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1 INTRODUCTION 

1.1 Site Background 

The Wayne County landfill is located at 460 S. Landfill Road (SR 1129), Dudley, Wayne County, North 

Carolina.  The Wayne County Construction and Demolition (C&D) landfill operates under permit #96-01.  

Prior to operating as a C&D landfill, the site operated as a Municipal Solid Waste (MSW) unlined sanitary 

landfill that consisted of two units.  The first unit was closed prior to October 1991, with a 24-inch final soil 

cover.  The second unit was closed by December 31, 1998, with an 18-inch thick cohesive soil cap with a 

permeability of 1 x 10-5 cm/sec, and 18 inches of erosive layer.[5]  The C&D landfill was constructed and is 

operating on top of the second MSW unit.  Adjacent to the C&D landfill is the existing Subtitle D MSW 

landfill, which operates under permit #96-06.  The site is monitored under 15A NCAC 13B.1630.  A 

topographic map showing the location of the site is included as Plate 1.  A site map showing the layout of the 

permitted facility is included as Plate 2. 

1.1.1 Additional Groundwater Investigation 

At the request of the North Carolina Department of Environment and Natural Resources (NCDENR) Solid 

Waste Section (SWS), additional field investigation activities were performed to more completely delineate 

the extent of groundwater impact.  These activities consisted of the installation of three (3) Type II monitoring 

wells (MW-9 through MW-11), and the collection of groundwater samples for analysis of Appendix I & II 

constituents.  Monitoring well locations are shown in Plate 2.  Boring logs and monitoring well construction 

diagrams are presented in Appendix D.  The results of the groundwater sample laboratory analyses were 

incorporated into the existing analytical data set.  Groundwater contaminant distribution is discussed in 

Section 1.3.  

 

1.2 Aquifer Characteristics 

The site lies within the Atlantic Coastal Plain physiographic province,[1,3] a region that is characterized by flat 

or gently undulating topography dissected by drainage features with narrow to moderately sloped sides.  The 

site is bounded by an intermittent drainage to the north and east, by SR 1129 to the south, and by another 

intermittent drainage to the west.  The drainage features have recently been reported as being dry during the 

semi-annual sampling events.  The northern drainage feature separates the site from the existing Subtitle D 

MSW Landfill, and converges with the western drainage feature approximately 375 feet northwest of 

monitoring well MW-5.  Both drainage features eventually converge with Edwards Branch approximately 600 

feet west of the existing Subtitle D Leachate Lagoon.  Edwards Branch appears to be a perennial stream, based 

upon field observations made during surfacewater sampling from the existing Subtitle D MSW Landfill. 
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The lithology below the site consists of unconsolidated surficial sediments composed of white to gray sand 

that overlie red to orange silty sand interlayered with clay.  These surficial sediments are underlain by the 

Black Creek confining unit, which is an approximately 10-foot thick clay unit at the top of the Cretaceous-age 

Black Creek Formation that separates the overlying surficial aquifer from the underlying Black Creek 

aquifer.[10]  The Black Creek formation consists of thinly laminated gray to black clay interbedded with gray to 

tan fine to medium grained sand, with lignitic wood, occasional shell fragments, and glauconite.  The 

estimated depth of the Black Creek confining unit below the site is approximately 13.5 to 37.5 feet below 

ground surface (bgs), based upon lithologies encountered during previous subsurface investigations[5]. 

 

Regionally, Wayne County is located in the Coastal Plain groundwater region of the United States.[3] The 

unconfined aquifer at the site consists of unconsolidated sediments that are underlain by the Black Creek 

confining unit.  In the area south of Goldsboro, the Black Creek aquifer underlies the surficial aquifer and is 

confined by the clay/silty clay/sandy clay confining unit.  Groundwater typically occurs at depths of less than 

20 feet bgs, with the shallowest depths occurring in draws and near drainage features.  Groundwater depths in 

the monitoring wells have been consistent over time, and generally occur in the following depth ranges: 

 
 0 to 5 ft. bgs: MW-3, MW-5, MW-11 
 5 to 10 ft. bgs: MW-2, MW-4, MW-6, MW-7 
 10 to 15 ft. bgs: MW-1 
 > 15 ft. bgs: MW-8, MW-9, MW-10 

 

Historical groundwater elevations are provided in Table 2.  Groundwater flow dynamics are primarily 

controlled by the surrounding drainage features and ultimately Edwards Branch.  Groundwater flow in the 

surficial aquifer is in a generally west-northwesterly direction.  A single-day potentiometric map depicting 

groundwater flow conditions on August 6, 2009 is provided as Plate 3. 

 

Hydraulic conductivity (K) values, hydraulic gradients, and average linear groundwater velocities are 

summarized in Table 3.  K values, as determined from slug testing, ranged from 3.10 x 10-5 cm/sec (MW-5) to 

6.40 x 10-3 cm/sec (MW-3), with a geometric mean of 3.26 x 10-4 cm/sec.  Hydraulic gradient at the site was 

found to be fairly uniform with an average value of 0.012 ft/ft.  Average linear groundwater velocities (vx), 

also known as seepage velocities, were calculated using the following equation: 

e
x n

iK
v

*
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where 

 vx is the average linear groundwater velocity [length/time] 

K is the hydraulic conductivity [length/time] 

 ne is the effective porosity [unitless] 

i is the horizontal hydraulic gradient in the direction of groundwater flow, taken as the difference in 
head elevation between two points divided by the distance between those points 

  [unitless, or length/length] 
 

The calculated average linear groundwater velocities were found to have a median value of 15.3 ft/yr. 

 

1.3 Contaminant Distribution 

Groundwater contamination at the site consists of dissolved-phase volatile organic compounds (VOCs) and 

metals in concentrations exceeding established 15A NCAC 2L groundwater standards (2L Standards).  

Groundwater contaminants found to exceed 2L Standards are: benzene, p-dichlorobenzene (1,4-

dichlorobenzene), chlorobenzene, vinyl chloride (chloroethene), cadmium, chromium, lead, manganese, 

mercury, and vanadium.  Benzene, chlorobenzene and p-dichlorobenzene are aromatic hydrocarbons.  Vinyl 

chloride is a chlorinated aliphatic hydrocarbon.  The metals, with the exception of mercury, are naturally 

occurring.  Chlorobenzene and p-dichlorobenzene were identified as contaminants of concern (COC) in the 

ACM (see Section 2.1).  At the request of the NCDENR-SWS mercury was also added to the list of COCs.  A 

summary of historical organic and inorganic detected constituents is presented in Tables 4 & 5, respectively.  

 

Groundwater impact is limited to the unconfined surficial aquifer.  Monitoring wells that have historically 

exhibited 2L violations are MW-2 and MW-8.  The distribution of dissolved-phase VOC concentrations, as 

determined from the February 2009 semi-annual sampling event in addition to analytical data collected from 

wells MW-9, MW-10, and MW-11, is depicted in Plate 5.   

 

1.4 Site Conceptual Model 

Site conceptual and analytical models were developed in the Assessment of Corrective Measures (ACM) report 

submitted by MESCO in August 2007[6].  The models consisted of conceptual cross sections and analytical 

modeling using MODFLOW with MT3D96.  The lithologic cross-sections from the ACM are provided as Plate 

4. 
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Physical Process 

As dissolved-phase constituents in groundwater, all COCs are subject to the physical processes of advection 

and dispersion.  The primary physical mechanism of plume movement is through advection.  Advective flow 

with applied sorption (retardation) typically slows plume migration.  The retardation coefficient (R) used to 

calculate the expected migration rates for the constituents can be calculated from the following equation [8]: 

d
d K

n
R


1   

where 

 R     is the retardation coefficient 
 ρd    is the dry bulk density of the soil (g/cm3) 
 n     is the porosity (unitless) 
 Kd   is the distribution coefficient (mL/g) 
 
The average dry bulk density (ρd) presented in the ACM report, as calculated from laboratory dry weights 

determined during the Phase 2 Design Hydrogeological Study, was reported as 1.77 g/cm3.  The distribution 

coefficient (Kd) can be estimated as the constituent-specific soil–water partitioning coefficient (Koc) times the 

fraction of organic carbon (foc) in the soil.[2]  A conservative value of 1% (0.01) was chosen for soil organic 

carbon, based on boring logs and field observations  An average total porosity value of 36% (0.36) was used 

based upon the range of estimated values reported in the Transition Plan report[5].  Contaminant velocity in 

groundwater (vc) is equal to the seepage velocity divided by the retardation coefficient:[8] 

R

v
v x

c   

where 

 vc is the velocity of the contaminant (ft/yr) 
 vx is the average linear groundwater velocity, or seepage velocity (ft/yr) 
 R is the retardation coefficient (unitless) 
 

The following table lists retardation coefficients for the relevant COCs.  The contaminant velocities are given 

with respect to the median seepage velocity reported in the ACM (15.3 ft/yr). 
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Table of Retardation Coefficients & Contaminant Velocities 

Constituent of Concern 
Distribution 

Coefficient (Kd) 

Retardation 

Coefficient (R) 

Contaminant 

Velocity (vc) 

Chlorobenzene 
0.83 – 3.89  

(Koc = 83 - 389) [8] 
5.08 – 20.1 0.76 – 3.0 ft/yr 

p-Dichlorobenzene 

(1,4-Dichlorobenzene) 

 2.73– 18.3  

(Koc = 273 – 1,833) [8] 
14.4 – 91.0 0.17 – 1.1 ft/yr 

Mercury 6,310 [9] 31,000 
4.9 x 10-4 ft/yr 

(0.06 inches/yr) 

Note – R values have been re-calculated for this CAP report, and are reported to three significant 
figures.  Contaminant velocities are reported to two significant figures, and are based upon a 
median seepage velocity of 15.3 feet/year. 

 

The calculated values suggest that chlorobenzene has the potential to travel at up to one-fifth that of the 

seepage velocities calculated in the ACM.   p-Dichlorobenzene is expected to have a similar, although 

generally slower, mobility.   Mercury is expected to be relatively immobile in groundwater.  

 

Contaminant velocities for chlorobenzene and p-dichlorobenzene were calculated at the locations of 

monitoring wells MW-2 and MW-8, using seepage velocities calculated from individual slug test results.  

From these contaminant velocities, contaminant travel times to the compliance boundary (point-of-

compliance) were calculated.  Well-specific contaminant velocities and travel times based on the above 

retardation factors are summarized in the following table. 

 

Organic COC Contaminant Velocities and Estimated Travel Times to Compliance Boundary 

Contaminant Velocity (vc) 
Time to Relevant Point-of-Compliance 

(~50 ft. downgradient from MW-2) 
(~225 ft. crossgradient from MW-8) 

Monitoring 
Well 

Seepage Velocity 
(vx) 

Chlorobenzene p-Dichlorobenzene Chlorobenzene p-Dichlorobenzene 
MW-2 30.9 ft/yr 1.5 – 6.1 ft/yr 0.34 - 2.1 ft/yr 8.2 - 33 yrs 24 – 150 yrs 
MW-8 10.9 ft/yr 0.54 – 2.1 ft/yr 0.12 – 0.76 ft/yr 107 – 417 yrs 296 - 1,875 yrs 

 

It must be noted that the relevant point-of-compliance for monitoring well MW-8 is located cross-gradient 

(and somewhat upgradient) to that well (see Plate 3).  Because of this, contaminant transport to that point 

would occur primarily as a result of diffusion as opposed to advection, which occurs primarily along 

downgradient flowpaths.  Therefore, contaminant travel times from MW-8 to the adjacent point-of-compliance 

are expected to be much slower than those given in the above table. 

 

Chemical/Biochemical Process 

The identified COCs consist of chlorinated aromatic hydrocarbons and metals dissolved in groundwater.  

Natural biodegradation of chlorinated hydrocarbons occurs primarily through the biochemical process of 

reductive dechlorination.  Reductive dechlorination occurs as the result of microbial activity that progressively 
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removes chlorine atoms from chlorinated hydrocarbons through various oxidation-reduction reactions.  Under 

anaerobic conditions, reductive dechlorination occurs through electron acceptor reactions, with the chlorinated 

hydrocarbons acting as electron donors rather than as a carbon source for microbial activity.  Under aerobic 

and some anaerobic conditions, reductive dechlorination can occur as a result of electron donor reactions, 

during which chlorinated hydrocarbons act as both carbon and energy sources for microbial activity.  

Breakdown of chlorinated aromatic hydrocarbons can also occur through chemical oxidation. [8]   

 

1.5 Regulatory Status 

The Wayne County Landfill operates as a C&D landfill over a MSWLF landfill under permit #96-01.  

Assessment monitoring is currently performed on a semi-annual basis at the site. 
 

2 CONTAMINATION CHARACTERIZATION 

2.1 Contaminants of Concern 

The following chemical compounds were identified in the ACM as being COCs: 

 chlorobenzene, p-dichlorobenzene – chlorinated aromatic hydrocarbons 

 mercury – toxic, heavy metal 

 

2.2 Contaminant Source Confirmation 

The groundwater contaminant source appears to be the closed MSW landfill cells.  The mechanism for the 

presence of this contamination is precipitation that has percolated through the landfill waste, allowing VOCs to 

partition from solid/liquid phases into a dissolved phase, and that has subsequently migrated downwards to 

mix with groundwater.  To limit water percolation, the MSW unit was closed with an 18-inch cohesive soil cap 

with a permeability of 1 x 10-5 cm/sec, and an 18-inch erosive layer.  Vegetative cover is also present. 

 

2.3 Source Control Measures 

The first unit of the MSW landfill stopped receiving waste by October 1991 and was closed with a 24-inch 

final soil cover.  The second unit was closed with an 18-inch cohesive soil cap with a permeability of 1 x 10-5 

cm/sec, and an 18-inch erosive layer.  The majority of surrounding property is owned and controlled by 

Wayne County and is used as a Subtitle D Landfill or current/future borrow site for daily cover in the Subtitle 

D Landfill.  The boundary to the west of the site is a vacant private residence.  The property line is the center 

of the western drainage feature, which is bounded by a wetland area.   
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A methane extraction system was installed on both units of the MSW landfill, as seen in Plate 2.  The methane 

extraction unit was initiated in 2002 and has run continuously since that time.  Additional information 

regarding the methane extraction system is presented in Section 3.1. 

 

2.4 Risk Assessment 

Risk assessment was performed as part of the ACM and assumed direct contact with the identified 

contamination.  Both adult and child hazard index values for contaminants of concern were less than 1 from 

inhalation, dermal and oral ingestion exposure.  Summaries of the corrective action screening results as 

presented in the ACM are included as Tables 9A-9C (attached). 

2.4.1 Sensitive Receptors – Water Supply Wells 

On-Site Water Supply Wells 

According to the ACM report and Transition Plan, two (2) water supply wells (WSW) were formerly located 

at the facility.  The first WSW, identified as “Drinking Water Supply Well” in the Transition Plan[5], was a 30-

inch diameter bored well with a 1.5-inch dia. PVC inner casing set inside, and was located near the existing 

maintenance building (see Plate 2).  The total depth of this WSW was not given in the Transition Plan, 

although a static water depth of approximately 20 feet bgs was indicated.  According to the ACM report, this 

WSW was abandoned in 1996 when the facility was connected to the municipal water supply.  A well 

abandonment record for this WSW is not available. 

 

The second WSW, identified in the Transition Plan as the “Wash Down Water Supply Well” in the Transition 

Plan, was also located near the maintenance building (see Plate 2).  According to the well construction record 

presented in the ACM report, the Wash Down WSW was installed on August 29, 1990 to a total depth of 80 

feet bgs, and constructed of 2-inch I.D. schedule 40 PVC casing and screen, with a 5-foot screened interval 

from 75-80 feet bgs.  Both the ACM and Transition Plan state that this well was used exclusively for washing 

vehicles, and was taken out of service in May 2007.  The well as properly abandoned in accordance with 

NCAC 2C well construction standards on July 9, 2009 by J&L Drilling, Inc. (Four Oaks, NC).  A well 

abandonment record for this WSW is included in Appendix D. 

 

Off-Site Properties  

A receptor survey performed in 2007 for the ACM identified nine (9) properties located within 2,000 feet of 

the waste limit as potentially possessing water supply wells.  Field reconnaissance performed in July 2009 
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confirmed the findings of the 2007 receptor survey.  A summary of water supply wells is provided as Table 

10.   The locations of off-site water supply wells are depicted in Plate 6. 

2.5 Contaminant Concentrations 

2.5.1 Background Concentrations 

Background water quality data is collected from upgradient monitoring well MW-1.  Water quality samples 

have been collected since 1994.  Historical background results are summarized in Table 6.  Groundwater 

results from the February 2009 sampling event are summarized in Table 7.   

2.5.2 Exceedances of Groundwater Quality Standards 

Groundwater contaminants that have exceeded 2L Standards include benzene, chlorobenzene, p-

dichlorobenzene, and vinyl chloride.  Cadmium, chromium, lead, manganese, mercury, and vanadium 

concentrations in some samples were also found to exceed 2L Standards.  However, all metals with the 

exception of mercury were identified in the ACM as being of natural occurrence, and are not of concern in this 

study. 

2.5.3 Exceedances of Surfacewater Quality Standards 

Laboratory analysis of surfacewater samples have not detected contaminant concentrations in excess of 

established NCAC 2B water quality standards.  Three (3) surfacewater sampling points have been established 

at the facility.  Surfacewater sampling point SW-1 is located downstream of the landfill below the confluence 

of the two forks of Edwards Branch.  Surfacewater sampling points SW-2 and SW-3 are upstream of the 

landfill on the two forks of Edwards Branch.  Surfacewater sampling point SW-1 has been intermittently dry, 

and is sampled when streamflow conditions permit.  Surfacewater sampling points SW-2 and SW-3 have been 

historically dry since February 1998.  Historical surfacewater results are shown in Table 8.  

 

2.6 Media of Concern 

Groundwater is the primary media of concern at the site since it acts as the primary mechanism of transport for 

environmental contaminants emanating from the landfill.  Dissolved-phase contaminants can potentially be 

transported via groundwater and discharged to surfacewater. 

 

Landfill gas (LFG) is a secondary media of concern since it can transport VOCs that have partitioned into the 

vapor phase, allowing them to re-partition into the dissolved phase into groundwater.  An active horizontal gas 

venting system for methane extraction/collection was installed as part of the Transition Plan.   
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3 SELECTED AND APPROVED REMEDY / TECHNICAL APPROACH 

A number of factors influenced selection of remediation alternatives. 

 Contamination is within the relevant point of compliance.  Modeling illustrates that contamination is 

maintained within the relevant point of compliance, 50 feet of the property line, or 250 feet from the 

waste limit. 

 Contamination has been decreasing since installation of the soil caps and landfill gas extraction 

system. 

 Anaerobic conditions exist in the natural wetland areas. 

 Contaminant velocity is relatively slow. 

 Contamination is below risk exposure levels. 

 Contamination is limited to the surficial aquifer. 

 The former on-site water supply well has been properly abandoned, thus eliminating a potential 

contaminant migration pathway to deeper aquifers. 

 

With respect to these factors, the most cost effective and efficient remedial approach is the continued use of 

the existing Gas Extraction System supplemented with Monitored Natural Attenuation (MNA).   

3.1 Technical Approach 

3.1.1 Monitored Natural Attenuation 

Groundwater contamination exists within the unconfined, shallow aquifer.  Natural attenuation mechanisms 

are actively controlling groundwater contaminant movement in this area.  Bioscreen was initially run for MW-

2 to assess the potential effectiveness of MNA.  Bioscreen focused on benzene due to the high half-life of two 

years.  Results of Bioscreen are provided in Appendix A.  Bioscreen results for MW-2 showed an 85% 

decrease in contamination in five years through 1st order decay and a 100% decrease in contamination through 

instantaneous reaction model.  Biochlor modeling was unable to be utilized due to program restrictions that did 

not match with the site-specific data.  The USEPA Natural Attenuation Screening Protocol was also used, 

which indicated that “adequate evidence for anaerobic biodegradation of chlorinated organics” exists at the site 

(Appendix A).  Groundwater sampling will continue to be performed semi-annually on all monitoring wells 

currently included in the sampling schedule.  Additionally, baseline sampling for the full suite of MNA 

performance parameters listed in Section 4 and Appendix B shall be performed for two years following 

initiation of the remedial strategy.  
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3.1.2 Existing Gas Collection and Control System 

Municipal Engineering Services Company, P.A. (MESCO) designed, observed the construction, and continues 

to be involved with the operation of the active Gas Collection and Control System (GCCS) at the Wayne 

County closed MSWLF. The GCCS consists of two (2) separate cells comprising 77 acres, with 44 vertical 

wellheads connected to a single blower/flare system. The GCCS is continuously controlled to achieve steady-

state operation by stabilizing the rate and quality of the extracted LFG to meet New Source Performance 

Standard (NSPS) regulatory requirements, control subsurface gas migration, control surface gas emissions, and 

protect groundwater quality.  The GCCS went into operation on February 4, 2003. 

 

The well field is monitored on a monthly basis to evaluate conditions within the landfill and to adjust the 

collection system wells to achieve optimum performance. To determine that the GCCS flow rate is sufficient 

to be compliant with §60.752(b)(2)(ii)(A)(3), gauge pressure and methane content in the gas collection header 

of each individual well is measured with a GEM 2000 landfill gas extraction monitor. The data is recorded and 

adjustments immediately made based upon the gas content, perimeter probes, and landfill surface.  For the 

purpose of identifying whether excess air infiltration into the landfill is occurring, each well is monitored 

monthly for temperature, nitrogen and oxygen as provided in §60.753(c).  

 

Federal Regulation 40 CFR 60.753 requires that the site’s landfill gas collection system be operated so that 

methane concentrations are less than 500 ppm above background at the surface of the landfill. Compliance is 

demonstrated in accordance with Appendix A, Section 4.3.1, Method 21 through a quarterly “surface scan” 

along a predetermined 30 meter grid system and around the entire perimeter.  LFG concentrations are 

measured using a field-calibrated flame ionization detector (FID).  A handheld GPS unit is used to determine 

measurement locations.  

 

Monitoring reports w/ an annual summary are submitted to the NCDENR Division of Air Quality by MESCO.  

Groundwater contaminant concentrations have generally been decreasing since installation of the soil landfill 

cap and gas extraction system (2002), indicating that methane extraction appears to be reducing groundwater 

contaminant levels.  
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4 GROUNDWATER AND SURFACEWATER MONITORING PLAN 

4.1 Groundwater Sampling and Monitoring 

Data with which to monitor and evaluate the performance of remediation shall be obtained through a 

groundwater sampling and monitoring program.  All groundwater samples collected from the monitoring wells 

will be analyzed for Appendix I and II VOC concentrations by EPA method 8260, and for Appendix I and II 

metals concentrations by EPA method 6010.  Additionally, groundwater samples collected from monitoring 

wells MW-1, MW-2 and MW-8 will be analyzed for the following MNA performance parameters:  

 

MNA Performance Parameters 

Parameter Analysis Type Analytical Method 

Dissolved Oxygen (DO) Field Reading 

pH Field Reading 

Oxidation-Reduction 

Potential (ORP) 
Field Reading 

Turbidity Field Reading 

Conductivity Field Reading 

Temperature Field Reading 

Multi-parameter Field 

Instrument w/ flow-through 

cell  

Dissolved CO2 Field Reading Field Instrument / Hach Kit 

Alkalinity 

(Total as CaCO3)* 
Laboratory/Field*  EPA 310.2 

Chloride* Laboratory/Field* SM 4500-CLB 

Iron Laboratory SM3111B 

Nitrate* Laboratory/Field*  EPA 353.2 / SM 2320B 

Sulfate* Laboratory/Field*  EPA 375.4 / SM 4500-SO4E 

Sulfide* Laboratory/Field* EPA 376.1 or SM 4500SE 

TOC/BOD/COD Laboratory 
EPA 415.1 / EPA 405.1 / 

EPA 410.1 

Methane Laboratory RSK 175 

Ethane, Ethene Laboratory RSK 175 

Hydrogen Laboratory AM19GA 

Volatile Fatty Acids Laboratory AM23G 

*For budgetary considerations these analyses may be performed in the field 
using Hach® brand color wheel test kits.  

 

4.2 Surfacewater Sampling and Monitoring 

Surfacewater sampling point SW-1 has been intermittently dry, and is sampled when streamflow conditions 

permit.  Surfacewater sampling points SW-2 and SW-3 have been historically dry since February 1998.  
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Surfacewater sampling will, therefore, only be performed as part of the MNA sampling and monitoring plan 

when streamflow conditions permit. 

 

5 EVALUATION OF EFFECTIVENESS AND REPORT SUBMITTALS 

5.1 Evaluation of Effectiveness 

As remediation progresses at the site certain changes in the physical and chemical characteristics of the 

contaminant plumes should occur.  In all areas contaminant concentrations are expected to decrease over the 

period of remediation, thus resulting in a decrease in the physical extent of the plume.  The various methods 

for evaluating the effectiveness of remediation are discussed in the sections below. 

 

5.1.1 Qualitative and Quantitative Evaluation 

Qualitative Evaluation 

Qualitative methods include graphical analysis of groundwater analytical data over time in order to visualize 

changing trends in groundwater chemistry that are expected to occur over time as a result of the various 

remedial mechanisms/processes that are occurring at the site (e.g. biodegradation, gas extraction).  Examples 

of graphical analyses that will be used include, but are not be limited to, time-series graphs of contaminant 

concentrations and groundwater levels, distance-concentration graphs of analytical data, and mapping of the 

contaminant plumes over time.   

 

Quantitative Evaluation 

Quantitative evaluation will be conducted through annual revision of Bioscreen models, and through analysis 

of groundwater analytical data using statistical tests for significance.  Statistical significance tests can be 

grouped into two types, inter-well and intra-well.  Inter-well methods determine statistical significance by 

examining trends in contaminant concentrations from performance wells with respect to those from 

background wells, which are used as a control group.  As remediation progresses, the performance well data is 

expected to exhibit decreases in contaminant concentrations, while contaminant concentrations in the 

background wells are expected to remain relatively stable.  Background wells are selected on the basis of 

location (typically upgradient) and analytical history (non-impacted wells are best).  Intra-well methods 

determine statistical significance within individual performance wells by examining historical analytical 

results (time series) for a given well, thus indicating if changing contaminant concentrations at a given well 

location result from either remedial activity or natural fluctuation.  Comparisons of background well data with 

sentinel and compliance well data will also be performed to monitor groundwater contaminant movement over 

time. 
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Various types of significance tests have been developed to analyze differing types of data populations based 

upon characteristics such as distribution type (normal vs. non-normal), trend type (changing vs. non-

changing), percentage of “non-detect” results for a given population, and the sample population size.  This 

allows for the selection of particular methods that are appropriate for a given situation.  For the remedial 

activity at the subject facility the following statistical tests are proposed for use, although others may be used 

as the course of remediation progresses: 

 
 Wilcoxon Rank-Sum (Inter-well) - normal or non-normal data, invariant trends, < 90% non-detects, 

>3 samples/per well. 
 Parametric Prediction Limit (Inter-well) – normal data, varying trends,< 15% non-detects. 
 Parametric Prediction Limit (Intra-well) – normal data, varying trends,≥ 4 samples/well, < 15% non-

detects. 
 Non-Parametric Prediction Limit (Inter-Well & Intra-Well) – normal or non-normal data, can tolerate 

high percentage of non-detects, compares recent to historical data. 
 

As indicated by the list above, it is important to note that prior to conducting any test of statistical significance 

a baseline of analytical data must first be established.  For the MNA parameters listed in Section 4.0 this 

baseline will consist of the four (4) semi-annual sampling events mentioned previously. Since some plume 

areas do not have upgradient wells that are suitable for use as background wells, non-impacted compliance 

wells may be used if necessary for inter-well statistical analyses. 

 

5.1.2 Evaluation of Plume Areas 

Monitoring well MW-1 will be used as the background well for inter-well statistical analysis of MNA data.  

Monitoring wells MW-2 and MW-8 will be used as performance wells.  Monitoring well MW-11 will serve as 

a sentinel well for the plume area near MW-2.  The proximity of monitoring well MW-8 to the waste limit, and 

the fact that groundwater flow near MW-8 is towards the waste limit, precludes the need for a sentinel well in 

the plume area downgradient of MW-8.  The upgradient location of monitoring well MW-9 qualifies this well 

for potential use as a background well for statistical analysis. 

 

5.2 Refining the Site Conceptual Model 

Over the course of corrective action the site conceptual model will be refined to determine the appropriate 

course of remediation.  Additional information on groundwater chemistry, site lithology, plume characteristics, 

etc. will be used to further improve understanding of contaminant fate and transport at the site, and to 

determine any changes to the approved remedial measures if necessary.  Bioscreen and Biochlor models will 

be updated semi-annually utilizing well-specific MNA parameter data. 
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5.3 Report Submittals 

Corrective action sampling and monitoring reports will be submitted on a semi-annual basis, within 30 days of 

receiving all complete laboratory analytical reports.  All reports submitted regarding evaluation of 

effectiveness will establish trends of the indicator parameters and contain tables, maps, and figures relating to 

field and laboratory data.  Laboratory reports, groundwater maps, contamination concentration maps and cross 

sections will be included.   

 

6 CONTINGENCY PLAN 

6.1 Contingency Plan 

Should the selected remedial approach not perform as expected and/or the constituent concentrations do not 

decrease, a contingency plan will be needed.  One remedial technology that could potentially supplement 

MNA of VOC and metals concentrations is phytoremediation.  Phytoremediation occurs through several 

processes including the release of enzymes from the root system that break down hydrocarbons 

(phytodegradation), increasing evapotranspiration to limit plume migration (phytostabilization), and uptake of 

hydrocarbons and metals (phytoextraction).  To accelerate the natural evapotranspiration process and to allow 

for hydraulic containment (plume control), the proposed area would be planted with hybrid willows of the 

genus Salix.  Hybrid willows have been recognized as being phreatophytic (water-loving) trees with root 

systems that can extend up to 40 feet bgs.  Available literature (e.g. Schnoor, 1997 [7]) indicates an initial 

planting density of ~1,000-2,000 trees/acre (~43 ft2/tree).  As the trees become established over time (1-2 

years) competition between plants will reduce this density to ~600-800 trees/acre.  Planting of seedlings would 

likely be performed by mechanical methods to reduce installation costs, and would occur during the spring.  

Protective fencing to prevent damage to the seedlings by wildlife (e.g. deer) would be constructed around the 

area of planting.  It must be noted that the proposed contingency plan is subject to change depending on future 

site and environmental conditions.  The proposed phytoremediation area would be determined after the 

decision to implement the contingency plan is made, and would roughly correspond to the footprint of the 

dissolved-phase plume as determined through subsequent groundwater sampling and monitoring events.  

  

6.2 Safeguard Measures and Site Security 

Exposure pathways are limited to onsite contact with groundwater.  Monitoring wells are cased and secured 

with locking well caps.  Access to the site is limited during operational hours.  Heavy vegetation limits access 

from other areas.  Wayne County owns the majority of the property surrounding the facility.  Public water is 

available to the surrounding area.  
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6.3 Revisions 

Requests for modification of the approved corrective action and implementation schedule will be submitted in 

writing to the Solid Waste Section.  No actions regarding modification will be implemented until written 

approval is received from the Division of Waste Management. 

 

7 SCHEDULE AND MAINTENANCE 

7.1 Operations & Maintenance 

Wayne County will oversee day-to-day operation and upkeep of the remediation technology.  Any equipment 

required for remediation will be the responsibility of Wayne County.  If problems with the remediation system 

arise, the Solid Waste Section will be notified and a written report will be issued.  The Wayne County 

Department of Solid Waste can be contacted at (252) 566-4194 regarding daily activities. 

7.2 Timeline 

Implementation of corrective action will begin within 30 days of CAP approval.  The MNA performance 

parameter baseline was established during the August 2009 semi-annual sampling event.  A timeline estimate 

for sampling events and performance evaluation is presented in Table 11. 

 

8 FINANCIAL ASSURANCE REQUIREMENTS 

Semi-annual sampling costs are/were estimated in the post closure financial assurance.  However, even though 

estimated costs to perform corrective action are relatively minor, to date, financial assurance for corrective 

action has not been submitted.  MNA sampling will be incorporated into the existing semi-annual sampling 

schedule.  The additional expense for MNA is seen in laboratory costs. 

 
MNA Sampling + Laboratory Cost Estimates 

Sampling equipment for MNA Parameters ($1,200/event) = $2,400 
Estimated cost/sample = $750/sample 
Total MNA samples = 6 (3 monitoring wells) samples/year 
Estimated total annual MNA laboratory & sampling costs = $6,900 

 Estimated total 5-year MNA laboratory & sampling costs =  $34,500 
 Estimated total 30-year MNA laboratory & sampling costs = $207,000 
 

Continued operation of the GCCS is included in Closure/Post-Closure costs and is, therefore, not included in 

the estimated corrective action costs.  The financial assurance test for closure/post-closure costs is included in 

the Permit Application for Continued Operation.  A revised financial assurance mechanism including the 

proposed 30-year corrective action costs will be submitted to the Solid Waste Section under separate cover. 
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Table 1: Well Construction Details

Monitoring 
Well

Date 
Installed

Ground 
Elevation

Top-of-
Casing 

Elevation
Northing Easting

Well 
Diameter

Boring 
Diameter

Screen Interval 
(BGS)

Confining 
Layer

Status

MW-1 08/28/1990 161.68 163.26 562296.5300 2279079.6200 2 8 20-25 - Background Well
MW-2 08/28/1990 132.78 134.52 561999.8800 2275661.9500 2 8 10-15 - Performance Well
MW-3 08/27/1990 133.03 134.81 562912.8422 2276867.5503 2 8 12-18 - Monitoring Well
MW-4 08/28/1990 148.17 150.20 562860.4200 2278629.5700 2 8 10-15 - Monitoring Well
MW-5 08/31/1994 120.56 124.78 562686.3000 2275741.6800 2 8 3-18 Y Monitoring Well
MW-6 08/31/1994 143.62 145.53 563012.3600 2277910.6000 2 8 3.14-18.14 - Monitoring Well
MW-7 08/31/1994 140.74 143.59 561293.3700 2276123.5500 2 8 4-19 - Monitoring Well
MW-8 08/30/1994 160.88 161.88 561825.8000 2277906.8800 2 8 14-29 - Performance Well
MW-9 07/09/2009 159.78 162.96 561770.8200 2278045.8300 2 8 10-25 - Monitoring Well
MW-10 07/09/2009 160.01 162.90 561712.3300 2277770.5800 2 8 10-25 - Monitoring Well
MW-11 07/09/2009 124.50 127.23 562410.7347 2275650.6952 2 8 5-15 - Monitoring Well

Supply Well 08/29/1990 - 165.72 562039.2415 2277271.9898 2 8 75-80 - Abandoned 07/09/2009

NOTE:
1.  Ground and Top-of-Casing elevations are in feet above mean sea level (amsl), well and boring diameter are in units of inches.

Wayne County Closed Landfill  (Dudley)



Table 2:  Historical Groundwater Elevation Data

WELL 9/8/1994 10/20/1994 1/1/1995 3/23/1995 7/18/1995 2/20/1996 8/29/1996 2/4/1997 8/27/1997 2/11/1998 3/12/1998 9/2/1998

MW-1 147.87 147.28 146.43 150.57 - 149.50 148.34 150.70 146.77 152.82 153.70 149.12
MW-2 129.50 129.30 129.24 130.27 130.26 130.21 129.25 130.10 128.58 - 130.50 130.11
MW-3 - - 134.00 - - - - - - - - -
MW-4 143.55 143.44 - 143.90 143.89 144.09 143.69 144.37 143.14 144.26 144.35 144.18
MW-5 120.90 120.79 120.72 121.40 121.49 121.15 121.03 121.32 120.57 121.40 121.21 121.00
MW-6 139.96 139.91 139.48 140.26 140.63 140.59 139.72 140.47 138.94 140.71 140.75 140.49
MW-7 136.17 135.18 134.46 139.07 138.59 138.64 135.23 138.55 133.84 139.83 139.93 137.02
MW-8 143.89 - 142.17 144.87 144.90 144.91 143.87 145.84 142.77 145.00 145.63 144.71

WELL 10/29/1998 12/2/1998 2/22/1999 8/24/1999 2/10/2000 8/2/2000 2/8/2001 8/9/2001 2/14/2002 8/22/2002 2/5/2003 8/14/2003

MW-1 148.83 147.86 150.51 147.84 151.54 147.33 146.74 148.41 146.97 145.71 145.46 148.96
MW-2 129.44 129.34 130.15 129.41 130.34 129.54 129.29 129.33 130.08 128.23 129.05 130.11
MW-3 - 134.53 - 134.21 - - 133.97 134.11 134.18 133.13 133.26 -
MW-4 143.84 143.65 144.13 143.51 144.49 143.51 143.38 143.39 143.54 142.25 142.43 143.65
MW-5 120.78 120.90 121.03 120.92 121.14 121.66 121.36 121.58 121.98 121.33 121.30 122.28
MW-6 139.62 - 140.44 140.06 140.62 139.98 139.64 138.92 140.50 138.56 139.07 140.91
MW-7 135.27 134.67 138.87 135.67 139.27 135.75 134.25 135.06 136.48 133.08 133.49 138.79
MW-8 144.09 143.20 144.74 142.97 145.64 142.90 141.92 142.67 141.95 140.86 140.28 143.24

WELL 2/19/2004 8/25/2004 2/21/2005 8/8/2005 2/23/2006 8/28/2006 2/6/2007 8/13/2007 2/11/2008 8/28/2008 2/17/2009 8/6/2009

MW-1 148.44 151.25 147.79 148.16 147.84 147.55 150.06 146.32 146.38 145.73 147.35 146.61
MW-2 130.29 130.21 129.68 128.99 129.80 128.72 130.36 128.92 129.54 128.40 129.62 129.08
MW-3 - - 134.31 134.03 134.31 134.03 - 133.78 133.78 133.49 134.10 134.08
MW-4 147.30 146.22 143.59 143.28 145.48 145.24 144.31 142.92 143.00 142.39 143.14 142.95
MW-5 121.92 122.40 121.54 121.68 122.25 121.78 122.25 121.78 121.78 121.87 121.77 120.89
MW-6 141.29 141.09 140.02 139.88 140.13 138.88 140.95 138.99 140.12 138.47 139.78 138.96
MW-7 138.24 140.21 136.04 134.88 136.86 135.21 139.59 134.74 134.95 133.77 136.29 135.37
MW-8 143.19 143.90 142.96 142.45 142.67 142.50 144.76 141.98 141.25 141.11 142.51 141.93
MW-9 - - - - - - - - - - - 142.60

MW-10 - - - - - - - - - - - 143.09
MW-11 - - - - - - - - - - - -

WELL
Observed 

High
Observed 

Low
Difference Average

MW-1 153.70 145.46 8.24 148.36
MW-2 130.50 128.23 2.27 129.58
MW-3 134.53 133.13 1.40 133.96
MW-4 147.30 142.25 5.05 143.84
MW-5 122.40 120.57 1.83 121.42
MW-6 141.29 138.47 2.82 139.97
MW-7 140.21 133.08 7.13 136.48
MW-8 145.84 140.28 5.56 143.26

Wayne County Closed Landfill (Dudley)



Table 3:  Summary of Slug Test Results

Well
Screen Interval 

(feet BGS)
Hydraulic 

Gradient (i)

Avg. Linear 
Groundwater 
Velocity, vx 

(ft/yr)

Hydraulic 
Conductivity, K 

(cm/sec)

Screened Interval 
Lithology

MW-1 20-25 0.0070 19.59 5.40E-04 Sand
MW-2 10-15 0.0199 30.86 3.00E-04 Sand
MW-3 12-18 0.0197 650.74 6.40E-03 Sand
MW-4 10-15 0.0053 27.16 9.90E-04 Sand
MW-5 3-18 0.0197 3.15 3.10E-05 Clayey Sand
MW-6 3.14-18.14 0.0068 5.62 1.60E-04 Sand/Sandy Clay
MW-7 4-19 0.0090 3.39 7.30E-05 Sandy Clay/Silty Sand
MW-8 14-29 0.0062 10.92 3.40E-04 Clayey Sand

3.26E-04 6.40E-03
5.11 3.10E-05

6.37E-05 3.20E-04

1.67E-03 8

Notes:

Average Linear Groundwater Velocities were calculated according to the following equation:

where ne (effective porosity) = 0.20 (20%)

Hydraulic Gradient (i) & Average Linear Groundwater Velocity (vx) values obtained from Wayne County 

Assessment of Corrective Measures  completed August 2007.

