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SECTION 1.0
INTRODUCTION

1.1 PLAN BACKGROUND

This Water Quality Monitoring Plan (WQMP) specifies the procedures and requirements to
satisfy North Carolina Solid Waste Management Rule 15A NCAC 13B.0544 (b).  Surface water
is not addressed in this WQMP due to a lack of surface water near the landfill.  Although the
landfill is surrounded by wetlands, no consistently flowing surface water is located within
approximately 1/4 mile.  Based upon the lack of surface water in the immediate vicinity of the
landfill, no surface water sampling is proposed in this document.  The WQMP addresses
monitoring/sampling of the groundwater monitoring system.

The WQMP is designed to comply with the following requirements:

• Represent the quality of the background groundwater that has not been affected by
leakage from the unit (.0544 (b)(1)(A)).

• Represent the quality of the groundwater passing the relevant point of compliance
as approved by the Division (.0544 (b)(1)(B)).

• The groundwater monitoring programs must include consistent sampling and
analysis procedures that are designed to ensure monitoring results that provide an
accurate representation of groundwater quality at the background and down-
gradient wells (.0544 (b)(1)(C)).

• Detection Groundwater monitoring program (.0544 (b)(1)(D)).

• The sampling procedures and frequency must be protective of human health and the
environment (.0544 (b)(1)(E)).

• Responsibility of sample collection and analysis must be defined as a part of the
monitoring plan (.0544 (c)(2)).

This WQMP also addresses the following subjects:

• Sample preservation and shipment;

• Laboratory analytical procedures;

• Sample chain-of-custody control; and

• Quality assurance/quality control programs;

The methods and procedures described in the WQMP are intended to facilitate the collection of
true and representative samples and test data.  Field procedures are presented in Section 2.0 in
their general order of implementation.  Equipment requirements for each field task are presented



1Site Application Report for Proposed Construction and Demolition Waste Landfill and Tire Monofill for
Washington County, Diehl & Phillips, P.A. Consulting Engineers, October 1994.
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within the applicable section.  Laboratory procedures, quality assurance methods, and record
keeping requirements are presented in Sections 3.0 through 7.0.

Strict adherence to the procedures stipulated in this plan is required.  Any variations from
these procedures should be thoroughly documented.  

1.2 SITE CONTACT INFORMATION

In case of emergencies, or if questions arise during the implementation of this program, please
contact the following:

Owner:
Mr. Carl Critcher Ms. Joan Smyth, P.G.
Washington County    RSG      
Office (252) 793-5615 Office (919) 828-0577 x122

Cell (919) 815-1494

1.3 SITE BACKGROUND

Washington County owns and operates a construction and demolition debris (C&D) landfill
under NC Solid Waste Permit No. 94-04, located at 718 Landfill Road Roper, North Carolina. 
The nearest water body is an unnamed tributary of the Roanoke River that drains into Swan Bay
located approximately 1/4 mile to the northeast of the site.  The site and monitoring network are
shown in Figure 1.  Information for existing monitoring wells can be found in Table 1.  The
County’s closed MSW landfill (NC Solid Waste Permit 94-02) is located on the property to the
southwest of the C&D landfill.

1.3.1  Geology

The site is located in the Coastal Plain physiographic province of North Carolina.  The site is
located east of the Suffolk Scarp and is underlain by undifferentiated Quaternary sediments. 
These sediments consist of sand, clay, gravel, and peat that were deposited in marine, fluvial,
eolian, and lacustrine environments. Ground water at the site flows in the unconsolidated
sediments toward discharge features. 

1.3.2  Hydrogeology

The uppermost aquifer at the site flows within the unconsolidated sediments described above
with discharge to the unnamed tributary of the Roanoke River.  Hydraulic conductivities1 for
this aquifer range from 1 x 10-2 to 3.6 x 10-2.



















Washington County  C&D Landfill Water Quality Monitoring Plan
November 2009 FIELD QA/QC PROGRAM Page 3.0-1

SECTION 3.0
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.  

  
3.1  TRIP BLANK

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.

3.2  TRIP BLANK CONCENTRATIONS
 
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.

3.3   FIELD INSTRUMENTS

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
laboratory grade thermometer, calibrated against a National Bureau of Standards Certified
thermometer, will be used for temperature meter calibration. 
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SECTION 4.0
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. 

4.1   SAMPLE PRESERVATION

Pre-measured chemical preservatives will be 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.  

4.2   STORAGE/TRANSPORT CONDITIONS

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.  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.

4.3  SAMPLE DELIVERY

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.  

