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1.0     INTRODUCTION

1.1 Site Background

The Halifax County Landfill (North Carolina Permit # 42-04) is located southwest of the town
of Roanoke Rapids, North Carolina  near Aurelian Springs.  The landfill stopped accepting
municipal solid waste (MSW) in December, 1997 was covered by September, 1998.  The
portion of the MSW landfill that is currently receiving C&D waste was closed with an interim
cover, while the remaining areas were closed in accordance with 15A NCAC 13B.0500. 
Halifax County is currently transporting MSW to a Subtitle D landfill in Virginia and accepting
construction and demolition waste into a C&D landfill (permit 42-04 CDLF-1998) located on
top of the closed MSW landfill in order to bring the closed landfill area up to final closure
contours.  Halifax County also operates an ash monofill site (permit 42-04-indus-1994) to the
north of the MSW landfill.  The site map (Figure 1) includes the current topography and
operating conditions at the landfill. 

Semi-annual ground and surface water monitoring for Appendix I constituents was initiated at
the Halifax County Landfill in December, 1993.  Monitoring has included Appendix I detection
monitoring (1993 - 1995), and Appendix II assessment monitoring (1995 - present).

Ongoing ground water monitoring at this site has indicated ground water impacts above the
2L ground water standards (15A NCAC 2L.0200 through .0202).  None of the impacted wells
are located more than 250 feet from the waste boundary.  Four (4) wells downgradient of the
site are impacted above water quality standards, while two (2) impacted wells (MW-15r and
MW-16a) are located upgradient of the landfill.  Given their distance from the landfill, the
upgradient location of these wells, and detection of landfill gas in this area during prior
investigations, landfill gas has previously been determined to be the source of impact in
these wells through phase transferrence.

In 2007, an Assessment of Corrective Measures1 was prepared to evaluate options for
remediation of impacts at the site.  This Corrective Action Plan is written in response to rule
15A NCAC 13B.0547 that requires a Corrective Action Plan be submitted with a Permit
Application for C&D landfills accepting waste on top of closed MSW landfills.  Due to the
ground water impact detected upgradient and downgradient of the MSW landfill, this
Corrective Action Plan is required.
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1.2 Aquifer Characteristics

Depths to ground water generally range from near surface in lowland areas along Brewer’s
Creek and its tributary to up to 45 ft. below grade along the ridge east of the landfill. The
potentiometric surface map for the most recent sampling event is included as Figure 2.  The
direction of ground water flow represented in this figure is consistent with previous flow
patterns since 1993.   Due to impact upgradient of MW-15, water levels are collected from
piezometers upgradient of the landfill.  All data indicate there is no ground water reversal in
this area, and ground water flow is consistently to the west.  Table 1 presents well
construction information, while Table 2 presents the historical water levels measured at the
site.  

Ground water velocities on-site ranged from 0.011 ft/day in MW-16a to 0.330 ft/day in MW-2a
during the most recent sampling event.  Table 3 presents ground water velocity calculations
from the fall 2007 ground water monitoring event.

Ground water at the site is flowing generally to the west towards Brewer’s Creek and its
tributary.  There are minor seasonal variations in the flow pattern, but the overall direction of
flow is the same. It should be noted that Brewer’s Creek has historically been  blocked by a
beaver dam downgradient of the site.  This had impacted the area near MW-2a and MW-3a
with slow moving water and an enlarged area of ponded water. 

1.3 Contaminant Distribution

The area of ground water impact is limited to a relatively small area immediately upgradient
and  downgradient of the landfill.  Downgradient of the landfill, wells MW-3a, MW-3d, and
MW-2a, MW-2d, MW-6d and MW-17 indicate impact.   Although MW-6s is not sampled, it is
assumed to be impacted due to it’s location adjacent to MW-6d and the fact that it is
screened in the same aquifer (only at higher elevations than MW-6d).  These wells are all
located within the 175 feet from the waste boundary.   

Upgradient of the landfill, the area near MW-15r and MW-16a also has impacted ground
water, however, this impact is primarily due to the migration of landfill gas and phase
transference.  Upgradient, the impact in the area adjacent to MW-15r is approximately 210
feet from the waste mass.  Monitoring well MW-16a is located 140 feet from the waste mass.  
The ground water impacts detected during the Fall 2007 ground water monitoring event are
shown on Figure 3.
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1.4 Site Conceptual Model

Ground water at the site flows from east to west, from wells MW-15r and MW-16a  upgradient
of the landfill toward Brewer’s Creek on the western edge of the property.  Ground water
flows through unconsolidated sediments across the site to discharge in Brewer’s Creek at the
western edge of the site.  Along the downgradient edge of the site, bedrock was encountered
in MW-18d at a depth of 32 below grade.  

The current ground water well network has been monitored since 1999.   Analytical data from
these wells indicate mildly fluctuating but overall stable levels for most constituents. In
general, four constituents (benzene, tetrachloroethene, trichloroethene and vinyl chloride) are
detected in downgradient monitoring wells above ground water standards, while six
constituents (benzene, methylene chloride, tetrachloroethylene, trichloroethene, heptachlor
and alpha BHC) are detected upgradient of the landfill.  Figure 4 shows the site
hydrogeological cross-sections which include ground water impact.  

It should be noted that the detections of heptachlor and Alpha BHC have not been consistent
over time and have only been detected during the fall 2007 and spring 2008 events.  Prior to
this, Alpha BHC was last detected for a few monitoring events in 2003 and  2004.    

The area of ground water impact is limited to a relatively small area immediately
downgradient of the landfill near MW-3a, MW-3d, and MW-2a, MW-2d, MW-6d and MW-17. 
Monitoring well MW-6s is not currently included in the groundwater monitoring network, but is
assumed to be impacted due to it’s location adjacent to MW-6d and the fact that it is
screened in the same aquifer as MW-6d (only at a higher elevation).  Upgradient of the
landfill, the area near MW-15r and MW-16a also has impacted ground water, however, this
impact is due to the migration of landfill gas and phase transference.

Downgradient of the landfill, the impact is limited to approximately 175 feet from the waste
mass.  Upgradient, constituents detected in well MW-15r are approximately 210 feet from the
waste mass.  Monitoring well MW-16a is located 140 feet from the waste mass. 
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2.0     CONTAMINANT CHARACTERIZATION

2.1 Contaminants of Concern

As stated in the Assessment of Corrective Measures2, constituents in ground water at the site
that have been detected with levels above the 2L ground water standards or the EPA
Maximum Contaminant Levels (MCLs) are: 

• benzene;
• methylene chloride;
• toluene;
• tetrachloroethene;
• trichloroethene;
• vinyl chloride;
• heptachlor; and
• Alpha BHC. 

These detections are limited to monitoring wells MW-2ad,MW-3a, MW-6d, MW-15r, MW-16a
and MW-17.  These constituents are believed to be due to impact from the unlined landfill
waste masses with the exception of heptachlor and Alpha BHC which are discussed below,
as there is no known historical or local industry in the area that might have deposited these
constituents in the ground water.

The two pesticides (alpha BHC and heptachlor) have been found in ground water from well
MW-15r.  These two constituents have very low vapor pressures and would not be expected
to migrate via phase transferrence upgradient of the landfill as the other constituents
detected in this area are.  As there is no evidence of a ground water flow reversal in this
area, it is likely that these constituents are due to old farm practices on this property prior to
development as a landfill.  It should be noted that although heptachlor was detected in the fall
2007 event, it was not detected in the spring 2008 event.  Alpha BHC was detected in both
these events, but had not been previously detected since 2004.

Bis (2-ethylhexyl) phthalate was also detected during the most recent event at concentrations
above the 2L groundwater standard.  However, this constituent has not been detected
consistently prior to this event and is known to usually be from issues arising from field
sampling techniques.  Therefore, bis (2-ethylhexyl) phthalate is not considered to be a
contaminant of concern at this time.  Should future sampling events indicate this constituent
is consistently present, it will be re-evaluated for inclusion as a contaminant of concern.
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Several inorganic constituents have been detected at levels above ground water standards.
However, due to the age of the wells and the turbidity noted during sampling, we believe
these detections are more likely due to suspended solids in the samples.   As a part of this
corrective action, the wells at this site will be redeveloped using the “surge and pump”
technique where the well screen is cleaned using a surge block (which pushes water into and
out of the screened interval) and periodic pumping of the well to remove fine sediments. 
Turbidity measurements will be collected to evaluate the success of the well redevelopment.

2.2 Contaminant Source Confirmation

Contaminants detected in the monitoring wells surrounding the closed Halifax County MSW
landfill are due to impact from the unlined landfill with the exception of heptachlor, alpha BHC
and bis (2 ehtyl hexyl) phthalate.  Other sources for these constituents (past farming
practices on the site and sample contact with gloves) are discussed above. 

2.3 Source Control Measures

Three corrective actions have previously been put into action at the site.  These are:

• Installation of a LFG collection trench in the area of MW-15r.
• Closure of the unlined landfill in 1998
• Ongoing placement of C&D waste on top of the landfill to create final contours that will

drain water more efficiently and minimize the infiltration of water into the waste mass
in the long term.

The closure of the landfill consisted of a compacted soil cover on the sideslopes and an
interim compacted soil cover over the area where C&D is currently being interred.  Once
closure contours are achieved with C&D waste, this area will receive final closure.

2.4 Ground Water End Use

RSG personnel have evaluated the surrounding areas for potential receptors that could be
impacted by contaminated ground water.  A potable well survey identified 24 potable water
wells within 2000 feet of the site boundary.   None of the area water wells are considered to
be downgradient of the closed MSW landfill.  The potable well users are shown on Figure 5.