Hydraulic Conductivity Summary Statistics

Geometric Mean (GM)
Geo. Std. Deviation (σGSD)

GM * GSD (+1σGSD)

Maximum
Minimum

Count

GM / GSD (-1σGSD) Median

BGS = Below Ground Surface

Hydraulic Conductivity (K) values obtained from the Wayne County Transition Plan completed April 1994.

e
x n

iK
v

*


Wayne County Closed Landfill (Dudley)



Table 4:  Historic Organic Groundwater Results

Wayne County Closed Landfill (Dudley) Page 1 of 9

Well ID Sample Date Result Unit

MW-2 03/12/1998 5.5 5 70
MW-2 08/24/1999 7.2 5 70
MW-2 02/11/2008 0.5 0.16 70
MW-2 08/28/2008 0.36 0.32 70
MW-2 02/11/2008 0.4 0.13 620
MW-2 08/28/2008 0.39 0.30 620
MW-2 02/17/2009 0.36 0.30 5.0
MW-2 02/11/2008 0.3 0.13 170
MW-2 02/11/2008 3.4 0.21 1.4 2
MW-2 02/17/2009 3.3 0.33 1.0 1.9
MW-2 Acetone 02/11/2008 2.9 1.21 700
MW-2 Alkalinity 02/17/2009 508000 5000 NE
MW-2 Antimony 02/11/2008 0.1 0.08
MW-2 Antimony 08/28/2008 13.8 2.6 12.4
MW-2 Arsenic 02/11/2008 11 0.07 50
MW-2 Arsenic 08/28/2008 16.9 2.7 50
MW-2 Arsenic 02/17/2009 13.5 2.7 10.0
MW-2 Barium 02/11/2008 143 0.34 2000
MW-2 Barium 08/28/2008 167 0.20 2000
MW-2 Barium 02/17/2009 191 0.20 100
MW-2 Benzene 07/18/1995 5 5 1 4
MW-2 Benzene 02/11/2008 2.6 0.16 1 1.6
MW-2 Benzene 08/28/2008 2.4 0.25 1 1.4
MW-2 Benzene 02/17/2009 2.4 0.25 1.0 1
MW-2 Cadmium 02/11/2008 0.1 0.04 1.75
MW-2 Chloride 02/11/2008 79000 5000
MW-2 09/08/1994 36 5 50
MW-2 10/20/1994 31 5 50
MW-2 01/05/1995 22 5 50
MW-2 03/23/1995 22 5 50
MW-2 07/18/1995 32 5 50
MW-2 02/20/1996 23 5 50
MW-2 02/04/1997 24 5 50
MW-2 02/11/1998 25 5 50
MW-2 03/12/1998 28 5 50
MW-2 09/02/1998 18 5 50
MW-2 02/22/1999 21 5 50
MW-2 08/24/1999 25 5 50
MW-2 02/10/2000 16 5 50
MW-2 08/02/2000 14 5 50
MW-2 02/08/2001 30 5 50
MW-2 08/09/2001 14 5 50
MW-2 02/14/2002 11 5 50
MW-2 09/19/2002 9 5 50
MW-2 02/05/2003 10.5 5 50
MW-2 08/14/2003 9.2 5 50
MW-2 02/19/2004 7 5 50
MW-2 08/25/2004 6.6 5 50
MW-2 02/21/2005 8.4 5 50
MW-2 08/08/2005 9 5 50
MW-2 02/23/2006 10.8 5 50
MW-2 08/28/2006 12.3 5 50

Parameter Name1 PQL2 NCGW2L3 Exceedance

1,1-Dichloroethane ug/l
1,1-Dichloroethane ug/l
1,1-Dichloroethane ug/l
1,1-Dichloroethane ug/L
1,2-Dichlorobenzene ug/l
1,2-Dichlorobenzene ug/L
1,2-Dichlorobenzene ug/L
1,3-Dichlorobenzene ug/l
1,4-Dichlorobenzene ug/l
1,4-Dichlorobenzene ug/L

ug/l
ug/L
ug/l
ug/L
ug/l
ug/L
ug/L
ug/l
ug/L
ug/L
ug/l
ug/l
ug/L
ug/L
ug/l
ug/l

Chlorobenzene ug/l
Chlorobenzene ug/l
Chlorobenzene ug/l
Chlorobenzene ug/l
Chlorobenzene ug/l
Chlorobenzene ug/l
Chlorobenzene ug/l
Chlorobenzene ug/l
Chlorobenzene ug/l
Chlorobenzene ug/l
Chlorobenzene ug/l
Chlorobenzene ug/l
Chlorobenzene ug/l
Chlorobenzene ug/l
Chlorobenzene ug/l
Chlorobenzene ug/l
Chlorobenzene ug/l
Chlorobenzene ug/l
Chlorobenzene ug/l
Chlorobenzene ug/l
Chlorobenzene ug/l
Chlorobenzene ug/l
Chlorobenzene ug/l
Chlorobenzene ug/l
Chlorobenzene ug/l
Chlorobenzene ug/l



Table 4:  Historic Organic Groundwater Results

Wayne County Closed Landfill (Dudley) Page 2 of 9

Well ID Sample Date Result UnitParameter Name1 PQL2 NCGW2L3 Exceedance

MW-2 02/06/2007 11.4 3 50
MW-2 02/11/2008 13.7 0.13 50
MW-2 08/28/2008 13.2 0.23 50
MW-2 02/17/2009 12.2 0.23 3.0
MW-2 Chromium 02/11/2008 2.1 1.38 50
MW-2 Chromium 08/28/2008 14.4 0.40 50
MW-2 Chromium 02/17/2009 3.7 0.40 10.0
MW-2 02/11/2008 0.2 0.14 70
MW-2 02/17/2009 0.29 0.19 5.0
MW-2 Cobalt 02/11/2008 0.5 2.53
MW-2 Cobalt 08/28/2008 3.4 0.60
MW-2 Cobalt 02/17/2009 4.2 0.60 10.0
MW-2 Copper 02/11/2008 1.7 2.24 1000
MW-2 Copper 08/28/2008 5.8 0.30 1000
MW-2 Copper 02/17/2009 73.8 0.30 10.0
MW-2 02/08/2001 0.12 0.1
MW-2 Iron 02/11/2008 47275 14.0 300 46975
MW-2 Iron, Ferrous 02/17/2009 2700 2000 300 2400
MW-2 Lead 02/11/2008 4.3 0.04 15
MW-2 Lead 08/28/2008 17.8 4.0 15 2.8
MW-2 Manganese 02/11/2008 192 0.50 50 142
MW-2 Nickel 02/11/2008 2.9 1.35 100
MW-2 Nickel 08/28/2008 1.9 1.7 100
MW-2 Nickel 02/17/2009 1.7 1.7 50.0
MW-2 01/05/1995 8 5 1.4 6.6
MW-2 07/18/1995 7 5 1.4 5.6
MW-2 Selenium 02/11/2008 2.4 0.14 50
MW-2 Selenium 08/28/2008 15.9 3.8 50
MW-2 Selenium 02/17/2009 4.8 3.8 10.0
MW-2 Silver 08/28/2008 0.56 0.10 18
MW-2 Silver 02/17/2009 0.7 0.10 10.0
MW-2 Sulfate 02/17/2009 14500 5000 250000
MW-2 Thallium 02/11/2008 0.1 0.04
MW-2 Tin 02/11/2008 0.9 2.75
MW-2 Toluene 02/11/2008 0.2 0.13 1000
MW-2 Total Alkalinity 02/11/2008 611 1000
MW-2 Total Dissolved Solids 02/11/2008 607000 1000 500000 107000
MW-2 Total Organic Carbon 02/17/2009 41200 5000 5.0
MW-2 Vanadium 02/11/2008 7.9 1.21 3.5 4.4
MW-2 Vanadium 08/28/2008 24.8 0.20 3.5 21.3
MW-2 Vanadium 02/17/2009 9.2 J 0.20 3.5 5.7
MW-2 Zinc 02/11/2008 2.5 1.86 1050
MW-2 Zinc 08/28/2008 24.2 0.40 1050
MW-2 Zinc 02/17/2009 19.4 0.40 10.0
MW-3 Antimony 02/11/2008 0.4 0.08
MW-3 Arsenic 02/11/2008 18 0.07 50
MW-3 Barium 02/11/2008 131 0.34 2000
MW-3 Barium 08/28/2008 15.7 0.20 2000
MW-3 Barium 02/17/2009 18.3 0.20 100
MW-3 Beryllium 02/11/2008 1 0.17
MW-3 03/12/1998 33 20
MW-3 02/22/1999 10 10

Chlorobenzene ug/l
Chlorobenzene ug/l
Chlorobenzene ug/L
Chlorobenzene ug/L

ug/l
ug/L
ug/L

Cis-1,2-Dichloroethene ug/l
cis-1,2-Dichloroethene ug/L

ug/l
ug/L
ug/L
ug/l
ug/L
ug/L

Dieldrin ug/l
ug/l
ug/L
ug/l
ug/L
ug/l
ug/l
ug/L
ug/L

p-Dichlorobenzene ug/l
p-Dichlorobenzene ug/l

ug/l
ug/L
ug/L
ug/L
ug/L
ug/L
ug/l
ug/l
ug/l
ug/l
ug/l
ug/L
ug/l
ug/L
ug/L
ug/l
ug/L
ug/L
ug/l
ug/l
ug/l
ug/L
ug/L
ug/l

Bis(2-ethylhexyl)phthalate ug/l
Bis(2-ethylhexyl)phthalate ug/l



Table 4:  Historic Organic Groundwater Results

Wayne County Closed Landfill (Dudley) Page 3 of 9

Well ID Sample Date Result UnitParameter Name1 PQL2 NCGW2L3 Exceedance

MW-3 Cadmium 02/11/2008 0.4 0.04 1.75
MW-3 Chloride 02/11/2008 11000 5000
MW-3 Chromium 02/11/2008 30 1.38 50
MW-3 Cobalt 02/11/2008 3.7 2.53
MW-3 Cobalt 08/28/2008 4.4 0.60
MW-3 Copper 02/11/2008 8.5 2.24 1000
MW-3 Copper 02/17/2009 1.3 0.30 10.0
MW-3 Iron 02/11/2008 30475 14.0 300 30175
MW-3 Lead 02/11/2008 17 0.04 15 2
MW-3 Manganese 02/11/2008 67 0.50 50 17
MW-3 Mercury 02/11/2008 0.05 0.13 1.1
MW-3 Nickel 02/11/2008 6.8 1.35 100
MW-3 Selenium 02/11/2008 1.6 0.14 50
MW-3 Silver 02/11/2008 0.1 2.32 18
MW-3 Sulfate 02/11/2008 16 5.0 250000
MW-3 Thallium 02/11/2008 0.4 0.04 0.12
MW-3 Total Dissolved Solids 02/11/2008 44000 1000 500000
MW-3 Vanadium 02/11/2008 94 1.21 3.5 90.5
MW-3 Vanadium 08/28/2008 0.39 0.20
MW-3 Vanadium 02/17/2009 2.6 0.20 3.5
MW-3 Zinc 02/11/2008 23 1.86 1050
MW-3 Zinc 08/28/2008 7.6 0.40 1050
MW-3 Zinc 02/17/2009 1.3 0.40 10.0
MW-4 01/05/1995 6 5 70
MW-4 07/18/1995 5 5 70
MW-4 2,4-D Acid 02/08/2001 4 2 70
MW-4 Acetone 02/11/2008 2.2 1.21 700
MW-4 Antimony 02/11/2008 0.1 0.08
MW-4 Barium 02/11/2008 65.5 0.34 2000
MW-4 Barium 08/28/2008 61 0.20 2000
MW-4 Barium 02/17/2009 70.1 0.20 100
MW-4 Beryllium 02/11/2008 0.2 0.17
MW-4 Cadmium 02/11/2008 0.1 0.04 1.75
MW-4 Carbon disulfide 08/28/2008 1.4 1.2 700
MW-4 02/10/2000 7.3 5 50
MW-4 Chloroform 02/11/2008 0.3 0.13 70
MW-4 Chloroform 02/17/2009 0.21 0.14 5.0
MW-4 Chromium 02/11/2008 8.2 1.38 50
MW-4 Chromium 08/28/2008 0.6 0.40 50
MW-4 Cobalt 02/11/2008 0.3 2.53
MW-4 Cobalt 08/28/2008 3.3 0.60
MW-4 Copper 02/11/2008 1.6 2.24 1000
MW-4 Copper 08/28/2008 0.76 0.30 1000
MW-4 Copper 02/17/2009 2.1 0.30 10.0
MW-4 02/14/2002 0.45 0.1
MW-4 02/22/1999 0.11 0.1
MW-4 02/10/2000 5.4 5 550
MW-4 Lead 02/11/2008 5.9 0.04 15
MW-4 Nickel 02/11/2008 0.6 1.35 100
MW-4 Nickel 08/28/2008 2.5 1.7 100
MW-4 02/10/2000 9 5 1.4 7.6
MW-4 Selenium 02/11/2008 0.3 0.14 50

ug/l
ug/l
ug/l
ug/l
ug/L
ug/l
ug/L
ug/l
ug/l
ug/l
ug/l
ug/l
ug/l
ug/l
ug/l
ug/l
ug/l
ug/l
ug/L
ug/L
ug/l
ug/L
ug/L

1,1-Dichloroethane ug/l
1,1-Dichloroethane ug/l

ug/l
ug/l
ug/l
ug/l
ug/L
ug/L
ug/l
ug/l
ug/L

Chlorobenzene ug/l
ug/l
ug/L
ug/l
ug/L
ug/l
ug/L
ug/l
ug/L
ug/L

Dieldrin ug/l
Endosulfan I ug/l
Ethylbenzene ug/l

ug/l
ug/l
ug/L

p-Dichlorobenzene ug/l
ug/l



Table 4:  Historic Organic Groundwater Results
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Well ID Sample Date Result UnitParameter Name1 PQL2 NCGW2L3 Exceedance

MW-4 Thallium 02/11/2008 0.1 0.04
MW-4 Vanadium 02/11/2008 10.7 1.21 3.5 7.2
MW-4 Vanadium 08/28/2008 0.95 0.20
MW-4 Vanadium 02/17/2009 0.53 0.20 3.5
MW-4 Zinc 02/11/2008 6.2 1.86 1050
MW-4 Zinc 08/28/2008 17.9 0.40 1050
MW-5 Acetone 02/11/2008 5.3 1.21 700
MW-5 Antimony 02/11/2008 0.1 0.08
MW-5 Arsenic 02/11/2008 3.1 0.07 50
MW-5 Arsenic 02/17/2009 5.9 2.7 10.0
MW-5 Barium 02/11/2008 52.7 0.34 2000
MW-5 Barium 08/28/2008 47.2 0.20 2000
MW-5 Barium 02/17/2009 67.8 0.20 100
MW-5 Beryllium 02/11/2008 0.7 0.17
MW-5 Beryllium 08/28/2008 0.33 0.10
MW-5 Beryllium 02/17/2009 0.96 0.10 1.0
MW-5 Cadmium 02/11/2008 0.8 0.04 1.75
MW-5 Cadmium 02/17/2009 11.3 0.50 1.0 9.55
MW-5 Chloride 02/11/2008 23000 5000
MW-5 Chromium 02/11/2008 3.6 1.38 50
MW-5 Chromium 08/28/2008 0.96 0.40 50
MW-5 Chromium 02/17/2009 4.4 0.40 10.0
MW-5 Cobalt 02/11/2008 2.2 2.53
MW-5 Cobalt 08/28/2008 5.3 0.60
MW-5 Cobalt 02/17/2009 3.7 0.60 10.0
MW-5 Copper 02/11/2008 1.1 2.24 1000
MW-5 Copper 02/17/2009 7.7 0.30 10.0
MW-5 Iron 02/11/2008 11075 14.0 300 10775
MW-5 Lead 02/11/2008 2.5 0.04 15
MW-5 Manganese 02/11/2008 61 0.50 50 11
MW-5 Nickel 02/11/2008 3.7 1.35 100
MW-5 Nickel 02/17/2009 6.2 1.7 50.0
MW-5 Sulfate 02/11/2008 9.4 5.0 250000
MW-5 Thallium 02/11/2008 0.1 0.04
MW-5 Total Dissolved Solids 02/11/2008 48000 1000 500000
MW-5 Vanadium 02/11/2008 14.6 1.21 3.5 11.1
MW-5 Vanadium 08/28/2008 4.7 0.20
MW-5 Vanadium 02/17/2009 23.6 J 0.20 3.5 20.1
MW-5 Zinc 02/11/2008 20 1.86 1050
MW-5 Zinc 08/28/2008 17.7 0.40 1050
MW-5 Zinc 02/17/2009 19.7 0.40 10.0
MW-6 Acetone 03/23/1995 145 100 700
MW-6 Acetone 02/05/2003 107 100 700
MW-6 Acetone 02/11/2008 3.5 1.21 700
MW-6 Arsenic 02/11/2008 0.3 0.07 50
MW-6 Arsenic 02/17/2009 3.7 2.7 10.0
MW-6 Barium 02/11/2008 425 0.11 2000
MW-6 Barium 08/28/2008 311 0.20 2000
MW-6 Barium 02/17/2009 447 0.20 100
MW-6 Beryllium 02/11/2008 1 0.06
MW-6 Beryllium 08/28/2008 0.55 0.10
MW-6 Beryllium 02/17/2009 0.79 0.10 1.0

ug/l
ug/l
ug/L
ug/L
ug/l
ug/L
ug/l
ug/l
ug/l
ug/L
ug/l
ug/L
ug/L
ug/l
ug/L
ug/L
ug/l
ug/L
ug/l
ug/l
ug/L
ug/L
ug/l
ug/L
ug/L
ug/l
ug/L
ug/l
ug/l
ug/l
ug/l
ug/L
ug/l
ug/l
ug/l
ug/l
ug/L
ug/L
ug/l
ug/L
ug/L
ug/l
ug/l
ug/l
ug/l
ug/L
ug/l
ug/L
ug/L
ug/l
ug/L
ug/L



Table 4:  Historic Organic Groundwater Results

Wayne County Closed Landfill (Dudley) Page 5 of 9

Well ID Sample Date Result UnitParameter Name1 PQL2 NCGW2L3 Exceedance

MW-6 BHC, alpha 02/05/2003 0.26 0.05
MW-6 BHC, gamma 02/05/2003 0.67 0.05 0.2 0.47
MW-6 Cadmium 02/11/2008 1 0.04 1.75
MW-6 Cadmium 02/17/2009 2.3 0.50 1.0 0.55
MW-6 03/23/1995 6 5 50
MW-6 07/18/1995 10 5 50
MW-6 02/20/1996 6 5 50
MW-6 08/29/1996 8 5 50
MW-6 02/04/1997 11 5 50
MW-6 08/27/1997 9.9 5 50
MW-6 03/12/1998 5.9 5 50
MW-6 09/02/1998 6.5 5 50
MW-6 08/24/1999 9.7 5 50
MW-6 08/02/2000 11 5 50
MW-6 02/08/2001 12 5 50
MW-6 08/09/2001 9.7 5 50
MW-6 08/22/2002 7.3 5 50
MW-6 Chromium 02/11/2008 1.9 0.11 50
MW-6 Chromium 08/28/2008 3.8 0.40 50
MW-6 Chromium 02/17/2009 2.5 0.40 10.0
MW-6 Cobalt 02/11/2008 1.3 0.03
MW-6 Cobalt 08/28/2008 4.3 0.60
MW-6 Copper 02/11/2008 0.6 0.05 1000
MW-6 Copper 08/28/2008 0.92 0.30 1000
MW-6 Copper 02/17/2009 2.2 0.30 10.0
MW-6 09/08/1994 83 5 550
MW-6 10/20/1994 61 5 550
MW-6 01/05/1995 42 5 550
MW-6 03/23/1995 104 5 550
MW-6 07/18/1995 55 5 550
MW-6 02/20/1996 31 5 550
MW-6 02/04/1997 40 5 550
MW-6 02/11/1998 10.6 5 550
MW-6 03/12/1998 8.3 5 550
MW-6 09/02/1998 7.1 5 550
MW-6 02/22/1999 6.8 5 550
MW-6 02/22/1999 6 5 0.0004 5.9996
MW-6 Lead 02/11/2008 2.4 0.04 15
MW-6 03/23/1995 5 5 1000
MW-6 Naphthalene 07/18/1995 10 5 21
MW-6 Naphthalene 10/29/1998 5.4 5 21
MW-6 Nickel 02/11/2008 6.8 1.35 100
MW-6 Nickel 08/28/2008 3.1 1.7 100
MW-6 Nickel 02/17/2009 5.4 1.7 50.0
MW-6 08/27/1997 5.1 5 620
MW-6 09/08/1994 16 5 1.4 14.6
MW-6 10/20/1994 11 5 1.4 9.6
MW-6 01/05/1995 8 5 1.4 6.6
MW-6 03/23/1995 10 5 1.4 8.6
MW-6 07/18/1995 25 5 1.4 23.6
MW-6 08/29/1996 8 5 1.4 6.6
MW-6 08/27/1997 11 5 1.4 9.6

ug/l
ug/l
ug/l
ug/L

Chlorobenzene ug/l
Chlorobenzene ug/l
Chlorobenzene ug/l
Chlorobenzene ug/l
Chlorobenzene ug/l
Chlorobenzene ug/l
Chlorobenzene ug/l
Chlorobenzene ug/l
Chlorobenzene ug/l
Chlorobenzene ug/l
Chlorobenzene ug/l
Chlorobenzene ug/l
Chlorobenzene ug/l

ug/l
ug/L
ug/L
ug/l
ug/L
ug/l
ug/L
ug/L

Ethylbenzene ug/l
Ethylbenzene ug/l
Ethylbenzene ug/l
Ethylbenzene ug/l
Ethylbenzene ug/l
Ethylbenzene ug/l
Ethylbenzene ug/l
Ethylbenzene ug/l
Ethylbenzene ug/l
Ethylbenzene ug/l
Ethylbenzene ug/l
Ethylene dibromide ug/l

ug/l
Methylbenzene ug/l

ug/l
ug/l
ug/l
ug/L
ug/L

o-Dichlorobenzene ug/l
p-Dichlorobenzene ug/l
p-Dichlorobenzene ug/l
p-Dichlorobenzene ug/l
p-Dichlorobenzene ug/l
p-Dichlorobenzene ug/l
p-Dichlorobenzene ug/l
p-Dichlorobenzene ug/l
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Well ID Sample Date Result UnitParameter Name1 PQL2 NCGW2L3 Exceedance

MW-6 02/11/1998 6.2 5 1.4 4.8
MW-6 03/12/1998 7.2 5 1.4 5.8
MW-6 09/02/1998 7.2 5 1.4 5.8
MW-6 02/22/1999 8.7 5 1.4 7.3
MW-6 08/24/1999 12 5 1.4 10.6
MW-6 08/02/2000 10 5 1.4 8.6
MW-6 08/09/2001 10 5 1.4 8.6
MW-6 02/14/2002 5.1 5 1.4 3.7
MW-6 08/22/2002 11 5 1.4 9.6
MW-6 02/05/2003 5.8 5 1.4 4.4
MW-6 Thallium 02/11/2008 0.2 0.04
MW-6 Vanadium 02/11/2008 1.9 1.21 3.5
MW-6 Vanadium 08/28/2008 7.3 0.20 3.5 3.8
MW-6 Vanadium 02/17/2009 3 0.20 3.5
MW-6 09/08/1994 180 5 530
MW-6 10/20/1994 104 5 530
MW-6 01/05/1995 47 5 530
MW-6 03/23/1995 141 5 530
MW-6 07/18/1995 114 5 530
MW-6 02/20/1996 52 5 530
MW-6 08/29/1996 46 5 530
MW-6 02/04/1997 133 5 530
MW-6 08/27/1997 78 5 530
MW-6 02/11/1998 66 5 530
MW-6 03/12/1998 89 5 530
MW-6 09/02/1998 43 5 530
MW-6 02/22/1999 45 5 530
MW-6 08/24/1999 96 5 530
MW-6 08/02/2000 65 5 530
MW-6 02/08/2001 48 5 530
MW-6 08/09/2001 65 5 530
MW-6 08/22/2002 21.5 5 530
MW-6 02/05/2003 9.7 5 530
MW-6 Zinc 02/11/2008 11 1.86 1050
MW-6 Zinc 08/28/2008 5.4 0.40 1050
MW-6 Zinc 02/17/2009 5.8 0.40 10.0
MW-7 Acetone 02/11/2008 6.5 1.21 700
MW-7 Antimony 02/11/2008 0.2 0.08
MW-7 Arsenic 02/11/2008 19 0.07 50
MW-7 Arsenic 02/17/2009 2.9 2.7 10.0
MW-7 Barium 02/11/2008 186 0.11 2000
MW-7 Barium 08/28/2008 37.1 0.20 2000
MW-7 Barium 02/17/2009 60 0.20 100
MW-7 Beryllium 02/11/2008 0.7 0.06
MW-7 Cadmium 02/11/2008 0.6 0.04 1.75
MW-7 Chloride 02/11/2008 134000 5000
MW-7 Chromium 02/11/2008 20 0.11 50
MW-7 Chromium 08/28/2008 2.3 0.40 50
MW-7 Chromium 02/17/2009 4.7 0.40 10.0
MW-7 Cobalt 02/11/2008 1.1 0.03
MW-7 Cobalt 08/28/2008 3.7 0.60
MW-7 Copper 02/11/2008 3.1 0.05 1000

p-Dichlorobenzene ug/l
p-Dichlorobenzene ug/l
p-Dichlorobenzene ug/l
p-Dichlorobenzene ug/l
p-Dichlorobenzene ug/l
p-Dichlorobenzene ug/l
p-Dichlorobenzene ug/l
p-Dichlorobenzene ug/l
p-Dichlorobenzene ug/l
p-Dichlorobenzene ug/l

ug/l
ug/l
ug/L
ug/L

Xylenes ug/l
Xylenes ug/l
Xylenes ug/l
Xylenes ug/l
Xylenes ug/l
Xylenes ug/l
Xylenes ug/l
Xylenes ug/l
Xylenes ug/l
Xylenes ug/l
Xylenes ug/l
Xylenes ug/l
Xylenes ug/l
Xylenes ug/l
Xylenes ug/l
Xylenes ug/l
Xylenes ug/l
Xylenes ug/l
Xylenes ug/l

ug/l
ug/L
ug/L
ug/l
ug/l
ug/l
ug/L
ug/l
ug/L
ug/L
ug/l
ug/l
ug/l
ug/l
ug/L
ug/L
ug/l
ug/L
ug/l
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Wayne County Closed Landfill (Dudley) Page 7 of 9

Well ID Sample Date Result UnitParameter Name1 PQL2 NCGW2L3 Exceedance

MW-7 Copper 08/28/2008 0.33 0.30 1000
MW-7 Copper 02/17/2009 1.6 0.30 10.0
MW-7 Iron 02/11/2008 40125 14.0 300 39825
MW-7 Lead 02/11/2008 21 0.04 15 6
MW-7 Manganese 02/11/2008 227 0.50 50 177
MW-7 Nickel 02/11/2008 1.7 1.35 100
MW-7 Selenium 02/11/2008 4.5 0.14 50
MW-7 Sulfate 02/11/2008 124.2 5.0 250000
MW-7 Thallium 02/11/2008 0.2 0.04
MW-7 Total Dissolved Solids 02/11/2008 656000 1000 500000 156000
MW-7 Vanadium 02/11/2008 82 1.21 3.5 78.5
MW-7 Vanadium 08/28/2008 7.4 0.20 3.5 3.9
MW-7 Vanadium 02/17/2009 14.8 J 0.20 3.5 11.3
MW-7 Zinc 02/11/2008 17 1.86 1050
MW-7 Zinc 08/28/2008 2.6 0.40 1050
MW-7 Zinc 02/17/2009 0.58 0.40 10.0
MW-8 09/08/1994 21 5 70
MW-8 10/20/1994 12 5 70
MW-8 01/05/1995 12 5 70
MW-8 03/23/1995 14 5 70
MW-8 07/18/1995 12 5 70
MW-8 02/20/1996 10 5 70
MW-8 08/29/1996 9 5 70
MW-8 02/04/1997 6 5 70
MW-8 02/11/1998 5.1 5 70
MW-8 02/11/2008 0.4 0.16 70
MW-8 02/11/2008 5.4 0.21 1.4 4
MW-8 08/28/2008 3.1 0.33 1.4 1.7
MW-8 02/17/2009 2.5 0.33 1.0 1.1
MW-8 2,4-D Acid 02/19/2004 2.62 2 70
MW-8 Acetone 02/11/2008 4.6 1.21 700
MW-8 Antimony 02/11/2008 0.1 0.08
MW-8 Arsenic 02/11/2008 11 0.07 50
MW-8 Barium 02/11/2008 147 0.11 2000
MW-8 Barium 08/28/2008 110 0.20 2000
MW-8 Barium 02/17/2009 127 0.20 100
MW-8 Benzene 07/18/1995 6 5 1 5
MW-8 Benzene 02/11/2008 0.2 0.16 1
MW-8 Beryllium 02/11/2008 0.3 0.06
MW-8 02/19/2004 37 20
MW-8 Cadmium 02/11/2008 0.2 0.04 1.75
MW-8 09/08/1994 40 5 50
MW-8 10/20/1994 15 5 50
MW-8 01/05/1995 32 5 50
MW-8 03/23/1995 40 5 50
MW-8 07/18/1995 56 5 50 6
MW-8 02/20/1996 33 5 50
MW-8 08/29/1996 24 5 50
MW-8 02/04/1997 30 5 50
MW-8 08/27/1997 29 5 50
MW-8 02/11/1998 28 5 50
MW-8 03/12/1998 26 5 50

ug/L
ug/L
ug/l
ug/l
ug/l
ug/l
ug/l
ug/l
ug/l
ug/l
ug/l
ug/L
ug/L
ug/l
ug/L
ug/L

1,1-Dichloroethane ug/l
1,1-Dichloroethane ug/l
1,1-Dichloroethane ug/l
1,1-Dichloroethane ug/l
1,1-Dichloroethane ug/l
1,1-Dichloroethane ug/l
1,1-Dichloroethane ug/l
1,1-Dichloroethane ug/l
1,1-Dichloroethane ug/l
1,1-Dichloroethane ug/l
1,4-Dichlorobenzene ug/l
1,4-Dichlorobenzene ug/L
1,4-Dichlorobenzene ug/L

ug/l
ug/l
ug/l
ug/l
ug/l
ug/L
ug/L
ug/l
ug/l
ug/l

Bis(2-ethylhexyl)phthalate ug/l
ug/l

Chlorobenzene ug/l
Chlorobenzene ug/l
Chlorobenzene ug/l
Chlorobenzene ug/l
Chlorobenzene ug/l
Chlorobenzene ug/l
Chlorobenzene ug/l
Chlorobenzene ug/l
Chlorobenzene ug/l
Chlorobenzene ug/l
Chlorobenzene ug/l
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Well ID Sample Date Result UnitParameter Name1 PQL2 NCGW2L3 Exceedance

MW-8 09/02/1998 16 5 50
MW-8 02/22/1999 19 5 50
MW-8 08/24/1999 18 5 50
MW-8 08/02/2000 14 5 50
MW-8 02/08/2001 13 5 50
MW-8 08/09/2001 15 5 50
MW-8 02/14/2002 15 5 50
MW-8 08/22/2002 12.9 5 50
MW-8 02/05/2003 9.9 5 50
MW-8 02/19/2004 11.9 5 50
MW-8 08/25/2004 12 5 50
MW-8 02/21/2005 9.6 5 50
MW-8 08/08/2005 8.7 5 50
MW-8 02/06/2007 3.2 3 50
MW-8 02/11/2008 1.5 0.13 50
MW-8 08/28/2008 0.91 0.23 50
MW-8 02/17/2009 0.65 0.23 3.0
MW-8 09/08/1994 13 10 0.015 12.985
MW-8 10/20/1994 11 10 0.015 10.985
MW-8 07/18/1995 10 10 0.015 9.985
MW-8 02/20/1996 13 10 0.015 12.985
MW-8 Chromium 02/11/2008 16 0.11 50
MW-8 Chromium 08/28/2008 3.4 0.40 50
MW-8 01/05/1995 6 5 70
MW-8 07/18/1995 5 5 70
MW-8 Cobalt 02/11/2008 0.7 0.03
MW-8 Cobalt 08/28/2008 3.9 0.60
MW-8 Cobalt 02/17/2009 0.79 0.60 10.0
MW-8 Copper 02/11/2008 3.4 0.05 1000
MW-8 Copper 08/28/2008 0.92 0.30 1000
MW-8 Copper 02/17/2009 1 0.30 10.0
MW-8 02/08/2001 0.21 0.1
MW-8 Lead 02/11/2008 14 0.04 15
MW-8 Mercury 02/11/2008 0.82 0.13 1.1
MW-8 Nickel 02/11/2008 0.7 1.35 100
MW-8 Nitrogen, Nitrate 02/17/2009 489 100 100
MW-8 09/08/1994 24 5 1.4 22.6
MW-8 01/05/1995 16 5 1.4 14.6
MW-8 03/23/1995 29 5 1.4 27.6
MW-8 07/18/1995 45 5 1.4 43.6
MW-8 08/27/1997 32 5 1.4 30.6
MW-8 02/11/1998 34 5 1.4 32.6
MW-8 03/12/1998 32 5 1.4 30.6
MW-8 09/02/1998 21 5 1.4 19.6
MW-8 02/22/1999 29 5 1.4 27.6
MW-8 08/24/1999 32 5 1.4 30.6
MW-8 08/02/2000 28 5 1.4 26.6
MW-8 08/09/2001 29 5 1.4 27.6
MW-8 02/14/2002 28 5 1.4 26.6
MW-8 08/22/2002 28.4 5 1.4 27
MW-8 02/05/2003 22.7 5 1.4 21.3
MW-8 08/14/2003 11.3 5 1.4 9.9

Chlorobenzene ug/l
Chlorobenzene ug/l
Chlorobenzene ug/l
Chlorobenzene ug/l
Chlorobenzene ug/l
Chlorobenzene ug/l
Chlorobenzene ug/l
Chlorobenzene ug/l
Chlorobenzene ug/l
Chlorobenzene ug/l
Chlorobenzene ug/l
Chlorobenzene ug/l
Chlorobenzene ug/l
Chlorobenzene ug/l
Chlorobenzene ug/l
Chlorobenzene ug/L
Chlorobenzene ug/L
Chloroethene ug/l
Chloroethene ug/l
Chloroethene ug/l
Chloroethene ug/l

ug/l
ug/L

cis-1,2-Dichloroethylene ug/l
cis-1,2-Dichloroethylene ug/l

ug/l
ug/L
ug/L
ug/l
ug/L
ug/L

Endosulfan II ug/l
ug/l
ug/l
ug/l
ug/L

p-Dichlorobenzene ug/l
p-Dichlorobenzene ug/l
p-Dichlorobenzene ug/l
p-Dichlorobenzene ug/l
p-Dichlorobenzene ug/l
p-Dichlorobenzene ug/l
p-Dichlorobenzene ug/l
p-Dichlorobenzene ug/l
p-Dichlorobenzene ug/l
p-Dichlorobenzene ug/l
p-Dichlorobenzene ug/l
p-Dichlorobenzene ug/l
p-Dichlorobenzene ug/l
p-Dichlorobenzene ug/l
p-Dichlorobenzene ug/l
p-Dichlorobenzene ug/l
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Well ID Sample Date Result UnitParameter Name1 PQL2 NCGW2L3 Exceedance

MW-8 02/19/2004 31.4 5 1.4 30
MW-8 08/25/2004 30.1 5 1.4 28.7
MW-8 02/21/2005 24.7 5 1.4 23.3
MW-8 08/08/2005 23.1 5 1.4 21.7
MW-8 02/23/2006 14.4 5 1.4 13
MW-8 08/28/2006 10.7 5 1.4 9.3
MW-8 02/06/2007 9.2 3 1.4 7.8
MW-8 Selenium 02/11/2008 1.4 0.14 50
MW-8 Silver 02/11/2008 0.1 0.04 18
MW-8 Sulfide 02/17/2009 170 100 0.10
MW-8 Thallium 02/11/2008 0.1 0.04
MW-8 Tin 02/11/2008 1 2.75
MW-8 Total Organic Carbon 02/17/2009 23700 1000 1.0
MW-8 08/27/1997 5.3 5 100
MW-8 Vanadium 02/11/2008 19.4 1.21 3.5 15.9
MW-8 Vanadium 08/28/2008 4.6 0.20
MW-8 Zinc 02/11/2008 12 1.86 1050
MW-8 Zinc 08/28/2008 9 0.40 1050

J = estimated quantity

p-Dichlorobenzene ug/l
p-Dichlorobenzene ug/l
p-Dichlorobenzene ug/l
p-Dichlorobenzene ug/l
p-Dichlorobenzene ug/l
p-Dichlorobenzene ug/l
p-Dichlorobenzene ug/l

ug/l
ug/l
ug/L
ug/l
ug/l
ug/L

trans-1,2-Dichloroethylene ug/l
ug/l
ug/L
ug/l
ug/L

1 Table only contains detected constituents.
2 PQL = Practical Quantitation Limit
3 NCGW2L = North Carolina Ground Water 2L Standard



Table 5:  Summary of Historical Background Results

Wayne County Dudley Page 1 of 2

Well ID Sample Date Result Unit

MW-1 Acetone 02/11/2008 2.7 J 1.21 700
MW-1 Antimony, total 08/13/2007 0.1 J 0.05 1.4*
MW-1 Antimony, total 02/11/2008 0.2 J 0.08 1.4*
MW-1 Arsenic 08/13/2007 2 J 0.47 50
MW-1 Arsenic 02/11/2008 1.2 J 0.07 50
MW-1 Barium, total 08/13/2007 45.7 J 0.04 2000
MW-1 Barium, total 02/11/2008 27.4 J 0.34 2000
MW-1 Barium, total 08/28/2008 13.9 J 0.2 2000
MW-1 Barium, total 02/17/2009 17.9 J 0.2 2000
MW-1 Beryllium, total 08/13/2007 0.2 J 0.08 4*
MW-1 Beryllium, total 02/11/2008 0.1 J 0.17 4*
MW-1 Cadmium, total 08/13/2007 0.1 J 0.06 1.75
MW-1 Cadmium, total 02/11/2008 0.1 J 0.04 1.75
MW-1 Cadmium, total 02/17/2009 0.98 J 0.5 1.75
MW-1 Chloride 02/06/2007 43 0 250000
MW-1 Chloride 02/11/2008 47000 5000 250000
MW-1 Chloroform 08/13/2007 1.8 J 0.13 70
MW-1 Chloroform 02/11/2008 1.5 J 0.13 70
MW-1 Chloroform 08/28/2008 0.78 0.14 70
MW-1 Chloroform 02/17/2009 0.52 0.14 70
MW-1 Chromium, total 02/05/2003 0.013 mg/l 0.01 0.05
MW-1 Chromium, total 02/19/2004 0.013 mg/l 0.01 0.05
MW-1 Chromium, total 08/25/2004 0.012 mg/l 0.01 0.05
MW-1 Chromium, total 02/21/2005 0.013 mg/l 0.01 0.05
MW-1 Chromium, total 08/13/2007 6.4 J 0.24 50
MW-1 Chromium, total 02/11/2008 4.5 J 1.38 50
MW-1 Cobalt, total 02/11/2008 0.2 J 2.53 70*
MW-1 Cobalt, total 08/28/2008 4.7 7.4 70*
MW-1 Copper 08/13/2007 1.2 J 0.2 1000
MW-1 Copper 02/11/2008 1.2 J 2.24 1000
MW-1 Copper 08/28/2008 5.8 1000
MW-1 Copper 02/17/2009 3.5 0.3 1000
MW-1 DEHP 03/12/1998 34 20 2.5
MW-1 Iron 02/06/2007 7828 300 300 7528
MW-1 Iron 02/11/2008 4406 14 300 4106
MW-1 Lead, total 08/13/2007 4.7 J 0.07 15
MW-1 Lead, total 02/11/2008 2.7 J 0.04 15
MW-1 Manganese 02/06/2007 21 10 50
MW-1 Manganese 02/11/2008 15 J 0.5 50
MW-1 Mercury 02/11/2008 0.04 J 0.13 1.1
MW-1 Methyl ethyl ketone 08/13/2007 1.6 J 0.85 4200
MW-1 Nickel, total 02/11/2008 0.5 J 1.35 100
MW-1 Silver, total 02/11/2008 0.1 J 2.32 18
MW-1 Thallium 08/02/2000 0.001 mg/l 0.001 0.28*
MW-1 Thallium 08/13/2007 0.2 J 0.07 0.28*
MW-1 Thallium 02/11/2008 0.2 J 0.04 0.28*
MW-1 Total Dissolved Solids 02/11/2008 101000 1000 500000
MW-1 Vanadium 08/13/2007 11.7 J 0.42 3.5*
MW-1 Vanadium 02/11/2008 8.7 J 1.21 3.5*
MW-1 Vanadium 08/28/2008 24.8 0.2 3.5*

