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1.0 INTRODUCTION 

This Corrective Action Monitoring Plan (CAMP) - Revision 2 has been prepared in general 
accordance with and designed to meet the requirements of 9 VAC 20-80-300.A.2 and 
310.C.1.a.  This monitored natural attenuation (MNA)-based Groundwater Monitoring Plan 
(GMP) is being submitted for inclusion with the facility’s Permit as a CAMP.  The CAMP was 
developed based on the guidance provided in the Virginia Department of Environmental 
Quality’s (VDEQ) Submission Instructions No. 21 (v.04/14/04).  Where appropriate, this CAMP 
report format follows the outlined provided in Table C of the Submission Instructions.  Sampling 
of the compliance wells shall continue under the respective monitoring program during the 
Corrective Action process. 
 
Revision 1 of this CAMP was prepared by Groundwater and Environmental Services, Inc. of 
Richmond, Virginia.  Much of the Revision 1 information has been incorporated or used directly 
in this version. 
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2.0 MONITORING PLAN 

2.1 Site Location Description 

The Chesapeake Energy Center (CEC) occupies approximately 145 acres of property, 
approximately 8 miles west of Virginia Beach and 7 miles south of the city of Norfolk. A site 
location map is included as Figure 2-1. The existing coal ash landfill is located on a peninsula in 
the southern portion of the CEC property (Figure 2-2). The landfill is bordered by the Southern 
Branch of the Elizabeth River (SBER) to the East, Deep Creek to the South, and a non-contact 
cooling water channel to the West. 
 

2.2 Description of Aquifer 

The hydrologic framework of the shallow aquifer system is composed of the Colombia Aquifer 
which resided mostly in the Norfolk Formation and is semi-contained from below by the 
Yorktown Confining Unit. The Norfolk Formation is composed of sands and silts with an average 
hydrologic conductivity of 287 to 323 feet/ year with velocities decreasing with depth (MACTEC, 
2003).  
 
Above the Norfolk Formation resides various fill materials, which may contain ash from the ash 
sluicing activities that predate the current landfill. Average hydraulic conductivity in the fill 
material is 1.5 to 5 feet/year (URS, 2003).  Due to the mounding in this area, it is believed that 
there is an Anthropogenic Water Bearing Unit (AWBU) within this fill material (URS, 2003). The 
mounding in the area may also be responsible for the downward gradient observed between the 
shallow and deep wells across the site. Impacted groundwater is thought to flow radially 
outward and downward from the landfill area into the AWBU, then locally to the shallow 
Colombia Aquifer, draining into the cooling water channel, Deep Creek and the SBER. 
Potentiometric maps (November 2005) for both the deep wells and the shallow wells are 
included as Figures 2-3 and 2-4.  Figure 2-5 depicts the groundwater contours for shallow 
wells in February 2010. 
 

2.3 Monitoring System (well type definitions) 

The existing monitoring well locations are depicted on Figure 2-2. As shown on Figure 2-2, 
significant geographic constraints exist with respect to siting compliance, performance and 
sentinel wells that are typically associated with MNA-based CAPs.  The proposed MNA-based 
GMP incorporates both groundwater monitoring wells and surface water samples.  The existing 
well network includes a background well and a series of wells that are situated as close to the 
edge of the peninsula as possible.  The wells around the landfill are considered to be 
“performance wells” as they will be used to track trends in metals of interest in groundwater 
emanating from the landfill.  Each proposed well location consists of a shallow and deep well 
couplet designed to provide data on both the horizontal and vertical groundwater impacts.   
 
Given the geographic constraints at the Dominion site, surface water samples will also be 
collected at various points around the peninsula.  The surface water points will serve as 
“sentinel” points to confirm the reliability of the remedy at the receptor.  Section 3.0 details the 
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proposed groundwater and surface water sampling procedures.  Sampling of near bottom 
surface water will provide a direct measure of metals or inorganic constituent (arsenic cobalt, 
beryllium, and sulfide) flux from the landfill, thus a direct measurement of the MNA processes 
taking place. Based upon the site conceptual model, samples of surface water are well suited to 
monitoring the natural attenuation of metals of interest at the CEC Landfill.  A total of four (4) 
surface water sampling locations (SW-1, SW-2, SW-3 and SW-4) are proposed (see 
Figure 2-2), and were  previously sampled at the locations depicted in Figure 2-6.   
 
The CEC landfill is ringed by a series of shallow and deep nested wells which provide data on 
both horizontal and vertical extent of plume migration. MW-4R, MW-5, and MW-5D are located 
far enough away from the landfill to function as background wells. To measure the effectiveness 
of monitored natural attenuation, the following well network will be monitored on a quarterly 
basis for the first two years: 
 

 MW-5, MW-5D, PO-8, PO-8D, CECW-6I, CECW-6D, CECW-10R, CECW-15, CECW-8, 
CECW-8D, PO-10, PO-10D, CECW-3, CECW-3D, CECW-2, CECW-2D, CECW-1, and 
CECW-1D 

 
Note - Sampling of the compliance wells (MW-4R, MW-5, CECW-1, CECW-2, CECW-3, 
CECW-4, CECW-5, CECW-6, CECW-6I, PO8, PO9, PO10, and PO11) shall continue under the 
respective monitoring program during the Corrective Action process.   
 

Monitoring Well Summary 
Upgradient 
Well(s) 

GPS Exceeding  
Compliance 
Wells 

Associated 
Performance 
Well(s) 

Associated 
Sentinel Well 

Surface Water 
Sampling 
Point  

MW-4R CECW-1 MW-5 CECW-10R SW-1 
MW-5 CECW-2 MW-5D CECW-15 SW-2 
 CECW-3  

(see note #4) CECW-1 CECW-6D SW-3 

 CECW-4 CECW-1D  CECW-8 D SW-4 
 CECW-5 CECW-2 CECW-8  
 CECW-6I CECW-2D   
 PO-8 CECW-3 (see note #4)   
 PO-9 CECW-3D (see note #4)   
 PO-10 CECW-6I   
 PO-11 PO-8   
  PO-8D   
  PO-10   
  PO-10D   

Notes: 1) MW-4 was replaced by MW-4R, 2) CECW-10 was replaced by CECW-10R, 3) CECW-15 was repaired,                   
and 4) CECW-3 and CECW-3D are scheduled for abandonment in 2015 with landfill closure. 

As shown on Figure 2-2, these wells are intended to serve as “points of compliance” with 
regard to the uppermost aquifer underlying the facility. Based on accepted metals transportation 
theory, the facility wells will be able to measure the performance of the natural attenuation 
remedy both directly and indirectly. They will directly measure the metal concentrations to 
ensure that arsenic levels are not increasing, implying that no more contaminants are being 
added to the aquifer system. By measuring iron levels as well as groundwater chemistry, these 
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performance wells will be integral in creating inorganic transport models, if needed, as an 
indirect measurement of the success of monitored natural attenuation.   
 

