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Conversion Factors
U.S. customary units to International System of Units

Multiply By To obtain

Length

inch (in.) 2.54 centimeter (cm)
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foot (ft) 0.3048 meter (m)
mile (mi) 1.609 kilometer (km)

Area

square mile (mi2) 259.0 hectare (ha)
square mile (mi2) 2.590 square kilometer (km2)

Volume

gallon (gal) 3.785 liter (L)
gallon (gal) 0.003785 cubic meter (m3)
gallon (gal) 3.785 cubic decimeter (dm3)
million gallons (Mgal) 3,785 cubic meter (m3)

Flow rate

gallon per day (gal/d) 0.003785 cubic meter per day (m3/d)
million gallons per day (Mgal/d) 0.04381 cubic meter per second (m3/s)

Datums
Vertical coordinate information is referenced to the North American Vertical Datum of 1988 
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Horizontal coordinate information is referenced to the North American Datum of 1983 (NAD 83).

Elevation, as used in this report, refers to distance above or below the vertical datum.
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Estimated Hydrogeologic, Spatial, and Temporal 
Distribution of Self-Supplied Domestic Groundwater 
Withdrawals for Aquifers of the Virginia Coastal Plain

By Matthew R. Kearns and Jason P. Pope

Abstract
Water use from private-domestic wells accounts for 

nearly 40 percent of total groundwater withdrawals in the 
Virginia Coastal Plain Physiographic Province (henceforth 
called the Virginia Coastal Plain). However, because 
self-supplied domestic water use generally falls below the 
Virginia Department of Environmental Quality (VDEQ) 
reporting and management threshold of 300,000 gallons per 
month, quantifying these withdrawals is challenging. This 
report builds upon the foundation of previous U.S. Geological 
Survey investigations by providing revised techniques to 
improve estimates of the aquifer source, spatial distribution, 
and monthly magnitude of these groundwater withdrawals.

The aquifer sources of private-domestic wells in the 
Virginia Coastal Plain were estimated by cross-referencing 
8,264 well records from the VDEQ and the Virginia 
Department of Health to a digital model of the Virginia 
Coastal Plain hydrogeologic framework. This analysis 
highlights the regional importance of the Yorktown-Eastover, 
Potomac, and surficial aquifers. Collectively, these three 
aquifers account for 80 percent of self-supplied domestic 
groundwater withdrawals.

The population using self-supplied domestic water 
was estimated using census blocks, well-use ratios, building 
footprints, and land-use and land-cover data to produce a 
high-resolution, disaggregated, raster-based dataset. This 
approach improves upon previous models at the census-block 
or road-network scale by reducing the low-density spread of 
the self-supplied domestic population across undeveloped 
areas and concentrating the population and its corresponding 
water use in the areas where it is most likely to occur. 
Results show that an estimated 475,332 people comprise 
the 2020 self-supplied domestic population of the Virginia 
Coastal Plain, an increase of 5.7 percent since 2010, and the 
greatest concentrations of self-supplied domestic population 
surround large cities. Estimates could be further refined with 
the addition of current and complete spatial data on public 
water-system service areas.

The quantity of water used by the self-supplied domestic 
population was estimated by modifying published state 
per-capita water-use coefficients with the corresponding 
monthly variability assessed from Virginia Coastal Plain 
public water-system withdrawal data. This analysis estimates 
an average increase of 12 percent from June through August 
and an average decrease of 8 percent from December through 
March from the baseline annual average of 80 gallons per 
day per capita, which generally matches similar studies in the 
eastern United States.

The application of these revised methodologies for the 
estimation of private-domestic wells and the self-supplied 
domestic population improves understanding of domestic 
groundwater use in the Virginia Coastal Plain across 
hydrogeologic, spatial, and temporal scales. These revisions 
help better inform water-resource managers and decision 
makers and support higher resolution groundwater modeling. 
Furthermore, these methods are transferrable to other areas 
where self-supplied domestic water withdrawals are important 
to the overall water budget.

1. Introduction
Groundwater is a key resource to support the population 

and economic activity of the Virginia Coastal Plain 
Physiographic Province, henceforth called the Virginia Coastal 
Plain. Use of confined aquifers in the Virginia Coastal Plain 
has received increased attention and regulation over time in 
an effort to manage groundwater in a sustainable manner and 
avoid negative effects to water quality, water availability, and 
land subsidence. An analysis of private-domestic groundwater 
wells in the Virginia Coastal Plain by Pope and others (2008) 
found that three-quarters of self-supplied domestic water 
withdrawals come from deep, confined aquifers, and total 
self-supplied domestic water withdrawals may compose 
about one-third of all groundwater withdrawals. Because 
self-supplied domestic groundwater withdrawals fall below 
300,000 gallons per month, users are not required by the 
Virginia Department of Environmental Quality (VDEQ) to 
acquire water-use permits or report their water use. Therefore, 
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the development of modeling and estimation techniques 
to accurately represent the distribution of domestic water 
use across the landscape and within the aquifer system is 
necessary to properly manage the Virginia Coastal Plain’s 
water resources.

Although the previous private-domestic well study by 
Pope and others (2008) advanced our knowledge of water use 
in the Virginia Coastal Plain, the spatial resolution of their 
water-use estimates was limited by data available at the time. 
Improvements in digital well records, high-resolution land-use 
and land-cover data, water-use data, and hydrogeologic 
models have created an opportunity to improve upon the 
previous study and provide water-resource managers with 
updated information to support water budget calculations, 
modeling, management, and decision making.

1.1. Purpose and Scope

Sustainability of groundwater resources in Virginia 
Coastal Plain aquifers is a concern for water-resource 
managers and planners. The U.S. Geological Survey (USGS) 
and the VDEQ have cooperated on numerous studies to better 
understand the hydrogeologic framework, groundwater flow, 
and water use of the Virginia Coastal Plain aquifers (including 
McFarland and Bruce, 2006; Pope and others, 2008; Heywood 
and Pope, 2009; and Pope and others, 2016). This study 
builds upon previous USGS investigations, namely Pope and 
others (2008), to update estimation of domestic water use in 
the Virginia Coastal Plain across hydrogeologic, spatial, and 
temporal scales. These revisions will support higher resolution 
groundwater modeling and better inform water-resource 
managers and decision makers. Because each component of 
the revised analysis—distribution of wells among the aquifers, 
spatial distribution of users, and temporal distribution and 
amount of withdrawals—was completed with independent 
data sources and methods, this report covers each topic 
separately and in turn.

1.2. Description of Study Area

The Virginia Coastal Plain occupies the entire eastern part 
of Virginia between approximately longitude 77°30′ W and 
the Atlantic Ocean, including the Virginia Eastern Shore on 
the peninsula between the Chesapeake Bay and the Atlantic 
Ocean (fig. 1). The area is bordered by Maryland and North 
Carolina to the north and south, respectively. Geologically, the 
Virginia Coastal Plain is defined by a wedge of unconsolidated 
sediments of fluvial-deltaic and marine origin that rests on 
consolidated bedrock, hereafter referred to as the basement. 
This sediment wedge thins to the west and pinches out 
in the Fall Zone, where crystalline rock of the Piedmont 
Physiographic Province outcrops. Along the Atlantic Coast 
of Virginia, the total thickness of Virginia Coastal Plain 
sediments is greater than 6,000 feet (ft; McFarland and 
Bruce, 2006).

Fifty Virginia counties and independent cities, henceforth 
referred to as localities, lie entirely or partially within the 
Virginia Coastal Plain. Population is concentrated in large 
urban areas, including the northern Virginia metropolitan 
area near Washington, D.C.; the Cities of Fredericksburg, 
Richmond, and Petersburg along the western boundary of 
the Coastal Plain; and the Cities of Chesapeake, Hampton, 
Norfolk, Portsmouth, and Virginia Beach in the southeast 
near the mouth of the Chesapeake Bay (fig. 1; U.S. Census 
Bureau, 2021). The remainder of the Virginia Coastal Plain 
is more sparsely populated and includes small towns and 
outlying rural areas of forest, agriculture, and wetland. The 
climate of the Virginia Coastal Plain is humid and temperate, 
with annual mean precipitation of approximately 45 inches 
(National Oceanic and Atmospheric Administration, 2024). 
The topography of the Virginia Coastal Plain is characterized 
by rolling terrain with deeply incised stream valleys in the 
northwest and gently rolling to level terrain with broad 
stream valleys in the east and south. Land-surface elevations 
generally decline seaward, from over 300 ft in the western 
Virginia Coastal Plain to 0 ft (sea-level) along the Atlantic 
coast. Several major rivers drain eastward into the Chesapeake 
Bay, creating three prominent peninsulas. From north to south 
these peninsulas are referred to as the Northern Neck (between 
the Potomac and Rappahannock Rivers), the Middle Peninsula 
(between the Rappahannock and York Rivers), and the 
York-James Peninsula (between the York and James Rivers; 
McFarland and Bruce, 2006). These major rivers become 
brackish as they enter estuarine areas east of the Fall Zone. 
Consequently, the Virginia Coastal Plain is heavily reliant 
upon groundwater resources (Pope and others, 2008).

The USGS previously estimated groundwater use at 
5-year intervals for the 50 localities all or partially within 
the Virginia Coastal Plain as part of national water-use data 
compilation efforts (table 1; fig. 2). Note that this estimated 
groundwater use is for the entire locality and not limited to the 
Virginia Coastal Plain. From 2000 to 2015 (the latest year for 
which USGS data were available), overall groundwater use 
has slightly decreased, predominantly because of a decline 
in groundwater use for industrial activity since 2005 (U.S. 
Geological Survey, 2024b). By 2015, self-supplied domestic 
groundwater withdrawals collectively accounted for 46 million 
gallons per day (Mgal/d) and made up the largest portion of 
groundwater use (39 percent). Industrial use of groundwater 
accounted for 39 Mgal/d (33 percent), and public supply from 
groundwater accounted for 24 Mgal/d (21 percent).

Most of the Virginia Coastal Plain is included within 
the two State-designated Groundwater Management Areas: 
Eastern Virginia and Eastern Shore. In these areas, large 
groundwater withdrawals are regulated by the VDEQ, which 
generally requires well owners to obtain a permit to withdraw 
300,000 or more gallons per month. Under the conditions 
of these permits, well owners collect various information, 
including well construction details, withdrawal amounts, 
and water-level and (or) water quality data. This information 
is reported to the VDEQ to support greater understanding 
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of the effect large withdrawals have on the aquifers of the 
Virginia Coastal Plain (B. Campbell, Virginia Department of 
Environmental Quality, written commun., 2025).

In comparison, information from the approximately 
200,000 private-domestic wells in the Virginia Coastal 
Plain is far less comprehensive (Pope and others, 2008). 
Well-completion records are required by Virginia state 
regulation and maintained in various forms by the Virginia 
Department of Health (VDH) or the VDEQ, depending 
on the well’s age and location within the Groundwater 
Management Areas. The availability, quality, and variability 
of well-completion records represents change in reporting 
requirements, data entry, and data management over time, as 
well as the different, and sometimes overlapping, authorities 
of the VDH and the VDEQ over private-domestic wells in 
the Virginia Coastal Plain (B. Campbell, Virginia Department 
of Environmental Quality, written commun., 2025). Efforts 
to improve data collection and move from paper records to 
electronic well databases are ongoing among both agencies, 
but legacy records still contain missing or imprecise 
information (Pope and others, 2008). Given the magnitude of 

self-supplied domestic water use and the lack of complete data 
for private-domestic wells, accurate estimation of the source 
aquifer, location, and rates of these groundwater withdrawals 
is important to better understand the water resources of the 
Virginia Coastal Plain.

1.3. Aquifers of the Virginia Coastal Plain

The Virginia Coastal Plain aquifer system is a part 
of the more extensive Northern Atlantic Coastal Plain 
aquifer system. The geology of this region consists of a 
seaward-thickening wedge of eastward-dipping strata of 
unconsolidated to partly consolidated Cretaceous, Tertiary, 
and Quaternary sediments that overlie a basement of 
consolidated bedrock (fig. 3; McFarland and Bruce, 2006). 
The groundwater within the Virginia Coastal Plain primarily 
originates from precipitation that infiltrates the surficial, 
water-table aquifer and then flows laterally to discharge in 
nearby streams or downward to recharge deeper confined 
aquifers (Pope and others, 2008). The hydrogeology of the 
Virginia Coastal Plain is covered extensively in previous 

Table 1.  Aggregate estimated groundwater use in the 50 localities of the Virginia Coastal Plain by water-use category, 2000–15.

[Data from U.S. Geological Survey (2024b). Groundwater withdrawals are in million gallons per day (Mgal/d)]

Year Domestic
Public  
supply

Industrial Thermoelectric Mining Livestock Aquaculture Irrigation Total

2000 48.31 33.06 62.85 1.45 0.5 0.71 0.08 2.64 149.6
2005 48.38 28.46 66.81 3.05 0.82 0.74 0.15 7.91 156.32
2010 48.05 18.03 41.77 1.53 1.71 0.77 0.28 13.32 125.46
2015 46.45 24.17 39.17 1.05 1.12 0.66 0.0 5.18 117.8
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Figure 2.  Bar graph showing aggregate estimated groundwater use in the 50 localities of the Virginia Coastal Plain 
by water-use category, 2000–15.
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USGS publications, including McFarland and Bruce (2006), 
Pope and others (2008), Masterson and others (2016), and 
McFarland and Beach (2019). A brief overview of the aquifers 
of the Virginia Coastal Plain is provided in this report to 
provide context for the analysis herein.

1.3.1. Surficial Aquifer
The surficial aquifer comprises a series of primarily 

fluvial-deltaic and estuarine quartz sands and gravels of 
variable texture with interbedded silts and clays (McFarland 
and Bruce, 2006). The surficial aquifer covers the entire 
Virginia Coastal Plain (fig. 3). The top of the aquifer is at land 
surface, and its thickness ranges from many tens of feet in 
western upland areas to a few tens of feet or less in the east. 
Most of the surficial aquifer is underlain by various confining 
units or zones. However, near the Fall Zone or along major 
rivers, the surficial aquifer directly overlies and may be 
connected to deeper aquifers. Because it is shallow and most 

readily accessed, the surficial aquifer historically has been 
an important water supply, but drought and decreasing water 
quality in recent years have caused users in some locations 
to abandon wells in the surficial aquifer in search of more 
dependable water supplies in deeper aquifers (Pope and 
others, 2008).