Parameter Name 1 Qual 
Code

PQL 2 NCGW2L 3 Exceedance

ug/l
ug/l
ug/l
ug/l
ug/l
ug/l
ug/l
ug/l
ug/l
ug/l
ug/l
ug/l
ug/l
ug/l
ug/l
ug/l
ug/l
ug/l
ug/l
ug/l

ug/l
ug/l
ug/l
ug/l
ug/l
ug/l
ug/l
ug/l
ug/l
ug/l
ug/l
ug/l
ug/l
ug/l
ug/l
ug/l
ug/l
ug/l
ug/l

ug/l
ug/l
ug/l
ug/l
ug/l
ug/l



Table 5:  Summary of Historical Background Results

Wayne County Dudley Page 2 of 2

Well ID Sample Date Result UnitParameter Name 1 Qual 
Code

PQL 2 NCGW2L 3 Exceedance

MW-1 Vanadium 02/17/2009 0.68 0.2 3.5*
MW-1 Zinc 09/08/1994 0.243 mg/l 0.05 1.05
MW-1 Zinc 10/20/1994 0.082 mg/l 0.05 1.05
MW-1 Zinc 02/06/2007 11 J 10 1050
MW-1 Zinc 08/13/2007 2 J 0.2 1050
MW-1 Zinc 02/11/2008 4.4 J 1.86 1050
MW-1 Zinc 08/28/2008 6.3 0.4 1050

* Groundwater Protection Standard

ug/l

ug/l
ug/l
ug/l
ug/l

1 Table contains only detected constituents.
2 PQL = Practical Quantitation Limit
3 NCGW2L = North Carolina Ground Water 2L Standard



Table 6:  Summary of Current Groundwater Results

Wayne County Closed Landfill (Dudley) Page 1 of 3

Well ID Result Unit

MW-1 Barium 2/17/09 17.9 0.20 100 2000

MW-1 Cadmium 2/17/09 0.98 0.50 1.0 1.75

MW-1 Chloroform 2/17/09 0.52 0.14 5.0 70

MW-1 Copper 2/17/09 3.5 0.30 10.0 1000

MW-1 Nitrogen, Nitrate 2/17/09 353 100 100 10000

MW-1 Sulfide 2/17/09 250 100 0.10 NE NE

MW-1 Total Organic Carbon 2/17/09 2400 1000 1.0 NE NE

MW-1 Vanadium 2/17/09 0.68 0.20 25.0 3.5

MW-2 2/17/09 0.36 0.30 5.0 620

MW-2 2/17/09 3.3 0.33 1.0 1.4 1.9

MW-2 Alkalinity 2/17/09 508000 5000 NE NE NE

MW-2 Arsenic 2/17/09 13.5 2.7 10.0 50

MW-2 Barium 2/17/09 191 0.20 100 2000

MW-2 Benzene 2/17/09 2 0.25 1.0 1 1

MW-2 2/17/09 12.2 0.23 3.0 50

MW-2 Chromium 2/17/09 3.7 0.40 10.0 50

MW-2 2/17/09 0.29 0.19 5.0 70

MW-2 Cobalt 2/17/09 4.2 0.60 10.0 70

MW-2 Copper 2/17/09 73.8 0.30 10.0 1000

MW-2 Iron, Ferrous 2/17/09 2700 2000 300 300 NE 2400

MW-2 Nickel 2/17/09 1.7 1.7 50.0 100

MW-2 Selenium 2/17/09 4.8 3.8 10.0 50

MW-2 Silver 2/17/09 0.7 0.10 10.0 18

MW-2 Sulfate 2/17/09 14500 5000 250000 250000

MW-2 Total Organic Carbon 2/17/09 41200 5000 5.0 NE NE

MW-2 Vanadium 2/17/09 9.2 J 0.20 25.0 3.5 5.7

MW-2 Zinc 2/17/09 19.4 0.40 10.0 1050

MW-3 Barium 2/17/09 18.3 0.20 100 2000

MW-3 Copper 2/17/09 1.3 0.30 10.0 1000

MW-3 Vanadium 2/17/09 2.6 0.20 25.0 3.5

MW-3 Zinc 2/17/09 1.3 0.40 10.0 1050

MW-4 Barium 2/17/09 70.1 0.20 100 2000

MW-4 Chloroform 2/17/09 0.21 0.14 5.0 70

MW-4 Copper 2/17/09 2.1 0.30 10.0 1000

MW-4 Vanadium 2/17/09 0.53 0.20 25.0 3.5

MW-5 Arsenic 2/17/09 5.9 2.7 10.0 50

MW-5 Barium 2/17/09 67.8 0.20 100 2000

MW-5 Beryllium 2/17/09 0.96 0.10 1.0 4

MW-5 Cadmium 2/17/09 11.3 0.50 1.0 1.75 9.55

MW-5 Chromium 2/17/09 4.4 0.40 10.0 50

MW-5 Cobalt 2/17/09 3.7 0.60 10.0 70

MW-5 Copper 2/17/09 7.7 0.30 10.0 1000

Parameter Name 1 Sample 
Date

MDL 2 SWSL 3 NCGW2L 

4 GWP 5 Exceedance

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

1,2-Dichlorobenzene ug/L

1,4-Dichlorobenzene ug/L

ug/L

ug/L

ug/L

ug/L

Chlorobenzene ug/L

ug/L

cis-1,2-Dichloroethene ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L



Table 6:  Summary of Current Groundwater Results

Wayne County Closed Landfill (Dudley) Page 2 of 3

Well ID Result UnitParameter Name 1 Sample 
Date

MDL 2 SWSL 3 NCGW2L 

4 GWP 5 Exceedance

MW-5 Nickel 2/17/09 6.2 1.7 50.0 100

MW-5 Vanadium 2/17/09 23.6 J 0.20 25.0 3.5 20.1

MW-5 Zinc 2/17/09 19.7 0.40 10.0 1050

MW-6 Arsenic 2/17/09 3.7 2.7 10.0 50

MW-6 Barium 2/17/09 447 0.20 100 2000

MW-6 Beryllium 2/17/09 0.79 0.10 1.0 4

MW-6 Cadmium 2/17/09 2.3 0.50 1.0 1.75 0.55

MW-6 Chromium 2/17/09 2.5 0.40 10.0 50

MW-6 Copper 2/17/09 2.2 0.30 10.0 1000

MW-6 Nickel 2/17/09 5.4 1.7 50.0 100

MW-6 Vanadium 2/17/09 3 0.20 25.0 3.5

MW-6 Zinc 2/17/09 5.8 0.40 10.0 1050

MW-7 Arsenic 2/17/09 2.9 2.7 10.0 50

MW-7 Barium 2/17/09 60 0.20 100 2000

MW-7 Chromium 2/17/09 4.7 0.40 10.0 50

MW-7 Copper 2/17/09 1.6 0.30 10.0 1000

MW-7 Vanadium 2/17/09 14.8 J 0.20 25.0 3.5 11.3

MW-7 Zinc 2/17/09 0.58 0.40 10.0 1050

MW-8 2/17/09 2.5 0.33 1.0 1.4 1.1

MW-8 Barium 2/17/09 127 0.20 100 2000

MW-8 2/17/09 0.65 0.23 3.0 50

MW-8 Cobalt 2/17/09 0.79 0.60 10.0 70

MW-8 Copper 2/17/09 1 0.30 10.0 1000

MW-8 Nitrogen, Nitrate 2/17/09 489 100 100 10000

MW-8 Sulfide 2/17/09 170 100 0.10 NE NE

MW-8 Total Organic Carbon 2/17/09 23700 1000 1.0 NE NE

MW-9 Barium 7/23/09 44.7 J 0.20 100 2000

MW-9 Copper 7/23/09 0.98 J 0.30 10.0 1000

MW-9 Nickel 7/23/09 4.6 J 1.7 50.0 100

MW-9 Silver 7/23/09 0.43 J 0.10 10 17.5

MW-9 Vanadium 7/23/09 0.30 J 0.20 25.0

MW-9 Zinc 7/23/09 15.5 0.40 10.0 1050

MW-10 Barium 7/24/09 179 0.20 100 2000

MW-10 Chloroform 7/24/09 0.57 J 0.14 5.0 70

MW-10 Silver 7/24/09 0.39 J 0.10 10 17.5

MW-10 Zinc 7/24/09 9.2 J 0.40 10.0 1050

MW-11 Antimony 7/23/09 2.6 J 2.60 6 NE 1.4

MW-11 Arsenic 7/23/09 20.6 2.7 10.0 50

MW-11 Barium 7/23/09 157 0.20 100 2000

MW-11 Chromium 7/23/09 21.8 0.40 10.0 50

MW-11 Copper 7/23/09 6.6 J 0.30 10.0 1000

MW-11 7/23/09 0.43 J 0.19 5.0 70

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

1,4-Dichlorobenzene ug/L

ug/L

Chlorobenzene ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

cis-1,2-Dichloroethene ug/L



Table 6:  Summary of Current Groundwater Results

Wayne County Closed Landfill (Dudley) Page 3 of 3

Well ID Result UnitParameter Name 1 Sample 
Date

MDL 2 SWSL 3 NCGW2L 

4 GWP 5 Exceedance

MW-11 Lead 7/23/09 5.7 J 4.0 10 15

MW-11 Nickel 7/23/09 20.2 J 1.7 50.0 100

MW-11 Silver 7/23/09 0.40 J 0.10 10 17.5

MW-11 Vanadium 7/23/09 37.4 0.20 25.0

MW-11 Zinc 7/23/09 21.0 0.40 10.0 1050

NE = Not Established

ug/L

ug/L

ug/L

ug/L

ug/L

1 Table contains all constituents detected above MDL
2 MDL = Method Detection Limit
3 SWSL = Solid Waste Section Reporting Limit (Current as of Sampling Event)

4 NCGW2L = North Carolina Ground Water 2L Standard (Current as of Sampling Event)
5 GWP = Groundwater Protection Standard (Current as of Sampling Event)

BOLD = Concentration ≥ current GWP or NCGW2L Standard



Table 7: Summary of Current Groundwater results

Wayne County Closed Landfill (Dudley) Page 1 of 3

Well ID Result Unit

MW-1 Barium 2/17/09 17.9 0.20 100 2000

MW-1 Cadmium 2/17/09 0.98 0.50 1.0 1.75

MW-1 Chloroform 2/17/09 0.52 0.14 5.0 70

MW-1 Copper 2/17/09 3.5 0.30 10.0 1000

MW-1 Nitrogen, Nitrate 2/17/09 353 100 100 10000

MW-1 Sulfide 2/17/09 250 100 0.10 NE NE

MW-1 Total Organic Carbon 2/17/09 2400 1000 1.0 NE NE

MW-1 Vanadium 2/17/09 0.68 0.20 25.0 3.5

MW-2 2/17/09 0.36 0.30 5.0 620

MW-2 2/17/09 3.3 0.33 1.0 1.4 1.9

MW-2 Alkalinity 2/17/09 508000 5000 NE NE NE

MW-2 Arsenic 2/17/09 13.5 2.7 10.0 50

MW-2 Barium 2/17/09 191 0.20 100 2000

MW-2 Benzene 2/17/09 2 0.25 1.0 1 1

MW-2 2/17/09 12.2 0.23 3.0 50

MW-2 Chromium 2/17/09 3.7 0.40 10.0 50

MW-2 2/17/09 0.29 0.19 5.0 70

MW-2 Cobalt 2/17/09 4.2 0.60 10.0 70

MW-2 Copper 2/17/09 73.8 0.30 10.0 1000

MW-2 Iron, Ferrous 2/17/09 2700 2000 300 300 NE 2400

MW-2 Nickel 2/17/09 1.7 1.7 50.0 100

MW-2 Selenium 2/17/09 4.8 3.8 10.0 50

MW-2 Silver 2/17/09 0.7 0.10 10.0 18

MW-2 Sulfate 2/17/09 14500 5000 250000 250000

MW-2 Total Organic Carbon 2/17/09 41200 5000 5.0 NE NE

MW-2 Vanadium 2/17/09 9.2 J 0.20 25.0 3.5 5.7

MW-2 Zinc 2/17/09 19.4 0.40 10.0 1050

MW-3 Barium 2/17/09 18.3 0.20 100 2000

MW-3 Copper 2/17/09 1.3 0.30 10.0 1000

MW-3 Vanadium 2/17/09 2.6 0.20 25.0 3.5

MW-3 Zinc 2/17/09 1.3 0.40 10.0 1050

MW-4 Barium 2/17/09 70.1 0.20 100 2000

MW-4 Chloroform 2/17/09 0.21 0.14 5.0 70

MW-4 Copper 2/17/09 2.1 0.30 10.0 1000

MW-4 Vanadium 2/17/09 0.53 0.20 25.0 3.5

MW-5 Arsenic 2/17/09 5.9 2.7 10.0 50

MW-5 Barium 2/17/09 67.8 0.20 100 2000

MW-5 Beryllium 2/17/09 0.96 0.10 1.0 4

MW-5 Cadmium 2/17/09 11.3 0.50 1.0 1.75 9.55

MW-5 Chromium 2/17/09 4.4 0.40 10.0 50

MW-5 Cobalt 2/17/09 3.7 0.60 10.0 70

MW-5 Copper 2/17/09 7.7 0.30 10.0 1000

Parameter Name 1 Sample 
Date

MDL 2 SWSL 3 NCGW2L 

4 GWP 5 Exceedance

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

1,2-Dichlorobenzene ug/L

1,4-Dichlorobenzene ug/L

ug/L

ug/L

ug/L

ug/L

Chlorobenzene ug/L

ug/L

cis-1,2-Dichloroethene ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L



Table 7: Summary of Current Groundwater results

Wayne County Closed Landfill (Dudley) Page 2 of 3

Well ID Result UnitParameter Name 1 Sample 
Date

MDL 2 SWSL 3 NCGW2L 

4 GWP 5 Exceedance

MW-5 Nickel 2/17/09 6.2 1.7 50.0 100

MW-5 Vanadium 2/17/09 23.6 J 0.20 25.0 3.5 20.1

MW-5 Zinc 2/17/09 19.7 0.40 10.0 1050

MW-6 Arsenic 2/17/09 3.7 2.7 10.0 50

MW-6 Barium 2/17/09 447 ug/L 0.20 100 2000

MW-6 Beryllium 2/17/09 0.79 ug/L 0.10 1.0 4

MW-6 Cadmium 2/17/09 2.3 ug/L 0.50 1.0 1.75 0.55

MW-6 Chromium 2/17/09 2.5 ug/L 0.40 10.0 50

MW-6 Copper 2/17/09 2.2 0.30 10.0 1000

MW-6 Nickel 2/17/09 5.4 1.7 50.0 100

MW-6 Vanadium 2/17/09 3 0.20 25.0 3.5

MW-6 Zinc 2/17/09 5.8 0.40 10.0 1050

MW-7 Arsenic 2/17/09 2.9 2.7 10.0 50

MW-7 Barium 2/17/09 60 0.20 100 2000

MW-7 Chromium 2/17/09 4.7 0.40 10.0 50

MW-7 Copper 2/17/09 1.6 0.30 10.0 1000

MW-7 Vanadium 2/17/09 14.8 J 0.20 25.0 3.5 11.3

MW-7 Zinc 2/17/09 0.58 0.40 10.0 1050

MW-8 2/17/09 2.5 0.33 1.0 1.4 1.1

MW-8 Barium 2/17/09 127 0.20 100 2000

MW-8 2/17/09 0.65 0.23 3.0 50

MW-8 Cobalt 2/17/09 0.79 0.60 10.0 70

MW-8 Copper 2/17/09 1 0.30 10.0 1000

MW-8 Nitrogen, Nitrate 2/17/09 489 100 100 10000

MW-8 Sulfide 2/17/09 170 100 0.10 NE NE

MW-8 Total Organic Carbon 2/17/09 23700 1000 1.0 NE NE

MW-9 Barium 7/23/09 44.7 J 0.20 100 2000

MW-9 Copper 7/23/09 0.98 J 0.30 10.0 1000

MW-9 Nickel 7/23/09 4.6 J 1.7 50.0 100

MW-9 Silver 7/23/09 0.43 J 0.10 10 17.5

MW-9 Vanadium 7/23/09 0.30 J 0.20 25.0

MW-9 Zinc 7/23/09 15.5 0.40 10.0 1050

MW-10 Barium 7/24/09 179 0.20 100 2000

MW-10 Chloroform 7/24/09 0.57 J 0.14 5.0 70

MW-10 Silver 7/24/09 0.39 J 0.10 10 17.5

MW-10 Zinc 7/24/09 9.2 J 0.40 10.0 1050

MW-11 Antimony 7/23/09 2.6 J 2.60 6 NE 1.4

MW-11 Arsenic 7/23/09 20.6 2.7 10.0 50

MW-11 Barium 7/23/09 157 0.20 100 2000

MW-11 Chromium 7/23/09 21.8 0.40 10.0 50

MW-11 Copper 7/23/09 6.6 J 0.30 10.0 1000

MW-11 7/23/09 0.43 J 0.19 5.0 70

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

1,4-Dichlorobenzene ug/L

ug/L

Chlorobenzene ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

cis-1,2-Dichloroethene ug/L



Table 7: Summary of Current Groundwater results

Wayne County Closed Landfill (Dudley) Page 3 of 3

Well ID Result UnitParameter Name 1 Sample 
Date

MDL 2 SWSL 3 NCGW2L 

4 GWP 5 Exceedance

MW-11 Lead 7/23/09 5.7 J 4.0 10 15

MW-11 Nickel 7/23/09 20.2 J 1.7 50.0 100

MW-11 Silver 7/23/09 0.40 J 0.10 10 17.5

MW-11 Vanadium 7/23/09 37.4 0.20 25.0

MW-11 Zinc 7/23/09 21.0 0.40 10.0 1050

NE = Not Established

ug/L

ug/L

ug/L

ug/L

ug/L

1 Table contains all constituents detected above MDL
2 MDL = Method Detection Limit
3 SWSL = Solid Waste Section Reporting Limit (Current as of Sampling Event)

4 NCGW2L = North Carolina Ground Water 2L Standard (Current as of Sampling Event)
5 GWP = Groundwater Protection Standard (Current as of Sampling Event)

BOLD = Concentration ≥ current GWP or NCGW2L Standard



Table 8:  Historical Surfacewater Results

Wayne County Closed Landfill (Dudley)

Well ID Sample Date Result Unit

SW-1 Arsenic 09/08/1994 0.013 mg/l 0.01 0.05
SW-1 Barium 08/28/2008 25.1 0.20 1000
SW-1 Barium 02/17/2009 71.3 0.20 1000
SW-1 Barium, total 02/11/1998 0.589 mg/l 0.5 1
SW-1 Beryllium, total 09/08/1994 0.002 mg/l 0.002 0.0065
SW-1 Cadmium, total 09/08/1994 0.001 mg/l 0.001 0.002
SW-1 Chromium 02/17/2009 1.3 0.40 50
SW-1 Chromium, total 09/08/1994 0.023 mg/l 0.01 0.05
SW-1 Cobalt 08/28/2008 2.8 0.60 5
SW-1 Nickel 02/17/2009 2.1 1.7 25
SW-1 Nickel, total 09/08/1994 0.077 mg/l 0.05 0.025 0.052
SW-1 Nickel, total 03/23/1995 0.054 mg/l 0.05 0.025 0.029
SW-1 Silver 02/17/2009 0.11 J 0.10 0.06 0.05
SW-1 Vanadium 08/28/2008 0.3 0.20
SW-1 Vanadium 02/17/2009 0.96 0.20
SW-1 Zinc 09/08/1994 0.159 mg/l 0.05 0.05 0.109
SW-1 Zinc 08/28/2008 3.5 0.40 50
SW-1 Zinc 02/17/2009 9.4 0.40 50
SW-2 Cadmium, total 09/08/1994 0.001 mg/l 0.001 0.002
SW-2 Cadmium, total 02/20/1996 0.001 mg/l 0.001 0.002
SW-2 Chromium, total 02/20/1996 0.035 mg/l 0.01 0.05
SW-2 Chromium, total 08/29/1996 0.055 mg/l 0.01 0.05 0.005
SW-2 Lead, total 02/20/1996 0.012 mg/l 0.01 0.025
SW-2 Lead, total 08/29/1996 0.07 mg/l 0.01 0.025 0.045
SW-2 Lead, total 02/11/1998 0.013 mg/l 0.01 0.025
SW-2 Vanadium 08/29/1996 0.121 mg/l 0.04
SW-2 Zinc 08/29/1996 0.177 mg/l 0.05 0.05 0.127
SW-3 Arsenic 09/08/1994 0.01 mg/l 0.01 0.05
SW-3 Arsenic 02/11/1998 0.015 mg/l 0.01 0.05
SW-3 Barium, total 02/11/1998 1.199 mg/l 0.5 1 0.199
SW-3 Cadmium, total 02/11/1998 0.0035 mg/l 0.001 0.002 0.0015
SW-3 Chromium, total 02/11/1998 0.025 mg/l 0.01 0.05
SW-3 Lead, total 02/11/1998 0.02 mg/l 0.01 0.025
SW-3 Zinc 02/11/1998 0.128 mg/l 0.05 0.05 0.078

Parameter Name1 PQL2 SWSTD3 Exceedance

ug/L
ug/L

ug/L

ug/L
ug/L

ug/L
ug/L
ug/L

ug/L
ug/L

1 Table only contains detected constituents.
2 PQL = Practical Quantitation Limit
3 SWSTD = North Carolina Surface Water Standard Class C or Class IV as applicable



Table 9A:  Non-Carcinogenic Toxicity Values for Oral Ingestion Exposure

Oral RfD 
(ug/kg-day)

Adult 
(ug/kg-day)

Child 
(ug/kg-day)

Adult 
(ug/kg-day)

Child 
(ug/kg-day) Adult Child Adult Child

Chlorobenzene MW-2 20 36.0 1.03 1.28 11.4 0.33 0.40 0.05 0.06 0.02 0.02
MW-4 20 7.3 0.21 0.26 - - - 0.01 0.01 - -
MW-6 20 12.0 0.34 0.43 - - - 0.02 0.02 - -
MW-8 20 56.0 1.60 1.99 3.2 0.09 0.11 0.08 0.10 0.00 0.01

p-Dichlorobenzene MW-2 30 8.0 0.23 0.28 - - - 0.01 0.01 - -
MW-4 30 9.0 0.26 0.32 - - - 0.01 0.01 - -
MW-6 30 25.0 0.71 0.89 - - - 0.02 0.03 - -
MW-8 30 45.0 1.29 1.60 9.2 0.26 0.33 0.04 0.05 0.01 0.01

NOTE:
1.  LADD is lifetime average daily dose from ingested groundwater at the specified concentration.
2.  RfD values taken from the Region 9 Risk Based Concentration Table.  These values represent a daily exposure level that is not harmful to human health, over a lifetime
3.  During 2/6/2007 sampling "-" designates none of this constituent was detected.
4.  HI is the Hazard Index Risk = LADD/RfD
5.  Formula used for calculations:

LADD = (C*IR*ED)/(BW*AT)

C = Constituent Concentration (ug/L)
IR =  Ingestion Rate (L/day) An ingestion rate of 2L/day was used for adults 1L/day for children
ED = Exposure Duration (days) An exposure duration of 30 years was used for adults, 8 for children
BW = Body Weight (kg) An average weight of 70 kg was used for adults, 28.2 kg for children
AT = Average Time (days) Times of 30 years for adults and 8 years for children were used

Reference Dose
WellContaminant

Maximum 
Concentration 

(ug/L)

HI Risk Maximum HI Risk 2/6/2007Concentration 
2/6/2007

(ug/L)

LADD Maximum LADD 2/6/2007

Wayne County



Table 9B:  Non-Carcinogenic Toxicity Values for Inhalation Exposure

Inhalation RfD 
(ug/kg-day)

Adult 
(ug/kg-day)

Child 
(ug/kg-day)

Adult 
(ug/kg-day)

Child 
(ug/kg-day) Adult Child Adult Child

Chlorobenzene MW-2 17 36.0 5.14 7.66 11.4 1.63 2.43 0.30 0.45 0.10 0.14
MW-4 17 7.3 1.04 1.55 - - - 0.06 0.09 - -
MW-6 17 12.0 1.71 2.55 - - - 0.10 0.15 - -
MW-8 17 56.0 8.00 11.91 3.2 0.46 0.68 0.47 0.70 0.03 0.04

p-Dichlorobenzene MW-2 230 8.0 1.14 1.70 - - - 0.00 0.01 - -
MW-4 230 9.0 1.29 1.91 - - - 0.01 0.01 - -
MW-6 230 25.0 3.57 5.32 - - - 0.02 0.02 - -
MW-8 230 45.0 6.43 9.57 9.2 1.31 1.96 0.03 0.04 0.01 0.01

NOTE:
1.  LADD is lifetime average daily dose from inhalation at the specified concentration.
2.  RfD values taken from the Region 9 Risk Based Concentration Table.  These values represent a daily exposure level that is not harmful to human health, over a lifetime
3.  During 2/6/2007 sampling "-" designates none of this constituent was detected.
4.  HI is the Hazard Index Risk = LADD/RfD
5.  Formula used for calculations:

LADD = (C*IR*ED*K)/(BW*AT)

C = Constituent Concentration (ug/m3)
K = Volatilization Factor (L/m3) A volitilization factor of 0.5L/m3  was used based on EPA published values
IR =  Inhalation Rate (m3/day) An inhalation rate of 20 m3/day was used for adults, 12 m3/day for children
ED = Exposure Duration (days) An exposure duration of 30 years was used for adults, 8 years for children
BW = Body Weight (kg) An average weight of 70 kg was used for adults, 28.2 kg for children
AT = Average Time (days) Times of 30 years for adults and 8 for children were used

HI Risk Maximum HI Risk 2/6/2007Concentration 
2/6/2007

(ug/L)

LADD Maximum LADD 2/6/2007Reference Dose
WellContaminant

Maximum 
Concentration 

(ug/L)

Wayne County



Table 9C:  Non-Carcinogenic Toxicity Values for Dermal Exposure

Oral RfD 
(ug/kg-day)

Adult 
(ug/kg-day)

Child 
(ug/kg-day)

Adult 
(ug/kg-day)

Child 
(ug/kg-day) Adult Child Adult Child

Chlorobenzene MW-2 20 36.0 1.05E-02 1.22E-02 11.4 3.33E-03 3.87E-03 5.26E-04 6.11E-04 1.67E-04 1.94E-04
MW-4 20 7.3 2.13E-03 2.48E-03 - - - 1.07E-04 1.24E-04 - -
MW-6 20 12.0 3.51E-03 4.08E-03 - - - 1.75E-04 2.04E-04 - -
MW-8 20 56.0 1.64E-02 1.90E-02 3.2 9.36E-04 1.09E-03 8.19E-04 9.51E-04 4.68E-05 5.43E-05

p-Dichlorobenzene MW-2 30 8.0 3.54E-03 4.11E-03 - - - 1.18E-04 1.37E-04 - -
MW-4 30 9.0 3.98E-03 4.62E-03 - - - 1.33E-04 1.54E-04 - -
MW-6 30 25.0 1.11E-02 1.28E-02 - - - 3.68E-04 4.28E-04 - -
MW-8 30 45.0 1.99E-02 2.31E-02 9.2 4.07E-03 4.73E-03 6.63E-04 7.70E-04 1.36E-04 1.58E-04

NOTE:
1.  LADD is lifetime average daily dose from contact with contaminated groundwater at the specified concentration.
2.  RfD values taken from the Region 9 Risk Based Concentration Table.  These values represent a daily exposure level that is not harmful to human health, over a lifetime.
3.  During 2/6/2007 sampling "-" designates none of this constituent was detected.
4.  Dermal Values used the same RfD values as those used for Oral.
5.  HI is the Hazard Index Risk = LADD/RfD
6.  Formula used for calculations:

LADD = (C*K*EV*ED*EF*SA)/(BW*AT)

C = Constituent Concentration (ug/L)
K = Permeability Coefficient (cm/day) contaminant dependent
EV = Event Frequency 15 min/day
ED =  Exposure Duration (years) 30 years for an adult, 8 years for a child
EF = Exposure Frequency (days/year) 365 days per year
SA = Skin Surface Area (cm2) 20,000cm2 for adults and 9360 cm2 for children
BW = Body weight (kg) 70 kg was used for adults, 28.2 kg for children
AT = Average Time (days) 30 years for adults and 8 for children

Reference Dose
WellContaminant

Maximum 
Concentration 

(ug/L)

HI Risk Maximum HI Risk 2/6/2007Concentration 
2/6/2007

(ug/L)

LADD Maximum LADD 2/6/2007

Wayne County



Table 10: Summary of Water Supply Well Inventory

Owner Property Address
Well 

Confirmed/Observed
Well Details Use Map ID

Potable water 
supply

Wayne County 460 S Landfill Rd Abandoned July 2009 - - 1 Community

Jerome McLarin & Joe L., Jr. 580 S Landfill Rd Observed 30" Diameter
~ 35' deep Unknown 2 Community

Jackie Broadie 565 S Landfill Rd Confirmed Small Diameter Bored Well None 3 Community

Lottie Smith 585 S Landfill Rd Confirmed Small Diameter Bored Well None 4 Community

Chester Willits 589 S Landfill Rd Confirmed Small Diameter Bored Well Irrigation 5 Community

Charles Pittman 599 S Landfill Rd Observed Unknown Unknown - Property Vacant 6 Community
Donald Herring S Landfill Rd None Observed - Unknown - Property Vacant 7 Community

Michael Fausnaught 643 S Landfill Rd None Observed - Unknown - No response 8 Community
Bertha Baker S Landfill Rd Confirmed Unknown Vacant Property 9 Well

David Fry 249 Herring Rd None Observed - Unknown - No response 10 Community

Craig Farms 355 Herring Rd 3 Confirmed wells ~100' deep Agricultural use
2 wells adjacent to each other 11 None

James Otto Jones & Esther 
Perry 320 S Landfill Rd None Observed - - 12 Community

CS Jesus Apostolic House of 
Prayer 318 S Landfill Rd None Observed - - 13 Community

Dorothy Williams S Landfill Rd None Observed - - 14 Community

NOTE: Map ID corresponds to Plate 6

Wayne County Closed Landfill (Dudley)



Table 11: Timeline / Schedule of Corrective Action

Date after CAP Approval Description of Event

August 2009 Semi-Annual Assessment Sampling & Monitoring  w/ implementation of full suite of MNA performance 
parameters.

February 2010 Semi-Annual Assessment Sampling & Monitoring.
August 2010 Semi-Annual Assessment Sampling & Monitoring.
February 2011 Semi-Annual Assessment Sampling & Monitoring.
March 2011 Initial Summary Report.
August 2011 Semi-Annual Assessment Sampling & Monitoring. Evaluation of effectiveness for MNA.
September 2011 Reduction of MNA analytical requirements as determined through Evaluation of Effectiveness Report and 

SWS approval.
February 2012 Semi-Annual Assessment Sampling & Monitoring.

Wayne County Closed Landfill (Dudley)
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Natural Attenuation Interpretation Score
 Screening   Inadequate evidence for anaerobic biodegradation* of chlorinated organics 0 to 5  

Protocol   Limited evidence for anaerobic biodegradation* of chlorinated organics 6 to 14 Score: 16
  Adequate evidence for anaerobic biodegradation* of chlorinated organics 15 to 20

  Strong evidence for anaerobic biodegradation* of chlorinated organics >20 Scroll to End of Table

Concentration in Points
Analysis Most Contam. Zone Interpretation Yes No Awarded 

Oxygen* <0.5 mg/L Tolerated, suppresses the reductive pathway at higher 0
concentrations

> 5mg/L Not tolerated; however, VC may be oxidized aerobically                                          0

Nitrate* <1 mg/L At higher concentrations may compete with reductive 2
pathway

Iron II* >1 mg/L Reductive pathway possible; VC may be oxidized under 3
Fe(III)-reducing conditions

Sulfate* <20 mg/L At higher concentrations may compete with reductive 2
pathway

Sulfide* >1 mg/L Reductive pathway possible 0
 

Methane* >0.5 mg/L Ultimate reductive daughter product, VC Accumulates 0

Oxidation <50 millivolts (mV) Reductive pathway possible
Reduction
Potential* (ORP) <-100mV Reductive pathway likely
  
pH* 5 < pH < 9 Optimal range for reductive pathway 0

TOC >20 mg/L Carbon and energy source; drives dechlorination; can be 2
natural or anthropogenic

Temperature* >20oC At T >20oC biochemical process is accelerated 0

Carbon Dioxide >2x background Ultimate oxidative daughter product

Alkalinity >2x background Results from interaction of carbon dioxide with aquifer 1
minerals

Chloride* >2x background Daughter product of organic chlorine 0

Hydrogen >1 nM Reductive pathway possible, VC may accumulate

Volatile Fatty Acids >0.1 mg/L Intermediates resulting from biodegradation of aromatic
compounds; carbon and energy source

BTEX* >0.1 mg/L Carbon and energy source; drives dechlorination 0

PCE* Material released 0

TCE* Daughter product of PCE a/ 0
 

DCE* Daughter product of TCE.
If cis is greater than 80% of total DCE it is likely a daughter 2
product of TCEa/; 1,1-DCE can be a chem. reaction product of TCA

VC* Daughter product of DCEa/ 2

1,1,1- Material released 0
Trichloroethane*
DCA Daughter product of TCA under reducing conditions 0

Carbon Material released 0
Tetrachloride
Chloroethane* Daughter product of DCA or VC under reducing conditions 2

Ethene/Ethane >0.01 mg/L Daughter product of VC/ethene 0

>0.1 mg/L Daughter product of VC/ethene 0

Chloroform Daughter product of Carbon Tetrachloride 0

Dichloromethane Daughter product of Chloroform 0
 

* required analysis.
a/ Points awarded only if it can be shown that the compound is a daughter product
 (i.e., not a constituent of the source NAPL).

End of Form

ResetSCORE

* reductive dechlorination

The following is taken from the USEPA protocol (USEPA, 1998).   
The results of this scoring process have no regulatory 
significance.

Appendix A

Page A-5

Corrective Action Plan - Wayne County Landfill



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

APPENDIX B 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 



 

 
 
 
 
 
 
 
  

Ground and Surfacewater Sampling and Analysis Plan 
  

 Prepared for 
 

 Wayne County Landfill – Permit #96-01 
 Dudley, Wayne County, North Carolina 
 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 MESCO Project Number: G07058.0 
This report is included as Appendix B 
Corrective Action Plan completed for Wayne County. 
  

Completed on 2/25/2009 
First Revision 5/14/2009 
Second Revision 8/14/2009 

      

 

Municipal Engineering Services Company, P.A.
Garner, Boone and Morehead City, North Carolina  

 
 
 



 

 
 
 
 

 
 
 



G07058.0  Page i 
Ground and Surfacewater Sampling and Analysis Plan –Wayne County Landfill 8/14/2009 

 

TABLE OF CONTENTS 
 

1 INTRODUCTION 1 

1.1 Objective ...............................................................................................................................................1 
1.2 Water Quality Monitoring Summary ....................................................................................................2 
1.3 Sampling Equipment .............................................................................................................................3 
1.4 Sampling Containers .............................................................................................................................3 

2 SAMPLING 4 

2.1 Set-Up ...................................................................................................................................................4 
2.2 Purging ..................................................................................................................................................5 
2.3 Groundwater Sample Collection ...........................................................................................................6 
2.4 Surfacewater Sample Collection ...........................................................................................................6 
2.5 Chain of Custody...................................................................................................................................7 

3 ANALYSIS 7 

4 CONCLUSION 7 

 
TABLES 
 
Table B-1 Summary of Ground and Surfacewater Monitoring Points 
 
PLATES 
 
Plate A Topographic Map 
Plate B Site Map 
Plate C Typical Monitoring Well 
Plate D Graphical Plot of Standing Volumes of Water 
 
ATTACHMENTS 
 
Attachment 1 NCDENR Solid Waste Section Sampling & Monitoring Guidance 
 
 
 





G07058.0  Page 1 
Ground and Surfacewater Sampling and Analysis Plan –Wayne County Landfill 8/14/2009 

 

1 INTRODUCTION 

1.1 Objective 

The objective of the Ground and Surfacewater Sampling and Analysis Plan is to provide clear guidelines and 

procedures for field and laboratory personnel when obtaining and testing ground and surfacewater samples. 

This plan is an update, and supersedes the November 1995 SAP for the Wayne County Closed Landfill on top 

of MSW landfill.  The sampling procedures outlined in this analysis plan are guidelines by which sampling 

will be performed.  Deviation from the procedures may be warranted depending on facility conditions or 

unforeseen sampling variables.  Alternative sampling procedures must conform to the N.C. Water Quality 

Monitoring Guidance Document for Solid Waste Facilities (Guidance Document).  Copies of the NCDENR 

Solid Waste Section technical guidelines for sampling and monitoring are presented in the Attachments. 

 

All groundwater and surfacewater monitoring points shall be sampled semi-annually for the constituents listed 

in Appendix I and Appendix II.  In addition to the Appendix I constituents monitoring wells MW-1, MW-2 

and MW-8 will be sampled for the following suite of Monitored Natural Attenuation (MNA) parameters.   

 
MNA Performance Parameters 

Parameter Analysis Type Analytical Method 
Dissolved Oxygen (DO) Field Reading 

pH Field Reading 
Oxidation-Reduction 

Potential (ORP) 
Field Reading 

Turbidity Field Reading 
Conductivity Field Reading 
Temperature Field Reading 

Multi-parameter Field 
Instrument w/ flow-through 

cell  

Dissolved CO2 Field Reading Field Instrument / Hach Kit 
Alkalinity 

(Total as CaCO3)* 
Laboratory/Field*  EPA 310.2 

Chloride* Laboratory/Field* SM 4500-CLB 
Iron Laboratory SM3111B 

Nitrate* Laboratory/Field*  EPA 353.2 / SM 2320B 
Sulfate* Laboratory/Field*  EPA 375.4 / SM 4500-SO4E 
Sulfide* Laboratory/Field* EPA 376.1 or SM 4500SE 

TOC/BOD/COD Laboratory 
EPA 415.1 / EPA 405.1 / 

EPA 410.1 
Methane Laboratory RSK 175 

Ethane, Ethene Laboratory RSK 175 
Hydrogen Laboratory AM19GA 

Volatile Fatty Acids Laboratory AM23G 
*For budgetary considerations these analyses may be performed in the field 
using Hach® brand color wheel test kits. 
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1.2 Water Quality Monitoring Summary 

The nature of the groundwater flow, geology, location of Edwards Branch, and close proximity of several 

drainage features will require extensive monitoring for early detection of a landfill release.  The monitoring 

plan consists of eight (8) monitoring wells numbered MW-1, MW-2, MW-3, MW-4, MW-5, MW-6, MW-7, 

and MW-8 and three (3) surface monitoring points numbered SW-1, SW-2 and SW-3.  Monitoring points 

included in this plan are summarized on Table E-1.  A topographical map is provided as Plate A.  Locations 

of monitoring points are shown on Plate B.   

 

Monitoring well MW-1 is the background well located upgradient of the landfill.  MW-2 is a downgradient 

monitoring well for the western portion; designed to intersect groundwater flow from the eastern portion prior 

to reaching the western tributary of Edwards Branch.  MW-3 is a downgradient monitoring well in the 

northeastern portion of the western landfill.  MW-4 is installed on the eastern half of the landfill to detect a 

potential release from the southeastern area via advection.  MW-5 is a downgradient well utilized for the 

detection of a release from the middle of the landfill.  MW-6 is a downgradient monitoring well located on the 

northeastern side of the landfill, positioned to detect a release from the landfill center.  MW-7 is a 

downgradient monitoring well for the southernmost route of contamination.  MW-8 is a downgradient 

monitoring well for the eastern unit.   

 

Surfacewater sampling point SW-1 is located downstream of the landfill below the confluence of the two forks 

of Edwards Branch.  Surfacewater sampling points SW-2 and SW-3 are located upstream of the landfill on the 

two separate forks of Edwards Branch.  Surfacewater sampling locations are shown in Plate B. 

 

Assessment Monitoring 

Assessment Monitoring will be performed on MW-1, MW-2, MW-3, MW-4, MW-5, MW-6, MW-7, and MW-

8.  Assessment monitoring will consist of collection of groundwater for analysis for the complete list of 

Appendix I constituents, as well as Appendix II constituents as determined by the Solid Waste Section.  

Additionally, field parameters including dissolved oxygen (DO), oxidation reduction potential (ORP), pH, 

temperature, turbidity, and conductivity will also be collected. 