Significant ground water users within two miles of the site include two schools: a high school
located approximately 1.5 miles northeast of the site, and an elementary school located
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approximately 0.8 miles south of the facility boundary.  Neither ground water user facility is
downgradient of the site.

There are no public water supply wells in the vicinity of the site.  No surface water intakes or
residential subdivisions are known to exist within two miles of the site.  The nearest known
public water service is Roanoke Rapids.  Municipal water is available in the vicinity. 
Municipal water is purchased from the Roanoke Rapids Sanitary District and is resold by the
County.  The source of the municipal water supplied in this area is the Roanoke River.

2.5 Sensitive Receptor and Exposure Pathways/Risks

The primary sensitive receptors and exposure pathways are the residential potable wells. 
Secondary sensitive receptors include Brewers Creek downgradient.  The exposure
pathways for the potable wells include ingestion and through skin contact.  The exposure
pathway for the surface water is primarily through skin contact (as this surface water body is
not a source of drinking water).  Semi-annual surface water monitoring has indicated no
impact from the landfill.  Detailed evaluation of exposure pathways and risks was performed
as a part of the Assessment of Corrective Measures previously referenced.

2.6 Background Concentrations

Monitoring well MW-1 is the current background ground water monitoring well for the site. 
This well is located upgradient of the ash monofill site and continually indicates no detectable
concentrations for assessment monitoring constituents. 

2.7 Exceedances of Ground Water Quality Standards

A total of eight (8) constituents have been detected at levels above the ground water
protection standards: 

• benzene; 
• methylene chloride ;
• tetrachlorethene;
• trichloroethene ;
• toluene;
• vinyl chloride;
• heptachlor; and
• Alpha BHC.

All ground water impact is detected within 250 feet of the landfill.



Halifax County Landfill Corrective Action Plan
Revised May 2009 Page 7

The low levels of other chlorinated solvents (cis 1,2 dichloroethene, 1,1 dichloroethane) in
conjunction with the detected vinyl chloride could be indicative of  reductive dechlorination
ongoing in the downgradient portion of the site. Reductive dechlorination is a naturally
occurring process whereby anaerobic bacteria degrade chlorinated hydrocarbons.  In
samples from MW-3a, levels of cis-1,2 dichloroethane appear to be decreasing over time. 
This could  indicate microbial dechlorination and natural attenuation already occurring at the
site.  The relative stability of the plume and lack of downgradient migration further support the
idea that natural attenuation is occurring at the site.

2.8 Exceedances of Surface Water Quality Standards

There have been no exceedances of surface water quality standards at this site.

2.9 Media of Concern

Soils at the site are not considered to be an exposure medium since the impact to soils is
likely to be limited to soils immediately below the landfill footprint.  As stated above, LFG
migrating from the waste mass is not found in sufficient quantities near off-site receptors (the
property line) to merit consideration of soils as a medium of exposure.

Historical surface water data indicate that surface water at this site has not been impacted by
the unlined MSW landfill.  Therefore, surface water is not considered an exposure medium
for this site.  

The presence of landfill gas detected upgradient of the landfill, and ground water impacts in
this area indicate that landfill gas is present in this area of the site and is likely impacting
ground water through phase transference.   Therefore, landfill gas is a concern in the
upgradient portion of the site.  It should be noted that landfill gas is not detected near the
property line and is therefore only considered a concern due to phase transference (migration
of contaminants from landfill gas to ground water by condensation) that appear to be
occurring. 

Historical monitoring at the site indicate that only ground water is impacted above ground
water protection standards.   Ground water is the main media of concern at the site.
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3.0     SELECTED AND APPROVED REMEDY/TECHNICAL APPROACH

The Halifax County Landfill will utilize two remedial actions at this site: Monitored Natural
Attenuation (MNA) for the downgradient portion of the site, and Active Landfill Gas Recovery
in the upgradient area of the site.  These are discussed in detail below.

3.1 Monitored Natural Attenuation

Monitored Natural Attenuation (MNA) consists of monitoring the natural attenuation
processes.  This is a proven remedial technology and is appropriate for sites that do not pose
a substantial or immediate risk to the environment or human health.  MNA allows both
physical and biological processes that naturally occur (including dilution, adsorption,
volatilization, dispersion and biological degradation of contaminants) to manage the impact to
ground water.  

MNA requires that ground water at the site be monitored at regular intervals to monitor the
progress of the degradation process by various indicators.  This regular monitoring is also
designed to ensure that the dissolved phase plume is not migrating toward a sensitive
receptor

At landfill sites, MNA includes the action of naturally occurring anaerobic bacteria which
degrade chlorinated hydrocarbons in a process called reductive dechlorination.  Reductive
dechlorination can stabilize and even decrease the size of plumes.  As stated earlier, there is
evidence that this process is already occurring at the Halifax County landfill.

MNA remedial strategy requires the monitoring of several processes/indicators that aid in the
evaluation of changing plume geometry (whether the plume is stable, expanding or
shrinking).  Primary evidence for natural attenuation is a stable or shrinking plume at a site,
such as we have observed at the Halifax County Landfill.

3.1.1 Monitored Natural Attenuation - Technical Approach

The monitoring frequency for MNA varies by site conditions such as water table fluctuations,
ground water velocity, seasonal variability and plume migration.  Due to the stability of the
plume geometry, and the stability of the general aquifer conditions at the site, two years of
semi-annual monitoring for MNA indicators and Appendix I plus detected Appendix II
parameters will be sufficient to establish a baseline trends for continued MNA evaluations
over time.  MNA indicator parameters that will be analyzed during the baseline process
include:
• Dissolved Oxygen;
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• Nitrate;
• Iron;
• Sulfate;
• Sulfide;
• Methane;
• Ethene, Ethane;
• ORP;
• TOC/BOD/COD;
• CO2;
• Alkalinity;
• Chloride;
• Hydrogen;
• Volatile Fatty Acids;
• pH;
• Temperature;
• Conductivity; and
• Turbidity.

Due to spatial constraints at the landfill, all downgradient impacted monitoring wells will be
utilized as performance wells for the MNA evaluations.  Monitoring wells MW-18s, MW-18d,
G-13 and G-13d will be utilized as sentinel wells.  Furthermore, surface water samples will be
utilized as sentinel points as well due to the low levels of impact detected near Brewer’s
Creek.

3.2 Landfill Gas Recovery

Currently, there is a passive vent landfill gas vent trench located between the landfill and
monitoring well MW-15r.  This trench is approximately 350 feet long and is constructed to a
maximum depth of 15 feet below grade.  The trench is backfilled with stone and a header
pipe which is attached to each of the four (4) passive vents.  The chosen remedial strategy
for this portion of the landfill is active landfill gas recovery through Blower Assisted Solar
Flares (BASF) (or equivalent) attached to existing vents in the passive vent trench. 

3.2.1 Landfill Gas Recovery- Technical Approach

Prior to system construction, gas generation calculations will be performed to determine the
amount of landfill gas expected to be collected by the existing trench.  At this time, it is
believed that two BASF Units (or equivalent) will be utilized on two of the existing vents for
the active recovery system.  BASF Units will provide a vacuum of approximately 50 cfm and
combustion of landfill gas recovered.   The remaining two passive gas vents will be capped in
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order to maximize recovery by the BASF Units from the trench.  Information on the BASF
Units is included in Appendix C.  Prior to construction of this system, a permit from the
Division of Air Quality may be required.   If so, permitting will be necessary prior to system
construction which may impact scheduling addressed in Section 7.0.

4.0     GROUND WATER AND SURFACE WATER MONITORING

4.1     Water Quality Monitoring Plan

A revised Water Quality Monitoring Plan that incorporates MNA requirements at this site is
included in Appendix B.  This plan outlines all procedures for collection and evaluation of
ground water and surface water samples at the site.

5.0     EVALUATION OF EFFECTIVENESS AND REPORT SUBMITTALS

5.1  Monitored Natural Attenuation

There are two key factors in the evaluation of the effectiveness of MNA: 

1) confirmation that the contaminant plume is behaving as predicted (stabilized); and 

2) evaluation of geochemical data to evaluate the component of natural attenuation.  To
evaluate these two factors, RSG will prepare the following for submittal as part of the regular
semi-annual reporting:

‚ Maps of contaminant concentrations;
‚ Graphs of contaminant concentrations over time;
‚ Mann-Kendall statistical analysis of concentration trend;
‚ Field measurements of dissolved oxygen, redox potential, pH, temperature,

conductivity, and turbidity;
‚ Laboratory analysis of MNA indicator parameters;
‚ An evaluation of surface water quality at the site; and
‚ An approved MNA screening model will be performed and submitted with each semi-

annual event during the two-year baseline period.

After the completion of the baseline sampling events, the MNA performance parameters will
be reevaluated to determine if the sampling frequency may decrease for specific MNA
performance parameters of if some parameters may be removed from the corrective action
sampling program based upon technical evaluation.  Any proposed changes to the MNA
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sampling program will be submitted to NCDENR for review and approval prior to
implementation.

MNA effectiveness will be judged based upon the reduction of contaminant concentrations,
the stability of the impacted ground water plume, and on statistical evaluations of decreasing
contaminant trends along specific flow paths.  

5.1.1 MNA Contingency Triggers

The following triggers will be utilized to determine when contingency measures regarding
MNA should be put into place:
‚ Upon completion of baseline MNA monitoring, contaminants are detected above

surface water standards in the downgradient surface water sample for four
consecutive monitoring events; and

‚ Upon completion of baseline MNA monitoring, contaminant concentrations in
downgradient wells exhibit statistically increasing trends or concentrations above the
ground water standards for four consecutive monitoring events.