1.3.2. Yorktown-Eastover Aquifer
The Yorktown-Eastover aquifer extends across 

most of the Virginia Coastal Plain except for several of 
the northwestern counties (fig. 3). The upper part of the 
Yorktown-Eastover aquifer consists of estuarine to marine, 
variably textured, glauconitic, phosphatic, and fossiliferous 
quartz sands and interbedded silts and clays; the lower part 
consists of abundantly fossiliferous sands (McFarland and 
Bruce, 2006). The Yorktown-Eastover aquifer is overlain 
across most of its extent by the Yorktown confining zone; 
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groundwater flow in the Virginia Coastal Plain. Modified from Foster and others (2024).
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however, in locally incised areas along rivers where it outcrops 
on steep slopes, the Yorktown-Eastover aquifer usually is 
covered by sediments of the surficial aquifer.

The Yorktown-Eastover aquifer is hydraulically 
continuous on a regional scale but can exhibit local 
discontinuities as the result of interbedded fine-grained 
sediments. The “Yorktown-Eastover aquifer system” of the 
Virginia Eastern Shore has been subdivided to include separate 
upper, middle, and lower confined aquifers that are each 
overlain by corresponding confining units (Sanford and others, 
2009; McFarland and Beach, 2019). Furthermore, sediments in 
buried paleochannels cutting through the Yorktown-Eastover 
aquifer system have been recently designated as upper and 
lower paleochannel aquifers separated by a paleochannel 
confining unit (McFarland and Beach, 2019). For the purposes 
of this report, subdivisions of the Yorktown-Eastover aquifer 
system or the associated paleochannel aquifers are generically 
classified with the Yorktown-Eastover aquifer for better 
comparison across the Virginia Coastal Plain.

Because it is a shallow aquifer with high-quality 
water, the Yorktown-Eastover aquifer is a major source for 
private-domestic water supplies, especially in the eastern part 
of the Virginia Coastal Plain (Pope and others, 2008).

1.3.3. St. Marys Aquifer
The St. Marys aquifer consists of two separate areas. 

The northern part of the St. Marys aquifer is composed of 
Miocene marine sands and shells ranging in thickness from 
150 to 200 ft and covers most of the Virginia Eastern Shore 
(McFarland and Bruce, 2006). The southern part of the St. 
Marys aquifer, mostly in the City of Suffolk, includes a 
coarse-grained basal deposit of silty, glauconitic, phosphatic, 
and micaceous quartz sands and fossil shells approximately 
50 ft thick (McFarland and Bruce, 2006). The southern part of 
the St. Marys aquifer is a marginal water-production aquifer, 
and the northern part contains brackish water (Pope and 
others, 2008). Because the St. Marys aquifer has a limited 
regional extent overlying the Calvert confining unit, it is not 
shown in figure 3.

1.3.4. Piney Point Aquifer
The Piney Point aquifer extends across most of the 

Virginia Coastal Plain, except in the southern part near the Fall 
Zone (fig. 3). The Piney Point aquifer is composed of a closely 
associated group of several geologic formations, consisting 
generally of marine, medium- to coarse-grained, glauconitic, 
phosphatic, variably calcified, and fossiliferous quartz sands 
up to 150 ft thick (McFarland and Bruce, 2006). The Piney 
Point aquifer is a moderately used groundwater resource in 
the central sections of the Northern Neck Peninsula, Middle 
Peninsula, and York-James Peninsula, where withdrawals 
are primarily from a section of the aquifer identified by 

McFarland (2017) as consolidated limestone. The Piney Point 
aquifer is not considered a productive aquifer south of the 
James River (Pope and others, 2008).

1.3.5. Aquia Aquifer
The Aquia aquifer extends across much of the Virginia 

Coastal Plain except in the most eastern and southern areas 
(fig. 3). The Aquia aquifer consists of marine, medium- to 
coarse-grained, glauconitic, and fossiliferous quartz sands and 
is generally no more than 50 ft thick (McFarland and Bruce, 
2006). The Aquia is a minor water-supply resource, used most 
heavily in the northern and central part of the Virginia Coastal 
Plain, possibly because of its thinness relative to other aquifers 
(Pope and others, 2008).

1.3.6. Peedee Aquifer
The Peedee aquifer is composed of discontinuous 

fine-grained sediments interbedded with coarse-grained 
sediments that overlay the Virginia Beach confining zone. The 
extent of the Peedee aquifer is limited to the southern parts of 
the Cities of Chesapeake and Virginia Beach, and it is never 
more than several tens of feet thick. Though it may be locally 
important as a pathway for groundwater flow, the Peedee 
aquifer is thought to be unused as a source of groundwater 
in Virginia (McFarland and Bruce, 2006). Consequently, this 
aquifer is not shown in figure 3, and it is not discussed further 
in this report.

1.3.7. Virginia Beach Aquifer
The Virginia Beach aquifer consists of primarily 

fluvial-deltaic and variably textured quartz sands and gravels 
attaining thicknesses up to 70 ft (McFarland and Bruce, 
2006). Of limited regional extent and not shown in figure 3, 
the Virginia Beach aquifer extends across most of Virginia 
Beach, westward across Chesapeake and Suffolk, and into 
the southeastern corner of Southampton County. The Virginia 
Beach aquifer is a hydraulically continuous unit and provides 
water supplies mostly in the City of Suffolk (Pope and 
others, 2008).

1.3.8. Potomac Aquifer
The Potomac aquifer overlies the basement and occupies 

the lowermost position in the hydrogeologic system (fig. 3). 
This aquifer extends across nearly the entire Virginia Coastal 
Plain, except for the Chesapeake Bay impact crater (fig. 1), 
and is overlain by the Potomac confining zone across most 
of its extent, except for incised areas along major river 
channels and near the Fall Zone. In these areas, the Potomac 
aquifer may outcrop but is usually covered by sediments 
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of the surficial aquifer, possibly providing direct hydraulic 
connections between the confined and unconfined systems 
(Pope and others, 2008).

The Potomac aquifer is the thickest aquifer in the 
Virginia Coastal Plain aquifer system and ranges in thickness 
from a thin edge near the Fall Zone to several thousand 
feet at the coast. The Potomac aquifer consists primarily 
of fluvial-deltaic coarse-grained quartz and feldspar sands 
and gravels (McFarland and Bruce, 2006). The Potomac 
aquifer is hydraulically continuous on a regional scale, but 
its composition is heterogeneous, and fine-grained clay 
interbeds may impede groundwater flow locally (Pope and 
others, 2008).

The hydrogeologic framework of the larger Northern 
Atlantic Coastal Plain aquifer system (Masterson and 
others, 2016) has divided the Potomac aquifer into the 
Potomac-Patapsco and Potomac-Patuxent aquifers in the 
vicinity of and north of the Maryland state line. Although this 
division likely continues into the northernmost portions of 
the Virginia Coastal Plain, insufficient borehole data exist to 
explicitly define the extent and thickness of the intervening 
confining unit south of the Potomac River before the two 
aquifers, as described in Maryland, merge into a single 
undivided Potomac aquifer across most of the Virginia 
Coastal Plain (McFarland, 2013). For continuity with previous 
Virginia Coastal Plain hydrogeologic investigations and 
current VDEQ regulations, this report will treat the Potomac 
aquifer as a single unit.

The Potomac aquifer is the largest and most heavily 
used source of groundwater in the Virginia Coastal Plain. 
Decreasing water levels in Potomac aquifer wells in recent 
decades have caused concern about additional withdrawals 
from this aquifer in areas where it is heavily used, especially 
in growing metropolitan areas of the southeastern Virginia 
Coastal Plain, but withdrawals and groundwater levels have 
stabilized since about 2010 (U.S. Geological Survey, 2023b).

2. Distribution of Private-Domestic 
Wells Among Virginia Coastal Plain 
Aquifers

Groundwater-well data availability impeded the 
investigation by Pope and others (2008) into the distribution 
of private-domestic well withdrawals from the aquifers of the 
Virginia Coastal Plain. Well locations, obtained from paper 
records, were only known at the locality scale, requiring the 
use of generalized representations of land-surface elevation 
and hydrogeologic information to estimate the aquifer used by 
each well. More recent efforts by State agencies to improve 
and digitize Virginia well-construction information and by 
Masterson and others (2016) to model the Northern Atlantic 
Coastal Plain aquifer system (which includes the Virginia 

Coastal Plain) presented an opportunity to refine the estimates 
from Pope and others (2008) and establish a more efficient and 
repeatable methodology.

2.1. Study Methods

Electronic private-domestic well-completion records 
from Virginia Coastal Plain localities were obtained from 
the Virginia Department of Health (VDH) Environmental 
Health Database, the successor to the Virginia Environmental 
Information System (M. Senseman, Virginia Department 
of Health, written commun., 2021). Coordinate locations 
provided by the VDH for these wells were derived from the 
Virginia Geographic Information Network (VGIN) Composite 
Geocoding Service using the North American Datum of 1983 
(NAD 83; Virginia Department of Emergency Management, 
2013). VDH well records without VGIN geocoding were 
processed with the Esri ArcGIS World Geocoding Service 
(Esri Inc., 2023) and projected using NAD 83. Many of the 
VDH well records were “location only” and therefore lacked 
data on well or screen depth. Of the 100,930 well records 
provided by the VDH, 4,884 (4.8 percent) had usable location 
and well or screen depth information.

Additional electronic well-completion records from 
Virginia Coastal Plain localities were obtained from the VDEQ 
Groundwater Characterization Program (T.S. Bruce, Virginia 
Department of Environmental Quality, written commun., 
2019). VDEQ well records were filtered by “domestic” or 
“household” use categories to identify private-domestic wells. 
Well coordinates were provided using NAD 83. The source of 
coordinate data was an included field of the well construction 
record, indicating use of GPS or map interpolation, but most 
of the records were reported without this information. From 
3,555 VDEQ private-domestic well construction records, 
3,401 (97 percent) had usable location and well or screen 
depth information. Twenty-one duplicate well records shared 
by the VDH and the VDEQ were removed before combining 
the agencies’ data into a common dataset with location and 
well or screen depth information for 8,264 private-domestic 
wells in the Virginia Coastal Plain.

Elevations for the land surface and subsurface 
hydrogeologic layers at each well coordinate were obtained 
by extracting raster values from a Digital Elevation Model 
(DEM; 100 ft grid cells) and the digital representation of the 
individual aquifers within the Northern Atlantic Coastal Plain 
aquifer system (1/2-mile grid cells; Pope and others, 2016) 
using ArcGIS Pro (Esri Inc., 2023). Ladd and others’ (2024) 
hydrogeologic framework (125-meter grid cells) was used 
for wells in the Virginia Eastern Shore. A script was written 
in the statistical programming language “R” to compute 
the well-screen elevation using the DEM land-surface 
elevation and screen depth (R Core Team, 2023). For wells 
without screen depth information, the well depth or hole 
depth was assumed equivalent to the screen depth. Where 
well construction records indicated multiple well screens 
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(44 records), the bottom of the bottommost screen was used 
(greatest depth). The well-screen elevation was compared to 
the aquifer elevations in a scripted series of logical expressions 
to estimate the aquifer intersected by each well (fig. 4).

For any well initially determined to exist in a confining 
unit (21 percent), the script reassigned the well to the nearest 
available aquifers above or below that confining layer using 
the absolute value of the elevation differences. Complex 
hydrogeology (for example, two confining units adjacent 
to each other without an aquifer in between) confounded 
the scripted logic and 261 well records were flagged for 
manual review and corrected to the nearest aquifer. A well 
located in the confining unit could be an error related to the 
1/2-mile resolution of the hydrogeologic information; an error 
in either coordinate, screen, or well-depth information; or 
poor well-screen placement. However, local-scale geologic 
variability, including potential heterogeneity in the confining 
unit itself, could allow a well drilled in the confining unit 
to yield adequate water (Pope and others, 2008). For the 
purposes of this study, all wells were assumed to utilize the 
known aquifers.

The method used to estimate the distribution of 
private-domestic wells among Virginia Coastal Plain aquifers 
is summarized in figure 5.

2.2. Discussion of Results

The basic distribution of domestic well aquifer 
utilization in the Virginia Coastal Plain matches current 
understanding of aquifer extent, characterization, and yield 
(fig. 6). Shallow wells in either the surficial aquifer or the 
basement predominate in the northern and western extremes 
of the Virginia Coastal Plain near the Fall Zone. Deeper 
aquifer systems, particularly the Potomac aquifer, are used 
throughout the central portion of the Virginia Coastal Plain. 
In the south and east near the mouth of the Chesapeake Bay 
and along the Atlantic coast, use of shallower aquifers like the 
Yorktown-Eastover and surficial aquifers is more prevalent 
because the deeper aquifers become brackish.
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Confined
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Confining unit

Confining unit

Well

Land surface
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Figure 4.  Conceptual diagram illustrating the relationship 
among well depth, screen depth, land-surface elevation, and 
hydrogeologic unit elevations. Modified from Pope and others 
(2008).
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Figure 5.  Flow chart summarizing the method used to estimate 
the distribution of private-domestic wells among Virginia Coastal 
Plain aquifers.
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Overall, as shown in table 2, available well records 
suggest that the greatest domestic use occurs in the 
Yorktown-Eastover aquifer (35 percent), followed closely 
by the Potomac aquifer (31 percent). The surficial aquifer 
accounts for 21 percent of the aquifer distribution, with the 
remaining 6 aquifers and the basement combined for the 
final 13 percent of the domestic use. Despite the use of more 
generalized well and hydrogeologic information in Pope and 
others (2008), the private-domestic well aquifer distribution 
using the revised method in this report corroborates many 
of the findings of the previous effort. The most substantial 
differences exist with the smallest aquifers, especially the 
Aquia aquifer, because the generalization techniques of 2008 
likely assumed a larger aquifer extent or thickness than those 
digitally modeled by Pope and others (2016). The difference 
in bedrock basement wells in the two analyses is due primarily 
to the exclusion of certain counties in the northern and 
western extremes of the Virginia Coastal Plain by Pope and 
others (2008).

With 8,264 location-specific data points, including the 
estimated aquifer assignment of each well, aggregation of 
aquifer utilization can occur on various spatial scales and with 
different boundary datasets, including Virginia Coastal Plain 
localities (table 3). The USGS Watershed Boundary Dataset 
(U.S. Geological Survey, 2023a), includes watersheds of 
various nested sizes defined by nested hydrologic units that 
may provide another useful spatial context for groundwater 
withdrawals, particularly for hydrologic modeling or 
water budgets. Appendix 1 contains aquifer distribution by 
watershed at the 8-digit hydrologic unit code (HUC8) scale 
and appendix 2 contains aquifer distribution by watershed at 
the 10-digit hydrologic unit code (HUC10) scale.

