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1.0 INTRODUCTION

This Groundwater Monitoring Plan (GMP) was prepared for the Virginia City Hybrid Energy 
Center (VCHEC) Curley Hollow Solid Waste Management Facility (CHSWMF; Unit).  CHSWMF 
serves as a captive industrial solid waste disposal site for VCHEC and is operated in 
accordance with Virginia Solid Waste Management Regulations (VSWMR) and Solid Waste 
Permit No. 608 (Permit) issued by the Virginia Department of Environmental Quality (DEQ).  In 
addition to VSWMR, the Unit is also subject to the United States Environmental Protection 
Agency (USEPA) Coal Combustion Residuals (CCR) Rule.

This GMP outlines the groundwater monitoring requirements for the Unit in accordance with the 
following regulations:

• Applicable provisions of the USEPA’s Disposal of Coal Combustion Residuals from 
Electric Utilities (CCR Rule; Federal Register Vol. 80, No. 74, 21302-21501) as 
published on April 17, 2015 (40 CFR 257 et seq.); 

• Applicable provisions of USEPA’s CCR Rule amendment (Federal Register Vol. 81, No. 
151, 51802-51808) as published on August 5, 2016; 

• Applicable provisions of the USEPA’s CCR Rule amendment (Federal Register Vol. 83, 
No. 146, 36435-36456) as published on July 30, 2018; 

• Applicable provisions of DEQ’s VSWMR Groundwater Monitoring Program (Title 9 
Virginia Administrative Code Agency 20, Chapter 91, Section 250 et seq.; 9VAC20-81-
250); and 

• Adoption of the CCR Rule by reference to VSWMR January 27, 2016 (Title 9 Virginia 
Administrative Code Agency 20, Chapter 81, Section 800 et seq.; 9VAC20-81-800).

Specifically, this GMP outlines the procedures for collecting, analyzing, and managing 
groundwater samples and data from the uppermost aquifer underlying the Unit.  In the event 
that future amendments to the VSWMR and/or CCR Rule conflict with any provisions of this 
GMP, the VSWMR and/or CCR Rule will supersede this GMP, with the exception of DEQ-
approved variances, Alternate Source Demonstrations, and Permit-specific conditions.

Revisions to this GMP may be required in the future due to changes in the monitoring network, 
sampling action, revisions to USEPA or VSWMR regulations, or at the request of DEQ or the 
Unit owner.  Any revisions made to the GMP will be posted to the operating record and will be 
submitted to DEQ within 60 days of completion. 
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2.0 SITE DESCRIPTION

2.1 Site Background 

CHSWMF is owned and operated by Virginia Electric and Power Company, D/B/A Dominion 
Energy Virginia (Dominion Energy).  The unit is permitted as an active captive industrial waste 
landfill for the disposal of fossil fuel combustion products and other waste generated at VCHEC.  
VCHEC began commercial operations in July 2012.

VCHEC encompasses approximately 330 acres, of which 194 acres are within the waste 
management unit boundary.  The approximately 194-acre waste disposal footprint is divided into 
two development cells.  Construction of Phase 1 of the Unit was initiated in 2009 and the Permit 
was first issued on July 9, 2009.  The Phase 1&2 bottom liner consists of (from top to bottom): 
six inch protective layer, 12-inch aggregate layer for the leachate collection system, 16 ounce 
nonwoven geotextile, and 50 mil polyvinyl chloride flexible membrane liner. Waste is disposed 
in the unit using an area fill method based on placement in lifts and compaction. Waste was first 
placed into CHSWMF on March 10, 2012.

2.2 Physical Setting 

VCHEC is located at approximately 1.7 miles west of Saint Paul, Virginia on U.S. Alternate 
Highway 58 in eastern Wise County (see Drawing 1).  The Unit is situated in Curley Hollow, 
approximately one mile west of the power generating station.  The topography of Curley Hollow 
ranges from approximately 1,600 feet (ft) above mean sea level (amsl) at the valley entrance to 
approximately 2,100 ft amsl along the surrounding ridges. The closest perennial surface water 
body is Meade Creek, located in the far southwest portion of the unit boundary, approximately 
600 ft southwest of the Curley Hollow valley entrance. The Facility is located on an existing 
mine reclamation site and adjoining land use types are heavy industrial (mining) and 
undeveloped-forested areas. 

2.3 Geology and Hydrogeology 

The original Part A Application for CHSWMF was previously submitted to DEQ and contained a 
detailed description of the geology and hydrogeology of the area.  A summary of that 
information is included in the following sections.

2.3.1 Site Soils 
Site-specific investigations of site soil were previously completed by GAI Consultants, Inc. (GAI) 
in 2007 by completing 29 soil borings throughout the site area.  Investigations identified 
alluvial/colluvial soil that is approximately 25 feet thick, mine spoil with thicknesses that range 
from approximately six to 58 feet, and residual soil with thicknesses that range from 
approximately two to 30 feet. Across the entire site, the thickness of unconsolidated materials
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ranges from approximately two to 58 feet. The thickness of unconsolidated materials tends to 
be the greatest in areas that have previously been strip-mined and in the base of the valley, and 
the thickness tends to be the least on the side slopes of the hills and on the ridges. Generally, 
the alluvial/colluvial soil and the residual soil consist of sandy to clayey silt with rock fragments 
over decomposed bedrock that consists of shale, sandstone, or coal. The mine spoil generally 
consists of rock fragments or boulders with silt and sand.  Boring logs from the GAI investigation 
are included in Appendix A.

Site soil classification was also evaluated using the online Geographic Information System 
mapping program from the United States Department of Agriculture’s (USDA) Natural 
Resources Conservation Service (Web Soil Survey, accessed September 9, 2017). Appendix B 
includes a soils map of the area showing the distribution of various named soil map units, along 
with the map unit legend; and, a hydric rating by map unit map that includes a table showing the 
hydric rating by map unit. Map units 15C and 42C contain a small percentage of component 
soils that meet the criteria for hydric soils. The thematic hydric soil map is color-coded based on 
the composition of hydric components and non-hydric components. The hydric soils locations 
appear to coincide with lower topographic elevations and are found west and southwest of the 
Unit.

2.3.2 Geology 

2.3.2.1 Regional Geology 
The site is located in the Cumberland Plateau physiographic province of southwestern Virginia, 
which is a section of the larger Appalachian Plateau province.  The Cumberland Plateau 
province is underlain by sedimentary rocks, principally sandstone, shale, and coal.  The rocks in 
this province are generally flat tying with high topographic relief that develops dendritic drainage 
patterns.  The regional geology consists of Pennsylvanian-age strata as shown in Drawing 2.

2.3.2.2 Site Geology 
Site-specific geology was determined from site mapping and a subsurface investigation program 
performed by GAI in 2007.  The subsurface program consisted of drilling and sampling 29 
boreholes than ranged in depth from 36 to 305 feet.  Once drilling and sampling were complete, 
multiple piezometers were installed in select boreholes.  The locations of the boreholes are 
included in Appendix A.

CHSWMF is situated within an area underlain by the relatively flat-lying Pennsylvanian-aged 
Norton Formation which is composed of siltstone, shale, sandstone, conglomerate, limestone, 
and coal.  The Norton Formation, which contains strata between the base of the overlying 
Gladeville Sandstone and the top of the underlying Lee Formation, is estimated to be between 
700 and 1,250 feet thick (Evans et al., 1991). As shown on Drawing 3, the Norton Formation is 
informally divided at the base of the Kennedy Coal, into a lower unit below and an upper unit 
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above the coal (DMME, 1994). The Kennedy Coal is at an elevation of approximately 1,900 to 
2,000 ft amsl at the site.

The ridge portions of Curley Hollow contain the lower portion, approximately 220 feet, of the 
Upper Norton Formation. The Upper Norton Formation consists predominately of shales and 
sandstones with local development of thick sandstone bodies being common. Coal beds within 
the upper Norton Formation, in ascending order, are the: Kennedy, Bear Wallow, Big Fork, 
Lower Banner, Upper Banner, Splash Dam, Hagy, and Norton. With the exception of the Bear 
Wallow coal, these coal seams are generally regionally extensive and are rarely more than 36 
inches thick (DMME, 1994).

About 400 feet of the Lower Norton Formation, which ranges in thickness from approximately 
450 to 600 feet, are present at Curley Hollow. It is comprised of shale, siltstone, sandstone, and 
coal seams. The coals of the Lower Norton formation, in descending order are: Aily, Raven Nos. 
3, 2, and 1, Jawbone Coal Rider, Jawbone, and Tiller. Named members of the Lower Norton 
Formation are: the McClure Sandstone Member, which is 40 to 100 feet thick and lies between 
the Kennedy Coal and the Aily Coal, and the Council Sandstone Member, which is 
approximately 80 feet thick, and lies below the Jawbone Coal.

Much of the site was mined in the past by both surface and underground methods. Based on 
available information, mining of the Kennedy, Aily, Raven, and Jawbone Coal Seams has 
occurred in the area. The most extensive recorded underground mining occurred in the 
Jawbone seam using the room and pillar method. The overburden thickness to the Jawbone 
Coal seam varies from approximately 690 feet at the head of the site to approximately 40 feet 
near the toe of the site.

2.3.3 Hydrogeology 
The uppermost aquifer at the Facility is found within the unconsolidated materials above 
bedrock and within bedrock secondary openings or fractures. Because of stress release 
fracturing, strata located near top-of-rock and/or near rock outcrops are generally considered 
potentially good aquifers, especially if the strata are comprised of sandstone, limestone, or coal. 
As a result of stress relief fracturing, there is a “rind” of more permeable material within the near 
surface bedrock. This “rind” constitutes the uppermost aquifer within the bedrock at the site and 
it cuts across individual stratigraphic units. The orientation of the water table within the rind 
aquifer is controlled by topography, rather than the orientation of strata. Therefore, groundwater 
flow within the fractured rind aquifer is parallel to and in the same direction as site topography 
and/or top-of-rock. Topographic high areas function as recharge areas. Water infiltrates in the 
recharge areas, and it migrates downward and laterally through fractures in shallow rock. As 
the hydraulic conductivity decreases with increasing depth, water begins to move predominately 
in the lateral direction along fractures in permeable rock, or along bedding planes, until a rock
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with a relatively high vertical hydraulic conductivity is encountered or until the water discharges 
as a seep or spring.

Within the uppermost aquifer, groundwater flow generally mimics topography with flow from 
topographic high areas to low areas and is unconfined throughout. The following uppermost 
aquifer water bearing units have been identified for monitoring at CHSWMF:

• Sandstone above the Jawbone coal seam (Lower Norton Formation); and 
• Kennedy Member sandstone and shale (Upper Norton Formation).

Groundwater is also found at the site within the tertiary openings in bedrock that resulted from 
mining-related activities. Tertiary porosity in rocks develop because of mining and related mine 
subsidence and it consists of fractures related to mine subsidence and the mine opening or 
void. Groundwater that encounters a tertiary opening will flow downward vertically until an 
impermeable layer such as an unfractured rock layer or the mine floor is encountered.  Once the 
impermeable layer is encountered, groundwater flows horizontally downslope or downgradient 
on top of the impermeable unit. In the area of the Unit, any water that encounters the tertiary 
(mining-related) openings is expected to move in the down dip direction on top of the mine floor. 
The DEQ does not characterize saturated mine spoil as an aquifer.

2.3.3.1 Uppermost Aquifer Hydraulic Conductivity 
As a part of 2007 site investigations performed by GAI, rising head bail or slug tests were 
performed in each of the installed piezometers that contained water. The slug tests were 
performed to determine the in-situ hydraulic conductivity of the monitored intervals for the 
piezometers. Slug tests were performed by removing a known volume (slug) of water from the 
piezometers using a bailer and then measuring the water level response within the piezometers 
over time. Some of the tests resulted in instantaneous or nearly instantaneous recovery, which 
did not allow for interpretation of the data. Forty-eight hydraulic conductivities were analyzed 
using AQTESOLV for Windows. Results of the slug test analyses indicate that the hydraulic 
conductivity of the materials tested beneath the site range from 4.53 x 10-8 to 4.45 x 10-4 
centimeters per second (cm/s) and average 1.81 x 10-5 cm/s. Hydraulic conductivities 
calculated are provided on the geologic cross-sections included in Appendix A. A summary 
table of slug testing results is provided in Appendix C.

2.3.3.2 Uppermost Aquifer Groundwater Flow Rate 
Using the groundwater contours from September 26, 2017 (see Drawing 4), the average 
hydraulic gradient for the uppermost aquifer in the study area was calculated as follows using 
the equation below.
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Area
Starting Head 
(Elevation ft 

amsl)

Ending Head 
(Elevation ft 

amsl)
Distance 

(feet)
Calculated 
Gradient 
(unitless)

Unit 1,900 1,600 765 0.392
Note: amsl = above mean sea level

𝑖𝑖𝑔𝑔𝑔𝑔 = �ℎ𝐿𝐿 𝐿𝐿� �

Where: igw = gradient 
hL = head loss (elevation difference) 
L = length (horizontal distance)

Using the estimated average effective porosity value of 10% (Saunders, 1998) for the sediments
and rock comprising the uppermost aquifer, the estimated average hydraulic conductivity values 
for the different matrices, and the calculated gradients, the average rate of groundwater flow 
(Vgw) in the uppermost aquifer beneath the units was calculated as follows using the algorithm 
below.

Area
Calculated 
Gradient 
(unitless)

Effective 
Porosity

Hydraulic 
Conductivity 

(cm/s)

Groundwater 
Velocity 
(ft/year)

Unit 0.392 0.10 1.81E-05 73.4
Note: cm/s = centimeters per section; ft/year = feet per year

𝑉𝑉𝑔𝑔𝑔𝑔 = 𝐾𝐾 𝑖𝑖 �1 𝑛𝑛𝑒𝑒� �

Where: Vgw = Groundwater velocity  
K = Hydraulic conductivity 
i = Hydraulic gradient 
ne = Effective porosity

2.3.4 Water Supply Wells 
As presented in the original Part A Solid Waste Permit Application, one adjacent property 
contained a well that was located within 500 feet of the Unit boundary.  The property was 
purchased by Dominion Energy and the well was abandoned in 2007 in accordance with the 
Virginia State Health Department Regulations.  No potable water wells are presently located 
within 500 feet of the Unit boundary.
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3.0 GROUNDWATER MONITORING SYSTEM

3.1 Design of the Groundwater Monitoring System 

The purpose of the groundwater monitoring system is to provide a well network that is located 
and constructed with a sufficient number of wells to yield groundwater samples representative of 
the conditions in the uppermost unconfined aquifer beneath the Unit that:

• Accurately represent the quality of background groundwater that has not been affected 
by leakage from the CCR unit; and 

• Accurately represent the quality of groundwater passing the waste boundary of the CCR 
unit.  The downgradient monitoring system installed at the waste boundary will ensure 
early detection of groundwater contamination in the uppermost aquifer.

The monitoring network described herein is designed to meet the performance standards 
specified in the VSWMR and CCR Rule and will be protective of human health and the 
environment.  Accordingly, the monitoring network is designed so that adequate monitoring 
coverage is provided to represent the quality of groundwater upgradient and downgradient of 
the Unit.

Certification from a qualified professional engineer stating that the groundwater monitoring 
system has been designed and constructed to meet the requirements of the CCR Rule (40 CFR 
257.91(f)) is required.  This certification was placed in the unit’s operating record on October 17, 
2017 in accordance with the recordkeeping requirements of 40 CFR 257.105.  Pursuant to 40 
CFR 257.106(h) and 40 CFR 257.107(h), the DEQ was notified on November 15, 2017 that the 
certification was placed in the operating record and on Dominion Energy’s publically available 
internet site.  Any future modifications to the groundwater monitoring system will require DEQ 
approval and updates to the operating record and publically available internet site in accordance 
with the CCR Rule.

3.2 Special Conditions 

Special conditions are site conditions that can affect the design of a groundwater monitoring 
system.  Special conditions identified for CHSWMF include: 

• Based on the December 19, 2008 Groundwater Monitoring Plan Technical Review #1 
letter from DEQ, the saturated mine spoil at the site does not represent an aquifer.  As a 
result, this plan does not include monitoring of the saturated mine spoil. 

• The Final Leachate Pond was installed in 2015 and is constructed utilizing a 60 mil 
HDPE geomembrane liner.  The location of the Leachate Pond is west of the CHSWMF.  
Monitoring wells designed to detect leakage from the leachate pond (MW-3) do not meet 
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the definition of a network well under the CCR Rule; however, the well is considered 
appropriate under VSWMR (see Section 3.3). 