2.4 Well Installation Procedures 

No new well installations are planned.  Boring Logs/as-built diagrams for the wells to be 
sampled as part of the MNA-based GMP are included as Appendix A.   
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3.0 SAMPLING PROGRAM 

3.1 Constituent(s) Listing (well specific) 

3.1.1 Groundwater 

All groundwater monitoring wells listed in Section 2.3 will be monitored for the constituents listed 
in Section 3.2.  The MNA performance list included in Submission Instructions No. 21 are not all 
applicable to document the viability of the metals adsorption process.   The following 
constituents (LOD is Limit of Detection, LOQ is Limit of Quantification) will be monitored in order 
to monitor site geochemical conditions and concentrations over time: 
 

 Total and dissolved arsenic by U.S. Environmental Protection Agency (EPA) method 
200.8 modified (ICP-DRC-MS), or equivalent.  LOD – 0.004 milligrams per liter (mg/L), 
LOQ – 0.010 mg/L. 

 Arsenic Speciation (As+3 and As+5) samples using anion resin column followed by 
analysis by EPA method 200.8 modified (ICP-DRC-MS), or equivalent. LOD – 0.004 
mg/L, LOQ – 0.010 mg/L. 

 Total and dissolved iron by EPA method 200.8 modified (ICP-DRC-MS), or equivalent. 
LOD - 0.007 mg/L; LOQ – 0.010 mg/L. 

 Total and dissolved sulfide by EPA method 200.8 modified Method 9034, or equivalent. 
LOD – 0.48 mg/L, LOQ – 2.4 mg/L. 

 Total and dissolved cobalt by EPA method 200.8 modified (ICP-DRC-MS), or equivalent.  
LOD – 0.0006 mg/L, LOQ - 0.003 mg/L. 

 Total and dissolved beryllium by EPA method 200.8 modified (ICP-DRC-MS), or 
equivalent. LOD – 0.0002 mg/L, LOQ - 0.002 mg/L 

 General water quality parameters (dissolved oxygen, oxidation-reduction potential, pH, 
temperature, turbidity and specific conductance) 

 
The analytical methods will meet or exceed the LOD and LOQ listed in SW-846 as updated.  
  

3.1.2 Surface Water 

The surface water samples (4 total) will be analyzed for following constituents: 
 

 Total arsenic by EPA method 200.8 modified (ICP-DRC-MS), or equivalent; 
 Arsenic Speciation (As+3 and As+5) or filtered samples using anion resin column 

followed by analysis by EPA method 200.8 modified (ICP-DRC-MS), or equivalent; 
 Total iron by EPA method 200.8 modified (ICP-DRC-MS), or equivalent;  
 Total (unfiltered) suspended solids by EPA Method 160.2; or equivalent; and 
 Total sulfide by EPA method 200.8 modified Method 9034, or equivalent; 
 Total cobalt by EPA method 200.8 modified (ICP-DRC-MS), or equivalent 
 Total beryllium by EPA method 200.8 modified (ICP-DRC-MS), or equivalent. 
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 General water quality parameters (dissolved oxygen, oxidation-reduction potential, pH, 
temperature, turbidity, and specific conductance) will be measured in a flow cell using a 
YSI Sonde 6820, or equivalent. 

 
The analytical methods will meet or exceed the LOD and LOQ listed in SW-846 as updated.   
 

3.2 Sample Collection Frequency 

Samples (groundwater and surface water) will be collected on a quarterly basis for the first two 
years.  The first two years of monitoring data will be evaluated and compared to the latest 
statistical evaluation of the monitoring data collected under the requirements of the Virginia 
Solid Waste Management Regulations (VSWMR).  Given the magnitude of the historical data 
collected under the VSWMR monitoring program, it is anticipated that the sampling frequency 
can be reduced to semi-annual following two years of quarterly sampling.  Recommendations 
for future monitoring will be presented in the initial Corrective Action Site Evaluation (CASE) 
report, which will be prepared within 60 days following the conduct of the 4th quarterly sampling 
event.    
 
In order to gather analytical data which can be used to judge long-term remedy performance 
and ability to achieve site-specific global positioning system (GPS), Dominion will monitor 
applicable wells utilized during the Corrective Action Program for the groundwater constituents 
and frequencies as defined below: 
 

MONITOR 
WELL 
TYPE 

MONITORING 
FREQUENCY 

CONSTITUENT 
LIST 

RESULTS 
COMPARED 
TO 

Compliance & 
Background Wells 

As required under 
Permit Module XI 

As required under 
Permit Module XI 

Background 
& GPS 

Performance Wells 

Quarterly for the 
1st two years, 
then same as 
Compliance MWs 
thereafter. 

GPS COCs and 
Performance 
Parameters 

Background 
& GPS 

Sentinel Wells 

Quarterly for the 
1st two years, 
then same as 
compliance MWs 
thereafter. 

GPS COCs and 
Performance 
Parameters 
 

Background 
& GPS 

 
GPS Constituents of Concern (COC) are defined as any constituent on the Table 5.1 sampling 
list which has been identified at concentrations which exceed its respective GPS. 
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Performance Parameters for this facility are listed below: 
 

 Dissolved Arsenic 
 Arsenic (III) and (V) speciation 
 Total Iron (II and III) 
 Dissolved Iron 
 Dissolved Sulfide 
 Dissolved Cobalt 
 Dissolved Beryllium 

 
Other geochemical parameters listed below may be added to the groundwater sampling plan 
voluntarily, as needed to provide site specific aquifer geochemistry information which may be 
used to substantiate the rate of success of the adsorption process: 
 

 Specific Conductance 
 Oxidation-Reduction Potential (ORP) 
 Dissolved Oxygen 
 pH 
 Temperature 
 Manganese 
 Sulfate 
 Turbidity (NTUs) 

 

3.3 Sample Preservation / Handling 

3.3.1 Groundwater 

Sampling at each well begins by gauging and recording the water level and total depth of each 
well. Prior to gauging, the interface probe will be decontaminated with an Alconox solution and 
rinsing using distilled water. A Grundfos pump (or equivalent) with dedicated tubing will then be 
used to purge the well. Prior to placing the pump into the well, the pump will be decontaminated 
by pumping an Alconox solution followed by a distilled water rinse through the pump.  
 
The pump will be placed at the midpoint of the screened interval.  Grundfos pump flow will be 
adjusted to minimize drawdown (0.2 ft or less) and adjusted to a rate appropriate for low-flow 
sampling (100 to 200 ml/min). All purge water will be directed to ground adjacent to each well.  
Using a YSI Sonde 6820 (or equivalent) and flow cell, field parameters (dissolved oxygen, 
turbidity, oxidation-reduction potential, pH, specific conductance, and temperature) will be 
logged every three minutes until all parameters stabilize.  Stabilization is achieved when all 
parameters have met the following criteria for three successive readings: 
 

 pH agreement within 0.1+/- S.U.s: 
 conductivity agreement within 3%+/-; and 
 oxidation-reduction potential and dissolved oxygen within 10%+/- 
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Using a Lamotte turbidity meter (or equivalent), turbidity will be measured periodically during the 
purging process. Turbidity is considered to be the primary bias factor regarding metals 
analyses, so wells were purged until the turbidity is under ten (10) NTUs.  
 
Upon parameter stabilization, the flow-through cell will be removed and ground water samples 
will be directed into laboratory supplied containers under proper chain of custody and placed 
into a cooler containing ice.  Samples will be shipped to the appropriate laboratory at a 
temperature between two and negative two degrees Celsius.   
 

