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EXECUTIVE SUMMARY 
 

This plan was developed in response to the extended drought of 2001 through 2003.  
Accordingly, the County Board of Supervisors determined that a comprehensive evaluation of 
the groundwater resource was warranted.  Stafford County is faced with a high rate of growth 
and considerable residential development pressure.  This trend is in balance with a developing 
commercial and industrial sector.  Recreational use of the land in the form of golf courses has 
placed additional pressures on the groundwater resource.  This Plan was prepared in an effort to 
evaluate the groundwater resource and propose management strategies to protect both  quantity 
and quality of the resource.  
 

The primary source of data in this plan was existing Virginia Department of Health 
(VDH) well logs from individual wells serving single family wells.  A total of 1669 well records 
were collected from various hardcopy sources, scanned into a digital format, condensed into a 
database and successfully georeferenced onto a Countywide Geographic Information System 
(GIS) platform.  From the outset of the project it was determined that this Plan would be 
supported by a companion web page that would provide an interactive platform for the data and 
access to the data by interested parties.  That website has been compiled is currently available. 
 

Stafford County is characterized as having three distinct geological units, trending from 
west to east; the Piedmont Crystalline Bedrock System, the Fall Zone (or Coastal Plain Aquifer 
recharge zone) and the Coastal Plain System.  In general these systems are geologically unique 
from one another and have very distinct characteristics.  The Piedmont system is dependent on 
fractures for groundwater production, yield and recharge.  The Coastal Plain system is described 
as an eastwardly thickening wedge of sediments that is dependent on precipitation recharge and 
porosity of sands and gravels for storage.  The Fall Zone is an area where a thin veneer of 
Coastal Plain sediments overlies a highly faulted crystalline bedrock, and is generally the area of 
outcrop (and resulting recharge) of the Coastal Plain aquifers. 
 

The Coastal Plain shallow wells are constructed in the uppermost, or water table, aquifer; 
typically the Aquia.  These wells are quite susceptible to impacts from surface water 
contamination as there is no impermeable confining layer between the surface and the water 
table.  On the contrary these wells are typically sited in the most permeable zone possible, 
typically sands and clays.  These wells, however, are not as susceptible to influence of pumping 
from deeper wells in the Middle Potomac Aquifer.  The Middle  Potomac is confined by a thick 
layer of clay.  This confining unit limits the vertical connection between the two aquifers and 
functions as a “ceiling” to the pumping dynamics of the Middle Potomac.  Therefore, Coastal 
Plain shallow wells are susceptible to surface impacts, but largely unthreatened by deep 
pumping. 

 
Shallow, or bored, wells in the Piedmont region are typically completed in the residual 

soils over bedrock, or saprolite.  Saprolite wells are often protected from surface impacts by a 
well developed and continuous clay subsoil layer.  They are, however susceptible to both drought 
and pumping from deeper wells, (EGGI, 1996).  Both drought and deep pumping impacts are a 
function of the hydrogeologic setting of the Piedmont.  The saprolite layer functions as a storage 
unit for the underlying bedrock fractures.  Therefore, in time of drought and deep pumping, the 
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saprolite storage is drawn upon at a rate that exceeds recharge and often the shallow wells are 
impacted.  Accordingly, Piedmont shallow wells can be generally characterized as being less 
vulnerable to surface impacts and more susceptible to drought and deep pumping conditions.    
 

Current groundwater use is largely residential in nature.  The vast majority of wells 
service single family homes.  Applying a worst case perspective production from the aquifers 
beneath Stafford County could range between 3.2 and 5.3 million gallons per day in the near 
future.  This compares with conservative estimate of between 31 to 43 million gallons a day 
being available in the Coastal Plan and Piedmont systems combined.   

 
Future residential groundwater use has been estimated at between 2.22 million and 4.6 

million gpd in the year 2007 assuming an estimated rate of growth of 5 percent per year.  
Similarly, in the year 2012 residential demands could be estimated at between 2.83 and 5.85 
million gpd, with a combined six month peak range of 4.43 to 7.45 million gpd when agricultural 
and golf course demand estimates are included.  It is important to note that drought conditions 
often occur during summer months that correspond with agricultural and golf course demand.  
Golf course development will likely be the primary factor in increased nonresidential demands, 
with agricultural uses comprising a smaller portion of the increased demand. 
 

Stafford County relies on two reservoirs to supply treated, domestic water to Stafford’s 
residents and businesses.  A third reservoir is in the planning stages.  The County’s water supply 
network is oriented to existing development primarily within the Route 1/I-95 corridor.  Gradual 
expansion of the water system, and in-filling areas that have currently been by-passed, may be 
one tool the County can use to influence the location of new development in the County.  In such 
a case, protecting wells within close proximity to the existing water lines may be less of a 
priority than protecting wells far removed from the water system.  To address this issue, the 
County could consider a differential requirement for testing of new wells, or could even require 
new development within a defined distance from the existing water lines to connect to public 
water supplies.  As well, the most difficult wells to replace, that is, community wells or wells 
serving public purposes, could be identified and ranked as to their potential vulnerability and 
cost of replacement.  For those wells with high vulnerability and high cost of replacement, 
wellhead protection zones could be defined, with rigorous standards for new development aimed 
at protecting the public water resource.  Weaker controls could be defined for low 
vulnerability/high replacement cost wells. 
 

It is no accident that the developed areas in Stafford and counties to the north and south 
tend to cluster along a north south line where the Coastal Plain meets the Piedmont - the “fall 
line.”  Complicating the picture for groundwater management, the fall line is also the zone where 
the eastward sloping aquifers of the coastal plain rise to the surface – what we term the aquifer 
recharge area.  Thus, historic development trends, modern infrastructure development, and 
public services all converge to focus the greatest potential for economically important industrial 
development within an area that is highly vulnerable to contamination, and an important element 
of groundwater management within the coastal plain.  
 

Because Stafford’s public water infrastructure effectively serves most areas within the 
aquifer recharge zone, protection of well yields within the area may be of a lower priority since 
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water service can be extended to replace failing or at-risk wells.  Of greater importance, may be 
protecting the ability of the recharge zone to absorb water, and preventing the introduction of 
pollutants into the downward sloping aquifers.  Minimizing stormwater runoff through the use of 
infiltration BMPs has already been addressed by Stafford’s adoption of a Storm Water 
Management Ordinance.   

 
The Stormwater Management Ordinance has focused on protecting the waters receiving 

streams within the County and of the Bay from pollutants carried by stormwater runoff.  One 
strategy of the Ordinance is to  minimize runoff by maintaining the ability of the land to absorb 
stormwater, a strategy that is quite consistent with the need to protect aquifer recharge 
capabilities.  A second element of groundwater management in the area, however, should be to 
minimize the potential for pollution to enter the groundwater resource.  Pollutants introduced in 
this area have the potential to contaminate the deep aquifers to the east within and beyond 
Stafford County.  Effective measures for managing pollution potential would include: first, 
identifying existing sources of potential pollution and ensuring that essential spill prevention and 
cleanup measures are in place; and second, using an overlay zoning district to ensure that site 
plans for new development incorporate adequate pollution prevention measures.  For some high-
risk, high-hazard uses, adequate prevention designs are not available and disallowing those uses 
might be the most feasible control strategy.   
 

It should be noted that the Stafford County Groundwater Resource Protection Plan 
(GKY, 1994), which is discussed in detail in Section 3. 3.1 of this Plan,  presents guidelines for 
protecting groundwater quality as development occurs.  These strategies are organized as 
function of groundwater vulnerability as described in the study.  Many of the guidelines are very 
appropriate and are reiterated below in some instances.  As the DRASTIC study and its 
recommendations have been formally accepted by the County in the form of a Resolution, it is 
suggested that the County revisit those recommendations when compiling future guidelines or 
ordinances.   The following strategies are meant to augment those recommendations and provide 
the County with a broad range of strategic possibilities. 
 

It is apparent the County has a valuable and robust resource in its groundwater reserves.  
The vulnerability of the resource can be generalized as quantity in the Piedmont and quality in 
the recharge zone and coastal plain.  To address these issues and provide adequate and 
reasonable protections and ordinance could be drafted that requires: 
 
 

 Conditional Use Permits or Special Exceptions for certain proposed land uses 
within the Fall Zone. 