Caution is advised when using these aggregation results. 
As spatial units become smaller, fewer wells exist in each 
unit, approaching the limits of representative aggregation and 
increasing uncertainty. Furthermore, because geopolitical 

or watershed boundaries do not necessarily align with 
hydrogeologic ones, comparisons from one scale to another 
are difficult to make. For example, while a certain percentage 
of a locality’s total number of wells may be in the basement, 
the use of that hydrogeologic unit declines rapidly eastward of 
the Fall Zone.

Tabular data of the aquifer distribution of 
private-domestic wells for the Virginia Coastal Plain at both 
the county- and watershed-scale are available as a USGS data 
release in Kearns and Pope (2025).

2.3. Assumptions and Limitations

The primary limitation of the aquifer distribution 
analysis is the quality and availability of the electronic 
private-domestic well data from the VDH and the VDEQ. 
These data are derived from Water Well Completion Reports 
submitted to the VDH and the VDEQ. The availability, 
quality, and variability of electronic well-completion records 
represents change in reporting requirements, data entry, and 
data management over time, as well as the different, and 
sometimes overlapping, authorities of the VDH and the VDEQ 
over private-domestic wells in the Virginia Coastal Plain 
(B. Campbell, Virginia Department of Environmental Quality, 
written commun., 2024).

A further limitation is whether these electronic 
well-completion records are representative of the actual 
distribution of aquifer use. The electronic well-completion 
records used in this analysis were not systematically sampled 
but compiled from available sources. This methodology 
introduces uncertainty while also increasing the sample size 
nearly three times over the number of paper well records 
reviewed by Pope and others (2008). The 8,264 electronic well 
records in this analysis represent approximately 4 percent of 
the estimated 200,000 private-domestic wells in the Virginia 
Coastal Plain (Pope and others, 2008). A sample of this size 

Table 2.  Aquifer distribution from analysis of 8,264 private-domestic well records in the Virginia Coastal Plain, with comparison to the 
distribution reported by Pope and others (2008) from analysis of 2,846 private-domestic well records.

Aquifer
2025 2008

Percent differenceNumber of  
well records

Percent of  
total wells

Number of  
well records

Percent of  
total wells

Surficial 2,024 24.49 618 21.71 2.78
Yorktown-Eastover 3,142 38.02 934 32.82 5.20
St. Marys 1 0.01 3 0.11 −0.10
Piney Point 614 7.43 237 8.33 −0.90
Aquia 250 3.03 321 11.28 −8.25
Virginia Beach 46 0.56 5 0.18 0.38
Potomac 1,902 23.02 714 25.09 −2.07
Basement 251 3.45 14 0.49 2.96
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Table 3.  Aquifer distribution by locality from analysis of 8,264 private-domestic well records in the Virginia Coastal Plain.

[FIPS, Federal Information Processing Standard]

FIPS code1 Locality
Number 
of well 
records

Percent of wells per aquifer

Surficial
Yorktown-
Eastover

St. Marys Piney Point Aquia Virginia Beach Potomac Basement

51001 Accomack 
County 1,013 4.05 95.95 0.00 0.00 0.00 0.00 0.00 0.00

51013 Arlington County 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
51033 Caroline County 324 61.11 0.00 0.00 0.93 5.86 0.00 23.77 8.33

51036 Charles City 
County 37 18.92 0.00 0.00 37.84 5.41 0.00 37.84 0.00

51041 Chesterfield 
County 62 43.55 0.00 0.00 0.00 0.00 0.00 8.06 48.39

51053 Dinwiddie 
County 40 65.00 0.00 0.00 0.00 0.00 0.00 5.00 30.00

51057 Essex County 47 21.28 0.00 0.00 51.06 10.64 0.00 17.02 0.00
51059 Fairfax County 51 5.88 0.00 0.00 0.00 0.00 0.00 49.02 45.10

51073 Gloucester 
County 229 13.54 78.17 0.00 1.31 1.75 0.00 5.24 0.00

51081 Greensville 
County 31 48.39 0.00 0.00 0.00 0.00 0.00 0.00 51.61

51085 Hanover County 406 52.22 0.00 0.00 0.00 0.49 0.00 28.08 19.21
51087 Henrico County 134 16.42 0.00 0.00 0.75 0.00 0.00 69.40 13.43

51093 Isle of Wight 
County 162 4.32 1.23 0.00 1.23 4.32 0.00 88.89 0.00

51095 James City 
County 229 1.75 2.62 0.00 76.86 6.55 0.00 12.23 0.00

51097 King and Queen 
County 59 32.20 1.69 0.00 52.54 3.39 0.00 10.17 0.00

51099 King George 
County 404 22.77 0.00 0.00 4.95 7.18 0.00 65.10 0.00

51101 King William 
County 231 11.69 0.00 0.00 23.81 6.93 0.00 57.14 0.43

51103 Lancaster County 56 14.29 5.36 0.00 12.50 0.00 0.00 67.86 0.00
51115 Mathews County 56 0.00 98.21 0.00 1.79 0.00 0.00 0.00 0.00

51119 Middlesex 
County 122 20.49 47.54 0.00 9.84 0.82 0.00 21.31 0.00
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Table 3.  Aquifer distribution by locality from analysis of 8,264 private-domestic well records in the Virginia Coastal Plain.—Continued

[FIPS, Federal Information Processing Standard]

FIPS code1 Locality
Number 
of well 
records

Percent of wells per aquifer

Surficial
Yorktown-
Eastover

St. Marys Piney Point Aquia Virginia Beach Potomac Basement

51127 New Kent 
County 199 17.59 1.01 0.00 37.69 6.03 0.00 37.69 0.00

51131 Northampton 
County 357 11.48 88.52 0.00 0.00 0.00 0.00 0.00 0.00

51133 Northumberland 
County 79 8.86 6.33 0.00 39.24 3.80 0.00 41.77 0.00

51149 Prince George 
County 56 19.64 21.43 0.00 0.00 1.79 0.00 57.14 0.00

51153 Prince William 
County 52 15.38 0.00 0.00 0.00 0.00 0.00 17.31 67.31

51159 Richmond 
County 48 6.25 0.00 0.00 75.00 12.50 0.00 6.25 0.00

51175 Southampton 
County 117 3.42 2.56 0.00 0.00 1.71 5.98 86.32 0.00

51177 Spotsylvania 
County 292 82.88 0.00 0.00 0.00 5.14 0.00 5.48 6.51

51179 Stafford County 554 25.09 0.00 0.00 0.00 13.00 0.00 58.66 3.25
51181 Surry County 48 16.67 6.25 0.00 2.08 14.58 0.00 60.42 0.00
51183 Sussex County 38 39.47 15.79 0.00 0.00 0.00 0.00 42.11 2.63

51193 Westmoreland 
County 170 12.35 1.76 0.00 52.94 15.29 0.00 17.65 0.00

51199 York County 96 4.17 68.75 0.00 25.00 1.04 0.00 1.04 0.00

51510 City of 
Alexandria 1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 100.00

51550 City of 
Chesapeake 1,421 17.95 81.84 0.00 0.00 0.00 0.00 0.21 0.00

51570 City of Colonial 
Heights 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

51595 City of Emporia 3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 100.00
51620 City of Franklin 5 0.00 40.00 0.00 0.00 0.00 0.00 60.00 0.00

51630 City of 
Fredericksburg 3 66.67 0.00 0.00 0.00 0.00 0.00 0.00 33.33

51650 City of Hampton 2 0.00 100.00 0.00 0.00 0.00 0.00 0.00 0.00
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Table 3.  Aquifer distribution by locality from analysis of 8,264 private-domestic well records in the Virginia Coastal Plain.—Continued

[FIPS, Federal Information Processing Standard]

FIPS code1 Locality
Number 
of well 
records

Percent of wells per aquifer

Surficial
Yorktown-
Eastover

St. Marys Piney Point Aquia Virginia Beach Potomac Basement

51670 City of Hopewell 1 0.00 0.00 0.00 0.00 0.00 0.00 100.00 0.00

51700 City of Newport 
News 13 84.62 7.69 0.00 0.00 0.00 0.00 7.69 0.00

51710 City of Norfolk 272 58.46 41.54 0.00 0.00 0.00 0.00 0.00 0.00

51730 City of 
Petersburg 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

51735 City of Poquoson 5 0.00 100.00 0.00 0.00 0.00 0.00 0.00 0.00

51740 City of 
Portsmouth 14 50.00 35.71 0.00 7.14 0.00 0.00 7.14 0.00

51760 City of 
Richmond 2 50.00 0.00 0.00 0.00 0.00 0.00 0.00 50.00

51800 City of Suffolk 559 37.03 12.70 0.18 0.36 0.36 6.98 42.22 0.18

51810 City of Virginia 
Beach 158 44.30 55.70 0.00 0.00 0.00 0.00 0.00 0.00

51830 City of 
Williamsburg 6 0.00 0.00 0.00 83.33 16.67 0.00 0.00 0.00

1U.S. Census Bureau, 2021
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is adequate to statistically represent the population with a 
margin of error of about 1 percent with a standard 95-percent 
confidence interval. Although the computed numerical 
sampling error is small, the other potential sources of 
uncertainty discussed here are difficult to quantify and likely 
vary spatially across the study area.

The methods in this report inherit any error or bias 
present in the electronic well-completion records. Small 
coordinate errors, in either measurement or data entry, that 
incorrectly place the well elsewhere in the Virginia Coastal 
Plain are difficult to detect, and records using geocoding for 
coordinates are less precise than coordinate measurements 
made at the well. Horizonal datum and method of coordinate 
determination were seldom recorded; NAD 83 was assumed 
in these instances. One potentially significant source of 
bias could be the age of the well records; for example, 
a bias towards modern wells having electronic records. 
Unfortunately, missing data or the inconsistent format used 
for data entry of the “date” field in the well records prevented 
machine-readable import and manual entry1 of that variable 
and any analysis of a temporal trend or bias in the data. 
Additionally, some well records could be for out-of-service 
private-domestic wells, particularly in the Cities of Norfolk 
and Chesapeake or in other areas with rapidly expanding 
public water system (PWS) service areas.

General private-domestic well data availability was also 
a limiting factor, with unequal sample size across Virginia 
Coastal Plain localities. Sparse coverage of well records in the 
southwest corner of the Virginia Coastal Plain and areas with 
a larger portion of public supply water use results in some 
localities or watersheds with few records and thus, higher 
uncertainty in the aquifer distribution. Nine counties had fewer 
wells included in this revised aquifer analysis than the one 
completed by Pope and others (2008) using paper records. 
Conversely, an abundance of electronic well records from the 
Virginia Eastern Shore, which lacks aquifers deeper than the 
Yorktown-Eastover aquifer, potentially skews overall aquifer 
source distribution of the Virginia Coastal Plain. Aquifer 
distributions might also vary significantly within a locality, 
depending on the scale of analysis and complexity of local 
hydrogeology. For example, although localities in the west 
of the Virginia Coastal Plain may have an overall percentage 
of wells in the basement, the likelihood of basement wells 
decreases rapidly with distance east of the Fall Zone.

Finally, there is the limitation of the current 
hydrogeologic framework of the Virginia Coastal Plain. As a 
subset of the digital model for the greater Northern Atlantic 
Coastal Plain (Pope and others, 2016), Virginia Coastal Plain 
aquifer characterization is available in 1/2-mile grid cells. This 
resolution supports the analysis of general aquifer-utilization 
patterns across a region; however, variability in hydrogeology 
or other unique, localized conditions could lead to 

1The order and number of digits used for the year, month, and day of the 
“date” field in well records was inconsistent. For example, 193009 in the 
“date” field could refer to 09/1930 or 09/30/2019.

discrepancies at finer scales. Contemporary understanding 
of the aquifers of the Virginia Coastal Plain suggests small 
heterogeneities and discontinuities are present in many of 
the aquifers. However, the overall similarities in the well 
distribution between this report and the previous efforts of 
Pope and others (2008) using different methods and data 
suggests a relative insensitivity of general private-domestic 
well patterns to minor variations. Such similarities may also 
retroactively confirm the assumptions and generalizations 
made by Pope and others (2008) in adapting the hydrogeologic 
framework at the locality scale for the low-relief topography 
and hydrogeology of the Virginia Coastal Plain.

3. Spatial Distribution of Self-Supplied 
Domestic Population Across the 
Virginia Coastal Plain

Rather than attempting to pinpoint all private-domestic 
wells across the Virginia Coastal Plain, the distribution of 
the self-supplied domestic population was estimated at a 
high spatial resolution to approximate both the location 
and the demand for groundwater use. This high-resolution 
spatial-estimation is a two-step process: first, estimate how 
many people use private-domestic wells—the self-supplied 
domestic population—in a given area, then estimate the 
distribution of that population across the same area.

Self-supplied domestic population estimates were derived 
from estimates of private-domestic well use at the 2020 
census-block scale by Murray and others (2021, 2023). Their 
approach builds off data collected by the 1990 “long-form” 
census, which asked respondents about their home water 
source; it remains one of the primary sources for domestic 
water-use information (Johnson and Belitz, 2017; Johnson and 
others, 2019; Murray and others, 2021). However, water-use 
information from the 1990 census was aggregated to the 
“block group,” a coarse geographical scale with an average 
area of 8 square miles (Manson and others, 2023). Murray 
and others (2021, 2023) estimated the number of wells in each 
2020 census block (average area of 0.24 square miles) using 
the 1990 census-block group survey, census-block crosswalk 
tables, housing density weighting, a machine-learning decision 
tree, and a reclassification technique to eliminate “islands” of 
private water use within a larger PWS service area.