• The Unit’s underdrain system which carries flow from groundwater seeps and 
discharges to surface drainage for Meade Creek is not included in this GMP.  Details on 
the underdrain system performance sampling are included in the Underdrain Monitoring 
Plan.

3.3 Monitoring Well Network 

The compliance groundwater monitoring well network for the CHSWMF includes the network 
used to comply with the federal CCR Rule and the well network used to comply with VSWMR 
and Solid Waste Permit No. 608.

CCR Rule Well Network Permitted Well Network

Cross-Gradient 
Background Wells

MW-7
Cross-Gradient 

Background Wells

MW-7
MW-12 MW-12
MW-14H MW-14H

Downgradient 
Wells

MW-4

Downgradient 
Wells

MW-3
MW-5 MW-4
MW-10 MW-5
MW-11 MW-10

MW-11

Because CHSWMF is situated is a hollow, the background wells are located cross-gradient from 
the Unit on topographic highs or tops of valleys.  Downgradient wells are placed as close to the 
CCR unit boundaries as practical and, based on the groundwater contours, at a point where a 
release would be detected near valley bottoms.  Monitoring wells MW-3, MW-7, MW-10, 
MW-11, and MW-12 monitor the sandstone above the Jawbone coal seam (Lower Norton 
Formation) and monitoring wells MW-4, MW-5, and MW-14H monitor the Kennedy Member 
sandstone and shale (Upper Norton Formation).

Existing monitoring well screen lengths range from 10 to 20 feet and are placed to intercept the 
sandstone above the Jawbone coal seam and Kennedy Member sandstone and shale 
uppermost aquifers.

In addition to the above monitoring well network, select piezometers will be used for water level 
measurements to assist in the determination of groundwater flow direction and rate.  The 
locations of the monitoring wells and piezometers are shown in Drawing 4.  Piezometer and well 
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construction logs are presented in Appendix A and well construction information is summarized 
in Table 1.

3.4 Monitoring Well Construction 

Existing groundwater monitoring wells were drilled using rotary drilling techniques and were 
installed in minimum six-inch diameter soil and rock holes, constructed using two-inch diameter 
Schedule 40 polyvinyl chloride (PVC) well screen.  It is anticipated that any future wells will also 
be constructed using the rotary drilling technique or similar industry-accepted method consistent 
with procedures presented herein and the USEPA’s Technical Enforcement Guidance 
Document (USEPA, 1986).

Monitoring well screens should, in most circumstances, be 10 feet in length.  The design of new 
monitoring wells should take into consideration the hydrogeologic conditions at the site, the fate 
and transport considerations of the potential contaminants being monitored, and the 
procedure(s) being used to sample the monitoring well(s).  Ideally, to preserve the geochemical 
integrity of the water samples, well screens should be designed and placed (vertically) in a 
manner that prevents a change in the well screen exposure during sampling (relative to the 
exposure between sampling events) so that conditions during the sampling event do not change 
from the conditions that are present between sampling events.  For CCR facilities, DEQ requires 
that all monitoring wells be screened solely within the saturated zone of the uppermost aquifer 
(no portion of the screen should be exposed above the zone of saturation).  In addition, wells 
shall be screened in naturally occurring geologic formations, not in manmade deposits (i.e. fill, 
mine spoil, etc.).

3.4.1 Drilling Methods 
Drilling new monitoring wells and/or observation wells, if necessary, will be performed in general 
accordance with the specifications presented in Appendix D, and is expected to use rotary 
drilling techniques or a similar industry-accepted method. A qualified groundwater scientist will 
prepare a boring and well construction log for each new well. Dominion Energy will transmit the 
boring logs, well construction logs, and appropriate maps for any wells to be included in the 
permitted network to the DEQ within 14 days of certification (no more than 44 days from the 
completion of well construction activities, to include a survey by a licensed surveyor) by the 
qualified groundwater scientist in accordance with the VSWMR. Available boring logs and well 
construction diagrams for the existing on-site monitoring wells are provided in Appendix A.

3.4.2 Wellhead Completions 
Wells will be completed with a locking protective standpipe and a concrete apron for surface 
protection. Construction of new monitoring wells will be performed in general accordance with 
the specifications presented in Appendix D. Protective bollards for monitoring wells will be 
installed at the time of well construction as needed for wells located adjacent to high traffic
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areas, or at a later date if it is determined that protective bollards are warranted. Bollards will 
generally be painted with high-visibility paint to assist with wellhead protection.

3.4.3 Well Development 
Newly constructed wells will be developed to remove particulates that are present in the well 
casing, filter pack, and adjacent aquifer matrix due to construction activities. Development of 
new monitoring wells will be performed at least 24 hours after well construction. Wells may be 
developed with disposable PVC bailers, a well development pump, or other approved method. 
Well development procedures are presented in Appendix D.

Samples withdrawn from the monitoring wells should be clay- and silt-free; therefore, wells may 
require redevelopment from time to time based upon observed turbidity levels during sampling 
activities, and/or measurements of total depth over time that indicate sediment accumulation. If 
redevelopment of a monitoring well is required, it will be performed and documented in a 
manner similar to that used for a new well.

3.4.4 Pump Installations 
Wells designated for use in the compliance monitoring network have dedicated bladder pumps, 
or similar pumps, installed to facilitate micropurge sampling activities. The pumps and 
associated tubing are constructed of environment-inert materials suitable for use in compliance 
and corrective action monitoring programs. Each pump should be placed within the middle 
portion of the well screen, and no closer than two feet from the bottom of the well.

3.4.5 Well Survey and Documentation 
Documentation of future well construction activities will be in accordance with the VSWMR and 
CCR Rule. New wells will be surveyed by a licensed surveyor to within ±0.05 foot on the 
horizontal plane and ±0.01 foot vertically in reference to mean sea level. A boring log, well 
construction log, groundwater monitoring network map, and installation certification will be 
submitted to the DEQ within 14 days of certification by the qualified groundwater scientist in 
accordance with the VSWMR. Separately, a copy of the boring log, well construction log, 
groundwater monitoring network map, and installation certification will be incorporated into the 
Station’s operating record as required under 40 CFR 257.105.  The certification shall occur 
within 30 days of well construction (including the licensed well survey).

3.5 Monitoring Well Decommissioning 

If a monitoring well becomes unusable during the life of the monitoring program, Dominion 
Energy will make a reasonable attempt to decommission the monitoring well in accordance with 
procedures presented in Appendix D.  DEQ approval will be obtained prior to decommissioning 
any monitoring wells that are in the Unit’s compliance monitoring network.  A report describing 
the decommissioning procedures will be transmitted to DEQ following completion of the 
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decommissioning activities. Separately, a copy of the report will be included in the Station’s 
operating record in accordance with the recordkeeping requirements of 40 CFR 257.105.

3.6 Monitoring Well Replacement 

Any monitoring well that 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.

If a monitoring well becomes unusable during the life of the monitoring program, Dominion 
Energy will make reasonable attempts to decommission the monitoring well in accordance with 
the procedures presented in Appendix D.

DEQ approval will be obtained prior to decommissioning any monitoring wells that are in the 
compliance monitoring network. A report describing the decommissioning procedures will be 
transmitted to DEQ following completion of the decommissioning activities.

3.7 Well Operation and Maintenance 

In accordance with the VSWMR and 40 CFR 257.91(e)(2), the compliance monitoring wells will 
be operated and maintained so they perform to their design specifications throughout the life of 
the monitoring program.  Maintenance activities for the compliance wells are as follows:

Activity Schedule

Lock Inspection Each Monitoring Event

Protective Casing Inspection Annually

Pump Inspection & Cleaning Annually

Depth to Well Bottom Annually

Concrete Pad Inspection Annually

Surface Water Infiltration Evaluation Annually

Grass Mowing Semi-annually as needed

The results from the well inspections will be recorded on a Well Inspection Log during the 
routine semi-annual sampling events. A sample of a typical well inspection log is presented in 
Appendix D.
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4.0 GROUNDWATER MONITORING PROGRAM

This GMP is intended to provide a framework for consistent sampling and analysis procedures 
(as provided in Section 5.0) that are designed to ensure monitoring results provide an accurate 
representation of groundwater quality at the background and downgradient wells.

Groundwater monitoring at the CHSWMF has historically been performed in compliance with 
two regulatory programs: 

1. Solid Waste Permit No. 608 – Groundwater monitoring is currently being conducted in 
accordance with the VSWMR Phase II Monitoring Program.  Under this program, a 
Phase II First Determination Report was submitted in 2011, and Groundwater Protection 
Standards (GPS) were approved in 2012.

2. CCR Rule – Groundwater monitoring began in 2016 under the Detection Monitoring 
Program which included eight background sampling events and the initial Detection 
Monitoring Program event which was conducted in September 2017.  Evaluation of 
Detection Monitoring Program data identified statistically significant increases (SSIs) 
over background for several CCR Rule Appendix III constituents.  The SSI determination 
was completed in January 2018.  Based on the SSI findings, Dominion Energy initiated 
the Assessment Monitoring Program with the initial Assessment Monitoring Program 
sampling event conducted in February 2018.

In order to comply with the requirements of both the Solid Waste Permit and the CCR Rule, this 
GMP presents a “modified” program modeled on the requirements of the CCR Rule and the 
VSWMR and as directed by DEQ. The modified Detection Monitoring Program is designed to 
meet the requirements of VSWMR’s First Determination Monitoring Program and CCR’s 
Detection Monitoring Program. The modified Assessment Monitoring Program is designed to 
meet the requirements of VSWMR’s Phase II Monitoring Program and CCR’s Assessment 
Monitoring Program. To the extent a conflict exists between the requirements of the CCR Rule 
and VSWMR, this GMP utilizes the more stringent of requirements. Current monitoring in both 
regulatory programs has transitioned to the VSWMR Phase II/CCR Assessment Monitoring 
Programs; therefore, upon issuance of the amended Solid Waste Permit, groundwater 
monitoring will be conducted in the modified Assessment Monitoring Program.  Details for the 
Modified Detection and Assessment Monitoring Programs are presented in the following 
sections.

4.1 Modified Detection Monitoring Program 

The modified Detection Monitoring Program is designed to identify the presence and 
concentration of targeted potential CCR and solid waste constituents in the uppermost aquifer
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beneath the Unit. Upon issuance of the amended Solid Waste Permit, the Unit will be 
monitored under the modified Assessment Monitoring Program; however, the modified 
Detection Monitoring Program components are presented herein in the event that the Unit is 
able to revert to this program in the future. Components of the modified Detection Monitoring 
Program, including analytical requirements, sampling frequency, and data evaluation, are 
discussed in the following sections.

4.1.1 Constituents 
The modified Detection Monitoring Program will include sampling and analysis of the 
constituents listed in Appendix III of the CCR Rule and Table 3.1 Column A of the VSWMR.  All 
Table 3.1 Column A parameters (including volatile organic compounds) are required by 9 VAC 
20-81-250.C.2.a., unless a variance to this requirement has been approved by DEQ.  
Suggested analytical methods and Quantitation Limits (QLs) are presented in Table 2.

4.1.2 Background Sampling 
CHSWMF has already fulfilled the background sampling requirements for the CCR Rule wells 
and constituents and for certain VSWMR constituents as previously described; however, 
background sampling is required for additional wells and additional constituents and may be 
required in the future for any new wells.  VSWMR and the CCR Rule differ in the minimum 
number of independent samples required to establish background; as a result, the more 
stringent of the regulatory requirements will be followed.  Therefore, a minimum of eight 
independent background samples for permit required constituents and parameters will be 
collected from each well in the permitted monitoring well network.  The background sampling 
events will be performed on a quarterly basis that accounts for both seasonal and spatial 
variability in groundwater quality for the constituents listed in Tables 2 and 3.  The results of 
background sampling will be presented in a Facility Background Determination Report as 
described in Section 4.1.6.1.

4.1.3 Sampling Frequency 
After establishing background concentrations for the Unit, the modified Detection Monitoring 
Program sampling frequency will be on a semi-annual basis unless an alternate frequency has 
been approved.  The semi-annual schedule will consist of a sample once every 180 days plus or 
minus 30 days.

4.1.4 Verification Sampling Events 
If verification sampling events are undertaken to verify suspect analytical results, the verification 
sampling activities, including laboratory analyses, must be completed within the combined 30-
day determination and 14-day reporting window for reporting statistical exceedances (total of 44 
days from the date of receipt of the laboratory certificates of analysis for the sampling event).
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4.1.5 Analytical Data Evaluation 
VSWMR and the CCR Rule differ in the required evaluation period after the receipt of laboratory 
analytical results; as a result, the more stringent of the regulatory requirements will be followed. 
Therefore, within 30 days of receiving the laboratory analytical results, the groundwater data will 
be evaluated statistically as described in Section 7.0 of this GMP.  In accordance with 9VAC20-
81-250.A.4.j, voluntary third-party data validation of laboratory data may also be completed 
during the 30-day statistical determination period.

The results of the statistical analyses will then be evaluated as follows:

• Provided that there are no SSIs over background levels, the modified Detection 
Monitoring Program will continue on a semi-annual basis with the results of the statistical 
analyses presented in the semi-annual and annual reports. 

• If SSIs are identified over background levels, Dominion Energy shall within 14 days of 
this finding notify DEQ of its intention to: 

o Implement the modified Assessment Monitoring Program; or 
o Prepare and submit an Alternate Source Demonstration (ASD) within 90 days of 

noting an exceedance.

4.1.6 Recordkeeping and Reporting 
Dominion Energy will comply with the requirements of the CCR Rule and VSWMR for data 
collection, storage, and reporting including:

• Recordkeeping requirements specified in 40 CFR 257.105(h); 
• Recordkeeping requirements specified in 9VAC20-81-250.E.1; 
• Reporting requirements specified in 9VAC20-81-250.E.2; 
• Notification requirements specified in 40 CFR 257.106(h); and 
• Publically accessible Internet site requirements specified in 40 CFR 257.107(h).

Reports required under the modified Detection Monitoring Program include statistical 
exceedance notifications, if required; semi-annual reports; annual reports; and a Facility 
Background Determination Report. The minimum required information for each report and 
submittal timeframes for the reports are discussed in the following sections.

4.1.6.1 Facility Background Determination Report 
Within 30 days of the amended permit issuance, initially establishing background, or re-
establishing background, a Facility Background Determination Report will be prepared and 
submitted to DEQ.  The report will include background sampling results, calculated background 
values, statistical computations forming the basis of the background values, and proposed GPS 
(see Section 4.2.4.2).



Groundwater Monitoring Plan Curley Hollow Solid Waste Management Facility 
Revised October 3, 2019 Solid Waste Permit No. 608

4-4

4.1.6.2 Statistical Exceedance Notification 
In the event that one or more constituents are detected at a statistically significant level above 
background, Dominion Energy will notify the DEQ within 14 days of the finding.  The notification 
shall identify the constituent exceeding the background concentration, the well identification, 
and the owner’s/operator’s intent to either initiate a modified Assessment Monitoring Program or 
to submit and obtain DEQ approval of an ASD.

4.1.6.3 Semi-Annual Report 
No later than 120 days of completing the first semi-annual event of each year (i.e., after 
receiving the laboratory analytical results), Dominion Energy will submit a semi-annual report to 
DEQ. The Semi-annual report shall include at a minimum the content found under 9 VAC 20-81-
250.E.2.b and shall be submitted in a format consistent with existing DEQ Submission 
Instructions.

4.1.6.4 Annual Report 
An Annual Groundwater Monitoring Report is due no later than 120 days from the completion of 
sampling and analysis conducted for the second semi-annual event and no later than January 
31 of the following calendar year.  The Annual report shall include at a minimum the content 
found under 9 VAC 20-81-250.E.2.a and 40 CFR 257.90(e)(1-5) and shall be submitted in a 
format consistent with existing DEQ Submission Instructions.

The annual report will also be placed in the unit’s operating record and will be posted to the 
publicly accessible website in accordance with 40 CFR 257.106(h)(1) and 40 CFR 
257.107(h)(1).

4.1.6.5 Alternate Source Demonstration 
Dominion Energy may demonstrate that a source other than the landfill caused the 
contamination, or that a statistically significant detection resulted from an error in sampling 
procedures, analysis, statistical procedures, or natural variation in groundwater quality. The 
ASD must be completed within 90 days of confirming the statistical exceedance. 