 
 Conditional Use Permits or Special Exceptions for certain proposed land uses 

within a prescribed radius of 1,000 feet from existing and proposed community 
water supply wells. 

 
 Performance of hydrogeologic testing and modeling of proposed groundwater 

withdrawals equal to or greater than 300,000 gallons per month.  This would 
include both individual well withdrawal and cumulative well withdrawal from 
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residential subdivisions based on an assumed average of 400 gallons per day per 
well (subdivisions of greater than 25 lots).  Adoption by reference of the Virginia 
Department of Environmental Quality Groundwater Withdrawal Permitting 
requirements should be considered. 
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1.0 INTRODUCTION 
 

This plan was developed in response to the extended drought of 2001 through 2003.  
Accordingly, the County Board of Supervisors determined that a comprehensive evaluation of 
the groundwater resource was warranted.  Stafford County is faced with a high rate of growth 
and considerable residential development pressure.  This trend is in balance with a developing 
commercial and industrial sector.  Recreational use of the land in the form of golf courses has 
placed additional pressures on the groundwater resource.  This Plan was prepared in an effort to 
evaluate and the groundwater resource and propose management strategies to protect both  
quantity and quality of the resource.  

 
The primary source of data in this plan was existing Virginia Department of Health 

(VDH) well logs from individual wells serving single family wells.  A total of 1669 well records 
were collected from various hardcopy sources, scanned into a digital format, condensed into a 
database and successfully georeferenced onto a Countywide Geographic Information System 
(GIS) platform.  This data was then analyzed with respect to depth, yield, susceptibility, and 
relationship with geologic structure. In addition to defining the resource, this plan provides the 
basis for potential strategies to protect both the quantity and quality of the County’s groundwater 
for all its citizens. 
 

From the outset of the project it was determined that this Plan would be supported by a 
companion web page that would provide an interactive platform for the data and access to the 
data by interested parties.  Currently, the web address for the web page is daagis.com/Stafford.  
Readers of this Plan are encouraged to visit the website and explore the potential of interactively 
querying the data.  An additional objective of the website was to eliminate the need for a hard 
copy appendices containing the well logs and database output.  That information can be easily 
retrieved at the website. 
 

Several previous studies have been conducted in the County that have provided valuable 
insight to the conditions and nature of the groundwater resource.  These studies have included 
United States Geological Survey (USGS) studies (R.B. Mixon et. al., 1989), privately contracted 
studies (EGGI, Augustine Golf Club, 1996; ENSAT, Celebrate Virginia!, 2002; F&ME, 
Widewater, 1987) and County sponsored studies such as the Stafford County Groundwater 
Resource Protection Plan, 1994 and O’Brien & Gere Groundwater Supply Study, 1991 and 
1994.  Each of these studies evaluated specific elements of the groundwater resource.  None of 
these studies are comprehensive in nature and none utilized the extensive amount available well 
data for the County.  This Plan has built on the information and results in these previous studies 
to provide a County wide analysis of the conditions of the resource and to provide potential 
strategies to protect the resource. 
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2.0 METHODS OF STUDY 
 

The methods of study were based on the requests of the County and based on strategies 
used by other agencies such as the United States Geological Survey (USGS) and the Virginia 
Department of Mines, Minerals and Energy (DMME).  The primary tool in this evaluation 
involved the collection and interpretation of existing groundwater well logs.  The principle 
source of this data was the Virginia Department of Health (VDH) and local well drillers.  The 
intent of this process was to develop a representative database of well logs from which 
interpretations could be made regarding the nature of the groundwater resource.  From the outset 
is was determined that a companion webpage would be developed to allow for access to the data 
by interested parties and to provide an interactive platform for the study.  The following sections 
describe the process taken to achieve these goals. 

 

2.1 Well Log Collection 

 As stated previously, collection of well logs was the primary data collection vehicle.  
Information pertaining to a total of 1780 well logs collected.  Of these 1669 were positively 
georeferenced onto a map using a Geographic Information System (GIS) platform. Figure 1 of 
this plan presents the location and distribution of this data. As described below the data from 
each of these logs was compiled into a database for analysis. 

2.1.1  Well Logs: Stafford County VDH Office 

The vast majority of the data came from the Stafford County VDH office in the form of 
well logs. With the cooperation of the Stafford County office of VDH, Draper Aden technicians 
set up a laptop and scanner in their office for a period of four weeks. Each log was scanned 
directly into a PDF file and named for its VDH permit number.  All of the well log scans are 
presented on the webpage at daagis.com/Stafford. 

The well log records consist of hard copy paper folders organized by tax tile. These 
folders contained well records pertaining to that tax tile, with no further organization or indexing. 
The technician went through each file with the goal of scanning about three dozen (36) well logs 
with a random distribution within the tax tile. Figure 2 presents the distribution of wells per tax 
tile. Each log’s general location was marked on a tax map. In many cases all of the available logs 
were scanned. Some tiles contained no well logs. In a few tiles significantly more than three 
dozen logs were scanned. The attempt was made to collect log files that were representatively 
distributed across the tax tile as best as possible given the limited availability of logs and the fact 
that the true location of many of the logs could not be determined during the scanning process. 
No attempt was made to count the total number of well logs stored at the VDH office. A total of 
1390 logs were scanned in this manner. 

2.1.2 Well Logs: Culpeper Regional VDH Office / EPA EnviroFacts 

Public or community well information is stored at the Culpeper Regional VDH Office. 
The VDH compiles information on these wells in a manner that does not conform with a typical  
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well driller’s log. The information on total of 11 of these wells were scanned. Ultimately the list 
of wells supplying public or community wells was augmented from the EPA EnviroFacts 
website. Additional research was applied to accurately locate these wells on the map. Figure 3 
presents  the location of these community wells. 

2.1.3 Well Logs: Private Driller’s Records of John Danielson 

Local well driller John Danielson provided a spreadsheet of his company’s Stafford 
County drilling since September 1998. Data from this source provided well depth and yield for 
each of the wells, but did not include several of the other data fields collected from the actual 
well logs collected at the Stafford County office of VDH. A total of 379 records were imported 
from the spreadsheet. 

2.2 Database Creation 

Microsoft Access was chosen for the database platform due to its widespread use and its 
proven integration with ESRI’s ArcGIS line of products. A master table was created to represent 
the well logs and a form was designed to facilitate data entry. A technician then entered selected 
attributes from the well logs. The ‘Danielson spreadsheet’ was also imported into the table. 

There is a tremendous variation in quantity and quality of information reported on the 
VDH logs. Some have very little information. Some have a great deal. Different drillers 
interpreted things in different ways and placed different priorities on what to record and how to 
record it. Logs ranged from remarkably detailed to marginally complete. All these factors 
influence the quality of the database. Accordingly a process of “filtering” the data was so that 
that values entered into the data fields were valid and reproducible.  For an example see ‘Depth 
to Bedrock’ in the analysis section. 

2.3 Georeferencing the Wells 

Georeferencing of the wells was a critical component of accurately depicting and 
analyzing the data.  Georeferencing refers to the process of accurately locating the well’s with 
respect to the “X, Y and Z axes”.  The X and Y axes refers to a wells horizontal location, or 
latitude and longitude.  The Z axis refers to the elevation of the well. 

2.3.1 Goal and Approach 

The goal was to place the wells on the map as near to their true horizontal and vertical 
coordinates as possible using available information. Wells are generally drilled in close 
proximity to the building they are intended to serve. Accordingly, it was determined that the 
most accurate location would be to place the wells on the respective buildings wherever possible. 
In most cases this is a home. On larger lots this approach is significantly more accurate than 
placing the well in the middle of the lot, i.e. on the lot centroid.  

Larger lots are more likely to encompass a greater range of elevation. It was determined 
that that the elevation of the parcel centroid was often significantly higher or lower than the 
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elevation of the house. By putting the well on the home we better approximate the true elevation 
of the well and more closely ensure that the vertical or ‘Z’ position has useful meaning. 

The County was able to provide GIS layers for tax parcels, buildings, roads and 5-foot 
elevation contours. Our georeferencing assumptions were:  

 The well is near the house. Since we don’t know which side it is on we placed it on 
the centroid of the house. 
 The well is at the same elevation as the house. 
 On lots with no house, if small (<4ac.) - use the centroid, if larger - individually 

evaluate for best placement. 