Because the exact location of private wells across a given 
area is rarely known with certainty, various techniques have 
been used to model the distribution of the private-domestic 
population. Consider the hypothetical census block in 
figure 7A. The simplest method is to distribute population 
uniformly across a census unit (block group or block), as 
used in national-scale models by Johnson and Belitz (2017), 
Johnson and others (2019), and Murray and others (2021) 
(fig. 7B). However, when modeling or decision-making needs 
require population information at sub-census-block scales, or 
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when aggregation zones (watersheds, model cells, and so on) 
cross census-block boundaries, the assumptions of a uniform 
population distribution models become limiting. The road 
network was used by Pope and others (2008), Johnson and 
Belitz (2017), and Johnson and others (2019) to constrain the 
distribution of population within a census block to the area 
most likely to contain residences. Although this represents 
an improvement over more uniform distribution techniques, 
“road network” distribution models begin to break down at 
the smallest spatial scales by, for example, placing population 
uniformly along a rural road through uninhabited forest or 
farmland (fig. 7C). This study improves upon the road-based 
self-supplied domestic population distribution model from 
Pope and others (2008) by using high-resolution data for 

building footprints and developed land cover (fig. 7D), 
techniques similarly explored by Wu and others (2008), 
Sleeter (2008), and Johnson and others (2021).

3.1. Study Methods

The 2020 census-block population, housing, and 
geospatial data for Virginia were downloaded from the TIGER 
line dataset published by the U.S. Census Bureau (2021). 
The ratio of households using private-domestic wells in each 
census block was determined by dividing the 2020 estimated 
well count from Murray and others (2023) by the 2020 census 
housing-unit count. This well-use ratio was then multiplied 

EXPLANATION
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Figure 7.  Conceptual figure highlighting the resolution and concentration of various spatial disaggregation techniques applied 
to a hypothetical census block with 100 persons and 100 model cells: A, the houses and roads of a hypothetical census block, 
B, a uniform population distribution using all 100 model cells, C, simulated population distribution using linear feet of road in 32 of 
the model cells, and D, simulated population distribution using building density in 14 of the model cells.
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by the 2020 census-block population and rounded to the 
nearest whole person to estimate the self-supplied domestic 
population in each census block. Estimates for the 2010 
self-supplied domestic population and number of wells, used 
for comparison to previously published USGS estimates, were 
obtained by weighting the 2010 census block population and 
housing-unit counts to 2020 census block geographies using 
National Historic Geographic Information System (NHGIS) 
crosswalk tables (Manson and others, 2023), multiplying 
each by the 2020 well-use ratio, and rounding to the nearest 
whole number.

The primary dataset used for the spatially weighted 
estimated distribution of self-supplied domestic population 
was a 2018 building footprint sum analysis at 30-meter 
resolution, available for each state in the conterminous United 
States, by Heris and others (2020). For example, a 30-meter 
cell that was 50-percent covered by building footprints would 
have a cell value of 450 square meters. The building footprint 
dataset for Virginia (Heris and others, 2020) was re-projected 
in ArcGIS Pro to match the grid of the 2019 National Land 
Cover Database (Dewitz, 2021). A “Zonal Statistics” ArcGIS 
Pro tool was used to calculate the total building footprint 
area from all 30-meter cells within each 2020 census block 
(Esri Inc., 2023). The previously estimated self-supplied 
domestic population for each census block was divided by 
this total building footprint area, to derive a density value of 
the estimated self-supplied domestic population per square 
meter of building footprint. Using the “Polygon to Raster” 
and “Raster Calculator” ArcGIS Pro tools (Esri Inc., 2023), 
the density values unique to each 2020 census block were 
converted to a raster format and multiplied by the sum value 
of each cell in the building footprint dataset. This operation 
converts the density value into a number representing the 
estimated self-supplied domestic population for each 30-meter 
building footprint cell within any given census block.

Because of errors in either census or building footprint 
data, 2 percent of 2020 census blocks had a self-supplied 
domestic population greater than zero where no building 
footprints were identified. For these census blocks, the 2019 
National Land Cover Database (NLCD; Dewitz, 2021) 
was used as an alternate data source. The NLCD includes 
a developed cell classification generally defined by the 
percentage of impervious surface cover (Dewitz, 2021). 
Although impervious features other than residential housing 
(including roads, parking lots, or commercial and industrial 
structures) make the NLCD less desirable for spatially 
distributing the self-supplied domestic population, the wider 
categorization ensures fewer census blocks are omitted 
from the analysis. The 30-meter cells classified as high-, 
medium-, and low-intensity developed were extracted from 
the NLCD and converted to a raster value of 900, 600, and 
300, respectively. This conversion approximated square-meter 
values from the Heris and others (2020) building footprint 
summary dataset based on the percent of impervious cover 
from the NLCD cell classification. These NLCD-derived 

proxy values then were totaled for each census block and used 
in the same density and population conversion operations and 
calculations as the building footprints.

The final raster analysis combined the self-supplied 
domestic population estimated from the building footprints 
with the self-supplied domestic population estimated from the 
NLCD. By combining the estimates, the number of census 
blocks with a self-supplied domestic population greater than 
zero but with no identified building footprints or NLCD 
developed cells decreased to 0.1 percent of 2020 census 
blocks, representing 0.08 percent of the 2020 self-supplied 
domestic population. Without a corresponding building 
footprint or NLCD developed cell within the census block, this 
small part of the self-supplied domestic population is lost from 
the analysis. Temporal differences in the estimated population 
(2020), building footprints (2018), and NLCD (2019) data 
sources may provide some explanation of this variability, 
as does the potential of intentional noise or unintentional 
miscounts in the census data itself (Hill and others, 2022; U.S. 
Census Bureau, 2022).

Note that the mathematical operations of this 
disaggregation method will produce non-integer population 
estimates in each raster cell. The authors recommend that, if 
any rounding is necessary, it is delayed until raster cells are 
aggregated to the desired spatial zone or scale. For example, 
as a quality control check on the disaggregation technique, 
ArcGIS Pro’s “Zonal Statistics” (Esri Inc., 2023) was used 
to sum the 30-meter raster of estimated 2020 self-supplied 
domestic population for each census block in the Virginia 
Coastal Plain and compare it to the original values calculated 
from the 2020 census-block population and ratio of well use 
from Murray and others (2023). Aside from the 0.08 percent 
population discrepancy for census blocks without qualified 
building or development land-cover cells previously noted, the 
results were equivalent.

Self-supplied domestic population estimates were 
constrained to the Virginia Coastal Plain by extracting only 
those raster cells within the spatial extent of the Northern 
Atlantic Coastal Plain (Pope and others, 2016) with the 
“Extract by Mask” ArcGIS Pro tool (Esri Inc., 2023). The 
method used to estimate the spatial distribution of the 
self-supplied domestic population across the Virginia Coastal 
Plain is summarized in figure 8. Thirty-meter rasters of the 
estimated self-supplied domestic population of the Virginia 
Coastal Plain for 2020 and 2010 are available as a USGS data 
release in Kearns and Pope (2025).

3.2. Discussion of Results

In 2020, there were an estimated 475,332 people, 
approximately 12.5 percent of the total population, that 
depended upon private-domestic wells across the Virginia 
Coastal Plain.2 Because the 30-meter population raster 

2The total population was estimated from census blocks within the Virginia 
Coastal Plain.
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Figure 8.  Flow chart summarizing the method used to estimate the spatial distribution of the self-supplied domestic population across the Virginia Coastal Plain.



18    Estimated Distribution of Self-Supplied Domestic Groundwater Withdrawals for Aquifers of the Virginia Coastal Plain

0 10 20 30 40 50 MILES

0 10 20 30 40 50 KILOMETERS

Base map from Esri and its licensors, copyright 2023 
Albers Equal-Area Conic, standard parallels 29°30’ and 45°30’ N., central meridian 96° W.,
World Geodetic System of 1984

Localities from U.S. Census Bureau, 2021
Fall Zone and impact crater from U.S. Geological Survey, 2023b

Population from Murray and others, 2023

ATLANTIC O
CEAN

Chesapeake Bay

VIRGINIA

MARYLAND

NORTH CAROLINA

EXPLANATION

0.001013 to 25

25.001 to 100

100.001 to 250

250.001 to 500

500,001 to 1,962.483154

Locality boundary

Western extent of the Fall Zone

Self-supplied domestic population,
 in 2020, in person per square kilometer

37°30'

37°

38°30'

78°

38°

39°

77°30'

77

76°30'

76

75°30'

75
N

Figure 9.  Map showing the Virginia Coastal Plain self-supplied domestic population in 2020, aggregated to a  
1-kilometer grid.
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produced in this analysis has cells too small for practical use 
as a page-sized figure of the Virginia Coastal Plain in this 
report, the USGS 1-kilometer National Groundwater Model 
Grid (Clark and others, 2018) was used to aggregate the data 
release and is presented in figure 9. This figure indicates 
that, although the proportion of the population served by 
private-domestic wells is highest in the most rural areas of 
the Virginia Coastal Plain, a higher total population shifts the 
areas of greatest overall self-supplied domestic population to 
the suburban fringes of the larger cities. Other regions with 
significant self-supplied domestic population include the 
Virginia Eastern Shore and the Middle Peninsula.

The self-supplied domestic population of the Virginia 
Coastal Plain increased 5.7 percent during the period 2010–20; 
this increase is slightly less than the total population change 
of approximately 8 percent (fig. 10; table 4) estimated from 
census blocks within the Virginia Coastal Plain. The suburban 
fringe experienced the most self-supplied domestic population 
growth, and the more rural areas held constant or experienced 
slight decreases in population. As mentioned in section 3.1, 
it is critical to note that in the context of this analysis, any 
change in the self-supplied domestic population from 2010 to 
2020 is due solely to changing population dynamics in census 
blocks dependent upon private-domestic wells. The changes 
presented here are not due to expansion of PWS service areas 
over time, and the rate of well use was held constant from 
2010 to 2020 using Murray and others (2023).

The spatial disaggregation technique used in this study 
permits analysis of self-supplied domestic population at scales 
other than census blocks or county boundaries. Appendix 
1 contains an estimate of the 2010 and 2020 self-supplied 
domestic populations by HUC8 watersheds and appendix 2 
contains the 2010 and 2020 self-supplied domestic populations 
by HUC10 watersheds. Note that because these two different 
spatial units were rounded to the nearest whole person, 
totalized self-supplied domestic population values may vary 
slightly.

Comparisons to previous self-supplied domestic 
water-use studies can help ascertain the uncertainty of the 
estimates in this report. Pope and others (2008) had previously 
estimated the domestic self-supplied population of the Virginia 
Coastal Plain to be 514,390 in 2000. However, their 2000 
estimate is higher than the 475,332 estimated by this study for 
2020, despite the general population growth in the Virginia 
Coastal Plain in the intervening 20 years, and possibly 
indicative of even greater uncertainty in the methods or 
datasets used by Pope and others (2008). Other comparisons 
are possible using county-level estimates of water use for the 
Nation, including self-supplied domestic population, published 
by the USGS every 5 years since 1985; however, a transition 
in the methodology used at the national level has delayed 
the release of the 2020 estimates (U.S. Geological Survey, 
2024a). Therefore, at the time of publication, estimates made 
for the 2010 self-supplied domestic population by Maupin 
and others (2014) and Johnson and others (2019) provide the 
best opportunity to assess previous results against the analysis 

of this report (table 5). To compare equivalent population 
estimates, both Johnson and others (2019) and the results 
of this analysis were aggregated to the locality level for the 
50 localities with all or part of the locality in the Virginia 
Coastal Plain. In other words, although the population 
numbers presented in table 4 only include the portion of each 
locality within the Virginia Coastal Plain, the population 
numbers in table 5 also include the portions of those localities 
outside the Virginia Coastal Plain for the sake of comparison.

The 2010 estimate of self-supplied domestic population 
from this analysis closely aligns with that from Maupin and 
others (2014). It is 27 percent higher than the estimate made 
by Johnson and others (2019), which was done at a national 
scale with coarser census-block groups. Direct comparison 
beyond 2010 is difficult because of the temporal differences in 
the datasets. However, a relative comparison suggests a ratio 
of self-supplied domestic population to total population of 
12.6 percent in 2010 (Maupin and others, 2014), 10.7 percent 
in 2015 (Dieter and others, 2018), and 12.4 percent in 2020 
from this analysis. Given the reliance on private-domestic 
well-use data from 1990, the difficulty of obtaining datasets 
that represent the continued expansions to PWS service areas, 
and the lower estimates from Dieter and others (2018) and 
Johnson and others (2019), it is likely that the self-supplied 
domestic population estimates from this report are toward the 
upper end of the range of actual private-domestic well use.

3.3. Assumptions and Limitations

One of the primary limitations of self-supplied domestic 
population estimation is the reliance on the 1990 long-form 
census. For current high-resolution water-use modeling, 
this original census-block group dataset is coarse in scale 
and dated. Thirty years of subsequent development and 
population growth have undoubtedly altered the private 
well and public-supply conditions extant during the 1990 
census. Housing density thresholds have been explored by 
Johnson and others (2019) and Murray and others (2021) to 
account for new development and accompanying expansion 
of public supply; however, these modeled relations will 
not precisely hold in every census block. Furthermore, the 
retroactive application of 2020 census block private-well-use 
rates to 2010 in this report would capture increases and 
decreases in the self-supplied domestic population solely from 
census-block demographic change and not from PWS service 
area expansions.

Good data on the current extent of PWS service areas 
could supplement the 1990 long-form census data and other 
estimates of PWS or private well distribution, including 
Murray and others (2023). The authors of this report found 
PWS data within the Virginia Coastal Plain to be inconsistent, 
available in a patchwork from local governments or PWS, 
and with substantial variation in data quality, publication date, 
and update frequency. With a lack of consistent PWS service 
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Table 4.  Estimated self-supplied domestic population within the Virginia Coastal Plain in 2020 and 2010, by locality.