3.3.2 Surface Water 

Sampling will be accomplished using weighted tubing and a peristaltic pump.  Tubing will be of a 
type approved for the analytical parameter list.  New tubing will be used for each sampling event 
at each sampling site.  Tubing weights will be non-reactive and decontaminated between uses.  
At each sampling site a sampling elevation in the water column (measured from the sediment-
water interface) will have been predetermined using the rational previously described.  The 
sample will be representative of a larger area of groundwater outflow if a relatively large sample 
aliquot (4 L) is collected.  This large sample is then agitated and subsampled for unfiltered 
(total) water quality, followed by subsampling and filtering (0.45 micron) for dissolved water 
quality parameters. 
 

3.4 Chain of Custody Procedure 

A chain of custody form will be completed by sampling personal and placed in each cooler to be 
shipped. A copy will be kept by field personnel. After receiving the shipment, the laboratory 
project manager signs the Chain of Custody that arrived in the coolers, and returns the copy to 
personnel along with the sampling results. An example Chain of Custody is included as 
Appendix B.   
 

3.5 Field Book Records 

Detailed field notes of the sampling efforts will be kept during sampling events. Following the 
sampling event, field notes will be copied and filed with the laboratory analytical results. 
 

3.6 Laboratory Procedures 

The laboratory will ensure that the samples were received at the appropriate temperature and 
under a signed chain of custody form.  All groundwater and surface water samples will be 
analyzed for total/dissolved metals by EPA method 200.8 modified (ICP-DRC-MS). Surface 
water will also be analyzed for total (unfiltered) suspended solids by EPA Method 160.2. 
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3.7 QA/QC Program 

To ensure the integrity of the data, the following quality control samples will be collected during 
each sampling event: 
 

 an equipment blank will be taken by sampling de-ionized water that has been poured 
over sampling equipment; and 

 one field duplicate for groundwater and surface water 
 
Equipment used shall be calibrated routinely as recommended by the manufacturer.   

3.8 Statistical Trend Evaluations 

Using data from the pre-corrective action sampling performed under the facility’s compliance 
monitoring program and the data obtained as part of the corrective action program, the 
Permittee will perform a statistical evaluation to document the overall reduction of the mass flux 
from the source material to groundwater around the landfill.  The proposed groundwater and 
surface water constituents are designed to demonstrate the viability and long-term reliability of 
the adsorption process.   
 

3.9 Interpretation of GW Elevation Data 

Dominion will determine the elevation of the groundwater surface for both the shallow and 
deeper potions of the upper aquifer each time the groundwater is sampled to the nearest 0.01 
foot.  Potentiometric surface maps will be prepared for the shallow and deeper portion of the 
aquifer for each sampling event.  The rate and direction of groundwater flow will also be 
determined.  The groundwater flow maps will be submitted as part of the Corrective Action Site 
Evaluation reports submitted periodically. 
 

3.10 Record Keeping 

The Permittee shall retain all field sampling, monitoring, testing, and analytical data obtained 
throughout the corrective action monitoring period. 
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4.0 REPORTING SCHEDULE 

4.1 GPS Exceedance Notifications 

GPS exceedances have been documented for several metals at various locations at the site. 
However, a recent statistical evaluation (Gibbons, 2001) indicates that the arsenic 
concentrations appear to be decreasing with time.  The proposed corrective action (MNA) will 
use surface water samples in the adjacent estuaries to document the long term effectiveness of 
the adsorption process.  In the event that any of the downgradient surface water samples 
exceed the GPS for arsenic or other metals of interest, the Permittee will notify the VDEQ of this 
finding within 14 days. 
 
Within 90 days, the Permittee will submit the following: 
 

 an evaluation of the concentrations measured in the groundwater and surface water at 
each monitoring point; 

 any proposed changes to the monitoring program necessary to meet the requirements of 
the corrective action program; and 

 any proposed changes to the monitoring frequency or sampling procedures 
 
Should the need arise for implementation of a replacement remedy, the Permittee will submit a 
report to the Director justifying the plan at least 14 days prior to implementation.   
 

4.2 CASE Reports 

Dominion will prepare and submit Corrective Action Site Evaluation (CASE) reports on a 
periodic basis to address the evaluation and criteria topics outlined in 9 VAC 20-80-310.B. The 
CASE reports shall be signed by a qualified groundwater professional.  As currently envisioned, 
the initial CASE report will be submitted within 60 days following the 4th quarterly sampling 
event of the first year of monitoring.  Given the volume of historical groundwater data for the 
CEC landfill, there are enough data to perform a CASE study after the first year of corrective 
action monitoring.  However, the CASE report submission timeframe will be set in the Permit 
(typically on a 3-year timeframe). 
 
As currently envisioned, each CASE report shall include the following information, at a 
minimum: 
 

 Summary of most recent groundwater and surface water quality data, including a 
discussion of concentrations of metals of interest along flow paths and a demonstration 
that the adsorption process is capable of reducing the arsenic concentrations to below 
the GPS before discharging to the adjacent estuary; 

 Summary of most recent groundwater elevation data; 
 Plume maps and potentiometric surface maps; and 
 Summary of investigation-derived waste and disposition of those residuals.  
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5.0 WELL O&M PROGRAM 

Monitoring wells will be inspected during each sampling event. If it is found that a well is no 
longer capable of providing representative samples, it will be redeveloped or abandoned and 
replaced before the next sampling event. 
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The landfill encompasses approximately 53.5 acres. The ground surface is relatively flat and 
ranges from approximately elevation 5 to 12 ft mean sea level (msl) (with the exception of the 
landfill).  

 
2.2  Description of the Uppermost Aquifer   

CEC is located within the Atlantic Coastal Plain physiographic province, approximately 75 
miles east of the Fall Line, which separates the Coastal Plain from the Piedmont physiographic 
province.  Altitudes in the vicinity of the Facility range from 0 to 25 ft above msl. Extensive 
drilling has been conducted on site for purposes of geotechnical study and monitoring well 
installation. A geotechnical study was undertaken by Dominion Generation in 1999 for 
purposes of evaluating the suitability of the site for vertical expansion. The study employed 
test borings and laboratory analysis to characterize site geology. Applicable sections of the 
geotechnical study report dated October 28, 1999, are included in Appendix A.  
 
Locally, based on published geologic literature and boring logs, the geologic stratigraphy from 
the ground surface down consists of existing fill, recent alluvial deposits, the Norfolk 
Formation, and the Yorktown Formation.  The clayey sands of fill were used to construct the 
inner and outer perimeter dikes surrounding the former ash pond/landfill.  Alluvial deposits 
consist of Holocene alluvium, sand, and marsh sediment representing an estuarine-beach, tidal 
marsh depositional environment and are described as fluvial silt, sand, and clay with organic 
material (peat).  The Pliocene Norfolk Formation represents a fluvial estuarine and brackish 
marine depositional environment and is described as silty sand.  The Pliocene Yorktown 
Formation is a bluish-gray, greenish- and dark greenish-gray, very fine to coarse sand, in part 
glauconitic and phosphoric, commonly very shelly and interbedded with sandy and silty clay 
(Powars, 2000).  
 