A comment field was added to the data table to record how each well was georeferenced. 

2.3.2 Horizontal Placement 

The objective was to would match one well log to one tax parcel that had one building.  
To accomplish this goal the following preparation and geoprocessing was required. 

2.3.2.1  Preparing the Parcel Layer 

The first task was to reformat the County’s coded multi-field parcel identifier into a single piece 
of text written as an average person or well driller would write it. 

Page Insert Section Block Lot Sub-Lot   Parcel (Tax) ID 
19 M 3 B 144   Was translated to.... 19M-3B-144 

Next, a centroid point was created for each parcel. (Actually a ‘label point’, which is the 
centroid, unless the centroid falls outside of the parcel in which case another algorithm calculates 
the point to be within the parcel.) The new ‘parcel point’ layer was limited in application for 
matching because the tax-ID was not unique. Parcels that crossed a road or stream, for example, 
were represented as two polygons with the same ID. Therefore, those portions of the parcel point 
layer that included wells were given a priority in analysis. 

2.3.2.2  Preparing the Well Log Tax ID 

An initial match of the wells to parcels resulted in about 60% matched. This was 
primarily a function of mis-identification of the tax ID on the log by the driller. In some cases the 
tax ID had changed through renumbering or land subdivision since the well was installed. Many 
were simply written in a manner inconsistent with the parcel naming conventions. These 40% 
unmatched wells needed to be manually reviewed to determine the correct or most probable 
location and proper tax ID. This was a critical, although labor intensive, process. A flag was 
added to the database to record the confidence level of each manual location.  
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2.3.2.3  Resolving the Well/Parcel Match 

The next step was to relate the well log database to the tax parcels and extract duplicates, 
both allowed and not-allowed. It is possible for a parcel to have more than one well, but it is not 
possible for a well to be on more than one parcel. The previously created parcel point layer 
became the primary tool of matching effort.  Duplicate parcels were resolved by simply deleting 
the parcel point that appeared less likely to contain the well. In the few cases where there was 
more than one well on a parcel, a second parcel point was added with a suffix “_DUP1”. The 
well record was revised to correspond. In this manner every well log record had a one-to-one 
correspondence with a parcel point centroid on the map. 

2.3.2.4  From Parcels to Buildings 

Having the selection set of all parcels with wells, it was logical to select all buildings that 
are on or cross the border of those parcels. Of course many parcels have more than one building 
or buildings that are only partially on the lot. To remove the non-home (duplicate) buildings, 
such as sheds and barns, a zoom-to, swipe, and delete procedure was followed. Though this was 
a manual process and did involve a degree of professional judgment, it was necessary. The 
primary filter of automatically selecting the largest building on each lot would have worked in 
most cases, but would have failed to provide the best solution if a barn was present. 

Once the building subset was revised down to one primary building for each lot having 
buildings, a building centroid was calculated. However, a few buildings that spanned lot lines 
received a centroid that was positioned over the wrong parcel thus preventing proper tax ID 
numbering. These were highlighted and manually relocated. Then, a simple automated task was 
applied to assign the tax ID number to the building point and delete the corresponding parcel 
centroid. In effect the working parcel point was moved to the building, the original goal. 

2.3.2.5  Final Match 

Each well, whose location could be determined, now had a single corresponding parcel 
point on the map. The database was linked to the parcel points creating a selection that was 
renamed “Wells”.  The final graphic well locations on the map linked to our well log database 
with a one-to-one correspondence by way of the slightly modified tax ID numbers. 

2.3.3 Vertical Placement 

After the unique (X, Y) location or ‘match point’ was determined for each well an 
elevation was calculated for each well. The County’s 5-foot contour layer proved to be not only 
the best information available, but also an excellent vehicle for determining well elevations.  In 
an effort to maximize the use of the elevation data, the large file size of the layer was reduced to 
more manageable file sizes by segmenting the contour layer to individual tax tiles. An ESRI 
elevation tin and grid, with a cell size of 5-feet, was then processed from each of the contour 
files.  This process allowed work on a tile basis, which provided for the refinement and 
validation of elevations at each point with a high degree of confidence. 
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3.0 THE GROUNDWATER RESOURCE 
 

Groundwater is a critical resource for Stafford County.  The protection of groundwater 
quality is critical, and is addressed by numerous local, state and federal  statutes.  The issue of 
groundwater quantity is more enigmatic and is not protected to the same degree as water quality.  
With a projected growth rate of 5 percent a year the current (2002) population of 102,700 could 
grow to 167,300 by the year 2012.  It is estimated that between 16,000 and 32,000 of those new 
arrivals will settle in subdivisions comprised on single family homes serviced by individual wells 
representing an increase in residential demand ranging from 1.1 to 2.2 million gallons per day 
(gpd).  Combined groundwater demand from residential and agricultural needs is estimate to 
range from 4.43 to 7.45 million gpd in the year 2012.  While these numbers are significant, they 
have to be considered in the context of the resource as a whole.  Conservatively, the aquifers 
beneath the County a capable of producing in excess of 40 million gpd.  Additionally, the 
aquifers in the County appear to be robust and producing at rates that have not yet resulted in 
significant declines in yield and water level (Figure 4).  These observations, however, do not 
preclude the potential for geographically limited cases of concern.  Drought can effect the 
production of shallow or fracture dependent wells.  Large volume withdrawals in the Piedmont 
have been documented to effect existing surrounding residential wells (EGGI, 1996).  The future 
scenario of multiple high volume withdrawals in close proximity to one another in the Coastal 
Plain could effect production demands.   

 
The following sections present information as to the characteristics of the sources of the 

valuable groundwater resource in Stafford County. 
 

3.1 Hydrogeologic Setting 

 
The hydrogeologic setting is a function of the underlying geologic features.  Stafford 

County is characterized as having three distinct geological units, trending from west to east; the 
Piedmont Crystalline Bedrock System, the Fall Zone (or Coastal Plain Aquifer recharge zone) 
and the Coastal Plain System.  In general these systems are geologically unique from one another 
and have very distinct characteristics.  The Piedmont system is dependent on fractures for 
groundwater production, yield and recharge.  The Coastal Plain system is described as an 
eastwardly thickening wedge of sediments that is dependent on precipitation recharge and 
porosity of sands and gravels for storage.  The Fall Zone is an area where a thin veneer of 
Coastal Plain sediments overlies a highly faulted crystalline bedrock, and is generally the area of 
outcrop (and resulting recharge) of the Coastal Plain aquifers.  The following sections briefly 
describe these Units. Figure 5 presents the surface geology of the County. 
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3.1.1 Piedmont Bedrock Aquifer 
 

The Piedmont, generally to the west of I-95, is an area of crystalline bedrock containing 
numerous fracture zones from ancient faulting.  Groundwater in the Piedmont area tends to be 
plentiful where wells intersect the fracture zones.  However, wells that are developed outside of 
the fracture zones are likely to experience low yields, especially during dry and excessively dry 
periods.  The depth of wells is a less important determinant of well yield and stability than 
proximity to a fracture zone, although bored wells in the soil horizon are impractical and 
vulnerable to deep well pumping in this region.   

 
In general the crystalline bedrock geology of Stafford County is a highly faulted 

assemblage of metamorphic gneisses, phyllites and amphibolites intersected by igneous 
intrusions and plutons.  Geologic ages range from pre-Cambrian to late Silurian.  In general 
groundwater flow is a function of fracture density.  Fracture density is generally a function of 
geologic structure, as depicted in Figure 6. Note the relationship of the higher producing zones 
and the main fault structures within the Piedmont on the Figure.  Very little study has been 
conducted on the crystalline bedrock aquifer of Stafford County.  Two recent studies (EGGI, 
Augustine Golf Club, 1996; ENSAT, Celebrate Virginia!, 2002) provide some limited insight to 
the characteristics of the aquifer.  Bedrock wells at the Augustine site were capable of sustained 
production in excess of 300 gallons per minute (gpm).  There was indication, however that 
pumping at such rates did impact surrounding wells.  Offsite wells completed in the soils 
(saprolite) above the bedrock (“dug” or bored wells) were impacted to dryness.  Typical 
residential wells average a yield of approximately 18 gpm (see graph on Figure 6).  Estimates of 
potential recharge in the Piedmont have not been developed on a regional basis.  A very rough 
approximation can be made by evaluating the 150 square mile extent of the Piedmont.  Assuming 
10-inches of recharge annually over 100 square miles of watershed results in a gross estimate of 
6 million gpd of available groundwater.  Water quality is highly variable over small geographic 
areas in the Piedmont aquifer.  Wells on the Augustine site exhibited variable water quality 
across the 200 acre site.  Wells on to the east of the site had elevated sulfate concentrations, 
while to the west wells did not have similar geochemistry.  One interesting trend regarding the 
residential use of the Piedmont aquifer is that the year of installation of the wells in the Piedmont 
appears to more recent than those in the Coastal Plain (Figure 7).  This trend may indicate the 
development of the Piedmont for residential use is more recent than in the Coastal Plain. 
 