4.4   CHAIN-OF-CUSTODY

Chain-of-custody control will be maintained from sampling through analysis to prevent
tampering with analytical specimens.  Chain-of-custody control procedures for all samples will
consist of the following:

1. Chain-of-custody will originate at the laboratory with the shipment of prepared
sample bottles and a sealed trip blank.  Identical container kits will be shipped by
express carrier to the sampler or site or picked up at the laboratory in sealed
coolers.

2. Upon receipt of the sample kit, the sampler will inventory the container kit and
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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.   
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SECTION 5.0
FIELD LOGBOOK

The field technician will keep an up-to-date logbook documenting important information
pertaining to the technician's field activities.  The field logbook will document the following:

• Site Name and Location;

• Date and Time of Sampling ;

• Climatic Conditions During Sampling Event;

• Sampling Point/Well Identification Number;

• Well Static Water Level;

• Height of Water Column in Well;

• Purged Water Volume and Well Yield (High or Low);

• Presence of Immiscible Layers and Detection Method;

• Observations on Purging and Sampling Event;

• Time of Sample Collection;

• Temperature, pH, Temperature, DO, ORP, Turbidity, and Conductivity Readings;and

• Signature of Field Technician.
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SECTION 6.0
LABORATORY ANALYSIS

The ground and surface water parameters will be analyzed for field indicators of  water quality
(pH, conductivity, temperature, and turbidity) and those constituents listed in Table 2.  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 the Division of Waste Management’s policies regarding
analytical methods and reporting limits.  Analysis will be performed by a laboratory certified by
the North Carolina DENR for the analyzed parameters. 

6.1  LABORATORY QUALITY ASSURANCE/QUALITY CONTROL

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.  

6.2   LABORATORY QUALITY CONTROL CHECKS

The internal quality control checks include the use of calibration standards, standard references,
duplicate samples, and spiked or fortified samples.  Calibration standards shall be verified
against a standard reference obtained from an outside source.  Calibration curves shall be
developed using at least one blank and three standards.  Samples shall be diluted if necessary to
insure that analytical measurements fall on the linear portion of the calibration curve.  Duplicate
samples shall be processed at an average frequency of 10 percent to assess the precision of
testing methods, and standard references shall be processed monthly to assess accuracy of
analytical procedures.  Spiked or fortified samples shall be carried through all stages of sample
preparation and measurement to validate the accuracy of the analysis.  

6.3  DATA REVIEW

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. 
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SECTION 7.0
RECORD KEEPING AND REPORTING

After each 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.  

7.1  GROUNDWATER SYSTEM EVALUATIONS

The direction of groundwater flow will be determined by a comparison of groundwater surface
elevations across the site through the construction of a potentiometric surface map.  Groundwater
flow rate will be determined using the following equation:

V=KI/n

Where: V = Velocity (feet/day)
K = Hydraulic Conductivity (feet/day)
I = Hydraulic Gradient (foot/foot)
n = Effective Porosity of aquifer soils (unitless)

If these evaluations indicate the groundwater monitoring system is insufficient in meeting the
requirements of the Rules, the monitoring system will be modified accordingly and a work plan
will be submitted to NCDENR for review prior to modifications to enhance the monitoring
system.

7.2  RESULT REPORTING

Copies of all laboratory analytical data will be forwarded to the SWS within 60 calendar days of
the receipt of laboratory data.  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 groundwater, as defined in North
Carolina Solid Waste Rules, Groundwater 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;

• A Solid Waste Environmental Monitoring Reporting Form (Attachment 1); and

• Laboratory Data submitted in accordance with the Electronic Data Deliverable 
Template.
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Monitoring reports may be submitted electronically by e-mail or in paper copy form.  Copies of
all laboratory results and water quality reports for the Washington County Landfill will be kept
at the Landfill office.  Reports summarizing all groundwater quality results and data evaluation
will be submitted to the Division of Waste Management for each sampling event.   Depending
upon the analytical results received, graphical analyses may be performed to evaluate plume
movement and contaminant trends over time.
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SECTION 8.0
MONITORING PROGRAM MODIFICATIONS

8.1 WELL ABANDONMENT/REHABILITATION

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. 

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

8.2 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.