 

As indicated in the Corrective Action Plan, MNA monitoring will be performed on monitoring wells MW-1, 

MW-2, and MW-8. 
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1.3 Sampling Equipment 

Groundwater purging and sampling will be performed using a submersible pump and disposable polyethylene 

bailers.  A new bailer will be used to sample each individual well.  Under no circumstance will a disposable 

bailer used to sample a given well be used to sample any remaining well.  The following procedure will be 

used to decontaminate the submersible pump: 

 
1. Phosphate-free detergent & de-ionized or distilled water rinse. 

2. De-ionized or distilled water rinse. 

3. Isopropyl alcohol (isopropanol) rinse. 

4. De-ionized or distilled water rinse. 

 

At least one (1) equipment blank will be collected during pump decontamination procedures to ensure that 

cross-contamination has not occurred as a result of the decontamination process.  The standard equipment 

necessary to conduct sampling for each well consists of sample containers (including trip blanks and 

equipment blanks), one wide-mouth container, at least one 100-ft spool of nylon twine, at least one box of 

disposable latex/nitrile gloves, temperature/pH/ORP/conductivity indicator, water level indicator, storage 

coolers, and ice.  All equipment subject to damage and contamination will be transported in sealed, plastic 

bags or storage containers.  The water level indicator will be decontaminated in accordance with Steps 2 and 3 

described above prior to placement in a clean plastic bag or storage container. 

1.4 Sampling Containers 

Ground and surfacewater monitoring will include organic (volatile organic compounds- VOCs) and inorganic 

(metals) analyses.  Samples will be collected for the various analyses in laboratory-supplied containers. 

 

1. Each sample container will be clearly labeled providing the following information:  site name, county 

location, sample identification number, parameters to be analyzed, preservative added, date and time 

of sampling, and initials of the sampler.   

2. Samples to be analyzed for VOC concentrations will be collected first, using three 40-ml glass vials 

with Teflon septa caps.  The sample vials will be completely filled to create zero headspace in the 

vials. 

3. Samples to be analyzed for inorganic contamination will be collected second, using a quart/1-liter 

polyethylene container. 
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All sample containers will be obtained from an independent laboratory in a sterilized condition and with the 

appropriate, method-specific preservative.  Care will be taken by the field technician to not allow the 

preservative to wash out of the sample containers during sampling.   

 

Sampling Containers 

Samples to be analyzed for VOC concentrations will be collected into three 40-ml glass vials with Teflon septa 

caps.  The sample vials will be completely filled with zero headspace in the vials.  Samples to be analyzed for 

inorganic compound concentrations will be collected into 1-liter polyethylene containers, with ½ inch space 

for air permitted.  All sample containers will be obtained from an independent laboratory in a sterilized 

condition.  Some of the containers will have a pre-measured amount of preservative in them as necessary.  In 

this event, care will be taken not to rinse the container or to allow the preservative to wash out during 

sampling.  

 

Groundwater samples to be analyzed for MNA performance parameters will be collected into the container 

types listed in the table below. 

 

MNA  
Parameter 

Volume Bottle Type Preservative 

Alkalinity 250 mL Plastic none; cool to 4oC 
Chloride 125 mL Plastic none; cool to 4oC 

TOC/COD 250 mL Glass Sulfuric acid (H2SO4) 
BOD 500 mL Polyethylene none; cool to 4oC 
Iron 125 mL Plastic Nitric acid (HNO3) 

Nitrate 125 mL Plastic Sulfuric acid (H2SO4) 
Sulfate 125 mL Plastic none; cool to 4oC 
Sulfide 250 mL Glass Sodium hydroxide (NaOH) 

Methane/Ethane/Ethene 125 mL Plastic none; cool to 4oC 
Hydrogen - - proprietary lab sampler 

Volatile Fatty Acids 40 mL Glass Hydrochloric Acid (HC1) 

 

2 SAMPLING 

 
Wells will be sampled from upgradient to downgradient locations; or when previous analytical data is 

available, from least to greatest contamination.  This procedure is required to limit potential cross 

contamination between sampling points. 

2.1 Set-Up 

A clean sheet of plastic will be placed around the well to provide a clean surface for sampling equipment.  The 

total well depth read from the well tag and the measured depth to water, determined using the water level 
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indicator, will be used to compute the depth of water in the well.  The total well depth will be measured and 

compared to the depth indicated on the well tag as a check for silt buildup or blockage at depth. 

 

All meters used to monitor purge parameters will be calibrated immediately prior to purging and sampling, and 

those readings recorded in a field logbook.  Entries will always include pre- and post- calibration readings as 

well as the model and serial number of the equipment and the date, time, and person performing the 

calibration(s).  Two standards, which bracket the average or suspected measurements for pH and specific 

conductance, will be used at the site.  Since natural waters (including those impacted by environmental 

contaminants) tend to have pH values less than 7.0, pH buffers of 4.0 and 7.0 will typically be used for 

instrument calibration. 

 

Disposable nitrile gloves will be worn by the field technician during sampling to minimize the risk of personal 

exposure to potentially harmful chemical substances and to minimize the risk of sample cross-contamination.  

Fresh pairs of nitrile gloves will be worn during each purge and sampling event.  The groundwater samples 

will be transferred from the bailers into method-specific and appropriately preserved containers and placed 

into a clean cooler containing ice to chill the samples to a temperature of approximately 4oC.   

 

Indicator parameters such as pH, temperature and specific conductance will be measured during purging as an 

indication that groundwater representative of the formation surrounding a given well is being sampled.  

Purging is considered complete when at least three well volumes have been purged and indicator parameters 

have stabilized such that three successive readings vary by no more than 10%.  Purging may need to be 

continued beyond five well volumes if indicator parameters have not stabilized.   All information will be 

recorded on a field data sheet or in a field logbook with copies submitted to the Division of Waste 

Management with the analytical results. 

2.2 Purging 

Each well will be purged of approximately three (3) to five (5) volumes of standing water and allowed to settle 

prior to collection of groundwater samples.  If the well should go dry and not recharge before the requisite well 

volumes are removed, the well will be allowed to recharge and a sample will be collected within 24 hours of 

the initial purging.  The amount of standing water will be calculated by first subtracting the depth-to-water 

from total well depth.  The amount of water in the well (in gallons) will then be determined by using the chart 

on Plate C.  For example, a two-inch well that is 29 feet deep and contains 19 feet of standing water will have 

a well volume of ~3.3 gallons. 
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After determination of the amount of water to be purged from a given well, the equipment necessary for 

purging will be assembled at the well.  The disposable bailer will be maintained in a stable, upright position 

while the upper portion of the plastic wrapping will be pulled away to expose only the eyelet used for securing 

twine to the bailer.  After the twine has been secured to the bailer with gloved hands, the bailer will be 

suspended as the remaining plastic is removed.  The bailer will be lowered slowly into the well until the bailer 

contacts groundwater.  The bailer twine will then be cut to an adequate length and secured to prevent loss of 

the bailer in the well.  At no time during purging will the bailer twine be allowed to touch the ground. In order 

to not allow the twine to touch the ground during purging, the twine will be collected when raising the bailer 

either by loops gathered in one hand or by alternating hand-to-hand as the bailer is pulled from the well.  

When purging deep wells (in excess of 40 feet), the ground and the well head may be covered with a clean 

plastic bag or sheet of plastic with a slit cut to allow the plastic to slide over the well head.  This will be a 

separate sheet of plastic from the one used for the sampling equipment.       

 

2.3 Groundwater Sample Collection 

The bailer will be lowered slowly into the well to avoid volatilization of any dissolved-phase compounds that 

may be present in the groundwater.  Once full, the bailer will be retrieved and containers filled by emptying 

the water through the hole at the bottom of the bailer.  Glass 40-mL vials for VOC analyses will be filled in 

such a manner as to produce zero headspace in the vials.   Polyethylene containers for metals analyses will be 

filled and sealed with the cap, leaving about ½-inch of airspace at the top.  In addition to collecting the 

samples, water will be collected in the wide-mouth container for pH, temperature, and conductivity 

measurements.  Upon completion of sampling, all groundwater samples, including equipment and trip blanks, 

will be placed in labeled and sealed plastic bags and stored in ice-filled coolers to chill the samples to 4oC 

pending transport to a NCDENR-certified analytical laboratory.  Contaminated nitrile gloves and twine will be 

discarded. 

2.4 Surfacewater Sample Collection 

Surfacewater sampling will be taken with given consideration to minimize turbulence and aeration.  As during 

groundwater sampling, surfacewater samples will be collected by a field technician wearing disposable gloves.  

Containers will be dipped at sampling location points by gently dipping the sample container into surfacewater 

and allowing surfacewater to flow over the mouth of container so as not to displace any preservative within the 

sample container.  If there is little current movement, the container will be moved slowly through the water 

laterally. During times of low water, if the water is not deep enough to allow filling of sample containers, an 

appropriately decontaminated sampling cup will be used to retrieve the sample.  All containers will be treated 
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Table B-1. Summary of Ground and Surfacewater Monitoring Points 

Sampling 
Point 

Type Gradient 
Total 

 Depth 
(ft) 

Designation 

MW-1 Monitoring Well Up 25 Background Well 

MW-2 Monitoring Well Down 15 Performance Well 

MW-3 Monitoring Well Down 18 Monitoring Well 

MW-4 Monitoring Well Down 15 Monitoring Well 

MW-5 Monitoring Well Down 18 Monitoring Well 

MW-6 Monitoring Well Down 18.14 Monitoring Well 

MW-7 Monitoring Well Down 19 Monitoring Well 

MW-8 Monitoring Well Up 29 Performance Well 

MW-9 Monitoring Well Up 25 
Monitoring Well 

(Alternate Background Well) 
MW-10 Monitoring Well Cross 25 Monitoring Well 

MW-11 Monitoring Well Down 15 Monitoring/Sentinel Well 

SW-1 Surfacewater Downstream - Edwards Branch Confluence 

SW-2* Surfacewater Upstream - Western Tributary 

SW-3* Surfacewater Upstream - Eastern Tributary 

Note: *As of May 2009 these surfacewater sampling locations have been dry since February 1998. 
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Solid Waste Section 
Guidelines for Groundwater, Soil, and Surface 
Water Sampling 
 
STATE OF NORTH CAROLINA 
DEPARTMENT OF ENVIRONMENT AND NATURAL RESOURCES 
DIVISION OF WASTE MANAGEMENT 
SOLID WASTE SECTION 
 
General Sampling Procedures 
The following guidance is provided to insure a consistent sampling approach so that sample 
collection activities at solid waste management facilities provide reliable data.  Sampling must 
begin with an evaluation of facility information, historical environmental data and site geologic 
and hydrogeologic conditions.  General sampling procedures are described in this document. 
 
Planning 
Begin sampling activities with planning and coordination.  The party contracting with the 
laboratory is responsible for effectively communicating reporting requirements and evaluating 
data reliability as it relates to specific monitoring activities. 
 
Sample Collection 
Contamination Prevention 

a.) Take special effort to prevent cross contamination or environmental contamination 
when collecting samples. 

1. If possible, collect samples from the least contaminated sampling location 
(or background sampling location, if applicable) to the most contaminated 
sampling location. 

2. Collect the ambient or background samples first, and store them in 
separate ice chests or separate shipping containers within the same ice 
chest (e.g. untreated plastic bags). 

3. Collect samples in flowing water at designated locations from upstream to 
downstream. 

b.) Do not store or ship highly contaminated samples (concentrated wastes, free product,  
etc.) or samples suspect of containing high concentrations of contaminants in the  
same ice chest or shipping containers with other environmental samples.  

1. Isolate these sample containers by sealing them in separate, untreated 
plastic bags immediately after collecting, preserving, labeling, etc. 

2. Use a clean, untreated plastic bag to line the ice chest or shipping 
container. 

c.) All sampling equipment should be thoroughly decontaminated and transported in a 
manner that does not allow it to become contaminated.  Arrangements should be 
made ahead of time to decontaminate any sampling or measuring equipment that will 
be reused when taking samples from more than one well.  Field decontamination of 
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sampling equipment will be necessary before sampling each well to minimize the risk 
of cross contamination.  Decontamination procedures should be included in reports as 
necessary.  Certified pre-cleaned sampling equipment and containers may be used. 
When collecting aqueous samples, rinse the sample collection equipment with a 
portion of the sample water before taking the actual sample. Sample containers do not 
need to be rinsed.  In the case of petroleum hydrocarbons, oil and grease, or 
containers with pre-measured preservatives, the sample containers cannot be rinsed. 

d.) Place all fuel-powered equipment away from, and downwind of, any site activities 
(e.g., purging, sampling, decontamination). 

1. If field conditions preclude such placement (i.e., the wind is from the 
upstream direction in a boat), place the fuel source(s) as far away as 
possible from the sampling activities and describe the conditions in the 
field notes. 

2. Handle fuel (i.e., filling vehicles and equipment) prior to the sampling 
day.  If such activities must be performed during sampling, the personnel 
must wear disposable gloves. 

3. Dispense all fuels downwind.  Dispose of gloves well away from the 
sampling activities. 

Filling Out Sample Labels 
Fill out label, adhere to vial and collect sample. Print legibly with indelible ink.  At a 
minimum, the label or tag should identify the sample with the following information: 

1. Sample location and/or well number 
2. Sample identification number 
3. Date and time of collection  
4. Analysis required/requested  
5. Sampler’s initials 
6. Preservative(s) used, if any [i.e., HCl, Na2S2O3, NO3, ice, etc.] 
7. Any other pertinent information for sample identification  

Sample Collection Order 
Unless field conditions justify other sampling regimens, collect samples in the following 
order: 

1. Volatile Organics and Volatile Inorganics 
2. Extractable Organics, Petroleum Hydrocarbons, Aggregate Organics and 

Oil and Grease 
3. Total Metals 
4. Inorganic Nonmetallics, Physical and Aggregate Properties, and 

Biologicals 
5. Microbiological 

NOTE: If the pump used to collect groundwater samples cannot be used to collect volatile or 
extractable organics then collect all other parameters and withdraw the pump and tubing.  Then 
collect the volatile and extractable organics. 
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Health and Safety 
Implement all local, state, and federal requirements relating to health and safety.  Follow all 
local, state and federal requirements pertaining to the storage and disposal of any hazardous or 
investigation derived wastes. 

a.) The Solid Waste Section recommends wearing protective gloves when conducting all 
sampling activities.  

1. Gloves serve to protect the sample collector from potential exposure to sample 
constituents, minimize accidental contamination of samples by the collector, 
and preserve accurate tare weights on preweighed sample containers. 

2. Do not let gloves come into contact with the sample or with the interior or lip 
of the sample container.  Use clean, new, unpowdered and disposable gloves.  
Various types of gloves may be used as long as the construction materials do 
not contaminate the sample or if internal safety protocols require greater 
protection.   

3. Note that certain materials that may potentially be present in concentrated 
effluent can pass through certain glove types and be absorbed in the skin.  
Many vendor catalogs provide information about the permeability of different 
gloves and the circumstances under which the glove material might be 
applicable.  The powder in powdered gloves can contribute significant 
contamination.  Powdered gloves are not recommended unless it can be 
demonstrated that the powder does not interfere with the sample analysis. 

4. Change gloves after preliminary activities, after collecting all the samples at a 
single sampling point, if torn or used to handle extremely dirty or highly 
contaminated surfaces.  Properly dispose of all used gloves as investigation 
derived wastes. 

b.) Properly manage all investigation derived waste (IDW). 
5. To prevent contamination into previously uncontaminated areas, properly 

manage all IDW.  This includes all water, soil, drilling mud, decontamination 
wastes, discarded personal protective equipment (PPE), etc. from site 
investigations, exploratory borings, piezometer and monitoring well 
installation, refurbishment, abandonment, and other investigative activities.  
Manage all IDW that is determined to be RCRA-regulated hazardous waste 
according to the local, state and federal requirements. 

6. Properly dispose of IDW that is not a RCRA-regulated hazardous waste but is 
contaminated above the Department’s Soil Cleanup Target Levels or the state 
standards and/or minimum criteria for ground water quality.  If the drill 
cuttings/mud orpurged well water is contaminated with hazardous waste, 
contact the DWM Hazardous Waste Section (919-508-8400) for disposal 
options.  Maintain all containers holding IDW in good condition.  Periodically 
inspect the containers for damage and ensure that all required labeling (DOT, 
RCRA, etc.) are clearly visible. 
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Sample Storage and Transport 
Store samples for transport carefully.  Pack samples to prevent from breaking and to maintain a 
temperature of approximately 4 degrees Celsius (°C), adding ice if necessary. Transport samples 
to a North Carolina-certified laboratory as soon as possible.  Avoid unnecessary handling of 
sample containers.  Avoid heating (room temperature or above, including exposure to sunlight) 
or freezing of the sample containers.  Reduce the time between sample collection and delivery to 
a laboratory whenever possible and be sure that the analytical holding times of your samples can 
be met by the laboratory. 

a.) A complete chain-of-custody (COC) form must be maintained to document all 
transfers and receipts of the samples.  Be sure that the sample containers are labeled 
with the sample location and/or well number, sample identification, the date and time 
of collection, the analysis to be performed, the preservative added (if any), the 
sampler’s initials, and any other pertinent information for sample identification.  The 
labels should contain a unique identifier (i.e., unique well numbers) that can be traced 
to the COC form. The details of sample collection must be documented on the COC.  
The COC must include the following: 

1. Description of each sample (including QA/QC samples) and the number of 
containers (sample location and identification) 

2. Signature of the sampler 
3. Date and time of sample collection 
4. Analytical method to be performed 
5. Sample type (i.e., water or soil) 
6. Regulatory agency (i.e., NCDENR/DWM – SW Section) 
7. Signatures of all persons relinquishing and receiving custody of the 

samples 
8. Dates and times of custody transfers 

b.) Pack samples so that they are segregated by site, sampling location or by sample 
analysis type.  When COC samples are involved, segregate samples in coolers by site.  
If samples from multiple sites will fit in one cooler, they may be packed in the same 
cooler with the associated field sheets and a single COC form for all.  Coolers should 
not exceed a maximum weight of 50 lbs.   Use additional coolers as necessary.  All 
sample containers should be placed in plastic bags (segregated by analysis and 
location) and completely surrounded by ice. 

1. Prepare and place trip blanks in an ice filled cooler before leaving for the 
field. 

2. Segregate samples by analysis and place in sealable plastic bags. 
3. Pack samples carefully in the cooler placing ice around the samples. 
4. Review the COC.  The COC form must accompany the samples to the 

laboratory.  The trip blank(s) must also be recorded on the COC form. 
5. Place completed COC form in a waterproof bag, sealed and taped under 

the lid of the cooler.  
6. Secure shipping containers with strapping tape to avoid accidental 

opening. 
7. For COC samples, a tamper-proof seal may also be placed over the cooler 

lid or over a bag or container containing the samples inside the shipping 
cooler.  
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8. "COC" or "EMERG" should be written in indelible ink on the cooler seal 
to alert sample receipt technicians to priority or special handling samples. 

9. The date and sample handler's signature must also be written on the COC 
seal. 

10. Deliver the samples to the laboratory or ship by commercial courier.  
NOTE: If transport time to the laboratory is not long enough to allow 
samples to be cooled to 4° C, a temperature reading of the sample source 
must be documented as the field temperature on the COC form.  A 
downward trend in temperature will be adequate even if cooling to 4° C is 
not achieved.  The field temperature should always be documented if there 
is any question as to whether samples will have time to cool to 4° C during 
shipment.  Thermometers must be calibrated annually against an NIST 
traceable thermometer and documentation must be retained. 
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Appendix A - Decontamination of Field Equipment 
Decontamination of personnel, sampling equipment, and containers - before and after 
sampling - must be used to ensure collection of representative samples and to prevent the 
potential spread of contamination.  Decontamination of personnel prevents ingestion and 
absorption of contaminants.  It must be done with a soap and water wash and deionized or 
distilled water rinse.  Certified pre-cleaned sampling equipment and containers may also be used.  
 
All previously used sampling equipment must be properly decontaminated before sampling and 
between sampling locations.  This prevents the introduction of contamination into 
uncontaminated samples and avoids cross-contamination of samples.  Cross-contamination can 
be a significant problem when attempting to characterize extremely low concentrations of 
organic compounds or when working with soils that are highly contaminated. 
 
Clean, solvent-resistant gloves and appropriate protective equipment must be worn by 
persons decontaminating tools and equipment.  
 
Cleaning Reagents 
Recommendations for the types and grades of various cleaning supplies are outlined below. 
The recommended reagent types or grades were selected to ensure that the cleaned equipment is 
free from any detectable contamination. 

a.) Detergents:  Use Liqui-Nox (or a non-phosphate equivalent) or Alconox (or 
equivalent). Liqui-Nox (or equivalent) is recommended by EPA, although Alconox 
(or equivalent) may be substituted if the sampling equipment will not be used to 
collect phosphorus or phosphorus containing compounds. 

b.) Solvents:  Use pesticide grade isopropanol as the rinse solvent in routine equipment 
cleaning procedures.  This grade of alcohol must be purchased from a laboratory 
supply vendor. Rubbing alcohol or other commonly available sources of isopropanol 
are not acceptable.  Other solvents, such as acetone or methanol, may be used as the 
final rinse solvent if they are pesticide grade.  However, methanol is more toxic to the 
environment and acetone may be an analyte of interest for volatile organics. 

 
1. Do not use acetone if volatile organics are of interest  
2. Containerize all methanol wastes (including rinses) and dispose as a 

hazardous waste.  
 

Pre-clean equipment that is heavily contaminated with organic analytes. Use reagent 
grade acetone and hexane or other suitable solvents.  Use pesticide grade methylene 
chloride when cleaning sample containers.  Store all solvents away from potential 
sources of contamination. 

c.) Analyte-Free Water Sources:  Analyte-free water is water in which all analytes of 
interest and all interferences are below method detection limits.  Maintain 
documentation (such as results from equipment blanks) to demonstrate the reliability 
and purity of analyte-free water source(s).  The source of the water must meet the 
requirements of the analytical method and must be free from the analytes of interest.  
In general, the following water types are associated with specific analyte groups: 

1. Milli-Q (or equivalent polished water): suitable for all analyses. 
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2. Organic-free:  suitable for volatile and extractable organics. 
3. Deionized water:  may not be suitable for volatile and extractable 

organics. 
4. Distilled water:  not suitable for volatile and extractable organics, metals 

or ultratrace metals. 
Use analyte-free water for blank preparation and the final decontamination water 
rinse.  In order to minimize long-term storage and potential leaching problems, obtain 
or purchase analyte-free water just prior to the sampling event.  If obtained from a 
source (such as a laboratory), fill the transport containers and use the contents for a 
single sampling event.  Empty the transport container(s) at the end of the sampling 
event. Discard any analyte-free water that is transferred to a dispensing container 
(such as a wash bottle or pump sprayer) at the end of each sampling day. 

d.) Acids: 
1. Reagent Grade Nitric Acid: 10 - 15% (one volume concentrated nitric acid 

and five volumes deionized water).  Use for the acid rinse unless nitrogen 
components (e.g., nitrate, nitrite, etc.) are to be sampled.  If sampling for 
ultra-trace levels of metals, use an ultra-pure grade acid. 

2. Reagent Grade Hydrochloric Acid: 10% hydrochloric acid (one volume 
concentrated hydrochloric and three volumes deionized water).  Use when 
nitrogen components are to be sampled. 

3. If samples for both metals and the nitrogen-containing components are 
collected with the equipment, use the hydrochloric acid rinse, or 
thoroughly rinse with hydrochloric acid after a nitric acid rinse.  If 
sampling for ultra trace levels of metals, use an ultra-pure grade acid. 

4. Freshly prepared acid solutions may be recycled during the sampling event 
or cleaning process.  Dispose of any unused acids according to local 
ordinances. 

 
Reagent Storage Containers 
The contents of all containers must be clearly marked. 

a.) Detergents:   
1. Store in the original container or in a HDPE or PP container. 

b.) Solvents: 
1. Store solvents to be used for cleaning or decontamination in the original 

container until use in the field. If transferred to another container for field 
use, use either a glass or Teflon container. 

2. Use dispensing containers constructed of glass, Teflon or stainless steel. 
Note: If stainless steel sprayers are used, any gaskets that contact the 
solvents must be constructed of inert materials. 

c.) Analyte-Free Water: 
1. Transport in containers appropriate for the type of water stored. If the 

water is commercially purchased (e.g., grocery store), use the original 
containers when transporting the water to the field.  Containers made of 
glass, Teflon, polypropylene or HDPE are acceptable. 

2. Use glass or Teflon to transport organic-free sources of water on-site. 
Polypropylene or HDPE may be used, but are not recommended. 
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3. Dispense water from containers made of glass, Teflon, HDPE or 
polypropylene. 

4. Do not store water in transport containers for more than three days before 
beginning a sampling event. 

5. If working on a project that has oversight from EPA Region 4, use glass 
containers for the transport and storage of all water. 

6. Store and dispense acids using containers made of glass, Teflon or plastic. 
 

General Requirements 
a.) Prior to use, clean/decontaminate all sampling equipment (pumps, tubing, lanyards, 

split spoons, etc.) that will be exposed to the sample. 
b.) Before installing, clean (or obtain as certified pre-cleaned) all equipment that is 

dedicated to a single sampling point and remains in contact with the sample medium 
(e.g., permanently installed groundwater pump).  If you use certified pre-cleaned 
equipment no cleaning is necessary. 

1. Clean this equipment any time it is removed for maintenance or repair. 
2. Replace dedicated tubing if discolored or damaged. 

c.) Clean all equipment in a designated area having a controlled environment (house, 
laboratory, or base of field operations) and transport it to the field, pre-cleaned and 
ready to use, unless otherwise justified. 

d.) Rinse all equipment with water after use, even if it is to be field-cleaned for other 
sites.  Rinse equipment used at contaminated sites or used to collect in-process (e.g., 
untreated or partially treated wastewater) samples immediately with water. 

e.) Whenever possible, transport sufficient clean equipment to the field so that an entire 
sampling event can be conducted without the need for cleaning equipment in the 
field.  

f.) Segregate equipment that is only used once (i.e., not cleaned in the field) from clean 
equipment and return to the in-house cleaning facility to be cleaned in a controlled 
environment.  

g.) Protect decontaminated field equipment from environmental contamination by 
securely wrapping and sealing with one of the following: 

1. Aluminum foil (commercial grade is acceptable) 
2. Untreated butcher paper 
3. Clean, untreated, disposable plastic bags.  Plastic bags may be used for all 

analyte groups except volatile and extractable organics.  Plastic bags may 
be used for volatile and extractable organics, if the equipment is first 
wrapped in foil or butcher paper, or if the equipment is completely dry. 

 
Cleaning Sample Collection Equipment 

a.) On-Site/In-Field Cleaning – Cleaning equipment on-site is not recommended because 
environmental conditions cannot be controlled and wastes (solvents and acids) must 
be containerized for proper disposal.  

1. Ambient temperature water may be substituted in the hot, sudsy water bath 
and hot water rinses.   

 NOTE: Properly dispose of all solvents and acids. 
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2. Rinse all equipment with water after use, even if it is to be field-cleaned 
for other sites. 

3. Immediately rinse equipment used at contaminated sites or used to collect 
in-process (e.g., untreated or partially treated wastewater) samples with 
water. 

b.) Heavily Contaminated Equipment - In order to avoid contaminating other samples, 
isolate heavily contaminated equipment from other equipment and thoroughly 
decontaminate the equipment before further use.  Equipment is considered heavily 
contaminated if it: 

1. Has been used to collect samples from a source known to contain 
significantly higher levels than background. 

2. Has been used to collect free product. 
3. Has been used to collect industrial products (e.g., pesticides or solvents) or 

their byproducts. 
NOTE: Cleaning heavily contaminated equipment in the field is not recommended. 
c.) On-Site Procedures: 

1. Protect all other equipment, personnel and samples from exposure by 
isolating the equipment immediately after use. 

2. At a minimum, place the equipment in a tightly sealed, untreated, plastic 
bag. 

3. Do not store or ship the contaminated equipment next to clean, 
decontaminated equipment, unused sample containers, or filled sample 
containers. 

4. Transport the equipment back to the base of operations for thorough 
decontamination. 

5. If cleaning must occur in the field, document the effectiveness of the 
procedure, collect and analyze blanks on the cleaned equipment. 

d.) Cleaning Procedures: 
1. If organic contamination cannot be readily removed with scrubbing and a 

detergent solution, pre-rinse equipment by thoroughly rinsing or soaking 
the equipment in acetone. 

2. Use hexane only if preceded and followed by acetone. 
3. In extreme cases, it may be necessary to steam clean the field equipment 

before proceeding with routine cleaning procedures. 
4. After the solvent rinses (and/or steam cleaning), use the appropriate 

cleaning procedure.  Scrub, rather than soak, all equipment with sudsy 
water.  If high levels of metals are suspected and the equipment cannot be 
cleaned without acid rinsing, soak the equipment in the appropriate acid. 
Since stainless steel equipment should not be exposed to acid rinses, do 
not use stainless steel equipment when heavy metal contamination is 
suspected or present. 

5. If the field equipment cannot be cleaned utilizing these procedures, 
discard unless further cleaning with stronger solvents and/or oxidizing 
solutions is effective as evidenced by visual observation and blanks. 

6. Clearly mark or disable all discarded equipment to discourage use. 
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e.) General Cleaning - Follow these procedures when cleaning equipment under 
controlled conditions.  Check manufacturer's instructions for cleaning restrictions 
and/or recommendations. 

1. Procedure for Teflon, stainless steel and glass sampling equipment:  This 
procedure must be used when sampling for ALL analyte groups.  
(Extractable organics, metals, nutrients, etc. or if a single decontamination 
protocol is desired to clean all Teflon, stainless steel and glass equipment.) 
Rinse equipment with hot tap water.  Soak equipment in a hot, sudsy water 
solution (Liqui-Nox or equivalent).  If necessary, use a brush to remove 
particulate matter or surface film.  Rinse thoroughly with hot tap water.  If 
samples for trace metals or inorganic analytes will be collected with the 
equipment that is not stainless steel, thoroughly rinse (wet all surfaces) 
with the appropriate acid solution.  Rinse thoroughly with analyte-free 
water.  Make sure that all equipment surfaces are thoroughly flushed with 
water.  If samples for volatile or extractable organics will be collected, 
rinse with isopropanol.  Wet equipment surfaces thoroughly with free-
flowing solvent.  Rinse thoroughly with analyte-free water.  Allow to air 
dry.  Wrap and seal as soon as the equipment has air-dried.  If isopropanol 
is used, the equipment may be air-dried without the final analyte-free 
water rinse; however, the equipment must be completely dry before 
wrapping or use.  Wrap clean sampling equipment according to the 
procedure described above. 

2. General Cleaning Procedure for Plastic Sampling Equipment:  Rinse 
equipment with hot tap water.  Soak equipment in a hot, sudsy water 
solution (Liqui-Nox or equivalent).  If necessary, use a brush to remove 
particulate matter or surface film.  Rinse thoroughly with hot tap water.  
Thoroughly rinse (wet all surfaces) with the appropriate acid solution.  
Check manufacturer's instructions for cleaning restrictions and/or 
recommendations.  Rinse thoroughly with analyte-free water.  Be sure that 
all equipment surfaces are thoroughly flushed.  Allow to air dry as long as 
possible.  Wrap clean sampling equipment according to the procedure 
described above. 
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Appendix B - Collecting Soil Samples 
Soil samples are collected for a variety of purposes.  A methodical sampling approach must be  
used to assure that sample collection activities provide reliable data.  Sampling must begin with 
an evaluation of background information, historical data and site conditions.  
 
Soil Field Screening Procedures 
Field screening is the use of portable devices capable of detecting petroleum contaminants on 
a real-time basis or by a rapid field analytical technique.  Field screening should be used to help 
assess locations where contamination is most likely to be present. 
 
When possible, field-screening samples should be collected directly from the excavation or 
from the excavation equipment's bucket.  If field screening is conducted only from the 
equipment's bucket, then a minimum of one field screening sample should be collected from 
each 10 cubic yards of excavated soil.  If instruments or other observations indicate 
contamination, soil should be separated into stockpiles based on apparent degrees of 
contamination.  At a minimum, soil suspected of contamination must be segregated from soil 
observed to be free of contamination. 
 

a.) Field screening devices – Many field screen instruments are available for detecting 
contaminants in the field on a rapid or real-time basis.  Acceptable field screening 
instruments must be suitable for the contaminant being screened.  The procdedure for 
field screening using photoionization detectors (PIDs) and flame ionization detectors 
(FIDs) is described below. If other instruments are used, a description of the 
instrument or method and its intended use must be provided to the Solid Waste 
Section.  Whichever field screening method is chosen, its accuracy must be verified 
throughout the sampling process.  Use appropriate standards that match the use 
intended for the data.  Unless the Solid Waste Section indicates otherwise, wherever 
field screening is recommended in this document, instrumental or analytical methods 
of detection must be used, not olfactory or visual screening methods.  

 
b.) Headspace analytical screening procedure for filed screening (semi-quantitative field 

screening) - The most commonly used field instruments for Solid Waste Section site 
assessments are FIDs and PIDs.  When using FIDs and PIDs, use the following 
headspace screening procedure to obtain and analyze field-screening samples: 

1. Partially fill (one-third to one-half) a clean jar or clean ziplock bag with 
the sample to be analyzed.  The total capacity of the jar or bag may not be 
less than eight ounces (app. 250 ml), but the container should not be so 
large as to allow vapor diffusion and stratification effects to significantly 
affect the sample. 

2. If the sample is collected from a spilt-spoon, it must be transferred to the 
jar or bag for headspace analysis immediately after opening the split-
spoon.  If the sample is collected from an excavation or soil pile, it must 
be collected from freshly uncovered soil.  
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3. If a jar is used, it must be quickly covered with clean aluminum foil or a 
jar lid; screw tops or thick rubber bands must be used to tightly seal the 
jar.  If a zip lock bag is used, it must be quickly sealed shut. 

4. Headspace vapors must be allowed to develop in the container for at least 
10 minutes but no longer than one hour.  Containers must be shaken or 
agitated for 15 seconds at the beginning and the end of the headspace 
development period to assist volatilization.  Temperatures of the 
headspace must be warmed to at least 5° C (approximately 40° F) with 
instruments calibrated for the temperature used.  

5. After headspace development, the instrument sampling probe must be 
inserted to a point about one-half the headspace depth.  The container 
opening must be minimized and care must be taken to avoid the uptake of 
water droplets and soil particulates. 

6. After probe insertion, the highest meter reading must be taken and 
recorded.  This will normally occur between two and five seconds after 
probe insertion. If erratic meter response occurs at high organic vapor 
concentrations or conditions of elevated headspace moisture, a note to that 
effect must accompany the headspace data. 

7. All field screening results must be documented in the field record or log 
book. 

     
 
Soil Sample Collection Procedures for Laboratory Samples 
The number and type of laboratory samples collected depends on the purpose of the sampling 
activity.  Samples analyzed with field screening devices may not be substituted for required 
laboratory samples. 
 

a.) General Sample Collection - When collecting samples from potentially contaminated 
soil, care should be taken to reduce contact with skin or other parts of the body.  
Disposable gloves should be worn by the sample collector and should be changed 
between samples to avoid cross-contamination.  Soil samples should be collected in a 
manner that causes the least disturbance to the internal structure of the sample and 
reduces its exposure to heat, sunlight and open air.  Likewise, care should be taken to 
keep the samples from being contaminated by other materials or other samples 
collected at the site.  When sampling is to occur over an extended period of time, it is 
necessary to insure that the samples are collected in a comparable manner.  All 
samples must be collected with disposable or clean tools that have been 
decontaminated.  Disposable gloves must be worn and changed between sample 
collections.  Sample containers must be filled quickly.  Soil samples must be placed 
in containers in the order of volatility, for example, volatile organic aromatic samples 
must be taken first, organics next, then heavier range organics, and finally soil 
classification samples.  Containers must be quickly and adequately sealed, and rims 
must be cleaned before tightening lids. Tape may be used only if known not to affect 
sample analysis.  Sample containers must be clearly labeled.  Containers must 
immediately be preserved according to procedures in this Section.  Unless specified 
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otherwise, at a minimum, the samples must be immediately cooled to 4 ± 2°C and this 
temperature must be maintained throughout delivery to the laboratory. 

b.) Surface Soil Sampling - Surface soil is generally classified as soil between the ground 
surface and 6-12 inches below ground surface.  Remove leaves, grass and surface 
debris from the area to be sampled.  Select an appropriate, pre-cleaned sampling 
device and collect the sample.  Transfer the sample to the appropriate sample 
container.  Clean the outside of the sample container to remove excess soil.  Label the 
sample container, place on wet ice to preserve at 4°C, and complete the field notes.   

c.) Subsurface Soil Sampling – The interval begins at approximately 12 inches below 
ground surface.  Collect samples for volatile organic analyses.  For other analyses, 
select an appropriate, pre-cleaned sampling device and collect the sample.  Transfer 
the sample to the appropriate sample container.  Clean the outside of the sample 
container to remove excess soil.  Label the sample container, place on wet ice to 
preserve at 4°C, and complete field notes. 

d.) Equipment for Reaching the Appropriate Soil Sampling Depth - Samples may be 
collected using a hollow stem soil auger, direct push, Shelby tube, split-spoon 
sampler, or core barrel.  These sampling devices may be used as long as an effort is 
made to reduce the loss of contaminants through volatilization.  In these situations, 
obtain a sufficient volume of so the samples can be collected without volatilization 
and disturbance to the internal structure of the samples.  Samples should be collected 
from cores of the soil.  Non-disposable sampling equipment must be decontaminated 
between each sample location.  NOTE: If a confining layer has been breached during 
sampling, grout the hole to land. 

e.) Equipment to Collect Soil Samples - Equipment and materials that may be used to 
collect soil samples include disposable plastic syringes and other “industry-standard” 
equipment and materials that are contaminant-free.  Non-disposable sampling 
equipment must be decontaminated between each sample location. 
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Appendix C - Collecting Groundwater Samples 
Groundwater samples are collected to identify, investigate, assess and monitor the concentration 
of dissolved contaminant constituents.  To properly assess groundwater contamination, first 
install sampling points (monitoring wells, etc.) to collect groundwater samples and then perform 
specific laboratory analyses.  All monitoring wells should be constructed in accordance with 15A 
NCAC 2C .0100 and sampled as outlined in this section.  Groundwater monitoring is conducted 
using one of two methods:  
 

1. Portable Monitoring:  Monitoring that is conducted using sampling equipment that is 
discarded between sampling locations.  Equipment used to collect a groundwater sample 
from a well such as bailers, tubing, gloves, and etc. are disposed of after sample 
collection.  A new set of sampling equipment is used to collect a groundwater sample at 
the next monitor well. 

 
2. Dedicated Monitoring:  Monitoring that utilizes permanently affixed down-well and well 

head components that are capped after initial set-up.  Most dedicated monitoring systems 
are comprised of an in-well submersible bladder pump, with air supply and sample 
discharge tubing, and an above-ground driver/controller for regulation of flow rates and 
volumes.  The pump and all tubing housed within the well should be composed of Teflon 
or stainless steel components. This includes seals inside the pump, the pump body, and 
fittings used to connect tubing to the pump.  Because ground water will not be in contact 
with incompatible constituents and because the well is sealed from the surface, virtually 
no contamination is possible from intrinsic sources during sampling and between 
sampling intervals.  All dedicated monitoring systems must be approved by the Solid 
Waste Section before installation. 

 
Groundwater samples may be collected from a number of different configurations.  Each 
configuration is associated with a unique set of sampling equipment requirements and 
techniques:  
 

1. Wells without Plumbing:  These wells require equipment to be brought to the well to 
purge and sample unless dedicated equipment is placed in the well.   

 
2. Wells with In-Place Plumbing:  Wells with in-place plumbing do not require equipment 

to be brought to the well to purge and sample.  In-place plumbing is generally considered 
permanent equipment routinely used for purposes other than purging and sampling, such 
as for water supply.   

 
3. Air Strippers or Remedial Systems: These types of systems are installed as remediation 

devices. 
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Groundwater Sample Preparation 
The type of sample containers used depends on the type of analysis performed.  First, 
determine the type(s) of contaminants expected and the proper analytical method(s).  Be sure to 
consult your selected laboratory for its specific needs and requirements prior to sampling. 
 
Next, prepare the storage and transport containers (ice chest, etc.) before taking any samples so 
that each sample can be placed in a chilled environment immediately after collection. 
 