3.1.2 The Coastal Plain Aquifer Recharge Zone 
 

The Coastal Plain Aquifer Recharge Zone (or Fall Zone) generally straddles I-95 north 
and south through the County (Figure 8) .  The recharge area, in simple terms, is the zone where 
the layers that make up the Coastal Plain aquifers slope upward to intersect the surface.  Shallow 
wells in this area experience flow characteristics similar to those in the Coastal Plain, while deep 
wells in the area are liable to intersect the underlying crystalline bedrock, and thus experience 
flow characteristics similar to the Piedmont.  The significance of this region is that it contains the 
majority of outcrop areas for the Coastal Plain sediments.  The outcrop areas are where the 
majority of recharge takes place, thereby making the Coastal Plain aquifers vulnerable to 
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contamination from surface spills, and a reduction in overall recharge area by increased 
development with a corresponding increase in impervious surfaces.  

 

3.1.3 Coastal Plain Aquifer System 
 

The Coastal Plain, generally to the east of I-95, is an area that features alternating layers 
of sands, gravels, and clays.  The clay layers act as barriers to impede the movement of 
groundwater between the intervening sands and gravels.  Deep wells in the Coastal Plain usually 
provide generous flows that are less susceptible to variance during periods of drought.  However, 
because of the confining clay layers, deep wells in the Coastal Plain may be affected by the 
development of wells nearby that draw from the same aquifer.  Shallow wells in the coastal Plain 
aquifers are susceptible to interruptions during times of drought because the surface aquifer is the 
primary source of recharge for shallow wells. 

 
In general the Coastal Plain aquifer system in Stafford County consists of a eastwardly 

thickening wedge of unconsolidated, interbedded sands and clays.  These deposits range in 
thickness from the non-existent along the Fall Line to greater than 6,000 feet in thickness 
beneath the Eastern Shore Peninsula.  At its greater thickness, this system contains up to eight 
underlying sequences of confining units and corresponding aquifers.  As Stafford County is 
located far to the west of the eastwardly thickening wedge, many of these units have pinched out 
and are not present in the County.  The remaining units are, in order of shallowest to deepest, are 
the Calvert, Aquia and Middle Potomac Aquifers and their associated confining units. 

 
Two primary Coastal Plain aquifer systems are typically targeted and developed for water 

supply in the Coastal Plain system in Stafford County; they are the Aquia and the Middle 
Potomac Aquifers.  The Calvert is locally present based on topography, but is rarely targeted for 
production.  The Aquia is used for light industrial and small municipal and domestic supply 
throughout the Coastal Plain (Meng and Harsh, 1988).  The Aquia has an estimated outcrop area 
in  Stafford County of approximately 28 square miles, which equates to approximately 27 
million gallons per day (mgd) of recharge available for supply.  Yields in the Aquia typically 
range from 5 to 20 gallons per minute (gpm) (F&ME, 1987).   Depths to the Aquia range from 
near surface to 60 feet below ground surface (bgs).   Studies (Focazio, Speiran, and Rowan, 
1993) indicate that groundwater quality from the Aquia is generally suitable for drinking water 
supplies.  In areas adjacent to estuaries of the Potomac River there may be elevated in sodium 
due to influence of salt water.  In other specific geographic regions there may be naturally 
elevated levels of iron and fluoride.  Salt water, iron and fluoride concentrations may require 
treatment before potable use.   

 
The Middle Potomac Aquifer serves as the principal source of large production 

groundwater wells in the Virginia Coastal Plain system (Harsh and Lazniak, 1990).  The Middle 
Potomac outcrops in the central portion of Stafford County over an area of approximately 36 
square miles (O’Brien & Gere, 1994).  Approximately 15-inches of precipitation per year 
infiltrates to the subsurface and replenishes the aquifer (Harsh and Lazniak, 1990).  This results 
in approximately 25 mgd available for supply, of which approximately 50 percent is lost to 
baseflow discharge to surface water and increased impervious surface due to development, 
resulting in a production capacity of 12.5 mgd.  As of 1991, only 250,000 gpd was being 
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produced from the Middle Potomac in Stafford County (O’Brien & Gere, 1994).  Recent data 
indicates current production is approximately 500,000 gpd.  Individual well production yields 
have been measured at rates up to 750 gpm (approximately 1 million gpd).  Typical yields range 
from 10 – 300 gpm (15,000 – 430,000 gpd)(F&ME, 1987).  Depths to the Middle Potomac range 
from 60 to over 400 feet in Stafford County.  The Middle Potomac aquifer is confined by a clay 
layer ranging from 20 to 45 feet in thickness.  This layer restricts vertical groundwater flow 
between the Aquia and Middle Potomac aquifers.  Long term pump tests in The Middle Potomac 
have shown little impact to shallow residential wells in the Aquia (O’Brien & Gere, 1994).  
Groundwater quality data indicates that the Middle Potomac can exhibit elevated levels of 
turbidity, iron and pH (basic/somewhat corrosive).  Elevated concentrations of these parameters 
may require treatment before potable use. 
 

3.2 Current and Future Groundwater Use 
 

Current groundwater use is largely residential in nature.  The vast majority of wells 
service single family homes.  Table 1A below presents an estimate of the groundwater demand 
on a County wide basis based on residential municipal water accounts.   Based on the 
assumptions presented in the Table, it is estimated that current residential groundwater use is 
approximately 1.75 million gpd.  Table 2A presents the calculation tables used to derive those 
estimates.  Table 1B presents a projected residential demand based on the estimate presented in 
the  Stafford County Groundwater Resource Protection Plan (GKY, 1994) that 50 percent of the 
County residents rely on individual groundwater wells. Inquiry with various state and 
agricultural professional organizations resulted in an estimate of 20 agricultural wells with an 
average production of 40,000 gpd.  No records of production are required for agricultural wells, 
and they are seasonal in nature.  Based on the current estimate 800,000 gpd is used for 
agriculture, for approximately six month of the year.  This estimate may be biased low, as if the 
proposed golf course developments (Augustine and Celebrate Virginia!) are implemented, the 
agricultural demand could be twice that value or 1.6 million gpd.  Applying a worst case 
perspective production from the aquifers beneath Stafford County could range between 3.2 and 
5.3 million gallons per day in the near future.  This compares with  conservative estimate (See 
Sections 3.1.1 and 3.1.2) of between 31 to 43 million gallons a day being available in the Coastal 
Plan and Piedmont systems combined.   

 
Future residential groundwater use has been estimated in Tables 1A and 2A as well.  

Projecting out to the year 2007, residential use may be estimated at between 2.22 million and 4.6 
million gpd assuming an estimated rate of growth of 5 percent per year.  Combined with an 
agricultural demand of 1.6 million gpd, demand could be estimated between 3.82 and 6.2 million 
gpd for six months out of the year.  Similarly, in the year 2012 residential demands could be 
estimated at between 2.83 and 5.85 million gpd, with a combined six month peak range of 4.43 
to 7.45 million gpd.  It is important to note that drought conditions often occur during summer 
months that correspond with agricultural and golf course demand.   
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Table 1A: Relationship of  Demographics to Demand Based on Municipal Data 
 
Total Population :  2002 102,700 
Projected Population (5% annually):   2012 167,287 
Municipal Water Users (Residential) 
25,951 residential accounts x 3.0 people/acct 

77,853 

Groundwater Users in 2002:  (102,700 - 77,853) 24,847 
Residential Groundwater Demand (2002): 24,847 x 70 gpd 1,739,290 gpd 
Estimated Agricultural Demand (6 months)-Static 
20 wells at 40,000 gpd  

800,000 gpd 

Projected Demand – Residential (5% annually) 2007 2,219,824 gpd 
Projected Demand – Residential (5% annually) 2012 2,833,120 gpd 
 
 
Table 1B: Relationship of Demographics to Demand Based on GWRPP Estimates 
 
Total Population :  2002 102,700 
Projected Population (5% annually):   2012 167,287 
Current (2002) Residential Groundwater users based on 50 
% of population presented in 1994 Groundwater Resource 
Protection Plan  

51,350 

Residential Groundwater Demand:   51,350 x 70 gpd 3,594,500 gpd 
Estimated Agricultural Demand (6 months)-Static 
20 wells at 40,000 gpd  

800,000 gpd 

Projected Demand – Residential (5% annually) 2007 4,587,594 gpd 
Projected Demand – Residential (5% annually) 2012 5,855,062 gpd 
 
Note:  The 1994 Stafford County Groundwater Resources Protection Plan (GWRPP) estimated that fifty percent of 
Stafford County residents relied on private wells recharged by groundwater . 
 