If the ASD is approved by the DEQ, the operator may continue with the modified Detection 
Monitoring Program. If the ASD is not approved by the DEQ, the operator will initiate the 
modified Assessment Monitoring Program within 90 days of the statistically significant detection.

4.1.6.6 Well Installation Report 
Well installation reports as may be required shall be submitted to the DEQ within 44 days of well 
completion (including the licensed survey). The well installation reports shall include permit-
required information and shall be certified by a qualified groundwater scientist.
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4.1.6.7 Well Decommissioning Report 
Well decommissioning reports as may be required shall be submitted to the DEQ within 44 days 
of completing the physical well decommissioning activities. The well decommissioning reports 
shall include permit-required information and shall be certified by a qualified groundwater 
scientist.

4.1.6.8 Well Non-Performance Report 
Well non-performance reports as may be required shall be submitted to the DEQ within 30 days 
of recognizing the non-performance issue.

4.2 Modified Assessment Monitoring Program 

The modified Assessment Monitoring Program is designed to identify the presence and 
concentration of targeted potential CCR constituents in the uppermost aquifer beneath the CCR 
unit, and to determine if those constituents are derived from the CCR unit at concentrations that 
would require groundwater corrective action. As current monitoring in both regulatory programs 
has transitioned to the VSWMR Phase II/ CCR Assessment Monitoring Programs, upon 
issuance of the amended Permit, groundwater monitoring will be conducted in the modified 
Assessment Monitoring Program.

In accordance with the CCR Rule as adopted in the VSWMR, a notification must be prepared 
and placed in the Station’s operating record and on the publicly available website stating that a 
modified Assessment Monitoring Program has been established. Pursuant to §257.106 as 
adopted in the VSWMR, the DEQ must be notified when the notice has been placed.

Components of the modified Assessment Monitoring Program, including analytical 
requirements, sampling frequency, and data evaluation, are discussed in the following sections.

4.2.1 Constituents 
The modified Assessment Monitoring Program will consist of the following constituents:

• CCR Rule Appendix III constituents; 
• CCR Rule Appendix IV constituents; 
• VSWMR Table 3.1 metals (copper, nickel, silver, tin, vanadium, zinc) and inorganics 

(cyanide, sulfide) not included in the CCR Rule; 
• Speciation of chromium (hexavalent); and 
• VSWMR Table 3.1 Column A organic constituents and previously detected Table 3.1 

Column B organic constituents.

All Table 3.1 Column A parameters and previously detected Table 3.1 Column B constituents 
(including volatile organic compounds) are required by 9 VAC 20-81-250.C.3.b, unless a 
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variance to this requirement has been approved by DEQ.  The suggested analytical methods 
and QLs for the proposed modified Assessment Monitoring Program constituents are presented 
in Table 3.

4.2.2 Sampling Frequency 
Sampling under the modified Assessment Monitoring Program will occur semi-annually (180 
days plus or minus 30 days).

4.2.3 Verification Sampling Events 
If verification sampling events are undertaken to verify suspect analytical results, the verification 
sampling activities, including laboratory analyses, must be completed within the combined 30-
day determination and 14-day reporting window for reporting statistical exceedances (total of 44 
days from the date of receipt of the laboratory certificates of analysis for the sampling event).

4.2.4 Establishing Groundwater Protection Standards 

4.2.4.1 CCR Rule GWPS 
Groundwater Protection Standards (GWPS) were established for detected Appendix IV 
constituents in accordance the CCR Rule and 9VAC20-81-800 of VSWMR on September 27, 
2018 and were placed in the unit’s operating record.  In this GMP, the acronym GWPS will be 
used to describe groundwater protection standards developed under the CCR Rule and the 
acronym GPS will be used to describe groundwater protection standards developed for Solid 
Waste Permit No. 608. 

The following methodology was used to develop GWPS: 

1. For constituents for which a Maximum Contaminant Level (MCL) has been established, 
the MCL was used. 

2. For constituents for which a health-based GWPS has been adopted under the August 
29, 2018 Phase 1, Part 1 amendment to the CCR Rule, the health-based GWPS was 
used. 

a. The Commonwealth of Virginia adopted by reference the October 4, 2016 
version of 40 CFR §257 into 9VAC20-81-800 of the Virginia Solid Waste 
Management Regulations. Amendments to 40 CFR Part 257 Subpart D after 
October 4, 2016 have not been incorporated into 9VAC20-81-800.  Therefore, 
the health-based GWPS is not applicable to the Virginia CCR Rule under 
9VAC20-81-800. 

3. Under 9VAC20-81-800, for constituents for which an MCL has not been established, the 
background concentration for the constituent was used for GWPS.  Note that Virginia 
CCR site-specific background values were calculated using existing groundwater data 
collected for the Solid Waste Permit from May 2016 through June 2017 along with CCR 
background data collected during the same period.
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4. For constituents for which the background level is higher than the MCL or health-based 
GWPS, the background concentration was used for GWPS.

If additional Appendix IV constituents are detected, GWPS will be established for those 
constituents.  GWPS will be updated as needed and will be placed in the unit’s operating record.

4.2.4.2 Solid Waste Permit GPS 
Under the Permit, the DEQ previously approved GPS for the Unit in a letter dated February 21, 
2012; however, the approved GPS do not include all new permit required constituents and do 
not incorporate recent sampling data. As a result, site-specific GPS will be recalculated using 
recent data for CCR Appendix IV constituents, VSWMR Table 3.1 Column B inorganic 
constituents, VSWMR Table 3.1 organic constituents, and boron. 

GPS will be established in accordance with 40 CFR 257.95(h) as adopted in the VSWMR. The 
proposed GPS will be developed based on the following requirements unless the requirements 
for establishing GPS are revised by the DEQ:

• For constituents for which a USEPA Maximum Contaminant Level (MCL) has been 
established, the MCL for that constituent will be used as GPS; 

• For constituents for which MCLs have not been established, the site-specific background 
concentration established from the background wells will be used as GPS; or 

• For constituents for which the site-specific background level is higher than MCL, the 
background concentration established from the background wells will be used as GPS.

Health-based GPS are not allowed for compliance with the Permit.  The MCL-based GPS will be 
updated upon USEPA’s promulgation of new or revised MCLs. The background-based GPS will 
be updated every two years such that the eight most recent background well sampling results 
shall replace the oldest eight background well sampling results.

Following initiation of the modified Assessment Monitoring Program and the establishment of 
background concentrations for the Table 3 constituents, proposed GPS for the applicable 
constituents will be submitted to the DEQ with the Facility Background Determination Report 
(see Section 4.1.6.1).  The GPS based on MCLs will become effective immediately upon 
promulgation of a new or revised MCL.  The GPS based on background levels will become 
effective upon written DEQ approval.

4.2.5 Analytical Data Evaluation 
Groundwater data will be statistically evaluated as described in Section 6.0 of this GMP.  The 
results of the statistical analyses will then be evaluated as follows:
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• If the concentration of any monitored constituent is present at concentrations above site-
specific background concentrations, but below the current GPS, Dominion Energy shall 
continue to monitor under the modified Assessment Monitoring Program. 

• If any monitored constituent is present at a concentration that exceeds the site-specific 
GPS, Dominion Energy may: 

o Submit an ASD certified by a qualified professional engineer within 90 days of 
determining the exceedance of GPS (see Section 4.2.6.4); or 

o Begin the initial steps toward groundwater corrective action.  The Corrective 
Action Program will be consistent with both VSWMR 9VAC20-81-260 and 40 
CFR 257.96, 40 CFR 257.97, and 40 CFR 257.98.

4.2.6 Data Validation 
In accordance with 9VAC20-81-250.A.4.j, voluntary third-party data validation of laboratory data 
may be completed during the 30-day statistical determination period.

4.2.7 Recordkeeping and Reporting 
Dominion Energy will comply with the requirements of the CCR Rule and VSWMR for data 
collection, storage, and reporting including:

• Recordkeeping requirements specified in 40 CFR 257.105(h); 
• Recordkeeping requirements specified in 9VAC20-81-250.E.1; 
• Reporting requirements specified in 9VAC20-81-250.E.2; 
• Notification requirements specified in 40 CFR 257.106(h); and 
• Publically accessible Internet site requirements specified in 40 CFR 257.107(h).

Reports required under the modified Assessment Monitoring Program include a GPS 
exceedance notification (if required), a semi-annual report, and an annual report. The minimum 
required information for each report and submittal timeframes for the reports are discussed in 
the following sections.

4.2.7.1 GPS SSI Notifications 
Consistent with 40 CFR 257.93(h)(2) and 9VAC20-81-250.C.3.e(3)(a), Dominion Energy will 
submit a GPS exceedance notification to the DEQ within 14 days of identifying a statistical 
exceedance of a GPS (44 days of issuance of the laboratory report).  The notification will also 
be placed in the unit’s operating record and will be posted to the publicly accessible website in 
accordance with 40 CFR 257.106(h)(6) and 40 CFR 257.107(h)(6). 

The notification to DEQ shall identify the constituent exceeding the GPS, the well identification, 
and the owner’s/operator’s intent to either initiate a Corrective Action Program and proceed with 
a Nature and Extent Study and Assessment of Corrective Measures within 90 days of noting the 
GPS exceedance, or to submit and obtain DEQ approval of an ASD.
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4.2.7.2 Semi-Annual Report 
No later than 120 days of completing the first semi-annual event of each year (i.e., after 
receiving the laboratory analytical results), Dominion Energy will submit a semi-annual report to 
DEQ. The Semi-annual report shall include at a minimum the content found under 9 VAC 20-81-
250.E.2.b and shall be submitted in a format consistent with existing DEQ Submission 
Instructions.

4.2.7.3 Annual Report 
An Annual Groundwater Monitoring Report is due no later than 120 days from the completion of 
sampling and analysis conducted for the second semi-annual event and no later than January 
31 of the following calendar year.  The Annual report shall include at a minimum the content 
found under 9 VAC 20-81-250.E.2.a and 40 CFR 257.90(e)(1-5) and shall be submitted to DEQ 
in a format consistent with existing DEQ Submission Instructions.

The annual report will also be placed in the unit’s operating record and will be posted to the 
publicly accessible website in accordance with 40 CFR 257.106(h)(1) and 40 CFR 
257.107(h)(1).

4.2.7.4 Alternate Source Demonstration 
Dominion Energy may demonstrate that a source other than the landfill caused the 
contamination, or that a statistically significant detection resulted from an error in sampling 
procedures, analysis, statistical procedures, or natural variation in groundwater quality. The 
ASD must be completed within 90 days of confirming the statistical exceedance. 

If the ASD is approved by the DEQ, the operator may continue with the modified Assessment 
Monitoring Program. If the ASD is not approved by the DEQ, the operator will initiate an 
Assessment of Corrective Measures (ACM) within 90 days of the statistically significant 
detection.

4.2.7.5 Well Installation Report 
Well installation reports as may be required shall be submitted to the DEQ within 44 days of well 
completion (including the licensed survey). The well installation reports shall include permit-
required information and shall be certified by a qualified groundwater scientist.

4.2.7.6 Well Decommissioning Report 
Well decommissioning reports as may be required shall be submitted to the DEQ within 44 days 
of completing the physical well decommissioning activities. The well decommissioning reports 
shall include permit-required information and shall be certified by a qualified groundwater 
scientist.
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4.2.7.7 Well Non-Performance Report 
Well non-performance reports as may be required shall be submitted to the DEQ within 30 days 
of recognizing the non-performance issue.

4.2.7.8 Off-site Plume Notification 
In the event that a groundwater plume (concentrations above GPS) is determined to extend off 
site onto adjacent downgradient property based on corrective action characterization activities, 
Dominion Energy will notify the DEQ and the affected landowner within 15 days of the 
determination consistent with 9 VAC 20-81-260.C.1.b.
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5.0 SAMPLE AND ANALYSIS PROGRAM

Proper sampling procedures are an important and fundamental aspect in an effective monitoring 
program.  The following sections outline the sample collection procedures to be used at 
CHSWMF.

5.1 Sampling Order 

The existing compliance groundwater monitoring wells are equipped with dedicated purging and 
sampling equipment; therefore, the likelihood of cross-contamination is minimal.  Accordingly, 
the anticipated sampling order will follow a sequence based on consideration of field conditions 
at the time of sampling.

5.2 Water Level Gauging 

Prior to purging each monitoring well, the static water level will be gauged using an electronic 
water level indicator accurate to 0.01 foot. The measurement will be obtained from the surveyed 
measuring point on each well.

Prior to initial use and between wells, the portion of the water level indicator that comes in 
contact with the groundwater in the well will be decontaminated to avoid cross-contamination 
between monitoring wells. In addition to decontaminating the downhole equipment, sampling 
personnel will don new gloves between wells, and more frequently as needed, to avoid cross-
contamination between monitoring wells.

5.3 Purging Procedure 

The monitoring wells in the monitoring network will be purged and sampled using a micropurge 
technique. Micropurge sampling can greatly reduce the volume of water that must be purged 
from a well before representative samples can be collected, and typically provides for the 
collection of more representative samples than do other purge methods, as well as consistency 
in analytical results between sampling events. Micropurging is accomplished through the use of 
dedicated low-flow sampling devices. Bailers and portable pumps are not recommended 
because they cause mixing of the standing water column within the well (Robin and Gilham, 
1987). This mixing action requires the removal of the traditional large purge volumes before 
sampling. Introducing any device into the well prior to sampling causes a surging effect that may 
increase turbidity and interfere with the normal flow of water through the well screen. This 
disturbance may remain in effect for as long as 24 to 48 hours (Kearl et al., 1992).

For monitoring wells with dedicated bladder pumps equipped with check values that hold 
stagnant water in the discharge tubing between sampling events, the discharge tubing shall be 
purged prior to commencing micropurge activities to ensure that fresh formation water is
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sampled following the completion of micropurging. The discharge tube purge volume will be 
determined using the following equation:

Discharge Tube Volume (milliliters) = DTP * VF 
Where: 

DTP = Depth to top of pump (nearest 0.1 ft) 
VF = Volume Factor as follows 

10 = 1/4-inch diameter tubing 
22 = 3/8-inch diameter tubing 
39 = ½-inch diameter tubing

If discharge tube purging is required, the purge should be conducted at a rate equal to the well 
yield to avoid drawing stagnant well column water into the pump (i.e., between 100 and 500 
milliliters per minute).  During the discharge tubing purge, the flow rate and the depth to 
groundwater should be monitored on regular intervals (every 3 to 5 minutes) to verify that the 
purge activities are not removing stagnant water from the water column in the monitoring well.

After completing the discharge tubing purge, if required, water quality parameters (pH, 
temperature, conductivity, and/or dissolved oxygen) along with the depth to water will be 
monitored during the micropurge consistent with USEPA guidance on micropurging. The 
stabilization of these parameters (generally 10% for three consecutive readings) indicates when 
the discharge water is representative of formation water and samples can be collected for 
analysis. Measurements of turbidity may also be collected for the purpose of evaluating the 
purging technique. Water quality measurements will be collected on approximate 3- to 5-minute 
intervals and will be recorded on a Field Log or in the Field Book to document purge 
stabilization.

In addition to the water quality parameters, the flow rate may be monitored at regular intervals 
during the micropurge to verify that the micropurge activities are not removing stagnant water 
from the water column in the monitoring wells. In general, purge rates when using micropurge 
sampling procedures should not exceed 500 milliliters per minute, and the purge rate should be 
adjusted downward as needed to prevent the groundwater elevations from dropping more than 
1 foot. Any measurements taken should be recorded on a Field Log or in the Field Book to 
document steady-state flow conditions during the purge. Sampling personnel will containerize 
purge water during sampling activities and will stage the containerized water in a Station 
approved area.  Purge water will be disposed of at an approved onsite disposal area or by 
another approved means in accordance with DEQ’s Investigatively Derived Waste Guidance.

On rare occasions, the yield of a monitoring well will be insufficient to keep up with the 
micropurge. In cases where the yield of the monitoring well is less than 50 milliliters per minute 
as documented by the
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recorded flow rate and continually decreasing head level as the well is purged, the required 
samples may be collected prior to stabilization of the water column provided the water quality 
parameters have stabilized within the required 10% range.

In the event that dedicated pumping equipment malfunctions during a sampling event, non-
dedicated equipment may be used to micropurge the affected well(s) provided the pump can be 
decontaminated prior to use in each well. The pump and associated discharge hoses must be 
decontaminated using a non- phosphate-based detergent and water mixture followed by a 
deionized water rinse to avoid cross-contamination between monitoring wells.