The hydrogeologic framework of the shallow aquifer system in the vicinity of the Facility is 
composed of the Columbia Aquifer, the Yorktown Confining Unit, and the Yorktown-Eastover 
Aquifer.  The Columbia Group water table aquifer is the uppermost aquifer present beneath the 
landfill.  The Columbia Group Aquifer is unconfined; however, clayey fine sand, silt, clay, and 
peat deposits within the aquifer cause local confined to semi-confined conditions in some 
areas (Smith and Harlow, 2001).  The depth to groundwater in wells surrounding the landfill 
typically varies between 4 and 13 feet, depending on well location. Under the site, the 
thickness of the Columbia Group aquifer intercepted by the monitoring wells ranges between 
approximately 20 and 35 feet (note: the monitoring wells used in the program do not extend to 
the base of the Columbia Group aquifer).  
 
The Yorktown Confining Unit is defined as a series of coalescing clay layers at or near the top 
of the Yorktown Formation.  The principal water-bearing zones within the Yorktown 
Formation occur within 50 to 100 feet of its surface.  The Yorktown-Eastover Aquifer is 
defined as the predominantly sandy deposits of the Yorktown Formation and the upper part of 
the Eastover Formation above the confining clays of the St. Mary’s Formation (Meng and 
Harsh, 1988).  
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The landfill is constructed on a peninsula and groundwater flow tends to be radial from the 
landfill to the west, south, and east. To the north, the groundwater gradient appears relatively 
flat. Accordingly the wells used as “upgradient” wells are located several hundred feet to the 
northwest of the landfill and do not relate to the groundwater gradient at the facility. Although 
groundwater movement through the unconfined and confined aquifers is generally lateral with 
discharge into surrounding water bodies including the SBER and Deep Creek, some 
groundwater movement also occurs vertically from confining units into deeper confined 
aquifers. 
 
Hydraulic conductivity values of the uppermost aquifer have been determined using slug tests 
to be 6.48 x 10-4 ft/min. The hydraulic gradient in the vicinity of well PO-10 has been 
measured at approximately 0.02 ft/ft. The calculated groundwater flow rate under the landfill 
is typically between 15-20 ft/yr. 
 
Figure 2 provides an interpreted Groundwater Contour Map. The USDA Soil Survey classifies 
the soils in the immediate vicinity of the Chesapeake Energy Center Landfill as primarily 
Udorthents-Urban land complex surrounded by small areas of Muden fine sandy loam, 
Tomotley-Nimmo complex, and dragson fine sandy loam. A copy of the USDA Natural 
Resource Soil Survey Map is provided as Figure 3. 
 
2.3 Groundwater Monitoring Plan Sheet 

Figure 2 displays the relationship of the landfill’s topography, well locations, and the 
groundwater topography. The table below provides the surveyed elevations. 

 

WELLS MW-
4R  

MW-5 CECW
-1 

CECW
-2 

CECW
-4 

CECW
-5 

CECW
-6I 

PO-8 PO-9 PO-10 PO-
11 

Top of 
Casing 
(TOC) 
Elevation 
(msl) 

14.12 14.43 22.94 23.35 23.40 21.87 22.12 14.68 9.99 7.49 20.70 

Depth of 
Borehole – 
( feet)   

14.5 14.5 27.4 25 21.5 26 34 16 10 10 21 

Length of 
Screened 
Interval ( 
feet) 

10 10 10 15 10 20 5 5 5 5 10 

Note: 

 Elevations measured in feet above Mean Sea Level (msl) 

 2014 PO-11 TOC elevation was lowered following shoreline stabilization activity 
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2.4 Design of the Groundwater Monitoring System 
 

General: 
The following well network exists at the facility and has been deemed by DEQ as acceptable. 
There are a sufficient number of background and downgradient wells that are screened at 
appropriate depths to account for spatial variability in the aquifer. The downgradient wells are 
spaced appropriately for intersection of lateral/horizontal groundwater flow.  Each well is 
inspected every sampling for damages or unusual conditions and noted on the Monitoring Well 
Field sheet. 
  
 

Upgradient 
(Background) Wells 

MW-4R, MW-5 

Downgradient Wells CECW-1, CECW-2, CECW-3, CECW-4, 
CECW-5, CECW-6I, PO-8, PO-9, PO-10, PO-
11 

 
 
Horizontal Placement:  
The downgradient wells are placed as close to the  landfill as is practical and, based on the 
groundwater contours, at a point where a release would be detected.  The background wells are 
placed several hundred feet to the northwest of the landfill and do not relate to the 
groundwater gradient at the facility.  This is necessary because there is no location truly 
upgradient of the landfill. 
 
Vertical 
All monitoring wells have been drilled and completed to monitor the surficial or water table 
(Columbia Group) aquifer. 
 
Screen Interval Placement: 
Monitoring well screens typically range from five to twenty feet in length, and are placed to 
intercept the top of the Columbia Group aquifer.  The rationale for this screen placement is to 
intercept, with minimal dilution, contaminants which may be entering groundwater from the 
facility.  Also, at least five feet of screen is considered necessary to minimize velocities 
through the screen. 
 
Special Conditions: 
The following special conditions apply to this facility: 
 
a) The waste disposal site is located above the former ash sluice facility for the power 

station.  This is a significant factor with respect to the groundwater monitoring program, 
because the materials placed inside the landfill are similar in characteristics to materials 
on which the landfill has been constructed.  Accordingly, potential contaminants 
identified in groundwater wells may have a source other than the landfill. 
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b) The waste disposal site is located on a geographic peninsula with no true upgradient 
conditions.  For this reason, background wells MW-4 and MW-5 are located in the same 
aquifer, but do not relate to the groundwater gradient of the landfill.  The use of off-site 
wells for the identification of background water quality is an adequate approach under 
these conditions. 

 
c) The waste disposal site is located in an area where nearby surface water can influence 

groundwater levels (i.e., tidal fluctuations in the Southern Branch of the Elizabeth River 
are likely to influence groundwater fluctuations).  This is a factor with respect to the 
groundwater monitoring program because potential contaminants identified in 
groundwater wells may have a source other than the landfill. 

 
Non-Upgradient Background Wells: 
The waste disposal site is located on a geographic peninsula with no true upgradient 
conditions.  For this reason, background wells MW-4 and MW-5 are located in the same 
aquifer, but do not relate to the groundwater gradient of the landfill.  The use of off-site wells 
for the identification of background water quality is an adequate approach under these 
conditions. 
 
Monitoring Well Replacement: 
Any monitoring well which fails to perform as designed shall be replaced prior to the next 
regularly scheduled groundwater sampling event or as warranted. Non performance of 
permitted groundwater monitoring wells should be reported to DEQ within 30 days of 
recognition.  
 
In February of 2000 monitoring well CECW-5 was replaced after being reported dry during 
several semi annual sampling events. Monitoring well CECW-4 was abandoned and replaced 
in June of 2002 as the result of significant damage. In 2006, monitoring well MW-4 was 
damaged and was subsequently replaced with MW-4R in September of that year. Finally, 
monitoring well CECW-6 was reported dry for four consecutive semi annual sampling events 
and was abandoned in April of 2008. At that time, well CECW6-I was approved by the DEQ 
as an appropriate substitute for the abandoned CECW-6. 
 