5.2 Landfill Gas Recovery

The primary role of the landfill gas recovery at this site is to improve ground water quality
upgradient of the site.  The following evaluations will be made on a quarterly basis (unless
otherwise specified) to determine the effectiveness of the active landfill gas recovery system:

‚ Measurements of LFG levels at the flares;
‚ Observations of flare operation on a weekly basis; and
‚ Semi-annual statistical evaluation of trends in ground water contaminant levels in the

upgradient landfills.

5.2.1 Landfill Gas Recovery Contingency Triggers

The following triggers will be utilized to determine when contingency measures regarding the
landfill gas recovery system should be put into place:

‚ Statistical analysis indicates increasing trends of contaminants in the upgradient wells
two years after active landfill gas recovery begins;

‚ Measurements of LFG levels at the flares indicate less than 20% LFG during three
consecutive readings (the BASF Units typically require >25% LFG to operate).



Halifax County Landfill Corrective Action Plan
Revised May 2009 Page 12

6.0     CONTINGENCY PLAN

As stated above ground water monitoring data from the site will be closely evaluated to
determine whether MNA is occurring at the site and whether active landfill gas recovery is
improving ground water quality upgradient of the landfill.  Should the contingency plan be
triggered downgradient of the site, the following measures will be taken:

 ‚ Evaluation of alternate remedial strategies, including, but not limited to,
phytoremediation or enhanced bioremediation;

 ‚ Pilot studies of one or more alternate remedial strategies.
 
Should the contingency plan be triggered upgradient of the site, the following measures will
be taken:

‚ Evaluation of landfill gas generation rates;
‚ Evaluation of landfill gas levels adjacent to the upgradient monitoring wells through the

installation of gas probes in these areas;
‚ Evaluation of more aggressive landfill gas recovery options if landfill gas levels and

pressures warrant; and
‚ Evaluation of other remedial strategies (such as enhanced bioremediation) if landfill

gas levels and pressures in the area indicate that phase transference is not the
method of impact to ground water in this area.

7.0     SCHEDULE AND MAINTENANCE

7.1 MNA Schedule

The MNA baseline monitoring will begin with the next semi-annual ground water monitoring
event that occurs after final approval of this plan.  Baseline sampling will be performed for a
period of two years on a semi-annual basis.  Once the baseline Is completed the MNA
performance parameter data will be evaluated for any changes. Any proposed changes will
be submitted to NCDENR for approval prior to implementation.  

An EPA approved MNA screening model will be prepared semi-annually during the baseline
sampling period and annually thereafter to simulate ground water remediation at the site.
Every 5 years an MNA Corrective Action Evaluation Report will be prepared that evaluates all
MNA data during the preceding 5 years and reviews MNA performance. 
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7.2 Landfill Gas Recovery Schedule

Initial evaluations of landfill gas generation rates and measurements in this area will be
performed within three months of final approval of this document.  Once the evaluations are
complete, the installation of BASF Units (or equivalent) will take place.  We expect the landfill
gas recovery system will be installed within six (6) months of the final approval of this plan.

8.0     FINANCIAL ASSURANCE REQUIREMENTS

A Financial Assurance Evaluation will be forwarded to you under separate cover from Halifax
County.  This evaluation includes funds for the corrective measures proposed in this
document.

Remedial Costs
MNA and LFG Recovery Design Costs $4,000.00

Installation of two BASF Units on Existing LFG Trench $15,000.00

MNA Sampling and Analysis (not including normal 
detection/assessment monitoring costs for 7 wells semi-annually,
and 2 monitoring wells annually in accordance with WQMP3 $11,500.00/year

Evaluation and Reporting $5,000.00/year
Subtotal $35,500.00

Contingency (10%)   $3,550.00
Total (first year)      $39,050.00
30-Year Total        $495,000.00

9.0     COMPLETION OF CORRECTIVE ACTION

These remedial strategies shall remain in place until remedial goals have been met.  In this
case, the remedial goals are contaminant levels that do not exceed the 2L ground water
standards, or, if no 2L standard exists, EPA MCLs.  If these remedial strategies prove to be
inadequate, alternative remedial strategies should be developed.  At that time, alternative
corrective action goals may be set (with the approval of NCDENR).
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Table 1

Well Construction Information
Halifax County Landfill
Aurelian Springs, North Carolina

Well Top of Depth to Screened Soil Type
Casing Elev Bottom Interval Adjacent to Screen

MW-2a 246.43 14 4 - 14 silt and sand
MW-2ad 245.65 40 35 - 40 granite
MW-3a 252.68 9 4 - 9 sand
MW-3d 251.73 19 9 - 19 clayey silt/silty sand
MW-6d 253.22 40 25 - 40 sandy silt
MW-7d 249.09 40 25 - 40 sandy silt
MW-15r 299.78 45 30 - 40 sandy silt
MW-16a 271.46 15 4 - 14 clayey sand
MW-17 247.75 25 15 - 25 saprolite
MW-18s 244.52 19 8 - 18 clayey silty sand
MW-18d 244.04 52 47 - 52 granite

All measurements in feet
NA = Well construction information not available



Table 2
Historical Ground Water Elevations
Halifax County Landfill
Aurelian Springs, North Carolina

Well 2/6/2001 8/28/2001 2/7/2002 8/14/2002 2/13/2003 8/7/2003 2/24/2004 08/12/04 2/16/2005 8/16/2005 2/14/2006 8/22/2006 2/14/2007 8/9/2007
MW-2a 241.24 241.32 241.47 240.96 241.68 241.49 241.04 241.28 241.55 241.22 241.59 241.21 241.73 241.26
MW-2ad 240.86 240.91 241.14 240.52 241.38 241.11 240.83 240.94 241.24 240.86 241.25 240.87 241.47 240.9
MW-3a 243.47 243.55 243.98 243.39 244.51 244.03 243.11 243.66 244.11 243.72 244.18 243.49 244.33 243.78
MW-3d 243.28 243.35 243.81 243.23 244.29 243.78 242.8 243.39 243.87 243.45 243.91 243.25 243.95 243.56
MW-6d 240.57 240.28 240.92 240.22 241.57 241.19 241.66 241.02 241.68 240.9 241.45 240.87 241.87 240.99
MW-7d 245.09 244.57 245.11 244.22 245.79 245.35 246.35 245.95 245.99 245.3 245.84 245.1 246.32 245.14
MW-15r 268.71 263.1 267.59 266.45 269.01 274.18 271.02 269.29 270.03 268.33 268.41 269.2 273.14 270.24
MW-16a 265.97 265.02 265.67 263.55 267.2 268.11 267.12 265.98 266.64 265.09 266.15 264.85 268.07 265.04
BP-3 179.80 -- -- -- -- -- -- -- -- -- -- 285.97 289.58 287.19
BP-9 -- -- -- -- -- -- -- -- 284.72 280.55 265.09 278.21 280.67 275.92

All measurements are feet above mean sea level
Measurements collected from top of casing.
NA indicates water level measurement not collected during this event.

Ground Water Elevation



Table 3
Halifax County Closed Landfill
Ground Water Elevations & Velocities

08/09/07

Monitoring TOC Depth to Water Table Hydraulic Assumed Hydraulic Ground Water
Location Elevation Water Elevation Conductivity** Porosity*** Gradient Velocity****

(ft) (ft) (ft) (ft/day) (ft/ft) (ft/day)
MW-1* -- 29.33 -- -- -- -- --
MW-2a 246.43 5.17 241.26 1.835 0.2 0.036 0.330
MW-2ad***** 245.65 4.75 240.90 na na 0.038 na
MW-3a 252.68 8.9 243.78 0.311 0.2 0.036 0.056
MW-3d***** 251.73 8.17 243.56 na na 0.036 na
MW-6d***** 253.22 12.23 240.99 na na 0.027 na
MW-7d***** 249.09 3.95 245.14 na na 0.030 na
MW-15r 299.78 29.54 270.24 na 0.2 0.04 na
MW-16a 271.46 6.42 265.04 0.057 0.2 0.038 0.011
BP-3 315.39 28.2 287.19 -- -- -- --
BP-9 303.48 27.56 275.92 -- -- -- --

* MW-1 is not used in the ground water characterization calculations due to its remote location from the landfill
** Hydraulic Conductivity data from slug testing

*** Porosity values assumed based upon soil type
**** Velocity Calculated from V=K*I/n

V = velocity
K = Hydraulic Conductivity
I = Gradient
n = Porosity

***** Deep well not used in velocity calculation



Table 4
August 2007 Detected Constituents
Halifax County Landfill
Aurelian Springs, North Carolina