5.4 Sample Collection 

Once the water quality data indicate that the micropurge activities have been completed, 
required samples should be collected directly from the discharge hose on the pump into 
laboratory-provided, pre-preserved sample containers selected for the required parameters or 
compatible parameters. Samples collected for the compliance program will not be filtered in the 
field or at the laboratory. Sample collection should be performed at the same rate (or lower) that 
was used during the micropurge. Following collection, samples will be placed in a cooler on ice 
under chain-of-custody control. Samples will be kept at no more than 6°C from collection to 
laboratory delivery.

Anticipated sample container, minimum volume, chemical preservative, and holding times for 
each analysis type are provided in Table 4. These standards may change depending on 
laboratory requirements. Sample preservation methods will be used to retard biological action, 
retard hydrolysis, and reduce sorption effects.  These methods include chemical addition, 
refrigeration, and protection from light.

5.5 Sample Documentation 

Chain-of-custody control is critical for documenting the integrity of the samples following 
collection, during transport to the laboratory, and at the laboratory. Consequently, the label for 
each sample container shall be completed to document the sample collection activities. An 
example sample container label is presented in Appendix E.

The chain-of-custody form should be signed by the sampling personnel and the receiving agent, 
with the date and time of transfer noted. In the event that the samples are being shipped to a 
laboratory, the signature of the receiving agent is not required; however, it is recommended that 
the tracking number for the shipping label be recorded on the chain-of-custody form. After 
completing the chain-of-custody form, it should be maintained with the samples. An example 
chain-of-custody form is presented in Appendix E.
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5.6 Sample Seals 

It is recommended that the shipping container be sealed to ensure that the samples have not 
been disturbed during transport to the laboratory. If sample seals are used, the tape should be 
labeled with instructions to notify the shipper if the seal is broken prior to receipt at the 
laboratory. An example chain-of-custody seal is presented in Appendix E.

5.7 Sample Event Documentation 

The sampling event field notes should document the field activities such that they, along with 
the chain-of-custody form(s), are sufficient to allow for reconstruction of the sampling event by a 
third party.

5.8 Field Quality Assurance/Quality Control (QA/QC) Procedures 

Trip blanks, equipment blanks, and field blanks provide QA/QC measures for the monitoring 
program.  The QA/QC measures are discussed in the following sections.

5.8.1 Trip Blanks 
Trip blanks are a required part of the field sampling QA/QC program only whenever analytical 
parameters include VOCs.  The purpose of the trip blank is to detect any contamination that 
might be introduced into the groundwater samples during the sample transport process.  The 
laboratory will provide a clean sample of water that accompanies the sample bottles to the 
sampling site and is transported back to the laboratory without having been exposed to 
sampling procedures.  The trip blank will be analyzed for the VOCs described in Section 4.2.1.  
One trip blank is recommended for each cooler containing VOCs.

5.8.2 Field Blanks 
Field blanks may also be collected as part of the field sampling QA/QC program. The purpose of 
the field blank is to detect any contamination that might be introduced into the groundwater 
samples through the air or through sampling activities. At least one field blank is recommended 
to be collected and analyzed for the same parameters as those for which groundwater samples 
are analyzed.

Field blanks must be prepared in the field (at the sampling site) using laboratory-supplied bottles 
and deionized or laboratory reagent-quality water. Each field blank is prepared by pouring the 
deionized water into the sample bottles at the location of one of the wells in the sampling 
program. Preservatives are added to specific sample bottles as required. The well at which the 
field blank is prepared must be identified on the Field Log along with any observations that may 
help explain anomalous results (e.g., prevailing wind direction, up-wind potential sources of 
contamination). Once a field blank is collected, it is handled and shipped in the same manner as 
the rest of the samples.
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5.8.3 Equipment Blanks 
For wells that must be sampled with non-dedicated equipment, decontamination procedures 
consist of rinsing the equipment once with deionized or laboratory reagent-quality water, 
brushing the equipment using laboratory-quality soap, and triple rinsing the equipment with 
deionized or laboratory reagent-quality water. One equipment blank may be collected during 
each sampling event and analyzed for the same parameters as those for which groundwater 
samples are analyzed. Equipment blanks are collected by pouring deionized or laboratory 
reagent-quality water into or over the sampling device (e.g., the water level indicator), and then 
filling a set of sample bottles.

If the analytes for the equipment blank would normally be filtered, this water should be placed 
into a pre-filtration bottle and subsequently filtered. Whether or not it is filtered, this water is 
placed into the equipment blank bottles, and the proper preservative added (as required).

5.8.4 Field Duplicates 
Duplicate samples are generally collected to demonstrate the reproducibility of the sampling 
technique.  Duplicate samples may be collected on a 5% (1 in 20) frequency. This is a separate 
duplicate from the duplicates a laboratory must run, and cannot be replaced by a laboratory-
generated duplicate. Duplicates are representative of field sampling precision, whereas 
laboratory duplicates are a measure of analytical precision. Both pieces of information are 
essential to determining the quality of data generated for a project.

5.9 Laboratory Quality Control Procedures 

The quality assurance program for the selected Virginia Environmental Laboratory Accreditation 
Program (VELAP)-accredited analytical laboratory will be documented in their Quality 
Assurance Program Plan (QAPP). This document describes mechanisms employed by the 
VELAP-accredited laboratory to ensure that reported data meet or exceed applicable USEPA 
and Virginia requirements. The QAPP describes the laboratory’s experience, its organizational 
structure, and procedures in place to ensure quality of the analytical data. The QAPP outlines 
the sampling, analysis, and reporting procedures used by the laboratory. The laboratory is 
responsible for the implementation of and adherence to the QA/QC requirements outlined in the 
QAPP. A copy of the laboratory’s QAPP will be available to the DEQ or Station personnel upon 
request.

Audits are an important component of the quality assurance program at the laboratory. Audits 
are conducted by the laboratory. Internal system and performance audits are conducted 
periodically to ensure adherence by all laboratory departments to the QAPP. External audits are 
conducted by accrediting agencies or states. These reports are transmitted to department 
managers for review and response.  Corrective measures must be taken for any finding or 
deficiency found in an audit.
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Data Quality Reviews (DQRs), or equivalent, are requests submitted to the laboratory to 
formally review results that differ from historical results, or that exceed certain permit 
requirements or quality control criteria.  The laboratory prepares a formal written response to 
DQRs explaining discrepancies.  The DQR is the first line of investigation following any 
anomalous result.

5.9.1 Laboratory Documentation 

Upon receipt of the samples at the laboratory, the following activities are recommended: 

• The date, time of sample collection, and analysis to be performed will be provided to the 
VELAP-accredited laboratory. 

• The samples will be examined upon receipt to ensure collection in USEPA-approved 
containers for the requested analysis.  The sample collection data and time will also be 
reviewed to ensure the USEPA-required sample holding time has not expired or will not 
expire before the analysis can be performed. 

• The information concerning transportation mode and manner will be reported on the 
form.  Samples must be transported on ice under refrigeration, and the inside 
temperature of the cooler should be recorded upon opening. 

• The pH of each sample as well as the sample appearance will be recorded if required by 
the analytical method.  Also, preservative adjustments, filtration, and sample splitting 
must also occur as required and must be fully documented.

During analysis of the samples, it is recommended that the laboratory agent maintain the 
integrity of the samples by keeping samples refrigerated and if at any point during the analysis 
process, the results are considered technically inaccurate, the analysis must be performed 
again, if holding times have not been exceeded.

5.9.2 Laboratory Analyses 

Analytical procedures for permit-required constituents will be performed in accordance with 
USEPA Test Methods for Evaluating Solid Waste - Physical/Chemical Methods, SW-846, if 
available. Analytical methods for constituents without available SW-846 methods will utilize 
other USEPA-approved methods (e.g., published drinking water methods, clean water act 
method, Standard Methods). The modified Detection Monitoring Program and modified 
Assessment Monitoring Program constituents, along with recommended test methods and QLs, 
are listed in Tables 2 and 3. Laboratory analytical results for groundwater compliance samples 
will be reported on a total sample basis.

5.9.3 Limits of Quantitation (LOQs) 

Laboratory-specific LOQs will be used as the reporting limits for quantified detections of 
required monitoring constituents. Laboratory LOQs should be reported with the sample results.
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5.9.4 Limits of Detection (LODs) 

Laboratory-specific LODs will be used as the reporting limits for estimated detections of required 
monitoring constituents. Constituents detected at concentrations above the LOD but below the 
LOQ will be reported as estimated with a qualifying “J” flag on the laboratory certificates of 
analysis. It is noted that estimated detections are not considered statistically significant and 
cannot trigger the Corrective Action Program. Laboratory LODs should be reported with the 
sample results.

5.9.5 Method Blanks

Laboratory method blanks are used during the analytical process to detect any laboratory-
introduced contamination that may occur during analysis. A minimum of one method blank 
should be analyzed by the laboratory per sample batch.

5.9.6 Matrix Spike and Matrix Spike Duplicate Samples 
A matrix spike (MS) and matrix spike duplicate (MSD) will be run with every sample batch.  The 
relative percent difference between the spike and the spike duplicate sample should be less 
than 20 percent.  Higher values may indicate matrix interference.

5.10 Data Validation

The laboratory is responsible for verifying that the reported analytical results are correct.  The 
QA/QC data provided by the laboratory will be reviewed to ensure that the analytical results 
meet the project’s data quality objectives.  The review process should be performed in general 
accordance with the procedures outlined in the following USEPA guidance documents:

• National Functional Guidelines for Inorganic Superfund Methods Data Review, January 
2017 (USEPA, 2017); and 

• Multi-Agency Radiological Laboratory Analytical Protocols Manual. (USEPA, 2004).
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6.0 DATA EVALUATION

Statistical analysis of the data will be completed as discussed in the following sections.  These 
criteria represent a conservative approach to groundwater analysis and incorporate statistical 
and other evaluation methodologies.

6.1 Groundwater Data Evaluation

This section outlines the inter-well statistical evaluation methodologies that may be used to 
detect a release from the CCR unit by comparing downgradient well results to statistically 
calculated background concentrations.

During background sample collection, it will be necessary to examine the data for outliers, 
anomalies, and trends that might be an indication of a sampling or analytical error. Outliers and 
anomalies are inconsistently large or small values that can occur due to sampling, laboratory, 
transportation, or transcription errors, or even by chance alone. Significant trends indicate a 
source of systematic error, or an actual contamination occurrence, that must be evaluated and 
corrected before valid inter-well statistical evaluations can be implemented. The inclusion of 
such values in the historical database used for temporal water quality evaluations or in the 
background database for inter-well statistical evaluations could cause misinterpretation of the 
data set, and result in high false positive (i.e., an indication of a release when none exists) 
and/or false negative (i.e., falsely concluding there is no release in the presence of an actual 
release) conclusions.

To prevent the inclusion of anomalous data in the inter-well database, background monitoring 
results will be evaluated during background development for any new wells constructed, once 
those well(s) have at least four measurements for a given constituent using time vs. 
concentration graphs. Parameter concentrations that appear anomalous (i.e., that are 5 times or 
greater than the previous results) may be verified during the next sample collection event or 
after a reasonable period of time to ensure sample independence (e.g., 3 months). If the 
anomalous result is not verified, the outlier may be removed from the database to maintain the 
accuracy of the evaluation method. Any detected systematic trends or verified outliers in the 
background database will be evaluated and reported to the DEQ in a timely manner.

6.1.1 Correcting for Linear Trends 
If a data series exhibits a linear trend, the sample will exhibit temporal dependence when tested 
via the sample autocorrelation function (see Section 14.2.3 of the Unified Guidance; USEPA, 
2009), the rank von Neumann ratio (see Section 14.2.4 of the Unified Guidance; USEPA, 2009), 
or similar procedure. These data can be de-trended, much like the data in the previous example 
were de-seasonalized. Typically, the easiest way to de-trend observations with a linear trend is 
to compute a linear regression on the data (see Section 17.3.1 of the Unified Guidance; 
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USEPA, 2009) and then use the regression residuals instead of the original measurements in 
subsequent statistical analysis.

6.2 Statistical Methodology 

In accordance with the 40 CFR 257.93(f)(6) as adopted in the VSWMR, Dominion Energy must 
obtain a certification from a qualified professional engineer stating that the selected statistical 
method is appropriate for evaluating the groundwater monitoring data for the CCR management 
area.  The certification will include a narrative description of the statistical method selected to 
evaluate the groundwater monitoring data. This certification is subject to the recordkeeping 
requirements specified in 40 CFR 257.105(h), the notification requirements specified in 40 CFR  
257.106(h), and the internet requirements specified in 40 CFR  257.107(h).

The statistical test used to evaluate the groundwater monitoring data will be selected based on 
the size of the dataset, the data distribution, and statistical level of significance requirements as 
allowed by the VSWMR and the CCR Rule and associated state and Federal guidance 
documents.  Dominion Energy will ensure that an adequate number of independent samples for 
the chosen statistical method are collected within the compliance period such that the level of 
significance for individual well comparison will be no less than 0.01 and no less than 0.05 for 
multiple comparisons for any statistical test. Possible statistical test methods are: 

• A parametric analysis of variance (ANOVA) followed by multiple comparisons 
procedures to identify statistically significant evidence of contamination.  The method will 
include estimating and testing the contrasts between each compliance well’s mean and 
the background mean levels for each constituent; 

• An ANOVA based on ranks followed by multiple comparisons procedures to identify 
significant evidence of contamination.  The method will include estimating and testing 
the contrasts between each compliance well’s median and the background median 
levels for each constituent; 

• A tolerance or prediction interval procedure in which an interval for each constituent is 
established from the distribution of the background data, and the level of each 
constituent in each compliance well is compared to the upper tolerance or prediction 
limit; 

• A control chart approach that gives control limits for each constituent; or 
• Another statistical test method that meets the performance standards specified by the 

DEQ.  A justification for the alternate test method will be submitted for approval by the 
DEQ.

The statistical analysis selected to evaluate the groundwater data will meet the following 
performance standards and will be consistent with the USEPA’s Statistical Analysis of 
Groundwater Monitoring Data at RCRA Facilities, Unified Guidance (USEPA, 2009):



Groundwater Monitoring Plan Curley Hollow Solid Waste Management Facility 
Revised October 3, 2019 Solid Waste Permit No. 608

6-3

• The statistical method used to evaluate groundwater monitoring data shall be 
appropriate for the distribution of monitoring parameters or constituents.  If the 
distribution is shown by Dominion Energy to be inappropriate for a normal theory test, 
then the data should be transformed or a distribution-free theory test should be used.  If 
the distributions for the constituents differ, more than one statistical method may be 
needed. 

• If an individual well comparison procedure is used to compare an individual compliance 
well constituent concentration with background constituent concentrations or a GPS, the 
test shall be done at a Type I error level no less than 0.01 for each testing period.  If a 
multiple comparisons procedure is used, the Type I experiment-wise error rate for each 
testing period shall be no less than 0.05; however, the Type I error of no less than 0.01 
for individual well comparisons must be maintained.  This performance standard does 
not apply to tolerance intervals, predictions intervals, or control charts. 

• If a control chart approach is used to evaluate groundwater monitoring data, the specific 
type of control chart and its associated parameter values shall be protective of human 
health and the environment.  The parameters shall be determined after considering the 
number of samples in the background database, the data distribution, and the range of 
the concentration for each constituent of concern.

• If a tolerance interval or a prediction interval is used to evaluate groundwater monitoring 
data, the levels of confidence and, for tolerance intervals, the percentage of the 
population that the interval must contain, shall be protective of human health and the 
environment.  These parameters shall be determined after considering the number of 
samples in the background database, the data distribution, and the range of the 
concentrations for each constituent of concern.

• The statistical method shall account for data below the LOD with one or more statistical 
procedures that shall be at least as effective as any other approach in this section for 
evaluating groundwater data.  Any QL that is used in the statistical method shall be the 
lowest concentration that can be reliably achieved within specified limits of precision and 
accuracy during routine laboratory operating conditions that are available to the Station.

• If necessary, the statistical method shall include procedures to control or correct for 
seasonal and spatial variability as well as temporal correlation in the data.

6.2.1 Reporting of Low and Zero Values 
Chemical constituents that are not present above the detection limit of the analytical procedure 
are reported as NOT DETECTED (ND), or less than the LOD, rather than as zero or not 
present, and the laboratory’s LOD is provided on the analytical report.  There are a several 
methods for dealing with data that include values below detection, and the selected method 
should be consistent with the USEPA’s Unified Guidance (USEPA, 2009).



