testing procedure. This shall 

consist of a polyethylene flange adapter with a PVC blind flange equal in 
size to the blower inlet valve.  Tapped and threaded into the blind flange 
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will be a temperature gauge 32oF to 212oF, a pressure gauge 0 to 15 psi, a 
"tire valve" to facilitate an air compressor hose, and a ball valve to release 
pipe pressure at completion of test.  Polyethylene reducers shall be utilized 
to adapt test flange to size of pipe being tested. 

 
  6.4.2  Test Failure 
 
  The following steps shall be performed when a pipe segment fails the 4-hour 
test: 
 

 The pipe and all fusions shall be inspected for cracks, pinholes or 
perforations. 

 All blocked risers and capped ends shall be inspected for leaks 
 Leaks shall be verified by applying a soapy water solution and 

observing soap bubble formation. 
 
  All pipe and fused joint leaks shall be repaired by cutting out the leaking area 
and refusing the pipe. 
 
  After all leaks are repaired, a retest shall be performed in accordance with 
Section 6.4.1. 
 
  6.4.3  Final Test 
 
  A final test shall be made on the completed inner conveyance pipeline in 
accordance with Section 6.4.1 and 6.4.2. 
 
  The completed systems when tested should be in its proper trench location and 
allowed time to reach constant and/or ambient temperature before initiating the test. 
 
  Testing apparatus can be placed at location of the valve inlet before the blower. 
 
  6.4.4  Test Reporting 
 
  All testing shall be reported in writing to the Owner and shall include the 
following information: 
 

 Date and time 
 Person performing test 
 Name of Owner representative 
 Pipe length, size(s), and location 
 Test pressure at test start and finish. 
 Ambient temperature at test start and finish. 
 

  The following information shall be reported in writing if a failure occurs: 
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 Nature of all leaks found, and 
 Details of repair. 

 
  The CQA Consultant shall report any deviation of testing methods or test results 
to the Project Manager. 
 
 
7.0  SURVEYING 
 
 7.1  Introduction 
 
 Surveying of lines and grades shall be conducted on an ongoing basis during 
construction of the soil layers and geosynthetics placement.  Surveying shall be performed to 
provide documentation for record plans, verify quantities of soils and geosynthetics, and assist 
the Earthwork Contractor to comply with the required grades.  Surveying conducted at the site 
shall be part of the construction quality assurance program. 
 
 7.2  Survey Control 
 
 One or more permanent benchmark(s) will be established for the site at location(s) 
indicated on the drawings.  The vertical and horizontal controls for this benchmark will be 
established within normal land surveying standards.  The benchmark(s) horizontal and vertical 
position(s) shall be tied to the North Carolina State Plane Coordinate System and the National 
Geodetic Vertical Datum of 1929. 
 
 7.3  Surveying Personnel 
 
 Surveying will be performed under the direct supervision of a qualified, licensed Land 
Surveyor, who may also be the Senior Surveyor on-site.  The survey crew will consist of the 
Senior Surveyor and as many Surveying Assistants as are required to satisfactorily undertake 
the work.  Surveying personnel will be experienced in the provision of these services, including 
detailed, accurate documentation. 
 
 7.4  Precision and Accuracy 
 
 The survey instruments used for this work shall be precise and accurate to meet the 
needs of the project.  Survey instruments shall be capable of reading to a precision of 0.01 of a 
foot and with a setting accuracy of 10 seconds.  Calibration certificates for survey instruments 
shall be submitted to the CQA Consultant prior to initiation of surveying activities. 
 
 7.5  Lines and Grades 
 
 When required, the following surfaces shall be surveyed to determine the lines and 
grades achieved during construction: 
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 - Surface of excavation/structural fill (prior to compacted soil liner placement); 
 - Surface of the finished compacted soil liner (including edges, bottom, and limits 

of pipe trenches and slump); 
 - Surface and limits of geosynthetics; 
 - Anchor trench; 
 - Alignment and inverts of piping and tanks (both inside and outside the landfill); 

and 
 - Profiles, cross-sections, inverts for ditches, roads, and sedimentation basins. 
 