08/09/07

PQL 2L GWP MW-1 MW-2a MW-2ad MW-3a MW-3d MW-6d MW-7d MW-15r MW-16a MW-17 MW-18s MW-18d SW-1 SW-2 SW-3
Constituent Standard Standard
Antimony 6 --- 1.4 0.1 J 0.1 J ND ND ND ND ND 0.1 J ND ND ND ND ND ND ND
Arsenic 10 50 --- ND 1.7 J 0.9 J 1.4 J ND ND ND ND ND 0.6 J 1.4 J ND 1.6 J 1.9 J 1.6 J
Barium 100 2000 --- 35.1 J 93.3 J 108 33.7 J 60.4 J 547 43.1 J 89.6 J 91.9 J 110 139 77.5 J 48 J 82.9 J 45 J
Beryllium 1 --- 4 0.1 J 0.4 J ND 0.1 J 0.3 J 0.4 J 0.2 J 0.2 J 0.5 J 2 0.9 J ND ND ND 0.8 J
Cadmium 1 1.75 --- 0.1 J 0.1 J 0.4 J 0.6 J 0.1 J 0.2 J 0.1 J 0.3 J 0.5 J 0.2 J 0.2 J ND 0.2 J 0.6 J 0.9 J
Chromium, total 10 50 --- 0.4 J 4.1 J 6.6 J ND 0.4 J ND 1.4 J 0.6 J ND 1.7 J 2.1 J ND 0.7 J ND ND
Cobalt 10 --- 70 0.6 J 5.9 J 4.5 J 2.7 J ND 4.4 J ND 0.5 J ND 2.5 J 5.3 J ND 1.8 J 1.3 J 2.5 J
Copper 10 1000 --- 1.2 J 1.1 J 0.9 J 0.5 J 0.5 J 0.8 J 1.1 J 1.5 J 0.9 J 3.6 J 3.6 J ND 1.3 J 0.6 J 1 J
Lead 10 15 --- 0.2 J 0.8 J 0.2 J 0.2 J 0.3 J 0.3 J 1 J 0.1 J 0.3 J 7.5 J 3.9 J 0.4 J 2.5 J 0.1 J 0.1 J
Mercury 0.2 1.05 --- ND ND 0.06 J 0.04 J 0.15 J 0.08 J ND 6.65 0.44 ND ND ND ND ND ND
Nickel 50 100 --- 2.5 J 5.7 J ND 0.7 J 2.3 J 1.1 J ND ND 2.7 J 3 J 0.9 J ND 1.2 J 3.3 J
Selenium 10 50 --- 0.8 J ND ND ND ND 0.8 J ND ND ND ND 0.5 J ND ND 2.5 J 7.5 J
Thallium 5 --- 0.28 0.1 J ND ND ND ND ND ND 0.2 J ND 0.1 J 0.2 J ND ND ND ND
Tin 100 --- --- ND 0.9 J 0.8 J 0.6 J 0.6 J 1 J 0.7 J 1.3 J 0.6 J ND ND ND ND ND ND
Vanadium 25 --- 3.5 ND 2.9 J ND ND ND 0.7 J ND ND ND 9.6 J 15.3 J 2 J 2.9 J ND 3 J
Zinc 10 1050 --- 3.1 J 4.6 J 5.8 J 2.7 J 5.5 J ND 8.9 J 3.6 J 6.9 J 36 44 5.3 J ND 2.9 J ND
1,1,1-Trichloroethane 1 200 --- ND ND ND ND ND ND ND 0.2 J 0.3 J ND ND ND ND ND ND
1,1-Dichloroethane 5 70 --- ND 4.4 J 36.8 5.6 4.3 J 1 J ND 10.3 14.3 3.10 J 1.2 J 1.5 J ND ND ND
1,1-Dichloroethene 5 7 --- ND 0.2 J 0.4 J 0.3 J 0.3 J ND ND ND 0.4 J 0.2 J ND ND ND ND ND
1,2-Dichlorobenzene 5 24 --- ND ND ND ND ND 0.3 J ND ND 0.9 J ND ND ND ND ND ND
1,2-Dichloroethane 1 0.38 --- ND 0.4 J ND ND ND 0.2 J ND 0.6 J 0.3 J ND ND ND ND ND ND
1,2-Dichloropropane 1 0.51 --- ND ND 0.2 J 0.3 J ND ND ND ND 0.6 J ND ND ND ND ND ND
1,4-Dichlorobenzene 3 1.4 --- ND ND 0.7 J 0.4 J ND 1.9 J ND 10.2 1.4 J ND ND ND ND ND ND
2-Butanone 100 4200 --- 1.8 J 2.1 J 1.7 J 2.2 J 1 J 1.8 J 1.9 J 1.8 J 2.1 J ND 1.4 J ND 1.9  J 3.8 J 1.7 J
Acetone 100 700 --- ND 1.4 J ND 1.4 J ND 1.3 J 1.3 J 1.5 J 2.1 J ND 9.10 J ND ND 2.2 J 2.6 J
Benzene 1 1 --- ND ND 0.9 J 0.8 J 0.2 J 2.1 ND 0.3 J 2.9 ND ND ND ND ND ND
Bis-(2-Ethylhexyl) Phthalate 15 2.5 --- ND ND ND ND ND 15.1 ND 31 11.1 ND ND ND ND ND ND
cis-1,2-Dichlorethene 5 70 --- ND 2.7 J 22.9 8.1 1.2 J ND ND 7.8 40.5 1.4 J 0.2 J 0.8 J ND ND ND
Chlorobenzene 3 50 --- ND 0.2 J 1.1 J 0.6 J ND 9.7 ND 0.2 J 1.1 J ND ND ND ND ND ND
Chloroethane 2800 --- ND 2.5 J ND 0.7 J ND 0.6 J ND 0.3 J 0.9 J ND ND ND ND ND ND
Dichlorodifluoromethane 5 1400 --- ND 0.3 J 0.3 J 0.2 J 1.8 J 0.2 J ND 0.4 J 4.7 J ND ND ND ND ND ND
Methylene chloride 5 4.6 --- ND ND 0.2 J ND 0.7 J 0.2 J ND 6.5 22.5 0.2 J ND ND ND ND ND
Tetrachloroethene 3 0.7 --- ND ND ND 0.4 J 1.9 J ND ND 3.3 26.6 1.1 ND ND ND ND ND
Trichloroethene 3 2.8 --- ND 0.6 J 5.4 2 J 1.9 J ND ND 4.4 20.8 1.8 ND 0.3 J ND ND ND
Toluene 1 1000 --- 0.4 J 0.4 J 0.5 J 0.5 J 0.6 J 0.5 J 0.4 J 0.4 J 0.6 J ND 0.3 J ND 0.4 J 0.3 J 0.3 J
Trans-1,2,-Dichloroethene 5 100 --- ND ND 0.3 J ND ND ND ND ND 0.4 J ND ND ND ND ND ND
Trichlorofluoromethane 1 2100 --- ND ND ND ND ND ND ND 0.3 J 1.3 0.3 J ND ND ND ND ND
Vinyl Chloride 5 0.015 --- ND 1.8 J 5.8 4.7 ND 1.4 ND ND 0.8 J ND 0.7 J ND ND ND ND
Xylenes 4 530 --- ND ND ND ND ND ND ND 2.2 J 2.3 J ND ND ND ND ND ND
Heptachlor 0.05 0.0078 --- ND ND ND ND ND ND ND 0.1 ND ND ND ND ND ND ND
Alpha-BHC 0.05 0.019 -- ND ND ND ND ND ND ND 0.292 ND ND ND ND ND ND ND

ND - Not detected at or above PQL
Shading - Levels above 2L standard or no 2L standard

Bold Letters - Constituent detected above PQL
J - Detected constituents below PQL limit

GWP - Groundwater Protection
All PQLs, 2L Standards and Results are in ug/l.



Table 5
Halifax County Closed MSW Landfill
Remedial Technologies Screening Results

Yes=3 Yes=3 Yes=3 Yes=3 Yes=3 Best=3 Best=3 Best=3 Best=3 Best=3 Best=3 Best=3 Best=3 Best=3 Best=3 Best=3
Unknown=
2

Unknown=
2

Unknown=
2

Unknown=
2

Unknown=
2 Avg=2 Avg=2 Avg=2 Unk/Avg=2 Unk/Avg=2 Unk/Avg=2 Unk/Avg=2 Unk/Avg=2 Unk/Avg=2 Unk/Avg=2 Unk/Avg=2

No=1 No=1 No=1 No=1 No=1 Worst=1 Worst=1 Worst=1 Worst=1 Worst=1 Worst=1 Worst=1 Worst=1 Worst=1 Worst=1 Worst=1
Non-intrusive Controls

Monitored Natural Attenuation 3 2 2 1 T 3 3 0 -- 2 3 3 3 3 2 2 3 3 3 1 42
Analytical Results indicate Natural Attenuation may 
already be occurring.

Active Landfill Gas Vent Installation 2 3 3 2 MV 3 3 -1 V 2 2 2 2 2 3 2 2 2 3 2 39
LFG appears to be the source of ground water impact 
upgradient of the landfill.

Ground Water Containment

Barrier System 2 1 2 1 M 3 3 -1 S 1 1 1 2 3 2 2 1 3 2 1 30
Site would require ~ 1200' of barrier system which 
would be very expensive.

Ground Water Extraction System 3 3 3 3 TMV 2 1 -1 L 1 1 1 3 2 3 2 1 1 2 2 33
Performance of this type of system will be moderate 
to low due to the low levels of impact seen at the site.

Hydraulic Gradient Controls (injection) 1 2 2 1 M 3 3 0 -- 1 3 1 3 1 1 2 1 1 2 1 29
May produce undesired directions of flow of impacted 
ground water at the site.

In-Situ Biological Treatment

Enhanced Bioremediation (HRC) 3 3 3 2 T,V 2 3 0 -- 3 3 2 3 2 2 2 1 1 2 2 39
Over the long term this option may become quite 
expensive.

Enhanced Remediation (O2 or H2O2) 3 3 3 2 T,V 2 3 0 -- 3 3 2 3 2 2 2 1 1 2 2 39
Over the long term this option may become quite 
expensive.

Phytoremediation 2 2 1 1 T 3 3 0 -- 2 2 3 2 1 2 2 3 3 3 1 36

Used as supplemental system to another remedial 
technology.  Due to relatively shallow site ground 
water this may be a viable technology.

In-Situ Ground Water Abiotic Treatment

Passive Treatment Wall 3 3 2 2 T,V 3 2 -1 S 3 2 1 1 2 3 2 1 3 1 1 34
Potential for bio-fouling exists.  Due to length of 
treatment system this system would be expensive.

Air Sparging 3 3 3 2 T,V 3 2 -1 L 3 1 2 2 2 3 2 2 2 2 3 39
Care must be taken injecting air adjacent to a landfill 
(where fire potential exists).