[FIPS, Federal Information Processing Standard]

FIPS 
code1 Locality

2020 self-supplied  
domestic population

2010 self-supplied  
domestic population

Self-supplied domestic  
population change

51001 Accomack County 26,578 26,917 −339
51013 Arlington County 0 0 0
51033 Caroline County 17,644 16,984 660
51036 Charles City County 6,677 7,164 −487
51041 Chesterfield County 7,988 6,471 1,517
51053 Dinwiddie County 6,762 6,680 82
51057 Essex County 8,460 8,763 −303
51059 Fairfax County 2,971 2,632 339
51073 Gloucester County 32,019 31,201 818
51081 Greensville County 4,454 4,882 −428
51085 Hanover County 33,185 28,837 4,348
51087 Henrico County 20,369 19,236 1,133
51093 Isle of Wight County 18,832 18,264 568
51095 James City County 12,769 10,743 2,026
51097 King and Queen County 6,508 6,861 −353
51099 King George County 16,595 14,910 1,685
51101 King William County 14,545 12,874 1,671
51103 Lancaster County 8,241 8,752 −511
51115 Mathews County 8,506 8,955 −449
51119 Middlesex County 9,595 10,069 −474
51127 New Kent County 16,986 14,190 2,796
51131 Northampton County 9,540 9,656 −116
51133 Northumberland County 10,606 11,200 −594
51149 Prince George County 20,404 19,011 1,393
51153 Prince William County 787 676 111
51159 Richmond County 6,806 6895 −89
51175 Southampton County 12,390 12,768 −378
51177 Spotsylvania County 8,043 7,053 990
51179 Stafford County 20,078 16,184 3,894
51181 Surry County 5,775 6,148 −373
51183 Sussex County 5,890 6,276 −386
51193 Westmoreland County 10,662 10,467 195
51199 York County 6,477 5,834 643
51510 City of Alexandria 0 0 0
51550 City of Chesapeake 24,351 20,949 3,402
51570 City of Colonial Heights 0 0 0
51595 City of Emporia 671 689 −18
51620 City of Franklin 0 0 0
51630 City of Fredericksburg 0 0 0
51650 City of Hampton 6,178 6,715 −537
51670 City of Hopewell 0 0 0
51700 City of Newport News 583 575 8
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area data for the entire Virginia Coastal Plain, the decision 
was made to use nationally available and (or) peer-reviewed 
datasets for our analysis.

For further analysis at local scales or in the fastest 
growing areas, the 30-meter raster dataset of 2020 
self-supplied domestic population estimates produced by 
the methodology described in this report could potentially 
be improved by using geographic information system 
(GIS) clipping or masking tools to remove the raster cells 
of self-supplied domestic population within a given spatial 
boundary dataset of a PWS service area. A PWS service area 
may contain private-domestic wells, but use of such wells in 
those areas would likely be greatly reduced. The USGS offers 
a national-scale estimate of PWS service area boundaries 
(Buchwald and others, 2022); however, service area proxies, 
such as municipal political limits, were used in areas of 
limited data availability, including for PWS in the Virginia 
Coastal Plain. Therefore, given the spatial and temporal 
variability of PWS service areas over time, obtaining the most 
recent GIS files from local authorities likely would prove more 
accurate. For example, the use of a 2009 GIS file of PWS 
service areas within the Hampton Roads Planning District 

Commission (HRPDC; I. Ozmon, Hampton Roads Planning 
District Commission, written commun., 2024) to extract the 
2020 self-supplied domestic population estimated from this 
analysis described in this report suggested 62,174 people 
use private-domestic wells within the HRPDC PWS service 
areas, against a total 2020 population of 1,415,651 (estimated 
from census blocks within the HRPDC PWS service areas; 
U.S. Census Bureau, 2021). Within the greater HRPDC 
PWS service area, the Virginia Beach PWS accounts for the 
largest share of this potential discrepancy, with an estimated 
22,162 self-supplied domestic population within the PWS 
service area of 434,245 people (approximately 5 percent). It 
is known that some private-domestic well use is occurring 
in the Virginia Beach PWS service area, particularly for 
outdoor water use (Eggleston, 2010); however, it is likely that 
the water-source data from the 1990 census and subsequent 
adjustments by Murray and others (2023) are not keeping 
pace with actual PWS expansion in this area. By applying this 
example to other fast-growing localities in Virginia Coastal 
Plain, the authors’ previous conclusion that this analysis likely 
represents the upper end of the actual self-supplied domestic 
population is further supported.

Table 4.  Estimated self-supplied domestic population within the Virginia Coastal Plain in 2020 and 2010, by locality.—Continued

[FIPS, Federal Information Processing Standard]

FIPS 
code1 Locality

2020 self-supplied  
domestic population

2010 self-supplied  
domestic population

Self-supplied domestic  
population change

51710 City of Norfolk 0 0 0
51730 City of Petersburg 312 306 6
51735 City of Poquoson 58 41 17
51740 City of Portsmouth 80 65 15
51760 City of Richmond 0 0 0
51800 City of Suffolk 18,596 17,358 1,238
51810 City of Virginia Beach 27,361 25,244 2,117
51830 City of Williamsburg 0 0 0
Total 475,332 449,495 25,837

1U.S. Census Bureau, 2021

Table 5.  Comparison of total population and self-supplied domestic populations from multiple sources for 50 localities in the Virginia 
Coastal Plain in 2010, 2015, and 2020.

Year
Total Self-supplied domestic

Population estimate Source Population estimate Source

2010 5,094,692 U.S. Census Bureau, 2021
503,367 Johnson and others, 2019
639,112 Kearns and Pope, 2025
640,509 Maupin and others, 2014

2015 5,373,515 U.S. Census Bureau, 2021 579,121 Dieter and others, 2018
2020 5,550,819 U.S. Census Bureau, 2021 687,019 Kearns and Pope, 2025
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Other assumptions and limitations apply to the 
distribution of the self-supplied domestic population within 
a census block. The primary dataset used for internal census 
block disaggregation was the building footprints estimate at 
30-meter resolution (Heris and others, 2020). Because this 
dataset makes no distinction between residential, commercial, 
industrial, institutional, or auxiliary structures, the method 
described herein equally distributed any self-supplied 
domestic population evenly across any building structure 
footprint within the census block. This does lead to error in 
“mixed use” census blocks where residential buildings are 
intertwined with other structures and population is distributed 
across nonresidential building footprints. However, because 
each census block has a unique self-supplied domestic 
population density value, any error within a census block is 
confined to that block, minimizing the overall impact of any 
erroneous distribution.

The building footprint dataset from Heris and others 
(2020) did not identify buildings in approximately 2 percent of 
census blocks with a population greater than zero. This is due 
either to an error with the census reporting a population in a 
block that has none, or an error within the building footprints 
dataset. The authors of this report noted possible remote 
sensing errors where isolated linear gaps in the building 
footprint dataset exist; these errors were most apparent in the 
Richmond suburbs. Furthermore, the mismatch between the 
2018 building footprint dataset and the 2020 census suggests 
the possibility of new residential construction in certain census 
blocks that would not show up in the slightly older building 
footprints. To fill in these data gaps, the 2019 NLCD was 
chosen to supplement the building footprint dataset because of 
its national extent and proximate temporal period. However, 
the NLCD categorization is broader than the building footprint 
dataset, encompassing all impervious surfaces—including 
buildings, parking lots, and roads—within the “developed” 
land-use classification. This broader definition ensures fewer 
census blocks with a population greater than zero are left 
without qualifying raster cells for the population density 
metrics performed in this analysis but would suggest that 
the self-supplied domestic population within those census 
blocks are distributed across cells that might not contain 
only residential structures. However, this tradeoff in using a 
broader dataset ensures that error of omission is reduced from 
2 percent to 0.1 percent of census blocks when the NLCD 
density analysis is combined with the building footprint 
density analysis in the final estimate of self-supplied domestic 
population. The remaining 0.1 percent of census blocks, 
representing 0.08 percent of the self-supplied domestic 
population, have no “qualifying” building footprint or NLCD 
developed raster cells to place the estimated population and 
are lost in the final raster analysis. Some of this discrepancy 
could be explained by errors in the 2020 census (such as 
estimated counts of people in blocks that have zero actual 
population) or by the statistical noise added by the U.S. 
Census Bureau to protect individual privacy (Hill and others, 
2022; U.S. Census Bureau, 2022).

Although this method for spatial disaggregation is 
intended to improve the resolution of self-supplied domestic 
population estimates, as the desired spatial coverage decreases 
in size (smaller area) the uncertainty of the estimate within 
proportionally increases. The intent of this data analysis was 
to support regional groundwater modeling and management 
efforts with reasonably accurate population and distribution 
estimates. Groundwater models or other use cases at extremely 
localized scales would benefit from additional data collection 
or verification of the estimates herein.

4. Temporal Distribution of 
Self-supplied Domestic Withdrawals 
in the Virginia Coastal Plain

Estimates of the rate and volume of self-supplied 
domestic water withdrawals are complicated by a lack of 
actual measurements, or for studies with measured data, 
limited in spatial and temporal extent (Kenny and Juracek, 
2012). Therefore, self-supplied domestic per-capita water-use 
coefficients are often derived from PWS withdrawals and 
service area population, assuming similar water use between 
households with private or public water supply. However, 
these PWS-derived per-capita water-use coefficients are 
themselves complicated by poor water-withdrawal delivery 
data (not all public water goes to domestic customers) and 
population estimates for the service area. Acknowledging 
these complications, this analysis uses previously published 
per-capita water-use coefficients to estimate self-supplied 
domestic water withdrawals.

Virginia’s domestic water use in 2015 was estimated to 
be 80 gallons per day (gal/d) per capita by Dieter and others 
(2018) using both public and private supply data. However, 
multiple studies across the United States have shown domestic 
water use to fluctuate seasonally, generally coinciding with 
increased outdoor water use during the summer growing 
season (Shaffer, 2009; Kenny and Juracek, 2012). Published 
ranges indicate seasonal variability between 10 and 25 percent 
above and below annual averages are common in regions 
climatically similar to the Virginia Coastal Plain (Shaffer and 
Runkle, 2007; Shaffer, 2009; Kenny and Juracek, 2012).

Rather than using PWS withdrawal data to estimate 
monthly per-capita self-supplied domestic water withdrawals 
directly, the method in this report uses the temporal trend 
from PWS withdrawal data to disaggregate Virginia’s 
published annual per-capita water-use coefficient to estimated 
monthly values.

4.1. Study Methods

This study refines the seasonal variability in domestic 
water use in the Virginia Coastal Plain with a localized, 
data-driven approach. Using a fundamental assumption that 
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households on public or private water supply would have 
similar water-use patterns, monthly water-withdrawal records 
from 293 PWSs from localities within the Virginia Coastal 
Plain were obtained from the VDEQ (G. Mahadwar, Virginia 
Department of Environmental Quality, written commun., 
2022) and assessed for temporal variation between 2010 
and 2019.

Forty-five of these PWSs were excluded from further 
analysis because of seasonality-exhibiting outlier behavior, 
defined in this report as any monthly water use above or below 
three standard deviations from the mean. PWSs with outlier 
monthly water use likely serve transient or non-community 
populations, such as a seasonal campground, that do not 
represent the water-use patterns of primary residents included 
within the self-supplied domestic population estimated from 
census data.

Depending on the community, a large portion of PWS 
withdrawals could be used for nondomestic (commercial, 
industrial, and so on) use, lost to leaks in the distribution 
system, or other factors generally uncharacteristic of 
private-domestic water use (Kenny and Juracek, 2012). Initial 
analysis suggested using the aggregate withdrawal for all 
PWSs would skew any temporal signal in favor of the biggest 
systems; the four largest PWSs account for more than half of 
all public-supply withdrawals in the Virginia Coastal Plain. 
An additional 28 PWSs with an average withdrawal over 
1 Mgal/d from 2010 to 2019 were therefore excluded from 
further analysis to isolate the smaller PWSs (assumed to be 
the closest match for domestic water use patterns) within the 
Virginia Coastal Plain. Using 80 gal/d per capita, this 1 Mgal/d 
threshold would approximate a community of 12,500 or 
fewer people. The remaining 220 systems, which withdrawal 
less than 1 Mgal/d, comprise 70 percent of the total number 
of PWSs in the Virginia Coastal Plain, but only account for 
2.5 percent of the total volume of PWS water withdrawal.

For these 220 PWSs within the Virginia Coastal Plain, 
the cumulative average withdrawal for each month from 
2010 to 2019 was divided by the days in each month. 
The monthly average gallons-per-day withdrawal was 
compared to the annual average gallons-per-day withdrawal, 
creating 12 monthly-to-annual water-use ratios. These 
monthly-to-annual ratios were multiplied by the annual 
average 80 gal/d per capita water-use established by Dieter 
and others (2018) to estimate the variation of monthly 
domestic water use (table 6).

The method used to estimate the temporal distribution 
of self-supplied domestic water withdrawals in the Virginia 
Coastal Plain is summarized in the flow chart of figure 11.

4.2. Discussion of Results

Applying Dieter and others’ (2018) annual estimate 
of 80 gal/d per capita to the monthly variability of PWS 
withdrawals in the Virginia Coastal Plain suggests domestic 
water use ranges from 72 to 93 gal/d per capita over the 
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course of a year. The general temporal variability suggests 
withdrawals from June to August are 12 percent higher than 
the annual average, and withdrawals from December to 
March are 8 percent lower than the annual average (fig. 12). 
This range is within the seasonal variability of self-supplied 
domestic water withdrawals from other studies in regions 
climatically similar to the Virginia Coastal Plain (Shaffer and 
Runkle, 2007; Shaffer, 2009; Kenny and Juracek, 2012).

Although the confined aquifers of the Virginia Coastal 
Plain are not affected by seasonal changes in groundwater 
recharge and availability, approximately 20 percent of 
private-domestic wells are screened in the surficial aquifer, 
as discussed in section 2.2 of this report. The higher rate 
of self-supplied domestic water withdrawal in summer 
coincides with elevated groundwater withdrawal from other 
uses (like irrigation) and lower groundwater recharge, driven 
by increased evapotranspiration. This seasonal mismatch in 
groundwater demand and supply from the surficial aquifer 
may strain resources during dry seasons or droughts, as the 
elevated summer withdrawal comes at a time when demand 
upon groundwater resources is highest.

It is critical to note that the VDEQ PWS 
water-withdrawal data were not used to directly revise 
quantitative estimates of annual or monthly per-capita 
water-use metrics. Only the monthly temporal variation of 
the PWS withdrawal above or below the annual average, 

Temporal analysis

Monthly PWS water 
withdrawal data  

Virginia’s annual domestic
self-supplied gallon-per-
day-per-capita estimate 

Calculate monthly self-
supplied domestic water

use per-capita 

Extract Month/annual
daily water withdrawal ratios 

Filter out PWS with 
seasonality, or withdrawals 

greater than 1 million gallons 
per day

Figure 11.  Flow chart summarizing the method used to estimate 
the temporal distribution of self-supplied domestic water 
withdrawals in the Virginia Coastal Plain. [PWS, public  
water system]
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Figure 12.  Bar graph showing the monthly variation of water withdrawals for 220 public 
water systems in the Virginia Coastal Plain from 2010 to 2019 applied to Dieter and others’ 
(2018) annual self-supplied domestic water-use estimate of 80 gallons per day per capita.
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a dimensionless ratio, was applied to previously published 
annual water-use estimates to disaggregate the annual value 
for use in monthly estimates for water-use modeling or other 
purposes. Therefore, these monthly ratios could be similarly 
applied to disaggregate previous or future annual water-use 
estimates. Tabular data of the monthly ratios and estimated 
monthly self-supplied domestic water withdrawal for the 
Virginia Coastal Plain are available as a USGS data release in 
Kearns and Pope (2025).