Use groundwater purging and sampling equipment constructed of only non-reactive, non-
leachable materials that are compatible with the environment and the selected analytes.  In 
selecting groundwater purging and sampling equipment, give consideration to the depth of the 
well, the depth to groundwater, the volume of water to be evacuated, the sampling and purging 
technique, and the analytes of interest.  Additional supplies, such as reagents and preservatives, 
may be necessary. 
 
All sampling equipment (bailers, tubing, containers, etc.) must be selected based on its 
chemical compatibility with the source being sampled (e.g., water supply well, monitoring well) 
and the contaminants potentially present. 
 

a.) Pumps - All pumps or pump tubing must be lowered and retrieved from the well 
slowly and carefully to minimize disturbance to the formation water.  This is 
especially critical at the air/water interface. 

1. Above-Ground Pumps 
• Variable Speed Peristaltic Pump:  Use a variable speed peristaltic 

pump to purge groundwater from wells when the static water level 
in the well is no greater than 20- 25 feet below land surface (BLS).  
If the water levels are deeper than 18-20 feet BLS, the pumping 
velocity will decrease.  A variable speed peristaltic pump can be 
used for normal purging and sampling, and sampling low 
permeability aquifers or formations.  Most analyte groups can be 
sampled with a peristaltic pump if the tubing and pump 
configurations are appropriate.  

• Variable Speed Centrifugal Pump:  A variable speed centrifugal 
pump can be used to purge groundwater from 2-inch and larger 
internal diameter wells.  Do not use this type of pump to collect 
groundwater samples.  When purging is complete, do not allow the 
water that remains in the tubing to fall back into the well.  Install a 
check valve at the end of the purge tubing. 

2. Submersible Pumps 
• Variable Speed Electric Submersible Pump:  A variable speed 

submersible pump can be used to purge and sample groundwater 
from 2-inch and larger internal diameter wells.  A variable speed 
submersible pump can be used for normal purging and sampling, 
and sampling low permeability aquifers or formations.  The pump 
housing, fittings, check valves and associated hardware must be 
constructed of stainless steel.  All other materials must be 
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compatible with the analytes of interest.  Install a check valve at 
the output side of the pump to prevent backflow.  If purging and 
sampling for organics, the entire length of the delivery tube must 
be Teflon, polyethylene or polypropylene (PP) tubing; the 
electrical cord must be sealed in Teflon, polyethylene or PP and 
any cabling must be sealed in Teflon, polyethylene or PP, or be 
constructed of stainless steel; and all interior components that 
contact the sample water (impeller, seals, gaskets, etc.) must be 
constructed of stainless steel or Teflon. 

3. Variable Speed Bladder Pump:  A variable speed, positive displacement, 
bladder pump can be used to purge and sample groundwater from 3/4-inch 
and larger internal diameter wells.   

• A variable speed bladder pump can be used for normal purging and 
sampling, and sampling low permeability aquifers or formations. 

• The bladder pump system is composed of the pump, the 
compressed air tubing, the water discharge tubing, the controller 
and a compressor, or a compressed gas supply. 

• The pump consists of a bladder and an exterior casing or pump 
body that surrounds the bladder and two (2) check valves.  These 
parts can be composed of various materials, usually combinations 
of polyvinyl chloride (PVC), Teflon, polyethylene, PP and 
stainless steel.  Other materials must be compatible with the 
analytes of interest. 

• If purging and sampling for organics, the pump body must be 
constructed of stainless steel.  The valves and bladder must be 
Teflon, polyethylene or PP; the entire length of the delivery tube 
must be Teflon, polyethylene or PP; and any cabling must be 
sealed in Teflon, polyethylene or PP, or be constructed of stainless 
steel. 

• Permanently installed pumps may have a PVC pump body as long 
as the pump remains in contact with the water in the well. 

b.) Bailers 
1. Purging:  Bailers must be used with caution because improper bailing can 

cause changes in the chemistry of the water due to aeration and loosening 
particulate matter in the space around the well screen.  Use a bailer if there 
is non-aqueous phase liquid (free product) in the well or if non-aqueous 
phase liquid is suspected to be in the well.   

2. Sampling:  Bailers must be used with caution. 
3. Construction and Type:  Bailers must be constructed of materials 

compatible with the analytes of interest.  Stainless steel, Teflon, rigid 
medical grade PVC, polyethylene and PP bailers may be used to sample 
all analytes.  Use disposable bailers when sampling grossly contaminated 
sample sources.  NCDENR recommends using dual check valve bailers 
when collecting samples.  Use bailers with a controlled flow bottom to 
collect volatile organic samples. 
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4. Contamination Prevention:  Keep the bailer wrapped (foil, butcher paper, 
etc.) until just before use.  Use protective gloves to handle the bailer once 
it is removed from its wrapping.  Handle the bailer by the lanyard to 
minimize contact with the bailer surface. 

c.) Lanyards 
1. Lanyards must be made of non-reactive, non-leachable material. They 

may be cotton twine, nylon, stainless steel, or may be coated with Teflon, 
polyethylene or PP. 

2. Discard cotton twine, nylon, and non-stainless steel braided lanyards after 
sampling each monitoring well. 

3. Decontaminate stainless steel, coated Teflon, polyethylene and PP 
lanyards between monitoring wells.  They do not need to be 
decontaminated between purging and sampling operations. 

 
Water Level and Purge Volume Determination 
The amount of water that must be purged from a well is determined by the volume of water 
and/or field parameter stabilization. 
 

a.) General Equipment Considerations - Selection of appropriate purging equipment 
depends on the analytes of interest, the well diameter, transmissivity of the aquifer, 
the depth to groundwater, and other site conditions. 

1. Use of a pump to purge the well is recommended unless no other 
equipment can be used or there is non-aqueous phase liquid in the well, or 
non-aqueous phase liquid is suspected to be in the well. 

2. Bailers must be used with caution because improper bailing: 
• Introduces atmospheric oxygen, which may precipitate metals 

(i.e., iron) or cause other changes in the chemistry of the water 
in the sample (i.e., pH). 

• Agitates groundwater, which may bias volatile and semi-
volatile organic analyses due to volatilization. 

• Agitates the water in the aquifer and resuspends fine particulate 
matter. 

• Surges the well, loosening particulate matter in the annular 
space around the well screen. 

• May introduce dirt into the water column if the sides of the 
casing wall are scraped. 

NOTE: It is critical for bailers to be slowly and gently immersed into the top of the water 
column, particularly during the final stages of purging.  This minimizes turbidity and 
disturbance of volatile organic constituents. 
b.) Initial Inspection 

1. Remove the well cover and remove all standing water around the top of 
the well casing (manhole) before opening the well. 

2. Inspect the exterior protective casing of the monitoring well for damage.  
Document the results of the inspection if there is a problem. 

3. It is recommended that you place a protective covering around the well 
head.  Replace the covering if it becomes soiled or ripped. 
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4. Inspect the well lock and determine whether the cap fits tightly. Replace 
the cap if necessary. 

c.) Water Level Measurements - Use an electronic probe or chalked tape to determine the 
water level.  Decontaminate all equipment before use.  Measure the depth to 
groundwater from the top of the well casing to the nearest 0.01 foot.  Always measure 
from the same reference point or survey mark on the well casing.  Record the 
measurement. 

1. Electronic Probe:  Decontaminate all equipment before use.  Follow the 
manufacturer’s instructions for use.  Record the measurement.   

2. Chalked Line Method:  Decontaminate all equipment before use.  Lower 
chalked tape into the well until the lower end is in the water.  This is 
usually determined by the sound of the weight hitting the water.  Record 
the length of the tape relative to the reference point.  Remove the tape and 
note the length of the wetted portion.  Record the length.  Determine the 
depth to water by subtracting the length of the wetted portion from the 
total length.  Record the result. 

d.) Water Column Determination - To determine the length of the water column, subtract 
the depth to the top of the water column from the total well depth (or gauged well 
depth if silting has occurred).  The total well depth depends on the well construction. 
If gauged well depth is used due to silting, report total well depth also.  Some wells 
may be drilled in areas of sinkhole, karst formations or rock leaving an open 
borehole.  Attempt to find the total borehole depth in cases where there is an open 
borehole below the cased portion. 

e.) Well Water Volume - Calculate the total volume of water, in gallons, in the well 
using the following equation: 

V = (0.041)d x d x h 
Where: 

V = volume in gallons 
d = well diameter in inches 
h = height of the water column in feet 

The total volume of water in the well may also be determined with the following 
equation by using a casing volume per foot factor (Gallons per Foot of Water) for the 
appropriate diameter well: 

V = [Gallons per Foot of Water] x h  
Where:  

V = volume in gallons 
h = height of the water column in feet 

Record all measurements and calculations in the field records. 
f.) Purging Equipment Volume - Calculate the total volume of the pump, associated 

tubing and flow cell (if used), using the following equation: 
V = p + ((0.041)d x d x l) + fc  

Where: 
V = volume in gallons 
p = volume of pump in gallons 
d = tubing diameter in inches 
l = length of tubing in feet 
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fc = volume of flow cell in gallons 
g.) If the groundwater elevation data are to be used to construct groundwater elevation 

contour maps, all water level measurements must be taken within the same 24 hour 
time interval when collecting samples from multiple wells on a site, unless a shorter 
time period is required.  If the site is tidally influenced, complete the water level 
measurements within the time frame of an incoming or outgoing tide. 

 
Well Purging Techniques 
The selection of the purging technique and equipment is dependent on the hydrogeologic 
properties of the aquifer, especially depth to groundwater and hydraulic conductivity. 
 

a.) Measuring the Purge Volume - The volume of water that is removed during purging 
must be recorded.  Therefore, you must measure the volume during the purging 
operation. 

1. Collect the water in a graduated container and multiply the number of 
times the container was emptied by the volume of the container, OR 

2. Estimate the volume based on pumping rate. This technique may be used 
only if the pumping rate is constant.  Determine the pumping rate by 
measuring the amount of water that is pumped for a fixed period of time, 
or use a flow meter. 

• Calculate the amount of water that is discharged per 
minute:  D = Measured Amount/Total Time In Minutes 

• Calculate the time needed to purge one (1) well volume or 
one (1) purging equipment volume:  Time = V/D 
Where:  V = well volume or purging equipment volume 
D = discharge rate 

• Make new measurements each time the pumping rate is 
changed. 

3. Use a totalizing flow meter. 
• Record the reading on the totalizer prior to purging. 
• Record the reading on the totalizer at the end of purging. 
• To obtain the volume purged, subtract the reading on the 

totalizer prior to purging from the reading on the totalizer at 
the end of purging. 

• Record the times that purging begins and ends in the field 
records. 

b.) Purging Measurement Frequency - When purging a well that has the well screen fully 
submerged and the pump or intake tubing is placed within the well casing above the 
well screen or open hole, purge a minimum of one (1) well volume prior to collecting 
measurements of the field parameters.  Allow at least one quarter (1/4) well volume 
to purge between subsequent measurements.  When purging a well that has the pump 
or intake tubing placed within a fully submerged well screen or open hole, purge until 
the water level has stabilized (well recovery rate equals the purge rate), then purge a 
minimum of one (1) volume of the pump, associated tubing and flow cell (if used) 
prior to collecting measurements of the field parameters.  Take measurements of the 
field parameters no sooner than two (2) to three (3) minutes apart.  Purge at least 
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three (3) volumes of the pump, associated tubing and flow cell, if used, prior to 
collecting a sample.  When purging a well that has a partially submerged well screen, 
purge a minimum of one (1) well volume prior to collecting measurements of the 
field parameters.  Take measurements of the field parameters no sooner than two (2) 
to three (3) minutes apart. 

c.) Purging Completion - Wells must be adequately purged prior to sample collection to 
ensure representation of the aquifer formation water, rather than stagnant well water. 
This may be achieved by purging three volumes from the well or by satisfying any 
one of the following three purge completion criteria: 

1.) Three (3) consecutive measurements in which the three (3) parameters listed 
below are within the stated limits, dissolved oxygen is no greater than 20 
percent of saturation at the field measured temperature, and turbidity is no 
greater than 20 Nephelometric Turbidity Units (NTUs). 

• Temperature: + 0.2° C 
• pH: + 0.2 Standard Units 
• Specific Conductance: + 5.0% of reading 

Document and report the following, as applicable. The last four items only 
need to be submitted once: 

• Purging rate. 
• Drawdown in the well, if any. 
• A description of the process and the data used to design the 

well. 
• The equipment and procedure used to install the well. 
• The well development procedure. 
• Pertinent lithologic or hydrogeologic information. 

2.) If it is impossible to get dissolved oxygen at or below 20 percent of saturation 
at the field measured temperature or turbidity at or below 20 NTUs, then three 
(3) consecutive measurements of temperature, pH, specific conductance and 
the parameter(s) dissolved oxygen and/or turbidity that do not meet the 
requirements above must be within the limits below.  The measurements are: 

• Temperature: + 0.2° C 
• pH: + 0.2 Standard Units 
• Specific Conductance: + 5.0% of reading 
• Dissolved Oxygen: + 0.2 mg/L or 10%, whichever is 

greater 
• Turbidity: + 5 NTUs or 10%, whichever is greater 

Additionally, document and report the following, as applicable, except that 
the last four(4) items only need to be submitted once: 

• Purging rate. 
• Drawdown in the well, if any. 
• A description of conditions at the site that may cause the 

dissolved oxygen to be high and/or dissolved oxygen 
measurements made within the screened or open hole 
portion of the well with a downhole dissolved oxygen 
probe. 
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• A description of conditions at the site that may cause the 
turbidity to be high and any procedures that will be used to 
minimize turbidity in the future. 

• A description of the process and the data used to design the 
well. 

• The equipment and procedure used to install the well. 
• The well development procedure. 
• Pertinent lithologic or hydrogeologic information. 

3.) If after five (5) well volumes, three (3) consecutive measurements of the field 
parameters temperature, pH, specific conductance, dissolved oxygen, and 
turbidity are not within the limits stated above, check the instrument condition 
and calibration, purging flow rate and all tubing connections to determine if 
they might be affecting the ability to achieve stable measurements.  It is at the 
discretion of the consultant/contractor whether or not to collect a sample or to 
continue purging.  Further, the report in which the data are submitted must 
include the following, as applicable. The last four (4) items only need to be 
submitted once. 

• Purging rate. 
• Drawdown in the well, if any. 
• A description of conditions at the site that may cause the 

Dissolved Oxygen to be high and/or Dissolved Oxygen 
measurements made within the screened or open hole 
portion of the well with a downhole dissolved oxygen 
probe. 

• A description of conditions at the site that may cause the 
turbidity to be high and any procedures that will be used to 
minimize turbidity in the future. 

• A description of the process and the data used to design the 
well. 

• The equipment and procedure used to install the well. 
• The well development procedure. 
• Pertinent lithologic or hydrogeologic information. 

If wells have previously and consistently purged dry, and the current depth to 
groundwater indicates that the well will purge dry during the current sampling 
event, minimize the amount of water removed from the well by using the same 
pump to purge and collect the sample: 

• Place the pump or tubing intake within the well screened 
interval. 

• Use very small diameter Teflon, polyethylene or PP tubing 
and the smallest possible pump chamber volume. This will 
minimize the total volume of water pumped from the well 
and reduce drawdown. 

• Select tubing that is thick enough to minimize oxygen 
transfer through the tubing walls while pumping. 
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• Pump at the lowest possible rate (100 mL/minute or less) to 
reduce drawdown to a minimum. 

• Purge at least two (2) volumes of the pumping system 
(pump, tubing and flow cell, if used). 

• Measure pH, specific conductance, temperature, dissolved 
oxygen and turbidity, then begin to collect the samples. 

Collect samples immediately after purging is complete.  The time period between 
completing the purge and sampling cannot exceed six hours.  If sample collection 
does not occur within one hour of purging completion, re-measure the five field 
parameters: temperature, pH, specific conductance, dissolved oxygen and turbidity, 
just prior to collecting the sample.  If the measured values are not within 10 percent 
of the previous measurements, re-purge the well.  The exception is “dry” wells. 

d.) Lanyards 
1. Securely fasten lanyards, if used, to any downhole equipment (bailers, 

pumps, etc.). 
2. Use bailer lanyards in such a way that they do not touch the ground 

surface. 
 
Wells Without Plumbing 

a.) Tubing/Pump Placement 
1. If attempting to minimize the volume of purge water, position the intake 

hose or pump at the midpoint of the screened or open hole interval. 
2. If monitoring well conditions do not allow minimizing of the purge water 

volume, position the pump or intake hose near the top of the water 
column.  This will ensure that all stagnant water in the casing is removed. 

3. If the well screen or borehole is partially submerged, and the pump will be 
used for both purging and sampling, position the pump midway between 
the measured water level and the bottom of the screen.  Otherwise, 
position the pump or intake hose near the top of the water column. 

b.) Non-dedicated (portable) pumps 
1. Variable Speed Peristaltic Pump 

• Wear sampling gloves to position the decontaminated 
pump and tubing. 

• Attach a short section of tubing to the discharge side of the 
pump and into a graduated container. 

• Attach one end of a length of new or precleaned tubing to 
the pump head flexible hose. 

• Place the tubing as described in one of the options listed 
above. 

• Change gloves before beginning to purge. 
• Measure the depth to groundwater at frequent intervals. 
• Record these measurements. 
• Adjust the purging rate so that it is equivalent to the well 

recovery rate to minimize drawdown. 

Rev 4-08 22



• If the purging rate exceeds the well recovery rate, reduce 
the pumping rate to balance the withdrawal rate with the 
recharge rate. 

• If the water table continues to drop during pumping, lower 
the tubing at the approximate rate of drawdown so that 
water is removed from the top of the water column. 

• Record the purging rate each time the rate changes. 
• Measure the purge volume. 
• Record this measurement. 
• Decontaminate the pump and tubing between wells (see 

Appendix C) or if precleaned tubing is used for each well, 
only the pump. 

2. Variable Speed Centrifugal Pump 
• Position fuel powered equipment downwind and at least 10 

feet from the well head.  Make sure that the exhaust faces 
downwind. 

• Wear sampling gloves to position the decontaminated 
pump and tubing. 

• Place the decontaminated suction hose so that water is 
always pumped from the top of the water column. 

• Change gloves before beginning to purge. 
• Equip the suction hose with a foot valve to prevent purge 

water from re-entering the well. 
• Measure the depth to groundwater at frequent intervals. 
• Record these measurements. 
• To minimize drawdown, adjust the purging rate so that it is 

equivalent to the well recovery rate. 
• If the purging rate exceeds the well recovery rate, reduce 

the pumping rate to balance the withdrawal rate with the 
recharge rate. 

• If the water table continues to drop during pumping, lower 
the tubing at the approximate rate of drawdown so that the 
water is removed from the top of the water column. 

• Record the purging rate each time the rate changes. 
• Measure the purge volume. 
• Record this measurement. 
• Decontaminate the pump and tubing between wells or if 

precleaned tubing is used for each well, only the pump. 
3. Variable Speed Electric Submersible Pump 

• Position fuel powered equipment downwind and at least 10 
feet from the well head.  Make sure that the exhaust faces 
downwind. 

• Wear sampling gloves to position the decontaminated 
pump and tubing. 

• Carefully position the decontaminated pump. 
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• Change gloves before beginning to purge. 
• Measure the depth to groundwater at frequent intervals. 
• Record these measurements. 
• To minimize drawdown, adjust the purging rate so that it is 

equivalent to the well recovery rate. 
• If the purging rate exceeds the well recovery rate, reduce 

the pumping rate to balance the withdrawal rate with the 
recharge rate. 

• If the water table continues to drop during pumping, lower 
the tubing or pump at the approximate rate of drawdown so 
that water is removed from the top of the water column. 

• Record the purging rate each time the rate changes. 
• Measure the purge volume. 
• Record this measurement. 
• Decontaminate the pump and tubing between wells or only 

the pump if precleaned tubing is used for each well. 
4. Variable Speed Bladder Pump 

• Position fuel powered equipment downwind and at least 10 
feet from the well head.  Make sure that the exhaust faces 
downwind. 

• Wear sampling gloves to position the decontaminated 
pump and tubing. 

• Attach the tubing and carefully position the pump. 
• Change gloves before beginning purging. 
• Measure the depth to groundwater at frequent intervals. 
• Record these measurements. 
• To minimize drawdown, adjust the purging rate so that it is 

equivalent to the well recovery rate. 
• If the purging rate exceeds the well recovery rate, reduce 

the pumping rate to balance the withdrawal rate with the 
recharge rate. 

• If the water table continues to drop during pumping, lower 
the tubing or pump at the approximate rate of drawdown so 
that water is removed from the top of the water column. 

• Record the purging rate each time the rate changes. 
• Measure the purge volume. 
• Record this measurement. 
• Decontaminate the pump and tubing between wells or if 

precleaned tubing is used for each well, only the pump. 
c.) Dedicated Portable Pumps 

1. Variable Speed Electric Submersible Pump 
• Position fuel powered equipment downwind and at least 10 

feet from the well head.  Make sure that the exhaust faces 
downwind. 

• Wear sampling gloves. 
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• Measure the depth to groundwater at frequent intervals. 
• Record these measurements. 
• Adjust the purging rate so that it is equivalent to the well 

recovery rate to minimize drawdown. 
• If the purging rate exceeds the well recovery rate, reduce 

the pumping rate to balance the withdraw with the recharge 
rate. 

• Record the purging rate each time the rate changes. 
• Measure the purge volume. 
• Record this measurement. 

2. Variable Speed Bladder Pump 
• Position fuel powered equipment downwind and at least 10 

feet from the well head.  Make sure that the exhaust faces 
downwind. 

• Wear sampling gloves. 
• Measure the depth to groundwater at frequent intervals. 
• Record these measurements. 
• Adjust the purging rate so that it is equivalent to the well 

recovery rate to minimize drawdown. 
• If the purging rate exceeds the well recovery rate, reduce 

the pumping rate to balance the withdraw with the recharge 
rate. 

• Record the purging rate each time the rate changes. 
• Measure the purge volume. 
• Record this measurement. 

3. Bailers - Using bailers for purging is not recommended unless care is 
taken to use proper bailing technique, or if free product is present in the 
well or suspected to be in the well.  

• Minimize handling the bailer as much as possible. 
• Wear sampling gloves. 
• Remove the bailer from its protective wrapping just before 

use. 
• Attach a lanyard of appropriate material. 
• Use the lanyard to move and position the bailer. 
• Lower and retrieve the bailer slowly and smoothly. 
• Lower the bailer carefully into the well to a depth 

approximately a foot above the water column. 
• When the bailer is in position, lower the bailer into the 

water column at a rate of 2 cm/sec until the desired depth is 
reached. 

• Do not lower the top of the bailer more than one (1) foot 
below the top of the water table so that water is removed 
from the top of the water column. 

• Allow time for the bailer to fill with aquifer water as it 
descends into the water column. 
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• Carefully raise the bailer. Retrieve the bailer at the same 
rate of 2 cm/sec until the bottom of the bailer has cleared to 
top of the water column. 

• Measure the purge volume. 
• Record the volume of the bailer. 
• Continue to carefully lower and retrieve the bailer as 

described above until the purging is considered complete, 
based on either the removal of 3 well volumes. 

• Remove at least one (1) well volume before collecting 
measurements of the field parameters.  Take each 
subsequent set of measurements after removing at least one 
quarter (1/4) well volume between measurements. 

 
Groundwater Sampling Techniques 

a.) Purge wells. 
b.) Replace protective covering around the well if it is soiled or torn after completing 

purging operations. 
c.) Equipment Considerations 

1. The following pumps are approved to collect volatile organic samples:  
• Stainless steel and Teflon variable speed submersible 

pumps 
• Stainless steel and Teflon or polyethylene variable speed 

bladder pumps 
• Permanently installed PVC bodied pumps (As long as the 

pump remains in contact with the water in the well at all 
times) 

2. Collect sample from the sampling device and store in sample container. 
Do not use intermediate containers. 

3. To avoid contamination or loss of analytes from the sample, handle 
sampling equipment as little as possible and minimize equipment exposure 
to the sample. 

4. To reduce chances of cross-contamination, use dedicated equipment 
whenever possible.  “Dedicated” is defined as equipment that is to be used 
solely for one location for the life of that equipment (e.g., permanently 
mounted pump).  Purchase dedicated equipment with the most sensitive 
analyte of interest in mind. 

• Clean or make sure dedicated pumps are clean before 
installation.  They do not need to be cleaned prior to each 
use, but must be cleaned if they are withdrawn for repair or 
servicing. 

• Clean or make sure any permanently mounted tubing is 
clean before installation. 

• Change or clean tubing when the pump is withdrawn for 
servicing. 

• Clean any replaceable or temporary parts. 
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• Collect equipment blanks on dedicated pumping systems 
when the tubing is cleaned or replaced. 

• Clean or make sure dedicated bailers are clean before 
placing them into the well. 

• Collect an equipment blank on dedicated bailers before 
introducing them into the water column. 

• Suspend dedicated bailers above the water column if they 
are stored in the well. 

 
 
Sampling Wells Without Plumbing 

a.) Sampling with Pumps – The following pumps may be used to sample for organics:  
• Peristaltic pumps 
• Stainless steel, Teflon or polyethylene bladder pumps  
• Variable speed stainless steel and Teflon submersible 

pumps 
1. Peristaltic Pump 

• Volatile Organics:  One of three methods may be used.  
 Remove the drop tubing from the inlet side 

of the pump; submerge the drop tubing into 
the water column; prevent the water in the 
tubing from flowing back into the well; 
remove the drop tubing from the well; 
carefully allow the groundwater to drain into 
the sample vials; avoid turbulence; do not 
aerate the sample; repeat steps until enough 
vials are filled. OR    

 Use the pump to fill the drop tubing; quickly 
remove the tubing from the pump; prevent 
the water in the tubing from flowing back 
into the well; remove the drop tubing from 
the well; carefully allow the groundwater to 
drain into the sample vials; avoid 
turbulence; do not aerate the sample; repeat 
steps until enough vials are filled. OR 

 Use the pump to fill the drop tubing; 
withdraw the tubing from the well; reverse 
the flow on the peristaltic pumps to deliver 
the sample into the vials at a slow, steady 
rate; repeat steps until enough vials are 
filled. 

• Extractable Organics:  If delivery tubing is not 
polyethylene or PP, or is not Teflon lined, use pump and 
vacuum trap method.  Connect the outflow tubing from the 
container to the influent side of the peristaltic pump.  Turn 
pump on and reduce flow until smooth and even.  Discard a 
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small portion of the sample to allow for air space.  Preserve 
(if required), label, and complete field notes.   

• Inorganic samples:  These samples may be collected from 
the effluent tubing.  If samples are collected from the 
pump, decontaminate all tubing (including the tubing in the 
head) or change it between wells.  Preserve (if required), 
label, and complete field notes. 

2. Variable Speed Bladder Pump 
• If sampling for organics, the pump body must be 

constructed of stainless steel and the valves and bladder 
must be Teflon.  All tubing must be Teflon, polyethylene, 
or PP and any cabling must be sealed in Teflon, 
polyethylene or PP, or made of stainless steel.  

• After purging to a smooth even flow, reduce the flow rate.   
• When sampling for volatile organic compounds, reduce the 

flow rate to 100-200mL/minute, if possible. 
3. Variable Speed Submersible Pump 

• The housing must be stainless steel.  
• If sampling for organics, the internal impellers, seals and 

gaskets must be constructed of stainless steel, Teflon, 
polyethylene or PP.  The delivery tubing must be Teflon, 
polyethylene or PP; the electrical cord must be sealed in 
Teflon; any cabling must be sealed in Teflon or constructed 
of stainless steel.  

• After purging to a smooth even flow, reduce the flow rate. 
• When sampling for volatile organic compounds, reduce the 

flow rate to 100-200mL/minute, if possible. 
b.) Sampling with Bailers - A high degree of skill and coordination are necessary to 

collect representative samples with a bailer. 
1. General Considerations 

• Minimize handling of bailer as much as possible. 
• Wear sampling gloves. 
• Remove bailer from protective wrapping just before use. 
• Attach a lanyard of appropriate material. 
• Use the lanyard to move and position the bailers. 
• Do not allow bailer or lanyard to touch the ground. 
• If bailer is certified precleaned, no rinsing is necessary. 
• If both a pump and a bailer are to be used to collect 

samples, rinse the exterior and interior of the bailer with 
sample water from the pump before removing the pump. 

• If the purge pump is not appropriate for collecting samples 
(e.g., non-inert components), rinse the bailer by collecting a 
single bailer of the groundwater to be sampled.  

• Discard the water appropriately. 
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• Do not rinse the bailer if Oil and Grease samples are to be 
collected. 

2. Bailing Technique 
• Collect all samples that are required to be collected with a 

pump before collecting samples with the bailer. 
• Raise and lower the bailer gently to minimize stirring up 

particulate matter in the well and the water column, which 
can increase sample turbidity. 

• Lower the bailer carefully into the well to a depth 
approximately a foot above the water column.  When the 
bailer is in position, lower the bailer into the water column 
at a rate of 2 cm/sec until the desired depth is reached. 

• Do not lower the top of the bailer more than one foot below 
the top of the water table, so that water is removed from the 
top of the water column. 

• Allow time for the bailer to fill with aquifer water as it 
descends into the water column. 

• Do not allow the bailer to touch the bottom of the well or 
particulate matter will be incorporated into the sample. 
Carefully raise the bailer.  Retrieve the bailer at the 
same rate of 2 cm/sec until the bottom of the bailer has 
cleared to top of the water column. 

• Lower the bailer to approximately the same depth each 
time. 

• Collect the sample.  Install a device to control the flow 
from the bottom of the bailer and discard the first few 
inches of water.  Fill the appropriate sample containers by 
allowing the sample to slowly flow down the side of the 
container.  Discard the last few inches of water in the 
bailer. 

• Repeat steps for additional samples. 
• As a final step measure the DO, pH, temperature, turbidity 

and specific conductance after the final sample has been 
collected.  Record all measurements and note the time 
that sampling was completed. 

c.) Sampling Low Permeability Aquifers or Wells that have Purged Dry 
1. Collect the sample(s) after the well has been purged. Minimize the amount 

of water removed from the well by using the same pump to purge and 
collect the sample.  If the well has purged dry, collect samples as soon as 
sufficient sample water is available. 

2. Measure the five field parameters temperature, pH, specific conductance, 
dissolved oxygen and turbidity at the time of sample collection. 

3. Advise the analytical laboratory and the client that the usual amount of 
sample for analysis may not be available. 
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Appendix D - Collecting Samples from Wells with 
Plumbing in Place 
In-place plumbing is generally considered permanent equipment routinely used for purposes 
other than purging and sampling, such as for water supply.   
 

a.) Air Strippers or Remedial Systems - These types of systems are installed as 
remediation devices.  Collect influent and effluent samples from air stripping units as 
described below. 

1. Remove any tubing from the sampling port and flush for one to two 
minutes. 

2. Remove all hoses, aerators and filters (if possible). 
3. Open the spigot and purge sufficient volume to flush the spigot and lines 

and until the purging completion criteria have been met. 
4. Reduce the flow rate to approximately 500 mL/minute (a 1/8” stream) or 

approximately 0.1 gal/minute before collecting samples. 
5. Follow procedures for collecting samples from water supply wells as 

outlined below. 
b.) Water Supply Wells – Water supply wells with in-place plumbing do not require 

equipment to be brought to the well to purge and sample. Water supply wells at UST 
facilities must be sampled for volatile organic compounds (VOCs) and semivolatile 
compounds (SVOCs). 

1. Procedures for Sampling Water Supply Wells 
• Label sample containers prior to sample collection. 
• Prepare the storage and transport containers (ice chest, etc.) 

before taking any samples so each collected sample can be 
placed in a chilled environment immediately after 
collection. 

• You must choose the tap closest to the well, preferably at 
the wellhead.  The tap must be before any holding or 
pressurization tank, water softener, ion exchange, 
disinfection process or before the water line enters the 
residence, office or building.  If no tap fits the above 
conditions, a new tap that does must be installed. 

• The well pump must not be lubricated with oil, as that may 
contaminate the samples. 

• The sampling tap must be protected from exterior 
contamination associated with being too close to a sink 
bottom or to the ground.  If the tap is too close to the 
ground for direct collection into the appropriate container, 
it is acceptable to use a smaller (clean) container to transfer 
the sample to a larger container. 

• Leaking taps that allow water to discharge from around the 
valve stem handle and down the outside of the faucet, or 
taps in which water tends to run up on the outside of the lip, 
are to be avoided as sampling locations. 
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• Disconnect any hoses, filters, or aerators attached to the tap 
before sampling. 

• Do not sample from a tap close to a gas pump. The gas 
fumes could contaminate the sample. 

2. Collecting Volatile Organic Samples 
• Equipment Needed:  VOC sample vials [40 milliliters, 

glass, may contain 3 to 4 drops of hydrochloric acid (HCl) 
as preservative]; Disposable gloves and protective goggles; 
Ice chest/cooler; Ice; Packing materials (sealable plastic 
bags, bubble wrap, etc.); and Lab forms. 

• Sampling Procedure:  Run water from the well for at least 
15 minutes.  If the well is deep, run water longer (purging 
three well volumes is best).  If tap or spigot is located 
directly before a holding tank, open a tap after the holding 
tank to prevent any backflow into the tap where you will 
take your sample.  This will ensure that the water you 
collect is “fresh” from the well and not from the holding 
tank.  After running the water for at least 15 minutes, 
reduce the flow of water.  The flow should be reduced to a 
trickle but not so slow that it begins to drip.  A smooth flow 
of water will make collection easier and more accurate.  
Remove the cap of a VOC vial and hold the vial under the 
stream of water to fill it.  Be careful not to spill any acid 
that is in the vial.  For best results use a low flow of water 
and angle the vial slightly so that the water runs down the 
inside of the vial.  This will help keep the sample from 
being agitated, aerated or splashed out of the vial.  It will 
also increase the accuracy of the sample.  As the vial fills 
and is almost full, turn the vial until it is straight up and 
down so the water won’t spill out.  Fill the vial until the 
water is just about to spill over the lip of the vial.  The 
surface of the water sample should become mounded.  It is 
a good idea not to overfill the vial, especially if an acid 
preservative is present in the vial.  Carefully replace and 
screw the cap onto the vial.  Some water may overflow as 
the cap is put on.  After the cap is secure, turn the vial 
upside down and gently tap the vial to see if any bubbles 
are present.  If bubbles are present in the vial, remove the 
cap, add more water and check again to see if bubbles are 
present.  Repeat as necessary.  After two samples without 
bubbles have been collected, the samples should be labeled 
and prepared for shipment.  Store samples at 4° C. 
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3. Collecting Extractable Organic and/or Metals Samples 
• Equipment Needed:  SVOC sample bottle [1 liter, amber 

glass] and/or Metals sample bottle [0.5 liter, polyethylene 
or glass, 5 milliliters of nitric acid (HNO3) preservative]; 
Disposable gloves and protective goggles; Ice 
Chest/Cooler; Ice; Packing materials (sealable plastic bags, 
bubble wrap, etc.); and Lab forms. 

• Sampling Procedure:  Run water from the well for at least 
15 minutes.  If the well is deep, run the water longer 
(purging three well volumes is best).  If tap or spigot is 
located directly before a holding tank, open a tap after the 
holding tank to prevent any backflow into the tap where 
you will take your sample.  This will ensure that the water 
you collect is “fresh” from the well and not from the 
holding tank.  After running the water for at least 15 
minutes, reduce the flow.  Low water flow makes 
collection easier and more accurate.  Remove the cap of a 
SVOC or metals bottle and hold it under the stream of 
water to fill it.  The bottle does not have to be completely 
filled (i.e., you can leave an inch or so of headspace in the 
bottle).  After filling, screw on the cap, label the bottle and 
prepare for shipment.  Store samples at 4° C. 
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Appendix E - Collecting Surface Water Samples 
The following topics include 1.) acceptable equipment selection and equipment construction 
materials and 2.) standard grab, depth-specific and depth-composited surface water sampling 
techniques. 
 
Facilities which contain or border small rivers, streams or branches should include surface water 
sampling as part of the monitoring program for each sampling event.  A simple procedure for 
selecting surface water monitoring sites is to locate a point on a stream where drainage leaves the 
site.  This provides detection of contamination through, and possibly downstream of, site via 
discharge of surface waters.  The sampling points selected should be downstream from any waste 
areas.  An upstream sample should be obtained in order to determine water quality upstream of 
the influence of the site. 

 
a.) General Cautions  

1. When using watercraft take samples near the bow away and upwind from 
any gasoline outboard engine.  Orient watercraft so that bow is positioned 
in the upstream direction.   

2. When wading, collect samples upstream from the body.  Avoid disturbing 
sediments in the immediate area of sample collection.   

3. Collect water samples prior to taking sediment samples when obtaining 
both from the same area (site).  

4. Unless dictated by permit, program or order, sampling at or near man-
made structures (e.g., dams, weirs or bridges) may not provide 
representative data because of unnatural flow patterns.   

5. Collect surface water samples from downstream towards upstream. 
b.) Equipment and Supplies - Select equipment based on the analytes of interest, specific 

use, and availability.   
c.) Surface Water Sampling Techniques - Adhere to all general protocols applicable to 

aqueous sampling when following the surface water sampling procedures addressed 
below. 

1. Manual Sampling: Use manual sampling for collecting grab samples for 
immediate in-situ field analyses.  Use manual sampling in lieu of 
automatic equipment over extended periods of time for composite 
sampling, especially when it is necessary to observe and/or note unusual 
conditions. 

• Surface Grab Samples - Do not use sample containers containing 
premeasured amounts of preservatives to collect grab samples.  If 
the sample matrix is homogeneous, then the grab method is a 
simple and effective technique for collection purposes.  If 
homogeneity is not apparent, based on flow or vertical variations 
(and should never be assumed), then use other collection protocols. 
Where practical, use the actual sample container submitted to the 
laboratory for collecting samples to be analyzed for oil and grease, 
volatile organic compounds (VOCs), and microbiological samples. 
This procedure eliminates the possibility of contaminating the 
sample with an intermediate collection container.  The use of 
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unpreserved sample containers as direct grab samplers is 
encouraged since the same container can be submitted for 
laboratory analysis after appropriate preservation.  This procedure 
reduces sample handling and eliminates potential contamination 
from other sources (e.g., additional sampling equipment, 
environment, etc.). 

1. Grab directly into sample container. 
2. Slowly submerge the container, opening neck first, into the 

water. 
3. Invert the bottle so the neck is upright and pointing towards 

the direction of water flow (if applicable).  Allow water to 
run slowly into the container until filled. 

4. Return the filled container quickly to the surface. 
5. Pour out a few mL of sample away from and downstream 

of the sampling location.  This procedure allows for the 
addition of preservatives and sample expansion.  Do not 
use this step for volatile organics or other analytes where 
headspace is not allowed in the sample container. 

6. Add preservatives, securely cap container, label, and 
complete field notes.  If sample containers are attached to a 
pole via a clamp, submerge the container and follow steps 3 
– 5 but omit steps 1 and 2. 

• Sampling with an Intermediate Vessel or Container:  If the sample 
cannot be collected directly into the sample container to be 
submitted to the laboratory, or if the laboratory provides 
prepreserved sample containers, use an unpreserved sample 
container or an intermediate vessel (e.g., beakers, buckets or 
dippers) to obtain the sample.  These vessels must be constructed 
appropriately, including any poles or extension arms used to access 
the sample location. 

1. Rinse the intermediate vessel with ample amounts of site 
water prior to collecting the first sample. 

2. Collect the sample as outlined above using the intermediate 
vessel. 

3. Use pole mounted containers of appropriate construction to 
sample at distances away from shore, boat, etc.  Follow the 
protocols above to collect samples. 

• Peristaltic Pump and Tubing:  The most portable pump for this 
technique is a 12 volt peristaltic pump.  Use appropriately 
precleaned, silastic tubing in the pump head and attach 
polyethylene, Tygon, etc. tubing to the pump.  This technique is 
not acceptable for Oil and Grease, EPH, VPH or VOCs.  
Extractable organics can be collected through the pump if flexible 
interior-wall Teflon, polyethylene or PP tubing is used in the pump 
head or if used with the organic trap setup. 
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1. Lower appropriately precleaned tubing to a depth of 6 – 12 
inches below water surface, where possible. 

2. Pump 3 – 5 tube volumes through the system to acclimate 
the tubing before collecting the first sample. 

3. Fill individual sample bottles via the discharge tubing.  Be 
careful not to remove the inlet tubing from the water. 

4. Add preservatives, securely cap container, label, and 
complete field notes. 

• Mid-Depth Grab Samples:  Mid-depth samples or samples taken at 
a specific depth can approximate the conditions throughout the 
entire water column.  The equipment that may be used for this type 
of sampling consists of the following depth-specific sampling 
devices:  Kemmerer, Niskin, Van Dorn type, etc.  You may also 
use pumps with tubing or double check-valve bailers.  Certain 
construction material details may preclude its use for certain 
analytes.  Many Kemmerer samplers are constructed of plastic and 
rubber that preclude their use for all volatile and extractable 
organic sampling.  Some newer devices are constructed of stainless 
steel or are all Teflon or Teflon-coated.  These are acceptable for 
all analyte groups without restriction. 