*HRC = Hydrogen Release Compound

Comments

Ranking system
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1.0     INTRODUCTION 

 

1.1 Plan Background 

The Halifax County Landfill (North Carolina Permit # 42-04) is located southwest of the 

town of Roanoke Rapids, North Carolina near Aurelian Springs.  The landfill stopped 

accepting municipal solid waste (MSW) in December, 1997 and a cover was completed in 

September, 1998.  Halifax County is currently transporting MSW to a Subtitle D landfill in 

Virginia and accepting construction and demolition C&D waste on top of the closed MSW 

landfill in order to bring the closed landfill area up to final closure contours.  Halifax County 

also operates an ash monofill site to the north of the MSW landfill.   

 

Halifax County has been monitoring ground water quality at the site since 1993.  

Background Appendix I analyses that were performed during 1993 confirmed the 

presence of several organic constituents at low levels, but exceeding limits established in 

the North Carolina Ground Water Quality Standards (15A NCAC 2L .0202).  Halifax 

County initiated an assessment monitoring program in response to the detection of 

Ground Water Quality Standard violations.   

 

This Water Quality Monitoring Plan (WQMP) has been prepared to meet the field 

sampling and laboratory analysis requirements of ongoing assessment monitoring and 

proposed corrective action at the site.  Preliminary corrective action at the site will consist 

of Monitored Natural Attenuation coupled with an Enhance Bioremediation pilot study. The 

WQMP details field and laboratory protocols that must be followed to meet the data 

objectives of the assessment and corrective action plans. 

 

1.2 Purpose & Scope 

This WQMP has been designed to insure that accurate and representative field and 

laboratory results are obtained for all ground and surface water quality monitoring points.  

The WQMP addresses the following subjects: 
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! Groundwater sample collection 

! Surface water sample collection 

! Sample preservation and shipment 

! Laboratory analytical procedures 

! Sample Chain-of-custody control 

! Quality assurance/quality control programs 

 

The methods and procedures described in the following sections are intended to facilitate 

the collection of true and representative samples and test data.  Field procedures are 

presented in Sections 2.0 through 7.0 in their general order of implementation.  

Equipment requirements for each field task are presented within the applicable section.  

Laboratory procedures, quality assurance methods and record keeping requirements are 

presented in Sections 8.0 through 10.0. 

 

Strict adherence to these procedures stipulated in this plan is required.  Any 

variations from these procedures should be thoroughly documented. 

 

1.3 Monitoring Well Network and Analytical Parameters 

 

There are currently nine (9) monitoring wells on-site that are used for the collection of 

ground water samples on a regular basis.  Of these, MW-2a, MW-2ad, MW-3as, MW-3ad, 

MW-6d, MW-7d, MW-17, MW-18s and MW-18d are located downgradient of the landfill, 

while MW-15r and MW-16a are located upgradient of the landfill.   Monitoring well MW-1 

is located upgradient from the landfill and adjacent to the ash-monofil landfill.  Previously, 

NCDENR representatives requested that MW-6d and MW-7d replace MW-6s and MW-7s 

in the monitoring well network over concerns that wells MW-6s and MW-7s were 

constructed too shallow to detect impact from the landfill.  Therefore, these wells have 

been excluded from the monitoring well network.  It should be noted that as part of the 

Assessment of Corrective Measures, three additional wells were recently installed at the 

site, MW-17, MW-18s, and MW-18d.  Additionally, wells G-13 and G-13d located across 

the creek from MW-6d will be added to the monitoring network on an annual basis as 

“sentinel wells”.  The ground water monitoring well network is shown on Figure 2, 
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monitoring locations and sampling frequency is included in Table 1, and well completion 

information is included in Table 2. 

 

Monitoring well MW-1 will be monitored for Appendix I parameters under the Detection 

Monitoring Program.  The remaining wells (with the exception of G-13 and G-13d) outlined 

above will be monitored for Appendix II parameters in accordance with the Assessment 

Monitoring Program.   Additional parameters will also be analyzed from certain wells on-

site to evaluate Monitored Natural Attenuation at the Site.  These additional parameters 

include: 

• Dissolved Oxygen; 
• Nitrate; 
• Iron; 
• Sulfate; 
• Sulfide; 
• Methane; 
• Ethene, Ethane; 
• ORP; 
• TOC/BOD/COD; 
• CO2; 
• Alkalinity; 
• Chloride; 
• Hydrogen; 
• Volatile Fatty Acids; 
• pH; 
• Temperature; 
• Conductivity; and 
• Turbidity. 

 

Analytical parameters for each well and monitoring frequency are outlined in Table 1. 

 

2.0   GROUNDWATER SAMPLE COLLECTION 

 

This section presents details of the procedures and equipment required to perform 

groundwater field measurements and sampling from monitoring wells during each 

monitoring event.   All sampling, analysis and submittals shall be performed in 

accordance with this plan and the following guidance documents: 
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• Groundwater, Surface Water and Soil Sampling for Landfills – NCDENR Guidance 

updated April 2008 

• October 26, 2006 Memo from NCDENR entitled “New Guidelines for Electronic 

Submittal of Environmental Monitoring Data” 

• February 23, 2007 Memo from NCDENR entitled Addendum to October 27, 2006, 

North Carolina Solid Waste Section Memorandum Regarding New Guidelines for 

Electronic Submittal of Environmental Data 

• October 16, 2007 Memo from NCDENR entitled Environmental Monitoring Data for 

North Carolina Solid Waste Management Facilities 

 

Additionally, all local, state, and federal health and safety requirements, as applicable, will 

be followed. Additionally, all requirements for the disposal of any investigation derived 

wastes will also be followed.  Where possible, all phases of work will proceed from 

the upgradient, or clean, wells to downgradient, or impacted, wells. 

 

All fuel-powered equipment such as generators for pumps must be placed away from and 

downwind from all site activities (ie. purging and sampling).  If field conditions prevent 

such placement, then the fuel source must be placed as far away as possible from the 

sampling activities and the conditions of sampling must be described in detail in the field 

notes.  If fuel must be handled, it should be done the day before sampling.  All effort 

should be made to avoid handling fuels on the day of sampling.  If fuels must be 

dispensed during sampling activities, dispense fuel downwind and well away from any 

sampling locations.  Wear gloves while working with fuel and dispose of the gloves away 

from sampling activities. 

 

2.1 Water Level Measurements 

Static water level and depth to the well bottom will be measured in each well prior to any 

purging or sampling activities.  Static water level and well depth measurements are 

necessary to calculate the volume of stagnant water in the well prior to purging.  

Additionally these measurements provide a field check on well integrity, degree of 

siltation, and are used to prepare potentiometric maps, calculate aquifer flow velocities 

and monitor changes in site hydrogeologic conditions.   
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Upon opening each well, new latex or nitrile surgical gloves will be donned.  New gloves 

will be worn when taking water level measurements at each well.  Appropriate measures 

will be taken during all measurement activities to prevent soils, decontamination supplies, 

precipitation, and other potential contaminants from entering the well or contacting clean 

equipment.  

 

An electronic water level indicator will be used to accurately measure depth to 

groundwater in each well and/or piezometer.  Groundwater depths will be measured to a 

vertical accuracy of 0.01 feet relative to established wellhead elevations.  Each well will 

have a permanent, easily identified reference point on the lip of the well riser from which 

all water level measurements will be taken.  The elevation of the reference point will be 

established by a Registered Land Surveyor.   

 

The electronic water level indicator will be constructed of inert materials such as stainless 

steel and Teflon.  Between well measurements the device will be thoroughly 

decontaminated by washing with non-phosphate (Liqui-Nox) soap and rinsing with 

organic-free water to prevent cross contamination from one well to another.   

 

The following measurements will be recorded in a dedicated field book prior to sample 

collection: 

 

! Depth to static water level and well bottom (to the nearest 0.01 foot) 

! Height of water column in the riser (based upon known depth of well) 

! Condition of wellhead protective casing, base pad and riser 

! Changes in condition of well and surroundings. 

 

2.2 Equipment Decontamination 

All non-dedicated equipment that will come in contact with the well casing and water  

will be decontaminated between wells.  The procedure for decontaminating non-dedicated 

equipment is as follows: 
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1.    Don new powder-free Nitrile gloves 

2.    Clean item with tap water and phosphate-free laboratory detergent (Liquinox or  

      equivalent), using a brush if necessary to remove particulate matter and surface 

      films. 

3.   Rinse thoroughly with pesticide grade isopropanol and allow to air dry. 

4.   Rinse with organic-free water (Milli-Q water or other ultra-pure water) and allow to air  

      dry. 

6.   Wrap with commercial-grade aluminum foil, if necessary, to prevent contamination of  

      equipment during storage or transport.  

 

It should be noted that Liqui-Nox detergent solutions will be stored in a clearly marked 

HDPE or PP container.  Containers for pesticide –grade isopropanol will be made of inert 

materials such as Teflon, stainless steel, or glass. 

 

Sampling will be planned and conducted in such a way as to minimize the need for 

decontamination in the field through the use of dedicated sampling equipment, etc.  

Unclean equipment will be segregated from clean equipment during all field activities.  All 

clean equipment will remain in the manufacturer’s  packaging until use, or will be wrapped 

in commercial-grade aluminum foil or untreated butcher paper. 

 

2.3 Monitor Well Evacuation 

Water accumulated in each well may be stagnant and unrepresentative of surrounding 

aquifer conditions, and therefore must be removed to insure that fresh formation water is 

sampled.   Each well will be purged of standing water in the well casing following the 

measurement of the static water level.  As stated above, monitoring well evacuation 

should be performed in upgradient wells first, and moving to downgradient wells. 