Groundwater Monitoring Plan Curley Hollow Solid Waste Management Facility 
Revised October 3, 2019 Solid Waste Permit No. 608

6-4

6.2.2 Normality Testing 
The original data must be tested for normality using an appropriate method consistent with 
USEPA’s Unified Guidance (USEPA, 2009).  The following generalized guidelines should be 
considered for decisions in normality testing: 

• If the original data show that the data are not normally distributed, the data must be 
natural-log transformed and tested again for normality using the above methods. 

• If the original or the natural-log transformed data confirm that the data are normally 
distributed, then a normal distribution test must be applied.

6.2.3 Missing Data Values 
Missing data values may result in an incomplete measure of environmental variability and an 
increased likelihood of falsely detecting contamination.  If data are missing, there is a danger 
that the full extent of contamination may not be characterized.  Therefore, resampling will occur 
within 30 days to replace the missing data unless an alternative schedule is otherwise approved 
by DEQ.

6.2.4 Outliers 
An outlier is a value that is much different from most other values in a data set for a given 
groundwater chemical constituent.  The reasons for outliers may include: 

• Sampling errors or field contamination; 
• Analytical errors or laboratory contamination; 
• Recording or transcription errors; 
• Faulty sample preparation or preservations, or shelf-life exceedance; or 
• Extreme, but accurately detected environmental conditions.

Formal testing for outliers should be done only if an observation seems particularly high (by 
orders of magnitude) compared to the rest of the data set.  If a sample value is suspect, the 
value should be evaluated using the appropriate outlier test described in USEPA’s Unified 
Guidance (USEPA, 2009).  Background observations, which are considered to be outliers, will 
not be included in the statistical analysis to preserve the power of the test to detect a release 
from the Unit.  

6.3 Verification Procedure

Once groundwater analysis results have been collected, checked for QA/QC consistency, and 
determined to be above the appropriate statistical level, the results must be verified in 
accordance with the objectives of the VSWMR for groundwater monitoring. Verification re-
sampling is an integral part of the statistical methodology described by USEPA’s Unified 
Guidance (USEPA, 2009). Without verification re-sampling, much larger statistical limits would 
be required to achieve site-wide false positive rates of 5% or less. Furthermore, the resulting 
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false negative rate would be greatly increased. Verification sampling should generally be 
performed for each constituent when it is initially determined to be present above its statistical 
limit.  Consistent with the VSWMR, verification samples, if collected, must be obtained within the 
30-day SSI determination period defined in 9VAC20-81-250.A.4.h(2).

6.4 Comparison to Groundwater Protection Standards 

Following the establishment of GWPS or GPS under the modified Assessment Monitoring 
Program, detected constituents will be statistically compared to the approved GPS using one of 
the methods discussed below.

If the GPS for a constituent is derived from the Unit’s background concentration, then the 
groundwater monitoring data must be compared directly to the GPS using a value-to-value 
comparison. If the established GPS is derived from a MCL (or other reference standard 
concentration), then the groundwater monitoring data may be compared to the GPS statistically 
and/or using a value-to-value procedure.

Based on the above criteria, groundwater monitoring data will initially be compared to 
established GPS via a value-to-value comparison. If a GPS is exceeded during the value-to-
value comparison for any parameter, a verification sample may be collected. The results from 
the verification sample will be compared to the GPS via a value-to-value comparison. If the 
comparison indicates a GPS exceedance, the source of the GPS will be determined. If the GPS 
is derived from a MCL, two additional groundwater samples for the suspect constituent(s) may 
be collected to facilitate a statistical comparison to the GPS. It is noted that verification sampling 
and/or additional sampling required to perform a statistical evaluation must occur within the 
same compliance monitoring period during which the original samples were collected. The 
compliance monitoring period begins on the day of sampling and expires 6 months later, or the 
date of the next compliance sampling event, whichever occurs first.

To perform a statistical comparison, a minimum of four samples must be collected within the 
compliance monitoring period. Once data have been received for the four samples, then the 
lower confidence interval can be calculated and compared to the GPS. The lower limit should be 
calculated initially by using a 95% confidence level. If the lower limit exceeds the GPS, the DEQ 
may be contacted regarding the use of a confidence level greater than 95%.
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7.0 HYDROGEOLOGIC ASSESSMENT

After each sampling event, groundwater surface elevations will be evaluated to determine 
whether the requirements for monitoring well location will continue to be satisfied and the rate 
and direction of groundwater flow will be determined.  Groundwater elevations in monitoring 
wells must be measured within a period of time short enough (typically within 24 hours) to avoid 
temporal variations in groundwater flow that could preclude accurate determination of 
groundwater flow rate and direction.

The rate and direction of groundwater flow will be determined each time groundwater is 
sampled by comparing the groundwater surface elevations among the monitoring wells, and at 
least annually, constructing a groundwater surface contour map. The groundwater flow rate 
shall be determined using the following equation:

𝑉𝑉𝑔𝑔𝑔𝑔 = 𝐾𝐾 𝑖𝑖 �1 𝑛𝑛𝑒𝑒� �

Where: Vgw = Groundwater velocity 
K = Hydraulic conductivity 
i = Hydraulic gradient 
ne = Effective porosity

If the evaluation shows that the groundwater monitoring system does not satisfy the 
requirements of the VSWMR, the monitoring system will be modified to comply with those 
regulations after obtaining approval from the DEQ.  Dominion Energy will request the 
appropriate permit amendment action related to any revisions of the monitoring well network 
deemed necessary due to a change in groundwater flow pattern or functionality of any 
monitoring well.  Proposed revisions will be submitted to the DEQ within 30 days of determining 
that the system does not satisfy the requirements of the VSWMR; the modifications may include 
a change in the number, location, or depth of the monitoring wells.



Groundwater Monitoring Plan Curley Hollow Solid Waste Management Facility 
Revised October 3, 2019 Solid Waste Permit No. 608

8-1

8.0 REFERENCES

Evans, N.H. and Troensegaard, K.W., 1991. Geology of the St. Paul and Carbo Quadrangles, 
Virginia. Virginia Department of Mines, Minerals and Energy, Division of Mineral 
Resources, Publication 106, 2 Plates.

GAI Consultants, Inc. (GAI), 2008. Module X Groundwater Monitoring and Sampling and 
Analysis Plan, 9 VAC 20-80-300 Curley Hollow Solid Waste Management Facility, Wise 
County, Virginia. March 2008. Revised July 2008, January 2009, January 2010, June 
2010, August 2011, and April 2012.

Kearl, P.m., Korte, N.E., and Cronk, T.A. 1992. Suggested modifications to groundwater 
sampling procedures based on observations from the colloidal borescope: Groundwater 
Monitoring Review, v. 12, No. 2, pp. 155-161.

Robin, M.L. and Gillham, R.W. 1987. Field evaluation of well purging procedures: Groundwater 
Monitoring Review, v. 7, No. 4, pp. 85-93.

Saunders, Laura L., 1998. A Manual of Field Hydrogeology, 1st Ed., Prentice Hall, p. 196.

United States Environmental Protection Agency (USEPA), 1986. RCRA Ground-Water 
Monitoring Technical Enforcement Guidance Document. Office of Solid Waste and 
Emergency Response (OSWER). OSWER-9950.1. September.

United States Environmental Protection Agency (USEPA), 2004. Multi-Agency Radiological 
Laboratory Analytical Protocols Manual (EPA-402-N-01-001A). July.

United States Environmental Protection Agency (USEPA), 2009. Statistical Analysis of 
Groundwater Monitoring Data at RCRA Facilities: Unified Guidance, EPA 530/R-09-007: 
USEPA, Office of Resource Conservation and Recovery. March 2009.

United States Environmental Protection Agency (USEPA), 2015. Federal Register, Volume 80, 
No. 74. Friday April 17, 2015.  Part II.  Environmental Protection Agency. 40 CFR Parts 
257 and 261. Hazardous and Solid Waste Management System; Disposal of Coal 
Combustion Residuals from Electric Utilities; Final Rule. EPA-QA-RCRA-2009-0640; 
FRL-9919-44-OSWER, RIN-2050-AE81. April.

United States Environmental Protection Agency (USEPA), 2017.  National Functional 
Guidelines for Inorganic Superfund Methods Data Review, EPA-540-R-2017-001: 
USEPA, Office of Superfund Remediation and Technology Innovation. January 2017.

Virginia Department of Mines, Minerals, and Energy (DMME), 1994.  Geology and Mineral 
Resources of the Southwest Virginia Coalfield. Virginia Division of Mineral Resources, 
Publication 131. Digitally Reprinted in 2005.

Web Soil Survey. http://websoilsurvey.sc.egov.usda.gov/App/ WebSoilSurvey.aspx, accessed 
September 9, 2017.



TABLES



Table 1
Summary of Monitoring Well and Piezometer Construction Information 

Curley Hollow Solid Waste Mangement Facility
Solid Waste Permit No. 608

Well 
Identification Well Designation Coordinates

Ground 
Surface 

Elevation 
(ft AMSL)

Top of Casing 
Elevation 
(ft AMSL)

Well Depth 
(ft below 
grade)

Screen Length 
(ft) Screened Aquifer Unit

Northing (ft) Easting (ft)
Compliance Monitoring Wells

MW-3 Downgradient 3519270.90 10358155.75 1617.91 1620.15 54.11 20 Sandstone above the Jawbone Coal/Sandstone
MW-4 Downgradient 3520198.43 10361209.82 1882.37 1885.08 33.59 15 Kennedy Member/sandstone and shale
MW-5 Downgradient 3520447.90 10361626.30 1948.00 1950.53 115.07 20 Kennedy Member/sandstone and shale
MW-7 Cross-gradient 3520384.93 10357929.50 1669.00 1672.37 134.13 10 Sandstone above the Jawbone Coal/Sandstone
MW-10 Downgradient 3518396.50 10358937.32 1633.83 1636.82 67.43 10 Sandstone above the Jawbone Coal/Sandstone
MW-11 Downgradient 3518304.53 10358948.36 1638.24 1641.67 72.84 10 Sandstone above the Jawbone Coal/Sandstone
MW-12 Cross-gradient 3521256.64 10357628.38 1641.16 1644.13 95.93 15 Sandstone above the Jawbone Coal/Sandstone

MW-14H Cross-gradient 3520186.54 10362269.47 1909.63 1912.88 45.25 20 Kennedy Member/sandstone and shale
Piezometers and Other Wells

07-003 (S) Water Level Only 3517949.60 10359737.83 1738.43 1740.28 38.11 10 Not applicable
07-003 (M) Water Level Only 3517949.60 10359737.83 1738.43 1740.29 89.36 10 Not applicable
07-003 (D) Water Level Only 3517949.60 10359737.83 1738.43 1740.23 131.60 10 Not applicable
07-006 (S) Water Level Only 3519671.77 10359023.28 1982.67 1984.75 49.23 10 Not applicable
07-006 (M) Water Level Only 3519671.77 10359023.28 1982.67 1984.70 121.56 10 Not applicable
07-006 (D) Water Level Only 3519671.77 10359023.28 1982.67 1984.74 302.92 10 Not applicable
07-009 (S) Water Level Only 3518957.30 10360968.75 2049.01 2050.77 53.88 10 Not applicable
07-009 (D) Water Level Only 3518957.30 10360968.75 2049.01 2050.75 247.24 10 Not applicable
07-011 (S) Water Level Only 3520391.13 10361521.70 1961.78 1963.44 117.00 10 Not applicable
07-011 (M) Water Level Only 3520391.13 10361521.70 1961.78 1963.48 176.40 10 Not applicable
07-011 (D) Water Level Only 3520391.13 10361521.70 1961.78 1963.50 249.12 10 Not applicable
07-013 (S) Water Level Only 3520171.59 10359225.27 2027.92 2029.79 131.12 10 Not applicable
07-013 (M) Water Level Only 3520171.59 10359225.27 2027.92 2029.76 174.26 10 Not applicable
07-013 (D) Water Level Only 3520171.59 10359225.27 2027.92 2029.79 246.57 10 Not applicable
07-014 (S) Water Level Only 3520668.93 10358775.23 2130.21 2132.28 99.85 10 Not applicable
07-014 (M) Water Level Only 3520668.93 10358775.23 2130.21 2132.26 166.14 10 Not applicable
07-014 (D) Water Level Only 3520668.93 10358775.23 2130.21 2132.28 249.74 10 Not applicable
07-026 (S) Water Level Only 3523216.38 10360871.67 2181.52 2183.65 141.37 10 Not applicable
07-026 (M) Water Level Only 3523216.38 10360871.67 2181.52 2183.67 202.61 10 Not applicable
07-026 (D) Water Level Only 3523216.38 10360871.67 2181.52 2183.67 246.11 10 Not applicable

Notes: Coordinate system is US State Plane  1983, Virginia Southern Zone, North American Datum 1983 (NAD83)
AMSL = Above mean sea level
ft = feet



Table 2
Summary of Modified Detection Monitoring Program Constituents

Curley Hollow Solid Waste Management Facility
Solid Waste Permit No. 608

Parameter Class CAS RN Typical Method Units
Typical 
LOQ/QL

CCR Appendix III

Boron metal 7440-42-8 6010C/6020B mg/L 0.05

Calcium metal 7440-70-2 6010C/6020B mg/L 5

Chloride anion 16887-00-6 9056A mg/L 1

Fluoride anion 16984-48-8 9056A mg/L 0.1

pH field parameter NA 9040C S.U. NA

Sulfate anion 18785-72-3 9056A mg/L 1

Total Dissolved Solids (TDS) dissolved cations/anions total SM2540C mg/L 50

VSWMR Table 3.1 Column A Metals

Antimony metal 7440-36-0 6010C/6020B µg/L 5

Arsenic metal 7440-38-2 6010C/6020B µg/L 1

Barium metal 7440-39-3 6010C/6020B µg/L 5

Beryllium metal 7440-41-7 6010C/6020B µg/L 1

Cadmium metal 7440-43-9 6010C/6020B µg/L 1

Chromium metal 7440-47-3 6010C/6020B µg/L 5

Cobalt metal 7440-48-4 6010C/6020B µg/L 1

Copper metal 7440-50-8 6010C/6020B µg/L 5

Lead metal 7439-92-1 6010C/6020B µg/L 1

Nickel metal 7440-02-0 6010C/6020B µg/L 5

Selenium metal 7782-49-2 6010C/6020B µg/L 5

Silver metal 7440-22-4 6010C/6020B µg/L 5

Thallium metal 7440-28-0 6010C/6020B µg/L 1

Vanadium metal 7440-62-2 6010C/6020B µg/L 5

Zinc metal 7440-66-6 6010C/6020B µg/L 20

VSWMR Table 3.1 Column A Volatile Organic Compounds

Acetone volatile organic compound 67-64-1 8260B µg/L 25

Acrylonitrile volatile organic compound 107-13-1 8260B µg/L 10

Benzene volatile organic compound 71-43-2 8260B µg/L 1

Bromochloromethane volatile organic compound 74-97-5 8260B µg/L 1

Bromodichloromethane volatile organic compound 75-27-4 8260B µg/L 1

Bromoform volatile organic compound 75-25-2 8260B µg/L 1

Carbon disulfide volatile organic compound 75-15-0 8260B µg/L 10

Carbon tetrachloride volatile organic compound 56-23-5 8260B µg/L 1

Chlorobenzene volatile organic compound 108-90-7 8260B µg/L 1

Chloroethane volatile organic compound 75-00-3 8260B µg/L 1

Chloroform volatile organic compound 67-66-3 8260B µg/L 1

Dibromochloromethane volatile organic compound 124-48-1 8260B µg/L 1

1,2-Dibromo-3-chloropropane (DBCP) volatile organic compound 96-12-8 8011 µg/L 0.01

1,2-Dibromoethane (EDB) volatile organic compound 106-93-4 8011 µg/L 0.01

1,2-Dichlorobenzene volatile organic compound 95-50-1 8260B µg/L 1

1,4-Dichlorobenzene volatile organic compound 106-46-7 8260B µg/L 1
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Table 2
Summary of Modified Detection Monitoring Program Constituents