4.3. Assumptions and Limitations

Because self-supplied domestic water withdrawals are 
rarely metered or reported, USGS estimates have typically 
used a coefficient-based approach, multiplying an estimate 
of the self-supplied domestic population by an estimate of 
daily per-capita water use. These coefficients are averages 
often derived from population estimates in areas served by 
public supply and a general representation of the numerous 
ways water is used indoors and outdoors at private residences 
(Dieter and others, 2018). By applying a single, average value 
for all self-supplied domestic water use across the Virginia 
Coastal Plain, the greatest uncertainty will exist at the smallest 
scales, at which localized conditions or factors may cause 
deviation from the mean. As one example, the extent of 
outdoor water use in Virginia Beach previously documented 
by Eggleston (2010) may not be sufficiently represented 
by Virginia’s average of 80 gal/d per capita for domestic 
water use estimated by Dieter and others (2018) and used in 
this report.

Previous research by Kenny and Juracek (2012) suggests 
there are many demographic and socioeconomic variables that 
correlate with domestic water use, including population age, 
housing density, housing stock age, and income level. These 
variables may be proxies for conditions with a direct impact on 
water use, including the use of water-saving appliances in the 
home and the presence and extent of outdoor irrigation. The 
complexity, variability, and availability of these demographic 
or socioeconomic variables makes refining self-supplied 
domestic water-use estimates with this information beyond 
the scope of this report. However, the USGS has a national 
effort underway to use large machine-learning models to 
further refine self-supplied domestic water-use estimates (U.S. 
Geological Survey, 2024a).

5. Estimated Self-Supplied Domestic 
Water Withdrawal in the Virginia 
Coastal Plain

The component results from sections 2, 3, and 4 of this 
report can be combined to produce an estimate of the total 
self-supplied domestic water withdrawal in the Virginia 
Coastal Plain with respect to source aquifer proportions, 

population distribution, and temporal period. Table 7 contains 
self-supplied domestic water withdrawal estimates aggregated 
by locality, using the average annual estimate of 80 gal/d 
per capita (Dieter and others, 2018). However, information 
elsewhere in this report and the associated data release 
(Kearns and Pope, 2025) would permit analysis at other spatial 
scales, including HUC8 or HUC10 watersheds, and at monthly 
timesteps.

The aquifer subtotals of the estimated self-supplied 
domestic water withdrawal indicate the relative importance 
of the Potomac, Yorktown-Eastover, and surficial aquifers. 
Combined, these three aquifers account for 80 percent of the 
total withdrawal. The total estimated self-supplied domestic 
water withdrawal of nearly 38 million gallons per day (annual 
average) for the Virginia Coastal Plain is similar to that found 
by Pope and others (2008). However, that similarity masks the 
complexity of comparing numbers or values generated from 
different methods and assumptions. In section 3, the estimated 
self-supplied domestic population used by Pope and others 
(2008) for the year 2000 was determined to be higher than the 
estimated self-supplied domestic population for 2020 using the 
methods in this report. The similarity in the overall estimated 
water withdrawal is because of the use of the per-capita 
water-use estimate (75 gal/d per capita) available at the time of 
publication in Pope and others (2008), which was lower than 
that used in this study (80 gal/d per capita). This difference 
highlights some of the uncertainty in the per-capita water use 
coefficient approach: a small change can have a substantial 
impact at larger scales and aggregate calculations use multiple 
variables that can change over time or area. Furthermore, 
this difference suggests that population changes do not 
necessarily generate directly proportional changes in overall 
water use. More or less per-capita water use can either offset 
or compound changes in population size and the subsequent 
water withdrawal.

The combination of these component results into 
aggregate self-supplied domestic water withdrawal estimates 
for the Virginia Coastal Plain carries forward all the 
assumptions, limitations, and potential error sources of each 
component method, data, and result. The selection of the 
spatial units for any aggregation will have considerable impact 
on the resulting water withdrawal estimate. One would get 
an entirely different result for self-supplied domestic water 
withdrawal by multiplying the total self-supplied domestic 
population (table 4) by the overall aquifer distribution within 
the entire Virginia Coastal Plain (table 2) and the 80 gal/d 
per capita annual average. This discrepancy exists because 
the population using private domestic wells is not uniformly 
distributed, the use of specific aquifers varies geographically, 
and the spatial distribution of available well records does 
not correspond to the population distribution. Therefore, it is 
appropriate to compute withdrawal estimates only at scales for 
which well data and population can be more closely aligned. 
The authors recommend computing overall self-supplied 
domestic water withdrawal estimates at smaller spatial scales, 
such as the localities presented in table 7, and then aggregating 
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Table 7.  Estimated self-supplied domestic water withdrawal in the Virginia Coastal Plain in 2020, by aquifer and locality, in million 
gallons per day, using an annual average of 80 gallons per day per capita.

[FIPS, Federal Information Processing Standard, Mgal/d, million gallons per day. Units of estimated withdrawal values are in million gallons per day]

FIPS 
code1 Locality Surficial

Yorktown-
Eastover

St. 
Marys

Piney 
Point

Aquia
Virginia 
Beach

Potomac Basement
Total 

Mgal/d

51001 Accomack County 0.09 2.04 0.00 0.00 0.00 0.00 0.00 0.00 2.13
51013 Arlington County 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
51033 Caroline County 0.86 0.00 0.00 0.01 0.08 0.00 0.34 0.12 1.41
51036 Charles City County 0.10 0.00 0.00 0.20 0.03 0.00 0.20 0.00 0.53
51041 Chesterfield County 0.28 0.00 0.00 0.00 0.00 0.00 0.05 0.31 0.64
51053 Dinwiddie County 0.35 0.00 0.00 0.00 0.00 0.00 0.03 0.16 0.54
51057 Essex County 0.14 0.00 0.00 0.35 0.07 0.00 0.12 0.00 0.68
51059 Fairfax County 0.01 0.00 0.00 0.00 0.00 0.00 0.12 0.11 0.24
51073 Gloucester County 0.35 2.00 0.00 0.03 0.04 0.00 0.13 0.00 2.55
51081 Greensville County 0.17 0.00 0.00 0.00 0.00 0.00 0.00 0.18 0.35
51085 Hanover County 1.39 0.00 0.00 0.00 0.01 0.00 0.75 0.51 2.66
51087 Henrico County 0.27 0.00 0.00 0.01 0.00 0.00 1.13 0.22 1.63
51093 Isle of Wight County 0.07 0.02 0.00 0.02 0.07 0.00 1.34 0.00 1.52
51095 James City County 0.02 0.03 0.00 0.78 0.07 0.00 0.12 0.00 1.02
51097 King and Queen County 0.17 0.01 0.00 0.27 0.02 0.00 0.05 0.00 0.52
51099 King George County 0.30 0.00 0.00 0.07 0.10 0.00 0.86 0.00 1.33
51101 King William County 0.14 0.00 0.00 0.28 0.08 0.00 0.66 0.01 1.17
51103 Lancaster County 0.09 0.04 0.00 0.08 0.00 0.00 0.45 0.00 0.66
51115 Mathews County 0.00 0.67 0.00 0.01 0.00 0.00 0.00 0.00 0.68
51119 Middlesex County 0.16 0.36 0.00 0.08 0.01 0.00 0.16 0.00 0.77
51127 New Kent County 0.24 0.01 0.00 0.51 0.08 0.00 0.51 0.00 1.35
51131 Northampton County 0.09 0.68 0.00 0.00 0.00 0.00 0.00 0.00 0.77
51133 Northumberland County 0.08 0.05 0.00 0.33 0.03 0.00 0.35 0.00 0.84
51149 Prince George County 0.32 0.35 0.00 0.00 0.03 0.00 0.93 0.00 1.63
51153 Prince William County 0.01 0.00 0.00 0.00 0.00 0.00 0.01 0.04 0.06
51159 Richmond County 0.03 0.00 0.00 0.41 0.07 0.00 0.03 0.00 0.54
51175 Southampton County 0.03 0.03 0.00 0.00 0.02 0.06 0.86 0.00 1.00
51177 Spotsylvania County 0.53 0.00 0.00 0.00 0.03 0.00 0.04 0.04 0.64
51179 Stafford County 0.40 0.00 0.00 0.00 0.21 0.00 0.94 0.05 1.60
51181 Surry County 0.08 0.03 0.00 0.01 0.07 0.00 0.28 0.00 0.47
51183 Sussex County 0.19 0.07 0.00 0.00 0.00 0.00 0.20 0.01 0.47
51193 Westmoreland County 0.11 0.02 0.00 0.45 0.13 0.00 0.15 0.00 0.86
51199 York County 0.02 0.36 0.00 0.13 0.01 0.00 0.01 0.00 0.53
51510 City of Alexandria 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
51550 City of Chesapeake 0.35 1.59 0.00 0.00 0.00 0.00 0.00 0.00 1.94
51570 City of Colonial Heights 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
51595 City of Emporia 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.05 0.05
51620 City of Franklin 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
51630 City of Fredericksburg 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
51650 City of Hampton 0.00 0.49 0.00 0.00 0.00 0.00 0.00 0.00 0.49
51670 City of Hopewell 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
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subtotals from these smaller units if more generalized totals 
are required. This small-scale to large-scale approach better 
leverages the strengths of the high-resolution analysis 
of this report compared to previous estimation methods. 
However, this approach is not without its own shortcomings 
because some spatial areas or localities, such as Petersburg, 
have an indicated self-supplied domestic population but no 
corresponding well records with which to distribute water use 
among the aquifers of the Virginia Coastal Plain, removing 
that (small) population from the total water use calculation.

6. Summary
Self-supplied domestic water withdrawals account 

for a substantial portion of the total fresh groundwater 
withdrawal in the Virginia Coastal Plain Physiographic 
Province (henceforth called “Virginia Coastal Plain”). 
Continuous improvement to the techniques used to estimate 
the hydrogeologic source, location, magnitude, and timing 
of these withdrawals are needed to fill in gaps from limited 
data on private-domestic wells. This report builds upon 
the foundation from previous investigations and presents 
revised methodologies that incorporate recent improvements 
in electronic well records, hydrogeologic modeling, 
high-resolution land-use and land-cover data, and census block 
well-count estimates.

The aquifer distribution of self-supplied domestic water 
withdrawals from groundwater throughout the Virginia Coastal 
Plain was modeled using well-construction information 
from the Virginia Department of Environmental Quality 
and the Virginia Department of Health cross-referenced to 

a digital model of the Virginia Coastal Plain hydrogeologic 
framework. The specific location and depth information in 
the well-construction databases and hydrogeologic model is 
more detailed than the county-level aggregate statistics used 
to estimate source-aquifer distribution by Pope and others 
(2008). Our analysis highlights regional patterns in aquifer 
use consistent with current geologic understanding of aquifer 
extent, water quality, and yield. The Yorktown-Eastover, 
surficial, and Potomac aquifers are the most important 
water sources for private-domestic wells, accounting for an 
estimated 80 percent of total self-supplied domestic water use.

The location of private-domestic wells across the Virginia 
Coastal Plain was approximated with a high-resolution 
estimate of the self-supplied domestic population. Population 
and well-use estimates from 2020 census blocks were 
disaggregated into a raster-based population dataset using 
building footprints and land-use and land-cover data. In 
contrast, Pope and others (2008) used methods that distributed 
population along the road network but could not distinguish 
between roads through developed areas and roads through 
unpopulated fields or forests. This revised method reduces the 
total area of population distribution, reducing the low-density 
spread of water use across a larger area, and concentrating 
the private self-supplied domestic population and its 
corresponding water use in the areas it is most likely to exist. 
Our results show the greatest concentration of self-supplied 
domestic population in the suburbs surrounding the larger 
cities of the Virginia Coastal Plain, and overall growth in the 
self-supplied domestic population of 7.5 percent since 2010.

The quantity of water used by the self-supplied 
domestic population was estimated with published state 
per-capita statistics, modified by seasonal variability in 
water withdrawals from trends in local public water-supply 

Table 7.  Estimated self-supplied domestic water withdrawal in the Virginia Coastal Plain in 2020, by aquifer and locality, in million 
gallons per day, using an annual average of 80 gallons per day per capita.—Continued

[FIPS, Federal Information Processing Standard, Mgal/d, million gallons per day. Units of estimated withdrawal values are in million gallons per day]

FIPS 
code1 Locality Surficial

Yorktown-
Eastover

St. 
Marys

Piney 
Point

Aquia
Virginia 
Beach

Potomac Basement
Total 

Mgal/d

51700 City of Newport News 0.04 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.04
51710 City of Norfolk 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
51730 City of Petersburg 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
51735 City of Poquoson 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
51740 City of Portsmouth 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
51760 City of Richmond 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
51800 City of Suffolk 0.55 0.19 0.00 0.01 0.01 0.10 0.63 0.00 1.49
51810 City of Virginia Beach 0.97 1.22 0.00 0.00 0.00 0.00 0.00 0.00 2.19

51830 City of Williamsburg 
City 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Total 9.00 10.26 0.00 4.04 1.27 0.16 11.45 1.81 37.99

1U.S. Census Bureau, 2021
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withdrawals. Local analysis matches previously published 
results in the eastern United States, suggesting higher amounts 
of water use June through August and correspondingly 
lower water use December through March. This increased 
summer water use coincides with a general decrease in 
water availability because of higher evapotranspiration. 
Although the confined aquifers of the Virginia Coastal Plain 
are largely insulated from seasonal fluctuation, availability 
of water resources could be a concern for the fraction of 
private-domestic wells (20 percent) in the surficial aquifer.