Monitoring Well Abandonment  
Dominion has announced plans to cease coal-fired generation at CEC and close the landfill in 
accordance with the Solid Waste Management Regulations.  The landfill cap and associated 
fill will extend over the location of downgradient monitoring well CECW-3.  CECW-3 is 
located in the interior of the CEC peninsula.  Dominion maintains nine downgradient 
monitoring wells around the perimeter of the landfill and the peninsula.  CECW-3D will also 
be abandoned during closure activities; however, this well is not monitored within the 
compliance program. 
 
  Well CECW-3 will be abandoned to accommodate the landfill closure plans.  Extension of 
CECW-3 through the proposed landfill cap is impractical and unnecessary.  Installation of a 
replacement well outside the extent of the planned landfill cap is not necessary as CECW-3 is 
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an interior well and the remaining downgradient wells adequately characterize groundwater at 
the site including the southern portion of the peninsula.  Well abandonment will be conducted 
in accordance with Section 2.8 of the Groundwater Monitoring Plan. 
 
2.5 Geotechnical Investigation Techniques 

 

Drilling Methods: 
Monitoring well MW-5 was installed in December of 1982. Monitoring wells PO-8, PO-9, and 
PO-10 were installed in December of 1983. Wells CECW-1, CECW-2, and CECW-3 were 
installed in August of 1998. Replacement wells CECW-5 and CECW6-I were installed in 
February and May of 2000 respectively. Finally, replacement monitoring well MW-4R was 
installed in December of 2006.  
 
All monitoring wells were drilled using hollow stem auger equipment.. It is anticipated that 
future wells will also be constructed using the hollow stem augurmethod. For details of the 
boring logs, please refer to Appendix B.  
 
Equipment Decontamination 
 
a)  Heavy Equipment 
 
Drilling equipment, including auger flights, drill rod, water swivels, casing materials, 
wrenches, drill rigs, and other heavy equipment is to be cleaned prior to drilling at each 
location by use of steam cleaning apparatus.  In the event that tar or other material is so 
persistent that steam cleaning is ineffective, then sand blasting or kerosene will be used to 
remove the material and steam cleaning will follow.  Decontamination fluids, soils, and 
materials shall be collected and disposed of in accordance with applicable regulations.  
 
b) Sampling Equipment 
 
Sampling equipment (split spoons, shelby tubes etc.) used to collect soil samples during 
drilling shall be decontaminated between each sample as follows: 
 

1.  Scrub sampling device with a nonphosphate low sudsing detergent 
(e.g.,Liquinox). 

2.  Rinse thoroughly with tap water 

3.  Rinse a minimum of three times with distilled water 

4.  Air dry 

5. Dispose of decontamination fluids in accordance with applicable regulations. 
 
2.6 Monitoring Well Construction 

Construction Materials (Existing and Future Wells) 
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a) Well Casing & Screens 
 
The wells are constructed of PVC.  Given the nature of the waste, no organic compounds are 
expected that would be incompatible with PVC.  These materials are normally used in this 
type of construction and no degradation due to intense well development is expected.  It is 
understood that any non-functioning well will be replaced and/or abandoned. 
 
b) Well Filter Pack and Sealant 
 
The filters are of a clean washed sand of size compatible with the 0.01 slots in the PVC screen.  
This will provide for even distribution of flow across the screen. It is not anticipated that the 
inert sand would be affected by any leachate constituent.  The filter pack shall fill the annular 
space to a minimum of two feet above the top of the well screen.  A bentonite sealant at least 
two feet in thickness shall be placed above the filter pack prior to the placement of grout in the 
remaining annular space. Pre-slotted screens shall be used and the screen and casing sections 
are to be flush threaded. Surface completion shall include locking metal riser cover set in 
formed concrete pad. 
 
c)  Well Intake Design:  
 
Placement size and type of screen for each well are identified in the individual boring logs 
(Appendix B).  The well screens extend at least 5 feet into the saturated zone to allow for 
samples to be taken over a wide band of groundwater and to minimize velocities through the 
screen.  
 
The introduction of formational material into the sample area is minimized due to the filtering 
action of the sand pack. 
 
Surveying: 
Wells, including potential future wells, are to be surveyed by a licensed or otherwise certified 
land surveyor to within ± 0.5 feet on the horizontal plane and ± 0.01 feet vertically. 
 
The permittee shall install and maintain a groundwater monitoring system as specified below: 
 

● The permittee shall maintain groundwater monitoring wells at the locations 
depicted on Figure 1b. 

 
● The downgradient monitoring system has been installed at the waste management 

unit boundary, or as close as practical, to ensure detection of groundwater 
contamination in the uppermost aquifer. 

 
● The background monitoring system has been installed in order to provide 

representative samples of background water in the uppermost aquifer near the 
facility but not affected by the facility.  The landfill is constructed on a peninsula 
and groundwater flow tends to be radial from the landfill to the west, south, and 
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east.  To the north, the groundwater gradient appears relatively flat.  Because of 
this, there is no location which can be considered “upgradient” of the landfill.  
Accordingly, the wells used as “upgradient” wells are located several hundred feet 
to the northwest of the landfill and do not relate to the groundwater gradient at the 
facility.    

 
● As necessary, the permittee shall construct additional wells and maintain all the 

monitoring wells in accordance with the methods outlined below. 
 

2.7 Well Development 

The process of drilling disturbs the subsurface materials through which the well bores are 
advanced, which can result in the clogging of the screens from suspended materials dislodged 
during drilling.  To counter such drilling effects and allow for the subsequent collection of 
representative groundwater samples, wells are developed in order to flush drilling residues 
from the well bore.   The goals of development are to (i) remove fines from the filter pack and 
natural formation in the vicinity of the well screen; and (ii) to enhance the settlement and 
stabilization of filter pack material adjacent to the well screen.   
 
The well development process is comprised of (i) the application of sufficient energy in a 
monitoring well to create groundwater flow reversals (surging) in and out of the well and filter 
pack to release and draw fines into the well; and (ii) removing these materials from the well.  
 
Following installation, each well is developed until clear water is obtained. 
It may become necessary to redevelop a well if suspended material in the well builds up to the 
point that it interferes with the collection of a representative groundwater sample.  In the event 
that redevelopment becomes necessary, it will be performed and documented in a manner 
similar to that used for a new well. 

 
2.8 Well Abandonment 

 

Should site conditions or circumstances arise such that a monitoring well must be relocated or 
permanently removed, the monitoring well will be abandoned in a manner that prevents the 
well from serving as a conduit to the water table. All PVC and steel casing extending above 
the ground surface shall be removed from the location and either 1) the well location will be 
overdrilled to the well installation depth with mechanized equipment and subsequently 
grouted in tremie-fashion with a bentonite cement grout from the bottom up, or 2) the entire 
length of the well riser pipe will be filled with bentonite pellets. Finally, the well location will 
be finished at the ground surface with a one foot thick concrete plug. 
The permittee will obtain VDEQ approval prior to the removal of any well(s) from the active 
monitoring program and will submit documentation to VDEQ following well abandonment in 
accordance with the facility’s solid waste permit. 
 