Curley Hollow Solid Waste Management Facility
Solid Waste Permit No. 608

Parameter Class CAS RN Typical Method Units
Typical 
LOQ/QL

trans-1,4-Dichloro-2-butene volatile organic compound 110-57-6 8260B µg/L 4

1,1-Dichloroethane volatile organic compound 75-34-3 8260B µg/L 1

1,2-Dichloroethane volatile organic compound 107-06-2 8260B µg/L 1

1,1-Dichloroethene volatile organic compound 75-35-4 8260B µg/L 1

cis-1,2-Dichloroethene volatile organic compound 156-59-2 8260B µg/L1L 1

trans-1,2-Dichloroethene volatile organic compound 156-60-5 8260B µg/L 1

1,2-Dichloropropane volatile organic compound 78-87-5 8260B µg/L 1

cis-1,3-Dichloropropene volatile organic compound 10061-01-5 8260B µg/L 1

trans-1,3-Dichloropropene volatile organic compound 10061-02-6 8260B µg/L 1

Ethylbenzene volatile organic compound 100-41-4 8260B µg/L 1

2-Hexanone volatile organic compound 591-78-6 8260B µg/L 5

Bromomethane volatile organic compound 74-83-9 8260B µg/L 2

Chloromethane volatile organic compound 74-87-3 8260B µg/L 1

Methyl ethyl ketone; 2-Butanone volatile organic compound 78-93-3 8260B µg/L 5

Iodomethane volatile organic compound 74-88-4 8260B µg/L 10

4-Methyl-2-pentanone (MIBK) volatile organic compound 108-10-1 8260B µg/L 5

Methylene bromide; Dibromomethane volatile organic compound 74-95-3 8260B µg/L 1

Methylene chloride volatile organic compound 75-09-2 8260B µg/L 4

Styrene volatile organic compound 100-42-5 8260B µg/L 1

1,1,1,2-Tetrachloroethane volatile organic compound 630-20-6 8260B µg/L 1

1,1,2,2-Tetrachloroethane volatile organic compound 79-34-5 8260B µg/L 1

Tetrachloroethene (PCE) volatile organic compound 127-18-4 8260B µg/L 1

Toluene volatile organic compound 108-88-3 8260B µg/L 1

1,1,1-Trichloroethane volatile organic compound 71-55-6 8260B µg/L 1

1,1,2-Trichloroethane volatile organic compound 79-00-5 8260B µg/L 1

Trichloroethene (TCE) volatile organic compound 79-01-6 8260B µg/L 1

Trichlorofluoromethane volatile organic compound 75-69-4 8260B µg/L 1

1,2,3-Trichloropropane volatile organic compound 96-18-4 8260B µg/L 1

Vinyl acetate volatile organic compound 108-05-4 8260B µg/L 10

Vinyl chloride volatile organic compound 75-01-4 8260B µg/L 1

Xylene (total) volatile organic compound 1330-20-7 8260B µg/L 3

Notes:
CAS RN = Chemical Abstracts Service Registry Number. Where 'Total' is listed, all species that contain the element are included.
LOQ = Limit of Quantitation
mg/L = Milligrams per liter
µg/L = Micrograms per liter
NA = Not applicable
QL = Quantitation Limit

SW-846 methods, if available, will be used for all permit-required monitoring constituents.

VSWMR Table 3.1 Column A Volatile Organic Compounds (Continued)
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Table 3
Summary of Modified Assessment Monitoring Program Constituents

Curley Hollow Solid Waste Management Facility
Solid Waste Permit No. 608

Parameter Class CAS RN Typical Method Units
Typical 
LOQ/QL

CCR Appendix III

Boron metal 7440-42-8 6010C/6020B mg/L 0.05

Calcium metal 7440-70-2 6010C/6020B mg/L 5

Chloride anion 16887-00-6 9056A mg/L 1

Fluoride anion 16984-48-8 9056A mg/L 0.1

pH field parameter NA 9040C S.U. NA

Sulfate anion 18785-72-3 9056A mg/L 1

Total Dissolved Solids (TDS) dissolved cations/anions total SM2540C mg/L 50

CCR Appendix IV

Antimony metal 7440-36-0 6010C/6020B µg/L 5

Arsenic metal 7440-38-2 6010C/6020B µg/L 1

Barium metal 7440-39-3 6010C/6020B µg/L 5

Beryllium metal 7440-41-7 6010C/6020B µg/L 1

Cadmium metal 7440-43-9 6010C/6020B µg/L 1

Chromium metal 7440-47-3 6010C/6020B µg/L 5

Cobalt metal 7440-48-4 6010C/6020B µg/L 1

Fluoride anion 16984-48-8 9056A µg/L 100

Lead metal 7439-92-1 6010C/6020B µg/L 1

Lithium metal 7439-93-2 6010C/6020B µg/L 50

Mercury metal 7439-97-6 7470A µg/L 2

Molybdenum metal 7439-98-7 6010C/6020B µg/L 10

Selenium metal 7782-49-2 6010C/6020B µg/L 5

Thallium metal 7440-28-0 6010C/6020B µg/L 1

Radium 226 & 228 combined radionuclide 13982-63-3 / 
15262-20-1 9315/9320 pCi/L 1

VSWMR Table 3.1 Metals and Inorganics

Copper metal 7440-50-8 6010C/6020B µg/L 5

Cyanide inorganic 57-12-5 9012B µg/L 100

Nickel metal 7440-02-0 6010C/6020B µg/L 5

Silver metal 7440-22-4 6010C/6020B µg/L 5

Sulfide anion 18496-25-8 9030/9215B µg/L 100

Tin metal 7440-31-5 6010C/6020B µg/L 10

Vanadium metal 7440-62-2 6010C/6020B µg/L 5

Zinc metal 7440-66-6 6010C/6020B µg/L 20

Other Analytes

Chromium (hexavalent) metal 18540-29-9 7196A µg/L 5

VSWMR Table 3.1 Column A + Previously Detected Table 3.1 Column B Constituents

Acetone volatile organic compound 67-64-1 8260B µg/L 25

Acrylonitrile volatile organic compound 107-13-1 8260B µg/L 10

Benzene volatile organic compound 71-43-2 8260B µg/L 1

Bromochloromethane volatile organic compound 74-97-5 8260B µg/L 1

Bromodichloromethane volatile organic compound 75-27-4 8260B µg/L 1

Bromoform volatile organic compound 75-25-2 8260B µg/L 1

Carbon disulfide volatile organic compound 75-15-0 8260B µg/L 10

Carbon tetrachloride volatile organic compound 56-23-5 8260B µg/L 1

Chlorobenzene volatile organic compound 108-90-7 8260B µg/L 1
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Table 3
Summary of Modified Assessment Monitoring Program Constituents

Curley Hollow Solid Waste Management Facility
Solid Waste Permit No. 608

Parameter Class CAS RN Typical Method Units
Typical 
LOQ/QL

Chloroethane volatile organic compound 75-00-3 8260B µg/L 1

Chloroform volatile organic compound 67-66-3 8260B µg/L 1

Dibromochloromethane volatile organic compound 124-48-1 8260B µg/L 1

1,2-Dibromo-3-chloropropane (DBCP) volatile organic compound 96-12-8 8011 µg/L 0.01

1,2-Dibromoethane (EDB) volatile organic compound 106-93-4 8011 µg/L 0.01

1,2-Dichlorobenzene volatile organic compound 95-50-1 8260B µg/L 1

1,4-Dichlorobenzene volatile organic compound 106-46-7 8260B µg/L 1

trans-1,4-Dichloro-2-butene volatile organic compound 110-57-6 8260B µg/L 4

1,1-Dichloroethane volatile organic compound 75-34-3 8260B µg/L 1

1,2-Dichloroethane volatile organic compound 107-06-2 8260B µg/L 1

1,1-Dichloroethene volatile organic compound 75-35-4 8260B µg/L 1

cis-1,2-Dichloroethene volatile organic compound 156-59-2 8260B µg/L1L 1

trans-1,2-Dichloroethene volatile organic compound 156-60-5 8260B µg/L 1

1,2-Dichloropropane volatile organic compound 78-87-5 8260B µg/L 1

cis-1,3-Dichloropropene volatile organic compound 10061-01-5 8260B µg/L 1

trans-1,3-Dichloropropene volatile organic compound 10061-02-6 8260B µg/L 1

Ethylbenzene volatile organic compound 100-41-4 8260B µg/L 1

2-Hexanone volatile organic compound 591-78-6 8260B µg/L 5

Bromomethane volatile organic compound 74-83-9 8260B µg/L 2

Chloromethane volatile organic compound 74-87-3 8260B µg/L 1

Methyl ethyl ketone; 2-Butanone volatile organic compound 78-93-3 8260B µg/L 5

Iodomethane volatile organic compound 74-88-4 8260B µg/L 10

4-Methyl-2-pentanone (MIBK) volatile organic compound 108-10-1 8260B µg/L 5

Methylene bromide; Dibromomethane volatile organic compound 74-95-3 8260B µg/L 1

Methylene chloride volatile organic compound 75-09-2 8260B µg/L 4

Styrene volatile organic compound 100-42-5 8260B µg/L 1

1,1,1,2-Tetrachloroethane volatile organic compound 630-20-6 8260B µg/L 1

1,1,2,2-Tetrachloroethane volatile organic compound 79-34-5 8260B µg/L 1

Tetrachloroethene (PCE) volatile organic compound 127-18-4 8260B µg/L 1

Toluene volatile organic compound 108-88-3 8260B µg/L 1

1,1,1-Trichloroethane volatile organic compound 71-55-6 8260B µg/L 1

1,1,2-Trichloroethane volatile organic compound 79-00-5 8260B µg/L 1

Trichloroethene (TCE) volatile organic compound 79-01-6 8260B µg/L 1

Trichlorofluoromethane volatile organic compound 75-69-4 8260B µg/L 1

1,2,3-Trichloropropane volatile organic compound 96-18-4 8260B µg/L 1

Vinyl acetate volatile organic compound 108-05-4 8260B µg/L 10

Vinyl chloride volatile organic compound 75-01-4 8260B µg/L 1

Xylene (total) volatile organic compound 1330-20-7 8260B µg/L 3

Notes:
CAS RN = Chemical Abstracts Service Registry Number. Metal class represent total species.
LOQ = Limit of Quantitation
mg/L = Milligrams per liter
µg/L = Micrograms per liter
NA = Not applicable
QL = Quantitation Limit

SW-846 methods, if available, will be used for all permit-required monitoring constituents.

VSWMR Table 3.1 Column A + Previously Detected Table 3.1 Column B Constituents (Continued)
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Table 4
Sampling Handling Information

Curley Hollow Solid Waste Management Facility
Solid Waste Permit No. 608

Parameter Container
Recommended 
Quantity (mL)

Preservative Holding Time

Chloride, Fluoride, Sulfate Plastic or glass 250 ≤ 6 °C 28 days

Cyanide Plastic or glass 500 ≤ 6 °C; NaOH to pH >12 14 days

Hexavalent chromium Plastic or glass 250 ≤ 6 °C 24 hours

Mercury Plastic or glass 500 HNO3 to pH <2 28 days

Metals (except mercury) Plastic or glass 500 HNO3 to pH <2 6 months

pH, Specific Conductance, Temperature Flow-through cell or plastic 500 None 15 minutes (field analysis)

Radium 226&228 Plastic or glass 2000 HNO3 to pH <2 6 months

Sulfide Plastic or glass 250 ≤ 6 °C; Zn acetate; NaOH to pH>9 7 days

Total Dissolved Solids Plastic or glass 1000 ≤ 6 °C 7 days

Turbidity Plastic or glass 100 None 15 minutes (field analysis)

Volatile organic compounds Glass VOA Vial 3 x 40 mL ≤ 6 °C; HCl to <2 14 days

Notes:
°C = Degrees Celsius
HNO3 = Nitric acid

mL = Milliliters
NaOH = Sodium hydroxide
VOA Vial = Voltile organic analysis glass vial with Teflon-lined septum
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APPENDIX A

BORING LOGS AND WELL CONSTRUCTION LOGS









MW-3 
As-Built Diagram 

Location:  Northing – 3519270.8955  (top of 2” PVC) Date Installed:    5/11/2010 
 Easting  – 10358155.7463 Date Revised:   5/11/2016 
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MW-
3

85.20 2.27 56.35 54.28 1620.35 1620.15 1618.08 1617.91 1611.57 1591.10 1586.20 1558.80 1583.80 1563.80 

Comments: 

QA/QC Personnel Monitoring Installation: Jason C. Monk Signature:
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Revised 5/11/2016.  Survey information provided by Maxim Engineering, Inc. 
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Top of Steel Protective Cover Elev.
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Bentonite Pellets
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MW-10 
As-Built Diagram 

Location:  Northing – 3518396.4988  (top of 2” PVC) Date Installed:    5/11/2010 
 Easting  – 10358937.3159 Date Revised:   5/11/2016 
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PVC Well 
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Screen  
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MW-
10

55.00 2.92 70.42 67.50 1636.98 1636.82 1633.90 1633.83 1619.91 1582.70 1578.50 1565.00 1576.40 1566.40 

Comments: 

QA/QC Personnel Monitoring Installation: Jason C. Monk Signature:

Bottom of Screen Elev.

Top of Screen Elev.
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Revised 5/11/2016.  Survey information provided by Maxim Engineering, Inc. 
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MW-11 
As-Built Diagram 

Location:  Northing – 3518304.5326  (top of 2” PVC) Date Installed:    5/11/2010 
 Easting  – 10358948.3629 Date Revised:   5/11/2016 
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Bottom of 
Screen  
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MW-
11

55.0 3.09 76.27 73.18 1641.90 1641.67 1638.58 1638.24 1618.88 1581.10 1577.10 1564.10 1575.40 1565.40 

Comments: 

QA/QC Personnel Monitoring Installation: Jason C. Monk Signature:
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Revised 5/11/2016.  Survey information provided by Maxim Engineering, Inc. 
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APPENDIX B

USDA SOIL MAPS
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Custom Soil Resource Report
Soil Map (Curley Hollow, Wise County, Virginia)
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MAP LEGEND MAP INFORMATION

Area of Interest (AOI)
Area of Interest (AOI)

Soils
Soil Map Unit Polygons

Soil Map Unit Lines

Soil Map Unit Points

Special Point Features
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Clay Spot
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Gravelly Spot

Landfill
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Local Roads

Background
Aerial Photography

The soil surveys that comprise your AOI were mapped at
1:24,000.

Please rely on the bar scale on each map sheet for map
measurements.

Source of Map: Natural Resources Conservation Service
Web Soil Survey URL:
Coordinate System: Web Mercator (EPSG:3857)

Maps from the Web Soil Survey are based on the Web Mercator
projection, which preserves direction and shape but distorts
distance and area. A projection that preserves area, such as the
Albers equal-area conic projection, should be used if more
accurate calculations of distance or area are required.

This product is generated from the USDA-NRCS certified data as
of the version date(s) listed below.

Soil Survey Area: Wise County, Virginia
Survey Area Data: Version 5, Sep 23, 2016

Soil map units are labeled (as space allows) for map scales
1:50,000 or larger.

Date(s) aerial images were photographed: May 26, 2013—Nov
16, 2016

The orthophoto or other base map on which the soil lines were
compiled and digitized probably differs from the background
imagery displayed on these maps. As a result, some minor
shifting of map unit boundaries may be evident.
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Map Unit Legend (Curley Hollow, Wise
County, Virginia)

Wise County, Virginia (VA195)

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

15C Cedarcreek-Sewell-Rock
outcrop complex, 0 to 15
percent slopes, very stony

27.0 5.3%

18F Cloverlick-Shelocta complex, 35
to 55 percent slopes, very
stony

5.4 1.0%

18G Cloverlick-Shelocta-Highsplint
complex, 55 to 80 percent
slopes, very stony

34.5 6.7%

22 Dumps, mine-Urban land
complex

1.1 0.2%

26D Gilpin-Berks complex, 15 to 25
percent slopes

78.6 15.3%

26E Gilpin-Berks complex, 25 to 35
percent slopes

67.5 13.1%

34F Highsplint-Shelocta complex,
35 to 55 percent slopes, very
stony

84.4 16.4%

34G Highsplint-Shelocta complex,
55 to 80 percent slopes, very
stony

93.1 18.1%

39G Kaymine and Fiveblock soils,
55 to 80 percent slopes,
extremely stony

38.5 7.5%

41F Kaymine-Cedarcreek complex,
35 to 55 percent slopes,
extremely stony

36.0 7.0%

42C Kaymine-Fiveblock-Cedarcreek
complex, 0 to 15 percent
slopes, extremely stony

36.8 7.1%

44G Kaymine-Sewell-Rock outcrop
complex, 0 to 80 percent
slopes, extremely stony

12.1 2.3%

Totals for Area of Interest 514.9 100.0%
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Map—Hydric Rating by Map Unit (Curley Hollow, Wise County, Virginia)
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MAP LEGEND MAP INFORMATION

Area of Interest (AOI)
Area of Interest (AOI)

Soils
Soil Rating Polygons

Hydric (100%)

Hydric (66 to 99%)

Hydric (33 to 65%)
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Soil Rating Lines
Hydric (100%)
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Soil Rating Points
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Not Hydric (0%)

Not rated or not available

Water Features
Streams and Canals

Transportation
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Interstate Highways
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Major Roads

Local Roads

Background
Aerial Photography

The soil surveys that comprise your AOI were mapped at
1:24,000.