Results in this report confirm many of the general 
trends and findings in Pope and others (2008) with updated 
methodologies that leverage advances in data availability to 
increase resolution geologically, spatially, and temporally. 
The combination of source aquifer proportions, self-supplied 
domestic population distribution, and monthly quantity of 
per-capita domestic water use in this report can be used 
to simulate private-domestic wells at various resolutions, 
supporting water-resource managers and future groundwater 
modeling efforts.
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Glossary
localities  Counties and independent cities. The U.S. Census Bureau considers independent 
cities to be county-equivalent entities for most purposes and includes independent 
cities with counties as primary subdivisions of a state. Virginia is one of four States with 
independent cities.

domestic water use  Also called “household” water use, this category includes water used 
for all indoor household purposes, such as drinking, preparing food, bathing, clothes and dish 
washing, and toilet flushing, and for outdoor purposes, such as lawn and garden watering.

private-domestic well  A private well supplying water to an individual residence for domestic 
use. Refer to “domestic water use.”

self-supplied domestic population  The number of self-supplied domestic water users in a 
given area. Refer to “domestic water use.”

self-supplied domestic water use  Domestic use of water withdrawn directly from the source 
by a user. Refer to “domestic water use.”

self-supplied domestic water withdrawal  Water withdrawn directly from the source by a 
user for domestic use. Refer to “domestic water use.”

public supply  Water withdrawn by public and private water suppliers that furnish water to at 
least 25 people or have a minimum of 15 connections. Water is publicly supplied for a variety of 
uses, including domestic, commercial, industrial, and thermoelectric uses.
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Appendix 1.  Private-Domestic Well Aquifer Distribution and Self-Supplied 
Domestic Population for HUC8 Watersheds in the Virginia Coastal Plain, 2010–20

The Virginia Coastal Plain includes all or part of 22 watersheds at the 8-digit hydrologic unit code (HUC8) scale that 
have an average size of 1,210 square miles (U.S. Geological Survey, 2023). Although groundwater hydrology does not 
necessarily align with surface-water watersheds, aggregation of relevant groundwater data to HUC8 watersheds could be used 
by water-resource managers to, for example, compare groundwater withdrawals to surface-water withdrawals or compute total 
water budgets.

For the aquifer analysis, screen depth (or well depth) and coordinates from 8,264 private-domestic well records were 
obtained from the Virginia Department of Health (M. Senseman, written commun., 2021) and the Virginia Department of 
Environmental Quality (T.S. Bruce, written commun., 2019) and evaluated against land-surface and hydrogeologic unit 
elevations extracted from digital models of Virginia Coastal Plain aquifers (Pope and others, 2016; Ladd and others, 2024). 
Estimated aquifer-utilization percentages were then aggregated to HUC8 watersheds as shown in table 1.1. Note that watersheds 
with fewer well records are subject to increasing uncertainty and approach the limits of representative aggregation.

Estimates of the 2020 and 2010 self-supplied domestic population were made using census-block housing and population 
counts (U.S. Census Bureau, 2021) with private-domestic well-use ratios derived from Murray and others (2023). Census-block 
self-supplied domestic population estimates were spatially disaggregated to a 30-meter raster using building footprints (Heris 
and others, 2020) and developed land use from the 2019 National Land Cover Dataset (Dewitz, 2021). ArcGIS Pro’s “Zonal 
Statistics” (Esri Inc., 2023) was used to summarize the 2020 and 2010 self-supplied domestic population rasters by HUC8 
watersheds, rounded to the nearest whole person, and presented in table 1.2. Note that, due to rounding different spatial units to 
the nearest whole person, totalized self-supplied domestic population values may vary slightly.
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Table 1.1.  Aquifer distribution by watershed at the 8-digit hydrologic unit (HUC8) scale watershed from analysis of 8,264 private-domestic well records in the Virginia  
Coastal Plain. 

HUC8 HUC8 name
Number 
of well 
records

Percent of wells per aquifer

Surficial
Yorktown-
Eastover

St. Marys Piney Point Aquia
Virginia 
Beach

Potomac Basement

02040303 Chincoteague 127 3.15 96.85 0.00 0.00 0.00 0.00 0.00 0.00
02040304 Eastern Lower Delmarva 468 6.62 93.38 0.00 0.00 0.00 0.00 0.00 0.00

02070010 Middle Potomac-Anacostia-
Occoquan 82 8.54 0.00 0.00 0.00 0.00 0.00 32.93 58.54

02070011 Lower Potomac 882 18.03 0.57 0.00 14.97 7.26 0.00 56.58 2.61
02080101 Lower Chesapeake Bay 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
02080102 Great Wicomico-Piankatank 286 12.94 62.24 0.00 5.59 0.70 0.00 18.53 0.00
02080104 Lower Rappahannock 728 41.76 4.53 0.00 11.68 12.77 0.00 28.02 1.24
02080105 Mattaponi 515 52.43 0.00 0.00 8.35 4.27 0.00 27.18 7.77
02080106 Pamunkey 536 43.10 0.19 0.00 9.33 3.17 0.00 34.14 10.07
02080107 York 242 9.92 39.26 0.00 42.56 3.72 0.00 4.55 0.00
02080108 Lynnhaven-Poquoson 234 49.57 50.43 0.00 0.00 0.00 0.00 0.00 0.00
02080110 Tangier 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

02080111 Pokomoke-Western Lower 
Delmarva 780 6.41 93.59 0.00 0.00 0.00 0.00 0.00 0.00

02080205 Middle James-Willis 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
02080206 Lower James 755 15.89 1.85 0.00 23.97 5.03 0.00 45.30 7.95
02080207 Appomattox 48 39.58 0.00 0.00 0.00 0.00 0.00 18.75 41.67
02080208 Hampton Roads 1,118 25.49 59.21 0.09 0.18 0.00 0.00 15.03 0.00
03010201 Nottoway 153 29.41 5.88 0.00 0.00 1.31 4.58 47.06 11.76
03010202 Blackwater 164 11.59 6.71 0.00 0.61 0.61 2.44 78.05 0.00
03010203 Chowan 71 2.82 0.00 0.00 0.00 1.41 36.62 57.75 1.41
03010204 Meherrin 31 25.81 3.23 0.00 0.00 0.00 0.00 32.26 38.71
03010205 Albemarle 1,044 28.07 69.44 0.00 0.10 0.10 0.86 1.44 0.00
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Table 1.2.  Estimated self-supplied domestic population within the Virginia Coastal Plain by watershed at the 8-digit hydrologic unit 
(HUC8) scale, 2020 and 2010.

HUC8 HUC8 name
2020 self-supplied  

domestic population
2010 self-supplied 

 domestic population
Self-supplied domestic  

population change

02040303 Chincoteague 3,772 3,130 642
02040304 Eastern Lower Delmarva 16,721 16,705 16

02070010 Middle Potomac-Anacostia-
Occoquan 3,345 2,948 397

02070011 Lower Potomac 38,457 34,550 3,907
02080101 Lower Chesapeake Bay 0 0 0
02080102 Great Wicomico-Piankatank 38,660 39,036 −376
02080104 Lower Rappahannock 46,756 45,840 916
02080105 Mattaponi 29,126 27,871 1,255
02080106 Pamunkey 36,900 31,802 5,098
02080107 York 25,620 24,172 1,448
02080108 Lynnhaven-Poquoson 19,654 19,078 576
02080110 Tangier 387 644 −257

02080111 Pokomoke-Western Lower 
Delmarva 20,491 21,028 −537

02080205 Middle James-Willis 0 0 0
02080206 Lower James 81,497 74,331 7,166
02080207 Appomattox 7,387 6,538 849
02080208 Hampton Roads 19,613 17,540 2,073
03010201 Nottoway 21,074 21,494 −420
03010202 Blackwater 25,971 25,971 0
03010203 Chowan 3,858 3,688 170
03010204 Meherrin 4,849 5,289 −440
03010205 Albemarle 31,196 27,837 3,359
Total 475,334 449,492 25,842
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Appendix 2.  Private-Domestic Well-Aquifer Distribution and Self-Supplied 
Domestic Population for HUC10 Watersheds in the Virginia Coastal 
Plain, 2010–20

The Virginia Coastal Plain includes all or part of 90 watersheds at the 10-digit hydrologic unit code (HUC10) scale that 
have an average size of 170 square miles. (U.S. Geological Survey, 2023) While groundwater hydrology does not necessarily 
align with surface-water watersheds, aggregation of relevant groundwater data to HUC10 watersheds may be of use to 
water-resource managers: comparing groundwater withdrawals to surface-water withdrawals or computing total water budgets, 
for example.

For the aquifer analysis, screen depth (or well depth) and coordinates from 8,264 private-domestic-well records were 
obtained from the Virginia Department of Health (M. Senseman, written commun., 2021) and the Virginia Department of 
Environmental Quality (T.S. Bruce, written commun., 2019) and evaluated against land-surface and hydrogeologic unit 
elevations extracted from digital models of Virginia Coastal Plain aquifers (Pope and others, 2016; Ladd and others, 2024). 
Estimated aquifer-utilization percentages were then aggregated to USGS HUC10 watersheds as shown in table 2.1. Caution is 
advised in watersheds with fewer well records, increasing uncertainty and approaching the limits of representative aggregation.

Estimates of the 2020 and 2010 self-supplied domestic population were made using census-block housing and population 
counts (U.S. Census Bureau, 2021) with private-domestic well-use ratios derived from Murray and others (2023). Census-block 
self-supplied domestic population estimates were spatially disaggregated to a 30-meter raster using building footprints (Heris 
and others, 2020) and developed land use from the 2019 National Land Cover Dataset (Dewitz, 2021). ArcGIS Pro’s “Zonal 
Statistics” (Esri Inc., 2023) was used to summarize the 2020 and 2010 self-supplied domestic population rasters by USGS 
HUC10 watersheds, rounded to the nearest whole person, and presented in table 2.2. Note that, because of rounding different 
spatial units to the nearest whole person, totalized self-supplied domestic population values may vary slightly.
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Table 2.1.  Aquifer distribution by watershed at the 10-digit hydrologic unit code (HUC10) scale from analysis of 8,264 private-domestic well records in the Virginia Coastal Plain.

HUC10 HUC10 name
Number 
of well 
records

Percent of wells per aquifer

Surficial
Yorktown-
Eastover

St. Marys Piney Point Aquia
Virginia 
Beach

Potomac Basement

0204030305 Lower Chincoteague Bay 127 3.15 96.85 0.00 0.00 0.00 0.00 0.00 0.00
0204030306 Assateague Island-Atlantic Ocean 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0204030401 Metompkin Bay-Burtons Bay 318 5.35 94.65 0.00 0.00 0.00 0.00 0.00 0.00

0204030402 Machipongo River-Hog Island 
Bay 100 5.00 95.00 0.00 0.00 0.00 0.00 0.00 0.00

0204030403 Magothy Bay-Cobb Bay 45 13.33 86.67 0.00 0.00 0.00 0.00 0.00 0.00
0204030404 Parramore Island-Atlantic Ocean 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0204030405 Rudee Inlet-Atlantic Ocean 5 60.00 40.00 0.00 0.00 0.00 0.00 0.00 0.00
0207001001 Rock Creek-Potomac River 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0207001003 Cameron Run-Potomac River 19 0.00 0.00 0.00 0.00 0.00 0.00 47.37 52.63
0207001004 Pohick Creek 14 7.14 0.00 0.00 0.00 0.00 0.00 42.86 50.00
0207001008 Occoquan River-Potomac River 49 12.24 0.00 0.00 0.00 0.00 0.00 24.49 63.27
0207001101 Quantico Creek-Potomac River 34 20.59 0.00 0.00 0.00 2.94 0.00 41.18 35.29
0207001102 Potomac Creek-Potomac River 419 19.57 0.00 0.00 0.00 7.88 0.00 69.93 2.63
0207001103 Nanjemoy Creek-Potomac River 33 15.15 0.00 0.00 0.00 3.03 0.00 81.82 0.00

0207001106 Upper Machodoc Creek-Frontal 
Potomac River 269 21.56 0.00 0.00 11.15 9.29 0.00 57.99 0.00

0207001108 Nomini Creek-Frontal Potomac 
River 127 5.51 3.94 0.00 80.31 3.15 0.00 7.09 0.00

0208010201 Great Wicomico River-Frontal 
Chesapeake Bay 52 11.54 7.69 0.00 5.77 1.92 0.00 73.08 0.00

0208010202 Dragon Swamp 24 37.50 8.33 0.00 50.00 0.00 0.00 4.17 0.00

0208010203 Piankatank River-Frontal 
Chesapeake Bay 88 11.36 71.59 0.00 0.00 1.14 0.00 15.91 0.00

0208010204 Mobjack Bay-Frontal Chesapeke 
Bay 122 9.84 89.34 0.00 0.82 0.00 0.00 0.00 0.00

0208010401 Massaponax Creek-Rappahannock 
River 390 60.77 0.00 0.00 0.00 16.15 0.00 20.77 2.31

0208010402 Mill Creek-Rappahannock River 91 29.67 0.00 0.00 1.10 7.69 0.00 61.54 0.00

0208010403 Occupacia Creek-Rappahannock 
River 42 21.43 0.00 0.00 19.05 14.29 0.00 45.24 0.00

0208010404 Cat Point Creek-Rappahannock 
River 50 16.00 0.00 0.00 40.00 28.00 0.00 16.00 0.00
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Table 2.1.  Aquifer distribution by watershed at the 10-digit hydrologic unit code (HUC10) scale from analysis of 8,264 private-domestic well records in the Virginia  
Coastal Plain.—Continued

HUC10 HUC10 name
Number 
of well 
records

Percent of wells per aquifer

Surficial
Yorktown-
Eastover

St. Marys Piney Point Aquia
Virginia 
Beach

Potomac Basement

0208010405 Totuskey Creek-Rappahannock 
River 34 11.76 0.00 0.00 82.35 5.88 0.00 0.00 0.00

0208010406 Lancaster Creek-Rappahannock 
River 50 12.00 18.00 0.00 50.00 2.00 0.00 18.00 0.00

0208010407 Corrotoman River-Rappahannock 
River 71 18.31 33.80 0.00 4.23 0.00 0.00 43.66 0.00

0208010501 Poni River 135 83.70 0.00 0.00 0.00 3.70 0.00 10.37 2.22
0208010502 Matta River-Mattaponi River 121 58.68 0.00 0.00 0.00 3.31 0.00 16.53 21.49
0208010503 Polecat Creek-Mattaponi River 66 53.03 0.00 0.00 0.00 10.61 0.00 21.21 15.15
0208010504 Maracossic Creek 47 57.45 0.00 0.00 0.00 2.13 0.00 40.43 0.00
0208010505 Chapel Creek-Mattaponi River 117 16.24 0.00 0.00 18.80 3.42 0.00 60.68 0.85
0208010506 Garnetts Creek-Mattaponi River 29 17.24 0.00 0.00 72.41 3.45 0.00 6.90 0.00
0208010603 Lower South Anna River 40 25.00 0.00 0.00 0.00 0.00 0.00 0.00 75.00
0208010607 Little River 5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 100.00