 7.6  Frequency and Spacing 
 
 Surveying shall be performed as soon as possible after completion of a given 
installation to facilitate progress and avoid delaying the next installation.  In addition, spot 
checks during construction will be necessary to assist the Earthwork Contractor in complying 
with the required grades. 
 
 The following spacings and locations shall be provided, as minimum, for survey points: 
 
 - Surfaces, with slopes less than 10 percent will be surveyed on a square grid not 

wider than 100 feet linear; 
 - On slopes greater than 10 percent, a square grid not wider than 100 feet will be 

used, but in any case, a line at the crest, midpoint, and toe of the slope will be 
taken; and 

 - A line of survey points no farther than 100 feet apart will be taken along any 
slope break (this will include the inside edge and outside edge of any bench on a 
slope). 

 - Along linear features, survey sections or points should be at 50-foot centers. 
 
 7.7  Tolerances 
 
 Acceptable tolerances on survey coordinates, within the waste containment areas, shall 
be 0 to -0.2 feet on subgrade elevations, and 0 to +0.2 feet on soil liner and protective 
cover/leachate collection layers,  provided minimum permit conditions and state regulations are 
adhered to (i.e., thickness, grades, etc.).  Surveying tolerances may need to be more stringent in 
the sump area to measure accurate construction of the leachate management system.  More 
stringent tolerances may be required at the sump location to ensure all piping correctly aligns. 
 
 7.8  Documentation 
 
 The Senior Surveyor shall retain original field survey notes.  The surveyor should 
produce record plans for the CQA Consultant as the job progresses.  The results from the field 
surveys will be documented on a set of record plans.  At a minimum these plans shall show the 
final elevations of the surfaces listed in Section 7.5 of the CQA Manual at a scale of 1 inch  
equal 100 feet with contour intervals no greater than 2 feet. 
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 Survey results will be certified by a land surveyor licensed by the state at the location of 
work. 
 
 
8.0  DOCUMENTATION 
 
 8.1  Introduction 
 
 An effective CQA Plan depends largely on recognition of all 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 Consultant shall document that quality assurance requirements have been 
addressed and satisfied. 
 
 The CQA Consultant shall provide the Project Manager with signed descriptive 
remarks, data sheets, and logs to verify that all monitoring activities have been carried out.  The 
CQA Consultant shall also maintain at the job site a complete file of design plans, design 
specifications, the CQA Plan, checklists, test procedures, daily logs, and other pertinent 
documents. 
 
 8.2  Daily Recordkeeping 
 
 Standard reporting procedures shall include preparation of a daily report which, at a 
minimum, shall consist of a daily summary report including memoranda of meetings and/or 
discussions with the Owner and/or site contractors, observation logs, and test data sheets.  
Other forms of daily recordkeeping to be used as appropriate include construction problem and 
solution data sheets and photographic reporting data sheets. 
 
  8.2.1  Daily Summary Report 
 
  The CQA Consultant shall prepare a daily summary report, which may include 
the following information as appropriate: 
 
  - Date, project name, location, and other identification; 
  - Data on weather condition; 
  - Information on meetings held or discussions which took place: 
    Names of parties to discussion; 
    Relevant subject matter or issues; 
    Decisions reached; and 
    Activities planned and their schedule. 
  - A reduced-scale site plan showing all proposed work areas and test 

locations; 
  - Descriptions and locations of ongoing construction; 
  - Descriptions and locations of work being tested and/or observed and 

documented; as well as test results; 
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  - Calibrations or recalibration of test equipment and actions taken as a 
result of recalibration, or reference to specific observation logs and/or 
test data sheets; 

  - Off-site materials received, including quality verification 
documentation; 

  - Decisions made regarding acceptance of units of work, and/or corrective 
actions to be taken in instances of substandard quality. 

 
  8.2.2  Construction Problem and Solution Report 
 
  The CQA Consultant, as required by the Owner, shall prepare reports describing 
special construction situations or clarifications to technical specifications or construction 
deficiencies. 
 