 

New latex or nitrile surgical gloves will be donned for all well purging and sampling 

activities and whenever handling decontaminated field equipment.  Appropriate measures 

will be taken during all measurement, purging and sampling activities to prevent surface 

soils, decontamination supplies, precipitation, and other potential contaminants from 

entering the well or contacting cleaned equipment. 
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The volume of standing water in the well riser and screen will be calculated immediately 

before well evacuation during each monitoring event.  A standing water volume will be 

calculated for each well using measured static water level, well depth and well casing 

diameter according to the following equation:  

V = (TD - SWL)  x  C 

Where: V = One well volume 

TD = Total depth of the well (in feet) 

SWL = Static water level (in feet) 

C = Volume constant for given well diameter (gallons/foot) 

C = 0.163 gal/ft for two-inch wells. 

C = 0.653 gal/ft for four-inch wells. 

After the volume of standing water within the casing is established, a minimum of three 

and a maximum of five well casing volumes of water will be evacuated from each well.  

New, disposable bailers with either double or bottom check-valves will be used to purge 

each well.  Disposable purge bailers will be constructed of fluorocarbon resin (Teflon) or 

inert plastic suitable for the well and ground conditions.  Each bailer will be factory-clean 

and remain sealed in a plastic sleeve until use.  A new Teflon-coated stainless steel, inert 

mono-filament line or nylon cord will be used for each well to retrieve the bailers. 

 

Wells will be purged at a rate that will not cause recharge water to be excessively agitated 

or cascade through the screen.  Care will also be taken to minimize disturbance to the 

well sidewalls and bottom which could result in the suspension of silt and fine particulate 

matter. The volume of water purged from each well and the relative rate of recharge will 

be documented in sampling field notes.  Wells which are of very low recharge rates will be 

purged once until dry.  Damaged, dry or low yielding, and high turbidity wells will noted for 

reconsideration before the next sampling event.   

 

Purge water will be managed to prevent possible soil and surface water contamination.  

Well site management options may include temporary containment and disposal as 

leachate or portable activated carbon filtration.  
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Durable, non-dedicated equipment to be lowered into the well or which may contact the 

water samples will be thoroughly decontaminated before each use.  Equipment shall be 

disassembled to the degree practical, washed with (non-phosphate) soapy potable tap 

water, and triple rinsed using de-ionized water.  Detailed equipment decontamination 

procedures are detailed in Section 2.6. 

 

2.4 Groundwater Sample Collection 

After purging activities are complete, groundwater samples will be collected for laboratory 

analysis.  Sampling is undoubtedly the most critical stage and the focus of the water 

quality monitoring program.    Samples should be collected from least contaminated 

location(s) first, followed by locations of increasing contamination across the site.  Prior to 

sample collection, all sample labels should be properly filled-out with indelible ink, such as 

Sharpie Pen.  At a minimum, the label should identify the sample with the following 

information: 

• Sample Location or Well Number 

• Sample Identification Number 

• Date and Time of Collection 

• Analysis Required 

• Sampler’s Initials 

• Preservative Used (if any) 

• Other Pertinent Information As Necessary 

 

Upon completion of the sample label, the label should be affixed to the sample bottle prior 

to sampling. 

 

Sampling will occur within 24 hours of the purging of each well and as soon after well 

recovery as possible.  Wells which fail to recharge or produce an adequate sample 

volume within 24 hours of purging will not be sampled.   

 

Field measurements of temperature, pH, and specific conductivity will be made 

immediately prior to sampling each monitoring point.  The field test specimens will be 
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collected with the sampling bailer and placed in a clean, non-conductive glass or plastic 

container for observation.  The calibration of the pH, temperature, conductivity and 

turbidity meters will be completed according to the manufacturers' specifications and 

consistent with Test Methods for Evaluating Solid Waste -Physical/Chemical Methods 

(SW-846).  A pocket thermometer and litmus paper will be available in case of meter 

malfunction. 

 

Each well will be sampled using a new, factory-cleaned, disposable Teflon bailer with 

bottom check-valve and sample discharge mechanism.  A new segment of Teflon-coated 

stainless steel wire, inert mono-filament line or nylon cord will be used to lower and 

retrieve each bailer.  The bailer will be lowered into each well to the point of groundwater 

contact, then allowed to fill as it sinks below the water table.  Bottom contact will be 

avoided in order to avoid suspending sediment in the samples.  The bailer will be retrieved 

and emptied in a manner which minimizes sample agitation.   

 

Samples will be transferred directly from the Teflon bailer into a sample container that has 

been specifically prepared for the preservation and storage of compatible parameters.  A 

bottom emptying device provided will be used to transfer samples from bailer to sample 

container.  The generation air bubbles and sample agitation will be minimized during 

bailer discharge.  Groundwater samples will be collected and contained in the order of 

volatilization sensitivity.  

 

Initially, only purgeable organics and total metals samples will be collected for laboratory 

analysis.  Subsequently, other analytical methods may be required.  When collected, the 

following order of sampling will be observed: 

C Volatile Organics and Volatile Inorganics 

C Extractable Organics, Petroleum Hydrocarbons, Aggregate Organics and Oil 

and Grease 

C Total Metals 

C Inorganic Nonmetallics, Physical and Aggregate Properties and Biologicals 

C Microbiologicals 

C Measurements of pH, temperature, DO, ORP, conductivity and turbidity 
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Note: If the pump used to collect groundwater samples can not be used to collect volatile 

or extractable organics then collect all other parameters and withdraw the pump and 

tubing.  Then collect the volatile and extractable organics. 

 

All samples will be collected and analyzed in an unfiltered state during sampling events.  

Samples for dissolved metal analysis, if subsequently required, will be prepared by field 

filtration using a decontaminated peristaltic pump and a disposable 0.45 micron filter 

cartridge specifically manufactured for this purpose. 

 

All reusable sampling equipment including water level probes, pH/conductivity meters, 

interface probes, and filtering pumps which might contact aquifer water or samples will be 

thoroughly decontaminated between wells by washing with non-phosphate soapy, de-

ionized water and rinsing with isopropanol and organic-free water.  Detailed equipment 

decontamination procedures are detailed in Section 2.2. 

 

Upon completion of sampling at each location, the sample bottles will be place in a clean, 

untreated, plastic Ziploc bag and placed into the cooler with ice for preservation. 

 

2.5 Field Quality Assurance 

Field and trip blanks will be prepared, handled and analyzed as groundwater samples to 

ensure cross-contamination has not occurred.  One set of trip blanks, as described later in 

this document, will be prepared before leaving the laboratory to ensure that the sample 

containers or handling processes have not affected the quality of the samples.  One set of 

field (equipment) blanks will be created in the field at the time of sampling to ensure that 

the field conditions, equipment, and handling during sampling collection have not affected 

the quality of the samples.  A duplicate groundwater sample may be collected from a 

single well as a check of laboratory accuracy.  Blanks and duplicate containers, 

preservatives, handling, and transport procedures for surface water samples will be 

identical to those noted for groundwater samples. 

 

 

 



Halifax Co. Landfill Water Quality Monitoring Plan                 Richardson Smith Gardner and Associates, Inc. 
May 2009                                       Page  11 

2.6 Sample Containers 

Sample containers will be provided by the laboratory for each sampling event.  Containers 

must be either new and factory-certified analytically clean by the manufacturer, or cleaned 

by the laboratory prior to shipment for sampling.  Laboratory cleaning methods will be 

based on the bottle type and analyte of interest.  Metal containers are thoroughly washed 

with non-phosphate detergent and tap water, and rinsed with (1:1) nitric acid, tap water, 

(1:1) hydrochloric acid, tap water, and deionized water, in that order.  Organic sample 

containers are thoroughly washed with non-phosphate detergent in hot water and rinsed 

with tap water, distilled water, acetone, and pesticide quality hexane, in that order.  Other 

sample containers are thoroughly washed with non-phosphate detergent and tap water, 

rinsed with tap water, and rinsed with deionized water.    The laboratory shall provide 

proper preservatives in the sample containers prior to shipment (see Section 7.0). 

 

3.0  SURFACE WATER SAMPLE COLLECTION 

 

This section presents details of the procedures and equipment required to perform 

surface water field measurements and sampling from springs, streams and ponds during 

each monitoring event.  

 

3.1 Surface Water Level Observations 

Surface water quality analyses are particularly sensitive to site hydrologic conditions and 

recent precipitation events.  Water levels may fluctuate drastically in comparison the 

groundwater table and may result in either diluting or increasing contaminant loadings.  

The scheduling of sampling events and the interpretation surface water data must take 

into account climatic, recent weather and sampling station conditions. 

 

Surface water level and sampling station conditions will be observed one day prior to, and 

during each sampling event.  Surface water observations will include the flood stage in 

streams, seasonal base flow conditions, and confirm location and timing for meaningful 

surface water quality sampling. The following objective observations will be recorded in a 

dedicated field book prior to sample collection: 
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! Relative stream water level  

! Surface water clarity 

! Changes in surface monitoring station conditions and surroundings. 

 

Modifications to surface sampling station conditions may be required prior to each 

sampling event. These modifications may include the removal of surface and submerged 

debris, slightly deepening the station to allow sample container immersion, or 

channeling/piping to consolidate local discharge.  When modifications are required, 

sufficient time will be allowed for settlement of suspended solids between the disturbance 

and sample collection.  A minimum settling period of four hours prior to sampling will be 

observed. 

  

3.2 Surface Water Sample Collection 

Surface water samples will be obtained from areas of minimal turbulence and aeration.  

New latex or nitrile surgical gloves will be donned prior to sample collection.  The following 

procedure will be implemented regarding sampling of surface waters: 

 

1. Put on new latex or nitrile surgical gloves. 

2. Hold the bottle in the bottom with one hand, and with the other, remove the cap. 

3. Push the sample container slowly into the water and tilt up towards the current to 

fill.   A water depth of six inches is generally satisfactory.  Care will be taken to 

avoid  breaching the surface or losing sample preservatives while filling the 

container. 