0208010608 Northeast Creek-North Anna 
River 29 68.97 0.00 0.00 0.00 0.00 0.00 3.45 27.59

0208010609 Upper Pamunkey River 244 57.38 0.00 0.00 0.00 0.82 0.00 37.30 4.51
0208010610 Middle Pamunkey River 154 35.06 0.00 0.00 10.39 1.95 0.00 52.60 0.00
0208010611 Lower Pamunkey River 64 10.94 1.56 0.00 53.13 18.75 0.00 15.63 0.00
0208010701 Upper York River 146 10.96 19.86 0.00 58.22 4.79 0.00 6.16 0.00
0208010702 Lower York River 96 8.33 68.75 0.00 18.75 2.08 0.00 2.08 0.00

0208010801 Back River-Frontal Chesapeake 
Bay 69 2.90 97.10 0.00 0.00 0.00 0.00 0.00 0.00

0208010802 Lynnhaven River-Frontal 
Chesapeake Bay 165 69.09 30.91 0.00 0.00 0.00 0.00 0.00 0.00

0208011006 Lower Tangier Sound 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0208011104 Pitts Creek-Pocomoke River 51 3.92 96.08 0.00 0.00 0.00 0.00 0.00 0.00

0208011105 Marumsco Creek-Pocomoke 
Sound 13 0.00 100.00 0.00 0.00 0.00 0.00 0.00 0.00

0208011106 Messongo Creek-Frontal 
Pocomoke Sound 123 2.44 97.56 0.00 0.00 0.00 0.00 0.00 0.00

0208011107 Deep Creek-Pocomoke Sound 175 2.29 97.71 0.00 0.00 0.00 0.00 0.00 0.00
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Table 2.1.  Aquifer distribution by watershed at the 10-digit hydrologic unit code (HUC10) scale from analysis of 8,264 private-domestic well records in the Virginia  
Coastal Plain.—Continued

HUC10 HUC10 name
Number 
of well 
records

Percent of wells per aquifer

Surficial
Yorktown-
Eastover

St. Marys Piney Point Aquia
Virginia 
Beach

Potomac Basement

0208011108 Pungoteague Creek-Frontal 
Chesapeake Bay 267 4.87 95.13 0.00 0.00 0.00 0.00 0.00 0.00

0208011109 Cherrystone Inlet-Frontal 
Chesapeake Bay 151 18.54 81.46 0.00 0.00 0.00 0.00 0.00 0.00

0208020601 Falling Creek-James River 102 24.51 0.00 0.00 0.00 0.00 0.00 49.02 26.47
0208020602 Herring Creek-James River 29 13.79 10.34 0.00 13.79 3.45 0.00 58.62 0.00

0208020603 Upper Chippokes Creek-James 
River 19 21.05 5.26 0.00 0.00 26.32 0.00 47.37 0.00

0208020604 Upper Chickahominy River 53 37.74 0.00 0.00 0.00 0.00 0.00 0.00 62.26
0208020605 Middle Chickahominy River 210 20.95 0.00 0.00 18.57 1.90 0.00 58.57 0.00
0208020606 Lower Chickahominy River 142 3.52 2.82 0.00 72.54 11.97 0.00 9.15 0.00
0208020607 Powhatan Creek-James River 59 6.78 5.08 0.00 44.07 5.08 0.00 38.98 0.00
0208020608 Lawnes Creek-James River 24 0.00 4.17 0.00 33.33 4.17 0.00 58.33 0.00
0208020609 Pagan River-James River 117 11.97 1.71 0.00 0.85 5.98 0.00 79.49 0.00
0208020708 Lake Chesdin-Appomattox River 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0208020709 Swift Creek 12 41.67 0.00 0.00 0.00 0.00 0.00 0.00 58.33
0208020710 Ashton Creek-Appomattox River 36 38.89 0.00 0.00 0.00 0.00 0.00 25.00 36.11
0208020801 Nansemond River 292 33.90 9.59 0.34 0.34 0.00 0.00 55.82 0.00
0208020802 Elizabeth River 787 20.08 79.42 0.00 0.00 0.00 0.00 0.51 0.00
0208020803 Hampton Roads 39 71.79 23.08 0.00 2.56 0.00 0.00 2.56 0.00
0301020104 Buckskin Creek-Nottoway River 3 100.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0301020105 Butterwood Creek-Stony Creek 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0301020106 Sappony Creek-Stony Creek 9 44.44 0.00 0.00 0.00 0.00 0.00 11.11 44.44
0301020107 Rowanty Creek 26 65.38 0.00 0.00 0.00 0.00 0.00 7.69 26.92
0301020108 Joseph Swamp-Nottoway River 22 40.91 18.18 0.00 0.00 0.00 0.00 40.91 0.00
0301020109 Raccoon Creek-Nottoway River 15 13.33 26.67 0.00 0.00 0.00 0.00 60.00 0.00
0301020110 Three Creek 18 38.89 0.00 0.00 0.00 0.00 0.00 22.22 38.89
0301020111 Assamoosick Swamp 10 10.00 0.00 0.00 0.00 0.00 0.00 90.00 0.00
0301020112 Mill Creek-Nottoway River 50 4.00 2.00 0.00 0.00 4.00 14.00 76.00 0.00
0301020201 Blackwater Swamp 21 19.05 33.33 0.00 0.00 0.00 0.00 47.62 0.00
0301020202 Cypress Swamp-Blackwater River 14 28.57 7.14 0.00 0.00 0.00 0.00 64.29 0.00
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Table 2.1.  Aquifer distribution by watershed at the 10-digit hydrologic unit code (HUC10) scale from analysis of 8,264 private-domestic well records in the Virginia  
Coastal Plain.—Continued

HUC10 HUC10 name
Number 
of well 
records

Percent of wells per aquifer

Surficial
Yorktown-
Eastover

St. Marys Piney Point Aquia
Virginia 
Beach

Potomac Basement

0301020203 Rattlesnake Swamp-Blackwater 
River 25 16.00 4.00 0.00 0.00 4.00 0.00 76.00 0.00

0301020204 Seacock Swamp 17 23.53 5.88 0.00 0.00 0.00 0.00 70.59 0.00

0301020205 Kingsale Swamp-Blackwater 
River 87 3.45 1.15 0.00 1.15 0.00 4.60 89.66 0.00

0301020301 Somerton Creek 71 2.82 0.00 0.00 0.00 1.41 36.62 57.75 1.41
0301020302 Sarem Creek-Chowan River 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0301020305 Bennetts Creek 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0301020406 Reedy Creek-Meherrin River 7 28.57 0.00 0.00 0.00 0.00 0.00 0.00 71.43
0301020407 Fountains Creek 12 41.67 0.00 0.00 0.00 0.00 0.00 0.00 58.33
0301020409 Tarrara Creek-Meherrin River 12 8.33 8.33 0.00 0.00 0.00 0.00 83.33 0.00

0301020506 Dismal Swamp Canal-Lake 
Drummond 165 60.61 23.64 0.00 0.61 0.61 5.45 9.09 0.00

0301020511 Northwest River 172 12.79 87.21 0.00 0.00 0.00 0.00 0.00 0.00
0301020512 North Landing River 686 24.20 75.80 0.00 0.00 0.00 0.00 0.00 0.00
0301020513 Currituck Sound 21 23.81 76.19 0.00 0.00 0.00 0.00 0.00 0.00
0301020517 Sand Ridge-Bodie Island 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
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Table 2.2.  Estimated self-supplied domestic population within the Virginia Coastal Plain by watershed at the 10-digit hydrologic unit 
code (HUC10) scale, 2020 and 2010.

HUC10 HUC10 name
2020 self−supplied  

domestic population
2010 self−supplied  

domestic population
Self−supplied domestic 

population change

0204030305 Lower Chincoteague Bay 3,772 3,130 642

0204030306 Assateague Island-
Atlantic Ocean 0 0 0

0204030401 Metompkin Bay-Burtons 
Bay 6,800 6,942 −142

0204030402 Machipongo River-Hog 
Island Bay 3,045 3,119 −74

0204030403 Magothy Bay-Cobb Bay 1,623 1,710 −87

0204030404 Parramore Island-Atlantic 
Ocean 0 0 0

0204030405 Rudee Inlet-Atlantic 
Ocean 5,253 4,933 320

0207001001 Rock Creek-Potomac 
River 0 0 0

0207001003 Cameron Run-Potomac 
River 407 340 67

0207001004 Pohick Creek 1,109 963 146

0207001008 Occoquan River-Potomac 
River 1,828 1,646 182

0207001101 Quantico Creek-Potomac 
River 1,582 1,298 284

0207001102 Potomac Creek-Potomac 
River 15,406 12,388 3,018

0207001103 Nanjemoy Creek-
Potomac River 1,262 1,003 259

0207001106 Upper Machodoc Creek-
Frontal Potomac River 10,338 9,248 1,090

0207001108 Nomini Creek-Frontal 
Potomac River 9,868 10,613 −745

0208010201
Great Wicomico River-

Frontal Chesapeake 
Bay

7,757 7,954 −197

0208010202 Dragon Swamp 2,525 2,679 −154

0208010203 Piankatank River-Frontal 
Chesapeake Bay 9,443 9,428 15

0208010204 Mobjack Bay-Frontal 
Chesapeke Bay 18,934 18,975 −41

0208010401 Massaponax Creek-
Rappahannock River 11,463 10,230 1,233

0208010402 Mill Creek-Rappahannock 
River 5,394 4,553 841

0208010403 Occupacia Creek-
Rappahannock River 3,194 3,351 −157

0208010404 Cat Point Creek-
Rappahannock River 8,854 9,105 −251

0208010405 Totuskey Creek-
Rappahannock River 5,126 5,078 48
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Table 2.2.  Estimated self-supplied domestic population within the Virginia Coastal Plain by watershed at the 10-digit hydrologic unit 
code (HUC10) scale, 2020 and 2010.—Continued

HUC10 HUC10 name
2020 self−supplied  

domestic population
2010 self−supplied  

domestic population
Self−supplied domestic 

population change

0208010406 Lancaster Creek-
Rappahannock River 4,362 4,648 −286

0208010407 Corrotoman River-
Rappahannock River 8,363 8,875 −512

0208010501 Poni River 3,674 3,293 381

0208010502 Matta River-Mattaponi 
River 5,469 5,211 258

0208010503 Polecat Creek-Mattaponi 
River 4,714 4,413 301

0208010504 Maracossic Creek 3,164 3,273 −109

0208010505 Chapel Creek-Mattaponi 
River 8,731 8,296 435

0208010506 Garnetts Creek-Mattaponi 
River 3,374 3,385 −11

0208010603 Lower South Anna River 2,224 1,701 523
0208010607 Little River 500 504 −4

0208010608 Northeast Creek-North 
Anna River 2,323 2,284 39

0208010609 Upper Pamunkey River 16,577 13,530 3,047
0208010610 Middle Pamunkey River 12,337 11,106 1,231
0208010611 Lower Pamunkey River 2,940 2,677 263
0208010701 Upper York River 11,986 11,216 770
0208010702 Lower York River 13,634 12,956 678

0208010801 Back River-Frontal 
Chesapeake Bay 7,273 7,530 −257

0208010802 Lynnhaven River-Frontal 
Chesapeake Bay 12,381 11,548 833

0208011006 Lower Tangier Sound 387 644 −257

0208011104 Pitts Creek-Pocomoke 
River 1,772 1,851 −79

0208011105 Marumsco Creek-
Pocomoke Sound 318 418 −100

0208011106 Messongo Creek-Frontal 
Pocomoke Sound 4,535 4,811 −276

0208011107 Deep Creek-Pocomoke 
Sound 2,808 3,034 −226

0208011108
Pungoteague Creek-

Frontal Chesapeake 
Bay

7,331 7,217 114

0208011109 Cherrystone Inlet-Frontal 
Chesapeake Bay 3,728 3,696 32

0208020601 Falling Creek-James 
River 13,602 11,970 1,632

0208020602 Herring Creek-James 
River 8,905 8,876 29

0208020603 Upper Chippokes Creek-
James River 2,158 2,280 −122
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Table 2.2.  Estimated self-supplied domestic population within the Virginia Coastal Plain by watershed at the 10-digit hydrologic unit 
code (HUC10) scale, 2020 and 2010.—Continued

HUC10 HUC10 name
2020 self−supplied  

domestic population
2010 self−supplied  

domestic population
Self−supplied domestic 

population change

0208020604 Upper Chickahominy 
River 8,801 7,622 1,179

0208020605 Middle Chickahominy 
River 20,809 18,985 1,824

0208020606 Lower Chickahominy 
River 10,975 9,015 1,960

0208020607 Powhatan Creek-James 
River 3,426 3,211 215

0208020608 Lawnes Creek-James 
River 1,782 1,910 −128

0208020609 Pagan River-James River 11,040 10,463 577

0208020708 Lake Chesdin-
Appomattox River 5 4 1

0208020709 Swift Creek 2,209 2,004 205

0208020710 Ashton Creek-
Appomattox River 5,172 4,530 642

0208020801 Nansemond River 11,976 10,961 1,015
0208020802 Elizabeth River 5,828 4,695 1,133
0208020803 Hampton Roads 1,809 1,884 −75

0301020104 Buckskin Creek-
Nottoway River 896 953 −57

0301020105 Butterwood Creek-Stony 
Creek 21 24 −3

0301020106 Sappony Creek-Stony 
Creek 1,699 1,659 40

0301020107 Rowanty Creek 4,260 4,078 182

0301020108 Joseph Swamp-Nottoway 
River 4,096 3,982 114

0301020109 Raccoon Creek-Nottoway 
River 1,266 1,534 −268

0301020110 Three Creek 3,134 3,347 −213
0301020111 Assamoosick Swamp 808 869 −61

0301020112 Mill Creek-Nottoway 
River 4,894 5,048 −154

0301020201 Blackwater Swamp 9,709 9,587 122

0301020202 Cypress Swamp-
Blackwater River 2,595 2,619 −24

0301020203 Rattlesnake Swamp-
Blackwater River 5,296 5,283 13

0301020204 Seacock Swamp 2,032 2,064 −32

0301020205 Kingsale Swamp-
Blackwater River 6,340 6,419 −79

0301020301 Somerton Creek 3,762 3,600 162

0301020302 Sarem Creek-Chowan 
River 17 13 4

0301020305 Bennetts Creek 78 75 3
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