  These reports may include the following information as appropriate: 
 
  - A detailed description of the clarification, or construction deficiency; 
  - The location and probable cause of the situation or construction 

deficiency; 
  - Documentation of the corrective action taken to address the situation or 

deficiency; 
  - Final results of any responses; 
  - The signature of the CQA Consultant Engineer of Record, Regional 

Engineer, and the Project Manager indicating concurrence. 
 
  The Project Manager shall be made aware of any significant recurring non-
conformance with the design specifications.  The Project Manager shall then determine the 
cause of the non-conformance and recommend appropriate changes in procedures or 
specifications to the Regional Engineer.  If these changes are significant in nature, they will be 
submitted to the Design Engineer for approval.  When this type of evaluation is made, the 
results shall be documented, and any revision to procedures design specification, or permit 
specifications will be approved by the Regional Engineer, Design Engineer, and if necessary, 
the Permitting Agency. 
 
  8.2.3  Photographic Reporting Data Sheets 
 
  Photographic reporting data sheets, where use, shall be cross-referenced with 
observation logs and test data sheets and/or construction problem and solution reports. 
 
  These photographs will serve as a pictorial record of work progress, problems, 
and mitigation activities.  The basic file shall contain color prints; negatives shall be stored in a 
separate file in chronological order.  These records will be presented to the Project Manager 
upon completion of the project. 
 
  8.2.4  Design And/Or Specification Changes And Clarifications 
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  Design and/or permit specifications changes or clarification may be required 
during construction. In such cases, the CQA Consultant shall notify the Regional Engineer and 
Project Manager.  The Regional Engineer shall then notify the Permitting Agency, if necessary. 
 
  Significant design and/or permit specifications changes shall be made only with 
the written agreement of the Regional Engineer and the Design Engineer, and shall take the 
form of an addendum to the specifications.  The CQA Consultant shall document clarifications 
to specifications as they are made. 
  
 8.3  Reports 
 
 The CQA Consultant shall prepare periodic reports, which summarize construction 
activities and the results of observations and tests.  Progress reports shall be prepared at regular 
time intervals to document the status of the work.  Certifications shall be prepared at the 
completion of major construction activities. 
 
 At the completion of the work, final documentation shall be prepared and shall include 
a professional engineer's seal and supporting field and laboratory test results. 
 
  8.3.1  Final Record Documentation 
 
  At the completion of the work, the CQA Consultant shall submit to the Regional 
Engineer the signed Final Record Documentation.  Record Documentation shall describe 
activities associated with the construction of the item including construction procedures and 
observations and tests performed by CQA personnel. The report shall be organized into 
sections discussing the major components of liner construction, including subgrade, compacted 
soil liner, synthetic liner, protective cover, leachate collection layer, and leachate management 
system (i.e., force main, piping, etc.).  At a minimum, the Final Report shall include: 
 
  - Summaries of all construction activities; 
  - Observation logs and test data sheets including sample location plans 

and supporting field and laboratory test results; 
  - Construction problems and solutions reports; 
  - Changes from design and material specifications; 
  - Record plans; and 
  - A summary statement sealed and signed by a professional engineer 

registered in the state of where the permit was issued. 
 
  The record plans shall include scale plans depicting the location of the 
construction and details pertaining to the extent of construction (e.g., depths, plan dimensions, 
elevations, soil component thicknesses, etc.).  A qualified land surveyor shall prepare surveying 
and base maps required for development of the record plans.
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TABLE 3.2-1A 
 

LABORATORY TEST METHODS 
FOR THE EVALUATION OF SOIL AND AGGREGATE 

 
 

Common Test Name Parameter Defined Standard Method 
 
Sieve and Hydrometer Analysis 
 
Atterberg Limits 
 
Standard Proctor Density 
 
 
Modified Proctor Density 
 
 
Moisture Content 
 
Permeability:  Flexible Wall Permeameter 
 
 
Permeability:  Constant Head 
 
Carbonate Content 

 
Particle Size Distribution of Coarse and Fine Grained Soils 
 
Liquid and Plastic Limits, Plasticity Index 
 
Moisture/Density Relationship Using 5.5 lb (2.46 kg) Rammer and 
12 inch (305 mm) Drop 
 