4. If there is little current movement, the container should be moved slowly, in a 

lateral, side to side direction, with the mouth of the container pointing upstream. 

 

Temperature, pH, specific conductivity and turbidity will be taken at the start of sampling 

as a measure of field conditions and check on the stability of the water samples over time. 

 Measurements of temperature, pH, specific conductivity and turbidity will be recorded for 

all surface water samples.  The calibration of the pH, temperature, conductivity , and 

turbidity meters will be completed at the beginning of each sampling event, according to 

the manufacturers' specifications and consistent with Test Methods for Evaluating Solid 

Waste - Physical/Chemical Methods (SW-846). 



Halifax Co. Landfill Water Quality Monitoring Plan                 Richardson Smith Gardner and Associates, Inc. 
May 2009                                       Page  13 

 

Surface water samples will be collected and contained in the order of volatilization 

sensitivity of the parameters as follows: 

C Volatile Organics and Volatile Inorganics 

C Extractable Organics, Petroleum Hydrocarbons, Aggregate Organics and Oil 

and Grease 

C Total Metals 

C Inorganic Nonmetallics, Physical and Aggregate Properties and Biologicals 

C Microbiologicals 

C Measurements of pH, temperature, DO, ORP, conductivity and turbidity 

 

All surface water samples will be collected unfiltered during the initial assessment 

sampling event. If future dissolved metal analysis is required, samples will be prepared by 

field filtration using a decontaminated peristaltic filtering pump (or equivalent) and a 

disposable 0.45 micron filter cartridge specifically manufactured for this purpose. 

 

All field meters which might contact surface water samples will be thoroughly 

decontaminated between stations by washing with non-phosphate soapy, de-ionized 

water and rinsed with isopropanol and organic-free water. 

 

Surface water samples will be collected from surface water monitoring points shown on 

the attached Figure 2.  Samples will be collected directly from the station in the container 

that has been specifically prepared for the preservation and storage of compatible 

parameters.  Samples will be collected in a manner that assures minimum agitation.  

Additional blanks and duplicate samples will not be taken with the surface water samples. 

 

Sample containers shall be prepared and provided by the laboratory for each surface 

water sampling event.  Each sample containers= preparation and preservatives shall be 

the same as those utilized for groundwater sampling and addressed previously in Section 

2.5. 

 

4.0  LEACHATE SAMPLING AND ANALYSIS 

This site contains a closed unlined MSW landfill and a C&D landfill constructed over the 
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unlined MSW.  There are no leachate collection systems and therefore no leachate 

sampling will be performed. 

 

5.0  FIELD QA/QC PROGRAM 

 

Field Quality Assurance/Quality Control (QA/QC) requires the routine collection and 

analysis of trip blanks to verify that the handling process has not affected the quality of the 

samples.  Any contaminants found in the trip blanks could be attributed to:   

 

1)  interaction between the sample and the container,  

2)  contaminated source water, or  

3) a handling procedure that alters the sample.   

   

The laboratory will prepare a trip blank by filling each type of sample bottle with laboratory 

grade distilled or deionized water.  Trip blanks will be placed in bottles of the specific type 

required for the analyzed parameters and taken from a bottle pack specifically assembled 

by the laboratory for each groundwater sampling event.  Trip blanks will be taken prior to 

the sampling event and transported with the empty bottle packs.  The blanks will be 

analyzed for volatile and purgeable organics only. 

   

The concentration levels of any contaminants found in the trip blank will be reported but 

will not be used to correct the groundwater data.  In the event that elevated parameter 

concentrations are found in a blank, the analysis will be flagged for future evaluation and 

possible re-sampling. 

 

All field instruments utilized to measure groundwater characteristics will be calibrated prior 

to entering the field, and recalibrated in the field as required, to insure accurate 

measurement for each sample.  The specific conductivity and pH meter shall be 

recalibrated utilizing two prepared solutions of known concentration in the range of 

anticipated values (between 4 and 10).  A permanent thermometer, calibrated against a 

National Bureau of Standards Certified thermometer, will be used for temperature meter 

calibration.  
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6.0  SAMPLE PRESERVATION AND SHIPMENT 

 

Methods of sample preservation, shipment, and chain-of-custody procedures to be 

observed between sampling and laboratory analysis are presented in the following 

sections.  

 

Proper storage and transport conditions must be maintained in order to preserve the 

integrity of samples between collection and analysis.  Ice and chemical cold packs will be 

used to cool and preserve samples, as directed by the analytical laboratory.  Samples will 

be maintained at a temperature of 4o C.  Dry ice is not to be used.   

 

Pre-measured chemical preservatives will be provided in the sample containers provided 

by the analytical laboratory.  Hydrochloric acid will be used as a chemical stabilizer and 

preservative for volatile and purgeable organic specimens. Nitric acid will be used as the 

preservative for samples for metals analysis.   

 

Upon collection, samples will be placed on ice in high impact polystyrene coolers and 

cooled to a temperature of 4oC.  Samples will be packed and/or wrapped in plastic bubble 

wrap to inhibit breakage or accidental spills.  Chain-of-Custody control documents will be 

placed in a waterproof pouch and sealed inside the cooler with the samples for shipping.  

Tape and/or custody seals shall be placed on the outside of the shipping coolers, in a 

manner to prevent and detect tampering with the samples. 

 

Samples shall be delivered to the analytical laboratory within a 24-hour period in person or 

using an overnight delivery service to insure holding times are not exceeded.  Shipment 

and receipt of samples will be coordinated with the laboratory.  Do NOT store or ship 

highly contaminated samples (concentrated wastes, free product, etc.) or samples 

suspected of containing high concentrations of contaminants in the same cooler or 

shipping container with other environmental samples.   

 

Chain-of-Custody control will be maintained from sampling through analysis to prevent 

tampering with analytical specimens.  Chain-of-Custody control procedures for all samples 

will consist of the following: 
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1. Chain-of-Custody will originate at the laboratory with the shipment of 

prepared sample bottles and a sealed trip blank.  Identical container kits will 

be shipped by express carrier to the sampler or site or picked up at the 

laboratory in sealed coolers. 

 
2. Upon receipt of  the sample kit, the sampler will inventory the container kit 

and check its consistency with number and types of containers indicated in 
the Chain-of-Custody forms and required for the sampling event. 

 
3. Labels for individual sample containers will be completed in the field, 

indicating the site, time of sampling, date of sampling, sample location/well 
number, and preservation methods used for the sample. 

 
4. Collected specimens will be placed in the iced coolers and will remain in the 

continuous possession of the field technician until shipment or transferral as 
provided by the Chain-of-Custody form has occurred.  If continuous 
possession can not be maintained by the field technician, the coolers will be 
temporarily sealed and placed in a secured area. 

 
5. Upon delivery to the laboratory, samples will be given laboratory sample 

numbers and recorded into a logbook indicating client, well number, and 
date and time of delivery.  The laboratory director or his designee will sign 
the Chain-of-Custody control forms and formally receive the samples.  The 
field technician, project manager and the laboratory director will work 
together to insure that proper refrigeration of the samples is maintained.  

 
6. Copies of the complete Chain-of-Custody forms will be placed in the 

laboratory’s analytical project file and attached to the laboratory analysis 
report upon completion. 

 
Chain-of-Custody forms will be used to transfer direct deliveries from the sampler to the 

laboratory.  A coded, express delivery shipping bill shall constitute the Chain-of Custody 

between the sampler and laboratory for overnight courier deliveries.    

 

7.0  FIELD LOGBOOK 

 

The field technician will keep an up-to-date logbook documenting important information 

pertaining to the technician's field activities.  The field logbook will document the following: 

! Site Name and Location 

! Date and Time of Sampling  

! Climatic Conditions During Sampling Event 

! Sampling Point/Well Identification Number 
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! Well Static Water Level 

! Height of Water Column in Well 

! Purged Water Volume and Well Yield (High or Low) 

! Presence of Immiscible Layers and Detection Method 

! Observations on Purging and Sampling Event 

! Time of Sample Collection 

! Temperature, pH, Temperature, DO, ORP, Turbidity, and Conductivity Readings 

! Signature of Field Technician. 

 

8.0  LABORATORY ANALYSIS 

 

The ground and surface water parameters to be analyzed will be those specified in the 

assessment Workplan, and/or by the SWS.  These will include field indicators of  water 

quality (pH, conductivity, temperature and turbidity) and selected purgeable organic as 

listed in Appendix I of 40 CFR.258 and eight RCRA metals constituents (total metals 

analysis).  All analytical methods are taken from Test Methods For Evaluating Solid Waste 

- Physical/Chemical Methods (SW-846) or Methods For the Chemical Analysis of Water 

and Wastes and will be consistent with DSWM=s policies regarding analytical methods 

and PQLs.  Table 5 presents a summary of proposed analytical methods.   Analysis will 

be performed by a laboratory certified by the North Carolina DENR for the analyzed 

parameters.  

 

Formal environmental laboratory Quality Assurance/Quality Control (QA/QC) procedures 

are to be utilized at all times.  The owner/operator of the landfill is responsible for 

selecting a laboratory contractor and insuring that the laboratory is utilizing proper QA/QC 

procedures.  The laboratory must have a QA/QC program based upon specific routine 

procedures outlined in a written laboratory Quality Assurance/Quality Control Manual.   

The QA/QC procedures listed in the manual shall provide the lab with the necessary 

assurances and documentation that accuracy and precision goals are achieved in all 

analytical determinations.  Internal quality control checks shall be undertaken regularly by 

the lab to assess the precision and accuracy of analytical procedures.   