Please rely on the bar scale on each map sheet for map
measurements.

Source of Map: Natural Resources Conservation Service
Web Soil Survey URL:
Coordinate System: Web Mercator (EPSG:3857)

Maps from the Web Soil Survey are based on the Web Mercator
projection, which preserves direction and shape but distorts
distance and area. A projection that preserves area, such as the
Albers equal-area conic projection, should be used if more
accurate calculations of distance or area are required.

This product is generated from the USDA-NRCS certified data as
of the version date(s) listed below.

Soil Survey Area: Wise County, Virginia
Survey Area Data: Version 5, Sep 23, 2016

Soil map units are labeled (as space allows) for map scales
1:50,000 or larger.

Date(s) aerial images were photographed: May 26, 2013—Nov
16, 2016

The orthophoto or other base map on which the soil lines were
compiled and digitized probably differs from the background
imagery displayed on these maps. As a result, some minor
shifting of map unit boundaries may be evident.
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Table—Hydric Rating by Map Unit (Curley Hollow, Wise County,
Virginia)

Hydric Rating by Map Unit— Summary by Map Unit — Wise County, Virginia (VA195)

Map unit symbol Map unit name Rating Acres in AOI Percent of AOI

15C Cedarcreek-Sewell-Rock
outcrop complex, 0 to
15 percent slopes,
very stony

1 27.0 5.3%

18F Cloverlick-Shelocta
complex, 35 to 55
percent slopes, very
stony

0 5.4 1.0%

18G Cloverlick-Shelocta-
Highsplint complex, 55
to 80 percent slopes,
very stony

0 34.5 6.7%

22 Dumps, mine-Urban land
complex

0 1.1 0.2%

26D Gilpin-Berks complex, 15
to 25 percent slopes

0 78.6 15.3%

26E Gilpin-Berks complex, 25
to 35 percent slopes

0 67.5 13.1%

34F Highsplint-Shelocta
complex, 35 to 55
percent slopes, very
stony

0 84.4 16.4%

34G Highsplint-Shelocta
complex, 55 to 80
percent slopes, very
stony

0 93.1 18.1%

39G Kaymine and Fiveblock
soils, 55 to 80 percent
slopes, extremely
stony

0 38.5 7.5%

41F Kaymine-Cedarcreek
complex, 35 to 55
percent slopes,
extremely stony

0 36.0 7.0%

42C Kaymine-Fiveblock-
Cedarcreek complex,
0 to 15 percent slopes,
extremely stony

1 36.8 7.1%

44G Kaymine-Sewell-Rock
outcrop complex, 0 to
80 percent slopes,
extremely stony

0 12.1 2.3%

Totals for Area of Interest 514.9 100.0%
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GROUNDWATER MONITORING WELL CONSTRUCTION SPECIFICATIONS 

Recommended Well Construction Procedures Golder Associates Inc. 

1.0 DRILLING

1.1 Nominal Boring Diameter 

In all cases where the diameter of the well pipe will be 2 inches, the minimum 
nominal borehole diameter of borings advanced through soil materials will be 
6 inches in order to help ensure that the minimum width of the annulus around the 
well pipe will be 2 inches. 

 1.2 Drilling Methods

Boring should be advanced with drilling technology appropriate for the subsurface 
conditions at the site. 

 1.3 Cuttings

Drilling will be performed in a manner that minimizes the spreading of soil cuttings. 
Disposition of cuttings upon project completion will be the responsibility of 
Owner/Operator or the Owner/Operator’s designated representative.  Cuttings will 
be disposed of in accordance with the DEQ’s Investigative Derived Waste Disposal 
Policy.

2.0 SOIL SAMPLING

 2.1 Cuttings

During borehole drilling, the driller will attempt to sample the soil cuttings by 
providing samples of the cuttings at intervals specified by the Owner/Operator or 
the Owner/Operator’s representative.  The driller will keep cuttings clear of the 
borehole.

 2.3 Sample Disposition 

Disposition of sample material upon completion of the project will be the 
responsibility of the Owner/Operator or the Owner/Operator’s designated 
representative.  

3.0 WELL CONSTRUCTION 

3.1 Well Pipe and Screen 

Each monitoring well will be constructed of pre-cleaned Schedule 40 PVC pipe 
having an inner diameter of 2 inches. 

Standard Operating Guidance Updated September 2011 
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GROUNDWATER MONITORING WELL CONSTRUCTION SPECIFICATIONS 

Recommended Well Construction Procedures Golder Associates Inc. 

The base of each well will terminate with a screen 10 feet in length unless 
otherwise requested by the client or regulatory agency or dictated by geologic 
conditions.  Screens will be factory-slotted.  Slots will be 0.01 inch in width. 

The driller will wear clean surgical-type gloves whenever handling PVC well pipe, 
and the pipe will be maintained in a clean manner. 

In order to provide a clean cut, a PVC pipe cutter will be used whenever it is 
necessary to shorten sections of the PVC well pipe; a hacksaw will not be used. 

 3.3 Sand Pack

Filter sand will be a clean sand of proper size in relation to the screen slots to 
prevent its passage into the well, with no fraction coarser than 0.25-inch nominal 
diameter. 

Filter sand will be placed in the annulus around the well riser and to a point 
approximately 2 feet above the top of the screen.  A tremie pipe will be used as 
feasible.

3.4 Bentonite Seal 

The annulus around the well pipe will be sealed with a layer of bentonite pellets, 
to be placed directly above the sand filter pack.  The minimum thickness of the 
bentonite layer will be approximately two feet.  The bentonite pellets should ideally 
be allowed 24 hours for hydration prior to continuing with well construction.  A 
tremie pipe will be used as feasible 

3.5 Grout 

Following hydration of the bentonite seal, each boring will be sealed with a Portland 
Type I bentonite/cement slurry, using the tremie pipe method or a bentonite slurry 
grout if required by the project. 

Bentonite content in the cement slurry will be 2 to 5 percent by weight to help 
reduce shrinkage. 

3.6 Surface Completion 

The driller will be prepared for either manhole or stickup surface completions. 

In the case of manhole installations, suitable surface completion will consist of 
capped PVC riser and steel manhole.

Standard Operating Guidance Updated September 2011 
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GROUNDWATER MONITORING WELL CONSTRUCTION SPECIFICATIONS 

Recommended Well Construction Procedures Golder Associates Inc. 

The PVC riser will be provided with a lockable, watertight, expansion cap.  The 
driller will provide a lock for each cap.  All locks will be keyed identically and all 
keys relinquished to the owner. 

The manhole will be placed in a manner that permits surface water to runoff and 
drain away from the manhole cover. 

In the case of stickup installations, suitable surface completion will consist of a 
concrete apron, capped PVC well riser, and outer protective casing.  The apron 
will be constructed in such a manner that surface water will not return to it. 

The concrete apron will have the following minimum dimensions: 3 feet x 3 feet x 
3.5 inches, and will be centered with respects to the riser.  A form will be used in 
constructing the apron.  The form will be centered with respect to the PVC riser. 
The upper surface of the apron will be graded to provide drainage away from the 
PVC riser.  A spike will be set into the pad for surveying purposes. 

The inner PVC riser (well pipe) will extend to an approximate height of 1.75 feet 
above the top of the concrete pad.  A vent hole having a diameter of 0.25 inches 
will be drilled through the PVC riser at a point 2 inches below its top.  Shavings 
generated by drilling the PVC riser will be prevented from falling into the well.  The 
PVC riser will be provided with a slip on PVC cap.   

The outer protective casing will be constructed of steel pipe having a diameter, or 
diagonal, of not less than 8 inches.  The top of the outer protective casing, when 
uncovered, will be placed at a point between 0.5-inch above the top of the PVC 
well pipe and 0.5-inch below the top of the PVC pipe.  A drain hole having a 
diameter of 0.5-inch will be drilled through the outer protective casing near the top 
of the concrete apron.  Shavings generated by drilling the steel casing will be 
prevented from falling into the well.  The casing will be marked for surveying 
purposes. 

The outer protective casing will be lockable.  The driller will provide a lock for each 
protective casing cap.  All locks will be keyed identically. 

4.0 SURVEYING

A licensed surveyor will survey well elevation.  Survey point(s) will include:

 concrete pad (marked with a spike);  
 outer protective steel casing, when open (engraved mark); 
 inner PVC well pipe (engraved mark); 
 ground surface (not marked); 
 well location to within + 0.5 foot in horizontal plane; 

Standard Operating Guidance Updated September 2011 
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GROUNDWATER MONITORING WELL CONSTRUCTION SPECIFICATIONS 

Recommended Well Construction Procedures Golder Associates Inc. 

 surveyor’s pin elevation on concrete apron within + 0.01 foot; 
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 top of monitoring well casing elevation to within + 0.01 foot; and, 
 top of protective steel casing elevation to within  + 0.01 foot. 

5.0 WELL DEVELOPMENT AND INSPECTION

The driller will develop each well until sediment free water with stabilized field 
constituents (i.e., temperature, pH and specific conductance) is obtained.  

Development will be conducted using a surge block followed by pumping or bailing.  
The surge block may be used as a means of assessing the integrity of the well 
screen and riser. 

In the event a pump is employed, the design of the pump will be such that any 
groundwater that has come into contact with air is not allowed to drain back into 
the well.  Air surging will not be used. 

All well development equipment (bailers, pumps, surge blocks) and any additional 
equipment that contacts subsurface formations will be decontaminated prior to on 
site use, between consecutive on site uses, and/or between consecutive well 
installations, as directed by Owner/Operator or Owner/Operator’s designated 
representative. 

6.0 ANCILLARY REQUIREMENTS

6.1 Extraneous Material 

The driller will take all reasonable care to ensure that each boring is free from all 
materials other than those required for well construction.  Materials required for 
well construction is here defined to include polyvinyl chloride (PVC), sand, 
bentonite, Portland cement and natural soil materials.  All other materials 
accidentally or purposely placed in the hole will be removed by driller prior to well 
completion.

6.2 Decontamination 

All drilling equipment (drill steel, bits, casing materials) and any additional 
equipment, that contacts subsurface formations will be decontaminated prior to on 
site use, between consecutive on site uses, and/or between consecutive well 
installations, as directed by Owner/Operator or Owner/Operator’s designated 
representative. 

Appropriate decontamination procedure will consist of steam cleaning with potable 
water and biodegradable detergent (e.g., Liquinox) approved by Owner/Operator 



GROUNDWATER MONITORING WELL CONSTRUCTION SPECIFICATIONS 

Recommended Well Construction Procedures Golder Associates Inc. 

or Owner/Operator’s designated representative.  Steam cleaning will be conducted 
in a manner that minimizes over-spray and runoff. 

6.3 Disposition of Waste Water 

If drilling fluids are used or monitoring wells constructed in an area of suspected 
contamination, well development wastewater will be placed in 55-gallon drums at 
the well site and subsequently transported to a publicly operated treatment works 
(POTW) or the sites leachate collection system for disposal. 

6.4 Site Safety Plan 

The driller is responsible for maintaining the personal safety of his employees while 
on site.  The driller will keep a fire extinguisher (in good working condition) and first 
aid kit at the site at all times during which his employees occupy the site. 

The driller will be responsible for providing any personal protective equipment that 
might be required by state and federal occupational safety and health agencies, 
including, but not necessarily limited to, hard hats, hearing protection and steel-
toed boots, for all personnel employed by the driller. 

6.5 Cleanup 

The driller will be responsible for removing all refuse from each well site.  Such 
refuse typically includes, but is not limited to, PVC pipe wrappers, sand bags, 
bentonite bags, cement bags, beverage containers, food wrappers and other forms 
of litter.  Smoking on site will not be permitted. 

The driller will be responsible for providing the following information to the 
Owner/Operator’s designated representative after well installation has been 
performed: 

 date and time of construction; 
 drilling method and fluid used (if applicable); 
 boring diameter; 
 well pipe (inner casing) specifications; 
 well depth (+/-0.01 ft.); 
 drilling/lithologic logs; 
 specifications for other casing materials (if applicable); 
 screen specifications; 
 well pipe/screen joint type; 
 filter pack specifications (material, size); 
 filter pack volume and calculations; 
 filter pack placement methods; 
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GROUNDWATER MONITORING WELL CONSTRUCTION SPECIFICATIONS 

Recommended Well Construction Procedures Golder Associates Inc. 

 bentonite seal specifications; 
 bentonite seal volume; 
 bentonite seal placement method; 
 grout specifications; 
 grout volume; 
 grout placement method; 
 surface completion specifications; and 
 well development procedure 

7.0 WELL CONSTRUCTION AND SOIL BORING LOGS

In accordance with 9VAC-20-81-250-A.3.g of the Virginia Solid Waste 
Management Regulations or other applicable regulations, certified copies of well 
construction and soil boring logs will be forwarded to the DEQ following completion 
of well construction activities.   

g:\projects\dominion\chesterfield power stn\1532-864 uap and lap groundwater\uap groundwater monitoring plan\2016-04 submittal - 
rtc deq ltr 2016-02-26\appendices\appendix iia monitoring well construction specifications - golder vswmr amendment 7 update.docx
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WELL DEVELOPMENT PROCEDURES

Well Development Procedures Golder Associates Inc. 

 Record the static water level in the well.

 If a pump is present in the well, remove the pump from the well and measure the total 
depth of the well. 

 Calculate saturated volume of the well and filter pack. 

 Using a disposable bailer, collect a water sample from the top of the water column and 
record field measurements of water quality parameters (Water Quality Parameters 
(WQP): turbidity, pH, temperature, and specific conductance). 

 Surge the well with the teflon surge block or large diameter weighted bailer for three to 
five minutes.

 Remove the surging device and purge the well with a pneumatic well development pump 
at a rate that is greater than the natural recharge rate of the well.  

 Containerize all purge water for disposal at the location designated by the site. 

 Record measurements of WQP on development logs following the removal of each 
consecutive well and filter pack volume. 

 Continue purging until the turbidity level stabilizes or is reduced to less than 5 NTU, then 
repeat surging with surge block.  Surging and purging are to be continued for a minimum 
of 4 hours, or until turbidity levels following a surging event are less than 10 NTU. 

 If the well purges dry, record the rate of recharge and continue purging and surging 
activities after the well has recovered.  Reduce the purge rate to slightly less than the 
natural recharge rate of the well. 

 All non-disposable equipment that will be placed inside of the well during the 
development process will be decontaminated prior to each day’s use using a phosphate-
free detergent followed by a deionized water rinse. 

 Purge water should be disposed of in a manner that is consistent with the Virginia 
Department of Environmental Quality’s Investigative Derived Waste Disposal Policy.

g:\projects\dominion\chesterfield power stn\073-6607 dominion reymet rd lf\environmental\groundwater monitoring plan 
2012\attachments\app iib well development standard operating guidance.docx
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WELL DECOMMISSIONING PROCEDURES

Well Decommissioning Procedures Golder Associates Inc. 

1.0 STANDARD OVERVIEW 
This Standard represents recommended procedures for decommissioning monitoring wells at solid waste 
facilities. All wells (monitor wells, water supply wells, etc.) and piezometers not actively being used for 
their intended purpose and with no future plan for utilization should be decommissioned. Wells and 
piezometers represent potential conduits for cross-contamination through annulus transfer, improper 
construction, corrosion, accidents and vandalism.  Proper decommissioning eliminates the potential for 
cross-contamination. In addition to the threat of cross-contamination, improperly decommissioned wells 
can pose a threat to the integrity of future baseliners. In expansion areas over unconsolidated material, 
unless the well casing is removed and replaced with a flexible grout, the casing can damage the baseliner 
in the event of differential settlement or subsidence.  The weight of the overlying waste mass often 
causes a limited amount of subsidence, especially in fine-grained deposits. Since future expansions can 
occur in areas not currently foreseen, all unused wells within the vicinity of a solid waste disposal facility 
should be abandoned in accordance with this Standard.