2.9 Documentation 

Boring Logs and well construction diagrams are included in Appendix B.   
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Within 30 days of installation, monitoring wells will be certified by a qualified groundwater 
professional.  This certification along with boring and construction logs for newly installed 
permitted wells shall be submitted to VDEQ within 14 days of certification.  The submission 
should include the following information:    

a)  Date/time of construction;     

b)  Drilling method and drilling fluid used;    

c)  Borehole diameter and well casing diameter;  

d)  Casing materials;   

e)  Screen size/length;   

f)  Filter pack material, size, and grain analysis;     

k)  Filter pack volume calculations;    

l)  Filter pack placement method;   

m)  Sealant materials (% bentonite);     

n)  Sealant volume (pounds per gallon of cement);    

o)  Sealant placement method;    

p)  Surface seal design and construction;    

q)  Well development procedure;  

r)  Type of protective well cap;   

s)  “As built” well diagram including dimensions   

t)  Well location, specified to within 0.5 foot in horizontal plane;   

u)  Well depth, specified to within 0.01 foot;    

v)  Ground surface elevation to within ± 0.01 foot;   

w)  Surveyor’s pin elevation on concrete pad, specified to within ± 0.01 foot;     

x)  Top of monitoring well casing, specified to within ± 0.01 foot;     

y)  Top of protective steel casing elevation, specified to within ± 0.001 foot  

z)  Drilling and lithologic logs. 

 

3.0   GROUNDWATER SAMPLING AND ANALYSIS PLAN 

3.1 Sample Collection 

Procedures for collecting the samples shall be in accordance with EPA methods described in 
SW-846 (most recent version) and are as follows:    
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Static Water Level Elevations  
The depth to water in each well shall be gauged from a designated mark at the top of the well 
casing using a water level indicator and shall be measured to an accuracy of 0.01 foot each 
time the well is sampled.  The water level indicator shall be decontaminated as appropriate and 
rinsed with deionized water prior to each gauging event.   
 
Well Evacuation 
Wells have been outfitted with dedicated pumps for Low Flow sampling.Wells with dedicated 
pumps should be purged and sampled in general accordance with the procedure described in 
USEPA’s 1996 Low Flow (Minimal Drawdown) Ground Water Sampling Procedures 
Document (EPA/540/S-95/504). As described by this method, the purging should ideally not 
cause the water level to decrease by more than one foot and the purge and sampling pump rate 
should be less than 0.13 gal/min. Purging is to continue until indicator parameters stabilize. 
The water level indicator meter will be used to monitor drawdown during pumping operations. 
 
Number of Samples  
For every groundwater sampling event, measurements for the following parameters will be 
collected and recorded to indicate well stabilization: Time, Temperature, pH, Conductivity,. 
The sampling frequency is currently semi-annual but is subject to change in accordance with 
the VSWMR and/or DEQ. 
 
Monitoring Program 
This facility is currently operating under the requirements of the Phase II monitoring program. 
Facility specific background data has been accumulated and Groundwater Protection Standards 
(GPS) have been developed for this site. The flowing information outlines the key events of 
and Phase II groundwater monitoring regulation in 9VAC20-81-250 and the 
parameters/frequency that are sampled.   
 
 
 Phase II Monitoring    
 
1.   Phase II Monitoring Parameters    
 

A Phase II monitoring program shall include the monitoring parameters identified 
in Table 3.1A of the VSWMR.  The facility has been granted a variance which 
allows it to forego sampling for Table 3.1 organic constituents while in Phase II 
monitoring . The variance requires that the facility sample for the inorganic 
constituents found on Table 3.1 Column A as well as any previously detected 3.1 
Column B constituents (organic or inorganic).  In addition, the variance also 
specifies sampling   every two years for the entire Table 3.1 Column B list.  Any 
Table 3.1 Column B parameters detected during this sampling event will be added 
to the facility’s routine sampling list unless the facility shows that the detections 
are not valid via verification sampling or an alternate source demonstration. 
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2. Phase II Evaluation and Reponse    
 
After each subsequent Phase II sampling event, the permittee shall evaluate the concentration of 
Table 3.1 A inorganic constituents (and previously detected parameters as applicable) found in 
the groundwater at each permitted groundwater monitoring well against the groundwater 
protection standards. The evaluation will be presented to the VDEQ in a Phase II semiannual 
report. The evaluation will be as follows:   

 
a)  If all constituents are shown to be at or below background values using the 

statistical procedures described in this Plan for two consecutive sampling events, 
the permittee shall notify VDEQ and may reinstate First Determination 
monitoring.     

 
b) Any constituents are shown to be above background values but below the 

applicable GPS, the permittee shall continue Phase II monitoring and present the 
findings in the semi-annual report.      

 
 c)  Any constituents indicate exceedance above the established GPS in any permitted 

monitoring well, the permittee may demonstrate that a source other than the 
landfill (Alternate Source Demonstration (ASD)) caused the increase or an error 
in sampling, analysis, or evaluation was committed.  In making such a 
demonstration, the permittee shall: 

 
a.  Notify the VDEQ in writing within 14 days of the permittee’s intention to 

make the demonstration.         
 

b.  Within 90 days, submit the ASD that proves a source other than the 
landfill unit caused the increase, or that the increase resulted from error in 
sampling, analysis, or evaluation.      

 
 c.  Continue Phase II monitoring on semi-annual basis. 
 

3.  Actions in the Event of Statistical Exceedance of GPS.   
 

If the above alternate source demonstration (ASD) is not made or is inapplicable, the 
permittee shall: 

 
 a)  Collect and submit all data necessary to justify any variance sought for GPS, or  
     

b)  Characterize the nature and extent of the release and notify all property owners of 
the land that overlies the plume of contamination, and  

    
c).  Initiate within 90 days the Corrective Action Program 9VAC20-81-260. 
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Sampling Equipment  
All wells have been outfitted with dedicated pumps.  Instruction manuals for other commonly 
used sampling equipment are included in Appendix E. 
 
Sampling Order   
All wells onsite have dedicated sampling equipment.  A specific well sampling order is not 
necessary to ensure valid samples. 
 
Sampling Measurements  

 Wells should be purged and sampled in general accordance with the procedure described in 
USEPA’s 1996 Low Flow (Minimal Drawdown) Ground Water Sampling Procedure Document 
(EPA/540/S-95/504). As described by this method, the purging should ideally not cause the 
water level to decrease by more than one foot and the purge and sampling pump rate should be 
less than 0.13 gal/min. The water level indicator meter will be used to monitor drawdown 
during pumping operations. Evacuated water will be collected and discharged to the facility’s 
VPDES system.  
 
At 5 minute intervals, collect and record the following parameters data: Time, Temperature, 
pH, Conductivity,  
 
Field parameters must have stabilized within the following units over at least three consecutive 
measurements prior to sampling, unless the well’s recharge capability is limited.  
 

● pH + 0.2 pH units  
● Conductivity + 3% of reading   
 

Remove by pump a volume sufficient to analyze for the applicable parameters and divide into 
proportions with proper preservative.   

 
Decontamination & Calibration Procedures  
Rinse water level meter and flush water quality meter’s flow-through cells with deionized 
water prior to each sampling event. The sampling equipment will be calibrated per 
manufacture recommendations (Appendix E). The records of calibration will be maintained in 
the Biology Environmental Lab’s file.  