Moisture/Density Relationship Using 10 lb (4.54 kg) Rammer and 
18 inch (457 mm) Drop 
 
Water Content of Soil by Mass 
 
Permeability (Hydraulic Conductivity) on Undisturbed or Remolded 
Samples of Soil 
 
Permeability (Hydraulic Conductivity) of Granular Soils 
 
Carbonate Content  

 
ASTM D422 

 
ASTM D4318 

 
ASTM D698 

 
 

ASTM D1557 
 
 

ASTM D2216 
 

ASTM D5084 
 
 

ASTM D2434 
 

ASTM D3042 or 
ASTM D4373 

 
  Note: 
 
  Not all tests are required for this site, refer to the permit, technical specifications, and Table 2-2 in the CQA Plan. 



 
 

 TABLE 3.2-1B 
 

FIELD TEST METHODS 
FOR THE EVALUATION OF SOIL AND AGGREGATE 

 
 

Common Test Name Parameter Defined Standard Method 
 
Visual Classification 
 
USDA Classification 
 
Nuclear Density Gauge 
 
 
Moisture Content 
 
Sand Cone Density 
 
Drive Tube Sample 
 
Lift Depth Check 

 
Maximum Particle Size, General Material Characteristics 
 
Classification of Ability to Support Vegetation 
 
In-Place Density and Moisture Content 
 
 
In-Place Moisture as Check on Nuclear Densometer Measurements 
 
In-Place Density as Check on Nuclear Densometer Measurements 
 
In-Place Density as Check on Nuclear Densometer Measurements 
 
Thickness of Placed Soils or Aggregates 

 
ASTM D2488 

 
USDA Method 

 
ASTM D2922 and 

ASTM D3017 
 

ASTM D2216 
 

ASTM D1556 
 

ASTM D2937 
 

Visual Confirmation 
 
  Note: 
 
  Not all tests are required for this site, refer to the permit, technical specifications, and Table 2-2 in the CQA Plan. 
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MINIMUM TEST FREQUENCIES 

FOR SOIL AND AGGREGATE MATERIALS 
 
 

Liner Component Required Test Minimum Frequency(1) Sample Size(2) Acceptance Criteria(3) 
     
Excavation to Subgrade Visual Observation As required N/A Subgrade does not pump or rut excessively once 

area is proof rolled. 
     
 Standard Proctor Density As required to provide 

representative values for in-situ 
soils 

50 lb. Determination of laboratory value for comparison 
to field tests. 

     
 Nuclear Density Gauge  

In-Place Density and 
Moisture Content 

Native material - 1 per 15,000 sf N/A >95% standard proctor maximum dry density 
moisture no greater than 10% above optimum 

     
Structural Fill Placed to Subgrade Visual Observation Borrow Areas: As required 

Stockpiles: As required 
Placed Material: As required 

N/A Substantially free of debris, large rocks, plant 
materials, or other deleterious material.  Final 
surface: firm, smooth, and uniform. 

     
 Sieve Analysis Placed Material: 1 per 10,000 cy 5-10 lb Max. 6 in. particle size 

Max. 50% passing #200 sieve 
     
 Standard Proctor Density Placed Material: As required 50 lb Determination of window of acceptable moisture 

content given required dry density. 
     
 Nuclear Density Gauge  

In-Place Density and 
Moisture Content 

Placed Material: 1 per 100 foot 
grid per lift 

N/A >95% Standard Proctor maximum dry density 

     
 Moisture Content Placed Material: 1 per day that 

nuclear densometer is used 
Varies Check of nuclear densometer measurements to 

determine if recalibration is necessary. 
     
 Sand Cone Density or 

Drive Tube Sample 
Placed Material: 1 per day that 
nuclear densometer is used 

Varies Check of nuclear densometer measurements to 
determine if recalibration is necessary. 
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MINIMUM TEST FREQUENCIES 

FOR SOIL AND AGGREGATE MATERIALS 
 

Liner Component Required Test Minimum Frequency(1) Sample Size(2) Acceptance Criteria(3) 
     
Protective Cover Visual Observation Placed Material: As required N/A Substantially free of debris, large rocks, plant 

materials, or other deleterious materials. 
     