1. Measure the water column to determine maximum depth 
and sampling depth prior to lowering the sampling device. 

2. Mark the line attached to the sampler with depth 
increments so that the sampling depth can be accurately 
recorded. 

3. Lower the sampler slowly to the appropriate sampling 
depth, taking care not to disturb the sediments. 

4. At the desired depth, send the messenger weight down to 
trip the closure mechanism. 

5. Retrieve the sampler slowly. 
6. Rinse the sampling device with ample amounts of site 

water prior to collecting the first sample.  Discard rinsate 
away from and downstream of the sampling location. 

7. Fill the individual sample bottles via the discharge tube. 
• Double Check-Valve Bailers:  Collect samples using double check-

valve bailers if the data requirements do not necessitate a sample 
from a strictly discrete interval of the water column.  Bailers with 
an upper and lower check-valve can be lowered through the water 
column.  Water will continually be displaced through the bailer 
until the desired depth is reached, at which point the bailer is 
retrieved. Sampling with this type of bailer must follow the same 
protocols outlined above, except that a messenger weight is not 
applicable.  Although not designed specifically for this kind of 
sampling, a bailer is acceptable when a mid-depth sample is 
required 
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1. As the bailer is dropped through the water column, water is 
displaced through the body of the bailer.  The degree of 
displacement depends upon the check-valve ball movement 
to allow water to flow freely through the bailer body. 

2. Slowly lower the bailer to the appropriate depth.  Upon 
retrieval, the two check valves seat, preventing water from 
escaping or entering the bailer. 

3. Rinse the sampling device with ample amounts of site 
water prior to collecting the first sample. 

4. Fill the individual sample bottles via the discharge tube. 
Sample bottles must be handled as described above. 

• Peristaltic Pump and Tubing: The most portable pump for this 
technique is a 12 volt peristaltic pump.  Use appropriately 
precleaned, silastic tubing in the pump head and attach HDPE, 
Tygon, etc. tubing to the pump.  This technique is not acceptable 
for Oil and Grease, EPH, VPH or VOCs.  Extractable organics can 
be collected through the pump if flexible interior-wall Teflon, 
polyethylene or PP tubing is used in the pump head, or if used with 
an organic trap setup. 

1. Measure the water column to determine the maximum 
depth and the sampling depth. 

2. Tubing will need to be tied to a stiff pole or be weighted 
down so the tubing placement will be secure.  Do not use a 
lead weight.  Any dense, non-contaminating, non-
interfering material will work (brick, stainless steel weight, 
etc.).  Tie the weight with a lanyard (braided or 
monofilament nylon, etc.) so that it is located below the 
inlet of the tubing. 

3. Turn the pump on and allow several tubing volumes of 
water to be discharged before collecting the first sample. 

4. Fill the individual sample bottles via the discharge tube. 
Sample bottles must be handled as described above. 
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Leachate Sampling and Analysis

To maintain sample quality, leachate samples are to be taken as close to the sump as possible.  Because of dubious results, 
pond and storage tank samples should be avoided.  The leachate data is to be submitted with the semi-annual monitoring 
report.  Leachate is to be analyzed for the Appendix I list of constituents plus the following required additional parameters: 1) 
biological oxygen demand (BOD), 2) chemical oxygen demand (COD), 3) phosphate, 4) nitrate, 5) sulfate, and 6) pH.  Based 
upon sample results, compliance history and waste screening practices, additional parameters may be required.  

North Carolina Division of Waste Management 
 

1646 Mail Service Center, Raleigh, NC 27699-1646 
(919)508-8400

North Carolina Department of Environment and Natural Resources

Page 1 of 1N.C. Division of Waste Management - LEACHATE

1/22/2009http://www.wastenotnc.org/swhome/LeachSampling.html



Electronic Data need to be in the following format such that they can be uploaded into the Solid Waste Section database.
Please see the "Data Format Explanation" tab at the bottom of this sheet for an explanation of each column.

FACILITY 
PERMIT

WELL ID
CAS 

Number
SWS ID PARAMETER RESULT UNITS QUALIFIER METHOD MDL SWSL

DILUTION 
FACTOR

COLLECT 
DATE

EXTRACTION 
DATE

ANALYSIS 
DATE

12-34 1234-MW3A 74-87-3 137 Chloromethane BQL ug/L U SW846 8260B 0.18 1 1 07/23/2007 07/24/2007 7/27/2007
12-34 1234-MW3A 325 Temperature 19.1 oC 07/23/2007
12-34 1234-MW5 74-83-9 136 Bromomethane 35 ug/L SW846 8260B 0.26 10 1 07/23/2007 07/24/2007 7/27/2007
12-34 1234-MW5 7440-39-3 15 Barium 50 ug/L J SW846 6020 0.04 100 1 07/23/2007 7/27/2007
12-34 1234-MW5 411 Total Well Depth 54.3 ft 07/23/2007

ALL DATA SHOULD INCLUDE THE PERMIT NUMBER.  If unsure, contact the operator/owner of the facility.
The unit of concentration should be ug/L for ALL constituents.
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North Carolina Department of Environment and Natural Resources  

 
 

October 16, 2007 

EMORANDUM

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

 
M  

To:  Operators, North Carolina Certified 
Laboratories, and Consultants 

rom: North Carolina Division of Waste Management, Solid Waste Section  

Re: ring Data for North Carolina Solid Waste 
Management Facilities 

and provide a reminder of formats for environmental monitoring data 
bmittals. 

ese changes was to improve the protection of public health and the 
nvironment. 

 reported to the North Carolina Solid Waste Section.  The PQLs will no 
nger be used.   

ted can be directed to the North Carolina Department of Health 
nd Human Services. 

 
Solid Waste Directors, Landfill

 
F
 

Environmental Monito

 
The purpose of this memorandum is to provide a reiteration of the use of the Solid Waste 
Section Limits (SWSLs), provide new information on the Groundwater Protection 
Standards, 
su
 
The updated guidelines are in large part due to questions and concerns from laboratories, 
consultants, and the regulated community regarding the detection of constituents in 
groundwater at levels below the previous Practical Quantitation Limits (PQLs).  The 
North Carolina Solid Waste Section solicited feedback from the regulated community, 
and, in conjunction with the regulated community, developed new limits.  The primary 
purpose of th
e
 
Data must be reported to the laboratory specific method detection limits and must be 
quantifiable at or below the SWSLs.  The SWSLs must be used for both groundwater and 
surface water data
lo
 
In June 2007, we received new information regarding changes to the Groundwater 
Protection Standards.  If a North Carolina 2L Groundwater Standard does not exist, then 
a designated Groundwater Protection Standard is used pursuant to 15A NCAC 13B 
.1634.  Toxicologists with the North Carolina Department of Health and Human Services 
calculated these new Groundwater Protection Standards.  Questions regarding how the 
standards were calcula
a
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 every year or sooner if new scientific and toxicological data become available.  
lease review our website periodically for any changes to the 2L NC Standards, 

ic updates will be noted on our 
ebsite. 

wastenotnc.org/sw/swenvmonitoringlist.asp

 
 
We have reviewed the new results from the North Carolina Department of Public Health 
and have updated our webpage accordingly.  The list of Groundwater Protection 
Standards, North Carolina 2L Standards and SWSLs are subject to change and will be 
reviewed
P
Groundwater Protection Standards, or SWSLs.  Specif
w
 
http://www.
 

ental monitoring data 

  

In addition, the following should be included with environm
submittals: 

1. Environmental Monitoring Data Form as a cover sheet:
http://www.wastenotnc.org/swhome/EnvMonitoring/NCEnvMonRptForm.pdf  
2. Copy of original laboratory results. 
3. Table of detections and discussion of 2L exceedances. 
4. Electronic files on CD or sent by email. These files should include the written report as 
 Portable Document Format (PDF) file and the laboratory data as an excel file following a

the format of the updated Electronic Data Deliverable (EDD) template on our website: 
http://www.wastenotnc.org/swhome/enviro_monitoring.asp 
 
If you have any questions or concerns, please feel free to contact Donald Herndon (919-
08-8502), Ervin Lane (919-508-8520) or Jaclynne Drummond (919-508-8500). 

Thank you for your continued cooperation with these matters. 
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                                                                                     William G. Ross Jr., Secretary 
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October 27, 2006 
 

To:  SW Director/County Manager/Consultant/Laboratory 
 
From:  NC DENR-DWM, Solid Waste Section 
 
Re: New Guidelines for Electronic Submittal of Environmental Monitoring Data 
 
The Solid Waste Section receives and reviews a wide variety of environmental monitoring data from permitted 
solid waste management facilities, including the results from groundwater and surface water analyses, leachate 
samples, methane gas readings, potentiometric measurements, and corrective action data.  We are in the process 
of developing a database to capture the large volume of data submitted by facilities.   

 
To maintain the integrity of the database, it is critical that facilities, consultants, and laboratories work with the 
Solid Waste Section to ensure that environmental samples are collected and analyzed properly with the resulting 
data transferred to the Solid Waste Section in an accurate manner. 
 
In order to better serve the public and to expedite our review process, the Solid Waste Section is requesting 
specific formatting for environmental monitoring data submittals for all solid waste management facilities.   

 
Effective, December 1, 2006, please submit a Solid Waste Environmental Monitoring Data Form in 
addition to your environmental monitoring data report.  This form will be sent in lieu of your current cover 
letter to the Solid Waste Section.  The Solid Waste Environmental Monitoring Data Form must be filled out 
completely, signed, and stamped with a Board Certified North Carolina Geologist License Seal. 
 
The solid waste environmental monitoring data form will include the following: 

1. Contact Information 
2. Facility Name 
3. Facility Permit Number 
4. Facility Address 
5. Monitoring Event Date (MM/DD/YYYY) 
6. Water Quality Status:  Monitoring, Detection Monitoring, or Assessment Monitoring 
7. Type of Data Submitted:  Groundwater Monitoring Wells, Groundwater Potable Wells, Leachate, 

Methane Gas, or Corrective Action Data 
8. Notification of Exceedance of Groundwater, Surface Water, or Methane Gas (in table form) 
9. Signature  
10. North Carolina Geologist Seal 
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Most of these criteria are already being included or can be added with little effort.  The Solid Waste 
Environmental Monitoring Data Form can be downloaded from our website:  
http://www.wastenotnc.org/swhome/enviro_monitoring.asp.    
 
The Solid Waste Section is also requesting a new format for monitoring wells, potable wells, surface water 
sampling locations, and methane probes.  This format is essential in the development and maintenance of the 
database.  The Solid Waste Section is requesting that each sampling location at all North Carolina solid waste 
management facilities have its own unique identification number.  We are simply asking for the permit number 
to be placed directly in front of the sampling location number (example:  9901-MW1 = Permit Number 99-01 
and Monitoring Well MW-1).  No changes will need to be made to the well tags, etc.  This unique identification 
system will enable us to accurately report data not only to NCDENR, but to the public as well.  We understand 
that this new identification system will take some time to implement, but we feel that this will be beneficial to 
everyone involved in the long term. 
 
Additionally, effective December 1, 2006, the Practical Quantitation Limits (PQLs) established in 1994 
will change.  The Solid Waste Section is requiring that all solid waste management facilities use the new Solid 
Waste Reporting Limits (SWRL) for all groundwater analyses by a North Carolina Certified Laboratory.  
Laboratories must also report any detection of a constituent even it is detected below the new SWRL (e.g., J 
values where the constituent was detected above the detection limit, but below the quantitation limit). 
 
PQLs are technology-based analytical levels that are considered achievable using the referenced analytical 
method.  The PQL is considered the lowest concentration of a contaminant that the lab can accurately detect and 
quantify.  PQLs provided consistency and available numbers that were achievable by the given analytical 
method.  However, PQLs are not health-based, and analytical instruments have improved over the years 
resulting in lower achievable PQLs for many of the constituents.  As a result, the Solid Waste Section has 
established the SWRLs as the new reporting limits eliminating the use of the PQLs. 
 
We would also like to take this opportunity to encourage electronic submittal of the reports.  This option is 
intended to save resources for both the public and private sectors.  The Solid Waste Section will accept the 
entire report including narrative text, figures, tables, and maps on CD-ROM.  The CD-ROM submittal shall 
contain a CD-ROM case and both CD-ROM and the case shall be labeled with the site name, site address, 
permit number, and the monitoring event date (MM/DD/YYYY).  The files may be a .pdf, .txt, .csv, .xls, or .doc 
type.  Also, analytical lab data should be reported in an .xls file.  We have a template for analytical lab data 
available on the web at the address listed above.  
 
If you have any questions or concerns, please call (919) 508-8400.  Thank you for your anticipated cooperation 
in this matter. 
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North Carolina Department of Environment and Natural Resources  

 
Dexter R. Matthews, Director Division of Waste Management Michael F. Easley, Governor  

William G. Ross Jr., Secretary  
February 23, 2007 

EMORANDUM
 
M  

o: Solid Waste Directors, Landfill Operators, North Carolina Certified Laboratories, and Consultants 

rom: North Carolina Division of Waste Management, Solid Waste Section  

Re: ste Section Memorandum Regarding New 
Guidelines for Electronic Submittal of Environmental Data. 

 
arolina Solid Waste Section memo titled, “New Guidelines for Electronic Submittal of Environmental Data.” 

adily available laboratory analytical methodology and current health-based groundwater protection standards. 

efinitions

 
T
 
F
 

Addendum to October 27, 2006, North Carolina Solid Wa

 
The purpose of this addendum memorandum is to provide further clarification to the October 27, 2006, North
C
 
The updated guidelines is in large part due to questions and concerns from laboratories, consultants, and the 
regulated community regarding the detection of constituents in groundwater at levels below the previous 
practical quantitation limits (PQLs).  The North Carolina Solid Waste Section solicited feedback from the 
regulated community, and, in conjunction with the regulated community, developed new limits.  The primary 
purpose of these changes was to improve the protection of public health and the environment.  The North 
Carolina Solid Waste Section is concerned about analytical data at these low levels because the earliest possible 
detection of toxic or potentially carcinogenic chemicals in the environment is paramount in the North Carolina 
Solid Waste Section’s mission to protect human health and the environment.  Low level analytical data are 
critical for making the correct choices when designing site remediation strategies, alerting the public to health 
threats, and protecting the environment from toxic contaminants.  The revised limits were updated based on 
re
 
D  

s are also an attempt to clarify the meaning of these 
rms as used by the North Carolina Solid Waste Section. 

e that can be measured and 
ported with 99% confidence that the analyte concentration is greater than zero.   

 is the minimum concentration of a 
target analyte that can be accurately determined by the referenced method.   

 
Many definitions relating to detection limits and quantitation limits are used in the literature and by government 
agencies, and commonly accepted procedures for calculating these limits exist.  Except for the Solid Waste 
Section Limit and the North Carolina 2L Standards, the definitions listed below are referenced from the 
Environmental Protection Agency (EPA).  The definition
te
 
Method Detection Limit (MDL) is the minimum concentration of a substanc
re
 
Method Reporting Limit or Method Quantitation Limit (MRL or MQL)



 
Practical Quantitation Limit (PQL) is a quantitation limit that represents a practical and routinely achievable 
quantitation limit with a high degree of certainty (>99.9% confidence) in the results.  Per EPA Publication 
Number SW-846, the PQL is the lowest concentration that can be reliably measured within specified limits of 
precision and accuracy for a specific laboratory analytical method during routine laboratory operating 
conditions in accordance with "Test Methods for Evaluating Solid Wastes, Physical/Chemical Methods.  The 
PQL appears in 
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older NCDENR literature; however, it is no longer being used by the North Carolina Solid 
aste Section.   

n.  The nomenclature of the SWRL described in the October 
7, 2006, memorandum has changed to the SWSL. 

C 2L .0200, Classifications and Water Quality Standards Applicable to the 
roundwaters of North Carolina.   

ethod Detection Limits (MDLs)

W
 
Solid Waste Section Limit (SWSL) is the lowest amount of analyte in a sample that can be quantitatively 
determined with suitable precision and accuracy.  The SWSL is the concentration below which reported 
analytical results must be qualified as estimated.  The SWSL is the updated version of the PQL that appears in 
older North Carolina Solid Waste Section literature.  The SWSL is the limit established by the laboratory survey 
conducted by the North Carolina Solid Waste Sectio
2
 
North Carolina 2L Standards (2L) are water quality standards for the protection of groundwaters of North 
Carolina as specified in 15A NCA
G
 
M  

he North Carolina Solid Waste Section is now 
quiring laboratories to report to the method detection limit. 

atories generally report the highest method detection limit for all the instruments 
sed for a specific method. 

ata below unspecified or non-statistical reporting limits severely biases data sets and restricts their usefulness.   

olid Waste Section Limits (SWSLs)

 
Clarification of detection limits referenced in the October 27, 2006, memorandum needed to be addressed 
because of concerns raised by the regulated community.  T
re
 
Method detection limits are statistically determined values that define the concentration at which measurements 
of a substance by a specific analytical protocol can be distinguished from measurements of a blank (background 
noise).  Method detection limits are matrix-specific and require a well defined analytical method.  In the course 
of routine operations, labor
u
 
In many instances, the North Carolina Solid Waste Section gathers data from many sources prior to evaluating 
the data or making a compliance decision.  Standardization in data reporting significantly enhances the ability to 
interpret and review data because the reporting formats are comparable.  Reporting a method detection limit 
alerts data users of the known uncertainties and limitations associated with using the data.  Data users must 
understand these limitations in order to minimize the risk of making poor environmental decisions.  Censoring 
d
 
S  

nd surface water data reported to the North Carolina Solid Waste 
ection.  The PQLs will no longer be used.   

 

 
Due to comments from the regulated community, the North Carolina Solid Waste Section has changed the 
nomenclature of the new limits referenced on Page 2 of the October 27, 2006, memorandum, from the North 
Carolina Solid Waste Reporting Limits (SWRL) to the Solid Waste Section Limits (SWSL).  Data must be 
reported to the laboratory specific method detection limits and must be quantifiable at or below the SWSL.  The 
SWSLs must be used for both groundwater a
S



 
The North Carolina Solid Waste Section has considered further feedback from laboratories and the regulated 
community and ha
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s made some additional changes to the values of the SWSLs.  These changes may be viewed 

ttp://www.wastenotnc.org/sw/swenvmonitoringlist.asp 

nalytical Data Reporting Requirements

on our webpage: 
h
 
A  

al 
boratory method detection limit with all analytical laboratory results along with the following requirements: 

oncentration, compliance action may not be taken unless it is statistically significant 
crease over background. 

hese analytical results may require additional confirmation. 

he possibility that a constituent concentration may exceed the North Carolina 2L Standards in the 
ture.  

hese analytical results may be used for compliance without further confirmation. 

 will be returned and deemed unacceptable.  Submittal of unacceptable data may lead to 

 
lectronic Data Deliverable (EDD) Submittal

 
The strategy for implementing the new analytical data reporting requirements involves reporting the actu
la
 
1) Any analyte detected at a concentration greater than the MDL but less than the SWSL is known to be present, 
but the uncertainty in the value is higher than a value reported above the SWSL.  As a result, the actual 
concentration is estimated.  The estimated concentration is reported along with a qualifier (“J” flag) to alert data 
users that the result is between the MDL and the SWSL.  Any analytical data below quantifiable levels should 
be examined closely to evaluate whether the analytical data should be included in any statistical analysis.  A 
statistician should make this determination.  If an analyte is detected below the North Carolina 2L Standards, 
even if it is a quantifiable c
in
 
T
 
2) Any analyte detected at a concentration greater than the SWSL is present, and the quantitated value can be 
reported with a high degree of confidence.  These analytes are reported without estimated qualification.  The 
laboratory’s MDL and SWSL must be included in the analytical laboratory report.  Any reported concentration 
of an organic or inorganic constituent at or above the North Carolina 2L Standards will be used for compliance 
purposes, unless the inorganic constituent is not statistically significant).  Exceedance of the North Carolina 2L 
Standards or a statistically significant increase over background concentrations define when a violation has 
occurred.  Any reported concentration of an organic or inorganic constituent at or above the SWSL that is not 
above an North Carolina 2L Standard will be used as a tool to assess the integrity of the landfill system and 
predict t
fu
 
T
 
Failure to comply with the requirements described in the October 27, 2006, memorandum and this addendum to 
the October 27, 2006, memorandum will constitute a violation of 15A NCAC 13B .0601, .0602, or .1632(b), 
and the analytical data
enforcement action.   
 
E  

he analytical laboratory data.  This option is intended to save resources 
r both the public and private sectors. 

 
The North Carolina Solid Waste Section would also like to take this opportunity to encourage electronic 
submittal of the reports in addition to t
fo
 
The North Carolina Solid Waste Section will accept the entire report including narrative text, figures, tables, 
and maps on CD-ROM.  Please separate the figures and tables from the report when saving in order to keep the 



 
size of the files smaller.  The CD-ROM submittal shall contain a CD-ROM case and both CD

 
1646 Mail Service Center, Raleigh, North Carolina   27699-1646 

Phone  919-508-8400 \ FAX  919-715-3605 \ Internet  http://wastenotnc.org 
 

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

4

-ROM and the 
ase shall be labeled with the site name, site address, permit number, and the monitoring event date 

ab data and field data.  This template is available on our webpage: 
ttp://www.wastenotnc.org/swhome/enviro_monitoring.asp.  Methane monitoring data may also be submitted 

ry or exceeds 25% of the LEL 
 facility structures (excluding gas control or recovery system components), include the exceedance(s) on the 

 you have any questions or concerns, please feel free to contact Jaclynne Drummond (919-508-8500) or Ervin 

Thank you for your continued cooperation with this matter. 
 

c
(MM/DD/YYYY).  The reporting files may be submitted as a .pdf, .txt, .csv, .xls,. or .doc type.   
 
Also, analytical lab data and field data should be reported in .xls files.  The North Carolina Solid Waste Section 
has a template for analytical l
h
electronically in this format. 
 
Pursuant to the October 27, 2006, memorandum, please remember to submit a Solid Waste Section 
Environmental Monitoring Reporting Form in addition to your environmental monitoring data report.  This 
form should be sealed by a geologist or engineer licensed in North Carolina if hydrogeologic or geologic 
calculations, maps, or interpretations are included with the report.  Otherwise, any representative that the 
facility owner chooses may sign and submit the form.  Also, if the concentration of methane generated by the 
facility exceeds 100% of the lower explosive limits (LEL) at the property bounda
in
North Carolina Solid Waste Section Environmental Monitoring Reporting Form. 
 
If
Lane (919-508-8520). 
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LOG OF BORING: 1GCW-1
Wayne Co. Gas Collection Project No. G00012.0
Drilling contractor: Graham & Currie Date started: Surface elevation: 181.78 ft (MSL)
Drill rig & method: 24" O.D Bucket Rig Date ended: Top of pipe elevation: 186.12 ft (MSL)

Logged by: B. Clauson/J. Pfohl Completion depth: 27.00 ft Depth to water (TOB): -99999.00 ft
Stickup height: 4.34 ft Depth to water (24hrs): -99999.00 ft
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LOG OF BORING: 1GCW-2
Wayne Co. Gas Collection Project No. G00012.0
Drilling contractor: Graham & Currie Date started: Surface elevation: 166.23 ft (MSL)
Drill rig & method: 24" O.D Bucket Rig Date ended: Top of pipe elevation: 170.53 ft (MSL)

Logged by: B. Clauson/J. Pfohl Completion depth: 16.00 ft Depth to water (TOB): -99999.00 ft
Stickup height: 4.30 ft Depth to water (24hrs): -99999.00 ft
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LOG OF BORING: 1GCW-3
Wayne Co. Gas Collection Project No. G00012.0
Drilling contractor: Graham & Currie Date started: Surface elevation: 163.91 ft (MSL)
Drill rig & method: 24" O.D Bucket Rig Date ended: Top of pipe elevation: 165.87 ft (MSL)

Logged by: B. Clauson/J. Pfohl Completion depth: 20.00 ft Depth to water (TOB): -99999.00 ft
Stickup height: 1.96 ft Depth to water (24hrs): -99999.00 ft
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LOG OF BORING: 1GCW-4
Wayne Co. Gas Collection Project No. G00012.0
Drilling contractor: Graham & Currie Date started: Surface elevation: 170.03 ft (MSL)
Drill rig & method: 24" O.D Bucket Rig Date ended: Top of pipe elevation: 172.76 ft (MSL)

Logged by: B. Clauson/J. Pfohl Completion depth: 21.00 ft Depth to water (TOB): -99999.00 ft
Stickup height: 2.73 ft Depth to water (24hrs): -99999.00 ft
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LOG OF BORING: 1GCW-6
Wayne Co. Gas Collection Project No. G00012.0
Drilling contractor: Graham & Currie Date started: Surface elevation: 169.16 ft (MSL)
Drill rig & method: 24" O.D Bucket Rig Date ended: Top of pipe elevation: 171.42 ft (MSL)

Logged by: B. Clauson/J. Pfohl Completion depth: 17.00 ft Depth to water (TOB): -99999.00 ft
Stickup height: 2.26 ft Depth to water (24hrs): -99999.00 ft
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LOG OF BORING: 1GCW-7
Wayne Co. Gas Collection Project No. G00012.0
Drilling contractor: Graham & Currie Date started: Surface elevation: 168.01 ft (MSL)
Drill rig & method: 24" O.D Bucket Rig Date ended: Top of pipe elevation: 169.42 ft (MSL)

Logged by: B. Clauson/J. Pfohl Completion depth: 17.00 ft Depth to water (TOB): -99999.00 ft
Stickup height: 1.41 ft Depth to water (24hrs): -99999.00 ft
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LOG OF BORING: 1GCW-8
Wayne Co. Gas Collection Project No. G00012.0
Drilling contractor: Graham & Currie Date started: Surface elevation: 169.42 ft (MSL)
Drill rig & method: 24" O.D Bucket Rig Date ended: Top of pipe elevation: 172.90 ft (MSL)

Logged by: B. Clauson/J. Pfohl Completion depth: 15.50 ft Depth to water (TOB): -99999.00 ft
Stickup height: 3.48 ft Depth to water (24hrs): -99999.00 ft
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LOG OF BORING: 1GCW-9
Wayne Co. Gas Collection Project No. G00012.0
Drilling contractor: Graham & Currie Date started: Surface elevation: 168.52 ft (MSL)
Drill rig & method: 24" O.D Bucket Rig Date ended: Top of pipe elevation: 171.21 ft (MSL)

Logged by: B. Clauson/J. Pfohl Completion depth: 16.50 ft Depth to water (TOB): -99999.00 ft
Stickup height: 2.69 ft Depth to water (24hrs): -99999.00 ft
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LOG OF BORING: 1GCW-10
Wayne Co. Gas Collection Project No. G00012.0
Drilling contractor: Graham & Currie Date started: Surface elevation: 173.21 ft (MSL)
Drill rig & method: 24" O.D Bucket Rig Date ended: Top of pipe elevation: 176.46 ft (MSL)

Logged by: B. Clauson/J. Pfohl Completion depth: 17.00 ft Depth to water (TOB): -99999.00 ft
Stickup height: 3.25 ft Depth to water (24hrs): -99999.00 ft
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LOG OF BORING: 1GCW-11
Wayne Co. Gas Collection Project No. G00012.0
Drilling contractor: Graham & Currie Date started: Surface elevation: 174.10 ft (MSL)
Drill rig & method: 24" O.D Bucket Rig Date ended: Top of pipe elevation: 175.89 ft (MSL)

Logged by: B. Clauson/J. Pfohl Completion depth: 20.50 ft Depth to water (TOB): -99999.00 ft
Stickup height: 1.79 ft Depth to water (24hrs): -99999.00 ft
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LOG OF BORING: 1GCW-12
Wayne Co. Gas Collection Project No. G00012.0
Drilling contractor: Graham & Currie Date started: Surface elevation: 175.25 ft (MSL)
Drill rig & method: 24" O.D Bucket Rig Date ended: Top of pipe elevation: 178.37 ft (MSL)

Logged by: B. Clauson/J. Pfohl Completion depth: 22.00 ft Depth to water (TOB): -99999.00 ft
Stickup height: 3.12 ft Depth to water (24hrs): -99999.00 ft
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LOG OF BORING: 1GCW-13
Wayne Co. Gas Collection Project No. G00012.0
Drilling contractor: Graham & Currie Date started: Surface elevation: 177.20 ft (MSL)
Drill rig & method: 24" O.D Bucket Rig Date ended: Top of pipe elevation: 180.11 ft (MSL)

Logged by: B. Clauson/J. Pfohl Completion depth: 20.50 ft Depth to water (TOB): -99999.00 ft
Stickup height: 2.91 ft Depth to water (24hrs): -99999.00 ft
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LOG OF BORING: 1GCW-14
Wayne Co. Gas Collection Project No. G00012.0
Drilling contractor: Graham & Currie Date started: Surface elevation: 176.67 ft (MSL)
Drill rig & method: 24" O.D Bucket Rig Date ended: Top of pipe elevation: 179.16 ft (MSL)

Logged by: B. Clauson/J. Pfohl Completion depth: 21.00 ft Depth to water (TOB): -99999.00 ft
Stickup height: 2.49 ft Depth to water (24hrs): -99999.00 ft
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LOG OF BORING: 1GCW-15
Wayne Co. Gas Collection Project No. G00012.0
Drilling contractor: Graham & Currie Date started: Surface elevation: 176.17 ft (MSL)
Drill rig & method: 24" O.D Bucket Rig Date ended: Top of pipe elevation: 180.33 ft (MSL)

Logged by: B. Clauson/J. Pfohl Completion depth: 20.00 ft Depth to water (TOB): -99999.00 ft
Stickup height: 4.16 ft Depth to water (24hrs): -99999.00 ft

D
ep

th
 (

ft)

S
P

T
 (

bp
f)

S
oi

l T
yp

e
S

ym
bo

l

S
am

pl
e

Description of Material & Remarks

Well Diagram

5

10

15

20

25

30

Cover Soil

Household Garbage

Industrial Debris

Household Garbage

Boring terminated at 20.0 feet

S
tic

ku
p 

(4
.1

6'
)

C
la

y

6"
 S

ch
80

 P
V

C
 C

as
in

g

B
en

to
ni

te
C

la
y

B
en

to
ni

te
C

la
y

1.
5"

  W
as

he
d 

S
to

ne

6"
 S

ch
80

 P
V

C
 3

/8
" 

P
er

fo
ra

te
d 

P
ip

e

Municipal Engineering Services Company, P.A.
Operation/Construction Managers   Civil/Sanitary Engineers    Environmental Studies
PO Box 97, Garner, North Carolina 27529 (919) 772-5393            PO Box 349, Boone, North Carolina 28607 (828) 262-1767

Page 1 of 1



LOG OF BORING: 1GCW-16
Wayne Co. Gas Collection Project No. G00012.0
Drilling contractor: Graham & Currie Date started: Surface elevation: 178.65 ft (MSL)
Drill rig & method: 24" O.D Bucket Rig Date ended: Top of pipe elevation: 183.37 ft (MSL)

Logged by: B. Clauson/J. Pfohl Completion depth: 21.50 ft Depth to water (TOB): -99999.00 ft
Stickup height: 4.72 ft Depth to water (24hrs): -99999.00 ft
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LOG OF BORING: 1GCW-17
Wayne Co. Gas Collection Project No. G00012.0
Drilling contractor: Graham & Currie Date started: Surface elevation: 179.29 ft (MSL)
Drill rig & method: 24" O.D Bucket Rig Date ended: Top of pipe elevation: 182.30 ft (MSL)

Logged by: B. Clauson/J. Pfohl Completion depth: 21.00 ft Depth to water (TOB): -99999.00 ft
Stickup height: 3.01 ft Depth to water (24hrs): -99999.00 ft
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LOG OF BORING: 1GCW-18
Wayne Co. Gas Collection Project No. G00012.0
Drilling contractor: Graham & Currie Date started: Surface elevation: 176.92 ft (MSL)
Drill rig & method: 24" O.D Bucket Rig Date ended: Top of pipe elevation: 179.28 ft (MSL)

Logged by: B. Clauson/J. Pfohl Completion depth: 20.50 ft Depth to water (TOB): -99999.00 ft
Stickup height: 2.36 ft Depth to water (24hrs): -99999.00 ft
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LOG OF BORING: 1GCW-19
Wayne Co. Gas Collection Project No. G00012.0
Drilling contractor: Graham & Currie Date started: Surface elevation: 179.25 ft (MSL)
Drill rig & method: 24" O.D Bucket Rig Date ended: Top of pipe elevation: 180.84 ft (MSL)

Logged by: B. Clauson/J. Pfohl Completion depth: 21.00 ft Depth to water (TOB): -99999.00 ft
Stickup height: 1.59 ft Depth to water (24hrs): -99999.00 ft
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LOG OF BORING: 1GCW-20
Wayne Co. Gas Collection Project No. G00012.0
Drilling contractor: Graham & Currie Date started: Surface elevation: 179.25 ft (MSL)
Drill rig & method: 24" O.D Bucket Rig Date ended: Top of pipe elevation: 181.33 ft (MSL)

Logged by: B. Clauson/J. Pfohl Completion depth: 20.50 ft Depth to water (TOB): -99999.00 ft
Stickup height: 2.08 ft Depth to water (24hrs): -99999.00 ft
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LOG OF BORING: 1GCW-21
Wayne Co. Gas Collection Project No. G00012.0
Drilling contractor: Graham & Currie Date started: Surface elevation: 177.58 ft (MSL)
Drill rig & method: 24" O.D Bucket Rig Date ended: Top of pipe elevation: 180.85 ft (MSL)

Logged by: B. Clauson/J. Pfohl Completion depth: 22.00 ft Depth to water (TOB): -99999.00 ft
Stickup height: 3.27 ft Depth to water (24hrs): -99999.00 ft
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LOG OF BORING: 1GCW-23
Wayne Co. Gas Collection Project No. G00012.0
Drilling contractor: Graham & Currie Date started: Surface elevation: 175.03 ft (MSL)
Drill rig & method: 24" O.D Bucket Rig Date ended: Top of pipe elevation: 177.66 ft (MSL)

Logged by: B. Clauson/J. Pfohl Completion depth: 20.50 ft Depth to water (TOB): -99999.00 ft
Stickup height: 2.63 ft Depth to water (24hrs): -99999.00 ft
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LOG OF BORING: 1GCW-24
Wayne Co. Gas Collection Project No. G00012.0
Drilling contractor: Graham & Currie Date started: Surface elevation: 176.34 ft (MSL)
Drill rig & method: 24" O.D Bucket Rig Date ended: Top of pipe elevation: 184.15 ft (MSL)

Logged by: B. Clauson/J. Pfohl Completion depth: 21.00 ft Depth to water (TOB): -99999.00 ft
Stickup height: 7.81 ft Depth to water (24hrs): -99999.00 ft
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LOG OF BORING: 2GCW-1
Wayne Co. Gas Collection Project No. G00012.0
Drilling contractor: Graham & Currie Date started: Surface elevation: 177.27 ft (MSL)
Drill rig & method: 24" O.D Bucket Rig Date ended: Top of pipe elevation: 179.74 ft (MSL)

Logged by: J. Pfohl Completion depth: 20.00 ft Depth to water (TOB): -99999.00 ft
Stickup height: 2.47 ft Depth to water (24hrs): -99999.00 ft
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LOG OF BORING: 2GCW-2
Wayne Co. Gas Collection Project No. G00012.0
Drilling contractor: Graham & Currie Date started: Surface elevation: 177.34 ft (MSL)
Drill rig & method: 24" O.D Bucket Rig Date ended: Top of pipe elevation: 181.07 ft (MSL)

Logged by: J. Pfohl Completion depth: 20.00 ft Depth to water (TOB): -99999.00 ft
Stickup height: 3.73 ft Depth to water (24hrs): -99999.00 ft
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LOG OF BORING: 2GCW-3
Wayne Co. Gas Collection Project No. G00012.0
Drilling contractor: Graham & Currie Date started: Surface elevation: 180.13 ft (MSL)
Drill rig & method: 24" O.D Bucket Rig Date ended: Top of pipe elevation: 184.06 ft (MSL)

Logged by: J. Pfohl Completion depth: 20.00 ft Depth to water (TOB): -99999.00 ft
Stickup height: 3.93 ft Depth to water (24hrs): -99999.00 ft

D
ep

th
 (

ft)

S
P

T
 (

bp
f)

S
oi

l T
yp

e
S

ym
bo

l

S
am

pl
e

Description of Material & Remarks

Well Diagram

5

10

15

20

25

30

Cover Soil

Industrial Debris

Household Garbage

Industrial Debris

Household Garbage

Boring terminated at 20.0 feet

S
tic

ku
p 

(3
.9

3'
)

C
la

y

6"
 S

ch
80

 P
V

C
 C

as
in

g

B
en

to
ni

te
C

la
y

B
en

to
ni

te
C

la
y

1.
5"

  W
as

he
d 

S
to

ne

6"
 S

ch
80

 P
V

C
 3

/8
" 

P
er

fo
ra

te
d 

P
ip

e

Municipal Engineering Services Company, P.A.
Operation/Construction Managers   Civil/Sanitary Engineers    Environmental Studies
PO Box 97, Garner, North Carolina 27529 (919) 772-5393            PO Box 349, Boone, North Carolina 28607 (828) 262-1767

Page 1 of 1



LOG OF BORING: 2GCW-4
Wayne Co. Gas Collection Project No. G00012.0
Drilling contractor: Graham & Currie Date started: Surface elevation: 182.38 ft (MSL)
Drill rig & method: 24" O.D Bucket Rig Date ended: Top of pipe elevation: 189.98 ft (MSL)

Logged by: J. Pfohl Completion depth: 25.00 ft Depth to water (TOB): -99999.00 ft
Stickup height: 7.60 ft Depth to water (24hrs): -99999.00 ft
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LOG OF BORING: 2GCW-5
Wayne Co. Gas Collection Project No. G00012.0
Drilling contractor: Graham & Currie Date started: Surface elevation: 183.71 ft (MSL)
Drill rig & method: 24" O.D Bucket Rig Date ended: Top of pipe elevation: 187.02 ft (MSL)

Logged by: J. Pfohl Completion depth: 25.00 ft Depth to water (TOB): -99999.00 ft
Stickup height: 3.31 ft Depth to water (24hrs): -99999.00 ft
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LOG OF BORING: 2GCW-6
Wayne Co. Gas Collection Project No. G00012.0
Drilling contractor: Graham & Currie Date started: Surface elevation: 181.84 ft (MSL)
Drill rig & method: 24" O.D Bucket Rig Date ended: Top of pipe elevation: 184.23 ft (MSL)

Logged by: B. Clauson/J. Pfohl Completion depth: 25.00 ft Depth to water (TOB): -99999.00 ft
Stickup height: 2.39 ft Depth to water (24hrs): -99999.00 ft
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LOG OF BORING: 2GCW-7
Wayne Co. Gas Collection Project No. G00012.0
Drilling contractor: Graham & Currie Date started: Surface elevation: 180.34 ft (MSL)
Drill rig & method: 24" O.D Bucket Rig Date ended: Top of pipe elevation: 181.86 ft (MSL)

Logged by: B. Clauson/J. Pfohl Completion depth: 26.00 ft Depth to water (TOB): -99999.00 ft
Stickup height: 1.52 ft Depth to water (24hrs): -99999.00 ft
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LOG OF BORING: 2GCW-8
Wayne Co. Gas Collection Project No. G00012.0
Drilling contractor: Graham & Currie Date started: Surface elevation: 180.55 ft (MSL)
Drill rig & method: 24" O.D Bucket Rig Date ended: Top of pipe elevation: 183.43 ft (MSL)

Logged by: B. Clauson/J. Pfohl Completion depth: 21.00 ft Depth to water (TOB): -99999.00 ft
Stickup height: 2.88 ft Depth to water (24hrs): -99999.00 ft
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LOG OF BORING: 2GCW-9
Wayne Co. Gas Collection Project No. G00012.0
Drilling contractor: Graham & Currie Date started: Surface elevation: 178.87 ft (MSL)
Drill rig & method: 24" O.D Bucket Rig Date ended: Top of pipe elevation: 181.48 ft (MSL)

Logged by: B. Clauson/J. Pfohl Completion depth: 20.00 ft Depth to water (TOB): -99999.00 ft
Stickup height: 2.61 ft Depth to water (24hrs): -99999.00 ft
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LOG OF BORING: 2GCW-10
Wayne Co. Gas Collection Project No. G00012.0
Drilling contractor: Graham & Currie Date started: Surface elevation: 178.26 ft (MSL)
Drill rig & method: 24" O.D Bucket Rig Date ended: Top of pipe elevation: 179.86 ft (MSL)