The following well decommissioning procedures are designed to ensure that well materials (including 
cement grout) will not cause damage to liner materials in the event of subsidence and to minimize the 
potential for contaminant migration through annular materials.  Where regulatory requirements conflict 
with the procedures described herein, approval should be sought to adhere to this Standard.  The 
procedures described in this Standard generally meet or exceed most regulatory requirements. Possible 
reasons for variation to this Standard include, but are not limited to, unusual site hydrogeologic 
conditions, deep wells (>100 feet), multiple cased monitor wells or larger diameter wells (>4”), driven 
casing wells and State-specific well decommissioning requirements that differ from this Standard.

The goal of well decommissioning is to remove all borehole components including the existing grout and 
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gravel pack and replace the borehole contents with a suitable grout mixture.  Removal of all borehole 
components is best accomplished by overdrilling the well using an auger of a diameter 1.25 times that of 
the original borehole coupled with a centering device.

This standard was developed in consideration of the following reference materials:

 ASTM D 5299-99, 2005. Standard Guide for Decommissioning of Ground Water Wells, 
Vadose Zone Monitoring Devices, Boreholes, and Other Devices for Environmental 
Activities. ASTM 1993 Annual Book of Standards, vol. 04.08, pp. 1318-1333. 

 AWWA/ANSI A100-06, 2006. AWWA Standard for Water Wells, American Water Works 
Association, Denver Colorado.  Appendix G. 

 Lutenegger, A.J. and DeGroot, D.J. 1993, Hydrologic properties of contaminant transport 
barriers as borehole sealants. Hydraulic conductivity and Waste Contaminant Transport 
in Soils, ASTM STP 1142, D.E. Daniel and S.J. Trautwein, eds., ASTM Philadelphia, 
Pennsylvania. 

 NWWA, 1975 (National Water Well Association Committee on Water Well Standards, 
1975) Manual of Water Well Construction Practices, EPA –570/9-75-001.  Office of Water 
Supply, Washington D.C. 

 Smith, S.A., 1994, Well & Borehole Sealing, S.A. Smith Consulting Services, Ada, Ohio 
with Wisconsin Water Well Association for Groundwater publishing Co., Dublin, Ohio, 
69p.



WELL DECOMMISSIONING PROCEDURES

Well Decommissioning Procedures Golder Associates Inc. 

2.0 SURVEY CONTROL 
Unless detailed survey information exists, each well shall be surveyed for both horizontal and vertical 
control, prior to decommissioning.  The location of the well shall be surveyed to the nearest 0.5 feet.  The 
ground surface elevation and top of well casing shall also be surveyed to the nearest 0.1 feet and 0.1 
feet, respectively, relative to mean sea level.  A State-licensed surveyor shall perform surveying.

3.0 GROUT SPECIFICATIONS 
The following are specifications for three grout mixtures commonly used in well decommissioning and 
referenced throughout this Standard:  

1. Neat cement grout - a mixture in the proportion of 94 pounds of Portland cement and not 
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more than six gallons of water.  Used to decommission wells completed in competent 
bedrock formations.

2. Neat Bentonite grout - a mixture in the proportion of 94 pounds of Portland cement and 
not more than six gallons of water, with bentonite up to five percent by weight of cement 
(between 3 and 4.7 pounds of bentonite per 94 pounds of Portland cement).  Used to 
decommission wells completed in competent bedrock formations. 

3. High solids bentonite grout - a mixture of water and a minimum of 30 percent by weight of 
bentonite (see discussion below), with no additives (minimum of 2.5 pounds of bentonite 
per gallon of water).  Used to decommission wells completed in unconsolidated materials 
and competent rock, where appropriate.

Typically, a high solids grout can be prepared using granular bentonite and pumped at a relatively low-
viscosity state if done quickly (within 15 minutes).  This is due to the slower hydration of the granular 
bentonite as compared to powdered bentonite. However, if these timeframes cannot be achieved or if it 
is desirable to have a slower “set,” an alternative is to use what has been termed the “Ohio mix”. The 
“Ohio mix” involves preparing a low-solids bentonite grout slurry (30 to 50lbs/100 gallons of water) using 
API 200-mesh bentonite (e.g., Natural Gel, Gold Seal), into which 125 lb. of granular bentonite (8 to 20-
mesh) is added and mixed (stirred).  The hydrated bentonite in the slurry delays hydration of the granular 
bentonite without the addition of polymers or other agents.  The result is a high solids bentonite grout at a 
viscosity that is feasible to pump with reasonable working time (Eidil et al. 1992 from Smith, 1994).

3.1 Cement 
The cement shall be Portland Cement® Type 1 in accordance with ASTM C150, Type 1 or API-10A, 
Class A.

3.2 Water 
Water shall be obtained from an approved source.  Water used for down-hole purposes shall have a Total 
Dissolved Solids (TDS) concentration of less than 500 mg/L (Smith, 1994) and be certified free from 
contaminants, or sampled for volatile organic compounds by EPA method 8260.

3.3 Bentonite 
Bentonite shall be an additive free granular sodium bentonite (Benseal, Enviroplug, PDS Granular, 
Volclay Crumbles or equivalent) generally 8 to 20 mesh particle size.  Use of granular bentonite in lieu of 
powdered bentonite allows the placement of a high-solids grout with relatively low viscosity, if mixing and 
pumping are done quickly.  If following the “Ohio mix” discussed above, additive free API 200-mesh 
bentonite is used for the initial slurry (e.g., Natural Gel, Gold Seal) into which granular bentonite (8 to 20 
mesh) is added and mixed.
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3.4 Grouting Equipment 
Grout mixers shall be paddle or blade type capable of thoroughly mixing grout.  All grouting lines (i.e., 
hoses, pipes, drill rods, etc.) shall have an inside diameter of at least 0.50 inches to prevent clogging.  
Grout pumps shall be of a positive displacement or progressive cavity type (Moyno) capable of delivering 
a minimum pressure of 20 psi. Venturi mixing and centrifugal pumps are less desirable alternatives due 
to clay particle shearing and clogging problems, respectively.

4.0 DECOMMISSIONING PROCEDURES 
Decommissioning procedures must be tailored to each well type and geologic environment. The broad 
range of suitable decommissioning methods for different situations is covered in detail in ASTM D5299-99 
and the above referenced standards and literature.  The purpose of this standard is to establish minimum 
requirements for the most common well construction types at our facilities.  For landfill facilities, the most 
common type of well installation consists of single cased wells installed in unconsolidated material at 
relatively shallow depths (i.e., < 100 feet).  The procedures described herein can be used to 
decommission two-inch or four-inch diameter single cased PVC or steel wells installed at depths generally 
less than 100 feet.  Other less common well types requiring specialized procedures and materials include 
large diameter wells, multiple cased wells and driven casing wells.

The goal of decommissioning is to completely remove all well materials either through overdrilling or 
pulling of the well or casing. Once all well materials have been removed, the resulting borehole can be 
properly sealed with a suitable grout mixture.

In general, a high solids bentonite grout mixture (30% by weight) is preferred for most well 
decommissioning projects.  State regulations often stipulate that for wells installed in bedrock, non-flexible 
grout mixtures must be used, such as neat cement grout or neat bentonite grout.  Non-flexible grout 
mixtures more closely match the physical characteristics of competent bedrock. For all wells or portions 
of wells completed in unconsolidated material a high solids bentonite grout as defined above is the 
requisite grouting material.  For wells of portions of wells completed in competent bedrock grouting 
materials can be either of the three grout types specified above with preference given to high solids 
bentonite grout.

The following are specific decommissioning procedures.  These steps shall generally be completed in the 
order listed below.

1. Ensure that adequate survey control exists for each well and obtain a copy of the original 
well construction log. 

2. Well decommissioning drilling equipment, augers, water level marker, and other tools 
must be decontaminated before being brought to the site. 

3. The depth of the well shall be measured and compared to the anticipated well depth to 
determine if any obstructions are in the well.  If the well is obstructed, the obstruction will 
be removed prior to sealing the well, if possible. 

4. Expected grout volume calculations shall be completed using the depth information 
derived from Steps 1 and 3.  The expected volume shall be recorded for reconciliation 
with the final grout volumes used. 

5. Remove the protective casing.  Position the drill rig directly over the well and attach a 
chain to the outer protective casing.  Pull directly upward on the protective casing.  Often 
for shallow wells this procedure will also pull up the inner-casing and annular materials.  If 
this occurs, continue to pull all well materials out, as practicable.
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6. Remove the well casing and associated annular materials.  Typically, removal is 
accomplished through overdrilling using a Hollow Stem Auger (HSA) drill rig equipped 
with an auger bit that exceeds the diameter of the original bit (1.25 times the original 
auger diameter) used to construct the well. The key to successful overdrilling is insuring 
the auger bit remains centered on the well for the duration of overdrilling.  For wells 
constructed of PVC, either employ a pilot bit to insure centering is maintained or place A-
rod (steel rod) throughout the length of the well to act as a guide during overdrilling. A 
pilot bit consists of an elongate pointed pin with a maximum diameter slightly less than 
that of the inner well casing.  For wells constructed of steel materials, the steel casing 
itself can be used to maintain centering during overdrilling.  Essentially, an auger is 
selected with an inner diameter slightly larger than the diameter of the steel casing. 
During overdrilling the auger follows the steel casing to the target depth.  Centering must 
be assured through use of one of the above-described centering methods.  The 
overdrilling shall progress slowly to insure that the drilling operation remains centered 
over the well/boring.  Once the base of the well is reached the auger or drilling equipment 
shall be left in place, to prevent cave in of materials, while proceeding to Step 6. 

For unconsolidated wells installed using driven casing or equivalent methods (i.e., no 
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annular materials), it may be possible to pull the outer casing or well in lieu of overdrilling.  
If this procedure is used, grouting must be completed concurrently with the pulling of 
casing with grout level maintained within 5 feet of ground surface while the casing is 
pulled.  The grout shall be introduced into the well from the base using a tremie line 
through the innermost casing (with the base of the well removed).  The grout mixtures 
and procedures shall be as described in Step 6. 

Driven casing wells completed entirely in competent bedrock may be decommissioned 
without removing the casing by tremie grouting according to the procedures described in 
Step 6. 

7. Upon removal of the casing, well screen and annular materials, the resulting boring shall 
be tremie grouted.  The grout shall be a high solids bentonite grout as defined above.  
Essentially, the grout mixture shall contain as high a bentonite content as can be 
reasonably pumped (30% bentonite by weight).  For wells installed in competent bedrock 
state regulations often mandate use of a neat cement grout mixture.  It is preferable in 
cases where the borehole intersects both competent bedrock and unconsolidated 
materials that the unconsolidated interval shall be abandoned using a high solids 
bentonite grout.  Grout shall be mixed to a uniform consistency.  The grout shall be 
pumped into the boring through a tremie pipe placed at the bottom of the boring.  The 
auger flights shall be left in place until the tremie line is situated at the bottom of the 
boring. Grouting shall proceed in a continuous and expeditious manner by concurrently 
pulling the auger flights and pumping grout until the grout level is within two feet of the 
ground surface.  Both the bottom of the tremie pipe and the base of the auger flights must 
remain submerged in grout while the well is grouted.

After the grout has settled for 24 hours, the borehole must be checked for grout 
settlement, and if necessary, topped off with the appropriate grout mixture.  The final 
level of the grout shall be within two feet of the ground surface. The top two feet of the 
borehole shall be abandoned by adding and compacting native soils. 

8. Equipment used for well decommissioning shall be cleaned and decontaminated between 
decommissioning locations. 

9. Upon completion of decommissioning activities, well decommissioning materials and 
equipment will be removed from the site and the site will be restored. Over-drilled well 
materials and cuttings shall be properly disposed.
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10. After the well has been decommissioned, a record must be prepared. The record must 
contain the following information, at a minimum: 

 Name and address of property owner; 

 Name, license or registration number of the contractor doing the work, name of the 
driller performing the work, and the signature of the representative; 

 Date work was completed; 

 Survey information including the county, township, range, section, and three 
quartiles, and the street address or fire number of the well or boring (for 
unincorporated areas); 

 A description of the geological material penetrated by the well (i.e., copy of the 
original boring log); 

 The original well or boring depth, and current well or boring depth; 

 The approximate date of construction; 

 The grout or sealing materials, type, quantities, and intervals; 

 The casing type, diameter, and depth, if present; 

 The screen or open hole depth interval, if present; 

 A description of any obstruction, if present; 

 A description of any deviations from the above procedures, or other unusual 
conditions encountered or actions taken; and 

 A statement as to whether or not all well materials were removed and if not a detailed 
explanation of the type of materials left in place and their approximate elevation, 
type, condition, etc. 

11. Copies of the decommissioning record are to be forwarded to the site and the State 
agency if required.

4.1 Failure to remove all well materials

If for any reason the above decommissioning procedures fail to remove all well casing and screen 
materials, the well shall be permanently marked with a steel post and attached name plate containing the 
well identification.  The name plate and/or site records shall contain, at a minimum, the following:

 Well Identification; 

 Date of installation; 

 Date of decommissioning;  

 Survey coordinates; and 

 Approximate elevation interval of in place well materials.

g:\projects\dominion\chesterfield power stn\073-6607 reymet road lf\environmental\groundwater monitoring plan\attachments\well 
decommissioning standard operating guidance.appiii.doc
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CHAIN-OF-CUSTODY / Analytical Request Document
The Chain-of-Custody is a LEGAL DOCUMENT. All relevant fields must be completed accurately.

TIME

Section A Section B Section C
Required Client Information: Required Project Information: Invoice Information:

Page: of

Company: Report To: Attention:

Address: Copy To: Company Name: REGULATORY AGENCY
Address: NPDES             GROUND WATER              DRINKING WATER

Email To: Purchase Order No.: Pace Quote UST                  RCRA                                  OTHERReference:
Phone: Fax: Site Location
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 SAMPLER NAME AND SIGNATURE
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Pace Project No./ Lab I.D.
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Pace Project 
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Other OT
Tissue TS
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Wipe WP

Drinking Water DW
Water W T
Waste Water WW
Product P
Soil/Solid S L
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*Important Note: By signing this form you are accepting Pace's NET 30 day payment terms and agreeing to late charges of 1.5% per month for any invoices not paid within 30 days. F-ALL-Q-020rev.07, 15-May-2007

®

www.pacelabs.com
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Instructions for completing Chain of Custody (COC) 

1. Section A and B: Complete all Client information at top of sheet:  company name, address, phone, fax, contact (the person to contact if there are 
questions, and who will receive the final report.), e-mail address (if available), PO#, Project Name and/or Project Number as you would like to see it 
appear on the report. 

2. Section C: Invoice Information:  Billing information is included in this section.  This information should include the name and address of the person 
receiving the invoice.

3. Quote Reference should be completed if a quotation was provided by Pace Analytical.  The Project Manager, and Profile No. will be completed by 
Pace Analytical Services. 

4. Site Location: A separate COC must be filled out for each day of sample collection.  Record the two letter postal code for the US state in which the 
samples were collected. 

5. Regulatory Agency: List the program that is guiding the work to ensure proper regulations are followed. 

6. Section D:

e used

Complete a Sample Description in the “SAMPLE ID’ section as you would like it to appear on the laboratory report.  The following 
information should also be included:  the sample matrix, sample type (G (grab) or C (composite). When collecting a composite, the start time and end 
time should be documented in the respective boxes.  The collection time for a grab (G) sample should be entered in the boxes marked ‘Composite 
End/Grab’), Sample temp at collection (if required by state), the total number of containers, and preservativ

7. Mark if the sample was filtered in the field by marking Y or N in ‘Filtered’ row by the Analysis requested. 

.   

8. Requested Analysis:  List the required analysis and methods on the lines provided and place a check in the column for the samples requiring the 
analysis.  Additional comments should be referenced in the bottom left hand corner or include attachments for extended lists of parameters. 

9. The sampler should print their name in the space provided and sign their name followed by the date of the sampling event at the bottom of the COC in 
the spaces designated for ‘SAMPLER NAME AND SIGNATURE’. 

10. When relinquishing custody of the samples to a representative of the laboratory or other organization, indicate the Item Numbers of those samples 
being transferred; sign relinquished by,  date and time, and include your affiliation. 

*Important Note: 

Standard Turnaround Time is 2 Weeks/10 business days. Results will be delivered by end of business on the date due unless other arrangements 
have been made with your project manager. 

Special Project Requirements such as Low Level Detection Limits or level of QC reported must be included on the chain of custody in the Additional 
Comments section. 

EXAMPLEEXAMPLEEXAMPLE
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