 
Table 2A: Demand Projections Calculations Based on Municipal Data 
 
  Municipal Municipal G.W. G.W. 

Year Population Accounts Users Users Demand (gpd) 
2002 102,700 25,951 77,853 24,847 1,739,290 
2003 107,835 27,249 81,746 26,089 1,826,255 
2004 113,227 28,611 85,833 27,394 1,917,567 
2005 118,888 30,042 90,125 28,764 2,013,446 
2006 124,832 31,544 94,631 30,202 2,114,118 
2007 131,074 33,121 99,362 31,712 2,219,824 
2008 137,628 34,777 104,330 33,297 2,330,815 
2009 144,509 36,516 109,547 34,962 2,447,356 
2010 151,735 38,341 115,024 36,710 2,569,723 
2011 159,321 40,259 120,776 38,546 2,698,210 
2012 167,287 42,271 126,814 40,473 2,833,120 

Note:  The Virginia Economic Development Partnership projects Stafford population to be 127,900 in year 2010 
(approximately 3% annually).  County planners indicate that projected rates of growth are closer to 5% annually. 
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Table  2B : Demand Projection Calculations Based on 1994 GWRPP  Estimates 
 

  G.W. G.W. 
Year Population Users Demand 
2002 102,700 51,350 3,594,500 
2003 107,835 53,918 3,774,225 
2004 113,227 56,613 3,962,936 
2005 118,888 59,444 4,161,083 
2006 124,832 62,416 4,369,137 
2007 131,074 65,537 4,587,594 
2008 137,628 68,814 4,816,974 
2009 144,509 72,255 5,057,822 
2010 151,735 75,867 5,310,714 
2011 159,321 79,661 5,576,249 
2012 167,287 83,644 5,855,062 

Note:  The 1994 Stafford County Groundwater Resources Protection Plan (GWRPP) estimated that fifty percent of 
Stafford County residents relied on private wells recharged by groundwater . 
 

3.3 Groundwater Vulnerability Analysis 
 
 In general the data and assumptions presented in Section 3.2 indicate that the current and 
projected groundwater demands are significantly less than the available resource, indicating that 
under typical precipitation scenarios, there should be sufficient quantities of groundwater 
available. That is not to say that there is not geographic variability in yield due to geologic 
structure and characteristics. Possibly the greatest single variable with respect to water supply 
vulnerability is the nature and depth of individual wells.  The County currently discourages the 
installation of shallow vadose (soil) zone wells, also known as dug or bored wells.  These wells 
are typically large diameter (24 to 36 inches).   The location and distribution of bored wells that 
were part of the sample of well logs collected for this study are presented on Figure 9.  As 
shown on the graph imbedded in the Figure, the total count of bored wells is very low and depths 
average approximately 55 feet bgs.   
 

The Coastal Plain shallow wells are constructed in the uppermost, or water table, aquifer; 
typically the Aquia.  These wells are quite susceptible to impacts from surface water 
contamination as there is no impermeable confining layer between the surface and the water 
table.  On the contrary these wells are typically sited in the most permeable zone possible, 
typically sands and clays.  These wells, however, are not as susceptible to influence of pumping 
from deeper wells in the Middle Potomac Aquifer.  The Middle  Potomac is confined by a thick 
layer of clay.  This confining unit limits the vertical connection between the two aquifers and 
functions as a “ceiling” to the pumping dynamics of the Middle Potomac.  Therefore, Coastal 
Plain shallow wells are susceptible to surface impacts, but largely unthreatened by deep 
pumping. 

 
Shallow, or bored, wells in the Piedmont region are typically completed in the residual 

soils over bedrock, or saprolite.  Saprolite wells are often protected from surface impacts by a 
well developed and continuous clay subsoil layer.  They are, however susceptible to both drought 
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and pumping from deeper wells, (EGGI, 1996).  Both drought and deep pumping impacts are a 
function of the hydrogeologic setting of the Piedmont.  The saprolite layer functions as a storage 
unit for the underlying bedrock fractures.  Therefore, in time of drought and deep pumping, the 
saprolite storage is drawn upon at a rate that exceeds recharge and often the shallow wells are 
impacted.  Accordingly, Piedmont shallow wells can be generally characterized as being less 
vulnerable to surface impacts and more susceptible to drought and deep pumping conditions.    

 
Other factors in groundwater vulnerability include potential sources of surface 

contamination.  Figure 10 presents the location of potential sources of surface impacts.  The 
Figure is based on a compilation of data from various sources.  In general, the potential sources 
of contamination are correlated in the Coastal Plain region.  As discussed above the shallow 
Coastal Plain aquifers are most susceptible to surface water impacts.  

 
Additionally, a critical consequence of increased development is a corresponding 

increase in impervious area.  Increased impervious area decreases available recharge area and 
impacted runoff from impervious zones affects groundwater quality as well.  Precipitation 
directed to stormwater management systems is often retained from ever reaching the aquifer.  
Enforcement of the low impact development strategies presented in The County’s Stormwater 
Management Ordinance can serve to mitigate these effects. 

 

3.3.1 Previous DRASTIC Studies 
 

Groundwater vulnerability from the standpoints of both  yield and water quality has been 
evaluated for the County in the 1994 Stafford County Ground Water Resource Protection Plan.  
This Plan was prepared cooperatively by the County and GKY and Associates, Inc.  The plan 
was conducted in accordance with DRASTIC Methodology.  DRASTIC is a methodology that 
for evaluating the relative groundwater pollution potential of an area through the application of 
an environmental component rating system.  This rating system allows for the assessment of the 
vulnerability of an area to groundwater contamination based on various hydrologic parameters.  
DRASTIC was developed by the National Water Well Association under the sponsorship of the 
US EPA.   

 
DRASTIC is an acronym that represents the most important physical characteristics, 

either alone, or in combination, for determining the susceptibility of groundwater to 
contamination.  The DRASTIC factors represent measurable parameters for which data is 
generally available form a variety of sources without detailed reconnaissance.  These factors 
include: 

 
D - Depth to Water; 
R – Recharge (Net); 
A – Aquifer Media; 
S – Soil Media; 
T – Topography (Slope); 
I – Impact to the Vadose Zone Media; and  
C – Conductivity (Hydraulic) of the Aquifer 
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There is a complex system of ranks and weights that result in individual ratings for each 
parameter and an overall composite DRASTIC rating for any given geographic area.  In general, 
the lower the rating, the lower the vulnerability.  Figure 11 presents an interpretive variation of 
the Groundwater Pollution Prevention Map presented in the DRASTIC Study.  In general the 
map demonstrates that pollution vulnerability is greatest in the Coastal Plain, a less in the 
Piedmont Region.  Figure 12 through 19 present representations of the individual parameter 
rating maps from the Study. 

 
The DRASTIC study also provided many valuable suggestions and recommendations in 

the form of guidelines that the County could adopt to protect the groundwater resource as 
development occurs.  Those recommendations will be discussed, along with additional concepts 
for mitigation and avoidance of impacts, in the following section. 
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4.0 GROUNDWATER MANAGEMENT INITIATIVES 
 

A hierarchy of tools that municipalities such as Stafford County can employ to provide 
protection to various aspects of the groundwater resource is presented in Appendix 1.  The tools 
available to the County include the delineation of protection zones (wellhead or aquifer recharge 
area); identification and control of potential contaminant sources; yield, impact, and quality 
testing for new wells; site planning standards; and land use restrictions, where appropriate. 
 