Logged by: B. Clauson/J. Pfohl Completion depth: 26.00 ft Depth to water (TOB): -99999.00 ft
Stickup height: 1.60 ft Depth to water (24hrs): -99999.00 ft
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LOG OF BORING: 2GCW-11
Wayne Co. Gas Collection Project No. G00012.0
Drilling contractor: Graham & Currie Date started: Surface elevation: 172.74 ft (MSL)
Drill rig & method: 24" O.D Bucket Rig Date ended: Top of pipe elevation: 175.16 ft (MSL)

Logged by: C. Hunnicutt/J. Pfohl Completion depth: 20.50 ft Depth to water (TOB): -99999.00 ft
Stickup height: 2.42 ft Depth to water (24hrs): -99999.00 ft

D
ep

th
 (

ft)

S
P

T
 (

bp
f)

S
oi

l T
yp

e
S

ym
bo

l

S
am

pl
e

Description of Material & Remarks

Well Diagram

5

10

15

20

25

30

Cover Soil

Household Garbage

Boring terminated at 20.5 feet
S

tic
ku

p 
(2

.4
2'

)

C
la

y

6"
 S

ch
80

 P
V

C
 C

as
in

g

B
en

to
ni

te
C

la
y

B
en

to
ni

te
C

la
y

1.
5"

  W
as

he
d 

S
to

ne

6"
 S

ch
80

 P
V

C
 3

/8
" 

P
er

fo
ra

te
d 

P
ip

e

Municipal Engineering Services Company, P.A.
Operation/Construction Managers   Civil/Sanitary Engineers    Environmental Studies
PO Box 97, Garner, North Carolina 27529 (919) 772-5393            PO Box 349, Boone, North Carolina 28607 (828) 262-1767

Page 1 of 1



LOG OF BORING: 2GCW-12
Wayne Co. Gas Collection Project No. G00012.0
Drilling contractor: Graham & Currie Date started: Surface elevation: 172.74 ft (MSL)
Drill rig & method: 24" O.D Bucket Rig Date ended: Top of pipe elevation: 175.16 ft (MSL)

Logged by: C. Hunnicutt/J. Pfohl Completion depth: 15.50 ft Depth to water (TOB): -99999.00 ft
Stickup height: 2.42 ft Depth to water (24hrs): -99999.00 ft
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LOG OF BORING: 2GCW-13
Wayne Co. Gas Collection Project No. G00012.0
Drilling contractor: Graham & Currie Date started: Surface elevation: 171.04 ft (MSL)
Drill rig & method: 24" O.D Bucket Rig Date ended: Top of pipe elevation: 172.64 ft (MSL)

Logged by: C. Hunnicutt/J. Pfohl Completion depth: 16.00 ft Depth to water (TOB): -99999.00 ft
Stickup height: 1.60 ft Depth to water (24hrs): -99999.00 ft
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LOG OF BORING: 2GCW-14
Wayne Co. Gas Collection Project No. G00012.0
Drilling contractor: Graham & Currie Date started: Surface elevation: 177.70 ft (MSL)
Drill rig & method: 24" O.D Bucket Rig Date ended: Top of pipe elevation: 182.06 ft (MSL)

Logged by: C. Hunnicutt/J. Pfohl Completion depth: 20.50 ft Depth to water (TOB): -99999.00 ft
Stickup height: 4.36 ft Depth to water (24hrs): -99999.00 ft
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LOG OF BORING: 2GCW-15
Wayne Co. Gas Collection Project No. G00012.0
Drilling contractor: Graham & Currie Date started: Surface elevation: 178.92 ft (MSL)
Drill rig & method: 24" O.D Bucket Rig Date ended: Top of pipe elevation: 181.27 ft (MSL)

Logged by: C. Hunnicutt/J. Pfohl Completion depth: 20.50 ft Depth to water (TOB): -99999.00 ft
Stickup height: 2.35 ft Depth to water (24hrs): -99999.00 ft
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LOG OF BORING: 2GCW-16
Wayne Co. Gas Collection Project No. G00012.0
Drilling contractor: Graham & Currie Date started: Surface elevation: 178.65 ft (MSL)
Drill rig & method: 24" O.D Bucket Rig Date ended: Top of pipe elevation: 183.37 ft (MSL)

Logged by: C. Hunnicutt/J. Pfohl Completion depth: 15.00 ft Depth to water (TOB): -99999.00 ft
Stickup height: 4.72 ft Depth to water (24hrs): -99999.00 ft
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LOG OF BORING: 2GCW-17
Wayne Co. Gas Collection Project No. G00012.0
Drilling contractor: Graham & Currie Date started: Surface elevation: 179.29 ft (MSL)
Drill rig & method: 24" O.D Bucket Rig Date ended: Top of pipe elevation: 182.30 ft (MSL)

Logged by: C. Hunnicutt/J. Pfohl Completion depth: 15.50 ft Depth to water (TOB): -99999.00 ft
Stickup height: 3.01 ft Depth to water (24hrs): -99999.00 ft
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LOG OF BORING: 2GCW-18
Wayne Co. Gas Collection Project No. G00012.0
Drilling contractor: Graham & Currie Date started: Surface elevation: 164.26 ft (MSL)
Drill rig & method: 24" O.D Bucket Rig Date ended: Top of pipe elevation: 166.69 ft (MSL)

Logged by: C.Hunnicutt/J. Pfohl Completion depth: 15.50 ft Depth to water (TOB): -99999.00 ft
Stickup height: 2.43 ft Depth to water (24hrs): -99999.00 ft
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LOG OF BORING: 2GCW-19
Wayne Co. Gas Collection Project No. G00012.0
Drilling contractor: Graham & Currie Date started: Surface elevation: 164.88 ft (MSL)
Drill rig & method: 24" O.D Bucket Rig Date ended: Top of pipe elevation: 167.88 ft (MSL)

Logged by: C.Hunnicutt/J. Pfohl Completion depth: 16.00 ft Depth to water (TOB): -99999.00 ft
Stickup height: 3.00 ft Depth to water (24hrs): -99999.00 ft
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LOG OF BORING: 2GCW-20
Wayne Co. Gas Collection Project No. G00012.0
Drilling contractor: Graham & Currie Date started: Surface elevation: 171.72 ft (MSL)
Drill rig & method: 24" O.D Bucket Rig Date ended: Top of pipe elevation: 173.99 ft (MSL)

Logged by: J. Pfohl Completion depth: 15.00 ft Depth to water (TOB): -99999.00 ft
Stickup height: 2.27 ft Depth to water (24hrs): -99999.00 ft
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LOG OF BORING: 2GCW-21
Wayne Co. Gas Collection Project No. G00012.0
Drilling contractor: Graham & Currie Date started: Surface elevation: 174.58 ft (MSL)
Drill rig & method: 24" O.D Bucket Rig Date ended: Top of pipe elevation: 176.85 ft (MSL)

Logged by: J. Pfohl Completion depth: 15.00 ft Depth to water (TOB): -99999.00 ft
Stickup height: 2.27 ft Depth to water (24hrs): -99999.00 ft
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LOG OF BORING: 2GCW-22
Wayne Co. Gas Collection Project No. G00012.0
Drilling contractor: Graham & Currie Date started: Surface elevation: 177.25 ft (MSL)
Drill rig & method: 24" O.D Bucket Rig Date ended: Top of pipe elevation: 180.83 ft (MSL)

Logged by: J. Pfohl Completion depth: 20.00 ft Depth to water (TOB): -99999.00 ft
Stickup height: 3.58 ft Depth to water (24hrs): -99999.00 ft
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Note: Operation & technical manuals for the 
Gas Collection & Control System (GCCS) can be 

found on the companion CD to the Wayne Co. 
CAP Report 

 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 

GCCS Installation & Operation 
 Manual 
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CES-LANDFILL CONTROL
TECHNOLOGIES

Accu-Flo™  Wellhead  GUARANTEE

CES-Landfill Control Technologies (CES-LANDTEC) Guarantees Your Satisfaction. We
guarantee that all CES-LANDTEC Accu-Flo™ Wellheads will work in the appropriate 
landfill application for twelve months after installation or fifteen months after shipment
(whichever comes first). If you, the registered owner during this period, are not fully
satisfied, CES-LANDTEC will repair, replace or refund the purchase price of the Accu-
Flo™ Wellheads returned to us. Any warranty of merchantability or fitness for purpose is
specifically disclaimed and any claim based on warranty or otherwise, either expressed or
implied, is limited to a purchase price refund.

OWNER REGISTRATION

The final landfill owner, or operator should register the wellheads with CES-LANDTEC.
Because CES-LANDTEC products are often purchased by a contractor or subcontractor,
CES-LANDTEC does not always know the ultimate owner. Please phone CES-LANDTEC
at (800) LANDTEC or (909) 783-3636 and ask for a sales representative to register these
products for the guarantee and to receive additional product support.

Additional Information and Technical Assistance

We are here to help and assist you in installing, using and repairing your Accu-Flo™ 
Wellheads. Please phone us at (800) LANDTEC or (909) 783-3636 any business day
(8 a.m. to 5 p.m. Pacific Time) with your landfill gas management questions or problems.
Email us at: Support@ces-landtec.com or review the technical support page on the web at:
www.ces-landtec.com
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Introduction
This manual provides installation instructions and operation and maintenance

procedures for CES-LANDTEC Accu-Flo™ Wellheads.  Accu-Flo™ well heads are 
designed specifically for installation in landfill gas (LFG) extraction systems. The
wellheads are available in two configurations -- vertical and horizontal which are shown in
the drawing below:
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Accu-Flo™ SHIPMENT

Accu-Flo™ wellhead models are shipped as follows:  

 Accu-Flo™ main unit (measurement tube assembly and valve).

 Hose kits (ITC Flex hose, corrugated hose or Spa hose) as ordered.

 Installation and Operation Manual (one per order)

 Product Registration Card (one per order)

 Temperature Gauge Assembly (one per 10 wellheads upon request)

Shipping Dimensions and Weights
Wellhead

Size & Type
Dimensions

A & B
Actual Weight Shipping Weight

2 per Box
1 ½” Vertical

AF2V-PV-015-2-G 18.5” x 6” x 55” 10 lbs. 25 lbs.

1 ½” Horizontal
AF2H-PV-015-2-G 12.5” x 8” x 68” 13 lbs. 30 lbs.

2” Vertical
AF2V-PV-020-2-G 18.5” x 6” x 55” 11 lbs. 25 lbs.

2” Horizontal
AF2H-PV-020-2-G 12.5” x 8” x 68” 13 lbs. 30 lbs.

3” Vertical– 2” Valve
AF2V-PV-030-2-G 18 x 9 x 65 17 lbs. 40 lbs.

3” Vertical
AF2V-PV-030-3-G 18 x 9 x 65 26 lbs. 60 lbs.

3” Horizontal
AF2H-PV-030-3-G 18 x 9 x 65 30 lbs. 68 lbs.

*2” Flex Hose
5 ft./Hose Kit N/A 0.75 lbs./ft. 3.75 lbs./Wellhead

*3” Flex Hose
5 ft./Hose Kit N/A 1.2 lbs./ft. 6 lbs./Wellhead

* If several Hose kits are ordered the hose is usually not precut and is shipped in rolls.
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Other CES-LANDTEC/Accu-Flo™ products

CES-LANDTEC has other products available that supplement or enhance the Accu-
Flo™ Wellhead. Some of these products are mentioned in various sections of this manual.

 Accu-Flo™ Wellhead Adapter Kitsare the various fittings necessary to connect the
Accu-Flo™ wellhead to PVC and PE well casings and pipes.

 CES-LANDTEC's Well-Bore Seal is a dense PVC sheeting that provides a durable,
impermeable membrane seal installed around the top of a PVC vertical well casing to
prevent well-bore air intrusion and LFG emissions.

 CES-LANDTEC's GEM-500™ (Gas Extraction Monitor)utilizes all the features of the
Accu-Flo™ wellhead to speed up data acquisition for %  methane,  %  carbon dioxide, 
% oxygen, temperature, and gas flow and then stores the information in a notebook
sized instrument. Data can be downloaded to a personal computer.

 CES-LANDTEC’s GEM™2000 (Gas Extraction Monitor) is the latest instrument
designed to use all of the Accu-Flo features for reliable, repeatable results. The
GEM™2000 analyzes landfill gas samples for the Methane, Carbon Dioxide and 
Oxygen content, calculates & displays gas flow rate and stores the data for download.

 CES-LANDTEC's DataField software takes data from the GEM-500 and other sources
and produces various management and regulatory reports.

Accu-Flo™WellheadInformation
This section provides supplemental information for Accu-Flo™ wellheads.  Specific 

procedures for installing your Accu-Flo™ wellhead will vary depending upon the model, the 
size and type of the well casing and header/lateral piping comprising the LFG extraction
system. Before beginning installation, read through this entire section.

Additional parts and supplies are necessary to properly install the Accu-Flo™ wellhead.  
Make sure you have the necessary supplies, parts, tools and equipment before installing.
CES-LANDTEC can supply adapter kits (see table below).
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Accu-Flo™ Adapter Kit Parts necessary for installation
Adapter Kits for Slip/Socket vertical or horizontal installation:

Wellhead Size Casing/Pipe Size Adapter Kit Part Number
1 ½” Wellhead 2” (2.375’ O.D.) AKT-EP-015-020S

3” (3.5” O.D.) AKT-EP-015-030S
4” (4.5” O.D.) AKT-EP-015-040S
6” (6.625” O.D.) AKT-EP-015-060S

2” Wellhead 2” (2.375’ O.D.) AKT-EP-020-020S
3” (3.5” O.D.) AKT-EP-020-030S
4” (4.5” O.D.) AKT-EP-020-040S
6” (6.625” O.D.) AKT-EP-020-060S
8” (8.625” O.D.) AKT-EP-020-080S

3” Wellhead 4” (4.5” O.D.) AKT-EP-030-040S
6” (6.625” O.D.) AKT-EP-030-060S
8” (8.625” O.D.) AKT-EP-030-080S

Adapter Kits for Flanged vertical or horizontal installation:
Wellhead Size Casing/Pipe Size Adapter Kit Part Number
1 ½” Wellhead 2” (2.375’ O.D.) AKT-EP-015-020F

3” (3.5” O.D.) AKT-EP-015-030F
4” (4.5” O.D.) AKT-EP-015-040F
6” (6.625” O.D.) AKT-EP-015-060F

2” Wellhead 2” (2.375’ O.D.) AKT-EP-020-020F
3” (3.5” O.D.) AKT-EP-020-030F
4” (4.5” O.D.) AKT-EP-020-040F
6” (6.625” O.D.) AKT-EP-020-060F
8” (8.625” O.D.) AKT-EP-020-080F

3” Wellhead 4” (4.5” O.D.) AKT-EP-030-040F
6” (6.625” O.D.) AKT-EP-030-060F
8” (8.625” O.D.) AKT-EP-030-080F

Before You Begin
Review your landfill permits for special restrictions or procedures that must be observed

if excavation, trenching or other work is required for installation of Accu-Flo™ wellheads.

Read the introductory statements of each step to determine which instructions apply to
your particular Accu-Flo™ wellhead model and LFG extraction system.
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Obtain the following items:

 Appropriate coupling/flange and reducer fittings for your well casing. (See tables
above)

 Any additional piping and/or fittings necessary to connect the wellhead flex hose to
the extraction system.

 PVC Primer and PVC solvent cement for PVC pipe, adapter fittings and flexible PVC
hose as necessary. Several types of PVC cement are available and the proper type
should be used depending on the type and size of the materials being cemented
together. See Appendix A for additional PVC primer/gluing information and
instructions.

 High-grade vacuum grease is recommended for installation of vertical Accu-Flo™ 
wellheads. Dow Corning High Vacuum Grease is a silicone lubricant for glass
stopcocks, joints, and glass-rubber connections. It resists most chemicals, is heat
stable and inert. It is available in several sizes. CES-LANDTEC stocks the 5.3 oz
tube or call Dow at (800) 248-2481 and ask for the distributor nearest you.

 Tools -- including screw drivers, pliers, wrenches, emery cloth, saws, rags, glue
rollers or brushes, etc. which can facilitate installation.

 Safety equipment as required by site conditions.

 Measurement equipment -- to take data after installation.

 Paint or marker for well identification.

As a general safety rule, CES-LANDTEC recommends that two persons be used to
install Accu-Flo™ wellheads if extensive use of power equipment or excavation is required.  
Also, during hot weather installations (above 90°F), two persons are required to insure that
the solvent cement is applied quickly, before the solvents begin to dry and set-up.

CAUTION: Review your company’s landfill gas (LFG) health and safety policies and 
procedures prior to attempting any work at a landfill gas site. Federal, state
and local regulations establish health and safety standards that regulate work
at LFG sites.
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Procedure for Installing Accu-Flo™ Wellheads

Overall Summary
The installation procedure is divided into three sections as follows:

STEP 1. Install the Accu-Flo™ Wellhead onto the well casing, header or lateral.

STEP 1A.Installing THE Accu-Flo™ wellhead to a vertical well casing.
 Slip or plain end well casing, header or lateral.
 Flanged well casing, header or lateral.
STEP 1B. Installing the Accu-Flo™ wellhead to a horizontal well casing, header or 
lateral.
 Slip or plain end well casing, header or lateral.
 Flanged well casing, header or lateral.

STEP 2. Attach the flex hose to the gate valve assembly of the Accu-Flo™ wellhead.

STEP 2A. Cement the PVC flex hose to the valve assembly.
STEP 2B. Attach the PVC reinforced corrugated flex hose to the valve assembly.
STEP 2C. Attach a composition rubber flex hose to the valve assembly.

STEP 3. Attach the flex hose to the header or lateral pipe.

STEP 3A. Cementing PVC flex hose to the header or lateral.
STEP 3B Attach the PVC reinforced corrugated flex hose to the header or lateral.
STEP 3C Attach a composition rubber flex hose to the header or lateral.

Warning: NEVER CUT THE MEASUREMENT TUBE ASSEMBLY OF ANY ACCU-FLO™ 
WELLHEAD. The length of the measurement tube assembly has been
designed and tested at its current length. Any alterations to the measurement
tube assembly will alter the differential pressure data taken at the wellhead and
can compromise flow accuracy.
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Beginning the Installation

Drawing 1A-1 (Slip or plain end connection)

Step 1A. Installing the Accu-Flo™ Wellhead to a Vertical Well Casing 

This section gives the instructions for installing the Accu-Flo™ wellhead to a slip or 
flanged well casing. Go to Step 1B for horizontal installation. Proceed to the proper section
below depending on the well casing connection slip or flanged.

Slip or Plain End Vertical Well Casing

This procedure is for Vertical Slip Well Casings. See drawing 1A-1

1. Measure the outer diameter (O.D.) of the vertical well casing.
2. Determine the necessary adapter kit to fit the casing diameter. (See Accu-Flo™ 

Adapter Kit Chart on page five for the necessary adapter kit.)
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3. Combine the coupling, reducer bushing and the Accu-Flo™ Wellhead to determine 
that they fit together for the given well casing size. See Drawing 1A-1.

4. Loosen the stainless steel clamps on the adapter kit coupling. Do not remove
clamps from coupling.

5. Slide coupling over the plain end of the well casing.
6. Determine the desired location of the reducer bushing on the Accu-Flo™ wellhead 

measurement tube. Apply a light coating of vacuum grease to the inside surface of
the reducer and slide the bushing on to the Accu-Flo™ wellhead measurement tube.

7. Place the wellhead assembly into the well casing. Determine the desired orientation
of the wellhead and slide adapter kit bushing into coupling on the top of the well
casing. Tighten stainless steel clamps to 60 inch-lbs. torque.

8. Turn the Accu-Flo™ Wellhead valve handle clockwise to shut the valve and stop 
landfill gas from escaping from the wellhead.

9. Proceed to Step 2 for attaching the flex hose.

Flanged Vertical Well Casing

This procedure is for Vertical Flanged Well Casings. See drawing 1A-2

1. Measure the outer diameter (O.D.) of the vertical well casing.
2. Determine the necessary flanged adapter kit to fit the casing diameter. (See Accu-
Flo™ Adapter Kit Chart on page five for the necessary adapter kit.)

3. Combine the flange, couplings, reducer bushing and the Accu-Flo™ Wellhead to 
determine that they fit together for the given well casing size. See Drawing 1A-2.

4. Put the neoprene flange gasket, provided with the adapter kit onto the well casing
flange.

5. Use two open-ended wrenches to bolt the Van Stone spigot flange to the well casing
flange with the bolts provided. Make sure the gasket is properly positioned between
the two flanges and do not overtighten. (See drawing 1A-2)

6. Loosen the stainless steel clamps on the adapter kit coupling. Do not remove
clamps from coupling.

7. Slide coupling over the plain end of the flange spigot.
8. Determine the desired location of the adapter kit bushing on the Accu-Flo™ wellhead 

measurement tube. Apply a light coating of vacuum grease to the inside surface of
the reducer and slide the bushing on to the Accu-Flo™ wellhead measurement tube.

9. Place the wellhead assembly into the well casing. Determine the desired orientation
of the wellhead and slide adapter kit bushing into coupling on the top of the well
casing. Tighten stainless steel clamps to 60 inch-lbs torque.

10.Turn the Accu-Flo™ Wellhead valve handle clockwise to shut the valve and stop 
landfill gas from escaping from the wellhead.

11.Proceed to Step 2 for attaching the flex hose.
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Drawing 1A–2 (Flanged Connection)
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Drawing 1B (Slip or Plain end connection)

Step 1B. Installing the Accu-Flo™ Wellhead on a Horizontal Pipe

This section gives the instructions for installing the Accu-Flo™ wellhead on a horizontal 
pipe. The horizontal pipe should be sloped away from the wellhead so that gas
condensate does not drain into or through the flow measurement tube. Proceed to the
proper section below depending on the type of connection.

Slip or Plain End Horizontal Pipe

This procedure is for a slip or plain end horizontal well casing. If flanged, go to the next
section.

1. If the installation requires it, cut the pipe at the point where the horizontal Accu-Flo™ 
wellhead is to be installed. Clean the cut pipe of any plastic burrs as necessary.

2. Measure the outside diameter (O.D.) of the horizontal pipe to which the wellhead will
be attached.

3. Note the direction of gas flow in the horizontal pipe. The Measurement Tube
Assembly of the Accu-Flo™ wellhead will be inserted towards the source of the flow.  
If installed backwards, flow measurement will not be possible.

4. Determine the necessary adapter kit to fit the casing diameter. (See
Accu-Flo™ Adapter Kit Chart on page five for the necessary adapter kit.)  It is 
possible that the horizontal pipe is larger than 8" in diameter. If so, contact CES-
LANDTEC for the necessary adapter kit.

5. Combine the coupling, reducer bushing, and the Accu-Flo™ Wellhead to determine 
that they all do fit together for the given flange size

6. Loosen the stainless steel clamps on the adapter kit coupling. Do not remove
clamps from coupling.

7. Slide coupling over the plain end of the well casing.
8. Determine the desired location of the reducer bushing on the Accu-Flo™ wellhead 

measurement tube. Apply a light coating of vacuum grease to the inside surface of
the reducer and slide the bushing on to the Accu-Flo™ wellhead measurement tube.

9. Place the wellhead assembly into the well casing. Determine the desired orientation
of the wellhead and slide adapter kit bushing into coupling on the end of the well
casing. Tighten stainless steel clamps to 60 inch-lbs. torque.

10.Turn the Accu-Flo™ Wellhead valve handle clockwise to shut the valve and stop
landfill gas from escaping from the wellhead.

11.Proceed to Step 2 for attaching the flex hose.

Flanged Horizontal Pipe

This procedure is for a flanged end horizontal well casing.

1. If the installation requires it, cut the pipe at the point where the horizontal Accu-Flo™ 
wellhead is to be installed. Clean the cut pipe of any plastic burrs as necessary.

2. Measure the outside diameter (O.D.) of the horizontal pipe to which the wellhead will
be attached.
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3. Note the direction of gas flow in the horizontal pipe. The Measurement Tube
Assembly of the Accu-Flo™ wellhead will be inserted towards the source of the flow.  
If installed backwards, flow measurement will not be possible.

4. Determine the necessary adapter kit to fit the casing diameter. (See
Accu-Flo™ Adapter Kit Chart on page five for the necessary adapter kit.)  It is 
possible that the horizontal pipe is larger than 8" in diameter. If so, contact CES-
LANDTEC for the necessary adapter kit.

5. Combine the flange, couplings, reducer bushing and the Accu-Flo™ Wellhead to 
determine that they fit together for the given flange size. See Drawing 1A-2.

6. Put the neoprene flange gasket, provided with the adapter kit onto the well casing
flange.

7. Use two open-ended wrenches to bolt the Van Stone spigot flange to the well casing
flange with the bolts provided. Make sure the gasket is properly positioned between
the two flanges and do not overtighten. (See drawing 1A-2)

8. Loosen the stainless steel clamps on the adapter kit coupling. Do not remove
clamps from coupling.

9. Slide coupling over the plain end of the flange spigot.
10.Determine the desired location of the adapter kit bushing on the Accu-Flo™ wellhead 

measurement tube. Apply a light coating of vacuum grease to the inside surface of
the reducer and slide the bushing on to the Accu-Flo™ wellhead measurement tube.

11.Place the wellhead assembly into the well casing or pipe. Determine the desired
orientation of the wellhead and slide adapter kit bushing into coupling on the end of
the well casing. Tighten stainless steel clamps to 60 inch-lbs. torque.

12.Turn the Accu-Flo™ Wellhead valve handle clockwise to shut the valve and stop 
landfill gas from escaping from the wellhead.

13.Proceed to Step 2 for attaching the flex hose.

Step 2. Attach the flex hose to the Gate valve assembly.

The flex hose is attached using one of two methods.

The Accu-Flo™ Wellhead is shipped with PVC flex hose. Unless the optional PVC
reinforced corrugated flex hose or composition rubber flex hose was ordered proceed to
Step 2A to glue the 2 inch PVC flex hose to the valve assembly.

The optional corrugated and composition rubber flex hose installation instructions are
shown in Steps 2B and 2C below.

STEP 2A: Cementing the PVC hose to valve assembly.

1. Using primer and appropriate PVC solvent cement, cement the flex hose to the valve
assembly. (See PVC gluing instructions in Appendix A.) Apply primer and solvent
cement to both the PVC flex hose and inside of the coupling extending from the valve
assembly.
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2. Firmly hold the flex hose into the valve coupling while the glue dries and sets for
several minutes.

3. Proceed to Step 3 -- Installing the Flex Hose to the Header or Lateral.

STEP 2B: Attaching the PVC reinforced corrugated flex hose to valve assembly.

The PVC reinforced corrugated flex hose is attached to the valve assembly one of two
ways. A permanent connection can be made by gluing, or a removable connection can be
made utilizing clamps.

If using a removable connection with clamps.

1. Unless the Accu-Flo™ Wellhead has been special ordered with plain end pipe on the 
outlet of the wellhead valve, it is necessary to cut PVC nipples that are glued into the
couplings attached to the valves.  The 1 ½” and 2” wellheads require a 4” long nipple.  
The 3” wellhead requires a 5” nipple.

2. Clamps specifically made to fit over the corrugations on the flex hose (power clamps)
will be needed to retain the flex hose on the plastic pipe.

3. Slip one of the power clamps over the PVC reinforced corrugated flex hose.
4. Next slip the flex hose over the PVC pipe extension from the valve assembly (see

drawing 3C).
5. Using a wrench, tighten the hose clamp and do not overtighten. This should secure the

flex hose to the valve assembly.
6. Proceed to Step 3 -- "Installing the Flex Hose to the Header or Lateral."

If using a permanent connection by gluing.

1. Unless the Accu-Flo™ Wellhead has been special ordered with plain end pipe on the 
outlet of the wellhead valve, It is necessary to cut PVC nipples that are glued into the
couplings attached to the valves.  The 1 ½” and 2” wellheads require a 3 ½” long nipple.  
The 3” wellhead requires a 4” nipple.

2. Using primer and appropriate PVC solvent cement, cement the flex hose to the valve
assembly. (See PVC gluing instructions in Appendix A.) Apply primer and solvent
cement to both the PVC reinforced corrugated flex hose and the outside of the nipple
described in step 1 above (see drawing 3B).

3. Firmly hold the flex hose on the nipple while the glue dries and sets for several minutes.
This should secure the flex hose to the valve assembly.

4. Proceed to Step 3 -- "Installing the Flex Hose to the Header or Lateral."
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STEP 2C: Attaching the composition rubber flex hose to valve assembly.

1. Unless the Accu-Flo™ Wellhead  has been special ordered with plain end pipe on 
the outlet of the wellhead valve, it is necessary to cut PVC nipples that are glued into
the couplings attached to the valves.  The 1 ½” and 2” wellheads require a 3 ½” long 
nipple.  The 3” wellhead requires a 4” nipple.

2. Two plastic collar rings can be purchased to aid in the installation of the composition
rubber flex hose. The purpose of the plastic collar ring is to provide a positive seal
under the clamp between the flex hose on the plastic pipe. The long sloping ramp
side of the ring is positioned towards the end of the pipe.

3. Prime the inside of the collar ring and the outside of PVC extension from the Accu-
Flo™ Wellhead with PVC primer.  

4. Put a thin band of PVC cement over the area on the PVC extension from the Accu-
Flo™ wellhead that was primed in step 3 above and position the collar ring over the
glued pipe extension about 1 ½” from the end of the pipe.  Allow to properly set 
before proceeding.

5. Slip one of the stainless steel hose clamps over the rubber flex hose.
6. Next slip the flex hose over the PVC pipe extension from the valve assembly and

over the collar ring that was glued on in step 4 above.
7. Using a flathead screwdriver (or hex nut driver), tighten the hose clamp after

positioning it behind the collar ring installed in step 4. This should secure the flex
hose to the valve assembly.

8. Proceed to Step 3 -- "Installing the Flex Hose to the Header or Lateral."

Step 3. Install The flex hose to the header or lateral.

The flex hose is attached to a header or lateral using one of two methods.

For the standard PVC flex hose go to section 3A for gluing the PVC flex hose to the
header or lateral.

For the optional PVC reinforced corrugated flex hose or composition rubber flex hose go
to section 3B and 3C.
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Drawing 3A (Cement connection)

STEP 3A: Cement the flex hose to the header or lateral.

See Drawing 3A above.

1. Check to make sure that the PVC flex hose previously attached in step 2A has set
enough before proceeding.

2. Take the flex hose to be attached to the lateral or header and confirm that it does
reach. The PVC hose is usually glued into a slip fitting or adapter bushing that fits
the required pipe diameter. As CES-LANDTEC does not know the size or the
material of the lateral or header pipe, it is up to the installer to provide the required
adapter fittings and or bushings. The required fittings might be very similar to those
furnished in CES-LANDTEC’S adapter kit (see page 5). If the pipe is larger than 8” in 
diameter multiple reducer bushings may be required.

3. If several fittings are required, test them for proper fit prior to cementing them into
position in the lateral or header pipe.

4. It is recommended that the bushings necessary to fit the pipe diameter be installed
with PVC glue first and allowed to set. (See PVC gluing instructions in Appendix A.)

5. Install the flex hose onto the header or lateral. Apply PVC primer and solvent
cement to the flex hose and fitting on the header or lateral. Firmly insert the PVC flex
hose into the header or lateral fitting and hold it in position until it is set.

6. You have completed the installation of the Accu-Flo™ wellhead.  It is recommended 
that the newly installed wellhead be marked with an identification number for
reference purposes. It is also suggested that the wellfield log and related well files
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be updated to reflect the changes made. Please review further sections of this
manual to learn how to use the Accu-Flo's features.

Drawing 3B (Cement connection)

STEP 3B: Attaching the PVC reinforced corrugated flex hose to header or lateral.

The PVC reinforced corrugated flex hose is attached to the header or lateral one of two
ways (See Drawing 3B and 3C). A permanent connection can be made by gluing, or a
removable connection can be made utilizing clamps.

If using a removable connection with clamps.

1. Check to make sure that the flex hose attached in step 2 can reach the desired
connection fitting.

2. As CES-LANDTEC does not know the size or composition (PVC or PE) of the lateral or
header pipe, it is up to the installer to provide the required adapter fittings and or
bushings. The required fittings might be very similar to those furnished in CES-
LANDTEC's adapter kits (see page 5). If the pipe is larger than 8" in diameter multiple
reducer bushings may be required.

3. If several fittings are required, test them for proper fit prior to cementing them into
position in the lateral or header pipe.

4. The bushings necessary to fit the pipe diameter should be installed with PVC glue first
and allowed to set. (See PVC gluing instructions in Appendix A.)

5. A PVC pipe nipple will need to come out of any reducer bushing so the flex hose can be
clamped to the pipe. The installer is responsible for providing this extension piece of
PVC pipe. The pipe extension should be properly primed and glued into the reducer
bushing or Van Stone flange determined and installed in Steps 2-4 above.
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6. Clamps specifically made to fit over the corrugations on the flex hose (power clamps)
will be needed to retain the flex hose on the plastic pipe.

7. Slip one of the power clamps over the PVC reinforced corrugated flex hose.
8. Next slip the flex hose over the PVC pipe extension installed in step 5 above (see

drawing 3C).
9. Using a wrench tighten the hose clamp and do not overtighten. This should secure the

flex hose to the header or lateral.
10.You have completed the installation of the Accu-Flo™ wellhead.  It is recommended 

that the newly installed wellhead be marked with an identification number for reference
purposes. It is also suggested that the wellfield log and related well files be updated to
reflect the changes made. Please review further sections of this manual to learn how to
utilize its features.

If using a permanent connection by gluing.

1. Check to make sure that the flex hose attached in step 2 can reach the desired
connection fitting.

2. As CES-LANDTEC does not know the size or composition (PVC or PE) of the lateral or
header pipe, it is up to the installer to provide the required adapter fittings and or
bushings. The required fittings might be very similar to those furnished in CES-
LANDTEC's adapter kits (see page 5). If the pipe is larger than 8" in diameter multiple
reducer bushings may be required.

3. If several fittings are required, test them for proper fit prior to cementing them into
position in the lateral or header pipe.

4. The bushings necessary to fit the pipe diameter should be installed with PVC glue first
and allowed to set. (See PVC gluing instructions in Appendix A.)

5. A PVC pipe nipple will need to come out of any reducer bushing so the flex hose can be
clamped to the pipe. The installer is responsible for providing this extension piece of
PVC pipe. The pipe extension should be properly primed and glued into the reducer
bushing or Van Stone flange determined and installed in Steps 2-4 above.

6. Using primer and appropriate PVC solvent cement, cement the flex hose to the header
or lateral. (See PVC gluing instructions in Appendix A.) Apply primer and solvent
cement to both the PVC reinforced corrugated flex hose and the outside of the nipple
described in step 5 above (see drawing 3B).

7. Firmly hold the flex hose on the nipple while the glue dries and sets for several minutes.
This should secure the flex hose to the header or lateral.

8. You have completed the installation of the Accu-Flo™ wellhead.  It is recommended
that the newly installed wellhead be marked with an identification number for reference
purposes. It is also suggested that the wellfield log and related well files be updated to
reflect the changes made. Please review further sections of this manual to learn how to
utilize its features.
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Drawing 3C (Clamped connection)

STEP 3C: Attach the composition rubber flex hose to the header or lateral.

See Drawing 3C above.

1. Check to make sure that the flex hose attached in step 2 can reach the desired
connection fitting.

2. As CES-LANDTEC does not know the size or composition (PVC or PE) of the lateral
or header pipe, it is up to the installer to provide the required adapter fittings and or
bushings. The required fittings might be very similar to those furnished in CES-
LANDTEC's adapter kits (See page 5). If the pipe is larger than 8" in diameter
multiple reducer bushings may be required.

3. If several fittings are required, test them for proper fit prior to cementing them into
position in the lateral or header pipe.

4. The bushings necessary to fit the pipe diameter should be installed with PVC glue
first and allowed to set. (See PVC gluing instructions in Appendix A.)

5. A PVC pipe nipple will need to come out of any reducer bushing so the flex hose can
be clamped to the pipe. The installer is responsible for providing this extension piece
of PVC pipe. The pipe extension should be properly primed and glued into the
reducer bushing or Van Stone flange determined and installed in Steps 2-4 above.

6. Install the plastic collar ring if purchased with the composition rubber flex hose as
described in step 2C 2-4

7. Slip on the stainless steel hose clamp over the flex hose.
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8. Next slip the flex hose over the PVC pipe extension and over the collar ring that was
glued on in Step 6 above.

9. Using a flathead screwdriver (or hex nut driver), tighten the clamp to secure the flex
hose to the header or lateral.

10.You have completed the installation of the Accu-Flo™ wellhead.  It is recommended 
that the newly installed wellhead be marked with an identification number for
reference purposes. It is also suggested that the wellfield log and related well files
be updated to reflect the changes made. Please review further sections of this
manual to learn how to utilize its features.
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Field Operations
This section describes how the Accu-Flo™ wellhead is used to control landfill gas.  See 

Appendix B for more information on:

 how landfill gas is generated
 subsurface fires
 techniques for controlling LFG
 well field monitoring
 making adjustments to the well field
 adjustment criteria
 establishing target flows
 well field optimization
 LFG migration control

Methods of LFG Control

The Accu-Flo™ Wellhead is a primary tool for the control of landfill gas (LFG) surface 
emissions, migration and extraction on an open or closed landfill.

The quality and quantity of LFG extracted from the landfill can indicate the overall
decomposition rate and "health" of the methane producing organisms in the landfill. If a
well in the LFG extraction system draws too much vacuum, air (oxygen) from the surface of
the landfill can be pulled into the landfill, killing the methane producing organisms. This
stops decomposition until the proper oxygen free environment is re-established. The air
can also cause sub-surface fires.

Experienced landfill technicians will tell you that each landfill is different. Each well has
its own characteristics. Unless the correct data is gathered, it is difficult to maximize LFG
collection, control emissions and prevent migration at each well location.

There are four generally accepted ways to control landfill gas extraction:
Control by wellhead vacuum. This method assumes that wellhead vacuum is directly

related to the gas extraction rate.
Control by wellhead valve position. Unless the valve handle is pre-calibrated for any

given gas flow rate, this method is unpredictable and should not be relied upon.
Control by gas composition. This method measures methane and/or nitrogen (balance

gas) concentrations at individual wellheads.
Control by flow rates. This is a more exact method for determining proper gas flow

adjustments at individual wells.
Please see Appendix B for additional information about each technique, its benefits and

drawbacks.
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Well Field Adjustment - Purpose and Objectives

The objective of well field adjustment is to achieve steady state operation of the gas
collection system by stabilizing the rate and quality of extracted LFG in order to achieve
one or several goals. Typical reasons for recovery of LFG and close control of the well
field are:

 Achieve and maintain effective subsurface gas migration control.
 Achieve and maintain effective surface gas emissions control.
 Avoid well over pull and maintain a healthy anaerobic state within the landfill.
 Optimize LFG recovery for energy recovery purposes.
 Control nuisance LFG odors.
 Prevent or control subsurface LFG fires.
 Protect structures on and near the landfill.
 Meet environmental and regulatory compliance requirements.

Well field adjustment is partly subjective and can be confusing because it involves
judgment calls based on simultaneous evaluation of several variables as well as a general
knowledge of site-specific field conditions and historical trends. Well field evaluation and
adjustment consists of a collection of tools and techniques which may be used in
combination to achieve a steady state well field operation.

Taking Measurements at the Accu-Flo™ Wellhead

There are two very different ways to take data measurements at an Accu-Flo™ 
wellhead: with CES-LANDTEC's integrated GEM-500 or with individual field instruments.
Proceed to the appropriate section below depending on the method used.

Using the GEM-500™ to Gather Data

CES-LANDTEC's GEM-500 (Gas Extraction Monitor). This computerized instrument
analyzes and records the methane, carbon dioxide and oxygen content of LFG; measures
static and impact pressures; as well as gas temperature. It calculates Btu content, Btu flow
rate and gas volumetric flow rate. It stores all measured and calculated data from each
well which can be downloaded to a personal computer.

The GEM-500 was designed specifically for the landfill gas industry and to be used with
Accu-Flo™ Wellheads.  The GEM combines many field instruments into one compact 
instrument which does the following:

 Analyzes % Methane (CH4)
 Analyzes % Carbon Dioxide (CO2)
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 Analyzes % Oxygen (O2)
 Calculates % Balance Gas (typically Nitrogen)
 Measures gas pressure (static and impact)
 Measures gas temperature
 Calculates gas Btu
 Calculates dry gas flow automatically from Accu-Flo™ wellheads
 Built-in computer to analyze and store data
 Built-in RS232 computer interface to download data to PC
 Built-in storage and recall for up to 500 sets of data

These instructions do not go into detail on operating a GEM. Please see the appropriate
model GEM Operating Manual for those procedures.