 Sieve Analysis Placed Material: 1 per 5,000 cy 5-10 lbs. Max. 6 in. size.  Min. 30% passing #4 sieve. 
     
 Lift Depth Check Placed Material: As required N/A Per Drawings. 
     
 Survey As-Built Conformation N/A Per Section 3.8 and Drawings. 
 
Notes: 
 
(1) See Section 3.2.2 for further definition of sampling frequency. 
(2) In general, where the symbol “N/A” (not applicable) is used, the test is performed on in-place materials. 
(3) See technical specifications for further definition of acceptance criteria. 
 



TABLE 3.4-1 
 

REQUIRED 40 MIL TEXTURED LLDPE GEOMEMBRANE PROPERTIES 
 

Material Property Value Units Test Method Test Frequency 
     
Thickness >38/34(1) mil ASTM D5994 1 per roll 
     
Asperity Height(2) >16 mil GRI GM12 /  

ASTM D7466 
1 every 2nd roll 

     
Density >0.939 N/A ASTM D792 1 per 200,000 lb 
     
Tensile Properties (each direction)(3) 
 
1.  Tensile Strength at Break 
2.  Elongation at Break 

 
 

>112 
>400 

 
 

lb/in. 
percent 

ASTM D6693; 
Type IV 

1 per 20,000 lb 

     
Tear Resistance >25 lb ASTM D1004 1 per 45,000 lb 
     
Puncture Resistance >50 lb ASTM D4833 1 per 45,000 lb  
     
Carbon Black Content 2 – 3 percent ASTM D1603 1 per 20,000 lb 
     
Carbon Black Dispersion 9 of 10 Category 1 or 2 

1 of 10 Category 3 
N/A ASTM D5596 1 per 45,000 lb 

     
Oxidative Induction Time (OIT) >100 min ASTM D3895 1 per 200,000 lb 
     
Oven Aging at 85C/ High Pressure OIT 
- percent retained after 90 days 

>60 percent ASTM D5721/ 
ASTM D5885 

1 per formulation 

     
UV Resistance/ High Pressure OIT - 
percent retained after 1600 hrs(5)(6) 

>35 percent GM 11/ ASTM 
D5885 

1 per formulation 

 
Notes: 
 
(1) The first value represents the minimum average thickness measurements of 10 measurements the second value 

represents the lowest allowable individual thickness measurement. 
(2) Of 10 readings; 8 out of 10 must be > 7 mils, and lowest individual reading must be > 5 mils. 
(3) Machine direction (MD) and cross machine direction (XMD) average values should be on the basis of 5 test 

specimens each direction. 
- Yield elongation is calculated using a gage length of 1.3 inches. 
- Break elongation is calculated using a gage length of 2.0 inches. 

(4) The SP-NCTL test is not appropriate for testing geomembranes with textured or irregular rough surfaces. Test 
should be conducted on smooth edges of textured rolls or on smooth sheets made from the same formulation as 
being used for the textured sheet materials. The yield stress used to calculate the applied load for the SP-NCTL test 
should be the manufacturer’s mean value via MQC testing. 

(5) The condition of the test should be 20 hr. UV cycles at 75oC followed by 4 hr. condensation at 60oC. 
(6) UV resistance is based on percent retained value regardless of the original HP-OIT value. 



TABLE 3.4-2  
 

REQUIRED MATERIAL CONFORMANCE TESTING 
40 MIL TEXTURED LLDPE GEOMEMBRANE 

 
 

Material Property Value Units Test Method Test Frequency 
     
Thickness(1) >40 mil ASTM D5994  1 per 100,000 ft2 or 

1 per lot(2) 
     
Density >0.939 g/cc ASTM D1505 1 per 100,000 ft2 or 

1 per lot(2) 
     
Tensile Properties (each direction)(3) 
1.  Tensile Strength at Break 
2.  Elongation at Break 

 
>112 
>400 

 
 

 
lb/in. 

percent 
 

ASTM D638; 
Type IV 

1 per 100,000 ft2 or 
1 per lot(2) 