3.2 Sample Preservation and Handling 

Sample analytical requests are conducted by phone, written paper request form, and electronic 
means. The field technicians will check the Chain of Custody upon sample bottle pick-up to 
ensure the appropriate number and type of containers are provided for the sampling event. 

 
Sample Containers  
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The appropriate parameter specific sample bottle type (approved plastic or glass) and quantity 
shall be pre-preserved in general accordance with the techniques outlines in EPA SW-846. In 
order to ensure that sample containers are free of contaminants, clean sample containers will 
be obtained directly from the laboratory for all wells, field blank, and field duplicate.   
 
Sample Preservation  
The appropriate sample containers will be placed on ice as necessary and transported to the 
laboratory in sealed coolers and/or crates by the technicians in a manner which prevents 
breakage or cross-contamination. 
 
3.3 Chain of Custody  

A protocol for collecting samples including using proper and adequate labeling and 
maintaining a correct and complete chain of custody will be followed. A chain of custody 
form shall be prepared to document the chain of custody from the person taking the samples to 
the laboratory doing the analyses. A Chain-of-Custody form shall be completed and provided 
to the laboratory for each set of samples.  An example Chain-of-Custody form is included in 
Appendix C. 
 
The order of sampling, chain-of-custody, sample preservation, and decontamination 
procedures remain consistent during each monitoring event conducted at the site. 
 
Sample Labels  
Each bottle shall be labeled in such a manner to provide information about: sample 
identification number, sample collection date, sample collector (initials), time and place and 
parameters to be analyzed for as space permits. Labels shall be attached to bottles securely so 
that they will not become detached during transport to the laboratory 
 
Sample Seal  
When samples remain in Dominion’s custody, ensure the bottles are appropriately sealed and 
the Chain of Custody is transferred to the lab.  
 
When samples leave the operator and/or technicians immediate control, such as shipment to a 
laboratory by a common carrier, the operator/technician shall require the shipping container 
and/or individual bottles be sealed. 

Chain – of – Custody Record 
Technicians taking samples and delivering to the lab for subsequent analysis shall keep a chain 
of custody record. An example Chain of Custody form is included in Appendix B. Field  

Log Book 
An example field sheet is provided in Appendix D. 
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3.4 Laboratory Analytical Procedures 

Field and laboratory quality control procedures shall be employed at all stages. The guidelines 
contained in Test Methods/Evaluation Solid Waste, Physical/Chemical Methods (SW-846) by 
the EPA shall be followed. Methods of analyzing for each parameter shall also be in 
accordance with the most recent EPA SW-846 methods. 
 
Equipment used shall be calibrated routinely as recommended by the manufacturer. 
 
Records of all analysis as well as copies of log book field data and chain-of-custody records 
shall be retained throughout the life of the facility and post-closure period and shall be 
available upon request. 

 
3.5 Quality Assurance and Quality Control 

Any commercial laboratories hired must exercise a QA/QC program that meets or exceeds that 
noted in the most current version of Test Methods for Evaluating Solid Waste – 
Physical/Chemical Methods, SW-846 – USEPA. 

 
 Field QA/QC Program 

A field blank, and duplicate will be included during every sampling event. A trip blank 
will be included as appropriate. Please reference Section 3.1 for detailed field equipment 
QA/QC procedures and documentation. 
 
Laboratory QA/QC Program 
The lab will use a method blank on at least 5% of the samples, prior to analysis. Analysis 
of prepared standards of known concentration shall be used to confirm the validity of the 
analysis.  

 
3.6 Establishing Background Data 

Background groundwater quality will be established at the Facility using current and historical 
groundwater monitoring data collected from background wells MW-4R and MW-5 for each 
constituent on the monitoring list.   
 
3.7 Techniques for the Evaluation of Groundwater Quality Data 

Statistical Tests 
The following summarizes the methodology used for statistical analyses: 
 
●   Historical concentrations for background wells (inter-well) are compiled and screened for 

outliers using methods by Dixon (1953) for data sets less than 25 and for data sets larger 
than 25, Rosner’s Outlier Test (which follows the procedure described by Gilbert (1987)) 
is used. If statistical outliers are detected, they are removed from the baseline dataset prior 
to statistical analysis. 
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  -  Please note, analytical concentration between the limit of detection (LOD) and the LOQ 
are noted in reports by “J” flagging. The result is therefore and estimated value without the 
required level of accuracy or precision to be considered quantifiable.  

 
●  Determination of the appropriate method for upper prediction limit (UPL) analyses is 

determined based on the percent non-detects (%ND) for the data set and its distribution:  
 
  - Datasets with 25% or less NDs – NDs of a data set are replaced with one-half the LOD 

or LOQ and the data set is tested for normality or lognormality. The parametric UPL 
approach is used for normal or lognormal data sets. A non-parametric approach is used for 
non-normal or non-lognormal data sets.  

 
  - Datasets with % ND between 25% and 50% - the mean standard deviation of a data set is 

adjusted using Aitchison’s or Cohen’s adjustments, and then the data set is analyzed for 
normality or lognormality. The parametric UPL approach is used for adjusted normal or 
lognormal data sets. A non-parametric UPL approach is used for non-normal or non-
lognormal data sets.  

 
  - Data sets with %ND greater than 50% - these data sets are considered non parametric 

and therefore the non-parametric UPL approach is used.  
 
  - 95% Prediction Interval Analysis is preformed. 
 
● GPS were initially implemented at the Facility on May 23, 2001. In, 2002, the VDEQ 

approved a  variance for establishing alternate concentration limits (ACLs) as GPS. 
Because the Facility is currently sampling on a semi-annual frequency, the statistical 
method of GPS analysis is a point comparison method. The point comparison method 
consists of a direct comparison of the semi-annual compliance data for a given constituent 
and well to the GPS. With this method, a statistically significant increase (SSI) above the 
GPS is indicated by at least one of the two samples having a concentration above the GPS.  

 
 
Verification Sampling 
In the event that statistical analysis of the test data identifies potential statistically significant 
increases or exceedances of groundwater protection standards for one or more parameters, the 
well or wells of concern may be resampled within 30 days of the completion of statistical 
analysis. Verification sampling must be performed within the same compliance period as the 
event being verified.  Verification sampling shall be performed in accordance with 9 VAC 20-
81-250.A.4(i).   Verification samples will be analyzed for the parameter or parameters of 
concern.  If the verification sample remains statistically significant, then statistical 
significance will be considered verified and must be reported to the VDEQ in accordance with 
the requirements of 9 VAC 20-81-250.C. If the verification sample does not confirm the 
statistically significant increase or exceedance of the groundwater protection standard, then no 
exceedance will be recorded for the monitoring event.  
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Records and Reports 
The field equipment calibration records and field sampling sheets will be maintained 
electronically in Dominion Environmental Biology Lab’s files and in Documentum. The chain 
of custody will be maintained in the analyzing Lab’s files. The analytical data will be stored in 
Dominion’s Laboratory Information System (LIMS) database. A copy of the reports and 
correspondences will be sent to the facility and maintained in Dominion Environmental 
Services’ (DES) corporate files.  