Proposing an effective groundwater management strategy for Stafford County depends, 
in part, on addressing the factors influencing groundwater issues, as discussed in the previous 
sections of this plan, and also on the County’s planning and development priorities.  Some issues 
that should be considered and addressed are presented in the following Sections. 

 

4.1  Capacity and Availability of Public Water Supplies  
 
Stafford County relies on two reservoirs to supply treated, domestic water to Stafford’s 

residents and businesses.  A third reservoir is in the planning stages.  The County’s water supply 
network is oriented to existing development primarily within the Route 1/I-95 corridor.  Gradual 
expansion of the water system, and in-filling areas that have currently been by-passed, may be 
one tool the County can use to influence the location of new development in the County.  In such 
a case, protecting wells within close proximity to the existing water lines may be less of a 
priority than protecting wells far removed from the water system.  To address this issue, the 
County could consider a differential requirement for testing of new wells, or could even require 
new development within a defined distance from the existing water lines to connect to public 
water supplies.  As well, the most difficult wells to replace, that is, community wells or wells 
serving public purposes, could be identified and ranked as to their potential vulnerability and 
cost of replacement.  For those wells with high vulnerability and high cost of replacement, 
wellhead protection zones could be defined, with rigorous standards for new development aimed 
at protecting the public water resource.  Weaker controls could be defined for low 
vulnerability/low replacement cost wells. 
 

4.2 Economic Development Priorities  
 

It is no accident that the developed areas in Stafford and counties to the north and south 
tend to cluster along a north-south line where the Coastal Plain meets the Piedmont - the “Fall 
Line.”  The change in topography from Piedmont to Coastal Plain is accompanied by a series of 
rapid elevation changes in the streams and rivers passing across the boundary zone.  Historically, 
the Fall Line was the upstream limit of navigation for large vessels, and the change in gradient a 
source of hydropower for mills and electricity generating plants.  The early transportation 
systems connected these centers of travel, commerce, and manufacturing, reinforcing the 
development pattern.  Today, I-95, U.S. Route 1, and north-south rail lines serve the 
communities that have developed along the Fall Line.  Complicating the picture for groundwater 
management, the Fall Line is also the zone where the eastward sloping aquifers of the Coastal 
Plain rise to the surface – what we term the aquifer recharge area.  Thus, historic development 

DAA JN: B02325-01 14 October  2004 
  



 

trends, modern infrastructure development, and public services all converge to focus the greatest 
potential for economically important industrial development within an area that is highly 
vulnerable to contamination, and an important element of groundwater management within the 
Coastal Plain.  
 

Because Stafford’s public water infrastructure effectively serves most areas within the 
aquifer recharge zone, protection of well yields within the area may be of a lower priority since 
water service can be extended to replace failing or at-risk wells.  Of greater importance, may be 
protecting the ability of the recharge zone to absorb water, and preventing the introduction of 
pollutants into the downward sloping aquifers.  Minimizing stormwater runoff has already been 
addressed by Stafford’s adoption of a Storm Water Management Ordinance.   

 
The Stormwater Management Ordinance has focused on protecting the waters of 

receiving streams within the County and of the Chesapeake Bay from pollutants carried by 
stormwater runoff.  One strategy of the Ordinance is to minimize runoff by maintaining the 
ability of the land to absorb stormwater; a strategy that is quite consistent with the need to 
protect aquifer recharge capabilities.  A second element of groundwater management in the area, 
however, should be to minimize the potential for pollution to enter the groundwater resource.  
Pollutants introduced in this area have the potential to contaminate the deep aquifers to the east 
within and beyond Stafford County.  Effective measures for managing pollution potential 
include: first, identifying existing sources of potential pollution and ensuring that essential spill 
prevention and cleanup measures are in place; and second, using an overlay zoning district to 
ensure that site plans for new development incorporate adequate pollution prevention measures.  
For some high-risk, high-hazard uses, adequate prevention designs are not available and 
disallowing those uses might be the most feasible control strategy.   
 

There must be balance between managing and treating storm water in engineered 
structures and promoting infiltration to replenish groundwater.  It is likely that the stormwater 
that will require retention for treatment due to the potential for contaminant releases associated 
with high-risk land uses will be a small percentage of the overall stormwater flow.  Accordingly, 
the added protections for high-risk uses should not significantly impact the volume of 
groundwater recharge.  The potential for infiltration of storm water runoff associated with low-
risk land uses to significantly impact groundwater quality is generally low.   
 

4.3 Alternative Strategies For Groundwater Protection 
 

It should be noted that the Stafford County Groundwater Resource Protection Plan 
(GKY, 1994), which is discussed in detail in Section 3.3.1 of this Plan,  presents guidelines for 
protecting groundwater quality as development occurs.  These strategies are organized as 
function of groundwater vulnerability as described in the study.  Many of the guidelines are very 
appropriate and are reiterated below in some instances.  As the DRASTIC study and its 
recommendations have been formally accepted by the County in the form of a Resolution, it is 
suggested that the County revisit those recommendations when compiling future guidelines or 
ordinances.   The following strategies are meant to augment those recommendations and provide 
the County with a broad range of strategic possibilities. 
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4.3.1 Minimum Groundwater Management Strategy  
 
Objective:  To protect existing community wells and residential wells located in a low priority 
utility extension area (e.g., greater than two miles from existing water line). 
 
Actions:  Designate wellhead protection area for community wells; require testing for all new 
large withdrawals. 
 
Rationale:  The minimum strategy would be the least restrictive approach to active groundwater 
management, and would offer a low level of protection for users of groundwater.  The strategy 
would rely on existing stormwater management controls and site design standards to address 
contamination issues.  An example would be the implementation of Spill Prevention, Control and 
Countermeasures (SPCC) planning for above ground storage of fuel.  Designation of wellhead 
protection areas would raise the visibility of important community water sources, but would 
require scrutiny of each development proposal within the designated area.  The requirement for 
testing of all new large groundwater withdrawals is consistent with the Virginia Department of 
Environmental Quality’s program, and could be applied Countywide, or only to those areas 
beyond the utility extension priority area, to insure that the impact of large new users is 
understood before zoning or site plan approval.  
 
Discussion:  Groundwater yield is robust throughout the County, except in Piedmont crystalline 
rocks not associated with a fracture zone, and in shallow aquifers; contamination risks are 
highest in shallow aquifers, and downgradient of contamination risks located in the recharge 
zone.  A Stormwater Management Ordinance has already been enacted by Stafford County, and 
State and Federal environmental laws address the siting, use, storage, and disposal of hazardous 
materials.  This strategy would seek to add additional protection affecting the smallest land area 
possible while addressing the most obvious and potentially costly risks.  One critical issue is 
recognizing that the Storm Water Management Ordinance addresses “Hot Spots” or those 
proposed land uses that present the greatest risk to the waters of the  County.  They are defined in 
the ordinance as “an area where the land use or activities are considered to generate runoff with 
concentrations of pollutants in excess of those typically found in stormwater”.  A Groundwater 
Management Ordinance requiring adherence with specific technical criteria of the existing 
stormwater ordinance could serve to protect the groundwater resource without imposing new and 
diverse technical criteria. 
 
 It should be noted that the hydrogeologic testing that was conducted for the Augustine 
and Celebrate Virginia! golf course proposals were effective tools for evaluating the potential for 
impacts to the production potential of existing off-site wells.  Therefore the County already has 
experience and precedent for requiring proposed large quantity withdrawals to perform such 
studies. 
 

4.3.2 Moderate Management Strategy  
 
Objective:  To protect community and residential wells within low priority utility extension 
area; assess existing risks; discourage development of high-risk wells.  
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Additional Actions:  In addition to the actions proposed for the minimum strategy, this strategy 
would require the County to prepare a contaminant source inventory for wellhead protection 
zones and the aquifer recharge zone (including assessment of potential plume direction and 
speed), and would require hydrogeological testing for new residential development of more than 
25 lots relying on wells.   
 