When measuring an Accu-Flo™ Wellhead with a GEM-500:

1. Remove the dust cap from the Accu-Flo™ wellhead.  
2. Attach the static and impact pressure quick connect fittings from the GEM to the
correct ports on the wellhead.  Insert the GEM temperature probe into it’s port.  Refer 
to drawings, shown earlier in this manual, for the location of the connections.

3. Go to the "READ GAS LEVELS MENU" on the GEM-500.
4. Answer the next screen's question: "Read Using ID?" 1 - Yes or 2 - No (Note: If

answer is No, gas samples can be taken but flow cannot be calculated without
identifying a well's measurement flow device - Accu-Flo™ 150, 200, 300; Orifice 
Plate or Pitot Tube. See GEM manual for instructions of defining a well ID.)

5. Using the Blue shift key, toggle between numbers and letters to input the Well ID into
the GEM.

6. Turn on the GEM's Pump by Pressing KEY 5 until gas samples stabilize (45 - 120
seconds). Turn pump off (press 5) and press 2 - Continue to next screen for
Pressure and Temperature .

7. If the temperature probe is not being used, on the Pressure/Temperature Screen
enter the temperature by reading the temperature on the Accu-Flo™ Wellhead, and 
select option 1. Remember to input 3 digits on the GEM. For example, 95 degrees F
gas is input as 095 and 125 degree gas as 125.

8. The temperature, Static Pressure (SP) and Differential Pressure (DP) will be
displayed on the screen. Disconnect the static and impact hoses from the GEM-500.
Select option 2 to zero the transducers, select option 1, press any key to continue,
select option 1 to finish the process. Reconnect the hoses and select option 0 to
exit.

9. The Flow/BTU Screen appears next. The old (last reading) flow is displayed on the
left side of the top line in standard cubic feet per minute (SCFM). The new Btu per
cubic foot is displayed on the right side. The new flow is displayed on the second
line on the left side in SCFM. On the right side is the Btu's per hour.

10. If adjustments are needed, turn the wellhead valve up or down and the screen will
dynamically display the new flow rate and Btu information.
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11.To store the information, press 6 and then 0 on the GEM-500.
12.Disconnect the hoses from the Accu-Flo™ wellhead.  Press 4 then 1 to continue to 

the next ID.
13.Replace the dust cap before going to the next well.

Reading the Accu-Flo™ Wellhead - Using Standard Field Instruments

To read the Accu-Flo™ wellhead you will need the following field instruments and
equipment:

 Digital manometer or Dwyer Magnahelic™ able to read pressure or vacuum in
inches of water from approximately 0.0 to 80.0, preferably with multiple scales for
greater accuracy between 0.0 to 10.0 inches of water. The manometer must be
fitted with tubing and quick connect couplings that mate with the couplings used on
the Accu-Flo™ wellhead.

 Methane Gas Analyzer
 Oxygen Analyzer
 Gas extraction pump to overcome wellhead vacuum
 Accu-Flo™ Wellhead Flow charts or the Accu-Flo™ hand held calculator (optional)

When measuring an Accu-Flo™ Wellhead with a gage pressure manometer (single 
hose):

1. Remove the dust cap from the Accu-Flo™ wellhead.  
2. Following the manufacture’s instructions, zero the manometer.
3. Attach the quick connect fitting on the tubing from the manometer to the static port

(outside port). Measure and record the static pressure. Remove the manometer
hose from the wellhead.

4. Attach the quick connect fitting on the tubing from the manometer to the impact port
(center port). Measure and record the impact pressure. Remove the manometer
hose from the wellhead.

5. The difference between the static and impact pressure is the differential pressure or
velocity pressure. It should be a positive number.

6. Read and record the temperature on of the LFG flowing out of the well.
7. Connect the vacuum pump to the wellhead, turn on the vacuum pump and extract

LFG samples into a sample bag or LFG container.
8. Analyze the LFG samples for methane and oxygen. Record the results.
9. Determine and Set Gas Flow Rates in the sections below.
10.Replace the dust cap when done.
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When measuring an Accu-Flo™ Wellhead with a differential pressure manometer (dual 
hose):

1. Remove the dust cap from the Accu-Flo™ wellhead.
2. Following the manufacture’s instructions, zero the manometer.
3. Attach the low side hose from the manometer to the static port (outside port).
4. Attach the high side hose from the manometer to the impact port (center port).
5. Measure and record the velocity pressure.
6. Disconnect the high side hose from the wellhead. Taking care not to block the end of

the hose, protect the open end of the hose by cupping it in your hand or placing it in
your pocket. Measure and record the static pressure.

7. Read and record the temperature on of the LFG flowing out of the well.
8. Connect the vacuum pump to the wellhead, turn on the vacuum pump and extract

LFG samples into a sample bag or LFG container.
9. Analyze the LFG samples for methane and oxygen. Record the results.
10.Determine and Set Gas Flow Rates in the sections below.
11.Replace the dust cap when done.

Determining the Gas Flow Rate

To determine the current gas flow rate (SCFM) of the well, complete the following steps:
1. Use CES-LANDTEC's Flow Charts provided at the end of this manual. You will

need to know the Accu-Flo™ wellhead size you are using (1½”, 2” or 3”) and its 
configuration - either Horizontal or Vertical to properly calculate the flow. There are
two charts for each model -- one for wet gas and the other for dry gas. To calculate
the amount of heat (Btu's) in the gas, or do other calculations, the gas is usually
converted to the amount of dry gas available. The second chart shows the amount
of wet or saturated gas at the wellhead.

2. Using the appropriate chart, locate the point where the measured velocity pressure
(horizontal axis) intercepts the curve on the chart that best approximates the
wellhead temperature.

3. Follow across to the left side of the chart entitled, "Flow" (vertical axis) to determine
approximate gas flow rate in standard cubic feet per minute (SCFM).

Note: Static pressure is assumed to be one atmosphere when using CES-LANDTEC's
SCFM Flow Charts. CES-LANDTEC's GEM-500 uses actual static pressure to calculate
flow.

Setting Gas Flow Rates

To set the gas flow rate (SCFM) for an Accu-Flo™ wellhead, complete the steps below.
Refer to the procedures for measuring the velocity pressure and wellhead temperature
discussed earlier in this section.

1. Determine the desired gas flow rate (SCFM) for the Accu-Flo™ wellhead.  
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2. Find CES-LANDTEC's SCFM Flow Chart for the correct size and type Accu-Flo™ 
wellhead at the end of this manual.

3. Find that flow rate on the vertical axis of the flow graph. Move across the chart to the
right until you intercept the curve that best approximates the wellhead gas
temperature at the wellhead. Move down the chart and read the velocity pressure
on the horizontal axis. This is the velocity pressure that must be obtained to get the
desired SCFM rate.

4. Following the procedure under Taking Measurements at an Accu-Flo™ Wellhead,
connect the pressure measurement instrument and determine the current velocity
pressure.

5. While the pressure measurement instrument is still connected, open or close the
valve until the differential (velocity) pressure is obtained that matches the desired
SCFM rate.

Other LFG Data
The Accu-Flo™ wellheads pressure and gas sample ports are located for easy access 

(See drawings on page 2).
These ports are suitable for sampling concentrations of methane, carbon dioxide and

oxygen. These measurements can be accomplished through the appropriate ports using
portable electronic equipment that are read in the field or by using the same ports to
extract gas samples to be analyzed by a laboratory or using a gas chromatograph.

The gas temperature information, when compared with historic readings, can show the
presence of a nearby underground fire. Gas samples can be tested for the presence of
carbon monoxide which is formed by combustion in the landfill. By removing the impact
tube from the wellhead, it can be inspected for soot, which is also another indicator of a
nearby underground fire.

Settlement around the well-bore can cause excess oxygen in the LFG, underground
fires or surface emissions depending on how the well is being operated.
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Accu-Flo™ Wellhead Maintenance Procedures
Accu-Flo™ wellheads are designed to be virtually maintenance free. However,

unforeseen catastrophic events, human error and extreme weather conditions can cause
problems.

All Accu-Flo™ Models are virtually the same except for the diameter of the 
measurement tube assembly and the length of the Impact tube.

Tube Cap, Impact Tube and Pressure Ports Assembly

Drawing 4

Drawing 4 shows how the flow plug, impact tube and pressure ports can be
disassembled. The following provides more details:

1. Static Pressure Port: Consists of 1/8" (flow ID) quick connect coupling with
automatic shutoff and latching mechanism. It is screwed into the flow plug to create
the Static Pressure Port.
Recommended Maintenance: Periodically lubricate the O-ring with a light coating
of vacuum grease and inspect coupling for corrosion or brittleness caused by
extreme weather conditions and UV damage. Replace O-ring or coupling as
necessary.

2. Impact Pressure Port: This pressure port has a 1/8" (flow ID) quick connect
coupling with automatic shutoff and latching mechanism. It is screwed into the
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center of the flow plug. The impact tube is connected to the same port on the
underside of the plug.
Recommended Maintenance: Periodically lubricate the O-ring with a light coating
of vacuum grease and inspect coupling for corrosion or brittleness caused by
extreme weather conditions and UV damage. Replace O-ring or coupling as
necessary.

3. Thermometer Port: The thermometer port has two configurations. Both use a 1/8"
(flow ID) quick connect straight through coupling with automatic latching mechanism.
The first configuration has the quick connect screwed directly into the flow plug. The
port is plugged with a thermometer assembly or a blank plug. In the second
configuration a labcock valve used to shutoff the port. The thermometer port is 180°
from the static pressure port.
Recommended Maintenance: Periodically lubricate the o-ring with a light coating of
vacuum grease and inspect coupling and labcock valve for corrosion or brittleness
caused by extreme weather conditions and UV damage. Replace O-ring, coupling or
labcock valve as necessary.

4. Thermometer Assembly: The thermometer is mounted on a quick coupling insert.
The thermometer has a range of 0 to 220 degrees Fahrenheit.
Recommended Maintenance: Verify thermometer calibration, if suspect, using a
known temperature standard. The thermometer can be calibrated. Periodically
lubricate the O-ring with a light coating of vacuum grease. Replace O-ring as
necessary.

5. Flow Plug: The plug above the measurement tube that contains the static, impact
pressure and thermometer ports. The impact tube is mounted on the underside of
the plug below the impact port. The horizontal wellhead has two plugs. One plug in
a horizontal position that contains the impact tube and impact pressure port and a
second plug in a vertical position that contains the thermometer and static pressure
ports. The plug is sealed with an O-ring and retained by two screws.
Recommended Maintenance: To remove the plug and provide access to the
impact tube: First mark the orientation of the plug in the tee, then remove the two
retaining screws and lift the plug out of the tee using a rotating motion. Before
reassembling the plug into the tee, lubricate the O-ring with a light coating of
vacuum grease. Replace O-ring as necessary.

6. Impact Tube: The stainless steel impact tube is housed inside of the measurement
tube assembly and affixed to the underside of the flow plug with a tube fitting. A
guide stabilizes and positions the tube inside the measurement tube.
Recommended Maintenance: Traces of smoke residue have been noted on
impact tubes in wells that had nearby landfill fires. Otherwise there is little build up
on the stainless steel tube. To disassemble the impact tube, remove the flow plug
and then unscrew the retaining nut. Take care not to lose the retaining washer or
the seal behind the retaining nut. Reverse this step when replacing the impact tube.
Lubricate the seal with a light coating of vacuum grease.

7. Dust Cap: The elastomeric PVC dust cap and wire cord are located at the top of the
measurement tube assembly to protect the pressure ports from the weather, dust,
and UV Exposure.



2001 CES-LANDTEC, 850 South Via Lata, Suite 112, Colton, CA 92324 U.S.A. Accu-Flo is a product trademark.
The CES-LANDTEC ACCU-FLOW wellhead is protected by U.S. Patent number 5458006

Page 28 Accu-Flo™ Installation and Operation Manual CES-Landtec Release Date: February 25, 2005

Recommended Maintenance: Periodically wipe accumulated moisture and dust
from the inside of the cap. Replace dust cap if it becomes brittle or cracked.

Flow Control Gate Valve and Gas Sampling Port

Drawing 5

1. Union Disconnect Connector: One side of the union end connector is welded onto
the gate valve while the companion union end connector and union nut is welded
onto the measurement tube assembly tee.
Recommended Maintenance: If necessary to disassemble for any reason inspect
O-ring for damage and lubricate with a light coating of vacuum grease.

2. Flow Control Gate Valve: This non-rising stem gate valve provides controlled
throttle of gas flow and positive shut-off.
Recommended Maintenance: To remove the bonnet, use a box end wrench. The
gate valve can be taken apart like any valve and the inner parts can be inspected.
Do not over tighten when reassembling as the valve cap can crack.

3. Gas Sampling Port: This port consists of a 1/8" quick connect coupling which is
located on the Flow Control Gate Valve Assembly; and is in an ideal location for
taking a gas sample. A single cap is provided to keep this port free from dust.
Recommended Maintenance: Periodically lubricate the O-ring with a light coating
of vacuum grease and inspect coupling for corrosion or brittleness caused by
extreme weather conditions and UV damage. Replace O-ring or coupling as
necessary.
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PVC Flex Hose

Drawing 6
The drawing above shows the PVC flex hose attached to the wellhead and

lateral/header pipe.

Flex Hose: The flex hose is shipped separately and welded to the gate valve during
installation using flexible solvent cement.
Recommended Maintenance: Repair of a damaged flex hose can be accomplished by
using one or more PVC 2" slip x 2" slip coupling(s) to splice and weld two flex hose pieces
together using flexible PVC Cement.

Measurement Tube Assembly and PVC Pipe Fittings
The measurement tube assembly of the Accu-Flo™ Wellhead includes a various PVC 

Schedule 80 pipe fittings that are factory assembled. In most cases, if these parts crack or
are damaged, the wellhead should be replaced.

Remember: NEVER SHORTEN OR ALTER THE MEASUREMENT TUBE IN ANY
MANNER.
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APPENDIX A

SCHEDULE 80 PVC SOLVENT CEMENT INSTRUCTIONS
CES-LANDTEC's Accu-Flo™ wellheads are made of schedule 80 PVC and adapter kits 

are elastomeric PVC. Solvent cement is the recommended method of welding PVC pipe
and PVC flexible hose. These procedures are not meant to supersede instructions you
may have received with your brand of primer and solvent cement.

In general, when given a choice, a colored primer/cleaner or PVC cement is preferred
over clear products because you can see where it has been applied. There are special
PVC solvent cements for different sizes of pipes and fittings, conditions and uses. The
same is true for primers/cleaners. Match the correct product to the application.

A special cement is required for PVC flexible hose applications. When gluing flex hose
to connectors, make sure the proper cement is selected. This glue and primer is not
effective for joining other types of piping materials in kind, or to PVC; transition fittings are
required.

How It Works
Detailed step by step procedures on how to make good solvent cemented joints are

given below. However, we feel that knowing the principles of solvent cementing will help
facilitate better quality installation of Accu-Flo™ wellheads at your landfill gas collection 
system.

Primer is used to wet, penetrate and soften the surface area of the pipe and fitting to be
joined, followed by a generous application of cement that is applied to both surfaces. If the
cement coatings on the pipe and fitting are wet and fluid, when forcibly joined, they will
fuse together. As the cement dissipates, sets and cures, the cement layer and softened
surfaces will harden with a corresponding increase in joint strength. A good joint will take
the required pressure applicable to landfill wellhead vacuum operation long before the joint
is fully dry and final strength is obtained.

The Gluing Environment
Extremes in temperatures are not conducive to good solvent cementing. Avoid solvent

cementing in hot weather in excess of 110° and cold weather of 40° or below. For
chronically wet conditions, such as the repair of existing piping that contains moisture from
gas condensate, use PVC primer and Cement rated for application under wet conditions.

Primers/Cleaners
In general primers are typically purple in color and are for PVC and CPVC applications.

The function of a primer is to penetrate and soften the bonding surfaces of pipe and fittings
to prepare them for solvent cementing. Use the primer within 3 years of the date stamped
on the can. The product should meet ASTM F-656.

Before the primer is used, the pipe, and fittings should be prepared with a square cut,
deburred, cleaned and checked for proper fit. Read all cautions and warnings on the can
and product MSDS (Material Safety Data Sheet).
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Step 1 - Apply Primer
1. Cut pipe square. Remove all burrs from both the inside and outside of the pipe.
2. Remove dirt, grease, and moisture. A thorough wipe with clean dry rag is usually

sufficient.
3. Check for dry fit. For proper interference fit, pipe should go easily into fitting 1/4 to

3/4 of the way.
4. Use a suitable applicator. The dauber in some cans may not be the correct size for

the application. In general the applicator should be 1/2 the diameter of the pipe.
Apply primer with an adequate size applicator. (See charts below). A dauber, brush
top applicator, swab or paint brush may be used. A rag is not recommended, as
repeated contact with skin may cause irritation or blistering.

5. Apply primer freely to the socket keeping the surfaces wet and applicator wet and in
motion until the entire joining surface is properly softened. Re-dip if necessary.
Avoid puddling in socket. Take care to avoid excess primer in bell end pipe.

6. Now apply primer to pipe surface in the same manner equal to the depth of the
socket.

7. Apply primer again to the fitting socket. (This second application is especially
recommended for bell end pipe and fittings fabricated from pipe stock, for many of
them have especially hard inside surfaces.) Avoid puddling.

8. To check penetration, you should be able to scratch or scrape a few thousandths of
the primed surface away. Repeated applications to either or both surfaces may be
necessary. Weather conditions do affect priming action. In cold weather more time
is required for proper penetration.

9. Immediately and while the surfaces are still wet, apply appropriate PVC Solvent
Cement as instructed.

PVC Solvent Cement
TYPE/SETTING APPLICATION COLOR
Medium body,
Fast setting

All classes through 6” dia.,
Sch. 80 through 3”

Gray

Heavy body,
Medium setting

All classes and schedules
through 12” dia.,

Gray

Extra heavy body,
Slow setting

All classes and schedules
through 22” dia.,

Gray

Medium body,
Fast setting

For all flex & flex/rigid fittings
Incl. Sch. 80 through 3”

Clear
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CAUTION: Cements contain highly volatile solvents that evaporate rapidly. Avoid
breathing the vapors. If necessary use a fan to keep work area clear of fumes.
Avoid skin or eye contact. Do not use near heat, or sparks or open flame. Do
not pressure test with compressed air or gas. Severe damage or personal
injury could result. Read all warnings on containers and in product MSDS
(Materials Safety Data Sheet).

Make sure solvent cement selected is fit for the use intended. The length of time
necessary to cure depends on temperature. If product is "jelly-like" do not use it. Use
product within 3 years of date stamped on container.

Step 2 - Apply Cement
1. Use a suitable applicator for the cement. The dauber in some cans may not be the

correct size for the application. In general the applicator should be 1/2 the diameter
of the pipe.

2. Apply primer as directed by product label and instruction above.
3. Apply a full even layer of PVC Solvent Cement on the pipe, equal to the depth of

socket. Coat the fitting socket with a medium layer, avoid puddling. On bell end
pipe do not coat beyond socket depth or allow cement to run beyond bell. Put a
second full even layer on the pipe. Cement layers must be without voids and
sufficient to fill any gap in the joint. Larger sizes often require a two person crew.

4. Assemble without delay while cement is still wet. Use sufficient force to ensure that
pipe bottoms in the socket. If possible, twist pipe 1/8 to 1/4 turn as you insert but
not after cement has started to set. Hold together for about 30 seconds to make
sure that pipe is not pushed out. With a rag, wipe off any excess cement. Avoid
disturbing the joint. If the setting process is disturbed an improper or "bad" joint may
result. Such a joint will not have the proper strength and may fail or leak.

5. Allow about 15 minutes for good handling strength. Cure time before testing
depends on size, fit, temperature and pressures. For larger sizes and temperatures
below 40° F, longer periods are necessary.

Applicator and Other Material Requirements
Obtain the correct solvent cement and primer applicators. For pipe sizes 2" through 6"

in diameter, use a 2" diameter roller applicator or large cotton swab applicator for PVC
pipes 6" or larger. The primer applicator is a small brush applicator usually included as
part of the primer container cap.

TYPE APPLICATOR USE
Dauber in small can Is satisfactory for all pipe &

fittings up to 3” in diameter.
Large Roller For pipe up to 6” in diameter
Jumbo Roller or Swab For pipe over 6” in diameter
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A dry clean cloth will be required to clean the pipe and fitting surfaces.

Final Warnings - Handling Solvent Cements and Primers
We want to emphasize that solvent cements and primers contain highly volatile solvents,

which evaporate rapidly. Utmost care must be taken to avoid personal injury and to keep
solvent cements usable.

 They are always flammable.

 Avoid breathing vapors.

 Avoid skin or eye contact.

 Keep containers closed when not in use.

 Solvent cements are formulated to be used "as received" in the original containers. If
cement thickens beyond its original consistency, discard it. Do not attempt to dilute it
with thinner.

 Solvent cement has a limited shelf life. Discard it if the manufacturer's date is
exceeded.
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APPENDIX B

Landfill Gas Field Operations

Landfill Gas Generation
While a detailed discussion of the phenomena and theory of methane generation and its

recovery is beyond the scope of this appendix, a brief overview will be helpful.
Initially, when decomposable refuse is placed into a municipal solid waste landfill, the

refuse is emplaced with air from the surrounding atmosphere. Through a natural process
of bacterial decomposition the oxygen from the air is consumed and an anaerobic, (i.e.,
oxygen free), environment is created within the landfill. This anaerobic environment is one
of several conditions necessary for the formation of methane. If oxygen is reintroduced
into the landfill, those portions into which the oxygen are introduced are returned to an
aerobic, (i.e., oxygen present), state and the methane producing bacteria population is
killed off.

Some time must pass before the productive capacity is returned to normal. Since there
is some methane (of a given quality) within the landfill void space, a decline in methane
quality is only gradually apparent depending upon the size of the landfill, mass and other
factors.

Carbon dioxide is also produced under either aerobic or anaerobic conditions. Under
static conditions, the landfill gas will be composed of roughly half methane and half carbon
dioxide with a little nitrogen.

As air is introduced into the landfill, the oxygen is initially converted to carbon dioxide
and a nitrogen residual remains. Measurement of residual nitrogen is usually a good
indicator of the anaerobic state of the landfill, however, it cannot be easily directly
measured. It can however be assumed and estimated, using a subtraction basis, as the
balance gas. Hence, measurement of carbon dioxide is an intermediate step. Because
carbon dioxide levels may fluctuate depending on the changing concentrations of the other
constituent gases, carbon dioxide levels are not evaluated directly but are considered in
light of other data.

In evaluation of residual nitrogen, allowances must be made if there has been any air
leakage into the gas collection system or if there has been serious overpull. If enough air
is drawn into the landfill, not all oxygen is converted into carbon dioxide and thus the
oxygen is apparent in the sample. It is ideal to perform routine analysis of individual wells,
as well as an overall well field composite sample, by gas chromatograph. This however is
not always practical at every landfill and can be quite time consuming and costly.

Under some conditions there may be a small amount hydrogen in the LFG, (about 1
percent, usually much less), this may affect field monitoring response factors in some
instruments, but otherwise can be ignored.
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SUBSURFACE FIRES
If very large quantities of air are introduced into the landfill, either through natural

occurrence or overly aggressive operation of the LFG system, a partly unsupported
subsurface combustion of the buried refuse may be initiated. Subsurface fire situations are
difficult to control or extinguish once started, present health and safety hazards, and can
be quite costly. Therefore, prevention, by good operation of the collection system and
maintenance of the landfill cover is the best course of action. The presence of carbon
monoxide is an indicator of poorly supported combustion within the landfill.

Techniques for Controlling Landfill Gas
There are many techniques for controlling landfill gas extraction. These techniques

represent tools that are used together to control landfill gas. The Accu-Flo™ is designed to 
work with all of these techniques. Below is a discussion of the individual techniques, how
to use them and their limitations. Reliance on only a few of the techniques discussed can
lead to misinterpretation of field data and improper operation of the wellfield. Later we will
discuss the best use of these techniques to optimize landfill gas control.

 Controlling by Wellhead Valve Position. Unless the valve handle is pre-calibrated for
any given flow rate, this method is unreliable and should not be relied upon. The
position of the valve handle alone does not provide sufficient information about the
wellfield to control it. It is, however, useful to note the relative position of the valve, and
essential to know which valves are fully open or closed.

 Controlling by Wellhead Vacuum. This technique relies on the relationship of well
pressure/vacuum to flow for a given well. Sole reliance upon this method, however, can
be misleading. This is because the square root relationship between flow and pressure
is difficult to relate to while performing day to day well field adjustment. As
decomposition, moisture, and other conditions change, this method shows itself to be
inadequate and imprecise.

 Controlling by Gas Composition. This method determines methane, nitrogen
(balance gas), and other gas composition parameters at well heads and at recovery
facilities using portable field instruments and sometimes analytical laboratory
equipment. Complete knowledge of gas composition (i.e., major fixed gases: methane,
carbon dioxide, oxygen, and nitrogen) is desirable. It is also necessary to check other
gas parameters such as carbon monoxide to evaluate the condition of the wellfield fully.

However, reliance on this information solely can lead to improper operation of the
wellfield. Indications of excessive extraction often do not show up right away. Sole
reliance often leads to a cycle of damage to the methane producing bacteria population
then overcorrecting. This cycling of the well and producing area of the landfill is not a
good practice, leads to further misinterpretation of the condition of the well field and has
a disruptive effect on the operation of the wellfield.

The use of analytical laboratory instrumentation such as a gas chromatograph is a
valuable supplementary tool to verify gas composition. This normally requires collection
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of samples at the wellhead and analysis at some fixed location where the equipment is
located. The drawbacks of relying on this method as a primary means of obtaining
information for well field adjustment are time expended, cost, and probably most
important, responsiveness to the needs of the wellfield for timely adjustment. This
technique usually is very time consuming. The laboratory analysis costs or ownership
of the equipment required is also costly. Some analysis is, however, recommended for
verification of field readings from time to time. A monthly sample of the composite gas
composition at the inlet to the flare/gas recovery facility is recommended.

 Controlling by Flow Rate. This is a more exact technique for determining and
adjusting gas flow at a individual wells. It requires using a fixed or portable flow
measurement device at each wellhead to obtain data needed to calculate volumetric (or
mass) flow rates. A flow device simply measures the quantity of a volumetric unit, (e.g.,
a cubic foot), which passes across a boundary, (i.e., the point of measurement), in a
given unit of time. If we use the weight or mass of the substance within the unit volume
being measured, we measure the mass flow rate. It is normally convenient to use cubic
feet per minute, or per day, as a standard unit of measure for volumetric flow. Mass
flow may be cited in pounds of gas per hour. It is important to distinguish between the
volumetric quantity of landfill gas and the volumetric quantity of methane extracted from
each well and the landfill in total. The two variables are somewhat independent of each
other and it is the total quantity of methane extracted which we are interested in. It is
possible for the total quantity of landfill gas extracted to increase while the total quantity
of methane extracted decreases. To monitor this, we can calculate the quantity of
methane extracted, (LFG flow x percent methane) or the quantity of BTUs, (British
Thermal Units, a standard measurement unit of heat energy), recovered per hour, (LFG
flow x percent methane x BTUs per cubic foot of methane x 60 minutes per hour). It is
conventional to measure BTU's per hour as a unit of time. There are approximately
1012 BTUs per cubic foot of pure methane or natural gas, although this figure varies a
little among reference texts.

Measuring flow is an essential part of monitoring and adjusting a wellfield. The well
should be adjusted until the amount of methane or BTUs (heat energy) recovered is
maximized for the long term. A greater amount of methane or energy can usually be
recovered over the short term, however, this ultimately leads to diminishing returns. This is
eventually seen in stages as increased CO2 and gas temperature and later increased
oxygen from well overpull. In time, the methane will also decline. This is a result of a
portion of the landfill, usually at the surface, being driven aerobic. This means that in this
portion of the landfill the methane producing bacteria have been killed off. Methane
producing bacteria cannot live in the presence of any oxygen. As soon as they see oxygen
they die. The methane producing capacity of the landfill has been reduced. The pore
space in this area that is no longer producing may become filled with landfill gas
equilibrating (moving in) from an unaffected producing area, thus leaving the impression
that more gas can be recovered from this area, and thus leading the operator to increase
well flow.

As can be seen from the discussion, collection of all of the data parameters discussed,
(e.g., valve position, wellhead vacuum, gas composition, flow rate, etc.) is important.
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WELL FIELD MONITORING
The frequency of landfill gas (LFG) well field monitoring will vary depending upon field

requirements and conditions. Normal monitoring frequency for a complete field monitoring
session with full field readings will vary from typically once a month to once a week. Well
field monitoring should not normally be extended beyond one month. The importance of
regular, timely monitoring cannot be overemphasized.

Normally, a complete set of field readings consists of the following:

 Name of person taking readings
 Date/time of each reading
 Methane (CH4)
 Oxygen (O2)
 Carbon dioxide (CO2)
 Balance Gas (primarily nitrogen N2)
 Wellhead gas temperature (flowing)
 Ambient temperature
 Static pressure (Ps) (from GEM-500 or manometer)
 Velocity head (P or Pt) (from GEM-500 or pitot tube and manometer)
 Wellhead gas flow (from GEM-500 or pitot tube & manometer)
 Wellhead adjustment valve position (initial and adjusted)
 New wellhead vacuum and flow information after adjustment
 Calculate each well's LFG and methane flow and sum total.
 Observations/comments.

Additionally carbon monoxide (CO) or hydrogen sulfide (H2S) readings may be taken if
problems are suspected.

Supplementary monitoring once to several times a week may be performed using an
abbreviated form of field readings.

An abbreviated form of field readings consist of a combination of some or all of the
following:

 Name of person taking readings
 Date/time of each reading
 Methane (CH4)
 Oxygen (O2)
 Wellhead gas temperature (flowing)
 Ambient temperature



2001 CES-LANDTEC, 850 South Via Lata, Suite 112, Colton, CA 92324 U.S.A. Accu-Flo is a product trademark.
The CES-LANDTEC ACCU-FLOW wellhead is protected by U.S. Patent number 5458006

Page 38 Accu-Flo™ Installation and Operation Manual CES-Landtec Release Date: February 25, 2005

 Static pressure (Ps) (from GEM-500 or manometer)
 Velocity head (P or Pt) (from GEM-500 or pitot tube and manometer)
 Wellhead gas flow (from GEM-500 or pitot tube and manometer).
 Wellhead adjustment valve position (initial and adjusted)
 New wellhead vacuum and flow information after adjustment.
 Observations/comments

The determination of which readings to include in the abbreviated set is based on field
monitoring needs but should be standardized and include as a minimum: methane,
oxygen, static pressure at the well head, and valve position with any adjustment.

Line vacuums and optionally gas quality may be taken at key points along the main gas
collection header and subordinate branches. This helps to identify locations of poor
performance, excessive pressure drop, or leakage.

Perform systematic monitoring of the well field, taking and logging measurements at
each wellhead and major branch junction in the collection system.

During monitoring, examine landfill and gas collection system for maintenance issues.
Record needed maintenance or unusual conditions. Examples of unusual occurrences or
conditions are: unusual settlement or subsidence, signs of subsurface fires, cracks and
fissures, liquid ponding, condensate/leachate weeping from side slopes, surface emissions
and hot spots, and liquid surging and blockage in the gas collection system.

Field readings should be kept in a chronological log or data base, as well as turned into
management on a timely basis

MAKING WELL FIELD ADJUSTMENTS
It is best to make well field adjustments based on measured data and the experience

obtained at a given well empirically. It is also best to adjust the well based on flow. A
desired well flow should be determined empirically based on experience with that well and
some subjective knowledge about conditions at that well. This requires that operating
experience and intuition be developed. The LFG operator/field technician soon develops a
close personal knowledge of his or her well field.

The well field may be adjusted on the fly, (while the reading set is being taken), or after
collection and evaluation of the complete set of data. This will depend on monitoring
objectives. It should be realized that adjustment on the fly will affect the entire well field
including wells, which have not yet been monitored. Normally, readings will commence at
the furthest well from the blower/flare facility.

Sometimes wells are adjusted based on vacuums in lieu of flow data, however, this is
not recommended. Because of the square root relationship between flow and pressure,
well adjustment by vacuum/pressure can be deceptive. This technique is, however,
sometimes used for hasty field balancing or when time is absolutely critical. The flow rate
is proportional to the square root of the velocity head, therefore, if in adjusting a well, the



2001 CES-LANDTEC, 850 South Via Lata, Suite 112, Colton, CA 92324 U.S.A. Accu-Flo is a product trademark.
The CES-LANDTEC ACCU-FLOW wellhead is protected by U.S. Patent number 5458006

Accu-Flo™ Installation and Operation Manual CES-Landtec Release Date: February 25, 2005 Page 39

velocity head is increased by a factor of four, (all other things being equal), and then the
flow will increase by a factor of two. Note that overall adjustments to the well field LFG
extraction are normally made at the blower/flare station inlet suction-throttling valve.

WELL FIELD ADJUSTMENT - CRITERIA
There are several criteria used in well field adjustment. The primary criteria is methane

quality. Methane quality is an indicator of the healthy anaerobic state of the landfill and
thus proper operation of the LFG collection system. However, a decline in the healthy
productive state of the landfill is usually not immediately apparent from methane quality.
Because of this we must consider several criteria at once.

The following criteria for well field adjustment are to be considered:

 Methane quality (ranging from 46 percent upwards)
 The degree to which conditions within the landfill favor methane production. Typical

conditions include: pH, temperature, general cover quality, moisture conditions, waste
stream characteristics, placement chronology, insulation characteristics, etc.

 Oxygen quality (ranging below 1 percent, preferably less then 1/2 percent)
 Landfill cover porosity and depth in the proximity of the well
 Gas well construction factors including slotting depth and configuration, gravel pack and

seal locations and material; backfill material; placement and compaction; pressure and
condition of slip joints.

 Landfill construction factors including type of fill, size and shape of refuse mass, depth
of fill, compaction, leachate control methods

 Seasonal, climatic, geographical, and recent weather, or other considerations, including
seasonally arid or wet conditions, precipitation, drainage, groundwater

 Surrounding topologic and geologic conditions
 Proximity of the well to side slopes (within 150 to 200 ft and less may require

conservative operation of the well)
 Nitrogen (typically 8 to 12 percent and less)
 Temperature (between ambient and about 130 degrees F.)
 LFG and methane flow from the wellhead
 The design of the gas collection system Landfill perimeter gas migration and surface

emission control, or energy recovery objectives
 Fluctuation in the diurnal cycle of atmospheric pressure.

ESTABLISHING TARGET FLOWS
For a given individual well, a target flow is established which will likely support

maintenance of methane and oxygen quality objectives while maximizing the recovery of
LFG/methane. Typically small adjustments are made in flow to arrive at, and maintain,
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quality objectives. The well must not be allowed to overpull. High well temperatures,
(about 130 to 140 degrees F. and greater), are an indication of aerobic activity and thus,
well overpull. Again effects may not be immediately apparent.

Well adjustment should be made in as small an increment as possible, preferably an
increment of 10 percent of the existing flow or less. There may be obvious conditions
when this is not appropriate, such as when first opening up a well, or when serious overpull
is recognized. Every effort should be made to make adjustment and operation as smooth
as possible. Dramatic adjustments or operating while switching between a high flow mode
and a well shutoff mode is to be avoided.

WELL FIELD OPTIMIZATION
Every effort should be made to continuously locate and correct or eliminate conditions,

(e.g., gas condensate surging and blockage, settlement, etc.), which inhibit efficient
operation of the gas collection system. This will allow well monitoring and adjustment to be
significantly more effective.

MIGRATION CONTROL - DEALING WITH POOR METHANE QUALITY
If methane and oxygen quality objectives cannot be maintained at a given well, such as

a perimeter migration control well, then an attempt should be made to stabilize the well as
closely as is practical, avoiding significant or rapid downtrending of methane or uptrending
of oxygen.

It is not uncommon for perimeter migration control wells to be operated at less than 40
percent methane or greater than 1 percent oxygen. It should be recognized that these
wells are likely in a zone where some aerobic action is being induced, and that there is
some risk of introducing or enhancing the spread of a subsurface fire. Sometimes a
judicious compromise is necessary to achieve critical migration control objectives or
because existing conditions do not allow otherwise. Such situations should be monitored
closely.

CES-LANDTEC Technical Tips
CES-Landfill Control Technologies from time to time produces information of technical

interest. Various subjects are covered as Technical Tips. Please call CES-LANDTEC and
ask for about the list of available topics.
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APPENDIX C

APPENDIX C ACCU-FLO WELLHEAD FLOW CHARTS
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LOG OF BORING: MW-9
Wayne Co. Closed C&D/MSW Landfill Project No. G07058.0
Drilling contractor: J&L Drilling Date started: 7/9/2009 Surface elevation: 159.78 ft (MSL)
Drill rig & method: 4.25" ID HSA Date ended: 7/9/2009 Top of pipe elevation: 162.96 ft (MSL)

Logged by: Sean K. Patrick, L.G. Completion depth: 25.00 ft Depth to water (TOB): 16.99 ft
Stickup height: 3.18 ft Depth to water (24hrs): 16.96 ft
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Description of Material & Remarks

Well Diagram
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TOPSOIL / Grey, med.-grained SAND (SP)

Brown, moist, loose, med.-grained SAND (SP), w/ few clay. SPT:
4-7-8-11

Grey & red-brown, mottled, soft, plastic CLAY (CH), w/ trace-few v. fine
to fine-grained sand. SPT: 4-5-8-11

Lt. grey & orange-brown mottled, moist, fine to med.-grained CLAYEY
SAND (SC), w/ some clay. SPT: 2-3-6-7

Lt. brown, loose, saturated, fine to med.-grained SAND (SP). SPT:
WOR-1-2-2

Lt. brown, loose, saturated, med. to coarse-grained, CLAYEY SAND
(SC), w/ some clay. SPT: 1-1-2-2

Boring terminated at 25.0 feet
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LOG OF BORING: MW-10
Wayne Co. Closed C&D/MSW Landfill Project No. G07058.0
Drilling contractor: J&L Drilling Date started: 7/9/2009 Surface elevation: 160.01 ft (MSL)
Drill rig & method: HSA Date ended: 7/9/2009 Top of pipe elevation: 162.90 ft (MSL)

Logged by: Sean K. Patrick, L.G. Completion depth: 25.00 ft Depth to water (TOB): 16.89 ft
Stickup height: 2.89 ft Depth to water (24hrs): 16.90 ft
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Well Diagram
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TOPSOIL / Lt. brown, fine to med.-grained SILTY SAND (SM)

Lt. grey to lt. brown, dry, loose, fine-grained quartz SAND (SP), w/ trace
silt. SPT: 5-5-6-7

Lt. grey & brown, moist, soft, plastic CLAY (CH), w/ few fine-grained
quartz sand. SPT: 3-4-6-8

Lt. grey & red-brown mottled, v. moist, v. soft, plastic CLAY (CH), w/
trace v. fine to fine-grained sand. SPT: 2-3-5-6

Lt. grey & brown, v. soft, saturated, plastic CLAY (CH). SPT: 1-1-2-2

Lt. grey, loose, saturated, med. to coarse-grained, SAND (SP-SW), w/
few clay in top 3". SPT: 3-6-7-7

Boring terminated at 25.0 feet
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LOG OF BORING: MW-11
Wayne Co. Closed C&D/MSW Landfill Project No. G07058.0
Drilling contractor: J&L Drilling Date started: 7/9/2009 Surface elevation: 124.50 ft (MSL)
Drill rig & method: 4.25" ID HSA Date ended: 7/9/2009 Top of pipe elevation: 127.23 ft (MSL)

Logged by: Sean K. Patrick, L.G. Completion depth: 15.00 ft Depth to water (TOB):
Stickup height: 2.73 ft Depth to water (24hrs): 1.10 ft
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Description of Material & Remarks

Well Diagram
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TOPSOIL / Grey, med.-grained SAND (SP)

Lt. grey & brown, wet, soft, med.-grained CLAYEY SAND (SC), w/ some
clay. SPT: 3-2-1-2

Dk. grey, wet, med. dense, med. to coarse-grained, SILTY-CLAYEY
SAND (SP-SW), w/ trace-few silt & little clay. SPT: 5-10-18-15

Dk. grey, saturated, dense, fine to med.-grained quartz SAND (SP-SW),
w/ trace silt, thin carbonaceous laminae. SPT: 4-11-31-50/6"

Boring terminated at 15.0 feet
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