     
Carbon Black Content 2 - 3 percent ASTM D4218 1 per 100,000 ft2 or 

1 per lot(2) 
     
Carbon Black Dispersion 9 of 10 Category 1 or 2 

1 of 10 Category 3 
N/A ASTM D5596 1 per 100,000 ft2 or 

1 per lot(2) 
 
Notes: 
 
(1) Minimum of five readings must average nominal thickness or greater, no single reading falling more than 10% 

below the specified value. 
(2) Whichever results in the greater number of samples tested. 
(3) Machine direction (MD) and cross machine direction (XMD) average values should be on the basis of 5 test 

specimens each direction. 
- Yield elongation is calculated using a gage length of 1.3 inches. 
- Break elongation is calculated using a gage length of 2.0 inches. 

 



TABLE 3.4-3 
 

REQUIRED 40 MIL TEXTURED HDPE SEAM PROPERTIES 
 
 

Material Property Value Test Method Test Weld 
Frequency 

Destructive 
Seam 

Frequency 
     
Bonded Shear 
Strength 

100 percent of yield strength of 
parent material and FTB 

ASTM D6392/ 
ASTM D4437 

1 per 4 hours 1 per 500 ft 
seamed  

     
Seam Peel 
Adhesion 

65 percent of yield strength of 
parent material and FTB 

ASTM D6392/ 
ASTM D4437 
. 

1 per 4 hours 1 per 500 ft 
seamed  

 
Notes: 
 
1. For laboratory testing only, a maximum of 1 non-FTB (film tear bond) per 5 specimens is acceptable provided 

that strength requirements are met on that sample. 
 
2. For double-fusion welded seams, both tracks shall be tested to meet compliance with the minimum seam 

values specified. 
 
3. Strain Rate: 2in./min. and 1 inch wide strips. 
 
4. Test Welds shall be made upon start of work for each seamer, every four (4) hours of continuous seaming, 

every time seaming equipment is changed, if significant changes in geomembrane temperature and weather 
conditions are observed, and at the discretion of the CQA Consultant. 

 
  

 



 

TABLE 3.5-1 
 

REQUIRED MATERIAL PROPERTIES 
GEOSYNTHETIC DRAINAGE COMPOSITE 

 
 

Material Property Value Units Test Method Test Frequencies 
     
Geonet Density  >0.940(1) gm/cm³ ASTM D1505 1 per 100,000 ft2 
     
Geonet Thickness  >0.25 inches  ASTM D5199 1 per 100,000 ft2 
     
Geonet Mass per Unit Area >0.16 lbs/ft² ASTM D3776 1 per 100,000 ft2 
     
Geonet Carbon Black Content 2 - 3 percent ASTM D1603 1 per 100,000 ft2 
     
Geonet Tensile Strength at Break >55 lbs/in ASTM D5035 1 per 100,000 ft2 
     
     
Drainage Composite Transmissivity @ 
10,000 psf(2) 

>5 x 10-4 m²/sec ASTM D4716 1 per 200,000 ft2 

     
Drainage Composite Ply Adhesion ≥1 lb/in ASTM F904 1 per 200,000 ft2 
 
Notes: 
 
(1) Must be less than or equal to the specific density of the geomembrane. 
(2) Transmissivity will be measured in the laboratory using water at 20C with a gradient of 0.25, between the 

materials specified in the permit (i.e., 60-mil HDPE geomembrane and Protective Cover material), and will 
be tested after a seating period of 24 hours (minimum). 

(3) Geotextile to meet properties of Table 3.6-1, 10 oz/sy for the base liner drainage composite and 6 oz/sy for 
the enhanced liner system and cap drainage composite. 

 



 

TABLE 3.5-2 
 

REQUIRED MATERIAL CONFORMANCE TESTING 
GEOSYNTHETIC DRAINAGE COMPOSITES 

 
 

Material Property Value Units Test Method Test Frequencies 
     
Transmissivity @ 10,000sf(1)  ≥5x10-4 m2/s ASTM D4716 1 per 250,000 ft2 
     
Ply Adhesion ≥1 Lb/in ASTM F904 1 per 250,000 ft2 
 
Note: 
 
(1) Transmissivity will be measured in the laboratory using water at 20C with a gradient of 0.25, between the 

materials specified in the permit (i.e., 60-mil HDPE geomembrane and Protective Cover material), and will 
be tested after a seating period of 24 hours (minimum). 