Rationale:  The contaminant source inventory is an assessment of potential threats to 
groundwater quality within a sensitive recharge area.  A contaminant source inventory would be 
derived from existing public databases such as the EPA EnviroFacts database. The inventory 
provides basic information to County decision-makers about existing and potential hazards that 
can be used to evaluate future groundwater related issues.  As well, this strategy would create a 
requirement for hydrogeologic testing for new residential users of groundwater in high-risk 
locations.  The testing requirement could be applied Countywide, or could be more narrowly 
structured to apply to high risk areas.  For instance, the requirement could apple to all new 
residential development west of Route 1 (essentially the Piedmont area of the County).  With 
additional study, the area of application could be narrowed yet further to provide the requirement 
only in those areas of the Piedmont not closely associated with fracture zones. 
 
Discussion:  While groundwater yields are robust throughout the County, wells in certain areas 
are “at risk,” especially during drought conditions.  The highest risk wells are shallow wells 
anywhere throughout the County, and any well in the Piedmont area that is not associated with a 
fracture zone.  Shallow wells are rarely installed currently due to the high risk of contamination.  
The ordinance could further discourage shallow wells by requiring an exclusion zone around the 
wells for potential threats (e.g. septic systems, agricultural activity, vehicle maintenance).  The 
VDH currently requires setbacks for septic systems based on the type of well drilled.  The 
setback is greater for shallow wells, and less for drilled wells with standard (50-feet or 100-feet) 
lengths of protective casing.   More importantly, this strategy could address the development of 
residential uses in areas of the Piedmont most at risk during dry conditions.  Development of the 
contaminant source inventory is not a protection measure in itself, but provides additional 
information that would be included in the County’s overall planning process for groundwater 
management.  
 

4.3.3 High Level Management Strategy  
 
Objective:  To protect existing wells; discourage proliferation of development relying on wells; 
assess existing risks. 
 
Additional Actions: In addition to the actions proposed for the moderate management strategy, 
the high-level strategy would add an overlay zone to enhance protections in the aquifer recharge 
area, and would require new development of wells throughout the County to carry out a program 
of hydrogeologic testing designed to verify the reliability of the water source and the 
compatibility with existing wells in the area.  Minor subdivisions would be excluded from the 
testing requirement.  As well, a County mandate would require any new development within a 
specified distance of a public water utility line to connect to the line. 
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Rationale:  Groundwater is rarely a reliable, long-term resource for urbanizing areas.  Pollution, 
competition among users, and the variability of rainfall all work together to make groundwater 
an unreliable resource for domestic supply in developed and developing areas.  The high level 
management strategy seeks to prevent the over-exploitation of the groundwater resource, and the 
creation of a land development pattern that would then be difficult to serve with an efficient, 
cost-effective alternate supply.  
 
Discussion:  While scattered residential development is feasible using individual and community 
wells as a source of domestic supply, there is a long-term risk to the County.  As increasing 
density of development places additional strains on the ability of groundwater to supply every 
need, the diffuse development pattern made possible by reliance on groundwater is difficult to 
serve with a cost-effective public water supply should groundwater resources prove inadequate.  
During normal conditions, over-reliance on groundwater may be tolerated.  However, during 
drought conditions, or if a significant contamination event is discovered, replacing wells with 
public water lines could be an expensive and difficult task. 
 

4.4 Benefits of Various Protection Strategies 

 
Appendix 2 provides a basic outline of a model ordinance that will enforce the desired 

level of protection of the groundwater resource.  Additionally, a matrix of hydrogeologic testing 
requirements currently enforced in other Virginia counties is presented.  These examples relate to 
the benefits of each of the three protection strategies: minimum, moderate and high.   
 

4.4.1 Minimum Management 
 

This strategy entails protection of existing community wells and residential wells located 
in a low priority utility extension area (e.g. greater than two miles from existing water line).  
Actions associated with this level of protection include designating wellhead protection areas for 
community wells and require testing for all new large withdrawals.  Large withdrawals are 
defined by the Virginia Department of Environmental Quality as greater than 300,000 gallons 
per month, or approximately 10,000 gallons per day.   
 
The benefits associated with this strategy are protection of water quantity from existing wells 
adjacent to large proposed withdrawals.  Wellhead protection areas would serve to protect the 
limited number of community wells in the County. 
 

4.4.2 Moderate Management  
 

The intent of this strategy is to protect community and residential wells within low 
priority utility extension area; assess existing risks; discourage development of high-risk wells. 
Actions associated with this strategy include, in addition to the actions proposed for the 
minimum strategy, would require the County to prepare a contaminant source inventory for 
wellhead protection zones and the aquifer recharge zone (including assessment of potential 
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plume direction and speed), and would require hydrogeologic testing for new residential 
development of more than 25 lots relying on wells.   
 

The additional benefits from this level of protection are limited with respect to the effort 
required to implement these actions.  A contaminant source inventory may provide useful 
information, but enforcement of development and operational activities within the boundaries of 
the inventory is a cumbersome process.  Hydrogeologic testing of residential lots served by 
individual wells is not necessarily valid.  The withdrawal rates associated with residential use are 
very limited (typically less than 500 gallons per day or 0.35 gallons per minute) based on 24 hour 
operation cycles.   
 

Hydrogeologic testing of large withdrawals (greater than 300,000 gallons per month, or 
10,000 gallons per day, or 7 gallons per minute based on a 24 hour operation cycle) is a 
scientifically valid requirement that will provide the County with a reasonable tool for making 
planning decisions. 
 

4.4.3 High Level Management Strategy  
 

The intent of this strategy is to protect existing wells, discourage proliferation of 
development relying on wells and to assess existing risks.  Actions associated with this strategy 
include those proposed for the moderate management strategy, and additionally an overlay zone 
to enhance protections in the aquifer recharge area, and would require new development of wells 
throughout the County to carry out a program of hydrogeologic testing designed to verify the 
reliability of the water source and the compatibility with existing wells in the area.  Minor 
subdivisions would be excluded from the testing requirement.  As well, a County mandate would 
require any new development within a specified distance of a public water utility line to connect 
to the line. 
 

The benefits associated with this strategy are an overall, multifaceted program of aquifer 
protection and growth control.  Implementation would be carried out through ordinance. 
 

4.5 Summary/ Recommendations 

 
It is apparent the County has a valuable and robust resource in its groundwater reserves.  

The vulnerability of the resource can be generalized as quantity in the Piedmont and quality in 
the recharge zone and Coastal Plain.  To address these issues and provide adequate and 
reasonable protections and ordinance could be drafted that requires: 
 
 

 Conditional Use Permits or Special Exceptions for certain proposed land uses 
within the Fall Zone. 

 
 Conditional Use Permits or Special Exceptions for certain proposed land uses 

within a prescribed radius of 1,000 feet from existing and proposed community 
water supply wells. 
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 Performance of hydrogeologic testing and modeling of proposed groundwater 

withdrawals equal to or greater than 300,000 gallons per month.  This would 
include both individual well withdrawal and cumulative well withdrawal from 
residential subdivisions based on an estimated average of 400 gallons per day per 
well (subdivisions of greater than 25 lots).   
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June 2004 Number of Georeferenced Wells
per Tax Tile
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Well Yields over Time
Showing Geologic Correlation

Stafford County Groundwater Management Plan
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Geologic Map Database of the Washington DC Area 
Featuring Data From Three 30 X 60 Minute Quadrangles: 
Frederick, Washington West, and Fredericksburg.
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Well Yields
Showing Geologic Correlation
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Classification of Wells
by Year Installed
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DRASTIC
Ground Water Pollution 
Potential Map (Variation)

Stafford County Groundwater Management Plan

Source: Stafford County Ground Water Resource Protection Plan
(by DRASTIC Methodology) GKY and Associates, Inc. 1994
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DRASTIC
Depth to Water (D) Rating
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DRASTIC
Aquifer Media (A) Rating
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Stafford County Groundwater Management Plan

Aquifer Media Rating

3 = Unweathered High-slope Metamorphic / Igneous

4 = Weathered Metamorphic / Igneous

7 = Aquia, Chickahominy, Piney Point Aquifers

8 = Potomac Aquifer

Source: Stafford County Ground Water Resource Protection Plan
(by DRASTIC Methodology) GKY and Associates, Inc. 1994

June 2004
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Soil Media (S) Rating
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Stafford County Groundwater Management Plan

Soil Media Rating

3 = Clay Loam

6 = Sandy Loam

10 = Soil is Thin or Absent

Source: Stafford County Ground Water Resource Protection Plan
(by DRASTIC Methodology) GKY and Associates, Inc. 1994