 
3.8 Statistical Analysis of Subsequent Well Data 

The statistical tests used to evaluate the comparisons, including treatment of outliers, missing 
data, data below detection limits or quantification limits, and treatment of non-normally 
distributed data, shall be performed in accordance with EPA’s March 2009 Statistical Analysis 
of Groundwater Monitoring Data at RCRA Facilities – Unified Guidance. 
 
At least annually, the permittee shall evaluate the data on static groundwater surface elevations 
to determine whether the requirements for locating the monitoring wells continue to be 
satisfied. If the evaluation shows that the requirements of the groundwater monitoring system 
are no longer satisfied, the permittee shall notify VDEQ for approval to immediately modify 
the number, location, or depth of the monitoring wells to bring the groundwater monitoring 
system into compliance with that requirement.  

 
Comparison with Subsequent Well Data 

See section 3.8 
 
Required Response Actions 
In accordance with 9VAC20-81-350.C.3(e), the following actions are required for evaluating 
groundwater on a semi-annual basis: 
 
● If background statistical analysis indicates no SSIs and data are shown to be at or below 

background values the owner or operator shall notify the director of this finding in the 
semi-annual report and may return to first determination monitoring; 

 
● If any monitored constituents are found to be above background values, but below GPS, 

the concentrations will be reported in the facility’s semi-annual and annual report 
submission and the facility will remain in Phase II monitoring; 

 
● If statistical analysis reveals the concentration of any monitored constituent is above 

GPS, the Facility will notify the Department within 14 days of noting the exceedance. 
The notification will include a statement that within 90 days the Facility will: 

  
o Undertake characterization and assessment actions required under 9 VAC 20-87-

260.C.1; or 

o Submit an alternate source determination. 
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3.9 Groundwater Evaluation Data Interpretation 

The permittee shall determine the elevation of the groundwater surface at each well each time 
groundwater is sampled to the nearest 0.01 foot. Groundwater level measurements are to be 
made within a 24 hour period.  Because the aquifer may be tidally influenced, the facility shall 
endeavor to make all groundwater elevation measurements within a four hour window. A 
potentiometric map based on these monitoring events shall be submitted to the VDEQ. The 
rate and direction of groundwater flow shall be determined at and submitted with the   
Groundwater Monitoring Reports.  
 
3.10 Record Keeping and Reporting  

The permittee shall retain all monitoring, testing, and analytical data obtained throughout the 
active life of the facility and the post-closure care period.  
 
An annual groundwater monitoring report shall be submitted to the department no later than 
120 days from the completion of sampling and analysis for the second semi-annual monitoring 
event during year calendar year and shall be accompanied by: 
 

 A signature page; and  
 A completed QA/QC DEC Form ARSC-01 

  
The technical content of the annual report shall at a minimum contain the following topical 
content: 

 The landfill’s name, type, permit number, current owner or operator, and location 
keyed to a USGS topographic map; 

 Summary of the design type, operational history, and size of the landfill including key 
dates such as beginning and termination of waste disposal actions and dates different 
groundwater monitoring phases were entered; 

 Description of the surrounding land use noting whether any adjoining land owners 
utilize private wells as a potable water source; 

 A discussion of the topographic, geologic, and hydrologic setting of the landfill 
including a discussion on the nature of the uppermost aquifer and proximity to 
surface waters; 

 A discussion of the monitoring wells network noting any modifications that were 
made to the network during the year or any nonperformance issues and a statement 
noting that the monitoring well network meets the requirements of 9VAC20-81-
250.A.3; 

 A listing of the groundwater sampling events undertaken during the previous calendar 
year; 

 A historical table listing the detected constituents, and their concentrations identified 
in each well during the sampling period; and 

 Evaluations of and appropriate responses to the groundwater elevation data; 
groundwater flow rate as calculated using the prior year’s elevation data; groundwater 
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flow direction; and sampling and analytical data obtained during the past calendar 
year. 

 
After each sampling event has been completed for the 1st semi-annual, a semi-annual monitoring 
report shall be submitted to the department no later than 120 days from the completion of 
sampling and analysis. The report shall at a minimum contain the following items: 
 

 Signature page signed by a professional geologist or qualified groundwater scientist; 
 Landfill name and permit number; 
 Statement noting whether or not all monitoring points within the permitted network 

were sampled as required under 9 VAC 20-81-250.C.3 during the event; 
 Calculated rate of groundwater flow during the sampling period; 
 The groundwater flow direction as determined during the sampling period; 
 Statement noting whether there were statistically significant increases over 

background or groundwater protection standards during the sampling period, the 
supporting statistical calculations, and reference to any notifications made to the 
director; 

 Copy of the full Laboratory Analytical Report including dated signature page in order 
to demonstrate compliance with reporting timeframes.  
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USDA Soil Survey Map 
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Map Unit Legend

Chesapeake City, Virginia (VA550)

Map Unit Symbol Map Unit Name Acres in AOI Percent of AOI

19 Dragston fine sandy loam, 0 to
2 percent slopes

1.6 1.7%

25 Munden fine sandy loam, 0 to 2
percent slopes

1.8 1.9%

33 Pocaty mucky peat, 0 to 1
percent slope, very frequently
flooded

2.1 2.2%

45 Tomotley-Nimmo complex, 0 to
1 percent slopes

2.0 2.1%

49 Udorthents-Urban land
complex, 0 to 45 percent
slopes

58.3 61.5%

50 Urban land, 0 to 5 percent
slopes

14.7 15.5%

W Water 14.3 15.1%

Totals for Area of Interest (AOI) 94.7 100.0%

Soil Map–Chesapeake City, Virginia Chesapeake Energy Center Landfill

Natural Resources
Conservation Service

Web Soil Survey 2.0
National Cooperative Soil Survey

3/12/2008
Page 3 of 3
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Appendix A 
 

    Excerpts from 1999 Geotechnical Evaluation Report 
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Appendix B 
 

Well Schematic and Boring Logs
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Appendix C 
 

Example Chain of Custody Form 
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Example Form
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Appendix D 
 

 Example Field Sheet



CEC GROUNDWATER MONITORING
INFORMATION

Well #

Date

Sampled by

MEASUREMENT
a) well depth benchmark elevation

PVC b) depth to water b) depth to water
standing water g'water elevation
(subtract a from b to get standing water)

FIELD READINGS PH =/- .1       Cond +/- 3%         DO/ORP +/- 10%           turb<10 if possible

Time Drawdown (ft.) Temperature (°C)
Conductivity 

(µS/cm)
pH

Turbidity 
(NTU)

D.O. (mg/L) ORP (mV)

*Continue on reverse if necessary
BOTTLES

Bottle Volume type Lab preservative holding time
D. Metals 500mL NALGENE DES HNO3
D. Sulfide 250mL NALGENE Contract lab NaOH + ZnAc
T. Metals 1L NALGENE DES HNO3
T. Sulfide 250mL NALGENE Contract lab NaOH + ZnAc
SVOC 1L AMBER Contract lab none
VOC 3 VIALS CLEAR VIALS Contract lab HCl
Cyanide 250mL NALGENE Contract lab NaOH
Arsenic 125mL NALGENE Contract lab EDTA

CLOSURE
Equipment decon
WELL LOCKED          

MISC NOTES-----

Filtered

Unfiltered
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Field Equipment Manufacture Calibration Guidance  
 
























