 



TABLE 3.6-1 
 

REQUIRED MATERIAL PROPERTIES 
GEOTEXTILES 

 
 
 Minimum Average Roll Values    

Material Property 6 oz/sy 10 oz/sy Units Test Method Test Frequencies 
      
Mass per Unit Area 6 10 oz/yd2 ASTM D5261 1 per 100,000 ft2 
      
Grab Tensile Strength 150 250 lbs ASTM D4632 1 per 100,000 ft2 
      
Grab Elongation 50 50 percent ASTM D4632 1 per 100,000 ft2 
      
Puncture Strength 90 125 lbs ASTM D4833 1 per 100,000 ft2 
      
Trapezoidal Tear Strength 70 100 lbs ASTM D4533 1 per 100,000 ft2 
      
Apparent Opening Size(1) 70-100 70-120 sieve size ASTM D4751 1 per 100,000 ft2 
      
Permittivity 1.3 1.3 sec-1 ASTM D4491 1 per 100,000 ft2 
      
 
Notes: 
 
(1) Required only on material, which is to be used in filter applications. 



TABLE 3.6-2 
 

REQUIRED MATERIAL CONFORMANCE TESTING 
GEOTEXTILES 

 
 
 Minimum Average Roll Values    

Material Property 6 oz/sy 10 oz/sy Units Test Method Test Frequencies 
      
Mass per Unit Area 6 10 oz/yd2 ASTM D5261 1 per 100,000 ft2 
      
Grab Tensile Strength 150 250 lbs ASTM D4632 1 per 100,000 ft2 
      
Puncture Strength 90 125 lbs ASTM D4833 1 per 100,000 ft2 
      
Trapezoidal Tear Strength 70 100 lbs ASTM D4533 1 per 100,000 ft2 
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TIME
COMMENTS

(FEET) START FINISH

AMBIENT
TEMP

(°F)
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GEOMEMBRANE NON-DESTRUCTIVE TESTING SUMMARY

PROJECT NAME TECHNICIAN

PROJECT NUMBER SHEET OF

SEAM DATE AIR TEST DATE SEAM DATE SEAM
NUMBER TESTED LENGTH STARTING ENDING RESULTS REPAIRED VACUUM STATUS COMMENTS

(FEET) TIME PRESS. TIME PRESS. (P/F) TESTED (P/F)
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GEOMEMBRANE DESTRUCTIVE TESTING SUMMARY

PROJECT NAME TECHNICIAN

PROJECT NUMBER SHEET OF

FIELD TEST RESULTS LAB TEST RESULTSDESTRUCTIVE
SAMPLE
NUMBER

SEAM
NO.

SEAM
TYPE

DATE
SAMPLED

WELDER MACHINE
NUMBER

PEEL
(P/F)

SHEAR
(P/F)

CQA
INITIALS

PEEL
(P/F)

SHEAR
(P/F)

DATE
TESTED

COMMENTS
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GEOMEMBRANE DEFECT LOG

PROJECT NAME TECHNICIAN

PROJECT NUMBER SHEET OF

REPAIR
NO.

LOCATION OF DEFECT DEFECT TYPE DATE REMARKS
REPAIR
TYPE

REPAIR
DATE

REPAIR
(P/F)

CQA
INITIALS

Repair Type: P – Patch, T – Weld, CAP – Cap Strip, DS – Destructive Sample, B – Bead
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SHEET NO. OF

DATE

PROJECT NAME: COMPUTED BY:

PROJECT NO.: CHECKED BY:

MATERIAL DESCRIPTION:

DRAINAGE COMPOSITE DEPLOYMENT LOG

PANEL
DATE

ROLL
NO. LENGTH WIDTH

SQUARE FOOTAGE

TOTAL SQUARE FOOTAGE
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Proposed Design Plans     
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