8.3 IMPLEMENTATION SCHEDULE

This monitoring program will be implemented upon approval of this Water Quality Monitoring
Plan.  
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Table 1

Monitoring Well Completion Information
Washington County C&D Landfill

Roper, North Carolina

Monitoring
Well

Northing Easting Top of
Casing

Elevation

Depth
to Well
Bottom

Depth to
Water
 9/09

Upgradient/
downgradient

CD-1 799028.14 2691515.73 7.81 22.90 6.49 Down

CD-2 799100.9 2691755.17 7.68 19.90 6.11 Down

CD-3 799210.55 2692038.09 7.77 21.45 5.90 Cross

CD-4 798597.78 2692406.42 9.11 20.67 6.98 Up

Notes:  1. Survey data from Sanborn Survey Report dated 4/24/09
 2. Depth to Well Bottom measured from Top of Casing by Environment 1 personnel.



By: JAS
Date: 10/15/09

Appendix I Constituents EPA 2L or GWP
Method Synonyms Standard

Antimony 7041 1.4
Arsenic 7060/7061 50
Barium 7080/6010 2000
Beryllium 7091 4
Cadmium 7131 1.75
Chloride SM4500 CLB 250000
Chromium 7191 50
Cobalt 7201 70
Copper 7210/6010 1000
Iron 7300 300
Lead 7421 15
Manganese 200.7 50
Mercury 245.1 1.05
Nickel 7520/6010 100
Selenium 7740/7741 50
Silver 7761 17.5
Sulfate SM4500   250000
Thallium 7841 0.28
Vanadium 7911 3.5
Zinc 7950/6010 1050
Temperature Field na
pH Field 6 - 8
Specific Conductance Field na
Alkalinity SM2320B na
Total Dissolved Solids SM2540C na
Acetone 8260 2-Propanone 700
Acrylonitrile 8260 2-Propenenitrile na
Benzene 8260 1
Bromochloromethane 8260 Chlorobromomethane 0.6
Bromodichloromethane 8260 Dibromochloromethane 0.56
Bromoform 8260 Tribromomethane 4.43
Carbon Disulfide 8260 700
Carbon Tetrachloride 8260 Tetrachloromethane 0.269
Chlorobenzene 8260 50
Chloroethane 8260 Ethyl chloride 2800
Chloroform 8260 Trichloromethane 70
Dibromochloromethane 8260 Chlorodibromomethane 0.41
1,2-Dibromo-3-chloropropane 8260 DBCP 0.025
1,2-Dibromoethane 8260 Ethylene dibromide, EDB 0.0004
1,2-Dichlorobenzene 8260 o-Dichlorobenzene 24
1,4-Dichlorobenzene 8260 p-Dichlorobenzene 1.4
trans-1,4-Dichloro-2-butene 8260 na
1,1-Dichloroethane 8260 Ethyldidene chloride 70
1,2-Dichloroethane 8260 Ethylene dichloride 0.38
1,1-Dichloroethylene 8260 Vinylidene chloride 7
cis-1,2-Dichloroethylene 8260 70
trans-1,2-Dichloroethylene 8260 100
1,2-Dichloropropane 8260 Propylene dichloride 0.51
cis-1,3-Dichloropropene 8260 0.19
trans-1,3-Dichloropropene 8260 0.19
Ethylbenzene 8260 550
2-Hexanone 8260 Methyl butyl ketone 280
Methyl bromide 8260 Bromomethane na
Methyl chloride 8260 Chloromethane 2.6
Methyl ethyl ketone 8260 2-Butanone 4200
Methyl iodide 8260 Iodomethane na
4-Methyl-2-pentanone 8260 Methyl isobutyl ketone 560
Methylene bromide 8260 Dibromomethane na
Methylene chloride 8260 Dichloromethane 4.6
Styrene 8260 Ethenylbenzene 100
1,1,1,2-Tetrachloroethane 8260 1.3
1,1,2,2-Tetrachloroethane 8260 0.18
Tetrachloroethylene 8260 Perchloroethylene 0.7
Toluene 8260 Methyl benzene 1000
1,1,1-Trichloroethane 8260 Methyl chloroform 200
1,1,2-Trichloroethane 8260 0.6
Trichloroethylene 8260 2.8
Trichloroflouromethane 8260 CFC-11 2100
1,2,3-Trichloropropane 8260 0.005
Vinyl acetate 8260 Acetic acid, ethenyl ester 7000
Vinyl chloride 8260 Choroethene 0.015
Xylenes 8260 Dimethyl benzene 530

All concentrations in ug/l
NC 2L is the ground water standard for each constituent.GWP is Groundwater Protection Standard.
Detections abovve these concentrations are considered to require source determination, and possible
assessment and remediation.
na = no standard available

Table 2
Appendix I Analyte List with C&D Landfill Indicator Analytes
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