 

The internal quality control checks include the use of calibration standards, standard 
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references, duplicate samples and spiked or fortified samples.  Calibration standards shall 

be verified against a standard reference obtained from an outside source.  Calibration 

curves shall be developed using at least one blank and three standards.  Samples shall 

be diluted if necessary to insure that analytical measurements fall on the linear portion of 

the calibration curve.  Duplicate samples shall be processed at an average frequency of 

10 percent to assess the precision of testing methods, and standard references shall be 

processed monthly to assess accuracy of analytical procedures.  Spiked or fortified 

samples shall be carried through all stages of sample preparation and measurement to 

validate the accuracy of the analysis.   

 

During the course of the analyses, quality control data and sample data shall be reviewed 

by the laboratory manager to identify questionable data and determine if the necessary 

QA/QC requirements are being followed.  If a portion of the lab work is subcontracted, it is 

the responsibility of the contracted laboratory to verify that all subcontracted work is 

completed by certified laboratories, using identical QA/QC procedures.  

 

9.0 DATA EVALUATION 

 

Copies of all laboratory results and water quality reports for the Halifax County Landfill will 

be kept at the Halifax County Landfill office.  Reports summarizing all groundwater quality 

results and data evaluation will be submitted to the DSWM for each sampling event.  

Upon receipt of each monitoring event=s data, the water quality database of analyses will 

be updated.   

 

Methods to evaluate the data are taken from North Carolina Solid Waste Rules and the 

EPA RCRA Groundwater Monitoring Technical Guidance Documents.  Statistical methods 

are required and will be employed as warranted.  The goal of the statistical analysis is to 

determine whether statistically significant evidence of contamination exists and to identify 

the constituents and points of concern.  The North Carolina Solid Waste Rules provide 

several methods for statistical analysis of groundwater data.  These methods are: 

1. Parametric analysis of variance (ANOVA) 

2. Rank-based (non-parametric) ANOVA with multiple comparisons 

3. Tolerance prediction interval 
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4. Control chart 

5. Test of Proportions 

6. An alternative statistical test method that meets the performance standards 

of 40 CFR 258.53 (h) 

 

The choice of appropriate methods for data analysis and presentation, including statistical 

tests, depends on the type of monitoring, the nature of the data, and the proportion of 

values in the data set that are below detection limits.  The statistical analysis will be 

conducted separately for each detected organic constituent based on the EPA's Statistical 

Analysis of Groundwater Monitoring Data at RCRA Facilities, Interim Final Guidance 

Document (1989) and Addendum to the Interim Final Guidance Document (1992).  Any 

statistical analyses will be performed in general accordance methods outlined in the North 

Carolina State Regulations 15A NCAC 13B.1632. 

 

In addition to statistical methods, graphical analyses will be performed to evaluate plume 

movement and contaminant trends over time.  Additional statistical analysis for trend 

(including but not limited to the Mann-Kendall test) will be performed to evaluate trends in 

contaminant levels over the long term. 

 

10.0  RECORD KEEPING AND REPORTING 

 

10.1 Monitoring Reports 

After each groundwater monitoring event, the potentiometric surface will be evaluated to 

determine whether the monitoring system remains adequate and to determine the rate 

and direction of groundwater flow at the site.   

 

The direction of groundwater flow will be determined by a comparison of groundwater 

surface elevations across the site through the construction of a potentiometric surface 

map.  Groundwater flow rate will be determined using the following equation: 

 

 

V=KI/n 

Where: V = Velocity (feet/day) 
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K = Hydraulic Conductivity (feet/day) 

I = Hydraulic Gradient (foot/foot) 

n = Effective Porosity of aquifer soils (unitless) 

 

If these evaluations indicate the groundwater monitoring system is insufficient in meeting 

the requirements of the Rules, the monitoring system will be modified accordingly and a 

work plan will be submitted to NCDENR for review prior to modifications to enhance the 

monitoring system. 

 

Copies of all laboratory analytical data will be forwarded to the SWS within 45 calendar 

days of the sample collection date.  The analytical data submitted will specify the date of 

sample collection, the sampling point identification and include a map of sampling 

locations.  Should a significant concentration of contaminants be detected in ground and 

surface water, as defined in North Carolina Solid Waste Rules, Groundwater Quality 

Standards, or Surface Water Quality Standards, the owner/operator of the landfill shall 

notify the SWS and will place a notice in the landfill records as to which constituents were 

detected.   

 

All monitoring reports will be submitted with the following: 

• An evaluation of potentiometric surface 

• Analytical laboratory reports and summary tables 

• Statistical analysis of laboratory data 

• A Solid Waste Environmental Monitoring Data Form (included in Attachment A) 

• Laboratory Data submitted in accordance with the Electronic Data Deliverable 

Template. 

Monitoring reports may be submitted electronically by e-mail or in paper copy form. 

 

10.2 Well Abandonment/Rehabilitation 

Should wells become irreversibly damaged or require rehabilitation, the SWS shall be 

notified.  If wells exhibit excessive siltation, redevelopment may be necessary.  Well 

redevelopment will be completed using the “surge and pump” technique which consists of 

utilizing a surge block to wash the screened interval with aquifer water.  The surging is 

followed by pumping of the well to remove fines.  Turbidity measurements will be collected 
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to evaluate the success of the well redevelopment.   

 

If monitoring wells and/or piezometers are damaged irreversibly they shall be abandoned 

under the direction of the SWS.  The abandonment procedure in unconsolidated materials 

will consist of over-drilling and/or pulling the well casing and plugging the well with an 

impermeable, chemically-inert sealant such as neat cement grout and/or bentonite clay.  

For bedrock well completions the abandonment will consist of plugging the interior well 

riser and screen with an impermeable neat cement grout and/or bentonite clay sealant. 

 

10.3 Additional Well Installations 

Any additional well installations will be carried out in accordance with SWS directives. If 

the potentiometric maps reveal that the depths, location, or number of wells is insufficient 

to monitor potential releases of solid waste constituents from the solid waste management 

area, new well locations and depths will be submitted to the SWS for approval.  

 

All monitoring wells shall be installed under the supervision of a geologist or engineer who 

is registered in North Carolina and who will certify to the SWS that the installation 

complies with the North Carolina Regulations. Upon installation of future wells the 

documentation for the construction of each well will be submitted by the registered 

geologist or engineer within 30 days after well construction. 

 

10.4 Implementation Schedule 

The Groundwater Assessment Monitoring Program and sampling and analysis will be 

implemented upon approval of the Water Quality Assessment Workplan and construction 

of the additional assessment wells. 
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Tables 



 

 Table 1 
 Monitoring Frequency 
 Halifax County Landfill 
 Halifax County, North Carolina 
 
Monitoring 
Well 

Location Monitoring Program Monitoring 
Frequency 

 
MW-1 

 
Upgradient 

 
Detection 

 
Semi-Annually 

 
MW-2a 

 
Downgradient Shallow 

 
Assessment + MNA 

 
Semi-Annually  

 
MW-2ad 

 
Downgradient Deep 

 
Assessment  + MNA 

 
Semi-Annually 

 
MW-3as 

 
Downgradient Shallow 

 
Assessment + MNA 

 
Semi-Annually 

 
MW-3ad 

 
Cross-gradient Deep 

 
Assessment + MNA 

 
Semi-Annually 

 
MW-6d 

 
Downgradient Deep 

 
Assessment + MNA 

 
Semi-Annually 

 
MW-7d 

 
Downgradient Deep 

 
Assessment 

 
Semi-Annually 

 
MW-15r 

 
Upgradient 

 
Assessment  

 
Semi-Annually 

 
MW-16a 

 
Upgradient Assessment 

 
Semi-Annually 

 
MW-17 

 
Downgradient Shallow 

 
Assessment + MNA 

 
Semi-Annually 

 
MW-18s 

Sentinel Downgradient 
Shallow 

 
Assessment + MNA 

 
Semi-Annually 

 
MW-18d 

Sentinel Downgradient 
Deep 

 
Assessment + MNA 

 
 Annually 

G-13 Sentinel Downgradient 
 

Detection + MNA  Annually 

G-13d 
Sentinel Downgradient 

Deep 
 

Detection  Annually 
Surface Water 
SW-1 Upstream  

 
Detection  Semi-annually 

 
Surface Water 
SW-2 

 
Downstream 

 
Detection  Semi-annually 

Detection = Detection Monitoring parameters (Appendix I) 
Assessment = Assessment monitoring parameters (Appendix II and Appendix I + Detected App. II)  
MNA = Monitored Natural Attenuation Parameters outlined in Section 1.3 of the Water Quality Monitoring 
Plan (5/2009).



 

 
 
 Table 2 
 
 Monitoring Well Completion Data 
 Halifax County Landfill 
 Halifax County, North Carolina 
 
 
 

 
Monitoring 

Well 

 
Top of Casing 

Elevation 

 
Depth to 

Bottom of Well 

 
Screened 
Interval 

 
MW-1 NA NA NA 

 
MW-2a 246.43 14’ 4’ – 14’ 

 
MW-2d 245.65 40’ 35’ – 40’ 

 
MW-3a 252.68 9’ 4’ – 9’ 

 
MW-3d 251.73 19’ 9’ – 19’ 

 
MW-6d 253.22 40’ 25’ – 40’ 

 
MW-7d 249.09 40’ 25’ – 40’ 

 
MW-15r 299.78 45’ 30’ – 40’ 

 
MW-16a 271.46 15’ 4’ – 14’ 

 
MW-17 247.75 25’ 15’ – 25’ 

MW-18s 244.52 19’ 8’ – 18’ 

MW-18d 244.04 52’ 47’ – 52’ 

G-13s NA 20 10’ – 20’ 

G-13d NA 54.5 44.5’ – 54.5’ 

 
NA – Well completion information for this well unavailable. 
 



 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Appendix A 





Appendix C
BASF Unit Information




	KMBT35020091001111909.pdf
	8694.pdf