June 2004
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Stafford County Groundwater Management Plan

Topography Rating

10 = 0% - 2% slope

9 = 2% - 6% slope

5 = 6% - 12% slope

3 = 12% - 18% slope

1 = 18% and greater

Source: Stafford County Ground Water Resource Protection Plan
(by DRASTIC Methodology) GKY and Associates, Inc. 1994

June 2004
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DRASTIC
Impact of Vadose Zone (I) Rating
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Stafford County Groundwater Management Plan

Impact of Vadose Zone Rating

4 = High-slope Metamorphic / Igneous

5 = Sand/Gravel, Silt/Clay

6 = Aquia, Chickahominy, Piney Point Aquifers

7 = Potomac Aquifer

Source: Stafford County Ground Water Resource Protection Plan
(by DRASTIC Methodology) GKY and Associates, Inc. 1994

June 2004
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DRASTIC
Hydraulic Conductivity (C) Rating
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Stafford County Groundwater Management Plan

Hydraulic Conductivity Rating

1 = Piedmont: 50 gpd/ft2; Coastal: 90 gpd/ft2

2 = 110 gpd/ft2

4 = 400 gpd/ft2

Source: Stafford County Ground Water Resource Protection Plan
(by DRASTIC Methodology) GKY and Associates, Inc. 1994

June 2004
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APPENDIX 1 
 

TOOLS FOR PROTECTION PLANNING 
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Objectives of Groundwater Resource Protection Ordinances 
 
1. Determine the suitability of supply for new and existing users.  (Hydrogeologic testing for 

proposed new withdrawals.) 
 

Objective:  Insure that an adequate supply is available for new users while not disrupting 
supply for existing well users. 

 
 Triggers: 

 Subdivision:  plat approval requirements 
   Zoning:  Conditional use approval requirements 
 
 Criteria for approvals: 
  Quantity – usually stated as a minimum yield 
  Quality – usually referenced to Department of Health standards 
 
 Area of application 
  Countywide: Minimum number of new lots to be served 
    Distance from existing utility lines 
    Estimated withdrawal rate 
 
  Defined area: Protection zones for existing wells (public/private/cluster) 
    Suspect geophysical features 
    Areas with high potential for contamination 
 

2. Prevent contamination (address the vulnerability of existing and future groundwater users) 
 

A. Contaminant Source Inventory  
 

Objectives:   
 

 Identify existing or potential sources of contamination 
 Avoidance:  new withdrawals avoid areas of high potential for impact 
 Replacement:  existing and new groundwater users prepare for potential loss of 

quantity or quality (replacement wells, public utility extensions).   
 

B. Land Use Restrictions 
 

Objective:  Prevent new sources of contamination from threatening important 
groundwater resources.  (Enhance existing State/Federal requirements). 
 
Targets: Land uses that have a high potential for accidents / failures resulting in 
groundwater contamination including but not limited to: 
  Landfills 
  Pesticide handling, distribution, storage 
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  Petroleum products storage and distribution 
  Hazardous materials storage, distribution, manufacturing 
  Animal waste treatment 
 
Area of Application: 
  Defined wellhead protection zones 
  Defined groundwater resource zones (aquifer recharge areas) 
  Future well development reserve areas 
 
Methods of Application: 
  Land acquisition / reservation (suitable for small protection zones) 
  Voluntary reservation / restrictions on development rights 
  Overlay zone (defined use limitations) 
  County-initiated rezoning of high-hazard sites 

 
 

DAA JN: B02325-01 3  October 2004 
  



 

Hydrogeologic Testing Ordinances 
 

County Trigger Quantity Rqmt Quality Rqmt 
Loudoun Preliminary: >9 lots 

Detailed: <10 ac size 
1 gpm/connection Yes – VDH 

 
Fauquier Public: <1 ac and projects with >6 

lots 
Private:>6 lots less than 10 ac 
Any Com / Ind withdrawal >10k/day 

Public: 50 gpm 
Private: 3 gpm 

Yes – VDH 

Rappahannock >4 lots, any 1 <5 ac 
All subdivisions with >10 lots 
Any Com / Ind withdrawal >10k/day 

3 gpm Yes – VDH 

Orange 10 or more lots of any size 2 gpm/connection Yes – VDH 
 

Chesterfield Any lot using a well 3 gpm or 1gpm w/ 
24-hour storage 

Not specified 

 
Wellhead Protection Ordinances 
 

County Application Prohibited Uses Other Targets 
Roanoke Overlay  

 
(Public wells 
and 
wellfields) 

Industry, Type III 
Landfill (sanitary and construction) 
Feedlots 
Automobile Repair 
Scrap and Salvage 
Extraction 
Underground petrol storage 
Land app of industrial waste 
Stockpiling of de-icers 

Ag/HH chemicals 
(pesticides) 

Clarke Overlay 
 
Spring  
conservation 
(public 
supply) 

Extraction 
Drilling (other than private) 
Landfill (sanitary and construction) 
Land app of toxics 
Underground petroleum storage  
Land app of industrial waste 
Feedlots 

Excess 
Impervious 
Surface 
 
Septic Drain-
fields 
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APPENDIX 2 
 

MODEL ORDINANCE OUTLINE 
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OUTLINE OF A MODEL GROUNDWATER MANAGEMENT ORDINANCE  
 
1.  Purpose and Intent 
 
2.  Areas of Applicability 
 
 A.  Hydrogeologic Testing Requirement 
  1) All Areas of the County 
 
 B.  Groundwater Protection 
  1) Wellhead Protection Area 
  2) Aquifer Recharge Area 
 
3.  Groundwater Plan/Hydrogeologic Testing Required 
 
 A.  Application 

1)  All subdivisions having greater than 25 lots (with 10 or more less than 2 acres) 
(groundwater plan only); 

2)  All wells having a proposed groundwater withdrawal of 300,000 gallons per 
month in any month (groundwater plan and testing); 

3)  All extractive uses (groundwater plan and testing, if required). 
 

B.  Groundwater Plan and Hydrogeologic testing to be completed prior to approval 
  1) Testing required for Preliminary Plat approval 
  2) Testing required for Site Plan approval 
  3) Testing required for Plan of Development approval 
 
 C.  Groundwater Plan and Hydrogeologic testing information required 

1) Groundwater Plan (Narrative and graphic presentation) 
 

• Topography 
• Land cover and soil characteristics 
• Existing hydrogeologic information 
• Surface water drainage  
• Planimetric features 
• Property use inventory (1,000 feet from site boundary) 
• Known potential sources of contamination (1,000 feet from site) 
• Mapped geologic contacts, structural features, and other features 
• Estimated groundwater flow patterns 
• Proposed activities that have the potential to contaminate groundwater 
• Discussion of groundwater opportunities and constraints 
• Specifications for monitoring wells 
• Well location (include long-term monitoring wells and reserve locations) 
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 2) Hydrologic Testing 
a) Testing Guidelines 
 

• Number of test wells required  
• Method and rate of pumping 
• Duration 
• Monitoring 
 

b) Groundwater Assessment Report required 
 

• Background (groundwater plan and proposed use) 
• Geologic Log and Well Construction Diagram 
• Hydrogeologic Cross Section 
• Groundwater Flow Direction 
• Summary:  suitability and yield 
• Contingency plan. 

   
4.  Wellhead Protection/Aquifer Recharge Area Requirements 
    
 A.  Areas Defined 
  1) Wellhead Protection Area (1,000 feet around community well) 
  2) Aquifer Recharge Zone (mapped) 
 
 B.  Prohibited Uses 
 

• Sanitary landfills 
• Mining and mineral extraction (all) 
• Land application of sludge 
• Waste tire storage and/or disposal 
• Pesticide/fungicide manufacture, bulk storage, or wholesale distribution 
• Hazardous material manufacture or wholesale distribution 
• Feedlots 

 
 C.  Conditional Uses 

 
• Septic systems (100 percent reserve drainfield area)  
• Household fuel storage systems (Above ground, concrete pad)   
• Underground storage tanks 
• Commercial and industrial storage tanks  
• Gas stations, auto/vehicle repair, junk yards  
• Boatyards, railroad tracks, and airports  
• Use of hazardous materials for commercial and industrial activity (including 

bulk storage)  
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